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Abstract

A new method has been developed

that allows for the stereoselective addition of a-

alkoxymethylcarbanions to aldehydes and ketones with the use of a chiral auxiliary on the
nucleophile in up to 8 1% de. Recovery of the chiral auxiliary and the enantiomerically enriched 12di01 product was also possible and was demonstrated for the fm time. The Sn-Li exchange process
was employed to generate the chirai a-alkoxymethylcarbanions. Several

chiml auxiliaries with

different structurai features including carbohydrate derivatives have been synthesized in order to
optimize the level of stereoselectivity.
Glucose-derived chiral auxiliaries were able to induce diastereoselectivity in up to 59% de.
Additions to electron rich aidehydes provided the highest levels of stereoselectivity, while additions

to pentafiuorobededehyde resulted in a reversal in the sense of stereoselectivity. The C-glycoside
group on the awiliary was believed to be an important structural feature involved in the

stereodifferentiating process. Stereoselectivity was optirnized by employing an organotitanium
species, however the yield dropped dnistically to irnpractical levels.
A glucosamine-denved chiral auxiliary was unable to induce mater levels of

stereoselectivity than glucose-derived chiral auxiliaries. The synthesis of the glucosamine-derived
chiral awiliary was also more difficult due to low yields.
Auxiliaries that were less "sugar like" in structure were also studied such as a 3-methoxytetrahydropyran chiral awiliary. However addition to 3,4-dimethoxybenzaldehyde resulted in only
31% de. Furthermore a relatively long 12 step synthesis was used to prepare the 3-methoxy-

tetrahydropyran chiral auxiliary derivative.

It was possible to synthesize 5-membered ring auxiliary derivatives in fwer steps; however

unprecedented racemization occuned in the final step. Nevertheless the racemic 5-membered ring
auxiliaries were unable to induce diastereoselectivity.

Finally, a tetrahydropyran chiral auxiliary without a 3-methoxy substituent was able

to

induce stereoselective additions in up to 81% de. A transition state structure diRerent fiorn what
other awiliary derivatives experienced was believed to occur. The importance of employing
coordination additives in order to achieve higher levels of stereoselectivity was also realized.
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CHAPTER 1
INTRODUCTION

1.1 Asymmetric Synthesis

Research in synthetic organic chemistry is aimed towards constructing molecules of
biological significance (i.e. naniral product/medicinal chemistry), unnaturai products of theoretical
interest, or finding new methods to build molecules (Le. methodology). Developing methods for the
synthesis of enantiomericaily enriched substances continues to be one of the great challenges for
syntheiic organic chemists. Obtaining enantiomencally e ~ c h e dmolecules is extremeiy important
in the synthesis of pharmaceuticals since many dmgs require correct stereochemistry for their
desired activity.' Usually only one enantiomer of a chiral dmg exhibits the desired phmacological

properties, while the opposite enantiomer of the active species may exhibit negative characteristics.
The undesired enantiomer may be inactive, antagonistic, side-effect producing, or even be toxic.
The methodology that aims to produce enantiomerically enriched compounds by introducing specific
stereochernistry selectively in a molecule via a chernical reaction is called asymmerric synthesis.?
Other methods that are available to obtain enantiomencaily enriched compounds are resolution3 or
by employing chiral pool starting materiais? However these dtemate methods may not always be

convenient if for instance, chromatography is required on a large scale preparation to separate
stereoisomers or if the unwanted isomer cannot be recycled. A chiral pool synthesis can also be
limited in its applicability if a natural chiral source cannot be found to be incorporated into the target
molecule. Therefore an asymmeeic synthesis cm sometimes be more feasiblle than the above
methods in order to obtain enantiomencally enriched compounds.

1.2 Asymmehic 12-Additions of Organometailics to Aldehyda and Ketones

The addition of a nucleophile to a carbonyl group is a fundamental reaction in organic
synthesis. Many asymmetric reactions of this class have been developed and discovering new
methods continues to be an active area of research.

Examples of transformations include

asymmevic reductions of ketones: asymrnetric aldol reactions; and the asyrnrnetnc additions of
other carbon nu~leo~hiles.~
The advantage of introducing a stereocenter selectively with a carbon
nucleophile is that a carbon-carbon bond and a new chiral center are formed in one reaction.
Therefore the number of steps in a syntheic sequence for a chiral target rnolecule can possibly be
reduced. This section introduces some of the important aspects and strategies involved in the
asymrnetric 1?2-addition of non-enolate carbon nucleophiles. Only selected illustrative exarnples
will be presented in this section since it is not meant to be a comprehensive review, and the goal is
therefore to place the research accomplished in this thesis into a greater context. More focus will be
placed on the asymmetric 1,2-additions of a-heteroatom nucleophiles in Section 1.3.
in order to produce a new stereopnic center selectively in a 1.2-addition to a carbonyl group,
the nucleophile must attack one prochiral face of the carbonyl compound selectively. There are
three types of main strategies employed in order to influence a selective attack on a carbonyl group
(Figure 1).

One strategy (Figure la) involves the asymrnetric addition of achiral nucleophiles to

chiral aldehydes (Section 1 . 2 4 , a second strategy (Figure lb) involves the asymrnetric addition of
chiral nucleophiles to achiral aldehydes (Section 1.2.2), and a third method (Figure lc) involves the
asymmetric addition of achiral nucleophiles to achiral aldehydes mediated by chiral Lewis acids
(L.A.') or enzymes (E') (Section 1.2.3).

Figure 1. Three strategies (a-c) for the asymrnetric 1,2=additionof nucleophiles to an aldehyde.

1.2.l Asymmenic 1.2-Additions of Achirrrl Nueleophiles tu Chird Aldehydes

A stereocenter adjacent or in close proximity io a carbonyl group can direct

an achiral

nucleophile to react stereoselectively ont0 one prochirai face of the carbonyl. The presence or
absence of a heteroatom at the chiral center adjacent to the carbonyl group can have a profound
infiuence on the direction and level of stereoselectivity that can be achieved. The directing chiral
center can be a part of an auxiliary that can be removed later fiom the product (Section 1.2.1.3) or it

can be incorporated in the final product (Section 1.2.1.1 and 1.2.1.2). The class of non-auxiliary
stereoselective additions has been reviewed: as many examples are present in the literanire.

1.2.1.1 Crarn/Felkin-Ahn Models

When potential metal chelating atoms adjacent (a)or to the carbonyl group are absent both
the Cram rule: and FeUUn-Anh

mode^'^

are used to explain and predict stereochernistry. The

Felkin-Ahn mode1 is considered to be the moa appropriate baseci on theoretical work;'" however

Cram's d e predicts the same result provided by the Feh-Ahn model and both Cram's mie and the
Felkin-Ahn model remain valid to account for experhental observations.
The Felkin-Ahn transition state model involves the positionhg of the large a-substituent or a

nonshelating electron-withdrawing group (L) perpendicular to the carbonyl group (Figure 2).8, 10. 1 l
Nucleophilic attack occurs at a 107" angle" to the carbonyl group preferably at the side of the
smallest a-substituent (S), and not at the medium group (M) side in order to minimize steric
interaction between the nucleophile and the a-substituent.

Figure 2. Felkin-Ahn transition state models.
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A literature example of a nucleophilic addition explained by the Felkin-AhdCrarn model is

included in a study directed towards the total synthesis of the naturai product rhi~oxin.'~
Addition of
n-BuLi to the chiral aldehyde 1. results in the formation of the addition product 2 in 88% de, the
major diastereomer k i n g the one predicted by the Felkin-AhnKram mode1 (Scheme 1).

Scbeme 1

The presence of a potentially metal chelating atom such as oxygen or nitrogen at a chiral
center a or

p to the carbonyl group can cause a reversal in the direction of selectivity fiom that

observed with the Felkin-AhnICram model. nie metal of the nucleophile can chelate between the
heteroatom substituent (X) and the carbonyl group to form either 5 or 6-mernbered rings as
intermediates (Figure 3). The chelated intermediate then undergoes nucieophiiic addition according
to the Cram-chelate nile.8.9. 14 The nucleophile prefers to amck at the side of the carbonyl where the
smallest substituent (S) is present and not at the side of the large size substituent (L).

Figure 3. Cramîhelate model with an a-chelating atom.
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The levels of selectivity obtained by chelation control are generally higher than those
obtained by the nonîhelation." Selectivity can be higher since chelation reduces conformational
flexibility in the transition state and thus provides a ngid template ont0 which nucleophilic addition

can occur. Due to the greater success of chelation control methods, many more recent Iiterature
examples are reported such as in studies involving the total synthesis of naturai products,'6 and in the
synthesis of other biologically active compounds." The greater popularity of the chelation control
method is also due to its applicability in establishing a chiral 1,2-heteroatom huictionality

stereoselectively on adjacent cabon atoms. which is present in many biologically active compounds.
For instance, during the total synthesis of the macroiide soraphen AI,,'^ the authon introduce an
alkynyl Grignard reagent 3 to the chiral aldehyde 4 to form the synthetic intermediate 5 in greater

than 92% de (Scheme 2).

Scbeme 2
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Sometimes organomagnesiurn nucleophiles react in greater levels of selectivity than
organolithium reagents. For example in the above transformation (Scheme 2), the alkynyllithium
provided 5 in only 43% de.

1.2.1.3 Chiral Amiliaries

As has been shown, a source of chirality on the aldehyde can direct the stereoselective

addition of the nucleophile onto one prochiral face of the aldehyde. However, the initial chirality
present on the aldehyde may not be deskd in the final product and the chiral directing group must
In these instances, a chiml auxiliary bonded to the aldehyde is used to direct

be removed.

stereoselective nucleophilic additions and is then removed after the nucleophilic addition step to give
a final product incorporating oniy the stereochernistry formed at the carbonyl carbon.

Usually, the carbonyl compound is linked to the auxiliary via an acetal bond. The linkage
can be direct if the chiral auxiliary acts like a protecting group forming an acetal bond with the
carbonyl, which then undergoes nucleophilic attack as seen in Scheme 3.18 The acetal 6 is opened
stereoseiectively upon nucleophilic attack and the (RJ)-2A-pentanediol auxiliary is removed fiom
the addition product 7 to aiTord the enantiomencally enriched alcohol8 in 91% ee.IM

Scheme 3
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The linkage can also be less direct with the point of attachent of the auxiliary occurring a

to the carbonyl undergoing the nucleophilic atta~k.'~For example an a-carbonyl group can be
linked to a proline-derived auxiliary via an acetai bond as shown in 9 (Scheme 4':)

The addition

occurs in >98% de and the auxiliary can be removed fiom 10 under acidic conditions in order to
recover the optically active a-hydioxyaldehyde 11.

Scheme 4

1.2.2 Asymmeiric Addition of Chiral Nudeophiles to Achiral Aldehydes

An alternative route to introduce nucleophiles to aldehydes and ketones stereoselectively is to
employ chiral nucleophiles. The chirality is this case is tnuisferred fiorn the nucleophile to the
electrophile. opposite to what was introduced in Section 1.2.1. There are three different practical
methods for introducing chiral nucleophiles to aldehydes and ketones stereoselectively. One method
involves the use of a chiral reagent (Section 1.2.24, a second method involves the use of a chiral
auxiliary (Section 1.2.2.2) and the third method involves the use of a chiral catalyst (Section 1.2.2.3).

1.2.2.1 Chirul Reagents

Chiral reagent nucleophiles are employed in stoichiometric arnounts in asymmetric additions.

Synthetic manipulations of the product are not required as in the chiral awriliary approaches since
the chiral cornponent of the reagent usually does not associate with the product and sometimes only
an aqueous work-up is required. The most popular methodology developed in this area include
asymmetric ailyl additions, using chiral ailyl boranes or b~ronates.~' For example, the

diisopinocampheylborane foms the chiral component of the chiral ailyl reagent 12 (Scheme

9."

Addition of reagent 12 to benzaldehyde occurs to give homoallylic alcohoi 13 in 96% ee.

Scbeme 5

Diisopinocarnpheylborane also foms the chiral component of chiral y-alkoxyallyl raigentsu

y-AlkoxyallyldiisopinocarnpheyIborane reagents also allow for the stereoselective introduction of
heteroatom functionality to a rnolecule while fomhg a carbon-carbon bond. For instance, during a
synthetic study directed towards the azinomycins, which are nanually occurring antitumor agents,

the authon were able to add the chiral reagent 14 to acrolein to fom the 1.2diol 15 in >95% ee
(Scheme 6).Ub

Scbeme 6
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m e r chiral reagent examples exia for asymmetnc additions of other functionalities such as
aUcy1,2~
a1y1;~ or aiicynyi groups.25

1.2-2.2 Chiral Auxiliaries

Attachment of a chiral auxiliary to the nucleophilic component is possible; however there are
fewer examples that provide higher levels of selectivity than those achieved with chiral awiliaries
king attached to the e l e ~ t r o ~ h i l eSynthetic
.~~
manipulations of the addition product are required in
the chiral auxiliary approaches since the chiral component of the reagent does associate with the
product usually via a heteroatom-carbon bond that must be broken in order to obtain the product fiee

from the auxiliary. Examples of chiral awiliary approaches include the use of carbohydrate-derived
and in alkoxyallene
auxiliaries in asymrnetric allylations~'vinyl additions," y-hydroxyallylations~9

anion additions?' For exarnple, the asymmetric addition of the allene 16 to benzaldehyde occurs in
85% de (Scheme 7)?' The sugar auxiliary is cieaved off fiorn 17 under acidic conditions to fiord

the enantiomerically enriched vinyl ketone 18, with no loss in stereochemical integrity.

Scheme 7

R9 = auxiliary
85% de

in another example involving a carbohydrate-derived chiral auxiliary, a chiral y-

hydroxyallylstannane 19 is added stereoselectively to benzaldehyde to afford 20 in 92% de (Scheme
8).29b The enantiomencally enriched 1,2-di01 21 is cleaved from the auxiliary in a subsequent 5

steps. The use of carbohydrate-derived audiaries in asyrnmetric synthesis will be M e r discussed
in Section 1.4.

Scheme 8

5 steps

4

P

h

OH
OH
(92% de)

21

Another class of chiral auxiliary containing nucleophiles include chiral sulfoxides, which
allow for the asymrnetric addition of methyl and carbonyl groups to aldehydes and ketones.26.

31

Reactions with chiral sulfoxides are generally poorly stereoselective: however in one exarnple a hi&
amount of stereoselectivity is achieved with the addition of chiral sulfoxide 22 to propiophenone
(Scheme 91." The awiliary fiorn 23 is rernoved by desulfurization with Raney nickel to obtain the
alcohol24 in a reported 100% ee.

Scbeme 9
Raney-Ni

1.2-2.3 Chiral Cutulysts

The only chiral nucleophilic organometallic reagent shown to be amenable to cataiytic
methods involve organozinc reagents?2 Organolithiurn and oranganomagnesium reagents are not
very suitable to catalytic methods due to their high reactivities. Dialkylzinc compounds are not very
reactive with aldehydes on their own; however the complexation of an amino alcohol or diamine to
the zinc atom greatly enhances the 1,2 addition of the alkyl group ont0 aldehydes. Therefore chiral
amino alcohols and diamines are used as catalysts in enantioselective 1,2-additions to aldehydes.

For example, the addition of diethylzinc catalyzed by (-)-3-exo-dimethyl(amino)i~0bomeol(25)
or () - D M to benzaldehyde occurs to fom the aIcohol26 in 99% ee (Scheme IO)."

Scbeme 10

Limitations to organozinc chemistry involve the type of group that can be transferred, since
mostly methods involving the addition of simple hydrocarbon groups without any heteroatom
functionality have k e n developed. However, in more recent research efforts:4 a few examples exist
where heteroatom functionalized zinc reagents are added to aldehydes with high stereoselectivity as
seen in Scheme 11.)" The oxygen containing organozinc nucleophile 27. reacts with the aldehyde

28, in the presence of a catalytic arnount of 29 to form the alcohol 30 in >96% ee. Nevertheless

examples are limited to cases where at least a 3 carbon spacer unit is located between the metal and

heteroatom of the nucleophile. Examples of nucleophiles with the heteroatom closer to the metal are

unknown in catalytic asymmetnc additions of oraganozinc reagents to aldehydes. An advantage of
the organoùnc method is that the chiral catalyst does not need to be of high enantiomenc purity to
be effective in providing high ee in 1,2-addition~.~*

Scheme 11

I .2.3 Asymmefric I,2-Additions of Achiral Nudeophiles to Achiral Aldehydes

An achiral aldehyde can be made "chiral" in situ with the complexation of a chiral Lewis

acid or by the association with an enzyme, so that a chiral environment can form around the
aldehyde?'

Both Lewis acids and enzymes act as catalysts to make the carbonyl group more

electrophilic towards nucleophilic attack.

Therefore, the catalytic approaches are limited to

nucleophiles that are low enough in reactivity that require Lewis acid or enymatic activation of the
aldehyde for nucleophilic addition to occur.
Metallic and non-metailic chiral Lewis acids and enzymes have been used to catalyze the
enantioselective addition of cyanide to aldehydes. For example, the enzyme D-oxynitrilase, which is
isolated from almonds, catalyzes the addition of hydrogen cyanide to 31 in >98% ee (Scheme 12)?
The cyanohydrin 32 was then transformed to the P-adrenoreceptor h g and bronchodilator (R)-

turbutaline 33 in subsequent steps.

The significance in forming P-adrenoreceptor dmgs

stereoselectively with functionalized heteroatom containing nucleophiles such as cyanide will be
discussed m e r in Section 1.3.1.

-'dH

Scheme 12
OH

D-oxynitrilase
HCN

Similar strategies have been used for cataiyzed additions of allylsilanes and allylstannanes to
aldehydes by using metallic chiral Lewis acids. For instance the allylstannane 34 was added to
octanal 35 in the presence of the BMOL-TiC12 catalyst 36. to fiord the alcohol 37

in 97.4% ee

(Scheme 1 3).j7

Scbeme 13

Other exarnples involving the use of chiral titaniurn Lewis acid catalysts include the use of

(R~)-diisopropoxy-(a,a,a',at-tetrapheny-1

,3-dioxolane-4,5-dimethanolato) titanium

(Ti-TADDOLate 38) in additions of achiral organotitanium reagents to aldehydes (Table 1)."
Additions of unfunctionalized dkyl nucleophiles to benzaldehyde (entries 1-3), occur with very high
selectivities. Heteroatom fhctionalized nucleophiles (entries 4 and 5) can also react with high
levels of selectivities; however the level of stereoselectivity decreases as the heteroatom is
positioned closer to the metal of the nucleophile (entries 6-9). Therefore at least a 3 carbon spacer
unit is required between the metal and heteroatom for high levels of enantioselectivity to occur. A
similar limitation was noted earlier for catalytic organozinc chemistry with respect to the placement

of the heteroatom in the nucleophile (Section 1.2.2.3).

Table 1. Ti-TADDOLate 38 catalyzed additions of R-Ti(O'Pr)3 to benzaldehyde.

38
0.2 eq.

E w

R

Product ee (%)

1 3 AsymmetRc I&Additions of a-Heteroatom N~clmphilesto Aldebydes and Ketones

It is important to develop asymmetric synthetic methodology for the introduction of

heteroatom hctionality in molecules since most biologically active cornpouads are nch in atoms
such as oxygen and nitrogen. P-Amino alcohols such as P-adrenoreceptor receptor h g s are a class

of compounds that fit into the category of heteroatorn containing biologically active compounds.

The significance of p-adrenoreceptor receptor dmgs to this thesis will be discussed in Section 1.3.1.
Methods that can be used for the stereoselective introduction of heteroatoms to molecules
can include some of the strategies introduced in Section 1.2 and other methods have been reviewed
in the literat~re?~
The addition of achiral nucleophiles to chiral a or P heteroatom containing chiral
aldehydes as in Cram-chelate additions (Section 1.2.1.2)is a well-known method to establish a 1,2
or 1,3 chiral heteroatom pattern on a carbon chain.

However, methods that allow for the

stereoselective introduction of heteroatom fùnctionality through the use of heteroatom containing
chiral nucleophiles are far fewer. The only exception is the well established ammfnetric aldol

chemistry which allows for the introduction of a heteroatom containing nucleophile to an aldehyde
to create a 1,3 heteroatom functionality on a carbon skelet~n.~
Only a few other exampies exist such

as in the addition of chiral y-alkoxyallyl (Sections 1.2.2.1 and 1.2.2.2), functionalized orgmzinc
(Section 1.2.2.3), alkoxy allene (Section 1.2.2.2), cyanide (Section 1.2.3) and huictionalized
organotitanium (Section 1.2.3) nucleophiles.
Another way to introduce chiral 1.2 heteroatom functionality on adjacent carbon atoms is to
employ a-heteroatom nucleophiles such as 39 in stereoselective additions to aidehydes (Scheme 14).
The asymmetric 1,2-addition of a-heteroatom carbanions such as 39 to aldehydes has k e n relatively

unexplored and undeveloped. This section will present the 3 strategies used to i n d u c e carbanion
39 to aldehydes and ketones stereoselectively. One strategy involves the addition of achiral reagents
39 (R'. R ~ = H , X=achiral) to chiral aldehydes (Ft3shiral) (Section 1.3.3). The second strategy

involves the addition of chiral nucleophiles to achiral aldehydes with the chiral center on the
carbanion 39 ( ~ ' = a l k ~Rl ,~ = Hor alkyl). The third strategy is the area explored in this thesis and
involves employing a chiral nucleophile with a chiral group or auxiliary on X with the charged

'

carbon atom king achiral (R , R'=H) (Section 1.3.4). These mechods allow for the formation of

enantiomencally enriched 12-diols (40 : X = OR), and B-amino alcohols (40 : X = NR2). The
stability and generation of carbanions 39 by Sn-Li exchange will be discussed in Section 1.3.2.

P-Adrenoreceptor dnigs, also known as B-blocker drups. possess p-amino alcohol
functionality and have phmacological activities against P-adrenergic receptors and are beneficial in
the treatment of heart disease, asthma, and hypertension (Figure 4).M Examples of P-adrenoreceptor
drugs include aibuterol 41, denopamine 42, propranolol 43, and levalbuterol 44. The cornmon

structural feature of P-adrenergic receptor drugs include a benzylic hydroxyl poup bonded to a

chiral carbon, and a nitrogen atom bonded to an achiral carbon (rnethylene group). All of the drues
in F i g w 4, with the exception of levalbuterol, are sold as racemates. However, the current strategy
in the pharmaceutical industq is to remarket racemic h g s as their single stereoisomer in order to
make the drugs more therapeutically effective as discussed in Section 1.1. Remarketing a racemic
drug as a single stereoisomer also dlows a pharmaceutical Company to sometimes acquire a new

patent on an old h g . For example, the older racemic drug albuterol 41, has been remarketed by
Sepracor in 1999 as the single (R) enantiomer and is called levalbuterol44."

Figure 4. Examples of P-adrenoreceptor dmgs.

denopamine 42
(cardiotonic)

albuterol41
(bronchodilator)

propranolol43
(antihypertensive)

tevalbuteroi 44
(bronchodilator)

nie method employed by chemists at Sepracor to obtain levalbuterol as the exclusive Risomer relies on a resolution step of diastereomenc tartrate ~ a l t s . ~An
' enzymatic resolution step in
the synthesis of optically pure propranolol 43 has been proposed as well?'

However, asymmevic

syntheses can also provide viable alternative methods for obtaining P-blocker dmgs of high opticai

Many exarnples exist for the asymmetric synthesis of P-blocker drugs and related
compounds. One exarnple has aiready k e n presented in Section 1.2.3 that involves the asymmetric
addition of cyanide to an ddehyde.

Other methods in the literature include asymmetric

deprotonations of p-arnino alcohoi precursonP asymmetric hydrogenations of a-amino ketonesy
and the use of chiral boranes in the asymmetric reductions of a-halogenated ketones;'

ket0irnines.4~u-amino ketones:'

a-

and enarnine~."~
For instance, the aîhloro ketone 45 was reduced

with the oxazaborolidine based CBS catalyst 46 in 97% ee to fumish the chlorohydrin 47 which was

subsequently transformed to the P-adrenoreceptor dnig (R)-isoprotemol 48 in high optical purity
(Scheme 15)?5a

Scheme 15

\

n-Bu
46 (cat.)
*
45

BH37HF
/'

97% ee
47

Most of the rnethods mentioned above rely on asymmetric reduction rnetbodology to arrive at
P-adrenoreceptor dnigs of high optical purity. An alternative method to form the chiral stereocenter
selectively in p-adrenoreceptor dmgs cm be via carbonsarbon bond formation in the asymrnetric
addition of a nitrogen containing chiral a-heteroatom nucleophile (Scheme 16). A chiral awiliary
(R') bonded to the nitrogen in the a-heteroatorn nucleophile 49 cm direct the stereoselective
addition ont0 aldehyde 50, to fonn the addition product 51. The chiral awiliary should then be
removed to form enantiomerically enriched P-adrenoreceptor dmg precurson 52.

Literature

examples that attempt to develop the type of methodology outlined in Scheme 16 will be presented
in Section 1.3.4.2. The next section will discuss the generation and stability of a-heteroatom
nucleophiles such as 49.

Scbeme 16

1.3.2 The Sn-LiErchunge Processfor the Generation of a-Heteroatom Carbanions

The Sn-Li exchange process is a method employed to generate a-heteroatom carbanions

from a-heteroatom substituted organostannane precurson? Sn-Li exchange is also the method used
to generate unsubstituted a-alkoxycarbanions throughout the work of this thesis. Other popular

methods to generate a-heteroatom carbanions include the deprotonation of activated a-aminos0and
a-alkoxy ~ o m ~ o u n d s .Enantioselective
~'
deprotonations can occur to generate a-arninoSoband a-

alkoxy5' carbanions. a-Heteroatom carbanions can also be generated by reductive lithiations of
chloromethyl ethersJ2and phenylthio e t h e d 3 Many methods are also available for the synthesis of
a-alkoxystannaness4 and a-aminostannanes,54a

55

and enantioselective syntheses of chiral a-

a l k ~ x ~ s t r n a nand
e s ~chiral
~ ~ a-ami nos tanna ne^^^ are possible.

S n 4 exchange occm with retention of c~nfiguration~~
and is an equilibriurn reaction?'
with the equilibriurn king shified towards the formation of the more stable (less basic) aheteroatom substituted organolithiurn (Scheme 17). The a-heteroatom organolithium is more stable
then the alkyllithiurn (i.e. n-BuLi) due to the inductive withdrawal of electmn density fiom the

carbanion by the heteroatom.'* Also, stabilization can occur by lithium bridging to the heteroatom,
through dipole stabilization of a carbonyl group present on the heteroatom, and by intramolecular
chelation of the Li atom by a chelating group atiached to the heter~atorn.'~An intramolecular
chelating group also allows substituted a-amino and a-alkoxy organolithiums @ossessing chirality

at the charged carbon) to be configurationally stable.s8 The configurational stability of substinited
a-heteroatom carbanions allow the tmnsfer of chirality from the nucleophile carbanionic center to an

aldehyde in a process known as 1,2-induction (Section 1.3.4.1).

Furthemore, it has been

demonstrated that the chernicd stability of the a-heteroatom carbanion decreases with increasing
aikyl group substitution on the charged carbon atorn?

Scbeme 17

There has been considerable debate as to whether the mechanism of Sn-Li exchange is
concerted or step-wise. A step-wise mechanism involves the formation of a stannylate species
(Figure Sa) that has been observed by spectroscopic studies of tevaalkylstannane transrneta~ations.~~
On the other hand. there has been no evidence of such intemediates existing in similar spectroscopic

studies involving transmetdation reactions of a - a l k o ~ and
c ~ ~a-siloxy
~ ~ ~tannanes.~
The absence of
stannylate intermediate observations allows for the consideration of a conceried mechanism
involving a four-centered transition state (Figure Sb).

Figure 5. The proposed stannylate intemediate (a) and the four-centered transition state (b)

1.3.3 Chiral inductionfiom the aldehyde

One strategy that cm be employed in

the asymmetric 1,2-additions of a-heteroatom

nucleophiles to aldehydes is to conduct reactions between an achiral a-heteroatom nucleophile and a
chiral aldehyde. However, only one litemture example exists where additions of achiral and
hydroxyl proiected LiCHzOR to a chiral aldehyde o~curs.~'For instance, the addition of
LiCH20CH20CH353 to 2-phenylpropanal 54 in the presence of Yb(OTf), as an additive results in
the formation of the syn addition product 55 as predicted by the Felkin-Ahn model. in 98% de

(Scheme 18).

Scheme 18

1.3.4 Chiral Inductionfiom the Nucleophile

The asymmetnc addition of a chiral a-heteroatom nucleophile to an achiral aldehyde or
ketone is the second strategy employed in the asymmetric 1,2-addition of a-heteroatom nucleophiles
to aldehydes and ketones. The chirality cm be present on the charged carbon (Section 1.3.4.1) or

can be present on a group or chiral auxiliary bonded to the oxygen or nitrogen atom (Section
1.3.4.2). The former method has been shown to be more successful in providing higher levels of

selectivity perhaps due to the fact that chirai induction occurs more efficiently through shorter

distances. The later method is largely undeveloped in the literature with low levels of selectivity
being achieved.

1.3.41 Proximd Chird (1,2)-hduction fiom rhe Nudeophile

The chiral center present on the charged carbon of substituted a-heteroatom nucleophiles
allows for the transfer of chirality to occur from the nucleophiie to the aldehyde. McGarvey and

Kimura were able to inveaigate the stereoselectivity achieved in the additions of chiral aalkoxyorganolithiums to aldehydes.62 However, good to excellent levels of stereoinduction were
only achieved with bulky alkyl R groups attached to the charged carbon.
The use of a-aikoxyorganolead compounds offen higher levels of selectivity even with only
primary alkyl groups present on the charged c a r b ~ n . ~For
~ instance, the addition of the a-

alkoxyorganolead compound 56 to cyclohexanecarboxaldehyde 57. in the presence of the Lewis acid
TiC4, allows for the formation of the syn a-hydroxyether 58 in 99% de (Scheme 19). The use of
BF3eOEt2as a Lewis acid allows for the formation of anti relative stereochemistry in the product,
however with lower levels of selectivity.

Sebeme 19
OMe

TiCI4

*
57

;Y0

C7H15

OH

9996,

The transition states for 1,2 induction reactions are believed to occur through chelated
structures in the presence of Tic4 for organoiead additions or when organolithium or
organomagnesium nucleophiles are used without Lewis acids (Figure 6 a, b).

Non-chelated

structures are believed to occur in the presence of BF3aOEt2 when organolead nucleophiles are
employed (Figure 6 c, cl).

Chelation of the metal (Ti, Li, or Mg) between the a-oxygen of the

nucleophile and the carbonyl oxygen allows the nucleophile to prefer the approach ont0 the prochiral
face of rhe aldehyde where the R groups of both compounds would be the furthest apart (Figure 6a)
as opposed to the more crowded transition state seen in Figure 6b. Therefore, a chelated transition
state would allow the formation of diols with syn relative stereochemistry to predominate. In a nonchelated transition state seen in organolead nucleophile additions with BF3eOEt2 present, the
carbonyl oxygen and nucleophile oxygen point away frorn each other and attack on the prochiral
face is preferred where stenc interactions are minimized between the R groups of both compounds
(Figure 6c) as opposed to Figure 6d. As a result. a non-cheiated transition state would allow the
formation of diois with anti relative stereochemistry to predominate.

Figure 6. Chelation control (qb) and non-chelation conwl (c ,d) in 12-induction reactions.
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Absolute stereochemistry c m be transferred in 1,2-inductions as well, in order to fom
enantiomerically enriched hydroxyethea, if one starts out with enantiomencally enriched aFor instance, the a-dkoxyorganostannane 59, of 93.7% ee (S) was
transfonned to the a-alkoxyorganolead compound 60, with retention of cofiguration, then treated
with benzaldehyde and TiC14 to form the syn hydroxyether 61 over the anti in a 9317 ratio, with the
syn hydroxyether king fonned in 94.5% ee (Scheme 20). The syn hydroxyether maintained the

same configuration at the OMe substituted carbon as in the organolead compound and with no loss

in ee. Therefore the nucleophile 60 maintains the sarne configuration with cornpiete c o f i p t i o n a l
stability in addition to benzaldehyde.

Scheme 20
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Chiral a-alkoxyorganolead compounds have aiso k e n successWly ernployed in additions to
chiral aldehydes to fom 3tontiguous stereo~enters,~
and have been applied in a study towards the
synthesis of the brassinosteroid side chain?

Similar exarnples of nucleophilic 1,2-induction in the

diastereoselective formation of hydroxyethen have also been shown to occur in pinacol c ~ u ~ l i n ~ s . ~ ~
~~~
in stereoselective additions to
Examples involving chiral a-amino"' and a - t h i carbanions
aldehydes have also appeared in the literature. The direction of selectivity of chiral a-amino
carbanion additions, with secondary and tertiary alkyl groups attached to the carbanion, was reversed
(Le. anri configuration predominates in the aminoalcohol) fiom what was observed with chiral aalkoxy carbanion additions.

Furthemore in another paper:8 an example involving an a-

aminooqanolithium attached to primary alkyl group at the charged carbanion did not show any
reasonable 1,2-induction.

Therefore, a big R group attached to the carbanion on the a-

aminoorganolithiurn seems to be necessary in order for 1.2-induction to occur and correlates with
explanations noted earlier by McGarvey and Kimura for a-alkoxycarbanions additions with
exception to the direction of ~electivit~.~*

1.3.4.2 Remote Chiral Inductionfiom the Nucleophile

A chiral a-heteroatom nucleophile can have the source of chirality M e r removed fiom the

charged carbon atom and still be able to promote stereoinduction in 1,2-additions to aldehydes. A
generd example for remote induction involving a-arnino nucleophiles was given in Scheme 16, and
showed the charged carbon atom on the nucleophile 49. to be unsubstinited (Le. a methylene group).
If the chiral group is an auxiliary, it can be removed fiom an addition product such as 51, to provide

enantiomerically e ~ c h e dp-amino alcohols 52. Enantiomencally enriched hydroxyethen can also
be fomed in the process of remote induction if a-alkoxy nucleophiles are involved. The structure of
the products 52, (hydroxyl group bonded to a chiral carbon, and the nitrogen bonded to a methylene

group) demonstrates comrnon structural features present in P-adrenoreceptor dmgs. Therefore, the
method of remote induction for a-amino carbanions can be applied towards the enantioselective
synthesis of P-adrenoreceptor drugs.
Only a few iiteratwe exarnples involve remote induction of a-heteroatom nucleophiles and
levels of stereoselectivity are generally very low. For instance. the stereoselective l,2-addition of a-

amino nucleophiles to aidehydes has been attempted by empioying various oxazolidinone chiral
auxiliaties bonded to arninostannanes such as 62 (Scheme

The transmetalation and trapping

of the intemediate a-aminoorganolithiurn with beddehyde resulted in poor levels of

diastereoselection: addition products such as 63, were fonned in only 5 to 20% de. The awiliary
that provided the largest level of diastereoselection is s h o w in Scheme 2 1. It was explallied that the
chiral center of the awiliary was too remote to interact with the aidehyde in the transition state, and
as a consequence low levels of stereoselectivity were achieved.

Scheme 21

A second example of remote induction by a-amino nucleophiles is through the use of

proline-derived chiral au~iliaries."~
The sulfide 64, undenvent reductive lithiation with lithium 4,4'di-fert-butylbiphenyl (LiDBB), and trapped with p-anisaldehyde 65 to afford the addition product
66, in 56% de and in 39% yield (Scheme 22). Lower levels of diastereoselection were achieved with

other aldehydes; however the yields were increased when Sn-Li exchange was used

to

fomi the a-

aminoorganolithium intermediaie. While higher yields were achieved with Sn-Li exchange, the
addition product 66 was obtained in only 14% de when an a-aminoorganostannane precursor was
employed.
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Examples of remote induction Uivolving chiral a-alkoxy carbanions have also appeared in
the 1iterature. The enantiomerically pure chloromethy1 (-)-8-pheny lmenthy l denvative 67, was

lithiated by DBB-mediated chlonne-lithium exchange and napped with acetophenone to afford the

addition product 68 in 28% de (Scheme 23)?2 The reaction of 6'1 with pivaldehyde occurred in only
18% de. Further low levels of diasteroselectivity were also encountered by the same authors with
(+) and

(9)

chloromethyl menthyi derivatives in similar addition reactions to pivaldehyde and to an

imine.

Scheme 23

acetopheoone 1 Li powder
5 ml%
DBB

-

More results involving remote induction from chiral a-alkoxy carbanions have appeared in
the work by Ponzo and

auh han.'^

The Sn-Li exchange method was used to form the a-

alkoxylithium intermediates. Two of the chiral auxiliaries employed by Ponzo and Kauhan are
identical to the ones employed in the previous literature example discussed. Both literature
examples employ (-)-8-phenyl-menthol and (-)-menthol as chiral audiaries. However, Ponzo and

Kauhan also experimented with a (+)-isopinocampheol auxiliary and reactions were conducted
with various oxygenated electmn-rich aromatic aldehydes. The highest level of diastereoselectivity
was achieved with the use of the (-)-menthol auxiliary 69, and 3,4-dimethoxybenzaldehyde 70, to

fom the addition product 71 in 22% de (Scheme 24).

Scheme 24

From the four examples shown in this sub-section, it is obvious that remote chiral induction

from a-heteroatom nucleophiles has thus far provided low to modest levels of stereoselection. Most
likely the chiral centen of the auxiliaries are too far away from the aldehyde in the transition state or
the structure of the transition state is not ngid enough in order to have a significant

stereodifferentiating process occurring. The chiral center of the nucleophile in proximal (1,2)inductions as seen in the previous sub-section is able to interact with the aldehyde through chelation
in the transition state (i.e. Scheme 19, Figure 6a,b) and generally produce higher levels of
diastereoselectivity. Therefore, it would be advantageous to design an auxiliary that can have chiral
groups interacting more closely with the aldehyde in a ngid transition state as through chelation.
The remaining chapten of this thesis concentrate on such a chiral auxiliary design process.
Furthemore, it must be stressed that for a chiral auxiliary to be practical, the awtiliary must
be removable h m the addition product. in order to isolate the enantiomerically enriched p-amino
alcohols and 12-diols fiee fiom the auxiliary. Also if the auxiliary is expensive or difficult to make,
it would also be advantageous to recover and reuse the auxiliary. The literature methods outlined in

this sub-section fail to demonstrate that the auxiliary cm be removed fiom any of the addition
products 63.66,68, or 71. Therefore the other aim of this thesis is to develop an auxiliary that can

be removed and recovered frorn an addition product. The exact nature of the auxiliary will be

discussed M e r in Section 1.5 and the relevance of carbohydratederived auxiliaries is presented in
the next section.

1.4 Use of Carbohydrate-Derived Chiral Auxiliaries in Asymmetric Synthesis

It has been demonstrated extensively that carbohydrates can be transfomed in order to

fùnction as efficient chiral auxiliaries in many asymmetric reactions." Carbohydrates possess many
oxygenated stereocenters that c m be manipulated through metal chelationn to induce a
stereodifferentiating process to occur. Furthemore, the oxygen atoms present on the carbohydrate
cyclic framework offer convenient points of attachent for substrates undergoing asymmetric
transformations. Bonding at non-anomenc oxygens can occur via ester linkages or ether linkages as
was shown in Scheme 7 and 8 (Section 1.2.7.2), which can be easily cleaved to afford the recovery

of both product and auxiliary. Also. if the point of attachment of the substrate occurs at the
anomeric oxygen. the acetal linkage can be cleaved easily under acidic conditions. For example, in
the asymmetric synthesis of a-arninophosphonic acid derivatives (Scheme 25).'3 the addition of
diethyl phosphite to the galactosylarnine 72 resulted in the stereoselective formation of the R chiral
center a to the phosphonate group in 73 in a 5:l ratio. The recovery of the auxiliary 74. and the
release of the enantiomerically enriched product 75, was then accomplished by treating 73 with 1N
HC1 in methanol.

Scheme 25
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An attempt has previously been made in our lab to utilize a carbohydrate-denved chiral

awiliary for the asymmetric 1,2-addition of a-alkoxymethylcarbanions to aldehydes (i.e. remote
induction) (Scheme 26)?

The a-alkoxymethylstannane was attached to the anomeric position of a

glucose denved auxiliary to form compound 76. Therefore, afier Sn-Li exchange of 76 and the 1,2addition of the organolithium intermediate to an aldehyde. it should be possible to recover both the
awiliary and 1,2-diol product fiom the addition product 77 under acidic conditions as was s h o w in
Scheme 25. However. the addition product 77 was isolated as a 1 to 1 mixture of diastereomen in
al1 experiments with bentaldehyde and the auxiliary 1 di01 recovery was not attempted.

Scbeme 26
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1.5 Goal of Tbesis

This chapter has introduced various strategies that have k e n developed for the asymmetric

1,2-addition of carbon nucleophiles to aldehydes and ketones. The relevance of introducing
heteroatoms to aldehydes by the addition of heteroatom containhg nucleophiles in order to produce
enantiomerically e ~ c h e dbiologically active compounds such as P-adrenoreceptor drugs has also

k e n examined. However, effective rnethods for the asyrnmetric 1,2-additions of a-heteroatom
carbanions to aldehydes are scarce in the literature. The lack of effective methods is especially true
for the addition of a-heteroatom carbanions controlled by remote induction. Therefore the goal of
this thesis work is to develop a method for the asymmetric addition of a-heteroatom nucleophiles to
aldehydes and ketones by remote induction control. The chiral auxiliary approach initially taken as
was seen in Scheme 26 will be modified. The use of a-alkoxy carbanions will also be pursued since

dificulties in the synthesis of the a-amino analog of 76 were previously enco~ntered.'~The focus
of this thesis work is therefore to design an a-alkoxystannane 78, which contains a chiral auxiliary.

so that it can be transmetalated to the organolithiurn 79, and trapped with an aldehyde 80 with a high

level of diastereoselectivity to give 81 (Scheme 27). Also the auxiliary 82 must be recovered dong
with the 1,2-di0183 in order for the method to be practical. The next chapter outlines the first set of

strategies employed in the chiral auxiliary design process that were taken.

Scbeme 27
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CHAPTER 2
GLUCOSE-DERIVED CHIRAL AUXiLIARIES

2.1 lntroductioo

It was demonstrated in Chapter 1, Section 1.4 (Scheme 26) that a chiral auxiliary derived
from glucose did not induce any diastereoselectivity in the addition of an a-alkoxycarbanion to
ben~aldeh~de.'It was expected that the structure of the organolithiurn intermediate 84, afier king
denved from the Sn-Li exchange of 76, might consia of a cis-fused bicyclic system, due to possible
intramolecular chelation of the C-2 oxygen to the lithium atom (Scheme 28).

Scheme 28
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The hypothetical c i s - k d bicyclic structure was expected to induce diastereoselectivity in
the I,2-addition to benzaldehyde. The interna1 chelation of the lithium atom can possibly mate a
conformationally constrained transition state so that a reaction where benzaldehyde reacts from the
bonom concave face of the auxiliary cis-fused bicyclic system would be tw sterically hindered to
occur (Figure 7a). Therefore, it was believed that a transition state where the aldehyde reacts fiom
the less hindered top convex face of the auxiliary cis-fused bicyclic system would be more likely to

occur and provide diastereoselectivity. However, it was not expected at the time that transition

states occurring on either prochiral face of benzaidehyde could be equally probable (Figure 7b and c)

fiom the top convex face of the auxiliary cis-hised bicyclic system. The phenyl group of the
aldehyde could be pointing away from the awiliary (Figure 7b), or be pointing towards the auxiliary
(Figure 7c). The difference in energy (MG+) between the two possible transition states in Figure 7b
and 7c could be too small to produce any observable amount of diastereoselectivity. The energy of
the interaction between the R group of the aldehyde and the anomeric H of the auxiliary when the R

group of the aldehyde is pointing towards the auxiliary may be insignificant (Figure 7c). Therefore,
both proposed transition states seen in Figure 7b and 7c might occur with equal probability.

Figure 7. Proposed transition states (a-c) for the reaction of organolithium 84 with benzaldehyde.
.OMe
Aldehyde reacting from the bottom face of the
cis-fused bicyclic intermediate leads to a sterically
hindered transition stata.

Aldehyde reading from the top face of the cis-fused bicyclic intemediate leads to l e s sterically
hindered transition states:

,OMe

Energy of interaction

It was then decided to test the hypothesis that the anomeric H is too srnail to cause a
significant arnount of interaction with the R group of ddehydes to occur. The hypothesis was tested
by designing and employing new auxiliary derivatives that have H replaced by different R groups at

the equatorial anomeric position (Figure 8). Larger substituents then H present at the anomeric

equatorial position may induce a p a t e r steric interaction to occur with the R group of the aldehyde
(Figure 9a). As a result, a transition state where the Re prochiral face of the aldehyde is trapped
selectively may be more probable (Figure 9b). Therefore the introduction of the anomeric equatorial

R groups represents the first structurai modification during the chiral awiliary design process taken
in this thesis.

Figure 8.

Glucose-derived awtiliaries with an anomeric axial alkoxymethylVibutylstannane

subsmte and anomeric equatorial R groups.
OMe

/

R = rlkyl, ayl, alûynyl

Figure 9. Possible transition states (a,b) for the transmetaiated modified awtiliary denvatives with
benzaldehyde.
(b)
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2.2 Results and Discussion

2.2.1 Synthesis of Glucose-Derived Chiral Auriliaries

The starting material employed for the synthesis of glucosederived chiral auxiliaries was

methyls-D-glucopyranoside(85) (Scheme 29). Permethylation of 85: followed by hydrolysis of
86,) af5orded the lactol 87. Direct hydrolysis of 86, was discovered to be more efficient than

transforming the rnethyl glycoside 86 to the acetate 88: and treating 88 with NaOMe in a second
step to give 87 (Scheme 30). Oxidation of 87 with PCC' resulted in the formation of the lactone 89

(Scheme 29).

Scheme 29
OH
1. NaOH. Me2S04
2. NaH, Me1

_

OMe

OMe

OMe

(80°h)

OMe

Scheme 30

OMe

OMe
I

Ac20 1 AcOH 1 H2S04

NaOMe

(73%)

(34%)

OMe

OMe

_
O h

A one step synthesis to the lactone 89 was attempted by using 8-gluconolactone 90 as the

commercial starting materiai (Scheme 3 1). However, attempted pemethylations of 90 did not result
in the formation of the protected lactone 89 and instead resulted in the formation of a complex
mixture of unidentified products.

Scbeme 31
OMe

OH
1

I

"'OH

Ba0 or Ag20
Mel or MepS04
DMF

"'O ~e

The anomeric substituents were then introduced by the addition of various alkyl. aryl, and
alkynyl groups to the lactone 89 (Table 2). Organolithium reagents (entries 2, 4-1 1) were more
successful in producing the desired monosubstituted products 91-99. When Grignard reagents were

employed (entries 1 and 3), the unwanted disubstituted products 918 and 92. were formed.
Provisional identifications were made for cornpounds 91. and 92..
by IR, 'HNMR,

Compound 91. was identified

I3cNMR, and low resolution MS data, and the stnicnual assignment for 9 2 i was

based on 'HNMR data. The disubstituted product 91a was formed as a minor by-product in entry 1;
however the disubstitution pruduct was the only product formed in entry 3. Therefore organolithium
reagents were employed in the remaining entries and satisfactory to excellent yields were obtained
for the desired monosubstituted compounds 91-99, with no disubstituted products king detected or

Table 2. introduction of anomeric substituents.
OMe

OMe

'"oM~
OMe

EnW

R

OMe

solvent / - 7 8 ' ~

OMe

Metal
(M)

Solvent

THF

THF
Et20
Et20

Et20
Et20

THF / Et20
THF 1 Et20
THF 1 Et20

THF 1 Et20
Et20
a - formed as a 1:1 mixture of diastereomers.
46

OMe

Yield of
Y ield of
monosubstituted disubstituted
product (%) (#) product (%) (#)
70 (91)
1 1 (91a)

niese results are consistent with literature examples involving addition of organometallic
reagents to esters and lactones. Carboxylic esters are well known to give disubstituted prducts
(tertiary alcohols) when treated with Grignard reagents while monosubtituted products (ketones)
have been obtained when using alkyllithium reagents at low temperatures.6

Furthemore,

monosubstitued products have been obtained when organolithium reagents are added to lactones
such as 6-valerolactone7and to carbohydrate derived lactones.' Disubstitution ont0 6-valerolactone9
or on a sugarI0 is possible witb the use of a Grignard reagent. A factor preventing the addition of a
second equivalent of organolithium io carbohydrate-derived lactones such as 89 may be stabilization
of the tetrahedral intermediate by intemal chelation of the lithium atom by an a-alkoxy substituent
(Figure 10).

Figure 10. Intemal chelation of the tetrahedral intermediate derived fiom 89.

OMe

The compounds 91-99, were fomed as one diastereomer with the exception of 99 which was

formed as a 1 :1 mixture of diastereomen. It was not important to fom the herniketals 91-99
stereoselectively or to determine the stereochernistry at this stage since the next step involved
carbocation formation at the anomeric carbon. The stereochemistry formed in 91-99 is represented
as the one that allows for the larger substituent to adopt the equatorial position and for the smaller
hydroxyl group to adopt the axial position on the ring. Fwthermore, an anomeric hydroxyl group

prefers to be in the axial position in sugars due to the anomenc effect." Therefore it is highly likely
that compounds 91-99 possess the stereochernistry indicated.

The fmai step involved the attachent of the a-alkoxymethylstannane fragment to the
glucose-derived chiral auxiliaries. An atternpt was made using the trichloroacetimidate method,I2
since the method worked previously for the glucose-denved auxiliary without the anomenc
substituent present.'

However, attempts to derivatize 91 to the trkhloroacetarnide 100 failed

(Scheme 32). Furthemore, a reaction between 91 and Bu3SnCH211 K1 failed to produce the desired
stannane 101 (Scheme 33). It was thought that a substitution reaction ont0 the tertiary oxyanion of
91 was too sterically hindered to occur.

Scbeme 32
OMe

OMe

"'O Me
OMe

CH2C12

OMe

Scheme 33
OMe

OMe
Bu3SnCH21
KH 1 EtzO
OMe

91

v
OMe
101

The acid catalyzed giycosylation method allowed for the attachent of the aalkoxymethyltin group to anomeric position of the sugar (Table 3). Either HCl or TfDH were used

as the acidic catalysts in the glycosylation reactions involving the hemiketals 91-99 and

Bu3SnCH20H. Funhermore, 3 A molecular sieves were used in both instances to soak up the water
produced in the reaction and to drive the equilibrium toward the formation of the glycosides 101-

109. The method involving the use of TfOH was operationally simpler since HCl quickly escaped
the refluxing Et20 solvent and more HCl had to be fkquently added during the course of the

reaction. However, both methods provided similar yields (entries 2 vs. 3 and entries 4 vs. 5). Either
Et20 or CHzC12were satisfactory solvents for the glycosylation reactions involving HCl. in generai,
low yields were observed. This may be because awiliaries 91-99 decompose slowly under the
acidic conditions, and therefore a lower reaction temperature (O
involving TfOH to minimize decomposition.

OC)

was employed in reactions

Tabk 3. Acid catalyzed glycosylations of amiliaries 91-99 and Bu3SnCH20H.
OMe

voAsnBu
'(3.0ArrBh
OMe

OMe

H+1 sieves
Bu3SnCH20H

OMe

MeO#

""O~e

101-109

Auxiliary

+

"'oM~

MeO,tb-

OMe

OMe

91-99

Entry

-

1018

Yield (%) of Y ield (%) of
a-anomer
p-anomer
proâuct (#)
product (#)

R

HCI

HCl
TfOH
HCl

TfOH

TfUH
TfüH

TfDH
TfOH

TfüH

TfOH

-

a stereochemistry was unassigned and the yield refea to the major diastereomer.
b - stereochemistry was unassigned and the yield refers to the minor diastereomer.

In order to fom the cis-fused organolithium intermediate, the C-1 aikoxymethyltin and C-2
methoxy groups on the ring are required to be syn to each other. T h i s requires the glycosylation
reaction to produce the a-anomer stereoselectively. Based on theoretical considerations, the a-

anomer is expected to be formed preferentially. As discussed in the formation of the hemiketal
synthetic intennediates 91-99, the anomeric effect and steric effect of the C-glycoside substituent
should in theory allow for the preferential formation of the a-anorner. Furthemore there are many
literature exarnples involving glycosylation reactions between hemiketais similar to 91-99 and Oglycoside acceptors that result in the formation of the a-anomer preferentially or e~clusivel~.'~
Examples include hemiketals with various C-glycoside substituents such as phary alky1, '3b9c*g-'
methYl,l3'vinyl, 13Cg.i heteroar~matic,'~~"
and alkynyi groups.'3i
Experimental evidence for the stereoselective formation of the a-anomer in the case of an
anomenc methyl group (enuy 1) was obtained fiom C-13 NMR data (Figure 11). The difference in
the chemical shifi between the major isomer 101 (Figure 1 la) and the minor isomer Iole (Figure
1 lb) provides support for the stereoselective formation of the a-anorner.

identification was made for 1011, based on 'H and
the a-anomer is less shielded and the

I3cNMR data.

A provisional

The equatonal methyl group in

I3cchemical shifi for the methyl group appears at higher ppm

for the major isomer 101 than for the minor isorner 101a due to the y-gauc he effect.I4 Therefore the
major isomer 101 can be assigned as the a-anomer. This type of reasoning has k e n employed in a
similar literature example to assign stereochemistry for an anomenc methyl group.8*
A stereochemical assignrnent could not be made for either 109 or 109. since no literature

precedent could be found involving assignments for anomeric alkynyl groups on the basis of C-13
chemical shifts.

It was not important to assign stereochernistry for 109 or 109. since the

transmetalation/trapping chemistry of 109 was unsuccessfbl (vide infir) and other methods to

determine the stereochernistry of 109 or 109a were not attempted.

Figure 11. Anomeric methyl group C- 13 chernical shifis for 101 (a) and 101a (b).

(b)

/OMe

For the other awtiliary derivatives that were formed, it was not possible to make NMR shifi
cornparisons between major and minor isomers since oniy one isomer was detected and isolated

(Table 3, entries 2-9). A 2-dimensional NMR NOESY expenment was conducted for the compound
102 in order to provide suppor. for the formation of the a-anomer (Figure 12). An NOE was

observed between the axial C-2 proton, which was assigned by an HMQC (Heteronuclear Multiple
Quantum Coherence) NMR experiment, and aromatic protons. Therefore the C-2 proton and phenyl

group must be in a syn stereochemicai relationship to each other and is the stereochemical
relationship present in the a-anomer.

Figure 12. NOE's visible form the NOESY spectrum of 102.

NOE

With the experimental evidence presented for the compounds 101 and 102, it is reasonable to
assume the compounds 103-108 a h are a-anorners. The formation of the p-anorner side products
lOla and 109. indicate the steric importance of the C-glycoside substituent in inducing the
formation of the a-anomer in the glycosylation reactioo. The methyl group and alkynyl group are
the smallest C-glycoside subaituents studied on the auxiliary. 'ïherefore, it was not too supising
that the p-anomer by-product was produced for the methyl and alkynyl awiliary derivative analogs

as the minor isomer. However compounds 103-108 possess larger alkyl groups and similar or larger

arornatic groups than 102 present at the anorneric position. Therefore it is reasonable to assume that
the a-anorner is formed in compounds 103-108 due to the preference for larger C-glycoside groups,
as seen for the Ph group in 102, to prefer the equatorial position and due to the anomenc effect.

2.2.? 1.2-Additions of Lithiated Glucose-Derived Chiral A uxiliory Derivatives to Benzaidehyde

All auxiliary derivatives were successfûlly transrnetalated with n-BuLi to the a-

alkoxyorganolithium and trapped with benzaldehyde with the exception of 109. It was possible to
transrnetalate the awiliary 109 since BySn was forrned; however no addition product to
benzaldehyde was detected and only a complex mixture of unidentified products was isolated.
The hypothesis for achieving stereoselectivity made earlier is supported by the fact that Cglycoside substituents (Table 4) can induce a stereodifferentiating process in accordance with the
proposed transition state model. However, improvements in selectivity were not observed with al1
C-glycoside substituents that were screened. For exarnple, a methyl substituent (entry 1) did provide
an improvement in selectivity fiom R=H,yet bulkier groups such as ' ~ orr 'Bu offered none or only
marginal improvements (entries 2, 3). Similarly, a 1-naphthyl substituent offered linle improvement

in diastereoselectivity (entry 4). n i e set of results in entries 1-4 indicate that larger alkyl groups and
aromatic groups introducing steric bulk towards the pyranoside ring system (i.e. 1-naphthyl vs. 2naphthyl (vide hifia)) were detrimental to stereoselectivity.

The lack or low arnount of

stereoselectivity in entries 2-4 was surprising since it was expected that larger groups would offer
better selectivity in accordance to the proposed transition state mcidel. It was speculated that
sterically demanding groups at the anomeric position had created greater strain in the chair
conformation of the auxiliary.

The auxiliary could have adopted a lower energy non-chair

conformation to possibly relieve strain and preclude the formation of a cis- fused bicyclic
intemediate. Therefore intramolecular chelation could have k e n prevented or a cis-fused bicyclic
ring system with a nonîhair conformation could have been fonned but not able to induce a

stereodifferentiating process.

in order to minimize any possible ring strain, aryl groups that had

connectivity to the auxiliary that placed steric bulk of the aromatic group m e r away from the
auxiliary were funher investigated. For instance, a 2-naphthyl group has connectivity

to the

awiliary that places the aromatic ring. which is not directly bonded to the pyranoside ring system.
further away from the pyranose ring. The change in connectivity of the naphthyl group to the 2position resulted in a substantial improvement in stereoselectivity (entry 5). The large difference
between a 1-naphthyl and 2-naphthyl group towards providing stereoselectivity gave support to the
reasoning that C-glycoside groups pointing m e r away fiom the auxiliary would favor the
formation of the lithium chelated cis-fued (decalin-like) bicyclic intemediate and provide a greater
amount of stereoselectivity. A similar result was noted with a Ph group at the anomeric position
(entry 6), so greater steric hindrance placed M e r away fiom the awiliary as pmvided by the 2naphthyl group did not offer any extra benefit.
Furthemore, stereoelecaonic effects were investigated by altering the substituents on the
aryl ring of the awiliary in order to observe if any n type interactions were occurrïng between the Ph

~g of benzaldehyde and the auxiliary C-glycoside aromatic substituent. Neither electron rich (entry

7) nor electron poor (entry 8) substituents had any benefcial or detrimental efFect on selectivity;

therefore stereoelectronic effects such as rr stacking or n repulsions fiom the auxiliary are of minimal
importance in the transition state with beddehyde.

Table 4. Effect of auxiliary anomeric equatorial substituents on selectivity in 1,2-additionsto

OMe

OMe
1. n-BuLi (2 eq.)
2. PhCHO
-78OC 1 Et20

OMe

OMe

Entry

Sta~ane
#

R

Yield of
Product (%)

Selectivity
(% de)

Method of
de

3

104

'Bu

96 (112)

2

A

'Reaction conducted in hexane and with 1.1 eq. of n-BuLi.
b ~ e t h o d for
s de detemination: A: Selectivity determined by chiral HPLC anaiysis of the recovered
1,2-di01 product. B: Selectivity determined by proton NMR of the addition product. C: Selectivity
determined by chiral HPLC analysis of the addition product. D: Selectivity determined by silica gel
column HPLC anaiysis of the addition product.

It was demonstrated in Table 4, entry 1 that the reaction of 101 in hexane provided a low

yield of the addition product, which is partly due to a low yield in the Sn-Li exchange step (vide
infia). It was surprising that Sn-Li exchange occurred at dl in hexane since Sn-Li exchange for aheteroatomstannanes of non-carbohydrate systems usually oniy occur in polar solvents such as Et20
and THF." Lntra- or intermolecular coordination (i.e. aggregation) of the lithium atom with the C-2
oxygen or other oxygens of the sugar-derived auxiliary may offer greater stabilization for the aalkoxycarbanion.
The general trend observed for the yield of Sn-Li exchange was that a decrease in the polarity

of solvent correlated with a decrease in yield of Sn-Li exchange (Table 5). The results for each
auxiliary in Table 5 are presented in order of decreasing solvent polarity. THF generally provided
the highest yield and hexane the lowest, with EtzO and toluene providing the second and third bea
yields respectively. Therefore stabilization of the a-alkoxycarbanion by polar CO-ordinatingsolvents
also may occur to help shift the equilibriurn in greater favor towards the a-alkoxyorganolithium or to
increase the rate of the transmetalation reaction. However, a transmetalation attempt made in
CH2C12 proved to be unsuccessful (entry 7).

More then one equivalent of n-BuLi was sometimes necessary to maximize the yield of Sn-Li

exchange. The benefit of employing more than one equivalent of n-BuLi was realized especially
when the reaction was conducted in non-polar solvents. Utilizing 2.2 eq. in the non-polar solvent
toluene (entry 3) actually led to a siightly higher yield than using oniy 1. l equivalents in the polar
solvent Et20 (entry 2). Furthemore, with auxiliary 102 only a trace arnount of BwSn was detected
when the transmetalation reaction was conducted in hexane with 1.0 eq. of n-BuLi (entry 10).

However, when 2 eq. of n-BuLi was used uuder similar conditions for 102, a 60% exchange yield
was obtained (entry 9). It was thought that an extra equivalent of n-BuLi might be required to

optimize the reaction since the first equivalent tbat is added to the reaction might be bound to any of

the auxiliary oxygens. Nevertheless. even with the presence of excess benzaldehyde in the addition
step, no n-BuLi addition product to benzaldehyde was detected. Therefore, binding of n-BuLi to the
awiliary oxygens may not occur and quenching of n-BuLi by trace amounts of water might have
taken place since only a very small arnount of n-BuLi was employed in the experiments (Le. 1.O eq.
n-BuLi

= 0.2

mmol approx.). Employing more than 2.0 eq. of n-BuLi did not generate a higher

yield (entry 14).

The time for the Sn-Li exchange reaction also had an effect on the yield of the transmetaiated
product. Fcr reactions conducted in non-polar solvents such as hexane where the reaction appeared
to occur with small amount of conversion. extending the reaction time had a beneficial effect (entry
9 vs. entry 13).

Furthemore, a higher temperature for the exchange reaction allowed for almost a
quantitative formation of BbSn (entry 12). However, the temperature of the reaction (-20 O C ) was
too high for the a-alkoxyorganolithium to be stable since the transmeialated product decomposed at
the hi& temperature before it could be trapped with benzaldehyde. This observation is consistent

'

with what has k e n reported in the 1iterature for a-alkoxyorganolithium reagents. where reagents

were observed to be stable at -30 O C , but to decompose at O O C . Therefore, a temperature of -60 O C
was sometimes employed in order to avoid decomposition of the a-alkoxyorganolithium while

increasing the transmetalation yield.

Table 5. Yield of Sn-Li exchange.

Bu&
O M ~
103-108

Stannane

Solvent

Time
(min.)

Temp.

THF
Et20
toluene
hexane

-78
-78
-78
-78
-60
-60
-78
-60
-60
-78
-78
-20
-60
-60
-60
-60
-60

toluene
hexane
Et20
toluene
hexane

20
15
45
15
80
80
45
90
1 O0
60
15
35
420
1 O0
60
65
65
105
90
90
60
65
60

THF

70

Et20
toluene
hexane

50
70
50

#

THF
Et20

CH2(&
toluene
hexane
hexane
hexane
hexane
hexane
hexane

Et20
toluene
THF

Et20

THF
Et 2 0
toluene
hexane
Et20

toluene

(OC)

ao
-60
-60
-60
-60
-60
-60
-60
-60
-60

Yield of
SnBb (%)
1O0
81
1 O0
67
98
81
trace
75
60

trace
46

93
85
48
88
78
89
86
54
89
61
48
30
93
88
62
34

The transmetalation yield did not always translate into the yield of the addition product to
benzaldehyde obtained. The formation of heMketa1 by-products 91, 94, and 95 or protonated byproducts 118-120 was often observed; their presence correlated with a decrease in the yield of the
benzaidehyde addition products 11C113, and 115 (Table 6). Provisional identifications were made

for compounds 118 and 120. The assigned structure for 118 was based on IR, 'HNMR,
and low resolution MS data, and 120 was identified by

products were formed.

I3cNMR

'HNMR data. It is unknown how the by-

Protonation may result fiom aqueous quench if dl the a-

alkoxyorganolithiurn did not react with benzaldehyde or fiom decomposition of the aalkoxyorganolithium. Howevet, the source of protonation was not investigated in these cases since
more effort was placed on optimizing the diastereoselectivity of the reaction.

Table 6. Formation of by-products.

Entry Stannane

R

#

Solvent Yield of Y ield of
BuSn hemiketal

Yield of

H"

(%)

(%) (#)

product

Y ietd of
addition
product

(%) (#)

(%) (#)

1

101

Me

Et20

81

nd

42 (118)

53 (1 10)

2

101

Me

hexane

67

nd

46(ll8)

28(110)

3

101

Me

toluene

90

14 (91)

nd

34 (110)

4

102

Ph

hexane

62

nd

6(119)

42(115)

6

1O4

rBu

toluene

54

41 (94)

nd

19 (112)

nd-not detennined

During the optimization process for increasing the amount of diastereoselectivity, it was
considered that non-polar solvents such as hexane and toluene may have the potential to provide a
higher arnount of selectivity for the amiliaries. Polar solvents such as THF and Et20 may
competitively coordinate to the lithium atom of the auxiliaiy lithiated intemediate, thus preventing
intramolecular coordination with the C-2 oxygen of the auxiliary and formation of the c i s - f k d
bicyclic ring system (Figure 13). An intermediate without intramolecular coordination results in the

formation of a less-rigid transition state and the transfer of chiral induction would be less likely to

occur. Therefore, a non-polar / non-coordinating solvent such as toluene or hexane may have the
potential to offer a greater level of selectivity by avoiding competitive coordination and favoring the
fo.mation of the c i s - f k d bicyclic intermediate.

Figure 13. Possible competitive coordination of polar solvent to the auxiliary lithium atom.

The level of diastereoselectivity achieved with auxiliary denvatives 101-108 in EtiO has
k e n outlined in Table 4. It also has been demonstrated that the transmetalation reaction for the
auxiliary derivatives 101-108 can occur in THF, toluene and hexane (Tables 5 and 6). The level of
stereoselectivity obtained in reactions with benzaldehyde in the other 3 solvents is outlined in the
next table (Table 7) and cornparisons are included with reactions conducted in Et20. The results for
each awtiliary derivative are presented in order of decreasing solvent polarity.
For reactions involving auxiliary derivative 101 (entries 1-4). non-polar solvents as expected
provided higher levels of diastereoselectivity. However, for auxiliary 102 (entries 5-8), it was
surprising that the coordinating solvent Et20 (entry 6), provided a similar level of stereoselectivity as
hexane (entry 8). A non-polar solvent in a reaction involving auxiliary derivative 103 (entries 9 and

IO), did not help to achieve any diastereoselectivity at d l . Nevertheless, for auxiliary derivative 104
(entries 1 1-14), toluene provided a very significant improvement from reactions involving other
solvents. Furthemore, for reactions involving awiliary derivatives 106 (entries 18-21) and 107
(entries 22-25), coordinating solvents provided higher levels of diastereoselectivity than non-

coordinating solvents. Therefore, no general trend is visible on what e f k t solvents have on
diastereoselectivity and many inconsistencies are present. The effect of solvent seems to be very
particular to the auxiliary studied. Benefits of employing a non-polar solvent in perhaps promoting
intmmolecular coordination of the C-2 oxygen atom to lithium are only realized for reactions
involving awiliary derivatives 101, 104, and 105 and coordinating solvents are actually beneficial
for selectivity for auxiliary derivatives 103, 106, and 107. Also, both Et20 and hexane can be used
to optirnite the level of selectivity for auxiliary denvative 102. However, the level of difierence in

selectivity achieved between different solvents is only modest at best (i.e 10% to 18% de in
difference for each auxiliary), with the exception of auxiliary derivative 104 (Le. a 30% de
difference).

As a result, experimenting with different solvents can optirnize levels of

diastereoselectivity only slightly.

Furthemore, employing different solvents for a particular

auxiliary in most cases did not alter the direction of selectivity or configuration obtained in the

addition product. The changes in the direction of selectivity observed when employing auxiliary
denvatives 101, 104, and 105 are not very significant since the level of selectivity experienced was
very low.

Table 7. Effects of Solvent on Diastereoselectivity
OMe

OMe
1. n-BuLi
2. PhCHO

""O~e
OMe

Entry Awiliary

OMe

R

Solvent

denvative
1
2
3
4
5
6
7
8
9
10

101
101
101
101
102
102
102
102
103
103
104
104
104
104
105
10s

Me
Me
Me
Me
Ph
Ph
Ph
Ph
iPr
iPr
tBu
tBu
r Bu

THF
Et20
toluene
hexane

THF
Et20
toiuene
hexane
Et20

toluene

Yield of
addition
product (%)
(#)
60 (110)
53 (110)
34 (110)
28 (110)
60 (115)
79 (115)
59 (115)
42 (1 15)
40 (111)
66 (111)
79 (112)
96 (
19 (
62 (

de
(%)

84

22
21
17
34

23
36
O
O
O

Method
of de
determination"
A
A
A
A
A
A
A
C

B
B

THF
B
11
12
Et20
13
tol uene
[Bu
14
hexane
15
1-naphthyl
Et20
23 (
1-naphthyl
16
toluene
53 (
I -naphthyl
17
105
hexane
28 (
2-naphthyl
18
106
THF
nd (
2-naphthyl
19
106
97 (
Et20
2-naphthyl
20
106
toluene
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hexane
34 (114)
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2-naphthyl
21
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107
4-OMe-C6i&
THF
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35
D
80 (116)
34
D
Et20
4-OMe-Ch
23
107
58 (116)
20
D
toluene
4-0Me-Cs&
24
107
26
D
hexane
54 (116)
4-0Me-C6b
25
107
' ~ ~ ~ o ssense
i t e of selectivity observed.
' ~ e h o d sfor de determination: A: Selectivity detennined by chiral HPLC analysis of the recovered
1,2-diol product. B: Selectivity detemined by proton NMR of the addition product. C: Selectivity
detennined by chiral HPLC analysis of the addition product. D: Selectivity determined by silica gel
column HPLC analysis of the addition product.

It is possible that aggregation effects involving intermoleculai coordination of the lithium

atom between the oxygen atoms of two or more auxiliaries may reduce the probability of a cis-fused
bicyclic system to be formed (Figure 14).

Figure 14. Possible aggregation.
OMe

1

A reaction was conducted in a more dilute reaction mixture (0.005 M vs. 0.05 M) that may

reduce the chance of aggregation and increase the chance of a cis-fused bicyclic monomeric species

to exist (Scheme 34). However it was not possible to vansrnetalate auxiliary derivative 102 using
1.1 or 2 equivalents of n-BSi and the effect of diluted conditions on diastereoselectivity could not
be determined. Trace amounts of water in the greater volume of Et10 rnay have quenched the n-

BuLi. More n-BuLi was not introduced since a p a t e r amount of Li present in the reaction mixture
rnay prornote aggregation to occur and give inconclusive results.

Scheme 34
OMe

OMe

The aggregation study was conducted also under conditions that may induce aggregation to
occur. The presence of excess Li' in the reaction mixture may induce aggregation to occur and may
shed more light on what effect aggregation may have on diastereoselectivity. The use of 6
equivalents of n-BuLi and 5 equivalents of LiBr were used to transmetdate the auxiliaq derivative
102 and to maintain a high concentration of ~ i ' in the reaction mixture (Scheme 35).

Diastereoselectivity was decreased slightly to 20% de h m the 34% de experienced under the usual
conditions.

Therefore higher aggregation States may have a negative effect on achieving

diastereoselectivity. More studies on aggregation and solvent effects were conducted in a reaction
involving awiliary derivative 102 and 3,4-dimethoxybenzaldehyde (Section 2.2.4) and also with
other auxiliaries that are presented in other chapters of this thesis (Chapter 4,s and 6).

Scbeme 35
OMe

OMe
1. n-8uLi (6 eq.)

83%yield

e nLnu

3
LiBr (Sec1.) / EtPO

*

~eo"'

1

OMe

2.2.4 Transmeialationof 1 0 and Subsequeni Trapping with Oiher Aldehydes and Keiones

Further steric and stereoelectronic interactions between the auxiliary C-glycoside R group
and aldehyde R group were probed by employing other aldehydes and ketones in the addition step

(Table

8).

The

phenyl-C-glycoside awiliary

denvative

102 was

used

for

the

transmetalation/additionexperirnents since other aryl C-glycoside groups present on the awiliary as
discussed earlier did not provide any substantial improvements in selectivity.
The results achieved with aliphatic aldehydes indicated that bulky branched aldehydes such

as pivaldehyde did not react selectively with the awiliary derivative 102 (entry 1). Agah this was
surprising since it was expected that bulkier groups on either aldehyde or auxiliary would promote
greater selectivity due to greater steric interactions in the transition state. Straight chain aldehydes
such as propionaldehyde provided selectivity at a level sirnilar to benzaldehyde (entry 2).
A greater level of success was achieved with other aryl aldehydes.

For instance 1-

naphthaldehyde. p-anisaldehyde and 3,4-dimethoxybenzaldehyde. al1 provided selectivities between
5449% de (entries 3-5). It was speculated that this increase in selectivity was due to the electron
nch nature of the aldehyde. Therefore, electron deficient aryl aldehydes were employed in another 2

experiments (entries 6 and 7). Selectivities were significantiy reduced with these systems and were
oniy marginally better than with benzaldehyde. Therefore, electron rich aryl aldehydes, possibly

through stereoelectronic effects. prornote higher levels of selectivity than electron deficient
aldehydes. Stereoelectronic interactions between auxiliary and aldehyde were M e r investigated
and the results of these studies are discussed in Section 2.2.7.
An electron rich aromatic substituent placed closer to the reaction site did not provide a

higher level of selectivity (entry 8). A provisional identification was made for compound 128, based

on IR. 'HNMR and "C NMR data. It was thought that the 2-OMe might have the potential to
coordinate with the lithium atom in the transition state to favor an even more rigid transition state as

shown in Figure 15a. Furthemore, it was considered that the 2-OMe group may be in close
proximity to the anomeric phenyl group of the auxiiiary in the transition state and therefore disfavor
the alternate transition state show in Figure 15b to a greater extent. However, since the de obtained

was not greater than from the reaction with p-anisaidehyde or 3,4=âirnethoxybeiizaldehyde, the

above effects may not be operating in the transition state with O-anisaldehyde.
Furthemore, it was interesting to observe that a$ unsaturated aldehydes can react
selectively with the auxiliary similar to the level achieved with benzaldehyde (entry 9). Success was
achieved with ketones as well (entries 10 and 11) and proves that diastereoselective reactions with

lithiated 102 are not limited only to aldehydes.

Table 8. Selectivities obtained with the lithiated awiliary derivative 102 in additions to various

aldehydes and ketones.

OMe

OMe

1. +BuLi (2 eq.) 1 -78 OC

2.

O

1 -78 OC

OMe

OMe
EtzO

102

EntY

R'

R'

Product (#)

121-131

Yield of
Product
(%)

de (%)

Method for
de
deteminationa

'Bu
Et
1-naphthyl

4-OMe-C6&
3,4-OMe-C&
4-cl-c6H4

cas
2-OMe-Ca
Cimmyl

Me
Et

Methods for de determination: A: Chiral HPLC analysis of the recovered 1.2-di01 product. B: 'H
NMR analysis of the addition product. C: Chiral HPLC analysis of the addition product. D: Silica
gel column HPLC analysis of the addition product.
a

Figure 15. Proposed transition states between lithiated awtiliary derivative 102 and O-anisaldehyde.

A further study on solvent/aggregation effects was conducted with stannane 102 and 3,4-

dimethoxybenzaidehyde. in order to study the effect of solvent in cornpetitive coordination for the
lithium atom with the C-2 oxygen of the auxiliary. TMEDA was used as a solvent additive.

TMEDA was expected to have stronger coordination ability towards the lithium atom than other
polar soivents presented thus f a . Therefore, it was anticipated that a lithiated awtiliary derivative in
the presence of TMEDA wouid not be able to foxm the intramoleculariy coordinated cis-fwd

bicyclic system since TMEDA could compete with the C-2 oxygen of the auxiliary for coordination
(Figure 16a). Consequently, a large &op in selectivity was expected to occur with a reaction in the
presence of TMEDA. Fwthermore, aggregation between other auxiliary molecules for the lithium
atom cm possibly be prevented if TMEDA out-cornpetes the other auxiliary molecules for
coordination ont0 the lithium atorn, while still maintaining intramolecular coordination (Figure 16b).

Therefore, the efTect of possibly breaking up aggregation on selectivity can be snidied as well.

Figure 16. Possible potential effects of TMEDA in the presence of lithiated auxiiiary derivative
102.

prevent aggregation

prevent intramleculai
coordination

When compound 102 was transmetalated and trapped with 3,4-dimethoxybenzaldehyde in
the presence of TMEDA, the addition product 125 was formed in 48% de (Scheme 36). Under the

usual conditions the addition product 125 was fomed in 59% de. and therefore only a small &op in
selectivity occurs when the reaction was conducted in the presence of TMEDA. It could have k e n
possible that TMEDA was too weak a coordinating agent relative to the auxiliary oxygens in order to
cause any clrastic changes to aggregation States or to out compete the proposed C-2 oxygen's
intramolecular lithium coordination. Another svategy was taken to snidy the effect of aggregation,
which required making major structurai changes to the auiliary h e w o r k and results are presented
in Chapter 4,s and 6.

Scbeme 36
OMe

OMe

OMe

1. n-BuLi
2. TMEDA
3.3,4-dimethoxybenzaldehyde

OMe

102

on
OMe

126
82% yield

48% de

2.2.5 Recovery of Chiral Aiailiaries and Enantiomerically Enriched 1,2-Diols

in order for the awiliary directeci stereoselective addition of a-aikoxycarbanions to
aldehydes to be practical, both the chiral awiliary and the enantiomerically enriched 1,2-di01
product must be recovered. Methods that accornplish the recovery of product and auxiliary fiom
auxiliary directed stereoselective additions of a-heteroatomcarbanioas are absent in the literature.

This thesis demonstrates the fmt known examples where a chiral auxiliary directed stereoselective
addition of an a-alkoxycarbanion to aldehydes and ketones results in the subsequent recovery of the
chiral awiliary and enantiomerically enriched 1,2401 products. The recovery method employed in
this thesis has already been indicated in Tables 4,7 and 8 as one of the means to determine the de of

addition to benzddehyde and to other aldehydes and ketones. This section presents the recovery
process in greater detail.
Another important reason to recover the 1,Z-di01 was to determine the absolute configuration
of the stereocenter formed in excess and observe if it was the one predicted by the propsed
transition state model. Attempts were made to cleave off prducts that have absolute configurations
cited in the literature (Table 9). The recovery of both chiral auxiliary and 1,24iol was accomplished
by refluxing the addition products in methanol for 24 h in the presence of Dowex-SOW-X8 resin (i-I+
fom) or with a catalytic amount of PPTS. The yields of the auxiliary as the methyl glycoside 119
and 1,2 diols 132-137 were good in moa cases (Table 9). Most importantly, al1 examples in Table 9
show that al1 diols have the S ~ o ~ g u r a t i owhen
n
comparing to literature values, and are in
accordance with the proposed transition state model where the Re face of the aldehyde or ketone is
preferentially attacked. Furthemore the de of the addition product translates to the ee of the di01

within the experhnental emr of analysis. Therefore, stemchernical integrity is maintained in the
transformation fiom the addition product to the 1f d o l .

Table 9. Recovery of the auxiliary and enantiomerically enriched 1,2-diols.

Entry

Addition
product

R'

R'

(%)

#

1

a

115

Yield of
auxiliary

Ph

H

65

Yield of de (%) of ee (%) Condi01 (%) addition of di01 fig.
(#)
product
68 (132)
30b
34'
S

Determined by chiral HPLC analysis of the recovered 1,ldiol product.
Detemined by proton N M R of the addition product.
Determined by chiral HPLC analysis of the addition product.
Determined by silica gel column HPLC analysis of the addition product.
Detemined by an optical rotation cornparison with a literature value.
To M e r check if stereochemical integrity is maintained under the acidic conditions, the

di01 132 commercially available in pure R form, was subjected to the usual acidic conditions
(Scheme 37). After ovemight reflux the di01 was isolated as usual and chiral HPLC analysis

indicated no detectable S enantiomer. Therefore, stereochemistq is maintained for di01 132 under
the acidic conditions used for its recovery h m the addition product 115.

Scheme 37
Ii0yPh
OH

Dowex-SOW-X8
MeOH / reflux 1 OIN

b

OH

(SI-isomer oot
detected

Furthemore, the mechanism of racernization most likely would involve the formation of a
benzylic cation king trapped by the solvent methanol to form racemic methyl ether products (vide
infia). Another reason for believing that racemizaùon does not occur for the exarnples presented in

Table 9 is that methyl ether products were not detected or isolated in these cases.
However, certain diols cannot be recovered with stereochemical integrity king maintained.
Adducts that can form stable benzylic cations have been observed to racemize. For instance
treatment of the addition product derived from panisaidehyde 124 under acidic conditions yielded
the auxiliary 119; however the 1,2 di01 was not recovered and only the methyl ether 138 was isolated
(Scheme 38). Formation of the methyl ether presumably occurs through the formation of a benylic

cation stabilized by the pOMe substituent, followed by trapping with methanol. Similarly, the
addition product derived from cimamaidehyde 129 is problematic under these conditions since it
foms a stable allyl benylic cation, which is subject to racernization under the acidic conditions to
form the methyl ether 139 (Scheme 39). Therefore, the acidic conditions of the recovery method are
inappropriate for diols that have the potential to form benzylic cations stabilized by extra
conjugation or by electron rich aromatic groups.

Scheme 38
OMe

OMe
MeOH 1 Dowex-SOW-X8
reflux

"'oM~
OH
OMe

,
OMe
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OMe

Scheme 39
OMe
MeOH 1 PPTS
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""OMe
OMe

HO

(+Io)

OMe

2.2.6 Correlation of Absolute Configuration

The absolute configuration obtained fiom the reaction of the lithiated auxiliary denvative 102
to various aldehydes has ken demonstrated in 6 examples (Table 9). The diols cleaved nom the

addition products 115, 122, 123, 126, 130, and 131 have known absulute configurations in the
literatwe and therefore optical rotation cornparison made it possible to assign absolute

stereochemistry for the diols 132-137 derived h m the auxiliary addition products. However, it was
not possible to cleave off enantiomerically e ~ c h e ddiols obtained from addition adducts derived
fiom reactions with p-anisaldehyde or fiom cinnarnaldehyde.

Furthemore the absolute

configuration of the di01 that can be derived from the lithiated awiliary derivative addition to
pentafiuorobenzaldehyde is unknown. Due to the above limitations, the absolute configurations for

the remainder of the addition products were assigned by conelating 'H NMR data of the addition
products with known configuration (Table 10, entries 1-6)

to

those of unknown configuration

(entries 7-16). The M e s t upfield OMe singlets for both diastereomers are well separated h m the
other 3 pairs of downfield OMe shglets in al1 the addition products studied. The upfield OMe
singlet pair has also been assigned to be in the 2-position of the auxiliary since it experiences the
greatest A6 between diastereomers due to the fact it i s the closest OMe group to the variable
stereocenter. Since the 2-OMe singiet is readily identifiable for al1 addition products it was used for
absolute configuration comparisons. The addition products of known configuration follow the sarne
pattern where the 2-OMe singlet for the awiliary exhibits a signal for the major diastereomer that is
downfield from the minor diastereomer. Therefore, the diastereomer with the S configuration at the

carbinol carbon exhibits a signal for the 2-OMe singlet downfi~eldfrom the diastereomer with the R
configuration at the carbinol carbon. This NMR shifi pattern can be correlated to the addition
products of unknown configuration that could not be determined (entries 7-9), or h m which diols
were not recovered (entries 8-16). The sarne pattern continues for the addition products of
unassigned configuration where the 2-OMe singlet for the major diastereomer is downfield fiom the

minor diastereomer, with only one exception (entry 9, Ri= C6FS) Since ail examples with only one
exception display the identicai 'H NMR shift pattern, it is reasonable to expect that al1 addition
products except the product derived fiom pentafluorobenzaidehyde exhibit the S contiguration
preferdally at the carbinol carbon.

Table 10. Proton NMR shifts of 2-OMeresonances of minor and major diastereomer peaks of
addition products.
OMe

Entry

Cmpd

R'

R'

#

RJ

Major 6
(confin.)

Minor6
(confin.)
3.-10 (R)
3.06 ( R )

3.13 (9
3.08 (S)
3.18 (S)
3.13 (R)
3.12 (S) 3.09 (R)
3 .O6 (S) 3.04 (R)
3.06(S) 3.03 (R)
3.12
3 .O8
3 .O9
3.12
3.12
3.09
3 .O8
3.1 1
3.10
3 .O8
3.40
3.37
3.17
3.13
3.1 1
3.15
3 .O8
3.12

2.76

2.73
3.39

'opposite sense of diastereoselectivity observed when the product was obtained fiom a reaction
conducted in THF.
bopposite sense of diastereoselectivity observed when the product was obtained fiom reactions
conducted in THF or hexane.
'product obtained fiom a reaction conducted in toluene.

In order to determine the configuration of the carbinol carbon of the addition p d u c t derived
from pentafluorobenzaldehyde, the di01 140 was f
m cleaved fiom the addition product 127 so that
the optical rotation of 140 could be determined (Scheme 40).

Scheme 40
OMe
F

Dawex-SOW-X8 ,
MeûH 1 reflux

?o$'k

+

140
54% yield
[a]022
= +4.60
(c = 0.80, EtOH)

119
76% yield

Next, enantiomericaily enriched 140 was synthesized by using a method whcre the

configuration of the product di01 cm be reliably predicted based on the configuration of the chiral
ligand that induces the asymmetric transformation.

For instance, the Sharpless asymmeuic

dihydroxylation (AD) reaction c m fomi a di01 of known configuration based on the Sharpless mode1
of the AD reaction," and an optical rotation cornparison can be made with the di01 derived from the

addition product 127. Therefore the AD reaction with pentduorostyrene was conducted with the
AD-mixa reagent to generate the di01 140 with the S configuration according to the Sharpless

mode1 in 86% ee and with a negative sign of rotation (Scheme 41). Since the di01 derived h m the

AD reaction differed in sign of optical rotation from the di01 derived fiom the addition product 127,
the addition product 127 mut have the R configuration at the carbinol carbon.

Scbeme 41
88% yield
86% ee

AD-MX-ci

HO
F

[ a p= -7.93O
(c = 0.74, EtûH)

In order to ver@ the configuration determinecl by the Sharpless model, the configuration of
the di01 1404 was M e r confirmed by the Mosher ester m e t h d a To employ the Mosher ester

analysis for absolute configuration determination it was necessary to tnuisfomi the di01 1 4 0 S into
the secondary alcohol 141 (Scheme 42). This was accomplished by first fonning the epoxide 142

fiom the di01 1404 by following a known literature procedure.'9 The epoxide 142 was then reduced
to the secondary alcohol 141 followed by foming the Mosher ester denvative 143 with (S)-MTPACl ( h m (R)-MTPA). A provisional identification was made for compound 143, based on

'HNMR

data.
Scbeme 42

OH

O

1. TMSCI 1 (Me0)3CCH3
2. K2C03I W H

%

OMe

7 QWCF3m
+

(S)-MTPA-Cl
Et3N1 DMAP (cat.)

Proton NMR analysis revealed that the methyl group Crom the alcohol in the major
diastereomer of 143 to be upfield by 0.01 ppm h m the methyl gmup signai fiom the alcohol in the
minor diastereomer 143 (Figure 17). The Mosher ester model indicates that esten f o n d with (S)MTPA-CI and a (R)-secondary aicohol with aryl and methyl groups would have a signal for a methyl

group from the secondary alcohol in the (R,R) diastmomer upfield h m the (R, S) diastereomer.
Therefore, the major isomer of the secondary alcohol 141 must have the R confiiguration and the di01

140S the opposite S configuration due to changes in group prionties. AS a result, the Mosher model

predicts the same stereochemistry for the di01 1404 as predicted by the Sharpless model and
provides hirther proof that the major di01 140 denved fiom the addition product 127 has the R
configuration. Furthemore, the 'HNMR data in Table 10 are consistent in indicating a reversal in

sense of selectivity due to a reversal in chernical shift pattern obsewed for 127 and further support

the formation of the S stereocenter in the major diastereomer for other adducts.

Figure 17. Chernical shift differences between

(R3)and

(Radiastereomen of Mosher ester

derivative 143.

O

OMe

pf1,,,

; *F

F

major diastereomer

1.43 ppm

1
wR,S)
minor diasteteorner

Therefore, a major deviation with respect to direction of stereoselectivity was encountered
with the auxiliary addition reaction to pentafluorobenzaldehyde. Al1 other examples where

significant levels of stereoselectivity were achieved had the S stereocenter formed preferentially at
the carbinol carbon. The formation of the S stereocenter preferentidly also agrees with the proposed
transition state model where the Re face of the aldehyde is trapped stereoselectively.
A reversal in the sense of chiral induction upon fluorine substitution for a chiral ligand has

also been documented in the literat~re.~~
It was speculated that a change in aggregation might be the
cause for the observed change in enantioselectivity.

2.2.7 Uptimizaîion of Stereoelectronic Interactions

It was noted in Section 2.2.4 that electron rich aldehydes pmvide higher levels of selectivity
than benzaldehyde or electron poor aldehydes. It could be possible that in the transition state nelectron repulsion occurs in tandem with steric repulsion between two n-base groups such as the
auxiliary anomeric phenyl group and an electron nch aldehyde aromatic group to provide a greater
level of diastereoselectivity (Figure 18a). Funhennore, it may be feasible for a highly electron
deficient aromatic group or x-acid of an aldehyde to participate in a x stacking interaction with the
x-base awiliary anomeric phenyl group (Figure 18b). The n stacking interaction theory is supponed

by the fact that reactions with pentafiuorobenzaldehyde provide the R configuration preferentially in

the di01 product. in order io fonn the R configuration preferentially, a transition state structure
would have to be favored where the aromatic groups of pentafluorobenzaldehyde and the awiliary

are both pointing towards each other as seen in Figure 18b. Therefore, the unfavorable steric
interaction between both aromatic groups may be ovenidden by a favorable x stacking interaction.
As a result the AG+ for the transition state leading to the R configuration may be decreased by

stacking to be even lower then the AG+for the transition state leading to the S confi~guration.

n-

Figure 18. Possible stereoelectronic interactions in the transition state.

K electron repulsion rnay help
increase the level of selectivity

\
)
:

n stacking may induce a reversal
in r l a v i t y direction

s+

Attempts were made to increase both x stacking and x repulsion interactions in order to

increase the level of diastereoselectivity (Table 11). A reaction with a lithiated auxiliary derivative
containing an anomenc aromatic group with greater n electron density than a phenyl group may
induce greater x repulsion to occur in reactions with n election nch aromatic aldehydes and hence
induce a greater level of selectivity. Similarly, a n electron nch awiliary anomeric aromatic group
with greater n electron density than a phenyl group, may donate a greater amount of electron density

to promote the x stacking interaction to a greater extent with highly electron deficient n acid
aromatic aldehydes such as pentafluorobenzaîdehyde. Thetefore, the level of selectivity in a
reaction between a lithiated auxiliary denvative with an electron rich anorneric ammatic group and

pentafluorobenzaldehyde may also be increased.

The transmetdation of auxiliary derivative 107, which contains the electron rich 4-OMeC6& anomenc group, and trapping with 3,4-dimethoxybeddehyde resulted in ody 56% de (entry

1).

This was no improvement over the reaction between lithiated auxiliary derivative 102 with the

Ph anomenc group where 59% de was achieved in the addition to 3,4-dimethoxybenzaidehyde.
Therefore, extra n electron density on the auxiliary anomeric group did not provide extra selectivity
as was previously believed. In another reaction between the lithiated awiliary derivative 107
containhg electron rich 4-OMe-Ca anomeric group and pentafluorobenzaldehyde resulted in only
achieving 39% de (entry 2). Again this was no improvement over the reaction involving the lithiated

auxiliary denvative with the Ph anomenc group 102 where 44% de was achieved in the addition to
pentafluorobenzaldehyde. As a result, a greater x stacking interaction may not be induced with the
4-OMe-C& group. A further investigation was conducted to study the x stacking interaction by
having a n acid group at the anomeric position of the auxiliary in a reaction with a x base aromatic
aldehyde (entry 3). A reaction with the lithiated auxiliary denvative 108 possessing the anomeric 4C F 3 - C a p u p and 3,4-âimethoxybenzaldehydeled to a decrease in selectivity as expected to 39%
de, yet still maintainhg the S configuration in the major product. Therefore, the 4-CF3-C6& group

on the awiliary may influence a x stacking transition state to occur; however the interaction is still
weaker then the steric repulsion interaction since the S configuration dominates in the product.

Tabb 11. Attempted optirnization of stereoelectronic interactions.
OMe

OMe

Yicmu3
1. M u L i
2. R~CHO

M~o'"'

OMe

107,108

Enay

Stannane: R' (il)

OMe
144-146

Aldehyde: '
R

Y ield of
product (%)

Product
(Me)

major
cofig.

56'

S

(#)

1

4-OMe-C& (107)

3,4-OMe-Ca3

69 (144)

" Determined by chiral HPLC analysis of the addition product.
Detemined by silica gel column HPLC analysis of the addition product.
Thus, employing conditions that would favor an electron repulsion or attraction interaction
between auxiliary and aldehyde did not increase the level of diastereoselectivity. Another unrelated

limiting factor may be reducing the potential for achieving a greater level of diastereoselectivity and
is discussed in the next section.

2.2.8 Effect of Metals on Diastereoselectivity

Furthet efforts were made to favor the formation of the cis-hsed bicyclic intermediate by
transmetalating the Sn-amiliaries to metals other than Li. Other metals may have the potential to
coordinaie better than Li. For instance, it was considered that by transmetalating the glucose-derived
chiral auxiliaries to Mg, a greater level of diastereoselectivity may be achieved, perhaps due to a
greater likelihood for the formation of the proposed cis-fused bicyclic intermediate. m e r metals

such as Zn, Ce, Ti, and Al may also have the potential to coordinate better than Li, and also may
have the potential as Mg to induce greater levels of diastereoselectivity.

The stannanes 101 and 107 were transmetalated to rnetals other than Li (Table 12). The
reaction sequence involved 3 steps: the first involving Sn-Li exchange, the second transmetalation
fiom Li to the secondary metal, then trapping with benzaldehyde in the third step. In general. yields

of the benzaldehyde addition products (110 or 116) were low due to the formation of protonated
(118 or 147) and hemiketal (91 or 97) by-products to even a greater extent then seen previously in

addition reactions involving only the organolithiurn species (vide supra: Table 6). A provisional

identification was made for compound 147, based on 'HNMR data. For reactions where the arnount
of protonated product was not determined the yield can be assurned to consist of the remainder of
the Sn-Li exchange yield since no other by-products originating fiom the auxiliary other then the

ones mentioned were fonned in al1 the reactions. The level of diastereoselectivity experienced was

also low in moa examples.

For instance, in the transmetalation involving 101 to the

organomagnesiurn species (entries 1-3), the protonated product dominated as the major product.
No significant increase in diastereoselectivity was experienced from the case where the
organolithiurn of 101 is trapped with benzaldehyde (i.e. 2 1% de). Furthemore, transmetalations to
the organozinc cornpound involving the use of ZnC12a(OEt2)(entries 4-7), did not result in the
formation of the addition product with the exception of a low yield obtained h m a reaction
conducted in hexane (entry 7).

Very low levels of selectivity were obtained in cerïum

transmetalations (entries 8 and 9), and the protonated product presumably formed as the major
product in aluminum transmetdations (entries 10-1 1). The only notable result in Table 12 includes
the experiment involving the titanium transmetalation where a relatively high level of
diastereoselectivity was achieved with the unexpected R configuration king formed preferentially

(entry 12). Attempts were later made to optimize the aimost non-existent yield of addition p d u c t

in the organotitanium addition (vide infia). Transmetdation of auxiliary derivative 107 (entries 1318), also resulted in low yields of addition product with no significant increase in diastemselectivity

fÎom the organolithium additions to benzaldehyde. The only notable exception is entry 15 where the

direction of selectivity is reversed when toluene was used as the solvent.

Table 12. Effect of metals on yield and diastemselectivity in additions to benzaldehyde.

Entry

1

2
3
4
5
6
7
8
9
IO
1i
12
13
14
15
16

17
18

Stann- Metala Solvent Yield Yield of Yield of
ane
of SnH'
hemiketal
Li ex- product product
change (%) (If)
(%) (#)

101
101
101
101
101
101
101
101
101
101
101
101
107
107
107
107
107
107

Mg
Mg
Mg
Zn
Zn
Zn
Zn
Ce
Ce
Al
Al
Ti

Mg
M~
Mg

~g

Zn
Zn

Et20

78

67 (118)

toluene

nd

hexane

90
nd

THF

100

EtzO
toluene
hexane
toluene
hexane
toluene
hexane
hexane
THF
EtzO
toluene
hexane
Et20
hexane

100
84
83
100
100
64
50
88
94
82
55
41
84
46

48 (118)
32(ll8)
28 (118)
nd

nd
nd
nd

nd
nd
nd
nd
82 (147)
24 (147)
nd
nd
nd

tr (91)
11 (91)

20 (91)
68(91)
72 (91)
16 (91)
12 (91)
36(91)
58(91)
1 (91)

Yield of dea Conaddition (%) fig.
product
(%)

(e

O

-

-

2 (110)
31 (110)
O
O
O
25 (110)
64(110)
6(110)
2 (110)
3(110)
tr (110)
39(116)
ll(116)
7(116)
24 (116)
O

29
12

R

3 (91)
16 (91)
nd
nd
nd
nd
51 (9'1)
7 (97) 22(116)

-

S

-

17
7
10
2
30
75
33
21
38
22

-

R
S
S
S
S
R
S
S

R
S

O

-

a Metal sources employed were as follows: entries 1-3 and entries 13-16: MgBrz.0Et2; entries 4-7:
ZnC1p0Et2;entries 8 and 9: CeC13;entries 10 and 1 1 : Et2AlCI;entry 12: Ti(O'Pr)3C1; entries 17 and

1 8: ZnC12*TMEDA.
b Selectivity for entries 1-12, determined by chiral HPLC analysis of the recovered 1,2401
product and entries 13-18 by silica gel column HPLC analysis of the addition p d u c t .
nd - not detennined
a - trace yield

-

As was mentioned in the reactions involving a-aikoxyorganolithium species with

benzaldehyde, protonation may r e d t from aqueous quench if al1 the a-alkoxyorganometallicdid not

react with benzaldehyde, or fiom decomposition of the a-alkoxyorganornetallic. Furthemore,
protonation may come from wet reagents and may be possible for solutions of MgBrz8(OEt2)and
is not
ZnC12-(OEt2)or for solid &Cl3 since they are highly hygroscopic. However, ZIC~~~TMEDA
hygroscopic and protonation nevertheless resulted in the use of this reagent as well. The source of
protonation was investigated for reactions involving organotitanium awiliaries in order to optimize
the yield since the amount of diastereoselectivity achieved was relatively high.
A series of deuterium quenching experiments were conducted in order to determine if the a-

alkoxyorganotitanium intemediate does not react with benzaldehyde or if it decomposes. First, the
stability of the organolithium derived fiom 101 was investigated by quenching with MeOD &et the
usual transmetalation with n-BuLi (Scheme 43). The organolithium was observed to have good
stability since protonated material 118 was only detected in a 6:94 ratio to deuterated material 148
from 'HN M R data.

Scheme 43

OMe

OMe
~

,,,tes*
OMe
101

OMe

~ 1. 25
n-BuLi
min. (1.S eq)~/
2. MeOD

~
OMe
118

n

~

OMe
148

118:148 = 694
37% combined yield

Another experiment was conducted to test the stability of the organotitanium intemediate
denved fiom 101 by adding MeOD 40 minutes afler the addition of Ti(O'Pr)3C1 (Scheme 44).

This

time protonated material 118 was detected in a 19:81 ratio to dueterated matenai. Therefore,

additional protonation is most likely derived fiom the decomposition of the organotitanium
intermediate. It is unlikely that the proton source can come h m a wet Ti(O'R)3Cl solution since in

another experiment the ~ i ( 0 ' ~ rsolution
) ~ l was preciried with Ca& before use and no reduction in
protonation was observed. As a result, the instability of the organotitanium intemediate is a minor
problem in the formation of the protonated product since deuterated product was detected as the
major product in the MeOD quench of the organotiranium intermediate. Consequently, the majority

of protonation observed fiom the previous experîment (Table 12, entry 12) when benzaldehyde was
present most likely results fiom protonation on work-up due to the lack of reactivity of the
organotitanium intemediate with benzaldehyde.

Scbeme 44

VAmBu3

Onk

OMe

1. n-BuLi (1 .S eq) 1
20 h,,,

M~o'"'

"OM~

OMe
101

2. Ti(O'Pr)3CI I
40 min.
3. MeOD

OMe
118

OMe
148

118:148 = 20:80
25% çombined yield

In order to optimize the yield in the reaction of the organotitaniurn intermediate with
benzaidehyde many reaction variables were changed (Table 13). For instance, in order to promote
the reaction of the organotitanium intemediate with benzaldehyde, longer reaction times and higher
temperanites were employed in step 3 of the reaction sequence. The previous experiment (Table 12,
entry 12) consisted of a reaction time of only 15 min with benzaldehyde at -78 O C . Longer reaction
times and higher temperatures for the addition aep to benzaldehyde were employed in entries 1-4.
A provisionai identification was made for cornpound 148, based on IR,'HNMR, 13cNMR, and low

resolution MS data. Very low yields were achieved with protonated material 118 still dominahg as
the major product. Furthemore, the amount of diastereoselectivity was reduced as well. Warming

the reaction mixture to rt (entry 3), most likely resulted in the complete decomposition of the
organotitanium since deuterated compound 148 was not detected. An overnight reaction with
benzaldehyde (entry 4) aiso failed to improve the yield and a substantial portion of the
organotitanium intermediate was lefi unreacted with the arnount of diastereoselectivity further
reduced. in order to reduce the amount of decomposition of the organotitanium intermediate, a
shorter Li-Ti exchange time was used and a lower temperature as well (entry 5). The amount of

protonation was substantially reduced with the yield king increased, however the
diastereoselectivity was aimost non-existent.

Most likely very little transmetalation to the

organotitanium had taken place and benzaldehyde m o d y reacted with the organolithium species,
which preferentially gave the S configuration, to provide the lower arnount of diastereoselectivity.

Therefore, the time for Li-Ti exchange was increased slightly dong with the temperature (entry 6);
however no significant improvements were noted.

To M e r increase the reactivity of the

organotitanium intermediate, a titanium source with a second chloriw atom was employed in entry
7.

Unfortunately the reaction of the organotitanium intemediate derived fiom Ti(OIPrkClz

resembled the reactions involving the use of Ti(O'Pr)3CI with very little diastereoselectivity king
observed. Furihermore it was thought that the organotitanium intermediate might be more stable if
an ate complex could be formed with Ti(OIPr)a(entry 8). However, the yield proved to be very low
with a significant reversal in the direction of srereoselectivity.

The important conclusion to be drawn from the set of organotitanium expenments is that the
AG+ for decomposition pathway of the organotitanium intermediate must be lower than for the AG+

for the addition reaction to benzaldehyde. As a result, any increase in reaction time or temperature,
always favored decomposition of the organotitanium while not overcoming the higher energy barrier

for the reaction with benzaldehyde.

Table 13. Attempted yield optimization for the organotitanium reaction.

OMe

OMe

1. n-BuLi (1.5 eq)
2. Ti source
*
3. PhCHO
4. MeOD

OMe

En@

1

Ti source

Yield
of SnLi exchange
(Yo)
T~(o'P~)~cI 73

Time
for LiTi exchange
(min.)
30

Temp.
for LiTi exchange
(Oc)

-40

Time
for
addition
(min.)
60

Temp. for
addition
(Oc)

R = CH3 (118)
R = CH2D (148)
R = H (91)
Ph
R=
(110)

'
7

OMe

Yield of
~ a t i o ~ o f Yield
H' and D+ H':D+
of
products
products
hemi(%)(Il8 (118:148)
ketal
and 148)

-40

26

nd

Yield
ofaddition
product

(91 )(%)

(1 10)

2

7

dec conf.
(96)

40

R

nd - not determined; a - Reaction quenched with 40;b - H':D' Ratio determined by 'H NMR;c - Determined by proton NMR of
the addition product.

2.2.9 Summary a d Conclusions

The incorporation of various anomeric equatorial substitwnts in a glucosedenved chiral
awtiliary allows for the stereoselective addition of a-aikoxyanions to aldehydes and ketones in

practical yields and in up to 59% de. Previous attempts made with a sirnilar auxiliary with a
hydrogen as an anomeric equatorial substituent, were unsuccessful in achieving any
dia~tereoselectivit~.'
The level of selectivity is rather modest and similar to the level achieved in the
literature with a-aminoanions (56% de);2' however it exceeds the level of selectivity achieved in the
literahire for a-alkoxya~ons(28 % de)?

Most importantly this work has demonstrated that the

recovery of enantiomerically enriched di01 and chiral awiliary is possible in several examples.
Methods that allow for the product to be cleaved off fiom the auxiliary are absent in the literature.
The level of selectivity could not be increased by experimenting with certain reaction
parameters such as solvent or metal without sacnficing the yield drastically (Le. organotitanium
expenments). The level of selectivity codd only be maximized with an aromatic group present ai
the anomeric position of the awiliary (excluding l aaphthyl) and with reactions involving electron
rich aldehydes.

The sense of selectivity can also be reversed in reactions with

pentafluorobenzaldehyde. The remaining chapters of this thesis will focus on the chiral auxiiiary
design process away fiom the anomeric wbon for the purpose of increasing the level of
diastereoselectivity.

2.3.1 General

Al1 reactions were carried out with dry glassware under an atmosphere of argon udess
ohenvise noted. Low temperature bath were prepared as follows: -78 OC, dry icehcetone; -40 OC,

dry ice/ethylene glycol-water 5050 (v/v); -20 OC, dry ice/ethylene glycol-water 30:70 (vlv); O OC,
ice-water. Diethy1 ether, tetrahydrofuran and toluene were distilled f?om sodium/benzophenone
ketyl; CH2Clt and hexane were distilled fiom C d 2 . Tributyltinmethanol was prepared according to
Seitz et a[." Other reagents were purchased (Aldrich) or prepared by modification of literature
methods. Al1 liquid aldehydes with exception of propionaldehyde were purified through a Pasteur
pipette column of basic alumina irnmediately before use. Propionaidehyde was distilled before use.

m e r reagents were used without M e r purification. Optical rotations were recorded on a PerkinElmer 24 1 polarimeter equipped with a sodium lamp. Mrarrd spectra of neat liquids were recorded
on NaCl plates and solids in KBr disks.

I3cand 'HNMR spectra were recorded at 62.9 MHz and

250MHz,respective1y, using CDC13 Uretreated with anhydrous &CO3 and 4 A molecular sieves) as
solveni unless otherwise noted, with CDC13 (13c,6 77.0) or tetramethylsilane ('H,6 0.0) king used
as intemal references. 'H

NMR data are presented as follows: chernical shift (multiplicity,

integration, coupling constant(s), peak assignrnent). For
satellites due to

13cNMR signals, coupling constants for

' '" " 9 ~ n(where discernible) are reported.

An asterisk (*) indicates signals that

could be unequivocally attributed to the minor isomer in an uneven rnixnire of diastereomers or
indicating a signal for the alternate diastereomer in a 1:l mixture of diastereomers.

NMR data

' 9 ~

were recorded at 188.3 MHz in CDQ, using aif'luoroacetic acid (6-76.53) as an extemal reference.

Mass spectra were recorded in CH$N using electrospray ionization in positive ion mode unless

otherwise noted; for compounds containiag Sn, data are reported for the most abundant isotope,

' OS^. Elemental analyses were performed by M-H-WLaboratories, Phoenix, Az.
2.3.2 Determination of Stereoselectivities

Method A: The addition product was subjected to the expenmental conditions outlined in
Section 2.3.57 in order to recover the 1,2-diol. Analysis of the 1,2-di01 then occurred by chiral high
performance liquid chromatography (HPLC) (iPrOHhexane, 1.0 mUmin) on a Waters 600E

instrument using a Waters 486 W-visible detector at 254 nm, a Waten recording integrator, and a
4.6 mm x 150 mm Chiralcd OD column. The determined level of ee was then extrapolated to the de

of the addition product as discussed in Section 2.2.5.

Method B: The integrai values of the C-2 OMe peak for each diastereomer (see Table 10)
were compared. Also the integral values of the carbinol proton

resonance for each diastereomer

were compared in instances where the carbinol signals for both isomers did not overlap with each
other or fiom other peaks in the specuum. In cases where both carbinol and C-2 OMe peaks were
used for comparisons, the de was taken as the average from both determinations.

M e h à C: Analysis of the addition product occuned by chiral HPLC (iPrOWhexane, 1.O
&min)

on a Waters 600E instrument using a Waten 486 UV-visible detector at 254 nm,a Waters

recording integrator, and a 4.6 mm x 150 mm Chiralcel OD column.

Methoci D: Aaalysis of the addition product occuned by HPLC (iPrOWhexane, 2 &min)

on a Waters 600E instrument using a Waters 486 W-visible detector at 254 nm,a Waters recording
integrator, and a 4.6 mm x 150 mm CSC silica ( 5 pm) column.

Method E: Analysis of the 1,2-di01 occurred by m e a s k g the optical rotation with a
Perkin-Elmer 241 polarimeter equipped with a sodium lamp followed by cornparhg the optical
rotation to literature values noted in Section 2.3.59 to 2.3.64.

This known ~ o r n ~ o u nwas
d ~ prepared
~
by a procedure modified fiom that dexribed by
V O ~ ~ IA. solution
~
of methyi

a-D-ghcopyranoside 85 (250 g, 1.29 mol) in 250 r d of HzOin a 3 L

3-neck round bottom flask equipped with a reflux condenser, overhead stirrer, and two dropping

funnels, one with 1.55 L of a 60% NaOH solution (23.2 mol) and another coniaining 980 rnL of

Me2S04(10.3 mol), was heated to 60 O C . To the sugar solution 100 rnL of Me2SOd was first added
followed by adding the NaOH solution and remainder of Me2S04 dropwise at the same tirne and at
approximately the same rates. The reaction becarne exothexmic quickly and tumed dark yellow der
10 min and dark brown afler 25 min. When the additions were complete the reaction mixture was

reflwed for 90 min then cooled to rt. The mixnire was then extracted with Et20 (3 x 2 L), the

combined organic layers were dried over Na2S04,and concentrated in vacuo to give 142 g of crude
tetra- and penta- methylated glucoside.

To a suspension of NaH (26.4 g,

1.1 mol) and Me1 (62.3

mL, 1 .O mol) in 600 mL THF in another 3-neck round bottom flask was added the crude tetra- and
penta- methylated glucoside in 400 mL of THF dropwise over 1 h at O O C . The reaction was stirred

for 1 h after which it was slowly quenched witb 100 mL of HzO.The layers were then separated and
the aqueous layer was extracted with Et20 (3 x 200 mL). The combined organic layers were then

dried over Na2S04,and concentrated in vacuo to give 140 g (43%yield) of 86 as a yellow oil which
was used without W e i purification: 'HN M R

6 4.83 (d, 1 H, J = 3.6 Hz, anomeric-H), 3.35-3.65

(m, SH,W H 2 + OCH), 3.63 (s, 3H,0CH3), 3.54 (s, 3H, 0CH3), 3.51 (s, 3H, 0CH3), 3.42 (s, 3H,

0CH3), 3.41 (s, 3H, 0CH3), 3.21 (dd, lH,' J = 3.6,9.5 Hz, OCH).

M~O\~~\/.~/~~,
OMe

Method A:

NaOMe was fmt generated by adding Na (0.3 g) to anhydrous MeOH (60

mL) at 0' C. The acetate 88 (3.07 g, 11.0 mmol) in 11 mL of anhydrous MeûH

was then added

dropwise to the NaOMe solution. Mer 4 h of stirring the reaction was quenched with a saturaed
W C 1 solution (100 mi.), then extracted with Et20 (2 x 150 mL), washed with brine (100 mL), then

dried over Na2S04 and concentrated in vacuo. The cmde material was then purified by silica gel
chromatography using gradient elution (60% EtOAchexane to neat EtOAc) to afTord 7.50 g of the
known compound387 (34% yield) as 3 :1 mixture of a:f3 diastereomers.

Method B: Compound 87 was also prepared by a procedure modüied h m that describecl by

Hulmian et al? To a 2M solution of HCl (1.4 L) was added crude 86 (138 g, 0.56 mol) and the
mixture was then set to reflux for 3 hrs. The reaction was then cooled to 0° C and slowly quenched
with solid Na2C03until slightly basic by pH paper, then extracted with CHCl3 (5 x 700 mL),dried
over Na2SO4, and concentrated in vacuo. The crude was then recrystallized fiom hexane (300 mL)

to a o r d 96.3 g (73% yield) of 8'1 as 3: 1 mixture of a:P diastereomers as a white solid: mp 82-90 OC;
lit? mp 94-97 OC;

'HNMR 6 5.33 (t, 1 H, J = 3.1 Hz,anomeric-H), 4.58' (dà, 1 H, anomeric-H), 3.89

(dt, 1H,J = 5.4, 7.7 Hz, CH30CH2CHO),3.03-3.75 (m, SH,0CH2 + OCH),3.64 (s, 3H,0CH3),
3.63' (s, 3H, 0CH3), 3.62' (s, 3H, OCHI), 3.54 (s, 3H, OC&), 3.53' (s, 3H,0CH3), 3.52 (s, 3H,

0CH3), 3.41 (s, 3H, 0CH3), 3.40' (s, 3H, 0CH3), 2.96' (dd, lH, J = 7.7.8.7 Hz).

OMe

This known c ~ r n ~ o u nwas
d ~ ~prepared by a procedure modified from that describeci by
Mikake et al: To a pre-cooled (O OC) mixture of Ac20 (1 1 mL), AcOH (1 1 mL) and H2S04 (1.1
rd),

7.04 g (28.1 mrnot) of 86 was added dropwise. The mixture was stirred for 2%hours &er

which CN2Cl2(3 5 rnL) was added followed by portions of a NaHC03 saturated solution (600 mi,) in
order to neutralize the reaction mixture. The aqueous layer was then separated and the organic layer
was washed with water followed by brine, then dried over Na2SQ and concentrated in vaao. The

crude matenal was then purified by silica gel chromatopphy using gradient elution (25% to 50%
EtOAchexane to neat EtOAc) to fiord 5.70 g of 88 (73% yield) as a 3: 1 mixture of a$

diastereomers and as an oil: 'HNMR 6 6.3 1 (d, 1H, J = 3.5 Hz, anomeric-H), 5.44' (cl, 1H, J = 7.9
Hz, anomeric-H), 3.10-3.73 (m, 6H, 0CH2 + OCH),3.64 (s, 3H,0CH3), 3.56 (s, 3H, OCHI), 3.45

(s, 3H, 0CH3), 3.39 (s, 3H, W H 3 ) , 2.13 (s, 3H, CH3C02).

OMe

This known compoundadwas prepared by a procedure modified fiom that descnbed by Corey
and suggs.' A mixture of hemiacetal87 (95.2 g, 0.40 mol), PCC (174 g, 0.81 mol), neutml alumina
(100 g) and crushed 3 A molecular sieves (100 g) in CH2C12(1.5 L) was stimd with an overhead

stirrer and reflwed for 4 h. After cooling to n the reaction mixture was diluted with anhydrous Et20
(4 L) then filtered through a pad of Florisil. The filtrate was then concentrated in vacuo followed by

kugelrohr distillation of the crude material (100-1 10 O C , 0.2 mm Hg) to afïord 75.8 g (80% yield) of
89 as a colorless oil: IR (neat film) 2923,2832, 1754 (C=ûstretch), 1458, 1354, 1142 (C-0 stretch),
981 ( G O stretch), 787cm-';'HNMR 6 4.344.45 (m, lH, OCH), 3.81-3.88 (m, IH, OCH), 3.39-

3.66 (m, 4H,OCH2 + OCH), 3.58 (s, 3H,0CH3), 3.54 (s, 3H, ûCH3), 3.51 (s, 3H, 0CH3), 3.42 (s,

3H,OC&);

13cNMR ( C a 6 ) 6 168.5 ( G O ) , 82.7 (OCH), 79.8 (OCH), 78.0 (OCH),77.6 (OCH),

71-1 (OCHz), 58.8 (WHs), 58.7 (OC&), 58.4 (OCH3), 58.3 (OC&).

Two experimental procedures are given for the preparation of this compound. The following

procedure provided the result reported in Table 2, entry 2: To a cooled solution (-78 OC) of 6
lactone 89 (5.28 g, 22.5 mmol) in THF (50 mL), a solution of 1.4 M MeLi (17.7 mL, 24.8 mmol)
was added dropwise and the resulting solution was stirred for 10 minutes. The mixture was then

quenched with an aqueous saturated W C 1 solution (5 mi,)and diluted with Et20 (100 mL). The
aqueous layer was then separated and extracted with EtzO (2 x 200 mL). The organic layen were
combined, dried over anhydrous Na2S04 and concentrated in vacuo. The crude material was then
purified by silica gel chromatography (60% EtOAclhexane) to obtain 4.5 1 g (80% yield) of knownsd
91 as a thick synip: 'HNMR 6 3.82 (dt, 1H, J = 10.0 Hz, CH30CH2CHO),3.3-3.7 (m,3H, 0CH2 +

OCH),3.64 (s, 3H, OC&), 3.61 (s, 3H,0CH3), 3 . 5 4 ( ~ ,3H, 0CH3),3.40(~,3H,0CH3),3.16(t, 1H,
J = 9.5 Hz, OCH), 2.92 (d, 1H,J = 9.1 Hz, OCH), 1.48 (s, 3H, CCH3); "C NMR 6 96.9 (anomenc
C), 85.6 (OCH),85.0 (OCH),80.0 (OCH), 71.4 (OCH), 70.5 (OCH2), 61.1 (OCH3), 60.5 (OCH3),

60.0 (OCH,), 58.9 (OCH3),25.7 (CCH3).

Furthemore, compound 91 was fonned dong with unreponed by-proâuct (2R,3$4S,SS)-

113,4,5-tetramethoxy-6-methylheptane-2,6-diol
(91.)

by employing an alternative procedure as

reported in Table 2, entry 1: To a cooled solution (-78 OC) of biactone 89 (1.71 g, 7.28 rnmol) in

THF (70 mL), a solution of 3.0 M MeMgBr (2.67 mL, 8.01 mmol) was added dropwise and the

resulting solution was stirred for 1 h. The mixture was thea quenched with an aqwous saturateci

N&Cl solution (5 mi,) and diluted with EtzO (100 mL). The aqwous layer was then separated and
extracted with EtzO(2 x 200 mL). The organic layers were combined, dried over anhydrous NazSO4

and concentrated in vacuo. The cmde material was then purified by silica gel chromatography

(gradient elution: 45% EtOAdhexane to neat EtOAc) to obtain 1.27 g (70% yield) of 91 and 2 10 mg
(1 1 % yield) of upper Rf by-product 91a. Compound 91a exhibited the following spectral data:
[a]D22
= + 6.6

(c = 0.81, CHCI& IR (neat film) 3449 (O-H stretch), 2829, 1450. 1377, 1096 (C-O

stretch) cm-'; 'HNMR 6 3.874.07 (br m, 1H, 0,
3.30-3.75 (m, 3H, OCH2 + OCH), 3.59 (s, 3H,
0CH3), 3.58 (s, 3H, 0CH3), 3.53 (s, 3H,OCHI), 3.49 (s, 3H, 0CH3), 3.05-3.22 (m, 2H, OCH), 2.67
(br s, lH, OH). 1.26 (s, 3H, C(C&)(CH3)), 1.23 (s, 3H. C(CH3)(C&)). "C NMR (75.47 MHz) 8

85.9 (C(CH3)(OH)), 80.4 (OCH),79.8 (OCH), 73.5 (OCH),73.0 (OCH), 70.4 (OCH*), 61.2 (OCHI),
59.9 (OCH3), 59.5 (OCH3), 59.0 (CICH,), 26.7 (C(CH3)(CH3)(OH)), 25.9 (C(CH3)(CHa)(OH)); MS

-

(El) mlz 101 (100), 234 (W - CH30H, 6), 235 (M'
- CH30, a), 249 (Md OH, 0.1), 251 (M'- CHi,
0.4), 265 (W - 1,3), 266 (M',
2), 267 (M'
+ 1,O.l).

2.3.8 (ZR,3s.dS,SR,6R)-3,45 - T r i n i e t h o x y - 6 - ( m e t h o x y m e t h y I ) - 2 - p ~
pyrano2 92

Two experimental procedures are given for the preparation and attempted preparation of ihis

compound. The following procedure provided the result reported in Table 2, entry 4: Phenyllithium
was fint prepared according to

a literature procedure.26 The remainder of the procedure then

occmed as follows: To a cooled solution (-78 O C ) of Mactone 89 (4.85 g, 20.7 rnmol) in Et20 (150

mL),a solution of 1.O M PhLi (2 1.O rnL, 21 .O mrnol) was added dropwise and the resulting solution
was stirred for 15 minutes. The

mixture was then quenched with an aqueous saturated W C 1

solution (50 mL) and diluted with HzO (75 mL) and EtzO (50 mL). The aqueous layer was then
separated and extracted with Et20 (2 x 200 mL). The organic layers were combined, dned ovei

anhydrous Na2SO4 and concentrated in vuwo. The crude product was recrystallized fiom hexane to
give 4.07 g of the unreported compound 92 (63% yield) as a white solid: rnp 119-122 OC; [aloz= +
38.4 (c = 1.02, CHCb); IR (KBr disk) 3432 (O-H stretch), 3035,2834,1081 (C-O stretch), 1051 (C-

O stretch), 773,717, 699 cm*';

'HNMR 6 7.55-7.65 (m, 2H, Ar-H), 7.30-7.40 (m, 3H,Ar-H), 3.55-

4.05 (m, lH, OCH), 3.55-3.7 (m, 2H, OCH), 3.65 (s, 3H, OCH,), 3.58 (s, 3H, 0CH3), 3.41 (s, 3H,

OCH& 3.28 (dd, lH, J

= 9.3, 10.0

Hz,OCH), 3.0-3.1 (m,2H, OCH),

3.04 (s, 3H, WH3),1.77 (s,

1H,OH); "C NMR 6 142.4 ( A d ) , 128.1 (Ar-C), 127.9 (Ar-C), 126.0 (Ar-C),
97.4 (anomeric-C),
87.1 (OCH),85.1 (WH),79.8 (OCH), 71.6 (WH),71.4 @CH2), 60.1 @CH3), 60.8 (OCH3), 60.2

-

(OCHI), 59.3 (OCHI); MS (FAB)m/r 295.2 (M' OH, 100). 313
CI6H2406:
C,61.52;

(M* +

1, 4). Anal. Calcd for

H,7.74. FOU& C, 61.36; H,7.75.

Furthemore, unreported and undesired product (2S,3S,4S95R)-2,3,4,6-tetramethoxy1.1 diphenylhexane-1,Mi01(92a) was formed exclusively when an alternative procedure was employed
as reported in Table 2, entry 3: To a cooled solution (-78 OC) of Mactone 89 (104 mg, 0.443 mmol)

in Et20 (3 mL), a solution of 2.0 M PhMgCl (0.22 mL, 0.44 rnmol) was added dropwise and the
resdting solution was stined for 15 minutes. A reaction was not observed to have occuned by TLC,
so the mixture was then warmed slowly to rt and an additional amount of 2.0 M PhMgCl (0.44 rnL.
0.88 rnmol) was added . The reaction was quenched with an aqueous saturated N b C l solution (5

mL)and extracted with Et20(3 x 20 mi,). The combined organic layers were combined and washed
with brine (10 mL), then dned over anhydrous NazSOs and concentrated in vacuo. The crude
material was purified by silica gel chrornatography (gradient elution: 10% to 50% EtOAcfiexane) to
obtain 135 mg (78% yield) of 92a as an oil: 'HNMR 6 7.51-7.70 (m,4H,Ar-H), 7.14-7.49 (m.6H,
Ar-H). 4.41 (d, lH, J = 3.1 Hz), 3.70-3.85 (m, 2H, OCH), 3.30-3.50 (m,2H, OCH), 3.38 (s, 3H.

0CH3), 3.36 (s, 3H, 0CH3), 3.33 (s, 3H, WH3), 3.10 (s, 3H, 0CH3), 2.95-3.05 (m, I H, OCH).

2.3.9 (2R,3s.4S,SR,6R)-2-lsopropyl-3,4,
S-trimethoxy-6-(methoxymethyi)tettahyd10-2H-2-

pyranol93

Isopropyllithiurn was first prepared according to a 1itemtue procedure?' The remainder of
the procedure then occurred as follows: To a cooled solution (-78 O C ) of S-lactone 89 (2.63 g, 1 1.2
m o l ) in Et20 (80 mi.), a solution of 0.13 M 'PrLi in hexane (86.0 mL, 11.2 rnrnol) was added
dropwise and the resulting solution was stirred for 15 minutes. The mixture was then quenched with

an aqueous saturated NH&I solution (5 mL). The aqueous layer was then separated and extracted
with EtzO (2 x 40 mL), followed by extracting with CH2C12(50 mL)and then with EtOAc (50 mL).

The organic layers were combined, dried over anhydrous Na2S04 and concentrated in vacuo to
fiord 2.03 g (65% yield) of the unreported compound 93 as a thick synip. The crude product was

sufficiently pure and was employed in the next step without fiuther purification: [alDU
= + 53.7 (c =

0.92, CHC13); IR (neat film) 3433 (O-H stretch), 2832, 1075 (C-O stretch) cm-'; 'HN M R 6 3.75
(ddd, 1H, J = 2.1,4.1, 10.1 Hz, CH30CH2Cm), 3.4-3.7 (m, 3H, OCH), 3.65 (s, 3H, W H 3 ) , 3.60 (s,

3H,OCH3), 3.54 (S. 3H, 0CH3), 3.40 (s, 3H, OCH,), 3.05-3.2 (m, 2H,OCH),2.5 (s, 1H,OH), 2.01
(spt, lH, J = 6.9

Hz, CmH3), 0.99 (d, 3H,J

= 6.9

Hz, CH(C&)2 ), 0.98 (d, 3H, J = 6.9 Hz,

CH(C&)2 ); "C NMR 6 99.0 (anorneric C), 85.9 (OCH),81.4 (OCH),79.9 (OCH), 71.4 (OCH),
71.1 (OCHz), 60.4 (OCH,), 60.3 (OCH,), 59.9 (OCH3), 59.2 (OCH3), 34.2 (CH(CH3h), 17.1

-

(CHCHI), 15.3 (CHCHI); MS (EI)d z 101 (IOO), 260 (M' HzO, 1). Anal. Cdcd for Cl3H2#5O6:C,
56.10; H, 9.42. Found: C, 56.18; H, 9.19.

vrD*

OMe

Meo\'"\f''$oMe
OMe

To a cooled solution (-78 O C ) of Mactone 89 (4.45 g, 19.0 mmol) in Et@ (100 mL), a
solution of 1.67 M 'BuLi in pentane (1 1.4 mL, 19.0 mmol) was added dropwise and the resulting
solution was stirred for 10 minutes. The mixture was then quenched with HzO(0.5 rnL. 28.5 mmol),
and then filtered through Celite, and the filtrate was concentrated in vacuo. Purification was

perfomed by recrystailizing the crude material from hexane to afford 2.70 g (49% yield) of the
unreponed cornpound 94 as a white solid powder: mp 62-65 O C ; [alD2*.
+ 44.7 (c = 1.06. CHC13);

IR (neat film) 3472 (O-Hstretch), 1 107 (C-O stretch), 1015 (C-O stretch) cm"; 'HNMR 6 3.71
(ddd, 1H, J = 1.9. 4.1, 9.9 Hz, CH30CH2CHO),3.4-3.7 (m, 3H, OCH), 3.65 (s, 3H, OCH3), 3.59 (s,
3H, 0CH3), 3.54 (s, 3H,OCH,), 3.40 (s, 3H,OCH,), 3.28 (d, lH, J = 8.7 HZ OCH), 3.09 (t, lH, J =
9.6 H z , OCH), 1.O 1 (s, 9H, C(C&l3);

13cNMR 6 99.8 (anornenec), 87.0 (OCH). 8 1.1 (OCH), 79.7

( 0 0 , 71.2 (OCH), 70.7 (OCH2), 60.2 (OC&), 59.6 (OCH3), 59.3 (OC&), 59.1 @CH3), 38.8
(c(CH3)3), 25.2 (C(CH3)9; MS (El) mh 101 (lûû), 275 (M'- OH, 1). Anal. Calcd for CI4H2&: C,
57.51; 9.65. Found: C, 57.70; H, 9.39.

1-Naphthyllithiurn was first prepared as follows:

To a -78 OC solution of 1-

bromonaphthalene (1.78 rnL, 12.8 mmol) in THF (100 mL)was added a solution of 1.30 M n-BuLi

in hexane (9.87 mL, 12.8 mmol) dropwise. The mixture was stirred for 10 minutes after which the
solution was transferred by cannula to a -78 O C solution of 6-lactone 89 (2.73 g, 11.7 mmol) in Et20
(200 mL). The resulting mixture was stined for 10 minutes, and then quenched with an aqueous
saturated NH&I solution (15 mi,). The aqueous layer was then separated and extracted with Et20 (2
x 40 mL). The organic layers were combined, dried over anhydrous Na2SOs and concentrated in
vacuo. Colored impurities were removed by washing the crude solid product with cold hexanes (100

mL) to give 3.64 g (86%yield) of the unreported compound 95 as a white powder: mp 133-135 OC;
[a]~?= + 20.3 (c = 1.00, CHCI,); IR (neat film) 3410 (O-H stretch), 1101 (C-O stretch), 1067 (C-O
stretch), 990 (C-O stretch), 808, 786, 746, 723 cm";

'HN M R 6 8.6-8.65 (m, IH, Ar-H),

7.85-7.95

(m, 3H, Ar-H), 7.4-7.6 (m, 3H, Ar-H), 4.05-4.20 (m, lH, W H , CH30CH2Cm),3.3-4.0 (m, 5H,
OCH + 0CH2), 3.66 (s, 3H, 0CH3), 3.65 (s, 3H, 0CH3), 3.38 (s, 3H, OCH,),2.74 (s, 3H,OCHI);
t3

C NMR 6 137.0 (Ar-C),134.3 (Ar-C), 130.3 (Ar-C), 129.6 (Ar-C). 128.6 (Ar-C), 126.5 (Ar-C),

125.7 (Ar-C), 125.4 (Ar-C), 125.1 ( A d ) , 124.5 (Ar-C), 98.8 (anomenc-C), 85.4 (WH), 85.1

(OCH), 79.4 (OCH), 71.9 (WH), 71.2 (WH2), 60.7 (WH3), 60.3 (OCH,),60.2 (OCHp), 59.2

(OCH3); MS ndz 229 (100), 345

(M'- OH, 83), 363 (M + H*, Il). Anal. Cdcd for C m H 2 6 0 6 :

C,

66.28; 7.23. Found: C, 66.04; H, 7.19.

2.3.12 (ZR,3S,IS,5R, 6 R ) - 3 , 4 , 5 - T r i m e f h o x y - 6 - ( r n e t h o x y m e t @ ~ - 2 - ( 2 ~
2-pyranol96

2-Naphthyllithium was fmt prepared as follows:

To a -78

O C

solution of 2-

bromonaphthalene (1.77 g, 8.55 rnmol) in THF (70 mL) was added a solution of 1.3 M n-BuLi (6.57

mL, 8.55 mmol) in hexane dropwise. The mixture was s h e d for 13 minutes after which the
solution was transferred by cannda to a -78 O C solution of 6-lactone 89 (1.82 g, 7.77 mmol) in EtzO
(80 mL). The resulting mixnûe was airred for 5 minutes, and then qwnched with an aqueous

saturated N h C l solution (15 mL). The aqueous layer was then separated and extnrted with Et20 (2
x 40

mL). The organic layen were combined, dried over anhydrous Na2S04,and concentrated in

vacuo to afford 3.00 g (100% yield) of

the umeported compound % as thick synip. The c d e

-

product was sufficiently pure and was employed in the next step without M e r purification: [aloz

+ 21.8 (c = 1.02, CHClp); IR (mat film) 3361 (O-H stretch), 3057, 2833, 11 12 (C-0 stretch), 791,

752,730 cm-'; 'HNMR6 8.10 (br, IH, Ar-H), 7.8-7.9 (m, 3H, Ar-H), 7.71 (dd, lH, J = 1.8, 8.6 Hz,

Ar-H), 7.4-7.55 (m, 2H, Ar-H), 4.05 (ddd, 1H, J = 2.1,4.3, 10.1, CH30CH2CHO),3.1-3.8 (m, 5H),
3.66 (s, 3H, 0CH3), 3.60 (s, 3H, 0CH3), 3.43 (s, 3H, OC&), 3.00 (s, 3H,0CH3); "C NMR 6 139.7

(Ar-C), 132.9 (Ar-C), 132.6 (Ar-C), 128.3 (Ar-C), 127.3 (Ar-C), 127.2 (Ai-C),125.9 (Ar-C), 125.7
(Ar-C), 125.3 (Ar-C), 1%. 1 (Ar-C), 97.3 (anomeric-C), 86.9 (WH)
85.0
, (OCH), 79.7 (WH), 71.4

(OCH), 71.2 (OCH3,60.7 (OCH3), 60.5 (OCH3), 59.9 (OC&), 59.0 (OCHI); MS rn/r 345 (M'

-

OH,24), 385 (M + ~ a + 100).
,
Anal. Calcd for C2&606: C, 66.28; Hy7.23. Found: C, 66.02; H,
7.33.

4-OMe-C&-Li was first prepared as follows: To a -78 O C solution of 4-bromoanisole (1.72
g, 9.17 mmol) in THF (50 mL) was added a solution of 1.67 M 'BuLi (1 1.O rnL, 18.3 mmol) in

pentane dropwise. The mixture was s h e d for 15 minutes after which the solution was transferred
by cmula to a -78 O C solution of 6-lactone 89 (2.05 g, 8.73 mrnol) in Et20 (50 mL). The resulting

mixture was stirred for 5 minutes, and then quenched with an aqueous saturated m C 1 solution (1 5
mL). The aqueous layer was then separated and extracted with Et20 (2 x 40 mL). The organic
layers were combined, dried over anhydrous Na2SOs, and concentrated in vacuo to afford 2.80 g
(94% yield) of the unreported compound 97 as a thick s p p . The crude product was suficiently

pure and was employed in the next step without m e r purification: [alD== + 25.5 (c

=

1.14,

CHCl3); IR (neat film) 3375 (O-Hstretch), 2833, 1106 (C-0 stretch), 827,784,734 cm-'; 'HNMR
6 7.52 (AA' of AA'XX', 2H, m-Ph-H),6.87 (XX' of AAXX', 2H,O-Ph-H), 3.98 ( d a lH, J = 2.1,

4.2, 10.0, CH30CH2Cw), 2.95-3.95 (m, 5H, W H + 0CH2), 3.81 (s, 3H,WH3), 3.64 (s, 3H,
OCHI), 3.57 (s, 3H, 0CH3), 3.41 (s, 3H, OC&), 3.07 (s, 3H,OC&);

13cN M R 6 159.1 (Ar-C),

134.6 (Ar-C), 127.1 (Ar-C), 112.7 (Ar-C), 96.9 (anomeric C), 87.0 (OCH), 84.8 (OCH), 79.6

(OCH),71.3 (OCH),70.9 @CH2), 60.5 (OCH:), 60.3 (OCHI), 59.7 (OCH3, 58.9 (WH3), 54.7

(OC&); MS nr/r 325 (M'- OH, 100), 343 (M + H+,14). Anal. Calcd for C17H2607:
C, 59.64; 7.65.
Found: C, 59.60; H,7.78.

4-CF3-C6&-Li was fim prepared as follows:

To a -78 "C solution of 4-

bromobenzorrifluoride (0.94 mL, 6.72 mmol) in THF (50 mL) was added a solution of 1.41 M n-

BuLi (4.77 rnL, 6.72 mmol) in hexane dropwise. The mixture was shed for 15 minutes afkr which
the solution was transferred by cannula to a -78 OC solution of &lafione 89 (1-50 g, 6.40 mmol) in

THF (50 mL). The resulting mixture was stirred for 5 minutes, and then quenched with an aqueous
The aqueous layer was then separated and extracted with Et20 (2
sanirated NH&l solution (1 5 rd).
x 40

mL). The organic layers were combined, dried over anhydrous Na2S04,and concentrated in

vacuo to afford 2.30 g (94% yield) of the unreported compound 98 as a thick synip. The m d e

product was ~ ~ c i e n tpure
l y and was employed in the next step without further purification: [aloz=

+ 3 1.1

(C =

0.85, CHCl3); IR (neat film) 3357 (O-H stretch), 2835, 1109 (C-O stretch), 997, 772,

725, 685 cm-'; 1 H NMR 6 7.74 (AA' of AA'XX, 2H, Ar-H), 7.62 (d, 2H, XX'of AA'XX', Ar-H),
3.99 (ddd, 1H, J = 2.1, 4.4, 10.0 kt, CH30CH2CHO),3.0-3.9 (m, 4H, OCH + OCH*), 3.65 (s, 3H,
0CH3), 3S 8 (s, 3H, 0CH3), 3.40 (s, 3H, WH3), 3.O8 (s, 3H, 0CH3), 3.O3 (d, 1H, J = 9.2 HZ, OCH);
13

C NMR 6 146.3 (Ar-C), 130.3 (q, 'J

=

33 Hz, Ar-C), 126.7 (Ar-C), 124.6 (q, 'J

=

3 Hz, Ar-C),

124.0 (q, 'J = 272 Hz, CS), 96.9 (anomeric-C), 86.8 (OCH), 85.0 (OCH), 79.8 (OCH),71.5 (OCH),
71.3 (OcHi), 60.7 (OCh), 60.4 (OCH3), 59.9 (OC&),58.8 (OCH3);
363.1 (M'- OH, 100), 381.0

(M'+ H',8).

NMR 6 -63.53; MS d:

' 9 ~

Anal. Calcd for Ci7HuO6F3:C, 53.68; H,6.10. Found:

C,53.79; H. 6.22.

OMe

Phenylethynyllithium was fim prepared as follows: To a -78 OC solution of fieshly distilled
phenylacetylene (1.24 rnL, 11.3 rnmol) in EtzO (80 mL) was added a solution of 1.15 M n-BuLi
(9.83 mL, 1 1.3 m o l ) in hexane dropwise. The mixture was s h e d for 15 minutes &er which the
solution was transferred by cannula to a -78 OC solution of Glactone 89 (2.52 g, 10.8 rnmol) in Et20
(80 mL). The resulting mixture was s h e d for 15 minutes, and then quenched with an aqueous

saturated W C \ solution (15 mL). The aqwous layer was then separated and extracted with Et20(2

x 40 mL). The organic layers were combined, dried over anhyhus Na2SOs, and concentrated in
vacuo to afTord 2.73 g (75% yield) of the unreported compound 99 as a thick symp produced

approximate 1 :1 mixture of diastemmers. The cmde product was sufficiently

piire

as an

and was

employed in the next step without M e r purification: iR (neat film) 3323 (O-H stretch), 2232 ( C S
stretch), 1104 (C-O stretch), 760,692 cm-'; 'H NMR 6 7.3-7.5 (rn, 5H, Ar-H), 3.1-3.9 (m, 6H, OCH
+ OCHz), 3.75 (s, 3H,OCHI), 3.69' (s, 3H, OCH,), 3.67' (s, 3H, 0CH3), 3.66 (s, 3H, 0CH3), 3.55
(s,

3H,OC&), 3.42 (s, 3H, 0CH3) ; I3cNMR 6 132.0' (Ar-C), 131.7 (Ar-C), 128.8' (Ar-C), 128.7

91.7 (anomeric-C, a-anorner), 80.0' (OCH), 87.5 (OCH), 86.2' (OCH), 86.1 (OCH), 85.5 (OCH),

84.6' (OCH), 84.0 (OCH), 83.2 (OCH), 79.3 (OCH), 79.3' (OCH), 71.3' (OCH2), 71.1 (OC&), 61.3
(OC&), 60.8' (OCH3), 60.7 (OCH3), 60.2' (OCH3), 60.2 (OCH,), 59.0 (OCH,), 58.9' (OCH3); MS

-

m/z 319.0 (M' OH, 30), 359 (M + Na+,49); Anal. Calcd for C18H2406:
C. 64.27; H,7.19. Found:

C, 64.18; H, 7.15.

An addition h e l (50 mL) equipped with a side am was filled with 3

A rnolecular sieves

and attached to a reflux condenser and a 2-neck round bottom flask (100 mL). The stopcock on the
addition funne1 was leA open and Et20 (30 mL) was then traasferred to the round bottom flask

followed by the hemiketal91 (485 mg, 1.94 mmol) and Bu3SnCH20H(1.5 7 mL, 5-82 mmol). An
anhydrous solution of 0.95 M HCl (2.04 mL, 1.94 mmol) in ether was then tmnsferred to the round

bottom flask and the mixture was then set to reflux.

The reaction mixture was monitored

periodically for the presence of HCl by litmus paper and additional 0.95 M HCl solution (2.04 mL,
1.94 mmol) was added if the reaction mixture had ceased to be acidic. The reaction was observed to

be complete by TLC after 24 h, and the reaction mixture was then neutralized with anhydrous
NaHC03, followed by filtration of the solid material. The filtrate was then concentrated in vucuo
and the crude material was purified by silica gel chromatography (gradient elution: 9%
EtOAchexane to 14% EtOAdhexane) to isoiate 869 mg of unknown 101 (81% yield) as a colorless

.

oil: [a]D22
+ 47.2 (c = 1.15, CHC13); iR (neat film) 2872, 1107 (C-O stretch), 1095 (C-O stretch)

cm-'; 1 H NMR6 3.4-3.6 (m, SH,OCH2 +OCH),3.61 (s, 3H, OMe), 3.55 (s, 3H, OMe), 3.52(s, 3H,

OMe), 3.40 (s, 3H, OMe), 3.31 (dt. lH, J = 3.1, 10.0 Hz, CH30CH2CHO),3.13 (dd, IH, J = 8.9.9.9
Hz, OCH), 2.93 (d, lH, J = 9.5 Hz,OCH), 1.15-1.70 (m, 12 H, Sn(CH2Ck&l&CH3)3), 1.40 (s, 3H,

CMe), 0.75-1.O5 (m,1SH(CwH2CH2C&)3); I3cNMR 6 101.4 (

3 ~=

38 HZ, anomenc-C), 86.5

(OCH),84.5 (OCH),79.9 (OCH),71.3 (OCH),71-2 (0~2CH0),
60.8 (OCHI), 60.2 (OCHa), 59.9
(OCH,), 59.0 @CH3), 48.9 ('J = 354,370 Hz 0CHtSnBu3), 29.0 (
27.2

( 3 ~=

2 =
~ 22

Hz, SnCH&H2CH2CH3),

54 Hz, Sn(CH2)&H2CH3), 18.9 (CCH3), 13.3 (Sn(CH2)&H3), 9.0 ('J = 310, 326 Hz,

SnCH2(CH2)2CH3);
MS (FAB) nir 383.1

(M'- 3 C4H,,4),

440.1

(M'- 2 C d 9 , 2), 497.2 (Mf- C-

-

&,24), 553.1 (M' H, 1). Anai. Calcd for C24HsoOsSn:C, 52.09; H,9.1 1. Found: C, 52.1 1,8.94.
Furtheamore, the unreported minor by-product tributy1([(2R,3S,4S,S R,6R)-3,4,5 -trimethoxy-

6 - ( m e t h o x y m e t h y i ) - 2 - m e t h y l t e t r a h y d r 0 - 2 H ~(101a) was isolated as
the upper Rf material and as a colorless oil:

'HNMR 6 3.05-3.75 (m, BH,OCHI + OCH), 3.61 (s,

3H, 0CH3), 3.53 (s, 3H,0CH3), 3.51 (s, 3H, OCH;), 3.41 (s, 3H, OC&), 1.15-1.75 (m, 12 H,

Sn(CH2C&C&CH3)3), 1.30 (s, 3H, CMe), 0.75-1 .O5 (m, 15H, Sn(C&CH2CH2C&)3);
S 102.4 (anomenc-C), 85.9 (OCH),84.4

13cNMR

(WH),80.1 (WH), 73.2 (OCH), 72.1 ((KHz), 60.6

(OCH3), 60.3 (OCH3), 60.0 (OCH3), 59.5 (WH,), 49.5 (KH2SnBu3), 29.1 ( 2 ~
= 22 HZ,
SnCH&H2CH2CH3),27.3 (' J = 62 Hz, Sn(CH2)2CH2CH3),15.7 (CCH3), 13.7 (Sn(CHz)&Ha), 8.9
('J = 3 10,326 Hz, Snci-12(CH2hCH3).

Two experimental procedures are given for the preparation of this meported compound.

The following procedure provided the result reported in Table 3, entry 2: An addition funne1 (125

mL) equipped with a side am

was filled with 3

A

molecular sieves and attached to a reflux

condenser and a 2-neck round bottom flask (250 mL). The stopcock on the addition funne1 was lefi

open and EtzO (150 mL) was then transferred to the round bottom flask followed by the hemiketal
92 (4.05 g, 13.0 mmol) and Bu3SnCH20H(4.1 7 g, 13.0 mmol). An anhydrous solution of 4.1 7 M

HCI (3.20 rnL, 13.0 mmol) in ether was then transferred to the round bottom flask and the mixture
was then set to reflux. The reaction mixture was monitored periodically for the presence of HCI by

litmus paper and additional 4.1 7 M HCl solution (3.20 mL, 13.0 m o l ) was added if the reaction

mixture had ceased to be acidic. The reaction was observed to be complete by TLC after 2 days, and
the reaction mixture was then neutralized with anhyhus NaHC03, followed by filtration of the

solid materiai. The filtrate was then concentrated in vucuo and the crude material was purified by
silica gel chromatography (gradient elution: hexane to 3.5% to 5% EtOAcIhexane) to isolate 4.71 g
of 102 (59% yield) as a colorless oil.

The following procedure provided the result reported in Table 3, entry 3: To a cooled mixture
(O°C) of herniketal92 (6.20 g, 19.8 rnrnol) and Bu3SnCH20H(5.00 g, 15.6 mrnol) in the presence of

3

A

crushed molecular sieves (30 g) in CH2C12(200 mL) was added Wflic acid (0.45 mL, 5.09

m o l ) dropwise. The mixture was stirred for 5 minutes, &er which the reaction was quenched with
dry Et3N (1 mL), followed by removing al1 solid material by filtration. The crude product was then

purified by silica gel chromatography as noted above to fiord 6.90 g of 102 (57% yield, based on
hemi-ketal92) as a colorless oil.
Compound 102 exhibited the following spectral data: [alD". + 54.2 (c = 1.04, CHCI,); IR
(neat film) 3061, 2848, 1079 (C-O stretch), 1006 (C-O stretch), 728, 700 cm"; 'HNMR S 7.5-7.6

(rn,2H, Ar-H), 7.3-7.4 (m, 3H, Ar-H), 3.2-3.8 (m, 7H, 0CH2 + OCH), 3.63 (s, 3H, 0CH3), 3.57 (s,
3H, WH3). 3.49 (s, 3H, OcHi), 3.01 (s, 3H,OCH,), 2.84 (d, lH, J = 9.5 Hz, OCH (2-position)),
1.2- 1.6 (m, 12 H, SnCH2C&C&CH3). 0.75- 1.1 (m, 15H,(SnC&CH2CH2C&)3); "C NMR 6 138.5
(Ar-C), 127.7 (Ar-C),

127.6 (Ar-C), 102.1 (anomeric-C), 87.8 (OCH), 85.O (OCH), 80.0 (OCH),

71.8 (OCH), 71.6 (OCH2), 61.O (OCH,), 60.6 (OCH3), 60.2 (OCH3), 59.5 (OcHi), 50.3
(OCHzSnBu3), 29.1 ('J = 20 Hz, SnCH&H2CH2CH3),27.4 ('J = 54 Hz, Sn(CH2)&H2CH3), 13.7
(Sn(CH2)3CH3), 9.1 ('J = 312, 326 Hz, SnCH2(CH2)2CH3);MS (FAB) d z 105 (100), 295.1 (MT
0CH2SnBu3, 67), 445.0

(M'- 3 C4H9,3), 559.1 (M+- C a 9 , 10). Anal. Calcd for CnHsz06Sn:

56.60; H, 8.52. Found: C, 56.37,8.35.

-

C,

Two experimentai procedures are given for the preparation of this unreported compound.
The following procedure provided the result reported in Table 3, entry 4: An addition h e l (50

mi,) equipped with a side arm was filled with 3 A molecular sieves and attached to a reflw
condenser and a 2-neck round bottom flask (25 mL). The stopcock on the addition h e l was lefi
open and EtzO (1 5 mL) was then tmnsferred to the round bottom flask followed by the hemiketaI93
(91 mg, 0.327 rnmol) and Bu3SnCH20H(105 mg, 0.327 mmol). An anhydrous solution of 2.70 M
HCl(0.12 mL, 0.327 m o l ) in ether was then transferred to the round bottom flask and the mixture
was then set to reflw. The reaction mixture was monitored periodically for the presence of HCI by

litmus paper and additional 2.70 M HCl solution (0.12 mL, 0.327 mmol) was added if the reaction

mixture had ceased to be acidic. The reaction was observed to be complete by TLC d e r 24 h, and
the reaction mixture was then neutralized w i h anhydrous NaHC03, followed by filtration of the
solid material. The filtrate was then concentrated in vacuo and the cmde material was purified by
silica gel chromatography (gradient elution: 5% to 7% to 9% EtOAdhexane) to isolate 67 mg (35%
yield) of 103.
The following procedure provided the result reported in Table 3, entry 5: To a cooled mixture
(O°C) of hemiketai 93 (77 mg, 0.277 mmol) and Bu3SnCH20H(85 mg, 0.264 mmol) in the presence

of 3

A crusbed molecular sieves (2 g) in Et20 (10 mL) was added triflic acid (19 pL, 0.215 mmol)

dropwise. The mixture was stined for 1 h, d e r which the reaction was quenched with a 6 M
solution of NaOH (1 mL). The mixture was then diluted with H20(10 mL), and the molecular
sieves were filtered off. The aqwous layer was separated, and then extracted with Et20. The organic
layers were combined, dried over anhydrous Na2S04,and concentrated in vacuo. The crude material
was then purified as noted above to afTord 68 mg (44% yield) of 103 as a colorless oil.

Compound 103 exhibited the following spectral data: [alDU= + 40.3 (c = 0.94, CHCI,); IR
(neat film) 1O7 1 (C-O stretch), 999 (C-O stretch) cm-'; 'HNMR 6 3.2-3.8 (m,6H, 0CH2 + OCH),
3.61 (s,
9.4

3H,OC&), 3.52 (s, 3H, 0Cki3), 3.51 (s, 3H, OC&), 3.40 (s, 3H, 0CH3), 3.20 (d, lH, J =

Hz,OCH), 3.00 (t, IH, J = 9.5 Hz, OCH),2.26 (spt, lH, J = 7.2 Hz, CH(CH3)2), 0.8-1.6 (m, 33H

Sn((C&)3C&),

+ CH(Cf&)2);

')c NMR

6 103.9 (anorneric-C), 85.6 (OCH), 81.4 (OCH), 80.4

(OCH), 71.8 (OCH), 71.7 (OCH2), 60.3 (OCH3),59.9 (OCH3), 59.3 (OCH3), 59.2 (OC&), 47.9 ('J
385, 374 Hz, 0m2SnBu3), 31.1 (CH(CH3)2), 29.1

( 2 =
~

=

20 Hz,SnCH&H2CH2CH3), 27.3 ( 3 =~ 54

Hz Sn(CH2)&H2CH3), 17.9 (CH(CH3)), 17.1 (CH(CH3)), 13.5 (Sn(CH2)3CH3),9.1 ('1= 3 10, 326
Hz, SncH2(CH2)2CH3);MS nr/r 525
9.37. Found: C, 53.57,9.40.

(M'- C a 9 , 23). Anai. Calcd for C2&Is4OsSn:C, 53.71; H,

To a cooled mixture (O°C) of hemiketal 94 (2.13 g, 7.29 mrnol) and Bu3SnCH20H (3.5 1 g,
10.93 mmol) in the presence of 3 A crushed molecular sieves (25 g) in CHIC12 (150 rnL) was added
triflic acid (0.32 rnL, 3.65 mmol) dropwise. The mixture was stirred for 21 h, after which the
reaction was quenched with a 6 M solution of NaOH (5 mL). The molecular sieves were filtered off
and the filtrate was concenmted in vacuo. The crude matenal was then purified by silica gel

chromatography (gradient elution: 2% to 3% to 4% EtOAchexane) to isolate 1.77 g (41% yield) of

unreported compound 104 as a colorless oil: [alou= + 29.7 (c = 1.16, CHCb); IR (neat film) 1 104
(C-O stretch), 1058 (C-O stretch) cm*';1 H NMR 6 3.5-3.8 (m, 5H, 0CH2 + OCH), 3.61 (s, 3H,
0CH3), 3.55 (s, 3H, OCHI). 3.52 (s, 3H, 0CH3), 3.43 (s, 3H, OCH3), 3.26 (d, lH, J = 9.4 Hz, OCH),

3.15-3.25 (m, lH, OCH), 3.03
9H, (C(C&)3);

(1,

1H, J = 9.5 Hz,OCH),0.8-1.6 (m, 27H Sn((C&)3Cb)3), 1.12 (s,

I3cNMR 6 104.1 (anomeric-C), 85.9 (OCH), 83.3 (OCH),80.4 (OCH), 73.0 (OCH),

71.6 (OCH2), 60.1 (OCH3), 60.0 (OCH,), 59.6 @CH3), 58.7 (OCH3), 53.6 (C(CH3)3), 39.0
(OCH2SnBu3), 29.1

( 2 ~=

30 HZ, SnCH&H2CH2CH3), 27.9 (C(CHI)~), 27.4 ()J

S~(CH~)&H~CHI),
13.5 (Sn(CH2)&H3), 9.1 ('J

-

=

=

80 Hz,

308, 320 Hz, SnCH2(CH2hCH3);MS in/r 31 1

(1 001, 539 (M' CIH~,39). Anal. Calcd for C27H&6Sn: C, 54.46;

H,9.48. Found: C, 54.33,9.5 1.

2.3.20 Tributyl([(2S, 3s 4S,SR.6R)-3,#,~-1rimethoxy-6-(rnethoxymet~l)-~-(I
naphthyr)te~a~0-2H-2-pyrunyIJoxymet~Z)stunnane
IO5

To a cooled mixture (O°C) of hemiketal95 (3.28 g, 9.04 rnmol) and Bu3SnCH20H (2.76 g,
8.61 rnrnol) in the presence of 3 A crushed molecular sieves (10 g) in CH2C12(200 rnL) was added

triflic acid (320 pL, 3.62 mmol) dropwise. The mixture was airred for 20 minutes, der which the
reaction was quenched with dry EtlN (2 rnL). The mixture was filtered and the filtrate was
concentrated in vacuo. The crude material was then purified by silica gel chromatography (gradient
elution: 3% to 4% to 5% EtOAchexane) to isolate 2.98 g (52% yield) of the unreported compound
105 as a colorless oil: [alD*= + 64.3 (c = 1.15, CHC13); IR (neat film) 1 106 (C-0 stretch), IOOO (C-

O stretch), 780, 749, 668 cm-'; 'HNMR 6 8.99 (m, 1H, Ar-H), 7.75-7.95 (m, 3H, Ar-H), 7.4-7.55

(m, 3H, Ar-H), 2.9-3.9 (m, 8H, 0CH2+ OCH), 3.65 (s, 3H, 0CH3), 3.60 (s, 3H, OCH,),3.50 (s, 3H,
OCH,), 2.64 (s, 3H, OMe), 0.75-1.65 (m, 27H, Sn((C&)3C&)3);

I3cNMR (DMSO,140°C) 6 133.7

(Ar-C), 133.3 (Ar-C), 130.8 (ArS),128.3 (br, At-C), 127.1 (br, Ar-C), 126.4 (br, Ar-C), 126.2 (br,

AK),124.2 (br, Ar-C), 124.0 (br, Ar-C), 123.7 (br, Ar-C), 102.9 (anomeric-C), 87.6 (WH),84.0
(OCH), 79.4 (OCH), 71.2 (OCH), 71 - 1 (OCH2), 58.9 (OCH3), 58.6 (WH,),58.3 (OCH,),58.0
(OC&), 49.9 (OCH2SnBu3), 27.7
Sn(CH&H2CH3),

( 2 ~=

22 Hz, SnCHgH2CH2CH3), 25.7 ()J = 50 Hz,

12.1 (Sn(CH2)&H3), 8.3 ('J = 3 12?326 Hz, S&H2(CH2)2CH3);MS m/r 345

(w - 0CH2SnBu3, 100), 609 (M'- C H 9 , 20). Anal. Calcd for C3iHvOtjSn:

C, 59.56; H,8.18.

Found: C, 59.39,7.91.

2.3.21 TribuS([(2S,3S,46.
SR,6R)-3,4,5~rimethoxyœ6-(meth0xymethyr)-2-(2naph~hyl)tetrahydro-2H-2-pyranyl]oxymethyl)~tannane
1O6

To a cooled mixture (O°C) of hemiketal 96 (2.45 g, 6.76 mrnol) and Bu3SnCH20H (2.17 g,
6.76 mmol) in the presence of 3 A cmhed molecular sieves (13 g) in CH2C12(130 mL) was added

triflic acid (240 pL, 2.70 mmol) dropwise. The mixture was stirred for 20 minutes, after which the
reaction was quenched with EtzNH (2 mL). The mixture was filtered and the filtrate was
concentrated in vacuo. The crude material was then purified by silica gel chromatography (gradient
elution: 2% to 4% to 5% to 6% EtOAchexane) to isolate 2.47 g (55% yield) of the unreported
compound 106 as a colorless oil: [alo== + 46.9 (c = 1.04, CHCll); IR (neat film) 3059, 1073 (C-O
stretch), 1005 (C-O stretch), 775, 756 cm-'; I H NMR 6 8.05 (br, 1H, Ar-H), 7.65-7.95(m, 4H,Ar-

H),7.4-7.5 (m,2H,Ar-H), 3.2-3.9 (m,6H,OCHl + OCH), 3.65 (s, 3H,0CH3), 3.59 (s, 3H, 0CH3),
3.53 (s, 3H, OC&),

2.9-3.1 (m, 2H, OCH), 3.00 (s, 3H, 0CH3), 1.2-1.7 (m, 12H,

SnCH2C&C&CH3), 0.7-1.1 (m, 15 H, (SnCbCH2CH2Cb)3);I3cNMR 6 136.2 (Ar-C), 133.0

(Ar-C),128.3 (Ar-C), 127.3 (Ar€), 127.0 (Ar-C), 126.8 (Ar-C), 125.8 (Ar-C), 125.5 (Ar-C), 102.1
(anomeric-C), 87.9 (OCH),85.1 (OCH),80.0 (OCH), 71.9 (OCH),71.7 (OCH2), 60.9 (OCH3), 60.4

(OC&), 60.0 (OCH,),59.3 (WH3), 50.4 (KHzSnBs), 29.1

= 20

HZ,SnCH&H2CH2CH3),

27.3 ( 3 ~= 54 Hz, Sn(CH2)&HZCH3), 13.5 (Sa(CH2)3cH3), 9.0 ('J = 312, 326 Hz,

-

SncH2(CH2)2CH3); MS nr/r 345 (M' - OCH2SnBu3, 100), 609 (M' Ca9, 9). Anal* Calcd for
C33Hss06Sn: C, 59.56; H,8.18. Found: C,59.56,8.35.

To a cooled mixture (0°C) of herniketal 97 (2.05 g, 5.99 rnmol) and Bu3SnCH20H (1.92 g,
5.99 mmol) in the presence of 3

A cwhed molecular sieves (6 g) in CH2Cl2(100 mL) was added

triflic acid (0.21 mL, 2.40 rnmol) dropwise. The mixture was stirred for 20 minutes, after which the

reaction was quenched with Et2NH (2 mL). The mixture was filtered and the filtrate was
concentrated in vacuo. The crude material was then purified by silica gel chromatography (gradient

elution: 4% to 6% to 8% to 10% EtOAcfhexane) to isolate 1.77 g (46% yield) of the unreported
compounâ 107 as a colodess ail: [alD== + 50.7 (c = 1.27, CHC13); IR (mat film) 2843, 1081 (C-0
stretch), 803,771,758 cm-'; 'HNMR 6 7.46 (AA' o f AA'XX', 2H, m-Ph-H), 6.88 (XX' of AA'XX',

ZH,p-Ph-H), 3.82 (s, 3H,OCH,), 3.1-3.8 (m, 7H,OCHI + OCH), 3.62 (s, 3H,OCHI), 3.56 (s, 3H,
OC&), 3.48 (s, 3H, OCHI),3.05 (s, 3H, OCHI), 2.82 (d, 1 H,J = 9.6 Hz,OCH), 1.15-1.7 (m,12H,
S~CH~C&C&CHI),0.75- 1.1 (m, 15H, (SnC&CH2CH2C&)3); "C

N M R 6 1 59.2 (Ar-C),130.6

(Ar-C), 128.7 (Ar-C), 112.9 (Ar-C), 101.9 (anomeric-C), 87.9 (OCH), 85.0 (OCH),80.0 (OCH),

71.7 (OCH), 71.6 (OCHI), 60.8 (OCH3), 60.3 (OCHI), 59.9 (OC&), 59.3 (OcHi), 54.8 (OCH3),
50.0 (OCH2SnBq), 29.0

( 2 ~=

13.5 (Sn(CH2)&H3), 9.0 ('J

=

22 Hz, SnCH&H2CH2CH3),27.2 ('J

=

54 Hz, Sn(CH2)&H2CH3),

3 12, 326 Hz, SnCH2(CH2)2CH3);MS d z 325

(M* - 0CH2SnBu3,

-

100), 589 (M'G H 9 , 12). Anal. Calcd for C3oHwO7Sn:C, 55.83; H, 8.43. Found: C, 55.97,8.33.

M&

OMe

To a cwled mixture (0°C) of hemiketal 98 (1.78 g, 4.69 mmol) and Bu3SnCH20H (1.50 g,
4.69 rnmoi) in the presence of 3

A m h e d molecuiar sieves (19 g) in CH2Cl2(80 mi.)was added

aiflic acid (266 pL, 3.01 mmol) dropwise. The mixture was stirred for 20 minutes, &er which the
reaction was quenched with EtlN (2 mL). The mixture was filtered and the filtrate was concentrated
in vacuo. The crude material was then purified by silica gel chromatography (gradient elution: 4%

to 5% to 6% EtOAclhexane) to isolate 1.58 g (49% yield) of the unreported compound 108 as a

.

colorless oil: [alD2 + 46.8 (c = 1.13, CHC13); IR (neat film) 2854, 1068 (C-O stretch), 1010 (C-O
stretch), 768,724,688 cm-'; 1 H NMR 6 7.68 (d, ZH,8.4 Hz, Ar-H), 7.61 (d, 2H, 8.4 Hz, Ar-H), 3.03.8 (m, 7H), 3.63 (s, 3H, 0CH3), 3.57 (s, 3H, OCH,),3.48 (s, 3H, 0CH3), 3.04 (s, 3H,0CH3), 2.83
(d, lH, J = 9.5 Hz,

WH).1.15-1.65 jm, 12 H, SnCH2C&C&CH3), 0.75-1.1 (rn, 15H,

(SnC&CH2CH2C&),); "C NMR 6 142.7 (Ar-C), 130.1 (q, 'J

= 32

Hz, Ar-C), 128.1 (Ar-C), 124.6

(q, 'J = 4 Hz,Ar-C), 123.8 (q, 'J = 272 H z , Ar-C), 101.8 (anomeric-C), 87.5 (OCH), 85.1 (OCH),

80.1 (OCH), 72.1 (WH), 71.6(OCHI), 61.0 (WH3), 60.5 (OCH3), 60.1 (OCH3), 59.3 @CH3), 50.6
('J = 348, 362 HZ, 0cH2SnBu3), 29.1 ('J = 20 Hz, SaCH&HFH2CH3), 27.3

( 3 ~=

54 Hz,

Sn(CH2)&HKH3), 13.5 (Sn(CH2)&H3), 9.1 ('J = 3 14, 328 Hz, ScH2(CH2hCH3); '% NMR 6

-

63.40; MS m k 33 1.1 ( 1 OO), 363.1 (M'- 0CH2SnBu3,76), 626.9 (M' - C4H9,7). Anal. Calcd for

C30H5iF306Sn: C,52.72; H,7.52 Found: C, 52.61,7.50.

To a cooled mixture (0°C) of hemiketal 99 (2.63 g, 7.82 rnmol) and Bu3SnCH20H (2.09 g,

6.52 mmol) in the presence of 3

A crushed molecular sieves ( 11 g) in CHzC12 ( 1 50 mL) was added

triflic acid (230 pL, 2.6 1 m o l ) dropwise. The mixtwc was stirred for 10 minutes, afker which the
reaction was quenched with Et3N (2 mL). The mixture was filtered and the filtrate was concentrated
in vacuo. The crude material was then purified by silica gel chromatography (gradient elution: 4%

to 5% to 6%to 7% EtOAchexane) to isolate 2.80 g (56% yield) of the unreported compounds 109
and 109i as colorless oils and as an approximate 3: 1 (109:109a) mixture of diastereomers.

The major isomer (higher )
,R 1û9 exhibited the following data: IR (neat film) 2232 ( C S
stretch), 1070 (C-O stretch), 1042 (C-O stretch), 757,691 cm-'; 'H NMR 6 7.2-7.6 (m,SH,Ar-H),
4.00 (d, lH, J = 10.3 Hz, W H ) , 3.77 (d, IH, J = 10.3 Hz, OCH), 3.3-3.8 (m,

5H,OCH2 + OCH),

3.68 (s, 3H, WH3), 3.63 (s, 3H, 0CH3), 3.54 (s, 3H, OC&), 3.42 (s, 3H, 0CH3), 3.22 (t, 1H, J = 9.3

Hz, OCH), 1.15- 1.7 (m, 1SH,SnCH2C&C&CH3), 0.75- 1.1 (m, 12H, (S~C&CH~CHZC&)~).
The minor isomer (Iower Rj) 109a exhibited the following data: 'HNMR 6 7.4-7.6 (m,2H,
Ar-H), 7.2-7.4 (m, 3H, Ar-H), 4.0-4.1 (m, 2H, OCH), 3.75 (dt, 1H, J = 2.9, 10.0 Hz,
CH30CH2CijO), 3.3-3.7 (m, 3H, OCHl + OCH), 3.64 (s, 3H, 0CH3), 3.59 (s, 3H, WH3), 3.55 (s,
3H, 0CH3), 3.42 (s, 3H, WH3), 3.21 (t, lH, J = 9.2 Hz,OCH), 3.06 (d, IH, J = 9.5 Hz,OCH), 1.151.7 ( m 15H,SnCH2C&C&CH3), 0.7-1.1 (m,12H, (SnCbCH2CH2C&)3).
A mixture of 109 and 109a exhibited the following data:

I3cNMR 6 131.8'

(Ar-C), 13 1.6

(Ar-C), 128.5' (Ar-C), 128.4 (Ar-C), 128.0 (Ar-C), 12 1.9 (Ar-C), 101.4' (anornetic-C), 98.2

(anomeric-C), 86.3 (OCH), 85.5' (OCH), 85.4 (OCH), 85.1' (OCH), 84.0 (OCH), 79.3 (OCH), 79.2'

(OCH), 73.6 (OCH),71.3 (OCH*), 71.2' (OCH2), 71.0 (OCH2), 60.9 (OC&), 60.5' (OCH3),60.4'
(OCH3), 60.3 (OCH3), 59.9 (OCH3), 59.0' (WH3), 58.9 (OCH,), 53.7' (OcHzSnBu3) 52.6,
( O ~ z S n B u 3 )28.9
, (

2 =
~ 22

Hz, SnCH&H2CH2CH3),28.8' (SnCH&H2CH2CH3), 27.1 ('J

= 54 Hz,

Sn(CH2)&H2CH3), 27.0' (Sn(CH2)&H2CH3), 13.4 (Sn(CH2)&H3), 9.0 ('J = 314, 328 Hz,

-

SnCH2(CH&CH3); MS d z 3 19.1 (M'0CH2SnBq, 1OO), 583 .O (M'

- C4H9,SO),

26). Anal. Calcd for C3iH~206Sn:C, 58.23; H, 8.20. Found: C, 58.33; H,7.97.

663.1 (M + Na+,

This unreported compound was prepared or attempted to be prepared in 26 different
experimental procedures and dl experiments are described below. Also included in this section are
spectral data for unreported by-products 118 and 149, which were f o d in some of the

experimental procedures.

Experiment 1 (results reported in Table 4, entry 1; Table 5. entry 4: Table 6. entry 2; and
Table 7, entry 4): To a cooled solution (-78 OC) of 101 (149 mg, 0.269 mmol) in hexane (2 mL) was
added a solution of 1.73 M n-BuLi in hexane (0.17 mL, 0.296 mmol) dropwise and the resulting
solution was airred for 15 minutes. Benzaidehyde (30 pL, 0.296 mmol) was next added dropwise
and the resulting solution was stirred for an additional 20 min d e r which an aqueous saturated

solution of NbCI (1 mL) was added. The mixture was then extracted with Et20 (3 x 15 mL),
followed by washing the combined organic extracts with brine (10 mL). The organic layer was then
dned over anhydrous Na2S04,and concentrated in vacuo. The crude product was purified by silica
gel chromatography (gradient elution: hexane to 10% to 20% to 50% EtOAcfhexane to neat EtOAc)

to isolate in order of elution: 63 mg (67 % yield) of BuSn, 33 mg (46Y0yield) of protonated byproduct 118, and 28 mg (28% yield) of addition adduct 110, formed in 21% de (de determined by

Method A, described in Section 2.3.2), with the major diasteteorner possessing the S c ~ ~ g u r a t i oatn
the carbinol carbon.

Experiment 2 (results reported in Table 5, entry 1 ;and Table 7, entry 1): To a cooled solution
(-78 OC) of 101 (157 mg, 0.284 mmol) in THF (2 mL) was added a solution of 1.10 M n-BuLi in
hexane (0.28 mL, 0.3 10 rnmol) dropwise and the resulting solution was s t k d for 10 minutes. The
Sn-Li exchange reaction did not appear to be complete by TLC and an additional arnount of 1.10 M
n-BuLi in hexane (0.28 mL, 0.310 mmol) was added dropwise and the reaction stirred for an
additional 10 minutes. The Sn-Li exchange reaction then appeared to be complete by TLC and
benzaldehyde (30 pi,, 0.296 m o l ) was added dropwise, and the resulting solution was stirred for an
additional 20 min, after which an aqueous saniraed solution of M C 1 (1 mL) was added. The
mixture was then extracted with EtzO (3 x 20 mL), followed by washing the combined organic
extracts with brine (5 mL). The organic layer was then dned over anhydrous Na2SO4, and
concentrated in vamo. The crude product was purified by silica gel chromatography (gradient
elution: hexane to 10% to 20% to 50% EtOAchexane to neai EtOAc) to isolate in order of elution:

1 1 1 mg (1 00 % yield) of BwSn, and 63 mg (60% yield) of addition adduct 110, fonned in 8% de (de
determined by Method A, described in Section 2.3.2), with the major diastereomer possessing the R
configuration at the carbinol carbon.
Experiment 3 (results reported in Table 5, entry 2; Table 6, entq I; and Table 7, entry 2): To
a cooled solution (-78

OC)

of 101 (1 5 1 mg, 0.273 mmol) in EtzO (2 mL) was added a solution of 1.73

M n-BuLi in hexane (0.17 mL, 0.30 mmol) dropwise and the resulting solution was stirred for 15
minutes. Benzaldehyde (30 pL, 0.30 mmol) was next added dropwise and the resulting solution was
s h e d for an additional 20 min afler which an aqueous saturated solution of W C 1 (1 mL) was
added. The mixture was then extracted with Et20 (3 x 15 mL), followed by washing the combined
organic extracts with brine (10 mL). The organic layer was then dned over anhydrous Na2S04,and
concentrated in varno. The crude product was purified by silica gel chromatography (gradient

elution: hexane to 10% to 2û??to 50% EtOAchexane to neat EtOAc) to isolate in order of elution:
77 mg (81 % yield) of Bu4Sn, 30 mg (42% yield) of protonated by-product 118, and 50 mg (53%
yield) of addition adduct 110, fonned in 4% de (de determined by Method A, descnbed in Section
2.3.2), with the major diastereomer possessing the S configuration at the carbinol carbon.

Experiment 4 (results reported in Table 5, entry 3; Table 6, enûy 3; and Table 7, entry 3): To
a cooled solution (-78 O C ) of 101 (200 mg, 0.361 mmol) in toluene (6 mL) was added a solution of
1.60 M n-BuLi in hexane (0.25 mL, 0.397 mmol) dropwise and the resulting solution was s t h d for
30 minutes. The Sn-Li exchange reaction did not appear to be complete by TLC and an additional

amount of 1.60 M n-BuLi in hexane (0.25 mL, 0.397 m o l ) was added dropwise and the reaction
was stirred for an additional 15 minutes. Beddehyde (40 pL, 0.397 mmol) was next added

dropwise and the resulting solution was stirred for an additional 15 min after which an aqueous
saturated solution of NhCI (1 mL) was added. The mixture was then extracted with Et20(3 x 15

mL), followed by washing the combined organic extracts with brine (10 d).
The organic layer was
then dried over anhydrous Na2S04,and concentrated in vacuo. The crude product was purified by
silica gel chromatography (gradient elution: hexane to 10% to 20% to 50% EtOAdhexane to neat
EtOAc) to isolate in order of elution: 135 mg (100 % yield) of BuSn, and a 58 mg mixture of hemi-

ketal 91 (29% yield) with addition adduct 110 (14% yield). Compound 110 was formed in 22% de
(de determined by Method A, described in Section 2.3.2), with the major diastereomer possessing

the S configuration at the carbinol carbon.
Experiment 5 (results reporied in Table 12, entry 1): To a cooled solution (-78 O C ) of 101
(127 mg, 0.230 mmol) in Et20 (3 mL) was added a 1.60 M solution of n - B S i in hexane (0.16 mL,

0.256 mmol) dropwise and the resulting solution was stirred for 15 minutes. nie Sn-Li exchange

reaction did not appear to be cornplete by TLC and an additional amount of 1.60 M n-BuLi in

hexane (0.13 mL, 0.207 mmol) was added dropwise and the reaction stirred for an additional 15
minutes. The Sn-Li exchange reaction then appeared to be complete by TLC. Next a 2.0 M solution
mmol) was added to the reaction mixture and
of fieshly generated M ~ B ~ ~ * ( O(0.13
E ~ mL,
~ ) ~0.256
'

the flask was placed in a -40 O C bath. M e r 30 min the flask was placed in a -78 OC bath and cooled
for 10 minutes d e r which benzaidehyde (26 pi,, 0.256 mrnol) was added dropwise and the resulting
solution was stirred for an additional 15 minutes. An aqueous saturated solution of NH&I ( 1 rnL)
was added, and the mixture was then extracted with EtzO (2 x 20 mL), followed by washing the

combined organic extracts with brine (10 mL). The organic layer was then dned over anhydrous
NazS04,and concentrated in vacuo. The crude product was purified by silica gel chromatography
(gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc) to isolate in order of
elution: 62 mg (78 % yield) of BySn, 41 mg (67% yield) of protonated by-product 118, and a trace
amount of hemi-ketal91. Addition adduct 110 was not formed in this experiment.
Experiment 6 (results reponed in Table 12, entry 2): To a cooled solution (-78 O C ) of 101
(210 mg, 0.379 mmol) in toluene (6 mL) was added a 1.60 M solution of n-BuLi in hexane (0.26

mL, 0.417 mmol) dropwise and the resulting solution

was stirred for 30 minutes.

The Sn-Li

exchange reaction did not appear to be complete by TLC and an additional arnount of 1.60 M n-BuLi

in hexane (0.26 mL, 0.41 7 mmol) was added dropwise and the reaction was stirred for an additionai

15 minutes. Next a 2.0 M solution of freshly generated

(0.13 mL, 0.256 mrnol) was

added to the reaction mixture and the flask was placed in a -40 O C bath. Mer 30 min the flask was

placed in a -78 O C bath and cooled for 10 minutes &er which benzaldehyde (42 PL,0.417 mmol)
was added dropwise and the resulting solution was stirred for an additional 15 minutes. An aqueous

saturated solution of m C l ( 1 mi,)was added, and the mixture was then extracted with EtrO (2 x 20

mL), followed by washing the combined organic extracts with b ~ (10e mL). The organic layer was

then dried over aahydrous Na2S04,and concentrated in vacuo. The cmde product was purified by
silica gel chromatography (gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat
EtOAc) to isolate in order of elution: 142 mg (100 % yield) of BuSn, and a 18 mg mixture of hemi-

ketal 91 (1 1% yield) with addition adduct 110 (2% yield). Compound 110 was formed in 29% de
(de determined by Method A, descrîbed in Section 2.3.2), with the major diastereomer possessing

the S configuration at the carbinol carbon.
Expriment 7 (results reported in Table 12. entry 7): To a cooled solution (-78 O C ) of 101
(1 63 mg, 0.295 rnmol) in hexane (5 mi,)was added a 1.61 M solution of n-BSi in hexane (0.20 mL,

0.325 rnmol) dropwise and the resulting solution was airred for 25 minutes. The Sn-Li exchange
reaction did not appear to be complete by TL,C and an additional arnount of 1.61 M n-BuLi in
hexane (0.18 mL, 0.295 rnrnol) was added dropwise and the reaction was stirred for an additional 25
minutes. Next a 2.0 M solution of fieshly generated M ~ B ~ ~ @ ( o(0.16
E ~ rnL,
~ ) ~0.325
'
rnrnol) was
added to the reaction mixture, after which a white precipitge had formed in the reaction, and the
flask was placed in a -40 O C bath. Afier 30 min the flask was placed in a -78 O C bath and cooled for
10 minutes after which benzaldehyde (33 pi,, 0.325 mmol) was added dropwise and the resulting
solution was stimd for an additional 15 minutes. An aqueous s a ~ t e dsolution of M C 1 (1 mL)
was added, and the mixture was then extracted with Et20 (3 x 15 mL), followed by washing the

combined organic extracts with brine (1 5 mL). The organic layer was then dned over anhyârous

Na2S04,and concentrated in vacüo. The cmde product was purified by silica gel chromatography

(gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc) to isolate in order of
elution: 38 mg (48% yield) of protonated by-product 118, a 56 mg mixture of hemi-ketai 91 (20%
yield) with addition adduct 110 (31% yield). Compound 110 was formed in 12% de (de determined

by Method A, described in Section 2.3.2), with the major diastereomer possessing the R

~ o ~ g u r a t i oatnthe carbinol carbon.
Experiment 8 (resdts reported in Table 12, entry 4): To a cooled solution (-78 OC) of 101
(180 mg, 0.325 mmol) in THF (5 mL) was added a 1.40 M solution of n-BuLi in hexane (0.35 mL,
0.488 mmol) dropwise and the resulting solution was stirred for 30 minutes. Next a 0.7 M solution

of fieshly generated Z ~ C I ~ ~ O(0.65
E ~ mL,
~ ) *0.488
~ mmol) was added to the reaction mixture and

the flask was placed in a -30 OC bath. A precipitate was not observed to be fonned during this time.
Afier 30 M n the flask was placed in a -78 O C bath and cooled for 10 min afler which benzaidehyde
(36 pL, 0.3 58 mmol) was added dropwise and the resulting solution was stirred for an additional 15

min. An aqueous saturated solution of NH4Cl ( 1 mL)was added, and the mixture was then extracted
with Et20(3 x 15 mL),followed by washing the combined organic extracts with brine ( 15 mL). n i e

organic layer was then dned over anhydmus Na2S04,and concentrated »1 vacuo. The crude product
was purified by silica gel chromatography (gradient elution: hexane to 10% to 20% to 50%

EtOAchexane to neat EtOAc) to isolate in order of elution: 139 mg (100% yield) of BurSn, 28 mg

(32% yield) of protonated by-product 118, and 55 mg (68% yield) of hemi-ketal 91. Addition
adduct 110 was not formed in this experirnent.
Experiment 9 (results reported in Table 12, entry 5): To a cooled solution (-78 O C ) of 1-0tributylstannylmethyl derivative 101 (140 mg, 0.253 mmol) in Et20 (5 mL) was added a 1.40 M
solution of n-BuLi in hexane (0.27 mL,0.380 mmol) dropwise and the resulting solution was stirred
for 30 minutes. Next a 0.7 M solution of fieshly generated ~ n ~ l z * ( ~(0.54
~ t rnL,
z ) ~0.380
~ mmol)
was added to the reaction mixture and the flask was placed in a -30 O C bath. A precipitate was then

observed to be formed. Mer 30 min the flask was placed in a -78 O C bath and cooled for 10 min
d e r which benzaldehyde (34 fi,0.338 mmol) was added dmpwise and the resuiting solution was

stirred for an additional 15 min. An aqueous saturated solution of W C 1 (1 mL) was added, and the
mixture was then extracted with Et20 (3 x 15 mL), followed by washing the combined organic

extracts with brine (1 5

a).
The organic layer was then

dried over anhydrous Na2S04, and

concentrated in vacuo. The crude product was pwified by silica gel chromatography (gradient
elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc) to isolate in order of elution:
95 mg (100% yield) of Bu&

19 mg (28% yield) of protonated by-product 118, and 46 mg (72%

yield) of hemi-ketal91. Addition adduct 110 was not formed in this experiment.
Experiment 10 (results reported in Table 12, entry 6): To a cooled solution (-78 O C ) of 1-0tributylstannylmethyl derivative 101 (170 mg,0.307 mmol) in toluene (1 0 rnL) was added a 1.40 M
solution of n-BuLi in hexane (0.33 rnL, 0.461 mmol) dropwise and the resulting solution was s h e d
for 30 minutes. Next a 0.7 M solution of freshly generated
was added to the reaction mixture and the flask was placed in a -40
was placed in a -78 O C bath

(0.66 mL, 0.461 mmol)
O C

bath. After 30 min the flask

and cooled for 10 min afler which berualdehyde (34 pL, 0.338 mmol)

was added dropwise and the resulting solution was stirred for an additional 15

min. An aqueous

saturated solution of N&Cl (1 rnL) was added, and the mixture was then extracted with Et20(3 x S 5

mL), followed by washing the combined organic extracts with brine (1 5 mi,). The organic layer was
then dried over anhydrous Na2S04,and concentrated in vacuo. The crude product was purified by
silica gel chromatography (gradient elution: hexane to 10% to 20% to 50% EtOAclhexane to mat
EtOAc) to isolate in order of elution: 90 mg (84% yield) of Bu4Sn, and 12 mg (16% yield) of hemiketal91. Addition aâduct 110 was not formed in this experiment.
Experiment 11 (results reported in Table 12, entry 7): To a cooled solution (-78 OC) of 1-ûtributylstannylmethyl derivative 101 (330 mg, 0.596 m o l ) in hexane (10 mL) was added a 1.40 M
solution of n-BuLi in hexane (0.64 mL, 0.894 mmol) dropwise and the resulting solution was nirred

for 30 minutes. A precipitate was observed to be formed afler the addition of n-BSi. Nea a 0.7 M
solution of freshly generated Z ~ C ~ ~ * ( (1.28
O E ~mL,
~ )0.894
~ ~ mmol) was added to the teaction
mixture and the flask was placed in a -40 O C bath. Mer 30 min the flask was placed in a -78 O C bath
and cooled for 10 min after which benzaidehyde (67 &, 0.656 mmol) was added dropwise and the
resulting solution was s h e d for an additional 15 min. An aqueous saturated solution of W C I (1
mi.) was added, and the mixture was then extracted with Et20 (3 x 15 mL), followed by washing the

combined organic extracts with brine (15 mL). The organic layer was then dried over anhydrous
Na2S04,and concentrated in vacuo. The cnide product was purifieci by silica gel cbromatopphy

(gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc) to isolate in order of
elution: 172 mg (83% yield) of BbSn, and a 80 mg mixture containing hemi-ketal 91 (1 2% yield)
and addition adduct 110 (25% yield). Compound 110 was formed in 17% de (de detemined by
Method A, described in Section 2.3.2), with the major diastereomer possessing the R configuration at

the carbinol carbon.
Experiment 12 (results reported in Table 12, entry 8): To a cooled solution (-78 O C ) of 101
(220 mg, 0.398 rnrnol) in toluene (8 mL) was added a 1.40 M solution of n-BuLi in hexane (0.43

mL, 0.596 mmol) dropwise and the resdting solution

was stirred for 30 minutes. Next solid

anhydrous ~e~1:' (147 mg, 0.596 m o l ) was added to the reaction mixture and the flask was
placed in a -40 O C bath. AAer 30 minutes the flask was placed in a -78 OC bath and cooled for 10
min afler which benzaldehyde (45 pL, 0.438 mmol) was added dropwise and the raulting solution
was stirred for an additional 15 min. An aqueous saturated solution of W C 1 (1 mL) was added,

and the mixture was then extmcted with EtzO (3 x 15 mL), followed by washing the combined

organic extracts with brine (15 mL). The organic layer was then dried over anhydrous Na2S04,and
concentrated in vacuo. The crude product was purifieci by silica gel chromatography (gradient

elution: hexane to 10Y0to 20% to 50% EtOAchexane to neat EtOAc) to isolate in order of elution:

147 mg (1 00% yield) of BuSn, and a 180 mg mixture containing herni-ketal 91 (36% yield) and
addition adduct 110 (64% yield). Compound 110 was formed in 7% de (de determined by Method
A, described in Section 2.3.2), with the major diastereomer possessing the S configuration at the

carbinol carbon.
Experiment 13 (results reported in Table 12, entry 9): To a cooled solution (-78

OC)

of 101

(420 mg, 0.759 mmol) in hexane (5 mL) was added a 1.40 M solution of n-BuLi in hexane (0.8 1 mL,
1.14 m o l ) dropwise and the resulting solution was stirred for 30 minutes. Next solid anhydrous

C~CI:' (281 mg, 1.14 mmol) was added to the reaction mixture and the flask was placed in a -40 OC

bath. After 30 minutes the flask was placed in a -78 O C bath and cooled for 10 min after which
benzaldehyde (85 pL, 0.835 mrnol) was added dropwise and the resulting solution was stirred for an
additionai 15 min. An aqueous saturated solution of m C l ( 1 mL) was added, and the mixture was

then extracted with Et20 (3 x 15 mi,), followed by washing the combined organic extracts with brine

(1 5 mL). The organic layer was then dned over anhydrous Na2S04,and concentrated in vueuo. The
crude product was purified by silica gel chromatography (gradient elution: hexane to 10% to 20% to

50% EtOAcIhexane to neat EtOAc) to isolate in order of elution: 298 mg (100% yield) o f BuSn,
and a 128 mg mixture containing hemi-ketal 91 (58% yield) and addition adduct 110 (6% yield).

Compound 110 was formed in 10% de (de determined by Method A, described in Section 2.3.2),
with the major diastereomer possessing the S configuration at the carbinol carbon.
Experirnent 14 (results repozted in Table 12, entry 10): To a cooled solution (-78 O C ) of 101
(155 mg, 0.280 mmol) in toluene (5 mL) was added a 1.40 M solution of n-BuLi in hexane (0.30

mL, 0.420 mmol) dropwise and the resuiting solution was stintd for 25 minutes. Next a 1.0 M
solution of Et2AiC1 (0.3 1 mL, 0.308 mmol) was added to the reaction mixture aad the flask was
placed in a -40 OC bath. Mer 30 min the flask was placed in a -78 O C bath and cooied for 10 min,

atter which beddehyde (31 pL, 0.308 mmol) was added dropwise and the resulting solution was
s h e d for an additionai 15 minutes. An aqueous satunited solution N&Cl (1 rnL) was added, &et
which a thick precipitate of Al salts was formed. The mixture was then extrafted with Et20 (3 x 15
r d ) , followed by washing the combined organic extracts with brine (15

mL). The organic layer was

then ûried over anhydrous Na2SOs, and concentrated in vacuo. The crude product was purified by
silica gel chromatography (gradient elution: hexane to 10% to 20% to 50% EtOAdhexane to neat
EtOAc) to isolate in order of elution: 62 mg (64% yield) of BbSn, and a 2 mg mixture containing
hemi-ketal91 (1% yield) and addition adduct 110 (2% yield). Cornpound 110 was formed in 2% de
(de determined by Method A, described in Section 2.3.2), with the major diastereomer possessing
the S configuration at the carbinol carbon.
Experirnent 15 (results reported in Table 12, entry 1 1): To a cooled solution (-78 O C ) of 101
(340 mg, 0.614 mrnol) in hexane (5 mL)was added a 1.40 M solution of n-BuLi in hexane (0.66 mL,

0.922 mrnol) dropwise and the resulting solution was stirred for 25 minutes. A precipitate was
observed to be formed afler n-BuLi was added. Next a 1.0 M solution of Et2AlCI (0.68 mL, 0.675
mmol) was added to the reaction mixture and the flask was placed in a -40 O C bath. AAer 30 min the

flask was placed in a -78 O C bath and cooled for 10 min, &er which benzaldehyde (69 fi,0.675
rnrnol) was added dropwise and the resulting solution was stirred for an additional 15 minutes. An
aqueous saturated solution of W C 1 (1 mL) was added, d e r which a thick precipitate of Al salts

was formed. The mixture was then extracted with Et20 (3 x 15 mL), followed by washîng the
combined organic extracts with brine (15 mL). The organic layer was then dned over anhydrous
Na2S04,and concentrated in vacuo. The crude product was purified by silica gel chromatography

(gradient elution: hexane to 10V0to 20% to 50% EtOAchexane to neat EtOAc) to isolate in order of
elution: 106 mg (50% yield) of Bu&,

and a 10 mg mixture containing hemi-ketal91 (3% yield) and

addition adduct 110 (3% yield). Compound 110 was fomed in 10% de (de determined by Method
A, describeci in Section 2.3.2), with the major diastereomer possessing the

S configuration at the

carbinol carbon.
Experiment 16 (results reported in Table 12, enûy 12): To a cooled solution (-78 O C ) of 101
(200 mg, 0.361 rnmol) in hexane (5 mL) was added a 1.40 M solution of n-BuLi (0.39 rnL, 0.542

rnmol) dropwise and the resulting solution was s h e d for 25 minutes. A precipitate was observed to
be fonned after the addition of n-BuLi. Next a 1.O M solution Ti(O1Pr);CI (0.40 mL, 0.397 mmol)
was added to the reaction mixture and the flask was placed in a -40°C bath. A dark redlbrown

precipitate was observed to be formed &er the addition of Ti(O'Pr),CI. After allowing 30 min for
Li-Ti exchange to occur, the flask was placed in a -78 O C bath and cooled for 10 minutes after which
benzaldehyde (40 &, 0.397 m o l ) was added dropwise. The mixture appeared to tum to a darker

color during the addition of benzaldehyde, and che resuiting solution was then stirred for 15 minutes.

The reaction was then quenched with an aqueous saturated solution of NKCl (1 rnL) and the
mixture was brought to n. The mixture was then extracted with EtzO (3 x 15 mL), followed by

washing the combined organic extracts with brine (15 mL). The organic layer was then dried over

anhydrous Na2S04, and concentrated in vucuo. The cnide product was purified by silica gel
chromatography (gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc) to
isolate in order of elution: 110 mg (88% yield) of BwSn, and a 7 mg mixture containing hemi-ketal
91 (16% yield) and addition aââuct 110 (trace yield). Compound 110 was fonned in 75% de (de

detennined by Method A, descrîbed in Section 2.3.2), with the major diastereomer possessing the R
configuration at the carbinol carbon.
Experiment 17 (resuits reported in Scheme 43): To a cooled solution (-78 OC) of 101 (350

mg, 0.632 mmol) in hexane (1 2 mL) was added a 1.20 M solution of n-BuLi (0.79 mL,0.948 rnmol)
dropwise and the resulting solution was stirred for 25 minutes. MeûD (1 mL) was then added, and

the mixture was slowly warmed to rt. An aqueous saturated solution of W C 1 (1 mL) was added,
followed by extracting the mixture with Et20 (3 x 15 mL). The combined organic extracts were
washed with brine (15 mL), and the organic layer was then dried over h y d r o u s Na2S04, and
concentrated in vacuo. The crude product was purified by silica gel chromatography (gradient
elution: hexane to 10% to 20% to 50% EtOAc) to isolate in order of elution: 98 mg (55% yield) of

Bu4%, and a 62 mg mixture containing protonated product 118 (2% yield) and deuterated product
148 (35% yield) (6:94 ratio of 118:148).
Experiment 18 (result reported in Scheme 44): To a cooled solution (-78 OC) of 101 (300 mg,
0.542 mmol) in hexane (12 rnL) was added a 1.20 M solution of n-BuLi (0.68 mL, 0.813 mrnol)

dropwise and the resulting solution was stirred for 15 minutes. A precipitate was observed to be

formed after the addition of n-BuLi. Next a 1.O M solution Ti(O'Pr)3C\(0.40 mL, 0.397 mrnol) was
added to the reaction mixture and the flask was placed in a 4 0 OC bath. A dark redlbrown
prtxipitate was observed to be formed afler the addition of Ti(OtPr)iC1. Afier allowing 40 min for
Li-Ti exchange to occur, MeOD (1 mi,) was added dropwise, and the mimue was brought to rt.
Water was then added (5 mL),and the mixture was extracted with Et20 (2 x 15 mL). The organic
layer was then dried over anhyârous Na2S04,and concentrated in vacuo. The crude product was
purified by silica gel chromatography (gradient elution: hexane to 10% to 20% to 50%
EtOAdhexane) to isolate in order of elution: 109 mg (58% yield) of BuSn, a 36 mg mixture
containing protonated product 118 (5% yield) and deuterated product 148 (20% yield) (20:80 ratio of
118:148), and 6 mg (4% yield) of hemi-ketal91.

Experiment 19 (results reponed in Table 13, entry 1): To a cooled solution (-78 OC) of 101
(225 mg, 0.407 mmol) in hexane (5 mL) was added a 1.20 M solution of n-BuLi (0.5 1 mL, 0.61 1
rnrnol) dtopwise and the resulting solution was stirred for 25 minutes. Next a 1.0 M solution
Ti(OcR)3CI(0.45 mL, 0.448 mmol) was added to the reaction mixture and the flask was placed in a

-40 "C bath.

A dark redhrown precipitate was observed to be formed d e r the addition of

T~(o'P~)~cI.
After allowing 30 min for Li-Ti exchange to occur, benzaldehyde (46 pL, 0.448 mmol)
was added dropwise and the mixture was stirred for 1 h. The reaction was then quenched with

an

aqueous saturated solution of W C 1 (1 mL) and the mixture was brought to rt. The mixture was

then extracted with Et20 (3 x 15 mL), followed by washing the combined organic extracts with
water (2 x 15 mL). The organic layer was then dried over anhydrous Na2S04,and concentraied in
vacuo to obtain 250 mg of cmde material.

The crude product was purified by silica gel

chromatography (gradient elution: hexane to 10% to 20% to 50% EtOAcAiexane to neat EtOAc) to
isolate in order of elution: 97 mg (73% yield) of Bu,&, 28 mg (26% yield) of protonated by-product
118, 2 mg (2% yield) of hemi-ketal 91, and 11 mg of addition adduct 110 (7% yield). Compound
110 was formed in 40% de (de determined by Method B, described in Section 2.3.2), with the major

diastereomer possessing the R configuration at the carbinol carbon.
Experiment 20 (results presented in Table 13, entry 2): To a cooled solution (-78 OC) of 101
(240 mg, 0.434 m o l ) in hexane (5 mL) was added a 1.20 M solution of n-BuLi (0.54 mL, 0.651

mmol) âropwise and the resulting solution was stirred for 25 minutes. Next a 1.0 M solution
Ti(O'Pr)3Cl (0.45 mL, 0.448 mmol) was added to the reaction mixture and the flask was placed in a
-40 "C bath.

A ciark redhrown precipitate was observed to be formed after the addition of

Ti(OfPr)3C1. M e r allowing 30 min for Li-Ti exchange to occur, benzaidehyde (46 pL, 0.448 mmol)
was added dropwise and the mixture was placed in a O O C bath and stined for an additional I h. The

mixture was observed to mm to a bright yellow colour when wanned to O OC. nie reaction was then
quenched with an aqueous saturated solution of W C 1 (1 mL) and the mixture was brought to ri.
The mixture was then extracted with Et20 (3 x 15 mL), followed by washing the combined organic
extracts with water (2 x 15 mL).

The organic layer was then dned over anhydrous Na2SO4, and

concentrated in vacuo to obtain 265 mg of crude material. The cmde product was purified by silica
gel chromatography (gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc)
to isolate in order of elution: 98 mg (65% yield) of

Bu,&,

11 mg (10% yield) of protonated by-

product 118, 11 mg (1 0% yield) of hemi-ketal 91, and 8 mg of addition adduct 110 (5% yield).
Compound 110 was formed in 63% de (de determined by Method B, described in Section 2.3.2),
with the major diastereomer possessing the R configuration at the carbinol carbon.

Experiment 21 (results reported in Table 12, enûy 3): To a cooled solution (-78 O C ) of 101

(3 10 mg, 0.560 rnmol) in hexane (1 0 mL) was added a 1.20 M solution of n-BuLi (0.70 rnL, 0.840
mmol) dropwise and the resulting solution was s h e d for 30 minutes. Next a 1.0 M solution
Ti(O1Pr)&I (0.62 mL, 0.616 mmol) was added to the reaction mixture and the flask was placed in a
-40 OC bath. An orange precipitate formed initially dter the addition of Ti(OIPr)Fl, then quickly

turned to a dark greenhrown colour. M e r allowing 40 minutes for Li-Ti exchange to occur,

benzaldehyde (63 pL, 0.6 16 mmol) was added dropwise at -3 1 O C and the mixture was allowed to
reach rt. The mixture was observed to tum fiom a light yellow/green colour to a bnght yellow
colour, then to a light yellow colour when warmed to n. ARer stimng overnight, the reaction was
quenched with D20(4 mL), then filtered through a frit. The filmte was then diluted with H20(5

mL), and extracted with Et20 (3 x 15 mL). n i e organic layer was then dned over anhydrous
Na2S04,and concentrated in vacuo to obtain 325 mg of cade material. The cmde product was
purified by silica gel chromatography (gradient elution: hexane to 10%

CO

20% to 50%

EtOAchexane to neat EtOAc to 5% MeûWEtOAc) to isolate in order of elution: 114 mg (59%
yield) of Bu&

47 mg (32% yield) of protonated by-product 118, 10 mg (7% yield) of herni-ketal

91, and 10 mg of addition adduct 110 (5% yield). Compound 110 was formed in 50% de (de

determined by Method B, describeci in Section 2.3.2), with the major diastereomer possessing the R
confiigwation at the carbinol carbon.

Experiment 22 (results reported in Table 13, entry 4): To a cwled solution (-78 O C ) of 101
(280 mg, 0.506 mmol) in hexane (10 mL) was added a 1.70 M solution of n-BSi (0.45 rnL, 0.759

rnrnol) dropwise and the resulting solution was stirred for 20 minutes. Next a 1.0 M solution
Ti(O'Pr)3CI (0.56 mL, 0.557 mrnol) was added to the reaction mixture and the flask was placed in a
-40 O C bath. A yellow precipitate formed initiaily after the addition of Ti(O1Pr)3C1,then quickly

turned to a dark greedbrown colour. Mer allowing 40 minutes for Li-Ti exchange to occur, the
reaction was placed in a -78

OC,

and cooled for 10 minutes. Next, benzaldehyde (57 pL, 0.557

mmol) was added dropwise at -78

O C

and the mixture was allowed to reach -45

OC,

and stirred

ovemight. The mixture was observed to tum yellow when reaching -45 O C . Afier stirrhg ovemight,
the reaction mixture was observed to be pale yellow, and was quenched with MeOD (4 mL), then
fdtered through Celite. The filtrate was dned over anhydrous NaisOs, and concentrated in vacuo to
obtain 370 mg of cmde materiai. The crude product was purified by silica gel chrornaiography
(gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc to 5% MeOHEtOAc)

to isolate in order of elution: 99 mg (56% yield) of BuSn, 30 mg of a 39:61 mixture of protonated
product 118 (9% yield) to deuterated product 148 (13% yield), 8 mg (6% yield) of hemi-ketal 91,
and 6.5 mg of addition adduct 110 (4% yield).

Compound 110 was formed in 36% de (de

determined by Method B, described in Section 2.3.2), with the major diastereomer possessing the R
configuration at the carbinol carbon.
Experiment 23 (results reported in Table 12, enw 5): To a cwled solution (-78 OC) of 101
(1 80 mg, 0.325 m o l ) in hexane (1 0 mL) was added a 1.70 M solution of n-BuLi (0.29 mL, 0.488

mmol) dropwise and the resulting solution was stirred for 30 minutes. Next a 1.0 M solution
Ti(OtPr)3Cl (0.36 mL, 0.360 mmoi) was added

to the

reaction mixture and a yellow precipitate

formed. Mer allowing 5 minutes for Li-Ti exchange to occur, benzaldehyde (36 pi., 0.358 mmol)

was added dropwise and the mixture was allowed to reach -45 O C , and

stined ovemight. M e r

stlrring ovemight, the reaction mixture was observed to be pale yellow, and was quenched with

MeOD (4 mL), then filtered through Celite. The filtrate was dried over anhydrous Na2S04, and
concentrated in vacuo to obtain 240 mg of crude material. The crude product was purified by silica
gel chromatography (gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc
to 5% MeOWEtOAc) to isolate in order of elution: 62 mg (55% yield) o f BuSn, 14 mg of a 70:30
mixture of protonated product 118 (1 1% yield) to deuterated product 148 (5% yield), 5 mg (6%
yield) of hemi-ketal 91, and 17.9 mg of addition adduct 110 (15% yield). Compound 110 was
formed in 6% de (de determined by Method B, described in Section 2.3.2), with the major
diastereomer possessing the R confiiguration at the carbinol carbon.

Experirnent 24 (results presented in Table 12, entry 6): To a cooled solution (-78 OC) of 101
(260 mg, 0.469 mmol) in hexane (10 mL) was added a 1.56 M solution of n-BSi (0.45 mL. 0.705

mmol) dropwise and the resdting solution was stirred for 15 minutes. Next a 1.0 M solution
Ti(O'Pr)3CI (0.52 mL, 0.520 rnmol) was added to the reaction mixture and an orange precipitate
fonned. The reaction was then placed in a -60 O C bath and stirred for 10 minutes, and the precipitate
had tumed to a dark browdgreen colour by this time. Next, benzaldehyde (52 PL,0.516 mmol) was
added dropwise and the mixture was stirred at -55 O C for 1 h. The reaction mixture was observed to
stay the same colour, and was quenched with MeOD (4

mi,). The reaction mixture was brought to

rt, and H20 (5 mL) was added. The mixture was then filtered through Celite, and the aqueous layer
was separated. The organic layer was then dned over anhydrous Na2S04,and concentrated in vacuo.

n i e crude product was purifieci by silica gel chromatography (gradient elution: hexane to 10°'

IO

20% to 50% EtOAcnKxane to neat EtOAc to 5% MeOHEtOAc) to isolate in order of elution: 72

mg (44% yield) of BusSn, 59 mg of a 19:81 mixture of protonated product 118 (5% yield) to
deuterated product 148 (1

yield), 28 mg (24% yield) of hemi-ketal 91, and 12.8 mg of addition

adduct 110 (7% yield). Cornpound 110 was fonned in 26% de (de determined by Method B,
described in Section 2.3.2), with the major diastereomer possessing the R configuration at the
carbinol carbon,
Experiment 25 (results presented in Table 12, entry 7): F i a a 1 M solution of Ti(0'Pr)rClz
was prepared by mking equimoiar amounts of Ti(O'Pr)4 (3.72

mL, 12.5 mmol) and Tic4 (1 3 7 mL,

12.5 mmol) in hexane (19.9 mL) for 30 minutes. The experiment then continued as follows: To a

cooled solution (-78

OC)

of 101 (175 mg, 0.316 mrnol) in hexane (7 mL) was added a 1.50 M

solution of n-BSi (0.32 mL, 0.474 mmol) dropwise and the resulting solution was stirred for 20
minutes. Next, the 1.O M solution of Ti(O'Pr)zClz (0.35 mL, 0.350 mrnol) was added to the reaction
mixture and a dark brownlgreen precipitate fomed. The mixture was stirred for 5 minutes, and
benzaldehyde (35 pL, 0.348 mrnol) was added dropwise, and the mixture was stimd for 1-5 h. The
reaction mixture was observed to stay the same colour, and was quenched with MeOD (4 mL). The
reaction mixture was brought to rt, and then the mixture was filtered through Celite, and the filtrate
was concentrated in

VOCUO.

The crude pmduct was purified by silica gel chromatography (gradient

elution: hexane to 10% to 20% to 50% EtOAc/hexane to neat EtOAc to 5% MeOWEtOAc) to isolate
in order of elution: 25 mg of a 25:75 mixture of protonted product 118 (8% yield) to deuterated
product 148 (22% yield), and 45 mg of mixture consisting of herni-ketai 91 (17% yield) and of
addition adduct 110 (9% yield). Compound 110 was formed in 10% de (de determined by Method

B, described in Section 2.3.2), with the major diastereomer possessing the S configuration at the
carbinol carbon.
Experiment 26 (results presented in Table 13, entry 8): To a cooled solution (-60 93) of 101
(195 mg, 0.352 rnmol) in hexane (7 mL) was added a 1.50 M solution of n-BuLi in hexane (0.35 mL,
0.528 m o l ) dropwise and the resulting solution was stirred for 25 minutes. Next, Ti(O'Pr)4 (1 1 5

&, 0.387 m o l )

was added to the reaction mixture and a pale yellow precipitate formeci. The

reaction was then placed in a -40 O C bath and s t h d for 35 minutes. When warming the mixture to
40

OC,

the precipitate changed to an orange colour. Benzaldehyde (39

-

w,0.387 mmol) was then

added dropwise and the mixture was stined for 1.5 h. Quenching then occurred with MeOD (4 mL),
and the mixture was brought to rt. Filtration of the mixture then occumd through Celite and the
filtrate was concentrated in wacuo. The crude product was purified by silica gel chromatography
(gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc to 5% MeOHEtOAc)
to isolate in order of elution: 11 mg (13% yield) of hemi-ketal 91, and 3 mg of addition adduct 110

(2% yield). Compound 110 was fonned in 2% de (de determined by Method B, described in
Section 2.3.2), with the major diastereomer possessing the S configuration at the carbinol carbon.

Compound 110 was isolated as a thick synip in al1 experiments and exhibited the foilowing
characterization data: IR (neat film)3428 (O-Hstretch), 1 106 (C-0 stretch), 759, 702 cm"; 'H NMR
(benzylic S configuration diastereomer) 6 7.25-7.40 (m, 5H, Ar-H), 4.97 (dd, 1H,J = 3.1, 5.7 Hz,
Bn-H), 3.3-3.75 (m, 6H. OCH2 + OCH), 3.66 (s, 3H, 0CH3). 3.62 (s, 3H. OCH3), 3.53 (s, 3H,

0CH3), 3.40 (s, 3H, OCH,), 3.1-3.2 (m. lHTOCH), 2.95 (d, 1H, J = 9.5 Hz, OCH), 1.45 (s, 3H,
CCH,); 'HNMR (benzylic R configuration diastereomer) 6 7.25-7.40 (m, 5H, Ar-H), 4.87 (dd, lH,
J = 4.0,8.6 Hz, Bn-H), 3.2-3.7 (m, 6H,OCHz + OCH), 3.66 (s, 3H, 0CH3), 3.60 (s, 3H, OCHs), 3.53

(s, 3H, OC&), 3.37 (s, 3H, 0CH3), 3.14 (dd, lH, J

= 9.0,

9.9 Hz, OCH), 2.93 (d, lH, J = 9.5 Hz,

OCH), 1.44 (s, 3H, CCHI); I3cNMR (benzylic S configuration diastereomer) 6 140.8 (Ar-C), 128.3
(Ar-C), 127.7 (Ar-C), 126.1 (Ar-C), 100.3 (anomenc-C), 86.8 (OCH), 84.6 (OCH), 79.9 (OCH),

72.8 (WH), 7 1.2 (OCH), 70.8 (OCHz), 67.0 (WH2), 61.6 (OCH3), 60.6 (OCH3), 60.2 (OCH,),59.2
(OCH3), 20.8 (CCH3); I3cNMR (benzylic R configuration diastereomer) 6 140.4 (Ar-C), 128.4 (Ar-

C), 127.8 (Ar-c), 126.2 (Ar-c), 100.6 (anomeic-c), 86.8 (OCH), 84.6 (OCH),80.0 (WH), 72.9
(WH), 71.4 (OCH),71.2 (OC&), 67.0 (WHz), 61.5 (WH3), 60.7 @CH3), 60.3 (OCHI), 59.3

(OCHp), 20.9 (CCH3); MS (FAB) m/z 103.1 (100), 233.3 (M~OCH~CH(OH)P~,
7). Anal. Calcd for
C19H3&: C, 61.60; H,8.16 FOUO~:
C, 61.41; H,8.16.
Cornpourd 118 was f o d as a thick symp and exhibited the following spectral data: [aloz
=

'

+ 94.6 (c = 1.25, CHC13); IR (neat film) 2833, 1452, 1374, 1093 (C-O stretch), 957 cm-'; H

NMR 6 3.39-3.70 (m, 4H, OcHz + OCH), 3.64 (s, 3H, 0CH3), 3.60 (s, 3H, OCHI), 3.54 (s, 3H,
WH3), 3.41 (s, 3H, 0CH3), 3.22 (s, 3H, 0CH3), 3.15 (t, lH, J = 9.9 Hz, OCH),2.92 (d, lH, J = 9.5

Hz, OCH), 1.41 (s, 3H, CCH3); I3cN M R (75.47 MHz) 6 100.2 (anornetic-C), 86.5 (OCH), 84.8

(OCH),79.9 (OCH), 71.3 (OCH),71.1 (OCH2), 61.6 (OCH,), 60.7 (OCH3), 60.3 (OCH3), 59.3

-

(OCH3),47.9 (OCH3), 19.7 ( C a 3 ) ; MS (EI) mlz 88 (100), 101 (40), 155 (25), 233 (M'CH30, 2),

-

249 (W - CH,, OS), 263 (W l,2), 264 (M',
1), 265 (M*+ 1,2).

Compound 148 was formed as a thick synip and exhibited the following spectral data: [alD*
=

+ 100.3 (c = 1.75, CHC13); IR (neat film) 2833, 2160 (C-D stretch), 1450, 1374. 1092 (C-O

stretch), 958, 859 cm'';

'HNMR 6 3.39-3.70 (m, 4H, OCHI + OCH), 3.64 (s, 3H, 0CH3), 3.60 (s,

3H, 0CH3), 3.54 (s, 3H,0CH3), 3.41 (s, 3H, OCHI), 3.20 (3 lines (1 :1 :l), 2H, J = 1.5 Hz, 0CH2D),
3.15 (1, lH, J = 9.9 HZ. OCH), 2.92 (d, lH, J = 9.5 Hz, OCH), 1.41 (s, 3H,CCH3); I3cNMR (75.47

MHz)G 100.1 (anomeric-C), 86.5 (OCH),84.8 (OCH), 79.9 (OCH), 7 1.3 (OCH),71.1 (WH2),61.5
(OCHJ), 60.7 (OC&), 60.3 (OCH3), 59.3 (OCH3), 47.7 (3 lines, J = 22 Hz, 0CH2D), 19.7 (CCH3);
MS (EI) nt/r 88 (100), 101 (46), 155 (43), 232 (W - CHIDOH, O.2), 233 (M'
- CH2D0, 1), 250 (W
-CH3,0.09),264(W- 1, 1),265 (M',2),266(M'+ 1,2).

This unreported compound was prepared in 2 experimental procedures outlined below. Also
reported in this section is partial spectral data for protonated by-product 120.
Expenment 1 (results reported in Table 4, entry 2; Table 5, entry 15; Table 6, entry 5; and
Table 7, e n q 9): To a cooled solution (-60 O C ) of 103 (87 mg, 0.150 mmol) in Et20 (5 mL) was
added a solution of 1.30 M n-BuLi in hexane (0.23 mi,, 0.300 mmol) dropwise and the resulting
solution was stirred for I h. The reaction mixture tumed to a slight yellow colour during the

transmetdation. Benzaldehyde (46 pL, 0.450 mmol) was next added dropwise and the resulting
solution was stirred for an additional 30 min after which an aqueous solution of saturated N&CI (1

mL) was added. The aqueous layer

was then separated and extracted with Et20

(15 mi.). The

combined organic layers were then dried over anhydrous Na2S04, and concentrated in vacuo to
isolate 175 mg of crude material. The cmde product was purified by silica gel chromatography
(gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc) to isolate in order of
elution: 46 mg (88% yield) of BuSn, 17 mg (37% field) of protonated by-product 120, and 24 mg
(40% yield) of addition adduct 111. Compound 111 was fonned as a 1:1 mixture of diastereomers

(determined by Method B, described in Section 2.3.2).
Experiment 2 (results reported in Table 5, entry 16; and Table 7, entry 10): To a cooled
solution (-60 O C ) of 103 (72.5 mg, 0.125 mmol) in toluene (4 mL) was addeà a solution of 1.30 M n-

BuLi in hexane (0.1 9 mL, 0.249 rnmol) dropwise and the resulting solution was stirred for 65 Mn.
Benzaldehyde (38 pL+,0.375 m o l ) was next added dropwise and the resulting solution was stirred
for an additional 45 min after which an aquwous solution of saturated N i t C l (1 mL)was added. The
aqueous layer was then separated and extracted with Et20 (15 mL). The combined organic layers
were then dried over anhydrous Na2S04,and concentrated in vacuo. The crude product was purified
by silica gel chromatography (gradient elution: hexane to 10% to 20Y0 to 50% EtOAcIhexane to neat

EtOAc) to isolate in order of elution: 34 mg (78% yield) of BusSn, 11 mg (15% yield) of recovered
starting material 103, and 33 mg (66% yield) of addition adduct 111. Compound 111 was fonned as

a 1:1 mixture of diastereomers (determined by Method B, described in Section 2.3.2).
Compound 111 was formed as a thick symp in both expenments and exhibited the following
characterization data: iR (neat film) 3426 (O-H stretch), 2833, 1068 (C-O stretch), 1030 (C-O
stretch), 760, 702 cm-';1 H NMR 6 7.2-7.4 (m, SH,Ar-H), 5.03 (dd, IH, J = 3.8, 8.1 Hz, Bn-H),
4.90' (dd, 1H, J = 3.5, 8.9 Hz, Bn-H),3.4-3.8 (m,6H,OcHz + OCH), 3.66 (s, 3H. OCH3), 3.65'
3H, 0CH3), 3.60 (s, 3H, 0CH3), 3.57'

(S.

(S.

3H, 0CH3), 3.53 (s, 3H. 0CH3), 3.52' (s, 3H, OCH3), 3.40

(s, 3H, OCHI), 3.37' (s, 3H, 0CH3), 3.20-3.27 (m,lH, OCH), 2.97-3.08 (m,lH, OCH), 2.07 (spt, lH,
J = 7.0

Hz, CH(CH3h), 1.O8 (d, 3H, J

CH(C&)(CH3)), 1.O2 (d, 3H, J = 6.9

=

7.2 HZ, CH(Cb)(CH3)), 1.O6 (d, 3H, J = 7.2 Hz,

CH(CH3)(C&)), 1.O0 (d, 3H, J = 6.9 HZ, CH(CHi)(C&));

i3

C NMR 6 141.1' (Ar-C), 140.9 (Ar-C), 128.3 (Ar-C), 128.2' (Ar-C), 127.6 (Ar-C), 126.2' (Ar-C),

127.6 (Ar-C), 126.2 (Ar-C), 126.1' (Ar-C), 102.8' (anomeric-c), 102.6 (anomenc-C), 85.8 (OCH),

81.5 (OCH), 81.4' (OCH),80.1 (OCH),80.1' (OCH), 73.0' (OCH), 72.8 (OCH), 71.7 ( 0 0 ,
71.5'

(OCH),71-4 (OCH),71-0' (OCHÎ),
65.9' (OCHI), 65.7 (OC&), 60.6 (OCH3), 60.3' (WH3), 60.1
(OCH3), 60.0 (OC&), 59.4 (OCH3), 59.3' (OCHI), 32.7' (CH(C&h), 32.5 (CH(CH3h), 18.1
(CH(CH3)(CH3)),

17.1' (CH(CH3)(CH3)), 17.0

(CH(CH&H3));

MS

d

26 1

(M'+-

0CH2CH(OH)Ph, 87), 42 1 ('M++ Na', 100). Anai. Calcd for CziH340~:C, 63.30; H, 8.60. Found:

C, 63.19; H, 8.87.

Protonated by-product 120 was fomed as a thick symp and exhibited the following spectral
data: 'HN M R S 3.15-3.69 (m,5H, OCH2 + OCH),3.64 (s, 3H,0CH3), 3.58 (s, 3H,OCHI), 3.54 (s,
3H, 0CH3), 3.40 (s, 3H, 0CH3), 3.22 (s, 3H, OCH3), 3.02 (dd, 1H, J = 9.2,9.9 HZ, OCH), 2.14 (spt,

lH,J = 7.1 HZ,CH(CH3h), 1.04(t, 6H,J = 7.1 H z , CH(C&)2).

OMe

This unreported compound was prepared in 4 experimental procedures outlined below.
Expriment 1 (results reported in Table 4, entry 3; Table 5, entry 18; and Table 7, entry 12):
To a cooled solution (-60 O C ) of 104 (1 04 mg, 0.175 mmol) in Et20 (10 mL)was added a solution of
1.30 M n-BuLi in hexane (0.27 mL, 0.349 rnmol) dropwise and the resulting solution was stirred for
105 min. Benzaldehyde (53 pL, 0.527 mmol) was next added dropwise and the resulting solution
was stirred for an additional 30 min afier which an aqueous solution of saturated NH&I

(5 mL) was

added followed by H20 (5 mi.).The aqueous layer was then separated and extractecl with Et20 (20

d).
The combined organic layers were then dried over anhydrous Na2SOd, and concentrated in
van«>. The crude product was purified by silica gel chromatography (gradient elution: hexane to

10% to 20% to 50% EtOAchexane to neat EtOAc) to isolate in order of elution: 52 mg (86% yield)

of BmSn, and 69 mg (96% yield) of addition acîduct 112. Compound 112 was formed in 2% de (de
detemiined by Method A, described in Section 2.3.2), with the major diastereomer possessing the R
configuration at the carbinol carbon.
Experiment 2 (results reported in Table 5, entry 17; and Table 7, entry Il): To a cooled
solution (-60 OC) of 104 (503 mg, 0.845 mmol) in THF (20 mL) was added a solution of 1.30 M nBuLi in hexane (1.30 mL, 1.69 mmol) dropwise and the resulting solution was stirred for 65
minutes. Benzaldehyde (258 pL, 2.54 mmol) was next added dropwise and the resulting solution
was stirred for an additional 40 min afler which an aqwous solution of saturated NH&I (1 rnL) was

added. The aqueous layer was then separated and extracted with Et20 (15 mL). The combined
organic layen were then dried over anhydrous Na2S04,and concentrated in vacuo to isolate 0.9 g of
crude material. The crude product was purified by silica gel chromatography (gradient elution:
hexane to 10% to 20% to 50% EtOAclhexane to neat EtOAc) to isolate in order of elution: 261 mg
(89% yield) of B U n , and 276 mg (79% yield) of addition adduct 112. Compound 112 was fomed

as a 1:1 mixture of diastereomers (determined by Method B, described in Section 2.3.2).
Experiment 3 (results reported in Table 5, entry 19; Table 6, entry 6; and Table 7, entry 13):
To a cooled solution (-60 O C ) of 104 (101 mg, 0.1 70 mmol) in toluene (10 mL)was added a solution
of 1.30 M n-BuLi in hexane (0.26 mL, 0.340 mmol) dropwise and the resulting solution was drred
for 90 minutes. Benzaldehyde (52 pL, 0.510 mmol) was next added dropwise and the resulting
solution was M

d for an additional 30 min afler which an aqueous solution of saturated N&CI (5

mL) was added. The aqueous layer was then separated and extracted with Et20 (15 mL). The
combined organic layers were then dried over anhydrous Na2S04, and concentrated in vucuo to

isolate 140 mg of crude matend. The crude product was purified by silica gel chromatography

(gradient elution: hexane to 10% to 20% to 50% EtOAchexane to neat EtOAc) to isolate in order of
elution: 32 mg (54% yield) of BuSn, 2 1 mg (4 1% yield) of hemi-ketal94, and 13 mg (1 9%yield) of
addition product 112. Compound 112 was fonned in 30% de (de determined by Method A,
described in Section 2.3.2), with the major diastereomer possessing the S configuration at the
carbinol carbon.
Experiment 4 (results reported in Table 5, entry 20; and Table 7, entry 14): To a cwled
solution (-60 O C ) of 104 (96 mg, 0.161 m o l ) in hexane (1 0 mL) was added a solution of 1.30 M nBuLi in hexane (0.25 mL, 0.322 rnrnol) dropwise and the resulting solution was stirred for 90
minutes. Berizaldehyde (49 pL, 0.483 m o l ) was next added dropwise and the resulting solution
was stirred for an additional 30 min, after which an aqueous solution of satwated NaHCO3 (5 rnL)
was added, followed by

HzO(5 mL). The aqueous layer was then separated and extracted with Et20

(20 mL). The combined organic layers were then dried over anhydrous Na2S04,and concentrated in
vacuo to isolate 150 mg of crude material.

The cnide product was purified by silica gel

chromatography (gradient elution: hexane to 10% to 20% to 50% EtOAc/hexane to neat EtOAc) to
isolate in order of elution: 50 mg (89% yield) of BuSn, and 41 mg (62% yield) of addition product
112. Compound 112 was Îonned as a 1:1 diastereomeric mixture (determined by Method A,

described in Section 2.3.2).

Compound 112 was formed as a thick symp in al1 experirnents and exhibited the following
characterization data (refers to sample derived from Experiment 1): IR (neat film) 3421 (O-H
stretch), 2833, 1092 (C-O stretch), 758, 733, 702 cm"; 'H NMR 6 7.25-7.45 (m,SH,Ar-H), 5.03'
(dd, lH, J

= 3.0,

9.0 Hz, Bn-H), 4.85 (dd, SH,J = 3.3, 8.8 Hz, Bn-H), 3.88' (ddd, lH, J = 1.8, 4.4,

10.2 Hz, CH30CH2CHO), 3.25-3.75 (m,6H, OCHl + OCH), 3.66 (s, 3H, 0CH3), 3.65' (s, 3H,
0CH3), 3.60 (s, 3H, 0CH3), 3.54 (s, 3H, OC&), 3.42' (s, 3H,0CH3), 3.39 (s, 3H, OC&), 3.32' (d,

lH, J = 8.5 Hz, OCH), 3.30 (d, lH, J =9.2 Hz. OCH), 3.0g0(t, 1H, J = 9.6 Hz, OCH), 3.04 (t, IH, J
= 9.6

HZ,OCH), 1.09'

(s, 9H, C(C&)3), 1.08 (s, 9H, C(C&)3);

"C NMR 6 141.8' (Ara), 141.0

(Ar-C), 128.0' (Ar-C), 127.9 (Ar-C), 127.2' (Ar-C), 127.2 (Ar-C), 126.0' (Ar-C), 125.9 (Ar-C),
103.1 ' (anomeric-C), 102.8 (anorneri&), 85.9' (OCH), 85.7 (OCH), 83.5 (OCH),83.2' (OCH),

79.9 (OCH), 73.3' (OCH),73.1 (OCH), 72.2 ( 0 0 ,
71.3 (OCH?), 71.2' (OCH2), 69.1' (OCH2),
68.7 (OCHz), 60.1 (OCH,),59.7 (OCH3), 59.6' (OC&), 59.5 (OCH3), 59.4' (OC&), 59.3 (OCH3),

59.2' (OCHi), 39.3 (C(CH3)3),39.2' (C(CH3)i), 27.4 (C(CH3)3);MS m/t 275 (W-0CH2CH(OH)Ph,

100). Anal. Calcd for CzzH3&: C, 64.09; H, 8.80. Found: C, 63.%; H. 8.80.

OMe

This unreported compound was prepared by Sn-Li exchange of 105, followed by trapping
with benzaldehyde. Reactions were conducted in Et20 (results presented in Table 4, entry 4; Table

5, entry 21 ;Table 6, entry 7; and Table 7, entry 19, toluene (results presented in Table 5, entq 22;

and Table 7, entry 16), or hexane (results presented in Table 5, entry 23; and Table 7, entq 17). A
representative procedure (reaction conducted in toluene) is included below.

To a cooled solution (60OC) of 105 (617 mg, 0.927 mmol) in toluene (20 mL) was added a
solution of 1.30 M n-BuLi in hexane (1.43 mL, 1.85 mmol) dropwise and the resulting solution was

stirred for 65 minutes. Benzaldehyde (283 pL, 2.78 m o l ) was next added dropwise and the
resdting solution was stirred foi an additional 40 min, &er which an aqueous solution of saturated
NH&l ( 5 mL) was added. The aqueous layer was then separated and extracted with Et20 (20 mL).

The combined organic layers were then dned over anhydrous Na2SOd,and concentrated in vacuo to
isolate 1.1 g of crude material. The cmde product was purified by silica gel chromatography
(gradient elution: hexane to 20% to 30% to 40% EtOAchexane to neat EtOAc) to isolate in order of
elution: 156 mg (48% yield) of BuSn, and 202 mg (53% yield) of addition adduct 113. Compound
113 was formed in 12% de (de detennined by Method C, described in Section 2.3.2;

HPLC solvent

system and retention times: 5% 'PrOWhexane, 5.98 min (S), 6.96 min (R)), with the major

diastereomer possessing the S configurationat the carbinol carbon.

Compound 113 was formed as a thick symp in al1 experiments and exhibited the following
characterization data (sample fiom the reaction conducted in toluene): IR (neat film)3422 (O-H
stretch), 1 106 (C-0 stretch), 1070 (C-0 stretch), 807,78 1,760,70 1 cm";

'H NMR 6 8.8-9.1 (br, 1H,

Ar-H), 7.75-7.95 (m, 3H, Ar-H), 7.1-7.6 (m,8H, Ar-H), 5.05-5.15 (br, lH, Bn-H), 5.0' (m, IH,Bn(rn, 8H, OCHI + OCH), 3.70 (s, 3H, 0CH3), 3.69' (s, 3H,

H), 3.9-4.0' (m, 1HTOCH), 2.9-3.85

O W ) , 3.63 (s, 3H, OC&), 3.62' (s, 3H, 0CH3), 3.48 (s, 3H, 0CH3), 3.46' (s, 3H, OC&), 2.76 (S.

3H, 0CH3), 2.73'(s, 3H, 0CH3);

13

C NMR6140.9 (Ar-C), 139.7 (br, A&),

137.1 (br, Ar-C),

134.3 (br, Ar-C), 13 1.1 (Ar-C), 13 1 .O' (Ar-C), 130.4 (br, Ar-C), 129.6 (br, Ar-C), 128.3' (br, Ar-C),

128.0 (Ar-C), 127.4' (Ar-C), 127.4 (Ar-C), 126.9' (br, Ar-C), 126.2' (Ar-C), 125.9 (Ar-C), 125.8
(Ar<), 125.7' (Ar-C), 125.4 (br, Ar-C), 125.1 (Ar-C), 124.7' (Ar-C), 102.4' (br, anorneric-C), 98.9
(anomenc-C), 89.2' (br,

OCH), 86.9 (br, OCH), 85.6 ( 0 0 , 85.2' (OCH), 84.7 (OCH),79.5

(OCH), 72.8 (OCH), 72.7' (OCH), 72.0' (br, OCH),71.2 (br, OCHI), 67.3' (OCHI), 67.0 (OCHI),
60-9' (OCHI), 60.8 (OC&), 60.6 (OCHJ), 60.1' (OCH3), 60.0 (OC&), 59.3' (OC&), 59.2 (OC&);

MS ni/r 345 (M'-OCH~CH(OH)P~,
100). Anal. Calcd for C2BH3&: C, 69.69; H, 7.10. Found: C,
69.31; H, 7.10.

OMe

This unreported compound was prepared by Sn-Li exchange of 106, and trapping with
benzaldehyde. Reactions were conducted in Et20 (results presented in Table 4, enûy 5; Table 5,
entry 25; and Table 7, entry 19), THF (results presented in Table 5, entry 24; and Table 7. enw 18).
toluene (results presented in Table 5, entry 26; and Table 7, entry 20), or hexane (results presented in
Table 5, entry 27; and Table 7, entry 21). A representative procedure (reaction conducted in Et20) is
included below.

To a cooled solution (-60 O C ) of 106 (120 mg, 0.180 mmol) in Et20 (5 mL) was aûded a
solution of 1.30 M n-BuLi in hexane (0.28 mL,0.360 mrnol) dropwise and the resulting solution was
stirred for 50 minutes. Benzaldehyde (55 pL, 0.540 mmol) was next added dropwise and the
resulting solution was stirred for an additional 20 min, d e r which an aqueous solution of saturated
N h C l (1 mL) was added. The aqueous layer was then separated and extracteci with Et20 (10 mL).
The combined organic layers were then dned over anhydrous Na2S04, and concentrated in vucuo to
isolate 190 mg of crude material. The crude product was purified by silica gel chromatography
(gradient elution: hexane to 200/0 EtOAckxane to neat EtOAc) to isolate in order of elution: 55 mg

(88% yield) of BySn, and 70 mg (97% yield) of addition adduct 114. Cornpound 114 was formed

in 36% de (de determined by Method C, descnbed in Section 2.3.2; HPLC solvent system and
retention times: 5% '~rOHhexane,retention times: 6.31 min

(8,
6.98 min (R)),

with the major

diastereomer possessing the S configuration at the carbinol carbon.
Cornpound 114 was formed as a thick synip in al1 experirnents and exhibited the followùig
charactenuition data: iR (neat film) 3424 (O-H stretch), 1 100 (C-0 stretch), 755, 733, 702 cm-'; 'H

NMR 6 8.08 (br, lH,Ar-H), 7.7-7.95 (m, 4H, Ar-H), 7.4-7.5 (m, 2H, Ar-H), 7.15-7.35 (m, SH,ArH), 5-06 (dd, lH, J = 5.2, 6.7 Hz, Bn-H), 4.97' (dd,

lH,J = 3.4, 9.0 Hz, Bn-H), 3.98 (ddd, IH, J =

2.0, 4.2, 10.1 Hz, CHIOCHICHO), 3.2-3.85 (m, 6H, 0CH2 + OCH), 3.70 (s, 3H, OCH,), 3.69'

(S.

3H, OCHI), 3.61' (s, 3H, OCHI), 3.60 (s, 3H, 0CH3), 3.52 (s, 3H,0CH3), 3.49' (s, 3H, 0CH3), 3.12
(s, 3H.0CH3), 3.08'(s, 3H,0CH3),3.00(d, IH, b 9 . 5 Hz,OCH),2.98'(d,

IH, P 9 . 5 HtOCH);
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C NMR 6 140.9 (Gr-C), 140.7' (Ar-C), 136.0 (Ar-C), 135.7' (Ar-C), 133.0 (Ar-C), 132.9'(Ar-C),

128.~'(Ar-C),
128.4 (Ar-C), 128.1 (Ar-C), 127.5' (Ar-C), 127.5 (Ar-C), 127.4' (Ar-C), 127.3 (Ar-

c), 126.6'

(Ar-c), 126.5 (Ar-c), 126.2 (Ar-c), 126.0 (Ar-c), 125.8 (Ar-c), 125.7' (Ar-c), 125.0'

(Ar-C), 124.9 (Ar-C), 100.6' (anomeric-C), 100.4 (anorneric-C), 87.8

(OCH).85.0 (OCH), 84.9'

(OCH),79.9' (OCH), 79.8 (WH), 72.8 (WH), 71.9 (OCH2), 71.4 (OCH2), 67.6 (OC&), 61.4
(OCh), 61 -3' (OCHI), 60.7 (OCH3),60.2' (OCH3), 60.1 (OCHI), 59.4' (OCH3), 59.3 (OCH3); MS
345 ( ~ - O C H ~ C H ( O H ) P100),
~ , 505 (M + Na+, 14). Anal. Calcd for C28H3&7:C, 69.69;H,

7.10. Found: C, 69.43;H, 7.3 1.

OMe

This unreported compound

was prepared by S n 4 exchange of 102, and trapping with

b e d d e h y d e . Reactions were conducted in EtzO (results presented in Table 4, entry 6; Table 5,
entry 6; and Table 7, entry 6),

THF (results presented in Table 5, entry 5; and Table 7, entry S),

CHzClz (result presented in Table 5, entry 7), toluene (results presented in Table 5, enay 8; and
Table 7,entry 7), or hexane (results presented in Table 5, entries 9-14; Table 6, en.

4; and Table 7.

entry 8). A representative procedure (reaction conducted in Et20) is included below.
To a cooled solution (-60OC) of 102 (162 mg, 0.263 mmol) in Et20 (10 mL) was added a
solution of 1.50 M n-BuLi in hexane (0.35 mL, 0.526 mmol) dropwise and the resulting solution was
stirred for 80 minutes. Benzaldehyde (59 pL, 0.579 mmol) was next added dropwise and the
resulting solution was stirred for an additional 30 min, fier which an aqeous solution of saturated
N h C l (1 mL) was added. The aqueous layer was then separated and extracted with Et20 (10 mL).
The combined organic layers were then dried over anhydrous Na2SOd, and concentrated in vucuo.
The crude product was purifed by silica gel chromatography (gradient elution: hexane to 100/o to

50% to 75% EtOAchexane) to isolate in order of elution: 74 mg (8 1% yield) of BwSn, and 90 mg
(79% yield) of addition adduct IlS. Compound 115 was formed in 34% de (de determined by

Method A, described in Section 2.3.2), with the major diastemmer possessing the S configuration at

the carbinol carbon. HPLC analysis of this compoimd (i.e. different samples) was aiso possible by

Method C, describeci in Section 2.3.2; solvent system and retention times: 5% 'PrOHhexane: 5.47

min (S),6.32 min (R).
Compound 115 was formed as a thick symp in al1 experiments and exhibited the following
characterization &ta: IR (neat film)3424 (O-H snetch), 2834, 1094 (C-O stretch), 763, 703 cm";
1

H NMR 6 7.58-7.62 (m, 2H, Ar-H), 7.2-7.4 ( m 8H, Ar-H), 5.02 (dd, 1H, J

4.94' (dd, 1H, J

=

3.5, 9.0 Hz, Bn-H), 3.92 (ddd, 1H,J

= 2.0,

= 5.1,

6.9 Hz,Bn-H),

4.2, 10.1 Hz, CH30CH2CHO),3.0-

3.75 (m, 6H, OCH2 + OCH), 3.69 (s, 3H.0CH3), 3.59' (s, 3H, 0CH3), 3.58 (s, 3H, OCHI), 3.47 (S.

3H, OCHI), 3.45' (s, 3H, OCHI), 3.13 (s, 3H, OCH3), 3.10' (s, 3H,OCH3), 2.91 (d, lH, J = 9.5 HZ,
OCH), 2.89' (d, lH,J = 9.5 Hz, OCH); I3cNMR 6 141.0 (Ar-C), 140.8' (Ar-C), 138.3 (Ar-C),
137.9' (At-C), 128.0 (Ar-C), 127.8 (Ar-C), 127.4' (Ar-C), 127.4' (Ar-C), 127.1 (Ar-C), 127.0 (Ar-

c), 126.1 (Ar-c), 125.9 (Ar-c), 100.4' (anomenc-c), 100.2 (anomeric-c), 87.6 (OCH), 84.7 (OCH).
84.7' (OCH), 79.6 (OCH), 72.7 (OCH),72.6' (OCH), 71.7' (OCHÎ).71.2 (OCHI), 67.4 (OCHI),
61.4 (OCHJ), 61.3' (OcHi), 60.6' (OCH3),60.6 (OCH3), 60.1' (OCH3), 60.1 (OCH,),59.4' (OCH3),
59.2 (OCHI); MS m / t 295.1 (M-0CH2CH(OH)Ph, 81), 263.1 (34), 185.1 (47), 121.O (5 l), 105.0
(100). Anal. Calcd for C24&07: C , 66.65; H, 7.46. Found: C, 66.39; H, 7.46.

2.3.31 I -Phenyl-2-[(2R,3S,4S,5R,6R)-3,4,5-trimethoxy-6-(methoxymethyk''-2-(4methonyphenyl)te1rahydro-2H-2-pyt~nyl]o1e h a n 116

This unreported compound was prepared by Sn-Li exchange of 107, and trapping with
benzaldehyde, or by Sn-Li exchange of 107, followed by Li-Mg or Li-Zn exchange, followed by
trapping with benzaldehyde. Reactions of the organolithium species with benzaldehyde were
conducted in Et20 (results presented in Table 4, entry 7; Table 5, enûy 29; and Table 7, entry 23),

THF (results presented in Table 5, entry 28; and Table 7, entry 22), toluene (results presented in
Table 5, entry 30; and Table 7, entry 24). or hexane (results presented in Table 5, entry 31; and
Table 7, entry 25). Reactions of the organomagnesium species with benzaldehyde were conducted
in 'THF (results presented in Table 12, entry 13), Et20 (results presented in Table 12, entry 14),
toluene (results presented in Table 12, entry 1S), and hexane (results presented in Table 12, entry
16). Reactions of the organozinc species with benzaidehyde were conducted in Et20 (results
presented in Table 12, entry 17) and hexane (results presented in Table 12, entry 18). Representative
procedures are included below. Spectral data for unreported protonated by-product 147 is also
presented in this section.
Reaction of the organolithium species with benzaldehyde (reaction conducted in Et20): To a

cwled solution (-60 O C ) of 107 (13 1 mg, 0.203 rnmol) in Et20 (5 mL) was added a solution of 1.60

M n-BuLi in hexane (0.25 mL, 0.406 m o l ) dropwise and the resulting solution was stirred for 1 h.

Benzaldehyde (62 pL, 0.609 mrnol) was next added dropwise and the resulting solution was stirred
for an additional 30 min,after which an aqueous solution of satwated N&Cl(I mL)was added. The
aqueous layer was then separated and extracted with EtzO (10 mL). The combined organic layers
were then dried over anhyârous NazS04,and concentrated in vacuo. The crude product was purified
by silica gel chromatography (gradient elution: hexane to 10% to 50% to 75% EtOAc/hexane to neat

EtOAc) to isolate in order of elution: 62 mg (88% yield) of B G n , and 75 mg (8W yield) of
addition adduct 116. Compound 116 was formed in 34% de (de determined by Method D, described

in Section 2.3.2: solvent system and retention times: 1% 'PrOWhexane, retention times: 19.32 min

(R), 21.53 min (S)), with the major diastereomer possessing the S ~ o ~ g u r a t i oatn the carbinol
carbon.

Reaction of the organomagnesium species with benzaldehyde (reaction conducted in
toluene): To a cooled solution (-78 O C ) of 107 (122 mg, 0.189 mmol) in toluene (5 mL) was added a
solution of 1.60 M n-BuLi in hexane (0.24 rnL, 0.378 mmol) dropwise and the resulting solution was
stinrd for 1 h. Next a 1.O M solution of freshly generated M ~ B ~ * . ( o E ~(0.42
~ ) ~ 'mL, 0.4 16 mrnol)
was added to the reaction mixture and the flask was placed in a -40 O C bath. Afier 30 min the
was

Bask

placed in a -78 O C bath and cooled for 10 minutes after which benzaldehyde (58 PL, 0.567

mmol) was added dropwise and the resuiting solution was airred for an additional 30 minutes. An
aqueous saturated solution of NhCl (1 mL) was added, and the aqueous layer was then separated,
and extrafted with Et20 (10 mL). The combined organic layers were then dried over anhydrous
Na2S04,and concentrated in vacuu. The crude product was purified by silica gel chromatography

(gradient elution: hexane to 10% to 50% to 75% EtOAchexane to neat EtOAc) to isolate in order of
elution: 36 mg (55% yield) of BwSn, 16 mg (24% yield) of protonated by-product 147, and 6 mg
(7% yield) of addition adduct 116. Compound 116 was formed in 38% de (de detennined by

Method D, described in Section 2.3.2: solvent system and retention times: 1% ' ~ r ~ ~ h e x a n e ,
retention times: 19.32 min (R), 215 3 min (S)), with the major diastereomer possessing the S
configuration at the carbinol carbon.
Reaction of the organozinc species with benzaldehyde (reaction conducted in hexane): To a
cooki solution (-60°C) of 107 (1 21 mg, 0.187 mmol) was added a 1.15 M solution of n-BuLi in
hexane (0.33 mL, 0.374 mmol) dropwise and the resulting solution was stirred for 1 h. Next

'

(1 15 mg, 0.468 mmol) was added to the reaction mixture and the flask was placed
ZIIC~~.TMEDA~

in a -40 O C bath. A light pink precipitate formed afler the addition of ZnC12.TMEDA that tumed
gradually darker as the Li-Zn exchange progressed. Mer 15 min the flask was placed in a -78 O C
bath and cooled for 10 min &er which benzaldehyde (60 fi,OS6 1 rnmol) was added dropwise and
the resulting solution was stirred for an additional 30 min. An aqueous sanirated solution of N h C I

(1 mL) was added, and the aqueous layer was then separated, and extracted with Et20 (10 mL). The
combined organic layers were then dried over anhydrous Na2SOd, and concentrated in vacuo. The
crude product was purified by silica gel chromatography (gradient elution: hexane to 10% to 50% to

75% EtOAchexane to neat EtOAc) to isolate in order of elution: 30 mg (46% yield) of BuSn, and a
24 mg mixture of hemi-ketal by-product 97 (7% yield) and addition adduct 116 (22% yield).

Compound 116 was formed as a 1:1 diastereomeric mixture (de determined by Method B, described
in Section 2.3.2).
Compound 116 (diastereorneric mixture with the S configuration of carbinol carbon in
excess), was formed as a thick symp in al1 experirnents and exhibited the following characterization

data: IR (neat film) 34 17 (O-Hstretch), 2835, 1O96 (C-O stretch), 837, 702 cm";

'H NMR 6 7.5 1

(d, 2H, J = 8.7 Hz,m-Ph-H),7.15-7.4 (m, 5H,Ar-H), 6.87 (d, 2H, J = 8.7 Hz, O-Ph-H), 5.00 (dd, 1H,
J = 4.0, 7.9 HL, Bn-H), 4.93' (dà, lH, J = 3.5,9.1 Hz, Bn-H), 3.1-4.0 (m,7H), 3.80 (s, 3H, WH3),

3.68 (s, 3H, OCH3), 3.67' (s, 3H, OCH3), 3.58 (s, 3H,0CH3), 3.46 (s, 3H, OC&), 3.44' (s, 3H,
OcHi), 3.17 (s, 3H, OCHI), 3.13' (s, 3H, OCHI), 2.89 (d, IH,J = 9.6 Hz, OCH), 2.87' (d, 1H, J
9.5 Hz, OCH);

=

13

C N M R 6 159.3 (Ar-C), 141.1 (Ar-C), 140.8'(Ar-C), 130.5 (Ar-C), 130.1m(Ar-C),

128.4' (Ai-C), 128.3 (Ar-C), 128.0 (Ar-C), 127.4' (Ar-C), 127.3 (Ar-C), 126.1 ' (Ar-C), 125.9 (Ar-

c), 113.2'

(Ar-c), 1 13.1 (Ar-c), 100.3' (anorneric-c), 100.2 (anorneric-c), 87.8 (OCH), 84.7

(OCH), 79.8' (OCH),79.7 (OCH), 72.6 (OCH),72.6' (OCH),71.7 (OCH),71.6' (WH), 71.3

(OCH*), 71.2' (OCHz), 67.3 (OCHz), 61.3 (WH3), 61.2' (OCH3), 60.5' (OCH3), 60.5 @CH3),
60.0' @CH3), 59.9 @CH3), 59.3' @CH3), 59.2 @CH3), 54.9 (OCHI); MS

m/;

325 (W-

OCH2CH(OH)Ph, 1OO), 485 (M + ~ a +42).
, Anal. Calcd for C25H3408:
C, 64.92; H. 7.41. Found: C,
65.02; H, 7.53.

Protonated by-product 147: (ZR,3$4S,SR,6R)-2,3,4,5-Tetramethoxy-6-(yi)-2-

(4-methoxypheny1)tetrahydro-2HOpyran,was formed as a thick synip and exhibited the following
spectral data: 'HNMR 6 7.42-7.57 W X X ' , ZH,m-Ph-H),6.83-6.98 ( A A Z , ZH,rn-Ph-H), 3.82

(s, 3H, 0CH3), 3.55-3.79 (m, 4H, OCH + 0CH2), 3.65 (s, 3H, 0CH3), 3.59 (s, 3H, 0CH3), 3.48 (s,
3H, 0CH3), 3.24 (dd, lH, J
1H, OCH, J = 9.5 Hz).

= 9.2,

9.7 Hz, OCH), 3.12 (s, 3H, 0CH3), 3.08 (s, 3H, 0CH3), 2.86 (d,

OMe

To a cooled solution (-78 O C ) of 108 (153 mg, 0.224 rnmol) in EtzO (5 mL) was added a
solution of 1.41 M n-BuLi in hexane (0.32 rnL, 0.448 m o l ) dropwise and the resulting solution was
stirred for 1 h. Benzaldehyde (68 pi,, 0.672 mmol) was next added dropmise and the resulting

solution was stirred for an additional 20 min, after which an aqueous solution of sanirated N h C l ( 1
mL) was added. The aqueous layer was then separated and exriacted with Et20 (10 mL). The

combined organic layers were then dned over anhydrous Na2S04, and concentrated in vacuo. The
cnide product was purified by silica gel chromatography (pdient elution: hexane to 20% to 50% to
60% EtOAchexane) to isolate 75 mg (67% yield) of addition adduct 116. Compound 116 was

fonned in 35% de (de deterrnined by Methcd B), with the major diastereomer possessing the S
conf~gurationat the carbinol carbon.
Compound 116 was fomed as a thick symp and exhibited the following charactenzation
data: IR (neat film) 3422 (O-H stretch), 2836, 1082 (C-O stretch), I O00 (C-0 stretch), 760,733,701

cm"; 'HNMR 6 7.55-7.75 (m, 4H, Ar-H), 7.1 5-7.4 (m, 5HTAr-H), 5.02 (d, 1H, J = 8.8 Hz, Bn-H),
4.95' (dd, lH, J = 3.7, 9.5 Hz, Bn-H), 3.95 (ddd, lH, J = 2.2,4.4, 10.0 Hz, CH30CH2CHO),3.0-3.8

(m, 6H), 3.67 (s, 3H, OcHi), 3.66' (s, 3H, OCH,), 3S 8 (s, 3H,0CH3), 3.47 (s, 3H, OCHI), 3.44' (s,
3H,0CH3), 3.16(~,3H,0CH3), 3.10'(s, 3H, 0CH3),2.88 (d, lH, b9.5 Hz,OCH),2.86'(d, lH, J

13cNMR 6 142.3 (Ar-C), 142.0' (Ar-C),

= 9.5

Hz,OCH);

= 32

Hz,Ar-C), 128.3 ( A d ) , 128.3' (Ar-C), 127.8' (Ar-C), 127.8 (Ar-C), 127.7 (Ar-C), 126.2' (Ar-

c), 126.0(Ar-c),

'

124.9 (q, 'J = 4 Hz, Ar-c), 124.1' (q, J

140.7 (Ar-C), 140.5' (Ar-C), 130.4 (q, 'J

= 272

'

Hz, AI-c), 124.1 (q, J = 272 Hz,

Ar-C), 100.2' (anomeric-C), 100.0 (anomeric-C), 87.3' (WH), 87.2 (WH),84.9 (OCH), 84.8'

(OCH), 79.7' (OCH), 79.7 ( 0 0 ,
72.8 (OCH), 72.7' (OCH), 72.0' (OCH), 71.5 (OCH),71.3
(OCH2), 71.2' (OCH2),67.7' (OCH2),67.6 (OCHI), 61.6 (OCH3),61.5' (OcHi), 60.8 @CH3), 60.8'
(OCH,), 60.4' (OCH,), 60.3 (OCH,), 59.4' (OCH3), 59.4 (OcHi);
363.1 (M'

'

9

NMR
~
6 -63.53; MS MZ

- 0CH2CH(OH)Ph, 100), 501.0 (M + H',IO), 518.1 (M + N&',

40). Anal. Cdcd for

C2jHIIF307:C. 59.99; HT6.24. Found: C, 59.96; H, 6.35.

2.3.33 (ZR,3S,4s.jR,6 R ) - 2 , 3 , 4 , j - T e t r a m e t h o x y - 6 - ( m e t h o x y r n e t h y i ) - Z - p ~
pyran 119

OMe

This unreported compound was formed in the auxiliary/diol recovery procedures outlined in
Section 2.3.45 to Section 2.3.53, as the recovered chiral awiliary in the methyl glycoside form.

Furthemore, 119 was formed as a protonated by-product according to a representative procedure

given in Section 2.3.30, under the experimental conditions presented in Table 4, entry 4.
The following characterization data was obtaiwd for 119: IR (neat film) 2832 (OCH2-H
stretch), 1100 (C-O stfetch), 765,726,707 cm-'; 'H MUR 6 7.55-7.65 (m, 2H, A M ) , 7.25-7.45 (m,

3H, Ar-H), 3.55-3.85 (m, 4H,OCH2 + OCH), 3.66 (s, 3H, OCHI), 3.60 (s, 3H, OCHI), 3.48 (s, 3H,
0CH3), 3.25 (t, lH, J = 9.3 Hz, WH),3.1 1 (s, 3H, 0CH3), 3.08 (s, 3H, OCY), 2.89 (d, lH, J = 9.5

Hz,OCH); 13C NMR6 138.1 (Ar-C), 127.8 (Ar-C), 127.7 (Ar-C), 127.0 (Ar-C), 100.6 (anomericC),87.5 (OCH), 85.0 (OCH), 79.8 (OCH), 71.6 (OCH), 71.4 (OCH2), 61.0 (OCH3), 60.4 (OCH3),
60.0 @CH3), 59.2 (OCH3), 48.9 @CH3); MS nc/z (EI) 88.1 (100), 295.1 (M'
-OMê, 1); Anal. Calcd
for C 17H2606:C, 62.56; H,8-03. Found: C,62.70; H,7.91.

To a cooled solution (-78 OC) of 102 (1 12 mg, 0.182 rnrnol) in Et20 (5 mL) was added a
solution of 1.40 M n-BuLi in hexane (0.26 mL,0.364 rnrnol) dropwise and the resulting solution was
stirred for 1 h. Pivaldehyde (59 fi, 0.546 m o l ) was next added dropwise and the resulting
solution was stirred for an additional 90 min, after which an aqueous solution of sanirated N&Cl(I
mL) was added. The aqueous layer was then sepatated and extracted with EtzO (10 mL). The

combined organic layers were then dned over anhydrous Na2SOd,and concentrated in vacuo. The
crude product was purified by silica gel chromatography (gradient elution: hexane to 15% to 35% to
50% EtOAchexane) to isolate in order of elution: 47 mg (74% yield) of BuSn, and 49 mg (65%

yield) of addition adduct 121. Compound 121 was formed as a 1:1 mixture of diastemmers (de

determined by Method B, described in Section 2.3.2), with the major diastereomer possessing the S
configuration at the carbinol carbon.

Compound 121 is unreported and was forrned as a thick syrup, and exhibited the following

spectral data: IR (neat film) 3452 (O-H stretch), 1098 (GO stretch), 1033 (C-O stretch), 706, 670

cm-';I H N M R 6 7.25-7.65 (m, 5H, Ar-H), 3.85-3.95' (m, IH, WH), 3.0-3.8 (rn, 8H. 0CH2 +
OCH), 3.65 (s, 3H, OCHs), 3.59(s, 3H, 0CH3), 3.57'(s, 3H, 0CH3), 3.47 (s, 3H, 0CH3), 3.46'(s,

3H, OCH3), 3.07 (s, 3H,0CH3), 3.04' (s, 3H, 0CH3), 2.88 (d, IH, J = 9.5 HZ, OCH).2.87' (d, IH,J
= 9.5

HZ, OCH), 0.84 (s, 9H, C(CH3),), 0.82' (s, 9H, C(CH3)3); I3cNMR 6 138.5 (Ar-C),
138.2'

(Ar-C), 128.0' (Ar-C), 127.9 (Ar-C), 127.3 (Ar-C), 127.1' (Ar-C), 126.2 (Ar-C), 100.7' (anmeticC), 100.5 (anomeric-C), 87.9 (OCH), 85.0 (OCH),85.0' (OCH), 80.1' (OCH), 80.0

(OCH),77.8'

(OCH), 77.5 ( 0 0 ,
71.9' (OCH),71.5 (OCHI), 71.4 (OCH*),
63.0 (OCH3), 62.8' (OCH3). 61.4'
(OCHI), 61.3 (OC&), 60.7 (OCHI), 60.3' (OCHI), 60.2 @CH3), 59.4 (OCH,), 59.3' (OCH3), 33.6
G(CH3)3), 33.4' (C(CH3)3),25.8 (C(CH3)i), 25.8' (C(CH3)3);MS m/: 295.1 (M'-OCH~CH(OH)'BU.
50). 435.2 (M + Na+, 100). Anal. Calcd for C22H3a07:C,64.06; H.8.80. Found: C, 63-82; H, 8.87.

To a cooled solution (-78 O C ) of 102 (138 mg, 0.224 mmol) in Et20 (5 mL) was added a
solution of 1.O8 M n-BuLi in hexane (0.4 1 mi,,0.448 mmol) dropwise and the resulting solution was
stirred for 1 h. Propionaldehyde (48 pi,, 0.672 mrnol) was next added diopwise and the resulting
solution was stirred for an additional 30 min, after which an aqueous solution of saturated N h C l ( 1

mL) was added. The aqueous layer

was then separated and extntcted with Et20 (10 mL). The

combined organic layers were then cûied over anhydrous Na2S04, and concentrated in vacuo. The
crude product was purified by silica gel chromatography (gradient elution: hexane to 60% EtOAd
hexane) to isolate 39 mg (45% yield) of unreported addition adduct 122 as a thick synip. Compound
122 was fomed in 33% de (de detemwied by Method B, described in Section 2.3.2), with the major

diastereomer possessing the S configuration at the carbinol carbon.

The following characterization &ta was obtained for 122: IR (neat film) 3445 (O-Hstretch),
2928, 2835, 1049 (C-O stretch), 998 (C-Ometch), ï73, 725, 707 cm"; 'HNMR 6 7.55-7.65 (m,
2H, Ar-H), 7.3-7.4 (m, 3H, Ar-H), 3.0-3.9 (m,8H,OCHz + OCH), 3.66 (s, 3H,OC&), 3.59' (s, 3H,
0CH3), 3.58 (s, 3H, OCHI), 3.47 (s, 3H, 0CH3), 3.47' (s, 3H,OCH3), 3.09 (s, 3H,OcHi), 3.06' (s,

3H, 0CH3), 2.89 (d, IH, J

=

9.6 Hz, OCH), 2.88' (d,

C&CH3), 0.85-1.0 (m,3H,CH2C&);

IH,J

I3cNMR 6 138.5

= 9.5

Hz, WH), 1.2-1.5 (m,2H,

( A d ) , 138.4' (Ar-C), 128.1' (Ar-C),

128.0 (Ar-C),127.3 (Ar-C),127.2 (Ar-C),100.5' (anomeric-C), 100.4 (anomenc-Cj, 87.8 (OCH),
85.1 (OCH), 85.0' (OCH), 80.1'(OCH), 80.0 (OCH),71.9' (OCH), 71.7(OCH),71.6 (OCH),65.8
(OCHz), 65.8' (OCHz), 65.6 (OCH*), 61.5 (OCH3),61.4'(WH3), 60.8 (OCH3), 60.4' (WH3), 60.3
(OC&), 59.5' (OC&), 59.5 (OCH,), 26.4 (CHICH,), 26.2' (CH2CH3), 9.8 (CH&H3); MS d'.295.1

(M' - CHlCH(OH)Et, 100), 402.2 (M + Nb', 7). Anal. Caicd for C28H3207:C, 62.48; H, 8.39.
Found C,62.60;H,8.29.

OMe

To a cooled solution (-78

OC)

of 102 (1 16 mg, 0.188 mmol) in Et20 (5 mL) was added a

solution of 1.40 M n-BuLi in hexane (0.27 mL,0.377 mmol) dropwise and the resulting solution was
stined for 1 h. 1 -naphthaldehyde (77 pL, 0.564 mmol) was next added dropwise and the resulting
solution was stirred for an additional 90 min, after which an aqwous solution of saturated NHdCl(1

mL) was added. The aqueous layer was chen separated and exîmcted with Et20 (10 mL). The
combined organic layers were then dried over anhydrous Na2S04,and concentrated in vacuo. The
crude product was purified by silica gel chromatography (gradient elution: EtOAdhexane) to isolate
70 mg (77% yield) of unreported addition adduct 123 as a thick syrup. Compound 123 was forrned
in 54% de (de determined by Method D, descnbed in Section 2.3.2; HPLC solvent system and

retention times: 1% ' ~ r ~ ~ h e x a 12.77
n e , min (R), 14.41 min

(a),with the major diastereomer

possessing the S configuration at the carbinol carbon.

The following characterization data was obtained for 123: IR (neat film) 3426 (O-H swtch),

3057 (C-H ammatic stretch), 2926, 2836, 1027, 778, 726, 705cm-'; 'HNMR 6 7.55-7.95 (rn, 6H,
Ar-H), 7.25-7.5 (m, 6H, Ar-H), 5.7-5.8 (m, 1H, Bn-H), 2.8-3.9 (m, BH, 0CH2 + OCH), 3.70 (s, 3HT

WH3), 3.69' (s, 3H, 0CH3), 3.61' (S. 3H, 0CH3), 3.58 (s, 3H, 0CH3), 3.43 (s, 3H, OCH,), 3.4 1' (s,
3H, 0CH3), 3.18 (s, 3H, OC&), 3.13' (s, 3H, 0CH3); "C NMR 6 138.7 (AK).136.3 (Ar-C), 133.5
(Ar-C), 128.6 (Ar-C), 128.2 (Ar-C), 127.9 (Ar-C), 127.3 (Ar-C), 127.2 (Ar-C), 125.8 (Ar-C), 125.8

(Ar-C), 125.3 (Ar-C), 125.2 (Ar-C), 123.9 (Ar-C), 123.6 (Ar-C), 123.0 (Ar-C), 122.8 (Ar-C), 100.4

(anomeric-C), 87.7 (OCH),85.0 (OCH),79.9' (OCH),79.8 (OCH), 71.6 (OCH), 71.3 (OCH), 70.0
(OCHz), 67.3' (OCH*), 67.1 (OCHI), 65.7' (OCH2), 61.5 (OCH,), 61.4' (OCHI), 60.7 (OCH3),60.1
-naphthyl, 1OO), 500.2
(OCH3), 59.5' (OC&), 59.3 @CH3); MS m/z 295.1 (M=OCH2CH(O~)-~
(98), 505.1 (W + Na', 48); HRMS (FAB)caicd for C2(IH34Na0~
505.2202, found 505.223 1.

To a cooled solution (-78 O C ) of 102 (1 10 mg, 0.179 mrnol) in Et20 (5 mL) was added a
solution of 1.40 M n-BuLi in hexane (0.26 mL, 0.357 mmol) dropwise and the resulting solution was

stirred for 50 min. p-Anisaldehyde (65 pL, 0.537 mmol) was next added dropwise and the resulting
solution was stined for an additional 20 min, after which an aqueous solution of saturated NH4Cl(l

rnL) was added. The aqueous layer was then separated and extracted with EtzO (10 mL). The
combined organic layers were then dried over anhydrous Na2S04,and concentrated in vacuo. The
cmde product was purified by silica gel chromatography (gradient elution: hexane to 20% to 50%
EtOAc/hexane to neat EtOAc to 15% MeOH/EtOAc) to isoiate 60 mg (74% yield) of unreported
addition adduct 124 as a thick synip. Compound 124 was formed in 55% de (de determined by

Method B, described in Section 2.3.2), with the major diastereomer possessing the S configuration at
the carbinol carbon.

The following characterization data was obtained for 124: IR (neat film) 343 1 (O-H stretch),
2836, 10% (C-O stretch), 1 O3 1 (C-Ostretch), 828.71 km*';'H NMR S 7.55-7.65(m,ZH, m - P M ) ,

7.15-7.45(m, 5H. Ar-H),6.75-6.9(m, 2H, O-Ph-H), 4.94-5.00(m,1 H, Bn-H),4.89' (dd, 1H,J = 4.4.
8.2 Hz, Bn-H),3.2-4.0 (m, 7H, 0CH2 + OCH), 3.75 (s, 3H, 0CH3), 3.72' (S. 3H. OCHI), 3.67 (S.

3H,0CH3), 3.66' (s, 3H, 0CH3), 3.58 (s, 3H,0CH3), 3.47 (S. 3H. 0CH3), 3.44' (s, 3H. OCH3), 3.12
(s, 3H, 0CH3), 3.08' (s, 3H, OCHI), 2.90 (d, lH, J = 9.5 Hz,OCH), 2.87' (d. lH, J = 9.5 Hz, OCH);
13

C NMR 6 159.1 (Ar-C),138.5 (Ar-C),133.0 (Ar-C), 128.1 (Ar-C),127.9 (Ar-C),127.4 (Ar-C),

127.2 (Ar-C), 127.1 (Ar-C),113.7 (Ar-C),100.4 (anomeric-C), 87.7 (OCH), 84.9 (OCH), 79.9
(OCH), 72.4 (OCH), 71.5 (OCH), 71.4 (OCHI), 67.5 (OCH2), 61.4 @CH3), 61.3' (OC&), 60.7
(OCHI), 60.1 ' (OCH3), 60.1 @CH3), 59.4' (OCH,), 59.4 @CH3), 5 5.1 @CH3); MS m/z 295.1 (M'OCHzCH(0H)Cfi-4-OMe, 41), 485.1

7.41. Found: C, 64.78;H, 7.60.

(M'+ Na+, 100). Anal. Calcd for C25H3408:C. 64.92;H,

. "O

OMe

To a cooled solution (-78 O C ) of 102 (297 mg, 0.483 m o l ) in Et20 (10 mL) was added a
solution of 1.40 M n-BuLi in hexane (0.69 mi,,0.965 rnmol) dropwise and the resulting solution was

stirred for 1 h. 3.4-Dimethoxybenzaldehyde (241 mg, 1.45 m o l ) was added next, and the resulting
solution was stirred for an additional 30 min, afier which an aqueous solution of saturated N b C l ( 1

mL) was added. The aqueous layer was then separated and extracted with EtzO (20 mL). The
combined organic layers were then dried over anhydrous Na2S04,and concentrated in vacuo. The
cnide product was purified by silica gel chromatography (gradient elution: hexane to 20% to 50% to
80% EtOAchexane to neat EtOAc) to isolate 1 56 mg (68%yield) of unreported addition adduct 125

as a thick syrup. Compound 125 was formed in 59% de (de determined by Method C, described in
Section 2.3.2; HPLC solvent system and retention times: 12% 'PrûHhexane, 8.07 min (R), 1 1.81
min (S')), with the major diastereomer possessing the S configuration at the carbinol carbon.

The following characterization data was obtained for 125: IR (neat film) 3435 (O-H stretch),
2835, 1O96 (C-0 stretch), 1029 (C-0 stretch), 8 1 1,769,719 cm-'; 'HNMR 6 7.55-7.65 (m,2H,ArH), 7.25-7.45 (m, 3H, Ar-H), 6.7-6.9 (m, 3H, 3,4-OMe-Ph-@, 4.9-5.0 (m, lH, Bn-H), 2 . 8 4 0 (m?

8H, W H 2 + WH), 3.84 (s, 3H, 0CH3), 3.83 (s, 3H, OCHI), 3.66 (s, 3H, OC&), 3.57 (s, 3H,
OCH3), 3.46 (s, 3H, OcHi), 3.1 1 (s, 3H, OC&);
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C N M R 6 148.7 (Ar-C), 148.4' (Ar-C), 148.3

(Ar-C), 138.2 (Ar-C), 137.9' (Ar-C), 134.0' (Ar-C), 133.9 (Ar-C), 127.8 (Ar-C), 127.6 (Ar-C),
127.0' (Ar-C), 126.9 (Ar-C), 118.4' (Ar-C), 118.1 (Ar-C), 110.9 (Ar-C), 109.4 (Ar-C), 100.2

(anomenc-C), 87.5 (OCH), 84.7 (OCH), 84.6' (OCH), 79.6 (OCH),72.3 (OCH), 71.2 (OCHI), 67.3

(OCH*),
67.1' (OCHz), 61.1 (OCH3), 60.3 (OcHi), 59.8 (OCH3), 59.2' (OCHI), 59.1 (OCHs), 55.7
(OCHI), 55.5 (OCH3); MS ml' 295.2 (M'-OCH2~~(O~)C6.1&3,4-OMe,
4), 5 15.1 (M + Na', 100).
Anal. Calcd for C26h609: C, 63.40; H, 7.37. Found: C, 63.16; H, 7.12.

OMe

To a cooled solution (-78 O C ) of 102 (1 12 mg, 0.182 rnrnol) in EtrO (5 mL) was added a
solution of 1.40 M n-BuLi in hexane (0.26 mL,0.364 m o l ) dropwise and the resulting solution was
stirred for 50 min. CChloroberualdehyde (77 mg, 0.546 m o l ) was next added dropwise and the
resulting solution was stirred for an additional 20 min, f i e r which an aqueous solution of saturated
NKCI (1 mL) was added. The aqueous layet was then sepanited and extracted with Et20 (10 mL).

The combined organic layers were then dried over anhydrous Na2S04, and concentrated in vacuo.
The crude product was purified by silica gel chromatography (gradient elution: EtOAchexane) to
isolate 58 mg (68% yield) of unreported addition adduct 126 as a thick symp. Compound 126 was

fonned in 39% de (de detemllned by Methoà C, described in Section 2.3.2; HPLC solvent system

and retention times: 2% 'ProWhexme, 8.60 min (R), 9.25 min (S)), with the major diastereomer
possessing the S configuration at the carbinol carbon.
The following characterization data was Obtained for 126: IR (neat film)34 17 (O-H stretch),
2836, 1030 (C-O stretch), 1014 (C-O stretch), 773, 729,709 cm"; 'HNMR G 7.58 (dd, 2H, J
8.0 Hz, AM), 7.15-7.4 (m, 7H, Ar-H), 4.97 (dd, lH, J = 4.0,7.7 Hz, Bn-H), 4.92' (dd,

=

1.8.

1H,J = 3.5.

9.0 Hz, Bn-H), 3.0-3.9 (m, 7H, OCHz + OCH), 3.67 (s, 3H, W H 3 ) , 3.65' (s, 3H, 0CH3), 3.58 (s,
3H, 0CH3), 3.46 (s, 3H, 0CH3), 3.44' (s, 3H, OCHI), 3.12 (s, 3H, OC&), 3.09'
(d, 1H,J =9.5 Hz,OCH), 2.88'(d, IH, J = 9.5 Hz, OCH);

'Ic

(S.

3H, 0CH3), 2.90

NMR6 139.4 (AM), 139.3'(Ar-C),

138.3 (A&), 138.0' (Ar-C), 133.3 (Ar-C), 128.3 ( A d ) , 128.2' (Ar-C), 128.0 (Ad),127.6' (Arc), 127.4 (Ar-c), 127.2' (Ar-c), 127.1 (Ar-c), 126.1 (Ar-C), 100.6' (anomeric-c), 100.4 (anornerie
C), 87.7 (OCH), 84.9 (OCH),80.0' (OCH),79.9 (OCH), 72.2 (OCH), 72.0' (OCH), 71.6 (OCH),
7 1.5 (OCHz), 67.3 (KHz), 6 1.5 (OCH3), 6 1.4' (OCHI), 60.7 (OCHI), 60.2' (OCHI), 60.1 (OCHI).

M+
59.5' (OcHi), 59.4 (OCH3): MS ni/r 2%. 1 (M'-0CH2CH(OH)C6&-4-Cl, 1OO), 489.1 ((35~1)
Na', 48), 491 .O
6 1.66; H, 7.00.

((37~~)M

+ Na', 16). Anal. Calcd for C14H3,ClOi: C, 6 1.73; H,6.69. Found: C.

To a cooled solution (-78 OC) of 102 (179 mg, 0.291 mmol) in Et10 (5 mL) was added a
solution of 1.40 M ri-BuLi in hexane (0.42mL,0.582 rnrnol) dropwise and the resulting solution was
stirred for 1 h. Pentafluorobenzaldehyde (108 pL, 0.873 rnmol) was next added dropwise and the
resulting solution was stirred for an additional 30 min, a!ter which an aqueous solution of saturated
NH&I (1 mL) was added. The aqueous layer was then separated and extracted with Et20 (IO mL).
The combined organic layers were then dned over anhydrous Na2S04,and concentrated in vacuo.
The crude product was purified by silica gel chromatography (gradient elution: hexane to 20% to
30% to 40% EtOAchexane) to isolate Il5 mg (76% yield) of unreported addition adduct 127 as a

thick syrup. Compound 127 was fomed in 44% de (de detemined by Method C, described in
Section 2.3.2; HPLC solvent system and retention times: 5.5% 'PrOWhexane, retention times: 4.23
min (9,9.96 min (R)) with the major diastereomer possessing the R configuration at the carbinol
carbon.

The following characterization data was obtained for 127: IR (neat film) 3408 (O-H stretch),
2837, 1035 (C-O stretch), 996 (C-O stretch), 777, 723, 710 cm-';'HNMR S 7.25-7.45 (m.3H,Ar-

H), 7.5-7.65(m, 2H,Ar-H), 5.36'(dd, IH, J=2.3,8.2 Hz, Bn-H), 5.31 (dd, IH, J=4.3, 8.3 W B n -

H),3.0-3.9 (m, 7H, OCHl + OCH), 3.66' (s, 3H, OCH3), 3.65 (s, 3H, 0CH3), 3.57 (s, 3H, WH3),

3-46'(s, 3H, OCHI), 3.43 (s, 3H,OCHI), 3.12' (s, 3H, OCHI), 3.09 (s, 3H, OCHI), 2.90' (d, lH,J =
9.5 Hz,OCH), 2.88 (d, IH, J = 9.5 Hz,OCH); "C NMR 6 145.1 (br d, 'J

= 248 Hz,Ar-C),141.4

(br d, 'J = 226 Hz,Ar-C),137.9 (Ar-C),137.5 (Ar-C),137.5 (br d, 'J = 253 H z , Ar-C), 128.3 (Ar-C),
128.0 (Ar-C),127.8 (Ar-C),127.1 (Ar-C),127.0 (Ar-C),126.2 (Ar-C),114.4 (br m, Ar-C), 100.6
(anomenc-C), 100.4' (anomeric-C), 87.5

(OCH), 85.O' (OCH), 84.8 (OCH), 79.8' (OCH), 79.7

(OCH), 72.0 (OCH), 71.6' (OCH), 71.5' (OCH),71.4 (OCH), 65.4' (WH2), 65.0 (OCH*), 64.4'
(OC&), 64.2 (OC&), 61-4'(OCb), 61.3 @CH3), 60.6 (OCHI), 60.2@CH3), 60.1' (OCH3), 59.4
@CH3), 59.3' (OCH3);

I9'F

NMR 6 -142.9to - 143.5 (m,ZF), -1 54.9 to -1 55.9 (m, IF), -162.3to -

163.1 (m, 2F); MS m / ; 295.1 (M*- 0CH2CH(OH)C&, 100), 545.0 (M + Na', 17). Anal. Calcd for
C24H27FsO7: C,55.17;H. 5.2 1.

Found: C,55.20;H,5.37.

To a cooled solution (-78 O C ) of 102 (164 mg, 0.266 mmol) in Et20 (5 mL) was added a
solution of 1.64 M n-BuLi in hexane (0.32 mL, 0.532 mmol) dropwise and the resulting solution was
shed for 1 h. O-Anisaldehyde(96pL, 0.798 mrnol) was next added dropwise and the raulting

solution was stirred for an additional 30 min, aller which an aqwous solution of saturated M C 1 (1
mL) was added. The aqwous layer was then separated and extracteci with Et20 (10 mL). The

combined organic layers were then dned over anhydrous Na2S04, and concentrated in vacuo. The
cmde product was purified by silica gel chromatography (gmhent elution: hexane to 20% to 50% to

75% EtOAchexane to neat EtOAc) to isolate 1 14 mg (93% yield) of unreported addition adduct 128

as a thick symp. Compound 128 was formed in 51% de (de determined by Method B, described in
Section 2.3.2), with the major diastemmer possessing the S configuration at the carbinol carbon.

The followlig partial characterization data was obtained for 128: IR (neat film) 3435 (O-H
stretch), 1492, 1448, 1241, 1095 (C-Ostretch), 801 cm-'; 'HNMR 6 7.52-7.65(m, ZH,Ar-H),7.11 -

7.46 (m,5H,Ar-H),6.91 (t, IH,J = 7.5 Hz, A M ) , 6.76 (t, 1H,J

IH, Bn-H), 5.23' (dd, lH, J

= 3.0, 8.8

= 7.8

Hz,Ar-H),5.28-5.40(br m,

Hz, Bn-H), 3.89 (ddd, lH, J

=

1.9, 4.1, 10.1 Hz.

CH30CH2CW), 3-02-3.80(m, 7H,0CH2 + OCH), 3.74' (S. 3H, 0CH3), 3.68 (s, 3H, 0CH3), 3.67
(s, 3H, 0CH3), 3.60' (s, 3H, OCHI), 3.57 (s, 3H, 0CH3), 3.46 (s, 3H,OCHI), 3.10 (s,3H, OCHI),

3.08'

(S.

3H, 0CH3); 13cNMR (75.47 MHz) 8 156.0' ( A M ) , 155.9 ( A d ) , 138.5 (Ar-C),
138.2'

(Ar-C),128.8 (Ar-C), 128.5 (Ar-C),128.3' (Ar-C), 128.3 (Ar-C), 128.0' (Ar-C),127.9 (Ar-C), 127.9
(Ar-C),

127.8 (Ar-C),127.3 (Ar-C), 127.0 (Ar-C),126.8 (Ar-C),120.5' (Ar-C),120.5 (Ar-C), 109.9

(Ar-C),

100.5' (anomeric-C), 100.4 (anomeric-C), 87.8 (OCH),87.7' (WH),84.8 (OCH),84.8*

(OCH),79.8 (OCH),71.1 (OCH),71.4 (OCH), 71.3 (OCH),68.3 (OCH2), 66.3 (OCH*), 66.0'
(OCHz), 61.5 (OCHJ), 61-4' (OCHI), 60.8 (OCHI), 60.8' (OCH3), 60.3' (OcHi), 60.2 (OCH3),59.5'
(OCHI)?59.4 (OCHJ), 55.0' (ocH~), 54.9 (OCH3).

To a cooled solution (-78 O C ) of 102 (120 mg, 0.195 mmol) in Et20 (5 rnL) was added a
solution of 1.O8 M n-BuLi in hexane (0.36 mL,0.390 mmol) dropwise and the resulting solution was
stirred for 1 h. Ci~amddehyde(74 pL, 0.585 mmol) was next added dropwise and the resulting
solution was stirred for an additional 20 min, afler which an aqueous solution of saturated N h C l (1

mL) was added. The aqueous layer was then separated and extracted with Et20 (10 mL). The
combined organic layers were then dried over anhydrous Na2SOd, and concentrated in vacuo. The
c d e product was purified by silica gel chomatography (gradient elution: hexane to 15% to 30% to

50% EtOAchexane) to isolate 53 mg (59% yield) of unreported addition adduct 129 as a thick
synip. Compound 129 was fonned in 32% de (de determined by Method C, described in Section

2.3.2; HPLC solvent system and retention times: 4% 'PrOWhexane, retention times: 13.83 min (S),
32.79 min (R)), with the major diastereomer possessing the S configuration at the carbinol carbon.
The following characterization data was obtained for 129: IR (neat film) 3424 (O-H stretch),
2835, 1029 (C-O stretch), 749, 725, 697 cm-'; 'HN M R 6 7.55-7.65 (m, ZH, Ar-H), 7.15-7.45 (m,
8H, Ar-H), 6.65' (dd, lH, J = 1.2, 16.0 Hz, vinyl-H), 6.63 (dd, IH,J = 1.3, 16.0 Hz, vinyl-H), 6.09'
(dcl, 1H, J = 6.1, 16.0Hz, vinyl-H), 6.07 (dd 1H, J = 6.1, 16.0 Hz, vinyl-H), 4.5-4.7 (rn, 1H, allylic-

H), 3.91 (ddd, IH, J = 2.1,4.2, 10.0 Hz, CH3OCH2CHO),3.15-3.8 (m, 6H, OCHl + OCH), 3.67 (s,

3H, OC&), 3.67' (s, 3H, OCHI), 3.59' (s, 3H, 0CH3), 3.58 (s, 3H, 0CH3), 3.47 (s, 3H, 0CH3),
3.47'(~, 3H, OCHI), 3.12(s, 3H, OC&), 3.09'(~,3H,0CH3),2.91 (d, lH, J=9.6Hz,OCH),2.89'

(d, lH, J

= 9.5

Hz OCH);
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C NMRS 138.4 (Ar-C), 138.18(Ar-C), 136.7'(Ar-C), 136.6 (Ar-C),

131.5' (Ar-C), 131.3 (Arec), 128.4 (Ar-C), 128.2 (Ar-C), 128.1 (Ar-C), 128.0 (Ar-C), 127.5 (Ar-C),
127.3' (Ar-C), 127.2 (Ar-C), 126.4 (Ar-C), 100.6' (anornerid), 100.4 (anomeric-C), 87.7 (OCH),
85.0 @CH), 84.9'

(OCH),80.0' (WH),79.9 (OCH), 72.0' (OCH), 71.6 (OCH), 71.5 (OCH), 71.2

(OCHA 66.0 (OCHz), 65.8' (OCH2), 61.5 (OCH3), 61.4' (OCHI), 60.7 (OCH,), 60.2' (OCH3), 60.1

(OCHI), 59.5' (OCHI), 59.4 (OCH3); MS m/r 295.1 (W - 0CH2CH(OH)CHCHPh, 100), 476.2 (M
+ NHi'.

IO), 481.0 (M + ~ a +8).
, Anal. Calcd for C26H3407:
C, 68.10; H, 7.47. Found: C, 68.05; H,

7.59.

2.3.43 2-Phenyl- l -[CR,
3S,-fS,SR,6R)J.~,5-trimeth0xy-6-(me1h0xyme1~2~-2-

pheny2tetrahydro-2H-2-pyrunyI]oxy-2-propano230

OMe

To a cwled solution (-78 O C ) of 102 (126 mg, 0.205 mmol) in Et20 (5 mL) was added a
solution of 1.O8 M n-BuLi in hexane (0.38 mL,0.409 mmol) dropwise and the resulting solution was
stined for 1 h. Acetophenone (72 pL, 0.615 mmol) was next added dropwise and the resulting

solution was stirred for an additionai 20 min, d e r which an aqueous solution of sahirated m C l ( 1

mi,)was added. The aqueous layer was then separated and extnrted with Et20 (10 mL). The

combined organic layea were then dried over anhydtous Na2S04,and concentrated in vacuo. The

cmde product was purified by silica gel chromatography (gradient elution: hexane to 15% to 30% to
50% EtOAchexane) to isolate 55 mg (60% yield) of wireported addition adduct 130 as a thick
synip. Compound 130 was formed in 56% de (de determinecl by Methoâ A, described in Section

2.3.2), with the major diastereomer possessing the S configuration at the carbinol carbon.

The following characterization data was obtained for lm: IR (neat film) 3421 (O-H stretch),
1039 (C-O stretch), 765, 703 cm"; 'HN M R 6 7.15-7.6 (m, IOH, Ar-H), 3.0-3.8 (m, 7H,0CH2 +

OCH), 3.60 (s, 3H, OcHi), 3.58' (s, 3H, OCH3), 3.47' (s, 3H, OCHI), 3.44 (s, 3H, OCHI), 3.43 (S.
3H, OCHI), 3.06 (s, 3H, OCH,), 3.04' (s, 3H, OC&), 2.87' (d, 1H, J = 9.5 Hz),2.80 (d, IH,J = 9.5

Hz), 1.65' (s, 3H), 1.56 (s, 3H); "C NMR 6 145.7 (Ar-C), 138.2 (Ar-C), 128.1 (Ar-C), 128.0 (Ar-

c), 127.9 (Ar-c),

127.3 (AS-c), 126.9' (Ar-c),126.8 (Ar-c), 125.1' (Ar-c),125.0 (Ar-c), 100.2

(anomeric-C), 87.8' (OCH), 87.7 (OCH), 85.0' (OCH), 84.5 (OCH), 80.1' (OCH), 79.6 (OCH), 73.8
( 0 0 , 73.6' (OCH), 71.9' (OCH), 71.6' (OCH), 71.5 (OCH),71.3 (OCH2), 69.6 (OCH2), 69.2'
(OCHA 61.3 (OCHI), 61 -3' (OcHi), 60.7' (OCH3), 60.6 (OCHI), 60.2' (OCH3), 59.7 (OCH3),
59.6' (OCHs), 59.5 (OCH,), 26.9', 26.5; MS d z 2%. 1

(M'- 0CH2C(OH)(Ph)Me, 1OO),

Nb?; H R M S (FAB)caicd for C2sHwNa07469.2202, found 469.2 184.

464.2 (M+

To a cooled solution (-78 O C ) of 102 (132.5 mg, 0.21 5 mmol) in EtiO (5 rnL) was added a
solution of 1.O8 M n-BuLi in hexane (0.40 mi,, 0.43 1 mmol) dropwise and the resulting solution was
stimd for 1 h. Propiophenone (86 pi,, 0.645 mmol) was next added dropwise and the resulting
solution was stirred for an additional 30 min, after which an aqueous solution of saturated NH&l(l

mL) was added. The

aqueous layer was then separated and extracted with Et20 (10

mL). The

combined organic layers were then dried over anhydrous Na2S04,and concentrated in vacuo. The
crude product was purified by silica gel chromatography (gradient elution: hexane to 10Y0 to 30%
EtOAchexane) to isolate 64 mg (65% yield) of unreported addition adduct 131 as a thick symp.
Compound 131 was formed in 40% de (de deiermined by Method A, described in Section 2.3.2),
with the major diastereomer possessing the S configuration at the carbinol carbon.

The following characterization data was obtained for 131: IR (neat film) 3439 (O-Hstretch),
2832, 1046 (C-0 stretch), I O00 (C-0 stretch), 764,73 1,703 cm-';'HN M R G 7.15-7.7 (m, IOH, ArH), 3.0-3.7 (m,7H), 3.59 (s, 3H, W H 3 ) , 3.59' (s, 3H, 0CH3), 3.43 (s, 3H, 0CH3), 3.43 (s, 3H.

OC&), 3.06(~,3H, OCHI), 3.03'(s, 3H, OCHI), 2.86'(& lH, J=9.5 HZ, OCH), 2.80(d,

9.5 Hz, OCH), 1.7-2.2 (m,

ZH, C&CH3), 0.7-0.8 (m, 3H, CH2C&);

IH,J =

I3cNMR S 143.9 (Ar-C),

143.1' (Ar-C), 138.2 (Ar-C), 138.0' (Ar-C), 128.1 (Ar-C), 128.0' (Ar-C), 127.9 (Ar-C), 127.9 (Ar-

C), 127.3 (Ar-C), 126.6' (Ar-C), 126.6 (Ar-C),125.5 (Ar-C), 100.3' (anomenc-C), 100.1 (anomericC), 87.8 (OCH), 87.2' (OCH), 85.0' (OCH),84.5 (OCH), 80.1' (OCH), 79.6 (OCH),76.3 (OCH),

76.1' (OCH), 71.9' (OCH), 71.6' (OCH), 71.4 (OCH), 71.3 (OCH2), 69.0 (OCH2), 68.7' (OCH2),

6 1.4 (OCH3), 61.3' (OC&), 60.7' (OCH3),60.5 (OCH3),60.3' (OCH3), 59.6 (OCH3),59.5' (OCH3),
59.4 (WH3),3 1.6' (CH2CH3), 3 1.4 (CH2CH3),7.5' (CH&H3), 7.4 (CH&H3); MS m/z 295.1 (W -

OCH2C(OH)(Et)Ph IO), 483.1 (M + Na', 4). Anal. Calcd for Cid3&: C, 67.80; H, 7.88. Found:
C, 67.68; H, 7.68.

To a stined solution of addition product 115 (30% de, determined by Method B described in
Section 2.3.2), (1 16 mg, 0.268 m o l ) in MeOH (IO mL) was added Dowex 50W-X8 resin (270 mg)
(acidic form) and the resulting mixture was refluxed for 4 h, then stirred at n ovemight. The m i n
was then filtered off, and the filtrate was concentrated in vacuo. The crude material was purified by

silica gel chromatography (gradient elution: hexane to 10% to 15% to 40% EtOAcfhexane) to isolate
in order of elution: 57 mg (65% yield) of 119 as a colourless oil, and 25 mg (68% yield) of known

d i 0 1 ~132
~ as a white solid. Compound 132 was also determined to exist in 34% ee (ee determined
by Method A, described in Section 2.3.2: HPLC solvent system and retention times: 5%

'ROHhexane, 19.80 min (R), 21.33 min (S)), with the major enantiomer possessing the S
configuration at the carôinol carbon.

The following characterization data was obtained for 132: mp 61-62 O C ; lit?2 mp (for a
racemic sample) 64.5-65.5 O C ; [alD*+20.0 (c

=

0.5, CM&);

(for a sample of 99?! ee, S

configuration) [ a ]+38.90
~ ~(c~= 3.61, EtOH ),; 'HNMR 6 7.25-7.45 (m, SH,Ar-H), 4.79 (dd, lH,
J = 3.6,8.0 Hz, Bn-H), 3.55-3.80 (m, 2H, CbOH), 2.85 (br s, 2H, OH).

To a stirred solution of addition product 122 (33%de, detemined by Method B described in
Section 2.3.2), (77 mg, 0.200 mmol) in MeOH (10 d)
was added Dowex 50W-X8 resin (200 mg)
(acidic fom) and the resulting mixture was reflwed for 4 h, then stirred at n overnight. The m i n
was then filtered off, and the

filtrate was concentrated in vucuo. The crude material was purified by

silica gel chromatography (gradient elution: 20% to 75% EtOAchexane) to isolate in order of
elution: 54 mg (83% yield) of 119 as a colourless oil, and 8.1 mg (45% yield) of known d i o 133
~ ~as~
a colourless oil. Compound 133 was also detemined to exist in 27% ee (ee detemined by Method

E, described in Section 2.3.2, by an optical rotation cornparison to the literature value given below),

with the major enantiomer possessing the S configuration at the carbinol carbon.
The following characterization data was obtained for 133: [aloz -3.46 (c

=

0.81. EtOH);

lit?3 (for a sample of 77% ee, S configuration) [alDa-9.40 (c = 2.59, EtOH); 'H N M R 6 3.6-3.75

(m, 2H, CbOH), 3.45 (dd, IH, J

=

8.2, 11.5 Hz, C-H),

C&CH3), 0.97 (t, 3H,J = 7.5 HZ, CH2C&).

2.31 (br s, 2H, OH), 1.4-1.6 (m, 2H,

To a stined solution of addition product 123 (54% de, detemined by Method D described in
Section 2.3.2), (106 mg, 0.220 rnmol) in MeOH (4 rnL) was added pyridinium ptoluenesulfonate
(PPTS) (8 mg, 0.032 m o l ) and the resulting mixture was refluxed for 24 h. The solvent was then
removed in vacuo and the resulting m d e mixture was purified by silica gel chromatography
(EtOAc/hexane) to isolate in order of elution: 66 mg (92% yield) of 119 as a colourless oil, and 41
mg (98% yield) of known diol" 134 as a white solid. Compound 134 was also determined to exist

in 68% ee (ee determined by Method E, described in Section 2.3.2, by an optical rotation cornparison
to the literature value given below), with the major enantiomer possessing the S configuration at the
carbinol carbon.
The following characterization data was obtained for 134: mp 124-130 O C ; lit?j mp 146-147

OC (for a racemic mixture); [alD=+51.9 (c = 0.57, MeOH); lit? (value given for R enantiomer)

[alou-76.8 (c = 1.00, MeOH); 'HNMR S 7.3-8.1 (m,7H, Ar-H), 5.61 (dd, lH, J = 2.9,8.2 Hz,BnH), 3.6-4.1 (m,2H, CkOH), 3.1 (br s, 1H,OH),2.7 (br s, lH, OH).

2.3.48 (S)- l -('-chlorophenyl) - 1,2-ethanediol135

To a stirred solution of addition product 126 (39% de, determinecl by Method C described in
Section 2.3.2), (1 14 mg, 0.244 mmol) in MeOH (10 mL) was added Dowex 50W-X8 resin (244 mg)
(acidic form) and the resulting mixture was refluxed for 6 h, then stirred at rt for 12 h. The resin was

then filtered off, and the filtrate was concentrated in vacuo. The crude material was purifieci by
silica gel chromatography (gradient elution: 20% to 50% EtOAdhexane) to isolate in order of
~ as
elution: 72 mg (90% yield) of 119 as a colourless oil, and 36 mg (86% yield) of known d i 0 1 ~135
a white solid. Compound 135 was also detemined to exist in 43% ee (ee determined by Methd A.

described in Section 2.3.2, HPLC solvent system and retention times: 5% 'PrOHhexane, 20.34 min

(R), 22.13 min (S)), with the major enantiomer possessing the S configuration at the carbinol carbon.
The following characterization data was obtained for 135: mp 76-78

OC;

lit.)' mp (for a

racemic sample) 83-84 O C ; [a]~"
+12.1 (c = 2.08, EtOH); lit?6 (value given for R enantiomer) [a]D22
-38.2 (c = 1.81, EtOH ); 'HNMR 6 7.25-7.45 (m, 4H, Ar-H), 4.78 (dd, lH, J
3.5-3.8 (m, ZH,CBOH), 2.61 (br s, ZH, OH).

= 3.7, 8.1

Hz, Bn-H),

To a stirred solution of addition product 130 (64% de, determined by Method B described in

was added pyridiniurn p-toluenesulfonate
Section 2.3.2), (53.6 mg, 0.121 mmol) in MeOH (2 d)

(PPTS) (10 mg, 0.040 rnmol) and the resulting mixture was refluxed for 17 h, then stirred at ri for 5
h, then reflwed for an additional 18 h. The solvent was then removed in vacuo and the resulting

crude mixture was purified by silica gel chromatography (gradient elution: 20% to 30% to 40% to
50% EtOAchexane) to isolate in order of elution: 37.2 mg (94% yield) of 119 as a coiouriess oil,

and 14 mg (76% yield) of known dio13' 136 as a colourless oil. Compound 136 was also determined
to exist in 56% ee (ee determined by Method A, described in Section 2.3.2, HPLC solvent system
and retention times: 3% 'PrOWhexane, 22.18 min (R), 23.56 min (S)),with the major enantiomer
possessing the S configuration at the carbinol carbon.
The following characterization data was obtained for 136: [alDU
+2.92 (c = 0.6, EtOH); lit.j8
+4.76 (c = 4.2, E~OH1; 'H NMR 6 7.2-7.5 (m, SH.
(for a sampie of >96% ee, s configuration) [ulDU

Ar-H), 3.81 (d, lH, 11.1 Hz, CWOH), 3.64 (d, lH, J = 11.1 Hz, CWOH), 2.15 (br s, ZH,OH),
1.54 (s,

3H,CH3).

To a stirred solution of addition product 131 (43% de, determined by Method B described in

Section 2.3.2), (40 mg, 0.087 mmol) in MeOH (1 mi,) was added pyridinium ptoluenesulfonate

(PPTS)(5 mg, 0.020 mmol) and the resulting mixture was refiwed for 7 h, then stined at n for 18 h,
then reflwed for additional 6 h, and once again stirred at rt overnight. The solvent was then
removed in vamo and the resulting crude mixture was purified by silica gel chromatography
(gradient elution: 15% to 20% to 25% EtOAchexane) to isolate in order of elution: 24 mg (85%
yield) of 119 as a colourless oil, and 10.0 mg (69% yield) of known dio13* 137 as a white solid.
Compound 137 was also determined to exist in 40% ee (ee determined by Method A, described in

Section 2.3.2, HPLC solvent system and retention times: 3% 'PrOWhexane, retention times: 18.05

min (R), 19.72 min (S)), with the major enantiomer possessing the S configuration at the carbinol
carbon.
The following characterization &ta was obtained for 137: mp 46-49 OC; [alo* -2.55 (c =
0.94, EtOH); lit?"value

given for a simple of >96% ce, S configuration) [a]:

-13.95 (c = 0.6,

EtOH ), (>96% ee, S); 'HN M R 6 7.2-7.5 (rn, 5H.Ar-H), 3.84 (d, lH, J = 11.1 Hz., ClJHOH), 3.68

(d, :H,.i= 11.1 Hz,C-OH),

2.6 (br s, 1H,OH), 1.85 (br s, lH, OH), 1.7-1.9 (q, ZH,J = 7.4 Hz,

C&CH3), 0.77 (t, 3H, J = 7.4 Hz, CH2C&).

To a stirred solution of addition product 124 (55% de, detemwied by Method B described in
Section 2.3.2), (280 mg, 0.605 m o l ) in MeOH (12 mL) was added Dowex 5OW-X8 m i n (600 mg)
(acidic fonn) and the resulting mixture was refluxed overnight. The mixture was cooled to rt, and
the resin was filtered off, then the filtrate was concentrated in vacuo. The crude materiai was

purified by silica gel chromatography (gradient elution: EtOAchexane) to isolate in order of elution:
52 mg (26% yield) of 119 as a colourless oil, and 35 mg (32% yield) of k n o ~ n138
~ as
~ a white

solid.
The following characterization data was obtained for 138: mp 64-66 OC;'HNMR 6 7.23 (d.

2H, J = 8.5 Hz, n-Ph-H),
6.90 (d, 2H.J=8.6 Hz, O-Ph-H), 4.25 (dd, lH, J =3.9.8.3 Hz,OCH), 3.81
(s, 3H,OMe), 3.45-3.75 (m. 2H, CH:OH), 3.28 (s, 3H,OMe), 2.34 (br s, 1H,OH).

To a s h e d solution of addition product 129 (32% de, determined by Method B described in
Section 2.3.2), (1 13 mg, 0.246 mmol) in MeOH (10mL)was added Dowex 50W-X8resin (250mg)

(acidic form) and the resulting mixture was reflwed for 3 h. The mixture was cooled to rt, and the

min was filtered off, then the filtrate was concentrated in vacuo. The crude matenal was purified
by silica gel chromatography (gradient elution: EtOAchexane) to isolate in order of elution: 73 mg
(91% yield) of 119 as a colourless oil, and 26 mg (59% yield) of knownJo139as a colourless oil.
The following characterization data was obtained for 139: 'HN M R 6 7.21-7.45 ( m SH,Ar-

H), 6.65 (d, 1H,J

= 16.0 Hz,vinyl-H), 6.05

(dd, 1H,J = 7.8, 16.0 Hz, vinyl-H), 3.82-3.95 (m, 1H,

CHOCH3), 3.58-3.72 (m, 2H, CkOH), 3.39 (s, 3H, OMe), 2.17 (br s, 1H,OH).

2.3.53 (R)- 1-Pentaf uorophenylethane-i ,2-diof140

To a stirred solution of addition product 127 (44% de, determined by Method C described in
Section 2.3.2), (127 mg, 0.243 m o l ) in MeOH (5 mL) was added Dowex 50W-X8 m i n (243 mg)
(acidic fom) and the resulting mixture was refluxed for 3 h, then stirred at rt ovemight. The resin
was then filtered off, and the filtrate was concentrated in vacuo. The crude material was purified by

silica gel chromamgraphy (gradient elution: EtOAchexane) to isolate in order of elution: 60 mg
(76% yield) of 119 as a colourless oil, and 30 mg (54% yield) of known di01 (reported in racemic

f ~ r m )140
~ ' as a white solid. Cornpouad 140 was aiso determined to exist in 27% ee (ee determined
by Method A, described in Section 2.3.2, HPLC solvent system and retention tirnes: 5%

'PrOWhexane, 15.89 min (R), 16.80 min
configuration at the carbinol carbon.

(a),with the major enantiomer possessing the S

The following characterization data was obtained fot 140: mp 74-87 O C ; [alDU+4.60 (c =
0.80, EtOH); 'HNMR 6 5.20 (dd, IH, J = 4.0, 7.9 Hz, OCH), 3.99 (dâ, lH, J = 7.9, 11.2 Hz,

CrnOH), 3.82 (dd, 1H, J = 4.0,11.2 Hz, CWOH), 2.92 (br s, 1H, OH), 2.30 (br s, I H,OH).

This compound has only been reported in its racernic form4' was prepared by following the
general procedure for the Sharpiess asymmetric dihydroxylation reaction

'

of pentafluorostyrene

(1 38 pL, 1.O0 mmol) and AD-mixa (1.40 g) in t-BuOH (5 mL)/H20 (5 mL). Purification of crude
matenal (250 mg) occurred by silica gel chromatography (gradient elution: EtOAdhexane) to afford
200 mg (88% yield) of 140S as a white solid. Compound 1404 was also determined to be formed
in 86% ee (ee determined by Method A: HPLC solvent system and retention times: 5%
'PrOHhexane, 15.94 min (R), 16.77 min (S)), with the major enantiomer determined to possess the S
configuration at the carbinol carbon.

The following characterization data was obtained for 1404: mp 69-70 O C ; [a]022
-7.93 (c =
0.74, EtOH); 'HNMR 6 5.20 (dd,

1H,J

=

4.0, 7.9 Hz, OCH), 3.99 (dd, IH, J = 7.9, 11.2 Hz,

CWOH), 3.82 (dd, 1H, J = 4.0, 11.2 Hz, CHI-JOH), 2.92 (br s, 1H,OH), 2.30 (br s, 1H, OH).

This unknown compound was prepared following a procedure modified fiom that described
by Kolb and ~ h a r ~ l e s sTrimethylsilyl
.'~
chloride (216 pi,, 1.70 rnmol) was added to a solution of
di01 1JO4 (86% ee, 258 mg, 1.13 mmol) and uimethyl orthoacetate (216 pi+,1.70 rnrnol) in CH2C12
(5 mL) at O O C . The solution was stirred for 90 min and then evaporated. The residue was dissolved
in anhydrous MeOH (5 mL), then K2C03 (469 mg, 3.39 mmol) was added. The suspension was
stirred for 90 min,then H20(5 rnL) and hexane (20 mL) were added. The layers were separated and
the aqueous layer was extracted with hexane (20 mL). The combined organic layers were then dried

over anhydrous Na2S04and filtered. One-third the volume (25 mL) of the combined dried organic

layea was then cooled to O O C and THF (25 mL) was added followed by a 1 M solution of LiAlHp in

THF (1.13 d,1.13 mmol). The mixture was stimd for 30 min after which the reaction

was

quenched with Na2S04*10H20,with the resulting saits king filtered off. (S)-MTPA-Cl (93 pL, 0.5
mmol) (fiom R-MTPA), EtlN (139 pL, 1.0 mmol) and a catalytic amount of DMAP were then added
to the filtrate. A thick white precipitate formed quickly and the mixture was stirred for 90 min. The

mixture was then partitioned between H20 (25 mL) and EtOAc (25 rnL) followed by separating the
two layea. The aqueous layer was then extracteci with EtOAc, and the organic layers were
combined, and dried over anhydrous Na2S04. The solvent was then rernoved in vacuo, and the
resulting crude materiai was purified by silica gel chromatography (EtOAckane) to d o r d 1 I mg

(9% overall yield h m the di01 1404) of the Mosher ester derivative 143 as an oil and as an

approximate 3: 1 mixture of (R:R):(R:S)diastercorners: 'H NMR 6 7.30-7.60(m,5H,Ar-H),5.45 (q,
lH, J = 5.5 Hz, OCH), 5.29' (q, lH, J = 5.5 Hz, OCH),3.53 (q, 3H,'J

=

1.2 k,OMe), 1.43' (d, lH,

J = 5.5 Hz, CCH3), 1.42 (d, 1 H, J = 5.5 HZ,CCH,).

OMe

OMe

To a cooled solution (-78 OC) of 107 (1 32 mg, 0.205 rnmol) in EtzO (5 mL) was added a
solution of 1.40 M n-BuLi in hexane (0.29 mi,,0.409 mmol) dropwise and the resulting solution was
s h e d for 1 h. 3,4-Dimethoxybenzaldehyde (102 mg, 0.615 mrnol) was added next, and the
resulting solution was stirred for an additional 30 min, d e r which an aqueous solution of saturated
N b C l (1 mL)was added. The aqueous layer was then separated and extracted with Et20 (10 mL).
The combined organic layers were then dried over anhydrous Na2S04,and concentrated in vacuo.
The crude product was purified by silica gel chromatopphy (gradient elution: 50% to 75%

EtOAchexane to neat EtOAc then 10% MeOHEtOAc) to isolate 74 mg (69% yield) of unteported
addition adduct 144 as a thick syrup. Compound 144 was formed in 56% de (de determined by
Method C, describeci in Section 2.3.2; HPLC solvent system and retention times: 20%

'PrOWhexane, 6.35 min (R), 8.75 min (S)), with the major diastereomer possessing the S
configuration at the carbinol carbon.
The following characterization data was obtained for 144: iR (neat film) 3432 (O-Hstretch),
1095 (C-O stretch), 1030 (C-O mtch), 827 cm"; 'HN M R 6 7.73 (d, ZH,J = 8.9 Hz, 4-OMe-Ph-m-

H), 6.7-7.0 (m, SH, 3,4-OMe-Ph-H + 4-0Me-o-Ph-H), 4.85-5.0 (m. 1H, Bn-H), 3.1-4.0(m, 7H,
OCH2 + OCH), 3.85 (S. 3H,0CH3), 3.83 (s, 3H, 0CH3), 3.80 (s, 3H, 0CH3), 3.67 (s, 3H, OCH3),
3.58 (s, 3H, OCfi), 3.46 (s, 3H, 0CH3), 3.16 (s, 3H,0CH3), 2.88 (d, IH, J =9.6 HZ, OCH), 2.86'
(d, lH, J = 9.5 U O C H ) ;

13

C NMR6159.4 (Ar-C), 148.9 (Ar-C), 148.4 (Ar-C), 133.8 (Ar-C).

130.6 (Ar-C), 130.3' (Ar-C), 128.4' (Ar-C), 128.3 (Ar-C), 118.5' (Ar-C), 1 18.2 (Ar-C), 1 13.1 (Ar-

C). 1 1O

(

) 109.6'

(Ar-c),109.5 (Ar-c), 100.3' (anomeric-c), 100.2 (anomeric-c), 87.8

(OCH), 84.8 (OCH),79.8 (OCH), 72.5 (OCH), 71.7' (OCH), 71.4 (OCH), 71.3 (OCH2), 67.3

(OCH*), 67.2' (OCH2), 61.3 (OCHa), 60.5 @CH3), 60.0 @CH3), 59.3' (OCHI), 59.3 @CH3), 55.8

-

(OCH3), 55.7 (OCHI), 55.0 (OCH3); MS m/E 325.1 (W 0CHtCH(OH)C6H3-3,4-OMe, 19), 540.2

(M + NH4', 9), 545 (M + Na', 100); H R M S (FAB) calcd for C2&90io 523.2543, found 523.2567.

2.3.57 2-(2,3,4,5,6-PentufluorophenyI)-i-[(2R,
3S,427,SR,6R)-3,45-trimethoxy-6-

(nielho~hy~)-2-(4-me1hoxyphenyi)1etru~dr0-2H-2-pyranyl]0xyI -ethanoI 145

OMe

To a cooled solution (-78 OC) of 107 (106 mg, 0.164 mmol) in Et20 (5 mL) was added a

solution of 1.40 M n-BuLi in hexane (0.23 mL, 0.328 mmol) dmpwise and the resulting solution was

stirred for 1 h. Pentafluorobenzaldehyde (61 pL, 0.493 m o l ) was next added dropwise and the
resulting solution was stirred for an additional 30 min, afler which an aqueous solution of saturated

N b C l (1 mL) was aàded. The aqueous layer was then separated and extracted with Et10 (10 mL).

The combined organic layers were then dried over anhydrous Na2SOd, and concentrated in vueuo.
The crude product was purified by silica gel chromatography (gradient elution: hexane to 20% to
30% to 40% to 50% to 60% EtOAchexane) to isolate 72 mg (80% yield) of unreporteci addition

adduct 145 as a thick synip. Compound 145 was fomed in 39Oh de (de determined by Method C.
described in Section 2.3.2; HPLC solvent system and retention times: 3% 'PrûWhexane, 5.43 min

(9,6.13 min (R)), with the major diastereomer possessing the R ~ o ~ g u n t i oatn the carbinol
carbon.

The following characterization &ta was obtained for 145: IR (neat film) 3410 (O-H stretch),
1510, 1249, 1O96 (C-0 stretch), 838, 8 15 cm-';'HNMR 6 7.45-7.55 (m, 2H, Ar-H), 6.8-7.0 (m, 2H,
Ar-H), 5.15-5.4 (m, lH, Ar-H), 3.0-4.0 (m, 7H, Ar-H), 3.82 (s, 3H. OCH,), 3.80' (s, 3H, 0CH3).

3.66' (s, 3H, OCH3), 3.65 (s, 3H, OCHI), 3.56 (s, 3H, OCHs), 3.45' (s, 3H, OCH3), 3.43 (s, 3H,

OCH,), 3.16'

(s, 3H, 0CH3), 3.13 (s, 3H, 0CH3), 2.88' (d, 1H, J = 9.6 Hz,OCH), 2.86 (d, lH, J =

9.6 HZ, OCH);

13cNhlR 6 159.7 (Ar-H),

145.0 (br d, 'J = 255 Hz, Ar-H), 141.3 (br d, 'J = 210 Hz,

Ar-H), 137.6 (br d, 'J = 253 HZ, Ar-H), 130.2 (Ar-H), 129.8 ( A M ) , 128.5 (Ar-H), 128.3 (Ar-H),

114.5 (br m, Ar-H), 1 13.4 (Ar-H), 100.6 (anomeric-H), 100.4' (anomeric-H), 87.7 (OCH), 85.1'
(OCH), 84.9 (OCH), 79.9' (OCH), 79.8 (WH), 72.0 (OCH), 71.6' (WH), 7 1.5' (OCH), 71.5

(0
65.7' (OCH2),
,65.5'

(OCHI), 65.1 (OCH2)' 64.4' (OCHI), 64.2 (OCH3), 61S' (OCHI), 61.4

(OcHi), 60.7 (OCHI), 60.2 (OCH3), 60.2' (OCH3), 59.4 (OCH ,), 59.3' @CH3), 55.1 (WH3); 1

9 ~

NMR 6 -142.8 to -143.6 (m, 2F), -154.9 to -1 56.4 (m, IF), -162.3 to -163.6 (m, 2F); MS in/z 325.1

(Mf - OCH2CH(OH)C&.

100), 570.0 (21), 575.0

(M + ~ a ' , 15). Anal. Calcd for Cz5HnFs08:C,

54.35; H, 5.29. Found: C, 54.44; H, 5.40.

OMe

To a cooled solution (-78 O C ) of 108 (153 mg, 0.224 mmol) in Et20 (5 mL) was added a
solution of 1.40 M n-BuLi in hexane (0.32 mL, 0.448 mmol) dtopwise and the resulting solution was
stirred for 1 h. 3,4-Dimethoxybenzaldehyde (1 12 mg, 0.672 mmol) was added next, and the
resulting solution was stirred for an additional 20 min, afier which an aqueous solution of saturated
NH4CI (1 mL) was aàded. The aqueous layer was then seperated and exmcted with Et20 (10 mL).

The combined organic layea were then dried over anhydrous Na2S04,and concentrated in vacuo.
The crude product was purified by silica gel chromatography (gradient elution: hexane to 30% to
50% to 60% to 80% EtOAchexaw to neat EtOAc) to isolate 62 mg (49% yield) of unreported

addition adduct 146 as a thick syrup. Compound 146 was formed in 39% de (de detennined by

Meihod D, described in Section 2.3.2; HPLC solvent system and retention times: 20%

'PrOWhexane: 5.75 rnin (R), 7.86 min (S)), with the major diastereomer possessing the S
configuration at the carbinol carbon.

The following characterization &ta was obtained for 146: IR (neat film) 3429 (O-H stretch),
1091 (C-O stretch), 1067 (C-O stretch), 766, 687 cm-'; 'HNMR 6 7.73' (d, ZH,J
7-72 (d, 2H, J = 8.2 HZ, Ar-H), 7.62' (d, ZH, J = 8.7 Hz, Ar-H), 7.61 (ci,

= 8.7

Hz,Ar-H),

ZH,J = 8.2 HZ, Ar-H), 6.7-

6.9 (m, 3H, 3,4-OMe-Ph-m, 4.85-5.0 (m, IH, Bn-H), 3.93 (ddd, IH, J = 2.1, 4.2, 10.1 Hz,
CH$XH2CHO), 3.85' (s, 3H, 0CH3), 3.84 (s, 3H, OCH,),3.83 (s, 3H, 0CH3), 3.68 (s, 3H, W H 3 ) ,
3.66' (s, 3H, 0CH3), 3.59 (s, 3H,0CH3), 3.58' (s, 3H, 0CH3), 3.47 (s, 3H, 0CH3), 3.43' (s, 3H,

OC&), 3.15 (s, 3H, 0CH3), 3.11' (s, 3H,WH3), 3.0-3.8 (m, 6H, OCHi + OCH),2.88 (d, lH, J =
9.5 HG OCH), 2.86' (s, 1H, J = 9.5 HZ, OCH);

I3cNMR (75.5 MHz)G 148.9 (Ar-C), 148.6' (Ar-C),

142.3 (Ar-C), 142.0' (Ar-C), 133.3 (Ar-C), 133.3' (Ar-C), 130.4 (q, 2~ = 32 Hz, Ar-C), 127.8' (Ar-

c),127.7 (Ar-c),

'

'

124.9 (Ar-c), 124.9' (Ar-c), 124.1' (q, J = 272 Hz, Ar-c), 124.0 (q, J = 272 Hz,

Ar-C), 118.5' (Ar-C), 118.3 (Ar-C), 110.9 (Ar-C), 109.3' (Ar-C), 109.2 (Ar-C), 100.1' (anornenc-

C), 100.0 (anomenc-C), 87.2' (OCH),87.2 (OCH), 84.9 (OCH), 84.8' (OCH). 79.7' (OCH),79.7

(OCH), 72.5 (OCH), 72.5' (OCH),72.0' (OCH), 71.6 (WH),71.3 (OCH),67.6 (OCH2), 67.5
(OC&), 61.6 (OC&), 613' (OCH3), 60.8 (OCH3), 60.4' (OCH3), 60.3 (OC&), 59.4. (OC&), 59.4

(OC&), 55.8 (OC&), 55.7 (OC&); '% NMR 6 63.52', -63.53; MS m/s 33 1.1 (1OO), 363.0 (M'OC&CH(OH)C6H3-3,4-OMe, 96); HRMS (FAB)calcd for C2,H3g3NaO9: 583.2 13 1, found
583.2145.
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CHAPTER 3
A GLUCOSAMINE-DERWED CHIRAL AUXILIARY

3.1 Introduction

It was discussed in Chapter 2 that attempts were made to increase the likelihood of

intmmolecular coordination of the metal to the C-2 oxygen of the auxiliary by experimenting with

different solvents and metals. This chapter discusses the efforts made to increase the chance for
intmmolecular coordination of the metal to the C-2 position of the auxiliary by changing the nature
of the C-2 substituent on the auxiliary.
A Ritrogen atom at the C-2 site of the auxiliary may have a greater potentiai to coordinate to

the metal in the tmnsmetalated intermediate (Figure 19a). Furthemore, a carbarnate protecting
group on the nitrogen may also have the potentiai to coordinate to the metal (Figure 19b).

Figure 19. (a) Intramolecular coordination involving the C-2 nitrogen atom or (b) the carbarnate
P U P .

R-N 1

R 0 4 L M

Therefore, this chapter discusses the synthesis of a sugar-derived chiral reagent, containhg
the tributylstannylmethoxy substituent and a carbamate protected nitrogen atom at the C-2 position
(cornpound 149) (Figure 20), fiom glucosamine. The result obtained in the transmetalation of
stannane 149 and subsequent addition to benzaldehyde will also be discussed. The introduction of a
different heteroatom at the C-2 position represents the second structural modification studied during
the chiral awiliary design process in this thesis.

Figure 20. A glucosamine-denved stannane.

3.2 Results and Discussion

3.2.1 Synthesis of the Glucosamine-Derived Compound 149

nie structure of glucosamine is identical to glucose with the exception that the 2-hydroxy

group is replaced with a 2-amino substituent. Therefore glucosamine was an appropnate starting
material to employ in the study of substituting an oxygen atom for a nitrogen atom at the C-2
position. The carbamate group was first introduced by treating glucosamine~HC1150 with NaOMe
and methyl chloroformate to form 151 (Scheme 43.' The cornpound 151 was then permethylated to

a o r d 152 in a quantitative yield. A provisional identification was made for 152 b a d on IR, low
resolution MS, and by 'Hand

I3cNMR data. Deprotection of the anomeric oxygen was problematic

since conversion to the lactol 153 was slow with decomposition of the starting material occurring at
the same tirne. A provisional identification was aiso made for 153 based on IR,and by 'Hand ')c

NMR data. Furthemore the carbarnate protecting group was cleaved off under the acidic conditions
to give 154 dong with the desired product 153. However it was possible to convert 154 to the

carbarnate protected lactol 153 by treating the crude reaction mixture with methyl chloroformate to
afTord 153 in a 21% yield from 152. The lactol 153 was then oxidized with P C C ~to afford the
lactone 155 in a 70% yield. Introduction of the phenyl group was effected with PhLi to fonn 156
followed by glycosylation of the crude reaction mixture with BuiSnCH20H to fiord the suuuiane
149 in only a 12% yield from the lactone 155. Compound 156 was provisionally identified based on

IR,low resolution MS, and by 'Hand ')c NMR data.

A low ovedl yield was encountered for the

last two steps since only about 40 to 50% of the lactone 155 was converted to 156 in the PhLi
addition step and a low recovery of crude material also occurred (72% crude recovery).

Scheme 45
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The 'H and "C NMR spectra of 149 showed 2 sets of signals in an approximate 2:1 ratio.
This doublhg of signals could be due to hindered rotation of the carbarnate group (Le. 2 rotamers) or
to 2 diastereomers. To disprove the possibility of 2 diastereomers, 149 was treated with L i A l h to
form the unexpected secondary amine 157 (Scheme 46). It was expected that the tertiary amine (N,
N-dimethyl compound) wodd fom; however, the presence of hydroxides in the solution of LiAlk
may have caused the formation of 157 instead. Nevertheless, the 'H NMR spectrum of 157
displayed only one set of signals. Therefore, only one diastemmer was formed in the glycosylation
reaction between 156 and Bu3SnCH20H.

v12nBu3
Scheme 46
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In order to provide support for the a-glycoside stereochemistry in 149 a NOESY s p e c m of
149 was taken. An NOE was visible between the C-2 proton and aromatic protons (Figure 2 l),

while an NOE was absent between the C-2 proton and the protons on the methylene group connected
to the Sn atom or to the protons in the Bu3Sn group. Thus, it is reasonable to assign a syn
relationship between the C-2 proton and phenyl group.

Figure 21. NOE correlation observed in a NOESY spectnun of 149.

3.2.2 Tranrmetalution of Stannane 149 and Subsequent Trcpping with Benzaldehyde

An attempt was first made to trammetalate the stannane 149 with n-BuLi in Et20; however,

transmetdation did not occur and an addition to benzaldehyde was not possible. On the other hand,
transmetdation occuned readily in THF to fom the organolithium 158 with BySn king fomed in

a 90% yield (Scheme 47). The addition step to benzaldehyde occumd to fonn 159 in a 67% yield

though the selectivity achieved was very low at 14% de. A provisional identification was made for
159, based on iR, low resolution MS, and by 'Hand

I3cNMR data.

The lithiated glucose-derived

stannane 102 with a phenyl anomenc group (Chapter 2) (Scheme 48), reacted with benzaldehyde in
oniy 17% de when the reaction was conducted in THE
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The factor that may be reducing the potential for achieving higher ievels of selectivity may
be due to intermolecular coordination of the metal between two or more molecules of the metalated

intermediate (i.e. aggregation) as was discussed in Chapter 2 and thus preventing the formation of
the c i s - f k d bicyclic intermediate that is speculated to induce diastereoselectiGty. As a result the

introduction of a group at the C-2 position that may have the potential for greater coordination
ability would be futile if intennolecular coordination is occurring between the C-2 group and the
metal of another molecule.

3.2.3 Summary and Conclusion

The introduction of a nitrogen atom at the C-2 position using a glucosamine-denved chiral
auxiliary did not induce a greater level of diastereoselectivity to occur over the glucose-denved
analog. Furthemore, the synthesis of the glucosamine-denved staMane 149 was difficult since very
low yields were experienced in two steps.
It was speculated that aggregation might reduce the amount of diastereoselectivity that could

be possibly achieved with the almiliaries designed so far. Further efforts were made to introduce
structural features on other auxiliaries that would possibly reduce aggregation from occurring. The

results of introducing additional stnicturai modifications on other awiliaries are discussed in the
remaining chapters of this thesis.

The general procedures described in Section 2.3.1 are applicable here with the following
additions. In the instances were rotamers were characterized, an asterisk (*) indicates signals that
could be unequivocally attributed to the minot rotamer. Signals for minor diastereomen are also
noted with an asterisk. PhLi was obtained as indicated in Section 2.3.10.

3.32 Methyl N-(2s.3s. 4R.SR,6R)-4.S-dimthoxy-6-(methoxymethyr)-2-phenyI-2-[(I,
I ,1~ r i b u ~ i ~ t u n n y r ) m e t h o x y ] t e ~ u ~ d r 0 ~ 2 H ~ 3 - p a f - N - m149
etlcrbu~e

This section describes the synthesis of unreported 149 fiom 155, via unreported and not fully
R,3S,4 R,5 R,6R)-2-hydroxy-4,5-dimethoxy&
characterized synthetic intemediate methy1 N-[(2

(methoxymethy1)-2-phenyltetrahydro-2H-3-

p

e

(156).

Synthetic intermediate 156 was f
m prepared as follows: To a -40 OC solution of lactone 155
(1.10 g, 3.77 m o l ) in Et20 (38 mL) was added a 0.83 M solution of PhLi in Et20 (4.77 mL, 3.96

mrnol) dropwise. The mixture was Etirred for 75 minutes aAer which the reaction was quencheâ
with methanol (1 mL) and stirred for another 5 minutes. A pH 8 buffer solution (1.5% NH3 in an

aqueous saturated solution of W C I ) (10 mL) was added to the mixture and the mixture was then

allowed to reach

n.

The organic layer was separated and the aqueous layer was extracted with

EtOAc (2 x 15 mL). The combined organic layers were then âried over anhydrous NazSOs, filtered,

then concentrated in vacuo to afford 1.00 g of crude material (72% crude recovery, approximate
45% conversion by 'H NMR spectroscopy) which was employed in the next step without any
purification. Pure 156 was obtained for characterization purposes as a white solid by silica gel
chromatography (gradient elution: 30% to 35% EtOAchexane) and as an approximate 1: 1 mixture

-

of rotamen: mp 144- 146 O C ; [alo" = 83.1 (c = 0.41, CHC13); IR (KBr) 3398 (O-H stretch), 2820,

1700 (C=O stretch), 1081 (C-O stretch), 769, 706 cm"; 'HNMR 6 7.18-7.80(m,SH,Ar-H), 4.37
(dd, IH, J = 8.7, 10.9 Hz,OCH), 3.30-4.20(m,SH,OCHz +OCH +WH),3.75 (s, 3H,0CH3), 3.60
(s, 3H, 0CH3), 3.59' (s, 3H, 0CH3), 3.55' (s, 3H, 0CH3), 3.53' (s, 3H. OCH,), 3.51 (s, 3H,0CH3),

3.44 (s, 3H, 0CH3), 3.41' (s, 3H, OC&), 3.06' (s, 3H, 0CH3), 3.00 (s, 3H,0CH3), 2.95' (s, 3H.

0CH3), 2.34 (s, IH, OH); I3cNMR (75.47 MHz) S 159.1 (C=O), 157.1' ( G O ) , 142.4 (Ar-C),

141.8' (Ar-C), 128.3' (Ar-C), 128.0(Ar-C),128.0 (Ar-C),127.8' (Ar-C),125.9 (Ar-C),125.6' (Ar-

c), 99.5' (anomenc-C), 98.7 (anomeric-C), 81.4 (OCH),81.2' (OCH), 79.1' (OCH) 79.7 (OCH),
73.7 ( 0 0 ,
71.6' (OCH), 71.4 (OCH), 71.0' (OCH),62.3 (NCH),61.4' 0 , 6 0 . 4 (OCH3), 60.3
(OCHI), 60.3' (OcHi), 59.5' (OCHI), 59.4 (OCH3), 59.4' (OCH,),53.4 (OCH3), 52.1' (OCHs),

39.7 (NCH3), 30.7(NCH3).
The titled cornpound was then prepared as follows: To a O O C solution of the cnide reaction

mixture (523 mg) isolated in Section 3.3.7 in CH2Ch (14 mL), was added 4 A cnished molecular
sieves (1.4 g), Bu3SnCH20H(479 mg, 1.49 rnrnol), followed by TfOH (70 fi, 0.8 m o l ) . The
mixture was then brought to rt and stirred for 4 days. The reaction was then quenched with Et3N (1

mL) followed by filtering off al1 solid mataial. The filtrate was then concentrated in vacuo and the

resulting cmde material was purified by silica gel chromatography ( W e n t elution: hexane to 10Y0
to 20% to 25% EtOAchexane) to obtain 155 mg of the unreported compound 149 (12% overall

yield fiom 155) as a colorless oil and as an approxirnate 2:l mixture of rotamers: [alD== + 44.1 (c
=

0.68, CHC13); IR (neat film) 2854, 1708 (C=O stretch), 1453, 1 126 (C-O stretch), 1O01 (C-O

stretch), 769, 705 cm"; 'HNMR 6 7.18-7.49 (m, SH, Ar-H), 4.20' (d, 1H, J = 11.1 Hz, NCH), 3.94

(d, lH, J = 10.9 Hz, NCH), 3.13-3.85 (m, 6H,0CH2 +OCH), 3.59 (s, 3H,0CH3), 3.54(s, 3H,
OCH,), 3.5 1 (s, 3H, 0CH3), 3.42' (s,3H, 0CH3), 3.23 (d, I H, I = 10.5 Hz, OCEJHSRBU~),3.06 (s,
3H, NCH3), 3-01' (s, 3H, NCH3), 2.96

(S.

3H, 0CH3), 1.1 1-1.67 (m, 12H, Sn(CH2C&C&CH3)3),

0.70-1 .O8 (m, 1SH,Sn(C&CH2CH2Cb)3);

I3cNMR (50.32 MHz) 6 157.3'

( C a ) , 157.1 (C=O),

137.9 (Ar-C), 137.6' (Ar-C), 127.8 (Ar-C), 127.7 (Ar-C), 126.7 (Ar-C), 104.1 ()J

=

20 HZ,

anomeric-C), 80.7 (OCH), 80.4' (OCH), 79.1 (OCH), 78.6' (WH),72.4' (OCH),72.0 (OCH), 71.4'

(OCH*),71.2 (OCH*),
62.8 (NCH), 62.1 ' (NCH), 60.0 (OCH3), 59.4 (OC&), 59.0' (OcHi), 58.3'
(OCH3),52.4' (OCH3), 5 1.9 (OCH3), 50.0 (OCH2SRB~3),
33.8' (NCH3),32.7' (NCH3). 3 1.7 (NCH3),
30.8 (NCH3), 30.4' (WH3), 29.1 (*J = 10 Hz, SnCHgH2CH2CH3), 27.3 ('J

=

27 Hz,

Sn(CH2)SH2CH3), 13.5 (Sn(CH2)3CH3),8.8 ('J = 157, 162 Hz, SnCH2(CH2)2CH3). Anal. Calcd
for Cs1 Hs5NO7Sn: CI 55.38; H, 8.24; N, 2.08. Found: C, 55.52; H, 8.08; N, 2.09.

This known compound' was prepared by a pmcedure modified fiom that described by Chni.

'

To 1.3 L of anhydrous MeOH at O OC in a 3-neck 3 L flask equipped with an overhead stirrer was
added Na ( 12.7 g, 0.55 mol) slowly followed by D-glucosamine~HCl(1
O8 g, 0.5 mol) and anhydrous
Na2C03 (53.1 g, 0.5 mol). An addition h e l with 324 mL of methyl chloroformate (4.2 mol) was
attached to the flask and the methyl chloroformate was added dropwise. After the addition was

complete the reaction mixture was refluxed ovenùght. The reaction mixture was then cooled to O O C
and Na2COl (approximately 250 g) was added slowly with stimng until the solution was slightly
basic by pH paper. The mixture was then concentrated in vacuo, followed by removing salts by

filtering the concentrated crude salt mixture through a plug of silica and washing the residue with a
15% solution o f MeOH in EtOAc. The salt fiee filtrate was then concentrated in vaçuo to fiord 83

g of 151 (66% yield) as a white solid in an approximate 10:1 mixture of a- and p-anomers

respectively: mp 119-121 OC;' lit. mp 150-1S 1 OC (a anomer),' 197-198 O C

(90)
6 4.58-4.69 (br s, 1H, anomeric-H), 4.26' (d, 1H,J

= 8.5

(P anomer);' 'H NMR

Hz, anomeric-H), 3.16-3.82 (m, 6H,

OCH + NCH + OCHI), 3.52 (s, 3H, COOCH3), 3.23 (s, 3H,OcHi).

b

O ,,\OH
"'NHM~

May

OMe

The above known compund3 was isolated as a thick s p p , as a by-product during the
preparation of 153: 'HN M R 6 5.26 (d, 1H, J = 3.5 Hz, anomeric-Fi), 3.1 8-3.95(m,4H,OCH +

OCH3,3.62 (s, 3H, OCH3), 3.53 (s, 3H,OCHI), 3.42 (s, 3H,0CH3),2.92-3.05(m, IH,OCH), 2.502.61 (m,1H,NCH), 2.42 (s, 3H,NCH3).

OMe

This section describes the synthesis of unreported compound 155, starting fiom known
compound 151, and via unreporteci and not fully charactenzed synthetic intermediates methyl 2-

deoxy-2-(N-methoxycarbonyl-N-methylamin0)-3,4,6-~-O-methyl~~-D-gi~~opyranoside
(1S f ) ,
and
(153).

2deoxy-2-(N-methoxycatbonyl-N-methy1amino)-3,4,6-tri-O-methyl-a/~-DDgi~~opyranose

Synthetic intemediate 152 was first prepared as follows: To a solution of 151 (83 g, 0.33
moi) and Me1 (103 mL, 1.65 mol) in dry DMF (2 L) at O O C was added NaH (66 g, 1.65 mol) slowly
over a penod of one hour. The reaction was over afler the NaH addition was complete as judged by
TLC. The excess NaH was quenched by adding HzO (50 mL) slowly to the reaction mixture at O O C
while stirring. The mixture was then concentrated in vacuo followed by dissolving the crude residue

in H20(600 mL). The solution was then extracted with EtOAc (8 x 500 mL) followed by drying the
combined organic layers with anhydrous Na2S04. The dried mixture was then filtered and
concentrated the in vacuo to fiord 115.4 g of the unreported compound 152 (100% yield) as a light
yellow oil and as an approximate 2:l mixture of a$ anomers: IR (neat film) 2929, 2837, 1770,

1702. (C=O stretch), 1062 (C-O stretch) cm"; 'H NMR 6 4.67 (dd, IH, J

H), 4.29' (dd, 1H, J = 3.2, 1 1.3 Hz,anomeric-H), 4.08 (dd, 1H, J

= 3.2, 10.8

= 3.2, 10.9 HZ,

HZ, anomeric-

NCH), 3.28-3.78

(m,SH,OCH + OCH*), 3.55 (s, 6H,2 OcHi), 3.43 (s, 3H, 0CH3), 3.32 (s, 3H. 0CH3),2.95 (s, 3H,

NCH,), 2.90' (s, 3H, W H 3 ) ; "C NMR 6 157.7 (C=O), 100.4 (anomeric-C), 100.0' (anomenc-C),
80.8 (OCH), 80.5'

(OCH),78.1 (OCH),77.8' ( 0 0 ,
7 1.1' (OCH), 70.8 (OCH),70. 1 (OC&), 60.0

(NCH), 59.1 (OCHI), 58.1' (OCHI), 57.6 (OCH3), 57.2' (OCH3), 54.8 (OCHI), 52.6 ( W H & 30.5

-

( W H 3 ) , 30.3' 0JCH3); MS (ES)nJz 244.1 (IW 2 CH30H, 17), 276.2

(M'- CH3OH, 100), 277.1

(W - 0CH3), 308.2 (M+ H',100).
Synthetic intemediate 153 was then prepared as follows: A solution of 152 (1 15.4 g, 0.38

mol) in 2 M HCl(2 L) was refluxed for 12 hours by which time al1 starting material had disappeared
as judged by TLC. The reaction mixture was then cooled to O OC and solid NaHCOp(approximately
350 g) was slowly added (Caution: vigorous bubbliog occun !) until the solution was slightly

basic by pH paper. The mixture was then extracted once with hexane (500 mL) to remove non-polar
impurities. The aqueous layer was then concentrated to a volume of 600 mL and sahuated with

NaHCO3. This was followed by extracthg the aqueous layer with EtOAc (7 x 600 mL), drying the
combined EtOAc extracts over anhydrous Na2S04 and concentrating the extracts in vacuo to &ord

55.5 g of a crude mixture of 153 and 154. The crude mixture was then dissolvecl in CH2C12and
cooled to O O C . A few crystals of DMAP were then added to the mixture followed by Et3N (57 mi..
0.41 mol). Methyl chloroformate was then added dropwise and the mixture was stirred ovemight.

The reaction mixture was then concentrated in vacuu followed by purification of the crude material
by silica gel chrornatography (40% to 50% EtOAchexane) to fiord 23.1 g (21% yield) o f the

unreponed compound 153 as a thick synip and as an approxirnate 1:I mixture of a:panomen and an
approximate 2:l mixture of rotamers: IR (neat film)3386 (O-Hstretch), 1702 (C=O stretch), 1459,

1 135 (C-Ostretch) cm-';'HNMR 6 5.83 (d, 1H,J = 6.9 Hz, p-anorner-anomeric-H), 5.74' (d, I H. J
= 6.8 Hz, P-anorner-anornetic-H),

1H,J

= 3.6

OCH,), 3.58

5.27' (br t, 1 H, J = 3.1 Hz, a-anomer-anomeric-H), 5.19' (br t,

Hz, a-anorner-anorneric-H), 3.19-4.10 (m, 5H, WHz + OCH + NCH), 3.60'
(S.

(S.

3H.

3H. 0CH3), 3.55 (s, 3H,OcHi), 3.54' (s, 3H,W H 3 ) , 3.53 (s, 3H, 0CH3), 3.41 (s,

3H,0CH3), 3.29 (t, lH, J = 9 . 3 HZ, OCH), 3.00'(s, 3H,NCH3), 2.98 (s, 3H, NCHi), 2.96'(s, 3H,
NCH3); I3cNMR (75.47 MHz)G 158.1' (GO), 157.2' (C=O),157.1' (GO), 156.8 ( G O ) , 94.8'
(anomeric-C), 94.3 (anomeric-C), 93.1 ' (anomeric-C), 92.9' (anomeric-C), 8 1 .1' (OCH), 80.8'

(OCH),79.1' (OCH),77.7' (OCH),77.5' (OCH), 77.2' (OCH),76.6 (OCH),75.9' (WH),75.4
(OCH), 73.2' (OCH), 71.7' (OCH),71.6 (OCH),71.1' (OCH2), 71 .O' (OCHI), 70.1 (OCH2), 69.7'
(OCH2), 60.2'

O,
60.0

59.8' (NCH), 59.5' (NCH), 59.1' (OC&), 59.0' (OCHj), 59.0

(OCH3), 59.0' (OC&), 58.9' (OCH,),58.8' (OCH,), 58.7' (OC&), 58.0 (OCHI), 58.0 (OcHi),

57.7' (OCHI), 57.6' (OCH3), 57.3 (WH,),56.8' (WH3),54.6' (OCHI), 52.7' (OCH3), 52.6'

(WH3), 3 1.2' (NCH3), 30.5' (NCH3), 29.0 (WH3).

Compound 155 was then prepared by a procedure modifieà from that described by Corey and
suggs.' To a solution of lactol 153 (1.68 g, 5.73 mmol) in CH2C12(100 mL) was added PCC (1.85

g, 8.59 mmol) and the mixture was refluxed for 5 hours. Mer cooling to rt the reaction mixture was
diluted with anhydrous EtzO (400 mi,)then filtered through a pad of Florisil, followed by washing
the residue with EtOAc (400 mL). The filtrate was concentrated in vacuo and the resulting crude
material was purifieci by silica gel chromatography (gradient elution: hexane to 40% to 50%

EtOAchexane) in order to isolate 1.17 g of 155 (70% yield) as a white solid and as an approximate
2: 1 mixture o f rotamers: mp 62-64 O C ; [aloz = + 124.0 (c = 1.16, CHCI,); IR (neat film) 1747
(C=O lactone stretch), 1686 (C=O carbarnate stretch), 1492, 1074 (C-O stretch), 996 ( G O stretch),

780, 690, 657, 604 cm"; 'HNMR 6 4.24 (dt, lH, J

= 2.5,9.2

Hz,CH30CH2Ci-Jû),4.00-4.14' (m,

1H,NCH), 3.30-3.90 (m, 4H,OCH + WH2), 3.74 (s, 3H,OcHi), 3.58 (s, 6H, 2 0CH3), 3.41 (s, 3H,
0Cii3), 3.10 (s, 3H, WH3), 3.06' (s, 3H, W H 3 ) ;

I3c N M R

6 167.1 (lactone G O ) , 156.1

(carbarnate C=O), 80.9 (OCH),77.1 (OCH),76.9' (OCH), 76.8 (OCH),75.9' (OCH),69.6' (OCH),
69.3 (OCH2), 63.8 (NCH),62.3' (NCH), 59.3 (WH3), 59.2 (OCH3), 58.3 @CH3), 54.8' (OcHi),

52.1 (OCH3), 52.0' (OCH3), 35.5 (NCH3), 34.9' @CH3). Anal. Calcd for C12HZIN0,:C, 49.48; H,
7.27: N, 4.81. Found: C. 49.33; H, 7.04; N, 4.76.

To a solution of 149 (17 mg, 0.025 mmol) in THF (1 rnL) was added a I M solution of
LiAlh in THF (25 fi,0.025 mmol) and the mixture was stirred for one hour. The reaction was

then quenched with Na2SO4e10H20 (20 mg) and filtered through a small plug of Celite to fiord the
unreported compound 157 as a clear oil: IR (neat film) 2854, 1448, 1106 (C-O stretch), 1002 (C-O
stretch), 700; 'HNMR 6 7.24-7.60 (m, 5H, Ar-H), 3.18-3.93 (m, 7H, 0CH2 + OCH), 3.65 (s, 3H,

OC&), 3.58 (s, 3H, OCH,), 3.48 (s, 3H, WH3), 2.23-2.40 (m, lH, NCH), 2.06 (s, 3H, WH3), 1.181.78 (m, 12 H, Sn(CH2C&CI&CH3)3), 0.70-1.12 (m, ISH, Sn(C&CH2CH2C&)3); MS (FAB) m/z

-

-

105 (28), 294 (M' 0CH2SnBu3, 100), 558 (M' C a 9 , 5); HRMS (FAB) calcd for C2&hN05Sn

(M' - C4HP) 558.224 1 , found 558.2252.

3.37 Methyl N-[(2R, 3S,5fR.SR, 6R)-2-(2-~droxy-2-phenylethoxy)-4,5-dirnethoxy-6-

( m e t h o q m t ~-2-phenyl
)
tetra~dro-2H-3-pyrany1]-N-methy1~ar
bamute 159

To a cwled solution (-78 OC) of 149 (1 5 1 mg, 0.225 mmol) in THF (5 mL) was added a 1.53
M solution of n-BuLi in hexane (0.29 rnL, 0.449 mmol) and the resulting mixture was stirred for 25
minutes. Benzaldehyde (69 pL, 0.675 mmol) was then added and the mixture was stirred for an
additional 15 minutes &er which the reaction was quenched with a saturateci aqueous N&CI
solution (5 mL). The mixture was diluted with EtOAc (5 mL) followed by separating the aqueous
layer. The aqueous layer was then extracted with EtOAc (3 x 25 mL), the organic layen were
combined, dried over anhydrous Na2S04,then concentrated in vacuo. The crude product was then
purified by silica gel chromatography (gradient elution: hexane to 20% to 40% to 60% to 80%
Et201hexane to neat Et20) to isolate 70 mg of BhSn (90% yield) and 74 mg of the unreported
compound 159 (67 % yield) as a white solid in 14% de (de determined by Method C outlined in
Section 2.3.2; 50% 'PrOHkxane, retention times: 4.95 min (major diastereomer), 5.48 min (minor
diastereomer)) and as an approximate 2: 1 mixture of rotamers: mp 111- 114 O C ; IR (KBr disk) 3447

(O-H stretch), 2877, 1686 (Ca stmch), 1465, 1357, 1138 (C-O ~tretch),lOtl(C-O stretch), 1054
(C-O stretch), 704 cm"; 'HNMR (300 MHz)G 7.16-7.39 (m, 10H,Ar-H), 4.83-4.95 (m, IH, BQ-H),
4.18' (d, lH, J = 11.3 Hz, NCH), 4.18' (d, lH, J = 11.1 Hz, NCH), 3.91' (d, lH, J = 11.0 Hz, NCH),

3.91 (d, lH, J = 11.0 Hz, NCH), 3.32-3.86 (m,7H, OCHI + WH), 3.58' (s, 3H,OCHI), 3.58 (s, 3H,

OCH3), 3-54 (s, 3H,OCY), 3.48 (s, 3H,OcHi), 3.47' (s, 3H, 0CH3), 3.41' (s, 3H, 0CH3), 2.99 (s,
3H, NCHd, 2 . 9 7 ' ( ~ ,3H,NCH,), 2.95 (s, 3H,0CH3),2.94'(s, 3H,0CH3);

I3c(125.8 MHz) 8

157.3' (C=O), 157.1 (C=O),141.1' (Ar-C), 141.0 (Ar-C), 140.9 (Ar-C), 140.8' (Ar-C), 137.7 (Ar-

c), 137.6' (Ar-c), 137.4 (Ar-c),

137.3' (Ar-c), 128.3 (Ar-c), 128.3 (Ar-c), 128.2 (Ar-c), 128.2

(Ar-C), 128.0 (Ar-C), 128.0 (Ar-C), 127.9 (Ar-C), 127.8 (Ar-C), 127.8 (Ar-C), 127.7 (Ar-C), 126.5
(Ar-C), 126.4 (Ar-C), 126.4 (Ar-C), 126.2 (Ar-C), 126.1 (Ar-C), 126.0 (Ar-C), 102.5'

(anomeric-C),

102.4 (anomenc-C), 80.7' (OCH),80.6 (OCH), 80.4' (OCH),80.2' (OCH),78.9' (WH),78.8
@CH), 78.5' @CH), 78.4' (OCH), 73.1 (OCH), 72.8' (OCH), 72.8' (WH), 72.1 (OCH),71.9'
l

(OCH),71-8' (OCH), 71.6 (OCH),7 1.5' (OCHI), 71.4' (OCH2), 7 1.2' (OCH2), 7 1.2 (OCHI), 66.8'
(OC&), 66.7 (OC&), 66.6' (OCHI), 62.8' (NCH), 62.8 (NCH), 62.0' (NCH), 62.0' (NCH),60.2'
(OCHI), 60.1 (WH3), 60.0' (OCH3), 59.5' (OCHI), 59.5' (OCH3), 59.5' (OCH,),59.4 (OCH3),
59.2' (OC&), 59.2 (OCH3), 58.4' (OCH3), 58.4' (OCH3), 52.5' (OCH3), 52.0 (OCH3), 30.9' (NMe),

30.9 (NMe), 30.5' (N'Me), 30.5' m e ) , 30.5' (NMe), 29.6' (NMe); MS (CI) (OH3 ml; 145 (100),

-

158 (37), 255 (44), 352 (W 0CH2CH(OH)Ph, 3).
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-
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CHAPTER 4
A 3-METHOXY-TETR9HYDROPYRANCHIRAL AUXILIARY

4.1 Introduction

It has been shown that the levei of diastereoselectivity in additions of a-aikoxycarbanions to

aldehydes could not be increased by experimenting with different metals or solvents (Chapter 2), or
by changing the nature of the C-2 group on the awiliary (Chapter 3). The factor reducing the

potential for achieving a higher level of diastereoselectivity was believed to be aggregation
occurring between the metalated intermediates to possibly prevent intrarnolecular coordination
between the C-2 heteroatom of the auxiliary and metal fiorn takuig place.

Sugars are polyoxygenated compounds and therefore have great potential to participate in

multiple coordination States with a metal. A possible strategy to avoid aggregation From taking place
would be to design awiliaries that are l e s "sugar-like" in stmcture. This entails synthesizing
awiliaries that possess only the oxygen atoms necessary for intramolecular coordination in the
metalated intermediate (C-2oxygen) and for maintaining the anomeric fùnctionality (ring oxygen)
linking the substrate so auxiliary/product recovery could still be possible.

Therefore, a new alkoxymethyltributyltin substrate containing auxiliary 160 was synthesized
incorporating the only above required structurai features in the form of a chiral 3-methoxytetrahydropyran ring (Figure 22). The synthesis of stannane 160 is presented in this chapter dong

with the results obtained in the transmetdation of 160 and subsequent trapping with aldehydes.

F i p n 22. A 3-methoxy-tet~ahydmpyranchiral auxiliary bonded to the aikoxymethyltin substrate

(la).

4.2 Results and Discussion

42.1 Synthesis of the 3-Methoxy-Tetrahydropyran Alkmymethyltin Derivat ive 160

The synthesis of the starnane 160 involved removing the 3, 4 and &position oxygens of Dgalactose followed by introduction of the phenyl and alkoxyrnethyltin groups (Scheme 49). The 6position oxygen was removed fmt by protecting the other oxygens of D-galactose 161 as
isopropylidene ketals' to form 162. The 6-hydroxyl group was then transformed to the iodide2 163
followed by reduction with Ftaney-~i3to fonn 164 in a 97% yield. The isopropylidene protecting
groups were then removed to form 165, which is the methyl glycoside of the naturally occurring
sugar D-fucose. The next part of the synthesis involved removing the 3 and Cposition oxygens of
the sugar backbone, and first involved incorporating the 3 and Cposition oxygens into an ortho

ester4to forrn 166. The C-2 oxygen was then protected with Me1 to fonn the methyl ether in 167.

Provisional identifications were made for m p o r t e d c o m p o ~ d 166
s and 167, based on 'Hand

N M R data.

I3c

The C-3 and C-4 position oxygens were then removed in a reaction,' which involved

reflwing 167 in Ac20to form the alkene 168. The alkene 168 was then subjected to hydrogenation

to afford 169 @rovisionally identified by low resolution MS and by 'Hand

NMR data), in which

the C-4, 5, 6 oxygens have been removed. The lactol 170 (provisionally identified by IR, low
resolution MS and by 'Hand "C NMR data) was then formed in a 85% yield by hydrolyzing the
glycoside bond present in 169. The lactol 170 then undenvent a Swem oxidation in THF to fonn the
lactone 171 in situ: to which PhLi was added immediately to fomi the auxiliary 172. A provisional
identification was made for 172 based on low resolution MS data The lactone 171 was not isolated
since it was suspected to decompose d u ~ aqueous
g
work-up and by silica gel chromatography.
Furthemore, PCC oxi&tion7 of 170 resulted in only a 21% yield of 171; this may be due to
decomposition during silica gel chromatography and to the product sticking to chromium salts
leading to low crude recovery. However isolation of 171 allowed for its provisionai identification
based on IR, iow resolution MS, and 'HNMR data. Also, the auxiliary 172 was believed to be

unstable and was used in the next step as the crude form. The final product 160 was then formed
under the usual glycosylation conditions employed in Chapter 2 and 3, in an overall yield of 33 %
fkom lactol 170. Along with the desireci product la,a minor by-product 173 was formed. which
was provisionally identified to be an isomer of 160 (based on IR

and by 'Hand

I3cNMR data).

Compound 173 was formed in a 1:18 ratio to 160 and was easily separated by silica gel
chromatography.

Scbeme 49

PPh31 imidatole 1 lz
toluene 1 reflux
(74%)

Raney-Ni 1
H21 MBOH

AeO
reiiux

_

UoMe

Me

OMe

Me

H2/PdIC
MeoH
(90%)

168

Me0

Me

O

PhLi 1 -78 O C
THF

Me

169

(COC1)21 OMS0 1 Et3N/
-78 OC 1 THF

160
33% overall ftom 170

Me

173
1:18 ratio with 160

The stereochemistry of 160 was confhed by a NOESY N M R expetiment. An NOE was
visible between the C-5 position proton and one of the methylene protons adjacent to the SnBu3
group (Figure 23). Therefore, the methy! and phenyl groups of 160 must be syn to each other as
expected due to sterics and the anorneric effect, since the largest ring substituents would prefer to be
diequatoial and the anomeric position oxygen would prefer the axial position.

Figure 23. NOE comlation observed in 160.

1.2.2 Transmetalarion of Stannane 260 and Subsequent Trapping with Aldehydes

The

staanane 160 was

transmetalated to the orgmolithim species in a variety of solvents

and trapped with either beddehyde or 3,4dimethoxybenzaldehyde (Table 14). The yield of
addition product 174 was low in toluene and hexane (entries 3 and 4) since Sn-Li exchange occurred

in a low yield. The level of diastereoselectivity induced with the 3-methoxy-tetrahydropyran
auxiliary was no better then levels of diastereoselectivity obtained with glucose-derived chiral
awtiliaries (Chapter 2, up to 59% de) and oniy slightly better then the glucosamine-derived chiral
auxiliary (Chapter 3, 14% de). F~rthermore~
addition to an electron rich aldehyde did not mult in a
big improvement in diastereoselectivity (entry 5) as was observed when employing glucose-denved
chiral amiliaries. Since aggregation was believed to be less of a problern with the 3-methoxytetrahydropyran auxiliary, it was thought that intiamolecular coordination of the lithium atom to the

3-position oxygen of the THP ring may not be o c c ~ g . Therefore, the strategy involving
transmetaiation to metals with better coordinathg abilities ihan lithium was adopted next.

Table 14.

Selectivities obtained after Sn-Li exchange of 160 and subsequent trapping with

benzaldehyde or 3,44imethoxybenzaldehyde.

1. n-BuLi
2. RCHO

_
""OM

OH

EnW

Aldehyde (R)

Solvent

Yield (%)

Dea(%)

1

Ph

THF

77

22

2

Ph

Et20

98

29

3

Ph

toluene

26

18

4

Ph

hexane

16

15

5

3 ,4-OMe-C6H3

Et 2 0

73

31

-

a Detennined by chiral HPLC analysis of the addition product.

Table 15 inâicates the results achieved when Li fiom the organolithium intermediate was
exchanged for Mg or Zn and then trappeû with benzaldehyde. The yield of addition product 174 was
noticeably decreased when Mg was exchanged for Li (entries 1 and 2). The decrease in yield can be
attributable to the formation of protonated by-product 176, which CO-spottedon TLC with the nBuLi addition product to benzaidehyde (177). A provisional identification was made for unteported

cornpound 176 based on 'H NMR data. An interesthg effect on diastereoselectivity occuned when
the amount of MgBr2aOEt2was varied. A nearly stoichiometric amount of Mg to organolithium
species in the reaction gives an increase in diastereoselectivity over the auxiliary organolithium
derivative (entry 1). However, a large excess of Mg.B~a0Et~
actually results in a decrease in the
level of diastereoselectivity (entry 2).

Perhaps aggregation can be occurring since the

transmetalated derivative still contaias 3 oxygen coordination sites and a greater amount of Mg may
promote aggregation to a greater extent to lower the level of diastereoselectivity. Furthemore,
addition product 174 could not be obtained in the Li-Zn exchange reaction (entry 3), and it was
believed that oniy protonated by-product 176 was fonned dong with 177 and Bu4Sn.

Table 15. Formation of organomagnesium and organozinc intermediates followed by

trapping with benzaldehyde.

-

Envy

Metal source

Eq of metai
source

1

M@rzaOEt2

2.1

Yield
of 176

Yield
of 174

(Y@)

(%)

nd

41

a Determined by chiral HPLC analysis of the addition product.

Dea(%)
42

It was thought that the low level of diastereoselectivity experïenced in the Li-Mg exchange
reaction was due to the inability for the Li-Mg exchange process to proceed to completion.
Therefore, a direct formation of the organomagnesium intemediate 1'18 was attempted by Sn-Mg

exchange (Scheme 50). Treating the stannane 160 with 2 equivalents of n-BuMgBr did not result in
the formation of BwSn or the organomagnesiurn intemediate 178 even when the reaction mixture
was brought to roorn temperature.

Scheme SO

4 . 2 3 Summory and Conclusion

A lengthy 12 step synthesis was used to form the stannane derivative 160 containing the 3-

methoxy-tetrahydropyran auxiliary. This effort was disappohting in the end since no significant
improvements in diastereoselectivity were achieved with the less oxygenated chiral auxiliary over
glucose or glucosamine-derived chiral auxiliaries. It was believed that an alternative intramolecular
coordination mode might be operating in the transmetalated intermediate (Figure 24). The expected
structure represented by 179 (Figure 24a) may not form and the structure represented by 180 (Figure

24b), which has the metal intnimolecularly cwrdinated to the ring oxygen, may be the actual
structure of the transmetalated intermediate.

ûne of the structures may induce a lower level of

diastereoselectivity over the other in additions to aldehydes and therefore reduce the potential for

achieving a high level of diastereoselectivity with the 3-methoxy-tetrahydropyran chiral auxiliary.

Furthemore, the coordination mode represented by 179 would react with aldehydes with opposite
facial selectivity than 180, assumhg that the aldehyde reacts on the top face of the cis-fused bicyclic
system. Therefore, one structure can possibly negate the selectivity produced by the other due to
opposite facial selectivity, if both intermediates are present in solution. This dual coordination
theory was tested with the use of an auxiliary without the tetrahydropyran 3sxygen substituent and
is funher discussed in Chapter 6. The next chapter discusses the results obtained with amiliaries
prepared by considerably shoiter synthetic routes than the one presented in this chapter in order to

evaluate the efTect of a 5-membered ring auxiliary on diastereoselectivity.

Figure 24. Two possible coordination modes for the transmetalated intemediate.

4.3.1

General

The general procedures describecl in Section 2.3.1 and Section 3.3.1 are applicable here with

the following additions. Mass spectral &ta were obtained by GC/MS analysis on a Hewiett Packard
G1800A GCD system equipped with a HP-5 column (crosslinked 5% Ph Me silicone) (30 m x 0.25

mm x 0.25 p (film ihickness)), with ionization occming by electron impact. The GC retention

times that are quoted were also obtained on the above GCMS instrument and column with the

following temperature program king employed: initial conditions: (50 O C for 3 min), ramp: (15
"Urnin), final conditions: (220 O C for 10 min).

This section describes the preparation of 160 h m known synthetic intemediatee 168, and
the formation of not fully characterized and unreported synthetic intemediates (3S,6R)-2-30

dimethoxyd-methyltetnhydro-2H-pyran (169),
pyranol (17O),

(3ST6R)-3-melhoxy-6-methyltetrahydro-2
H-2-

(3$6R)-3-methoxy4-methyltetrafiydro-2H-2-pyranone (17l), and (2R,3S96R)-3-

rnethoxy-6-methyl-2-phenyltetrahydro-2H-2-pyranol(172).

Partial characterization data for

unreported

by-product

tributyl([(2R,3S,6R)-3-methoxy-6-methyl-2-p-

pyranyl]oxymethyl)stannane (l73), is also presented in this section.
A solution of 168 (1.3 g, 8.22 mrnol) in MeOH (80 mL) was hydrogenated with Hzusing

10% Pd/C (873 mg, 0.82 mmol) at room temperature and atmosphenc pressure for 2 h. The mixture
was then filtered and the filtrate was concentrated in vacuo (bath temperature: O OC). The crude
material was then purified by silica gel chromatography (gradient elution: petroleum ether (bp 30-60

OC) to 10% to 15% to 20% to 30% EhO/petroleum ether (bp 30-60 OC)) to afTord 1.2 g of the
unreponed compound 169 (90% yield) as a colourless oil and as a mixture of 2 diastereomen: GC

retention times: 7.22 min. (P anomer), 7.58 min. (aanomer); 'H NMR (aanomer) (300 MHz,
CDCI3) 6 4.76 (d, 1H, J = 3.3& anomenc-H), 3.75-3.9 (m, 1H, OCH), 3.1 -3.5 (m, 1H, OCH). 3.44
(s, 3H, 0CH3), 3.39 (s, 3H, OCHI), 1.55-2.0 (m, 3H, CCUCHHC), 1.1-1.5 (m, 1H, CCHHCi-&IC),
1.15 (d, 3H,S = 6.4 Hz, OCHC&); 'HNMR

(P anomer) (300 MHz, CDC13) 6 4.15 (d, 1H, J = 7.5

Hz, anomeric-H), 3.35-3.6 (m, lH, OCH), 3.53 (s, 3H, OCHI), 3.45 (s, 3H, 0CH3), 2.95-3.05 (m,
1H, OCH),2.1-2.2 (m, 1H, CH2CHH), 1.6-1.75 (m, 1H, CH2Cm),

1.22 (d, 3H, J = 6.1 Hz, OCHCb);

1.15- 1.45 (m ,2H, 2 CH2CHH),

I3cNMR (62.90 MHz, CM313) 6 105.2' (anomenc-H), 97.1

(anomenc-H), 77.6 (OCH),70.9 (OCH), 63.5 @CH3), 55.4 @CH3), 55.3' (OCHI), 53.9 @CH3),
31.6 (CH2CH2),31.5' (CH2CH2),27.7 (CH&H2), 22.8 (OCHCH3), 20.2' (OCHCH,); MS (EI) m/z

-

-

58 (100), 128 (W CH30H, l), 129 (W OcHi, l), 159 @fH, l), 160(W, 1).
A solution of 169 (673 mg, 4.20 mmol) in aqueous 1 M HCl(30 mL) was heated to 70 O C for

1 h, then cooled to n afkr which NaHC03 was added until the mixture was slightly basic. The

mixture was then saturated with NaCl and placed in a continuous extractor and extracted with EtzO
for 2 &YS.

The organic layer was then separated, dried over anhydrous Na2S04, filtered, then

concentrated in vacuo (bath temperahire: O O C ) .

The crude material was purified by silica gel

chromatography (gradient elution: petroleum ether (bp 30-60 OC) to 30% to 40% to 50%
Et20/petroleum ether (bp 3060 OC)) in order to isolate 522 mg of the unreported compound 170
(85% yield) as a colourless oil and as a mixture of 2 diastereomers: GC retention time: 8.09 min; IR

(neat) 3401 (O-H stretch), 1457, 1082 (C-O stretch); 'H NMR (200 MHz,CDC13) 6 5.25-5.35 (br,
1H, a-anorner-anomeric-H), 4.56 (dd, 1H, J

=

4.4, 7.4 Hz, B-anomer-anomeric-H), 3.95-4.15 (m,

1H, a anomer-OCH), 3.25-3.7 (m, ZH,OCH), 3.48 (s, 3H, B-anorner-OCH3), 3.40 (s, 3H, a-anorner-

0CH3), 2.9-3.05 (m, 1H, OCH), 2.1-2.25 (m, 1H, P-anomer-OCH), 1.65-2.0 (m, 3H, CC&CH2C +
OH), 1.15- 1.5 (m, 2H, CC&CH2C), 1.23 (ci, 3H, J
6.3 Hz, a anorner-OCHCb);

= 6.2

Hz, P-anorner-OCHCh), 1.15 (d. 3H, J

=

13cNMR (75.5 MHz, CDC13) 6 98.0 (anomeric-C). 90.0' (anomenc-

C), 79.3 (OCH), 76.9' (OCH),71.6 (OCH), 63.9 (OCH), 57.3' (OC&), 55.7' (WH3), 31.8
((J-i2CH2), 3 1.6. (CH2CHt), 27.6 (CHiCH2), 22.3. (çH2CH2), 20.6 (OCHCH3), 20.6' (OCH-3);

-

MS (EI) m/i 58 (100), 115 (M'- 0CH3, 3), 128 (M' H20,l), 129 (W- OH, 1). 146 (W, 1).
The next 3 steps to prepare the unreported compound 160 involved a procedure modified
From that described by ireland and ~ o r b e c k .To
~ a stined solution of oxalyl chloride (132 pL, 1.51

mmol) in THF (3 mL) at -78 O C was added dimethyl sulfoxide (1 13 pL, 1.59 mmol). The solution
was ailowed to warm to -35 OC for 3 min and was then recooled to -78

O C

for 15 min. A solution of

lactol 170 (220 mg, 1.51 mmol) in THF (3 mL) was added to the reaction mixture. The resulting
solution was allowed to warm to -35 OC and after 15 min was treated with EtlN (1.1 mL, 7.55
mmol). The reaction mixture was then allowed to warm to n for 10 min to form the lactone 171 in
situ.

Lactone 171 was also prepared by a PCC oxi&tion7 in low yield as outlined in this

paragraph: A mixture of lactol 170 (80 mg, 0.547 mmol), PCC (242 mg, 1.O9 mmol), sodium acetate

(13 mg, 0.164 mmol) and 4 A molecular sieves (200 mg)in CH2C12(5 rnL) was refluecl for 45 min.

The mixture was then cooled to rt, then diluted with anhydrous Et20 (20 mL) followed by filtration
h o u & Florisil. The filtrate was then concenüated in vacuo (bath temperature: O O C ) followed by
purifjhg the crude by silica gel chromatography (gradient elution: petroleum ether (bp 30-60 OC) to
10% to 15% to 20% to 30% to 35% Et20/petroleumether (bp 3 0 4 0 OC)) in order to id a t e 2 1 mg of

171 (27% yield) as a colourless oil: GC retention t h e : 8.54 min; IR (neat film)2832, 1742 (C=O
stretch), 1452, 1379, 11% (C-O stretch), 1126 (C-O stretch), 1005 (C-O stretch), 847 cm"; 'HNMR
(200 MHz, CDC13) 6 4.52-4.72 (m, lH, CH3CHOC=O), 3.79 (dd, 1H,J = 5.9,7.6 Hz), 3.54 (s, 3H,
0CH3), 1.85-2.27 (m, 3H, CbC-W,

1.50-1.78 (m, lHT CHzCmJ, 1.36 (d, 3H, J

-

=

6.3 Hz.,

-

CH3CHOC=O); MS (EI) d e 58 (1 ûû), 1 14 (M'CH20,14), 129 (M* CH3,l).
AAer lactone 171 was generated in situ, the reaction mixture was cooled to -78 OC, a k r
which a 0.82 M solution of PhLi in Et20 (2.8 mL, 2.27 mmol) was added. The reaction was stirred

for 20 min then quenched with a saturated aqueous W C 1 solution (1 mL). The mixture was then
brought to n and extnicted with EtzO (3 x 10 mL), followed by drying the cornbined organic extracts
over anhydrous Na2S04,then filtering. The filtrate was then concentrateci in vocw, to give 333 mg
of crude material containhg 172, which was used in the next step without purification. GC/MS data

of the crude matenal indicated a 3: 1 mixture of auxiliary 172 and lactol 170. Purification of 172 was
not attempted since it was suspecteci to be unstable to silica gel chromatography; therefore adequate

NMR &ta could not be obtained. However GCMS data was satisfactory and indicated 172 to be
79% pure: GC retention time: 13.54 min; MS m/z (EI) 115 (100), 204 (M' - HzO,OS), 205

(M'-

OH,0. l), 207 (M' - CH3, O. 1).
To a cooled solution (O OC) of crude auxiliary 172 (333 mg) and Bu3SnCH20H(480 mg, 1.50

mmol) in CHIClz (25 mL) and in the presence of crushed 4

A molecular sieves (6 g) was added

triflic acid (53 pL, 0.60 mmol). The mixture was stirred for 30 minutes der which it was quenched

with Et3N (1 mL), then filtered, followed by concentrating the filtrate in vacuo. The cnde material
was purified by silica gel chromatography (gradient elution: hexane to 0.5% to 1% to 2% to 3% to

4% Et20kxane) to afford 262 mg of 160 (33% overall yield from 170) as a colourless oil : [alou =

+ 30.1 (c = 0.92, EtOH); GC retention t h e : 19.11 min; IR (neat) 3059, 3028, 2852, 1950, 1448,

1107 (C-O stretch), 1011 (C-O stretch), 862;

'HNMR (200 MHz, CDC13) 6 7.5-7.65 (m, ZH,Ar-

H), 7.25-7.4 (m,2H, Ar-H), 3.7-3.9 (m, lH, OCH), 3.44 (4 lH, 10.5 & 2 ~ s , .=~ 30.1 Hz)
0CHHSnBu3), 3.24 (d, IH,10.5 Hz, 'J~,."

= 26.8

Hz) 0CHlJSRBu3), 2.9-3.1 (m, lH, OCH), 2.99 (s,

3H, 0CH3), 1.M. 1 (m, 3H, CbCHJjJ, 1.15-1.7 (m, 16H, C H 2 C W + Sn(CH$&C&CH3)3

+

OCHCb), 0.75- 1.1 (m, 15H. Sn(CH2(CH2hC&),); "C NMR (50.3 MHz CDC13) 6 140.1 (Ar-C),
127.8 (Ar-C), 127.4 (Ar-C), 127.4 (Ar-C), 101.2 ('J = 42 Hz, anornenc-C), 83.5 (OCH), 69.6

(OCH), 57.6 (OCHI), 49.8 ('J = 362, 378 HZ, 0CHzSnB~3).33.2 (CH2CH2), 29.2
Sn(CH&HZCH2CH3)3), 27.4

( 3 ~=

( 2 =
~

20 HZ,

52, 54 Hz, Sn((CH2)&H2CH3)3), 24.3 (CHSH2), 21.2

13.7 (Sn((CH2)3m3)3),9.0 ('J = 310. 324 Hz, Sn(CH2(CH2)2CH3)3);
MS (Er)m/e 205

(M' - 0CH2SnBu3, 100). Anal. Calcd for C26H&3Sn: C, 59.46; H, 8.83. Found: C, 59.63; H, 8.85.
Also formed in the reaction involving the preparation of 160 was the by-product and minor
diastereomer 173 in a 1 :18 ratio with 160. Compound 173 also has a slightly lower Rf value then
160 and displayed the following characterizatîon data: [alo*= + 21.0 (c = 0.61' CHCI,);

IR (neat

film) 2823, 1449, 1379, 1259, 1118 (C-0 stretch), 1085 (C-O stretch), 1011 (C-O stretch), 763, 699
cm-'; 'HNMR (300 MHz, CDC13) 6 7.42-7.55 (m, 2H, Ar-H), 7.22-7.39 (m, 3H. Ar-H), 3.73-3.90

(m,lH, OCH), 3.37 (d, IH, J = 10.0 Hz, 'J~,,."

= 28.3

Hz, 0CkJHSnBu3), 3.23 (t, IH, J = 2.6 Hz,

OCH), 3.O2 (d, 1H, J = 10.3 Hz,2~sn.H= 28.8 Hz, 0CIUJSnBu3), 1.98-2.12 (m, 1H, C_HHCi&), 1.80-

1.94 (m, 1H, CmCH2), 1.10-1.72 (m, 17H, CH2C& + Sn(CH2C&C&CH3)3 + OCHCB), 0.701.O0 (m, 15H, Sn(C&(CH2)2Cb)3). I3cNMR (75.47 MHz) 6 140.5 (Ar-C), 127.6 (Ar-C), 127.3

(Ar-C), 127.0 (Ar-C), 101.7 (anomeric-C), 78.5 (OCH), 66.4 (WH), 57.6 (OCH), 49.2

(OCH2SnBu3), 29.3 ( 2 =~ 21 Hz, Sn(CH&H2CH2CH3)3),27.3 (-'J = 51 Hz, Sn((CH2)2CH2CHl)3),
26.5 (CCH2CH2C),23.3 (CCH&H2), 2 1.6 (CCH3), 13.7 (Sn((CH2)3CH3)3),8.9 ('J = 3 1 1, 325 Hz,
Sn(CH2(CH2hCH313)-

This known cornPound' was prepared by a pmcedw modified From that described by
~ i ~ s o nTo
. ' a solution of anhydrous zinc chloride9 (59.5 g, 0.437 mol) in anhydrous acetone (500

mL) was added concentrated sulphuric acid (2 mL, 0.036 mol) followed by D-galactose (161) (49 g,
0.273 mol). The mixture was stined for 4 h afler which Na2C03(81 g, 0.976 mol) in HzO(143 mL)
was added dropwise. Next the mixture was partitioned between H20 (500 mi.) and EtOAc (500

mL), followed by separating the organic layer. The aqwous layer was then extracted with EtOAc (4
x 500 mL), followed by combining the organic layers and drymg over anhydrous Na2S04. The âried

solution was then filtered and concentrated in vacuo io fiord 63.3 g of cmde 162 (89% yield) as a
thick syrup which was used without M e r purification: 'H N M R (250 MH2, CDC13) 6 5.57 (d,
lH, J = 5.0 Hz, anomeric-H), 4.61 (dd, lH, J = 2.4, 7.9 Hz.,
OCH), 4.34 (dd, IH, J = 2.4, 5.1 Hz,

WH), 4.28 (dd, 1H, J = 1.6, 7.9 Hz, 0 0 ,3.70-3.95 (m, 3H, OCH + 0CH2), 1.54 (S. 3H, CCH3),
1.46 (s, 3H, CCH3), 1.34 (s, 6H, 2 CCH3).

This known compound2 was prepared by a procedure modified fiom that described by
~urette? A mixture of cmde 162 (63.3 g, 243 mmol), imidazole (48 g, 730 mrnol), iodine (123 g,
486 mmol), and triphenylphosphine (191 g, 730 rnrnol) in toluene (2 L) was refluxed for 2 h. The

mixture was then cooled to ri, then washed with a saturated solution of NaHC03 (500 mL), then with

a saturated solution of sodium thiosulfate (500 mL), and finally with H20(500 mL). The organic
layer was dried over anhydrous Na2SOc then concentrated in vacuo. The crude oil was then
triturated with anhydrous EtzO to precipitate triphenyiphosphine oxide, which was filtered off. The
filtrate was then concentrated in vacuo and the crude matenal purified by silica gel chromatography
(gradient elution: hexane to 2% to 10% EtOAchexane) to afford 66.5 g of 163 (74% yield) as a
white solid: mp 58-59 OC; lit.) mp 72 O C ; 'HNMR (250 MHz, CDC13) S 5.55 (d, IH, J = 5.0 Hz,
anomeric-H), 4.62 (dd, 1H,J = 2.5,7.8 Hz, UCH), 4.41(dci, IH, J = 1.9, 7.9 Hz, OCH),4.31 (dd, IH,

J = 2.5, 5.1 HZ, OCH), 3.95 (td, 1H, J

=

1.8, 7.0 Hz, 0CmH21), 3.15-3.4 (m,2H, CH21), 1.55 (s,

3H, CCH3), 1.45 (s, 3H, CCH3), 1.36 (s, 3H,CCH3), 1.34 (s, 3H, CCH3).

This known cornPound)

was prepared by a procedure modified from that described by

~hafizadeh.~
The iodo compound 163 (66 g, 178 mmol) was dissolved in MeOH (700 mL), then
hydrogenated at room temperature and atmospheric pressure with Raney nickel (500 g) (Caution:
Fire Hazard: Raney nickel has the potential to ignite spontaneously in air when dry) for 2 days.

The Raney nickel was allowed to settle and the MeûH solution was decanted, the Raney nickel
sluny was then washed with MeOH (3 x 500 mL) followed by additional decantation. The MeOH
solutions were then combined and concentrate in vacuo to fiord 42.3 g of crude 164 (97% yield)

'

which was used without m e r purification: H NMR (250 MHz,CK13) 6 5 S 2 (d, 1 H, J = 5.1 Hz,
anomeric-H), 4.59 (dd, 1H, I = 2.4,7.9 Hz, OCH), 4.29(dd, 1 H, J = 2.2,s. 1 Hz,OCH), 4.08 (dd, 1H,

J = 1.9, 7.9 HZ.,
OCH),3.92 (qd, lH, J = 1.8, 6.5 Hz, 0CHCH3 ), 1.53 (s, 3H,CCH3), 1.47 (S. 3H,
CCHJ), 1.36 (s, 3H, CCH3), 1.33 (s, 3H, CCH3), 1.26 (d, 3H,J = 6.6HZ, OCHCb).

1.3.6 Methyl d'D-ficoside 165

This known c ~ r n ~ o u n was
d ' ~ prepared by a procedure modified fiom that described by
~hafizadeh? Compound 164 (10.7 g, 43.8 rnmol) was refluxed in 1% H2S04/MeOH(2 10 ml) for 30

min. The reaction was then cooled to O O C and NaHCO, (approximately 4 g) was added until the
mixture was slightiy basic by pH paper. The mixture was then filtered through Celite and the
resulting filtrate concentrated in v m o .

The crude material was purified by silica gel

chromatography (gradient elution: EtOAc to 1% to 2% to 3% to 5% to 7.5% to 10% to 15%
MeOWEtOAc) to afTord 3.0 g of 165 (38% yield) as a white solid and as a mixture of anomers: mp

138-143 OC; lit. mp 146.147

O C

(a-anorner)," 12 1-122 O C (p-anomer);12 'HNMR (200 MHz,DzO)

6 4.82 (m. 1 H, anomeric-H), 4.34' (d, 1H,J = 7.9 Hz, anomeric-H), 4.09 (q, 1H. I = 6.6 Hz,OCH),
3.35-3.9 (m, 3H, WH), 3.44 (s, 3H, OCH,), 1.31' (d, 3H, J = 6.5 Hz, OCHCb), 1.27 (d. 3H, J =
6.5 Hz, OCHCb).

,,

Me

O

OMe

The preparation of lcnown8 168 is described in this section starting fiom known compound
165 via the formation of unreported synthetic intemediates (3aS,4R,7S,7aR)-2,6-dimethoxy-4methylperhydro[1,3]dioxol0[4,5-c]pyran-7-ol

(w9

(3aS,4R,7$7aR)-2,6,7-trimethoxy-4-

methylperhydro[l,3]dioxolo[4,5-clpyran (167), which were not fully characterized.
Unreported synthetic intermediate 166 was prepared by a procedure modified from that
described by Tanaka et al.? To a solution of 165 (4.9 g, 27.5 mmol) in CHzClz(250 ml.)was added

trimethylorthoformate (1 8.1 mL, 165 mmol) followed by a catalytic amount of TsOH (523 mg, 2.75
rnrnol). The mixture was stirred for 1 h after which the reaction was quenched with Et3N (5 mL).

The solvent was then removed in vacuo to afTord the crude material which was purified by silica gel
chrornatography (gradient elution: 30% to 40% to 50% EtOAchexane) to provide 5.0 g of 166 (83%
yield) as a colourless oil and as a mixture of 4 diastereomers: 'HNMR (250 MHz,CDC13) 6 5.83'
(s, 1H, (RO)3CH), 5.8 1 (s, 1H,

5.80' (s, 1H, (RO)3CN),5.78' (s, 1H, (RO),CB, 4.74' (d,

1H, J = 3.8 Hz, a-anomer-anomeric-H), 4.7 1 (d, 1H, J = 3.9 Hz, a-anomer-anomeric-H), 4.38' (d,

1H, J

= 6.3 Hz,

fbanomer-anomeric-H), 4.36' (d, lH, J

= 6.3

Hz, P-anorner-anomenc-H), 4.00-4.30

(m, 3H, OCH), 3.70-3.93 (m, 1H, OCH), 3.54' (s, 3H, 0CH3), 3.54' (s, 3H, 0CH3), 3.45 (s, 3H,
0CH3), 3.44' (s, 3H, OcHi), 3.42' (s, 3H, 0CH3), 3.37' (s, 3H, 0CH3), 3.36 (s, 3H, OCHI), 1.45'
=

6.6 Hz.

Cml3) 6 1 17.1' ((ROhCH), 1 16.8' ((RO)&H),

1 15.7

(d, 3H, J = 6.6 Hz, OCHCB), 1.38' (d, 3H, J = 5.6 Hz, OCHCb), 1.35 (d, 3H, J
OCHCB); "C NMR (75.47

((RO)3CH), 115.3' ((ROhCH), 103.2' (anomeric-C), 102.7 (anomeric-C), 99.0' (anomeric-C), 98.4'
(anomeric-C), 79.2 (OCH), 77.9' (OCH), 77.8' (OCH), 77.3' (EH),76.3* (OCH), 75.9' (WH),
75.1 (OCH), 74.8' (OCH), 72.8 (OCH), 72.5' (OCH), 69.2' (OCH), 68.8' (OCH), 68.7 (OCH), 68.5'
(OCH), 63.0' (WH3), 62.9' (OCHI),56.7' (OCH3), 56.7' (OCH3), 55.3 (OCH3), 52.7' (OCH3), 52.5'
(OCH3),5 1.9 (OCHI), 5 1.8' (OcHi), 16.3 (OCHCH3), 16.1' (OCHCH3), 16.0' (OCHCH3).
Unreported synthetic intermediate 167 was then prepared by the following procedure: To a
cooled (O O C ) solution of 166 (4.9 g, 22.3 mmol) in THF added Me1 (5.6 mL, 89.2 rnmol) followed
by adding NaH (2.7 g (60% suspension in mineral oil), 66.8 rnmol) slowly. The mixture was then
allowed to reach n and was stirred for 2 h after which the reaction was quenched with HzO (10 mL).
The solvent was then removed in vacuo followed by partitioning the crude salt mixture between
bine (45 mL) and EtOAc (150 mL). The layen were then separated and the aqueous layer was
exmcted with EtOAc (3 x 150 mL), followed by drying the cornbined organic layers over anhydrous

Na2S04. The solvent was then removed in vacuo and the cmde material was purified by silica gel
chromatography (gradient elution: hexane to 20% to 25% to 30% to 35% to 40% EtOAchexane) to
isolate 4.6 g of the unreportecl compound 167 (88% yield) as colourless oil and as a mixture of 4
diastereomers: 'H NMR (250 MHz, CDC13) 6 5.84' (s, lH, (RO)3CHJ, 5.82 (S. IH, (RO)3CH),
5.79' (s, 1H, (R0)3CH), 5.76' (s, 1H, (RO)$H), 4.79 (d, 1H, J = 3.5 Hz,a-anorner-anorneric-H),
4.44 (d, lH, J = 7.7 Hz,a-anomer-anomeric-H), 4.41' (d, IH, J = 7.7 Hz, p-anomer-anomeric-H),

4.27' (t, 1H, J = 6.2 Hz, P-anorner-anomeric-H), 3.974 19 (m, 2H, OCH), 3.69-3.89 (m,1H, OCH),
3.59' (s, 3H, 0CH3), 3.57' (s, 3H, OCH3), 3.56' (s, 3H, OC&), 3.55' (s, 3H, OC&), 3.53 (s, 3H,
0CH3), 3.53'(~, 3H, 0CH3), 3.52' (s, 3H,0CH3), 3.45'(~, 3H, OC&), 3.42 (s, 3H,0CH3), 3.41' (s,

3H, OC&), 3.37 (s, 3H, 0CH3), 3.36'(s, 3H, OC&), 3.27 (dd, IH, J = 3.6, 7.7 H z , OCH), 3.09'
(dd, lH, J

=

6.5, 7.7 Hz, W H ) , 1.43' (4 3H, J

=

6.6 Hz, OCHCk), 1.39 (d, 3H, J = 6.6 Hz,

OCHCb);

13c NMR

(62.90 MHz, CDC13) 6 116.8' ((Ro)&H), 115.4' ((RO)3sH), 115.0

((RO)3CH), 103.2' (anomenc-C), 102.7' (anomeric-C), 97.6' (anomeric-C), 97.2 (anomenc-C), 8 1.2
(OCH), 81.1' (OCH), 78.9' (OCH),78.3 (OCH),78.1' (OCH), 77.6' (OCH), 76.2 (OCH), 75.0'
62.3' (OCH3), 62.1 (OCH3), 59.1 '
(OCH), 74.9' (OCH), 74.6 (OCH),68.4' (OCH), 68.0' ( 0 0 ,
(OCH3), 58.3' (OCH3), 58.1 (OCH3), 56.0' (OCH3), 55.1 (OCH3),52.4*(OC&), 5 1.8' (OCH3),5 1.4'
(OCHI), 16.0' (OCHCH3), 15.8 (OCHCH3).

Compound 168 was then prepared by a procedure modified from that described by Ando et

ai.' Compound 167 (2.3 g, 9.8 mmol) was dissolved in acetic anhydride (30 mL) and the solution
was heated at reflux overnight. Work-up of the reaction mixture then followed by slowly adding a

saturated aqueous solution of K2C03until the solution was slightly basic (pH8-9) and al1 bubbling

had ceased. The mixture was then extracted with Et20 (3 x 100 mL), followed by drying the
combined organic extracts over anhydrous Na2S04, and removing the solvent in vacuo (bath

temperature: 0°C). The crude material was then purified by silica gel chromatography (gradient
elution: petroleum ether (bp 30-60 O C ) to 5% to 10% to 15% to 20% to 25% Et20/petroleurnether
(bp 3060

OC))

to fiord 1.3 g of 168 as a colourless oil and as a mixture of 2 diastereomers: GC

retention times: 7.2 1 min. (P anomer), 7.73 min. (aanomer); 'HNMR (aanomer) (250 MHz, CDCl3)

6 5.65-5.8 (m, 2H, alkenyl-H), 4.96 (ci, 1H, J

= 4.0 Hz, anomeric-H), 4.15-4.35

(m. 1H, OCH),

3.9-4.0 (m, 1H, OCH), 3.52 (s, 3H,OCHI), 3.44 (s, 3H, 0CH3), 1.BI(d, 3H, J = 6.8 HG OCHCb);

'HNMR (B anomer) (250 MHz, CDCl,) 6 5.65-5.8 (m, 2H, alkenyl-FI), 4.40 (d, IH, J = 6.2 Hz,
anomeric-H), 4.254.4 (m. lH, OCH), 3.6-3.7 (m, lH, OCH), 3.55 (s, 3H, 0CH3), 3.49 (s, 3H,

-

0CH3), 1.28 (d, 3H, J = 6.8 Hz,OCHCB); MS (Eu m/r 98(100), 127 (M' 0CH3, 4), 143 (M'-

CH3,1), 158 (M*,1).

This unreported compound was prepared by Sn-Li exchange of 160, followed by trapping
with benzaldehyde. Reactions were conducted in THF (results presented in Table 14, entry 1), Et20

(results presented in Table 14, entry 2), toluene (results presented in Table 14, entry 3) and hexane
(results presented in Table 14, entry 4). The transmetalation step was conducted at -50 O C when

hexane and toluene were used as solvents and at -78

O C

when THF and Et20 were employed.

Furthemore, Li-Mg exchange was also used io generate 160 (results presented in Table 15, entries
1-2). Representative procedures are included for the generationhpping of both the organoiithium
and the orangomagnesiun species.

A representative procedure for a reaction conducted in Et20, and trapping with the

organolithium species follows: To a cooled solution (-78 OC) of 160 (125.6 mg, 0.239 rnmol) in
EtzO (5 mi,)was added a solution of 1.56 M n - B S i in hexane (0.3 1 mL,0.478 mmol) dropwise and
the resulting solution was stirred for 50 minutes. Benzaldehyde (73 PL, 0.717 mmol) was next

added dropwise and the resulting solution was stirred for an additional 25 min, af'ter which an
aqueous solution of sanirated W C 1 (1

mL) was added. The aqueous layer was then separated and

extracted with Et20 (2 x 15 mL). The combineci organic layers were then dried over anhydrous
NaSOs, and concentrated in vucuo. Purification of the crude material occurreù by silica gel

chromatography (gradient elution: hexane to 30% to 50% to 60% to 80% Et2O/hexane to neat Et20),
to afford 80 mg (98% yield) of 174 in 29% de (de determinecl by Method C outlined in Section
2.3.2: 2% 'PrûWhexane, retention times: 9.24 min (major diastereomer), 13A6 min (minor
diastereomer).
A representative procedure for a reaction conducted in Et20, and trapping with the

organomagnesium species follows: To a cooled solution (-78 O C ) of 160 (1 12.9 mg, 0.21 5 mmol) in
Et20 (5 mL)was added a solution of 1.56 M n-BuLi in hexane (0.28 mL, 0.430 mrnol) dropwise and
E ~ mg,
~)'~
the resulting solution was stimd for 20 minutes. N a t , freshly generated M ~ B ~ ~ ( o(104
0.452 m o l ) in EtzO (2 mL) was added to the reaction mixture and the flask was placed in a -40 O C
bath. After 45 min the flask was placed in a -78 O C bath and cooled for 10 minutes. after which

benzaldehyde (66 fi,0.645 rnmol) was added dropwise and the resulting solution was stined for an
additional 20 minutes. The reaction was then quenched with a saturated aqueous solution of N h C 1
(1 mL). The aqueous layer was then separated and extracted with Et20 (2 x 15 mL). The combined
organic layen were then dned over anhydrous Na2S04,and concentmted in vucuo. hirification of
the crude material occurred by silica gel chromatography (gradient elution: hexane to 30% to 50% to
60% to 80% Et20/hexane to neat Et20), to afXord 30.5 mg (41% yieid) of 174 in 42% de (de

detemined by Method C outlined in Section 2.3.2: 2% 'PrOWhexane, retention tirnes: 9.24 min
(major diastereomer), 13.46 min (rninor diastereomer).
Compound 174 was isolated as a white solid in al1 experiments and exhibited the following
characterization data: GC retention tirne: 17.86 min; mp 84-89 OC; iR (KBr) 3435 (O-H stretch),
1094 ( G O metch), 768, 701 cm-';

'HNMR (300 MHz, CDC13) 6 7.55-7.65 (m, 2H, Ar-H), 7.15-

7.4 (m, 8H, Ar-H), 4.95-5.05 (m,lH, Bn-H), 3.85-3.95 (m, lH, WH), 3.6-3.8' (m, 1H,OCH), 3.23.5 (m, 2H, W H Î ) , 3.05 (s, 3H, 0CH3), 3.03' (s, 3H, 0CH3), 2.9-3.1 (m, 1H, OCH), 1.9-2.0 (m,

2H, CC&CH2C), 1.75-1.85 (m, 1H, CCHICkJHC), 1.35-1.5 (m, 1H, CCH2CHEJC), 1.21 (d, 3H, J

=

6.2 Fk, OCHCb), 1.19' (d, 3H, J = 6.0, OCHCB) ; "C NMR (75.5 MHz, CWl3)6 141.0 (Ar-H),
140.7' (AM) , 139.9 (Ar-H), 139.7' (Ar-H), 128.1' (Ar-H), 128.1 (AM),127.8' (Ar-H), 127.6 (ArH), 127.6 (Ar-H), 127.5' (Ar-H), 127.5 (Ar-H), 127.3 (Ar-H), 126.3' (Ar-H), 126.1 (Ar-H), 99.5'
(anomeric-H), 99.4 (anomenc-H), 83.5 (OCH), 73.0' (OCH) , 72.9 (OCH), 67.0' (OCH), 66.9
(OCH), 66.2' (OCHz), 66.1 (OCH*), 58.0 (()CH3) , 32.7' KH2CH2), 32.7 (CH2CH2), 24.3

-

(CHSHz), 24.3' (CHsH2) ,21.1 (OCHCH3); MS (En in/e 58 (100). 205 (W 0CH2CH(OH)Ph,
17). Anal. Calcd for C?I Hz604 C, 73.66; H, 7.65. Found: C, 73.88; H, 7.72.
Umporied compound (2R,3S,6R)-2,3-Dimethoxy-6-methyl-2-phenyltetrahy&o-2H-pyran

(176) was formed as a protonated by-product in 53% yield (field determined by 'H NMR) and
characterized to be present in a mixture with known ~ o r n ~ o u n d177
' ~ when 8 equivaients of
MgBrzeOEg was employed in a typical Li-Mg exchange procedure.

The following data was

assigned to 176: 'HNMR (300 MHz,CDC13) 8 7.55-7.65 (m, 2H, Ar-H), 7.22-7.44 (m, 3H. Ar-H),
3.82-3.97 (m, IH, OCHCHJ), 3.12 (s, 3H, OCHI), 3.05 (s, 3H, OCHI), 2.98 (dd IH, 5

=

5.3, 10.8

Hz,CHOCH& 1.65-2.00 (m, 3H, CkCYH), 1.30-1.50 (m, 1H, CH2CHH), 1.27 (d, 3H, J = 6.3 Hz,
OCHCb).

To a cooled solution (-78 O C ) of 160 (1 10.2 mg, 0.210 rnrnol) in Et20 (5 mL) was added a
solution of 1.56 M n-BuLi in hexane (0.27 mL,0.420 mrnol) dropwise and the resulting solution was
s h e d for 30 minutes.

3.4-Dimethoxybeddehyde (105 mg, 0.630 m o l ) was next added

dropwise and the resulting solution was stirred for an additional 25 min, after which an aqueous
solution of sanirated W C 1 (1 mi,)was added. The aqueous layer was then separated and extracted

with EtzO (2 x 15 mL). The combined organic layers were then dried over anhydrous Na2S04,and
concentrated in vacuo. Purification of the crude material occurred by silica gel chromatography
(gradient elution: hexane to 10% to 20% to 30% to 40% to 50% to 60% EtOAclhexane to neat
EtOAc) to alTord 62 mg (73% yield) of 175 as a thick s y i p in 3 1% de (de detemined by Method C
outlined in Section 2.3.2: 20% 'PrOWhexane, retention times: 6.04 min (minor diastereomer), 7.35
min (major diastereomer): IR (neat film) 341 1 (O-H stretch), 15 16, 1263, 1096 (C-O stretch), 1028
(C-O stretch), 764,704 cm"; 'HNMR (200 MHz., CDC13)8 7.22-7.41 (m, 3H,WH),
6.61 -6.98(m,

3H,Ar-H), 4.85-5.01 (m, lH, Bn-H), 3.63-4.00 (m, 1H,OCH), 3.85'

(s, 3H, OCHI), 3.84 (s, 3H,

OCHù, 3.83 (s, 3H, W H 3 ) , 3.12-3 S O (m, 2H, OCH), 2.90-3.08 (m, 1H, OCH), 3.06 (s, 3H, 0CH3),

3.04' (s, 3H,OCH3), 1.71-2.06 (m, 3H, CC&CmC), 1.34-1.58 (m, lH, CCH2CwC), 1.23 (d, 3H,
J = 6.0 Hz, OCHC!&), 1.20' (d, 3H, J = 5.8

OCHCb);

13c(75.47 M l b , CDC13)G 148.8' (Ar-

c), 148.7 (Ar-c),148.4' (Ar-c), 148.3 (hoc), 139.8 (Ar-c), 139.7' (M),
133.8' (Arc), 133.3

(Ar-C), 127.7 (Ar-C), 127.6 (Ar-C), 127.6 (Ar-C), 127.4 (Ar-C), 127.3 (Ar-C), 118.7' (Ar-C), 118.3
(Ar-C), 1 10.7 (Ar-C), 109.5' (Ar-C), 109.2 (Ar-C), 99.5' (anomeric-C), 99.4 (anorneric-C), 83.4

( O W , 72.8' (OCH), 72.6 (OCH),67.0 (OCX), 66.9' (OCH), 66.2 (OCH2), 66.2' (WH2), 58.1

(OC&), 58.0' (OCH,), 55.9' (OCHI), 55.8 (OC&), 55.8 (OCH3),32.7' (CH2CH2),32.6 (CH2CH2),
24.4 (CH&H2), 24.3' (CHsHz), 21.1 (OCHCH3), 21.0' (OCH-,).

Anal. Caicd for CuH300s:C,

68.64; H, 7.5 1. Found: C, 68.75; H, 7.75.

This known cornpound" was formed in 48% yield (yield determined by 'HNMR and based
op n-BuLi employed) and characterized to be present in a mixture with 176 as a by-product from the

procedure followed in Section 4.3.15 involving the use of MgBrz*OEt2(8 ee). The following data
was assigned for 177: 'H NMR (300 MHz, CDC13) 6 7.20-7.50 (m,
Bn-H),

1.61-1.88

(m,

ZH,

PhCH(OH)C&(CH2)2CH3),

5H,Ar-H), 4.60-4.71 (m,lH,
1.18- 1.47

PhCH(OH)CH2(C&)2CH3), 0.89 (t, 3H, J = 7.0 k,PhCH(OH)(CH2)3C&).

(m,

4H,
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S. 1 Introduction

The results obtained that were presented in Chapter 4 were disappointing especially afier a

lengthy 12 step synthesis to fom the auxiliary-substrate cornpound. Therefore, shorter synthetic
routes were exarnined to synthesize other chiral auxiliaries.

The prospect of synthesizing in relatively few steps a new class of chiral auxiliaries that
incorporate a 5-membered ring became very appealing. This chapter presents routes towards the 5-

rnembered ring auxiliary containhg derivatives 181 and 182 (Figure 25) and the results obtained in
the ~ismetalation/trappingchemistry with benzaldehyde.

Figure 25. 5-membered ring auxiliary derivatives 181 and 182.

5.2 Results and Discussion

5.2. i Synthesis of A mif iary Derivatives 181 and 182

The route towards the awiliary derivative 181 began with readily available (S)-malic acid
(183) (Scheme 51). The hydroxyl group and one carboxylate group of 1%3 were pmtected in a
dioxolane ring with the use of 22-dimethoxypropane and a catalytic amount of PTSA to form 184.'
The unprotected carboxylate group of 184 was then reduced with BH3@SMe2followed by
deprotection of the acetal group and subsequent Iactonization during the acidic work-up step to form
185.* Cnide 185 was then methylated3 to form 186 in an overall yield of 56% from 184.

Introduction of the Ph group then occurred as usual to form the awtiliary 187 in a 94% yield. The
mported cornpound 187 was identified provisionally by IR,low resolution MS, and by 'Hand "C
NMR data. The a-dkoxymethyltin substrate was then attached to the awiliary under the usual acidcatalyzed glycosylation conditions to from the desired product 181 and the undesired diastereomer
188, which were easily separated by silica gel chromatography, in a combined 59% yield and in a

19:l ratio of 181:188. The biggest surprise in the synthesis of 181 and 188 is that both compounds
racemized during the afidcatalyzed giycosylation step. Racemization o c c h g in the type of
system exemplified by the chiral auxiliary 187 under acidic conditions is unprecedented and a

possible mechanism for the racemization process will be presented later in this section.

Scheme 51
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The other auxiliary denvative 182 was accessible in even fewer steps than 181 (Scheme 52).
Comrnercially available (R)-pantolactone 189 was methylated to form 190 in a 91% yield. The
auxilivy 191 was then formed in a 96% yield by adduig PhLi to 190. The unreported compound

191 was identified provisionaily by iR, low resolution MS, and by 'Hand

13cNMR data

Once

again as seen during the synthesis of 181, the glycoside 182 was formed as a racemate in a 37%
yield and this time as only one diastereomer.

Bu3SnCH20H1
TfûH (a)
1
sieves 1 O OC to rt I
CH2C12

The assigned relative stereochemistries of 181 and 182 where the 2 and 3 position oxygens of
the tetrahydroh ring are syn to each other are supported by NOE &ta obtained from NOESY
spectm (Figure 26). in both cases an NOE was visible between the 3 position hydrogen and

aromatic hydrogens. On the other hand, an NOE between the methoxy group and phenyl group was
not visible in either compound. Therefore, support is given for the relative stereochemistry that was
assigned for 181 and 182.

Figure 26. NOE correlations o f 181 and 182 nom NOESY spectra.

It was difficult to comprehend that compounds 181 and 182 could have racemized. Optical
rotations of both compounds were initially taken in CHC13 (c = 1.15 and 1.OS, respectively, for 181
and 182), and found to be O at 589 nm (the D line of Na). Additional proof was desired to c o n f i
that compounds 181 and 182 had acnially racemized. It was considered that the non-existent optical
rotation might be due to the function of wavelength that the optical rotation readings were taken.
Therefore, additional readings for both compounds were taken at 578, 546, 436 and 365 nm in
CHC13; however no rotation was observed at these other wavelengths. Readings for 182 were also

taken in different solvents (i.e. methuiol, THF,toluene, and hexane) and at sirnilar concentrations as
was obtained in CHCI, with the result of not observing any significant differences fiom what was

observed in CHCI,. Furthemore, a neat sample of 181 did not provide significant optical rotations
at either 589,578,546,436 or 365 nm.
Additional proof that botb 181 and 182 were formed as racemates included a derivatization
expriment where 181 was transmetalated and trapped with (S)-2-NJ-di beny larninopropanal

(Scheme 53). The 'HN M R analysis of the product had revealed that a mixture of 2 diastereomers
192a and 192b were formed in a 1: 1 ratio. A provisional identification was made for compounds
192a and 192b, by IR, and by

'Hand "C NMR data. According to the literature: the p-amino

alcohol functionality is formed in a unti stereochemical relationship in additions of orgrnolithium
reagents to (S)-2-Nfi-dibenzylaminopropanal.Therefore, the formation of 2 diastereorners in a 1:1
ratio can be attributed to the racemic nature of the Sn derivative 181 since a teaction with 181 and

(+1-)-2-Nfl-dibenylaminopmpanalgave the identical 'H NMR spectrum as with (S)-2-N&
dibenzylaminopropd.

Scheme 53

''H % ~ ~ n 2

1-78 O C 1 THF

80% yield and a 4 :1 mixture

There is littie doubt that 181 and 182 were formed as racemates due to the mentioned optical
rotation data and derivatization experiment. How could such a racemization process happen? It
couid be possible that the chirai auxiliaries 187 and 191 undergo a process where the oxonium
intermediate 193 that is fonned during the glycosylation reaction as shown for 191 in Scheme 54,
undergoes proton abstraction at the C-3 site of the tetrahydrofuran ring to fonn an alkene
intemediate 194. The aikene can then be reprotonated at the same site in order

to

effect

racemization at the C-3 stereocenter. The racemic oxonium intermediate 195 can then be trapped
with Bu3SnCH20H to form the racemic glycoside 182.

Scheme 54

This type of racemization is unusual for funinoside systems since nitrogen glycosylation
reactions involving pyrimidine and purine nucleosides bases with h o s i d e s do not proceed with
racerni~ation.~Furthemore, furanoses with anomeric C-substituents do not undergo racemization in
acidic glycosylation reactions; in BF3aOEt2promoted Et3SiH reductions,' or in another reaction
involving oxoniurn ion formation at the anomeric carbon.'

For example, a compound in the

literature (196):~ closely related to 187/191, possessing an aryl anomenc substituent underwent
reduction with Et3SiH/BFpOEt2to af'Tord 197 without racemization (Scheme 55). The BFpOEt2
promoted Et3SiH reductions of anomenc carbons are believed to occur via a carbocation
intermediate? Perhaps a dixrete carbocation intermediate is forrned from 187/191 under the acidic
conditions resuiting from the use of TfDH and a discrete carbocation intermediate may not form in
reactions involving the use of BF3*OEt2. There are no examples in the literature for a glycosylation
reaction under protic acid conditions involving a furanoseifuranoside glycoside bond donor
possessing an anomenc aryl group. Therefore, the carbation formed h m 187/191 also may have

greater stability due to resonance stabilization by the arornatic group. As a result, two requirements
may be required for racernization to occur: the presence of an anomenc aryl group (dong with a 3-

OR group) for the furanose glycoside bond donor and reactions involving the use of protic acids.

Scheme 55

5.2.2 Transmetafation of A uxiliary Derivatives 1d l . 182. und 188 and Subsequent Trapping with
Beddehyde

Both auxiliary derivatives 181and 182 and also 188, which is the minor diastereomer forrned

in the synthesis of 181, were transmetalated then trapped with benzaidehyde (Table 16). Sn-Li
exchange was observed to occur more favorably in THF rather than in Et20 (entry 1 vs. 2 and entry
3 vs. 4), and addition products were only isolated in reactions conducted in THF. However, addition

products were forrned as 1 to 1 mixtures in al1 cases studied. The anti relative configuration of the
C-2 and C-3 oxygens on the tetrahydrofùran ring in 188 (entry 5) produced no difference in

stereoselectivity over the syn relative configuration in 181and 182. Provisional identifications were
made for addition products 198-200, based on IR, low remlution MS, and by

'Hand ')c NMR data.

Table 16. Transmetdation and trapping of 5-membered ring awciliaries 181, 182, and 188.

OMe

Enny

Awiliary
derivative

Solvent

Y ield: SnBb
(%)

Y ield: addition Dea(%)
product (O/) (#)

#

1

181

THF

96

84

O

2

181

EtzO

3

O

-

3

182

THF

75

63

O

4

182

Et20

18

O

-

5

188

THF

nd

64

O

a - de determined by
nd - not detemiined

' H NMR

It could be possible that a cis-bd-($5)-bicyclic system intermediate if formed may not

form a ternplate that would allow a stereodiEerentiating process to occur. The aldehyde may react
fiom either the top or bottom face of the organolithiurn intermediate with quai probability.

5.2.3 Summary and Conclusions

The effect that 5-rnembered ring awiliaries have on diastereoselectivity in additions to
beddehyde have been studied and found to be unable to induce a stereodifferentiating process.
The synthetic routes towards the awiliaries were relatively short; however racemization in the last
step had occurred in dl cases. This racemization process has been discovered for the first time for
compounds posessing a phenyl group as a C-glycoside and a 2-ORgroup in a h o s e ring system.

5.3.1 General

The general procedures described in Section 2.3.1, Section 3.3.1 and Section 4.3.1 are

The known comPunds4 (S) and (+I-)-2-NJ-

applicable here with the following additions.

dibenzylaminopropand were prepared by following the procedure of Reetz et al." with the
exception to using L- and (+/-)-alanine as starting materials instead of L-phenylalanine. ApO was

'

also prepared according to a literature procedure.'

\

OMe

This section presents the synthesis of 181 fiom the kwwn cornpound 186,'~
via unreported
synthetic intermediate (2R,3S)-3 -Methoxy-2-pheny ltetrahydro-2-f'wanol (187), which was not fully
characterized.

Synthetic intemediate 187 was fmt prepared as follows: To a cooled (-78

OC)

solution of

186 (3.83 g, 33.0 mmol) in Et20 (330 mL) was added a 1.O3 M solution of PhLi in Et20 (33.6 mL,

34.6 mmol). The mixture was stirred for 20 min &er which the reaction was quenched by adding a

satmted solution of N&Cl (125 mL) and the mixture was then brought to n. n i e aqueous layer
was then separated and extnicted with Et20 (2 x 200 mL). nie combined organic layers were then

dned over anhydrous Na2SOs and filtered, followed by removing the solvent in vacuo. Purification
of the crude material then occurred by silica gel chromatography (gradient elution: 25% to 50% to
75% Et20/hexane to neat Et20) to isolate 6.02 g of the u p o r t e d compound 187 (94% yield) as a
colorless oil: GC retention tirne: 12.45 min; IR (neat film)3435 O-H stretch), 3063, 2830, 1973,
1690, 11 18 (C-0stretch), 765, 699 cm-'; 'HNMR (200 MHz, CDC13) G 8.03-8.09 (m, 2H, Ar-H),
7.32-7.65 (m, 3H, Ar-H), 4.80 (dd, IH, J

= 4.8,

7.9 Hz, OCH),3.75-3.88 (m, 2H, 0CH2), 3.41 (s,

3H, OC&), 1.92-2.28 (m,2H, CCH2C); "C NMR (62.90 MHr, CDC13) S 133.4 (Ar-C), 128.6 (Ar-

c), 128.6 (Ar-c),

128.0 (Ar-C), 103.4 (anomenc-c), 82.5 (OCH),59.5 (OCH2), 57.5 (OcHi), 35.4

-

-

(CCH2C); MS (ET)m/r 176 (W H20,3), 177 (MC OH, 1).
Compound 181 was then prepared by the following procedure: To a cooled (O O C ) solution of
187 (2.84 g, 14.6 mmol) and Bu3SnCH20H (4.93 g, 15.4 mmol) in CH2C12(150 mL) and in the

presence of crushed 4

A molecular sieves (15 g) was added triflic acid (0.52 d,5.84 mrnol).

The

mixture was stirred for 90 min afler which the reaction was quenched by adding Et3N (2 mL)and the
mixture was then brought to rt. The mixture was then filtered, followed concentrating the filtrate in
vacuo. Purification of the crude material

then occuned by silica gel chromatography (gradient

elution: 25% to 50% to 75% CHzClz/hexaneto neat CH2C12)to isolate 4.26 g of the major isomer
181 and minor isomer 188 in a 19:l ratio as oils (59% combined yield) (minor isomer elutes in 50%

CH2C12/hexane,major isomer elutes in 75% CHzC12/hexaneto neat CH2C12). Data obtained for 181:
[u]o2?= O (C

= 1.15, CHC13); [a]578U= O (c = 1.15, CHC13); [alSuU
= O (c =

1-15,CHCls); [a]oi62' =

O (c = 1.15, CHCI& [ a ] = ~O (c~= 1.15,
~ CHC13); [alou= + 0.1 1 (c = 1 14, neat); [a]57822
= + 0.10

(c = 114, neat); [a]s**

= + O. 12 (c = 1 14, neat); [aj4362=
2 + 0.2 I

(c = 1 14, neat);

= O (c =

114, neat); IR (neat film) 2832, 1950, 1108 (C-0 stretch), 1017 (C-O stretch), 864 cm-'; 'HNMR

(300 MHz, CDC13) 6 7.45-7.52 (m,2H,Ar-H), 7.25-7.39 (m, 3H,Ar-H), 4.23 (q, lH, I = 7.9 Hz,

OC-m, 3.92-4.04 (m, lH, O C W , 3.72 (dà, lH, J = 0.9, 5.6 Hz,OCH),3.53 (d, lHyJ = 10.1 Hz,
2

Jsn.~= 29.3 Hz, 0CmSnBu3), 3.1 1 (d, 1H, J = 10.1 HZ, 2~sn.H = 27.9 HZ, OCmSnBw), 2.88 (s,

3H, OcHi), 2.3 1-2.43 (m, lH, CC-C),

1.98-2.06 (m, 1H, CCHIJC), 1.îM.6O (m, 12H,

Sn(CH2C&C&CH3)3), 0.65- 1.1 1 (m, 15H, S~I(C&(CH~~C&)~);
I3cNMR (75.47 MHz) G 137.0
(Ar-C), 127.9 (Ar-C), 127.7 (Ar-C), 127.6 (Ar-C), 111.3 (-'J = 41 Hz, anomeric-C), 87.0 (OCH),

65.9 (OCH*), 57.3 @CH3), 49.5 ('J = 363, 380 Hz, KH2SnBu3),30.8 (Cm2C29.1
), (

2 =
~ 21

HZ,

'

Sn(CH&H2CH2CH3)3), 27.2 ( 3 =~ 5 1 Hz, Sa((CH2)&H2CH3)3),13.6 (Sn((CH2)3CH3)3),8.8 ( J =
3 1 1,325 Hz, S~I(CH~(CH~)ZCH~)~);
MS (FAB) m/z 146 (26), 177 (M* - 0CH2SnBu3, 100), 291 (30),

-

44 1 (M'
- CJH~,
12); HRMS (FAB) calcd for C2&ia03Sn (M'C4H9)
44 1.1452, found 44 1.1465.

This section describes the synthesis of 182 fiom known compound 190,13via unreported

synthetic intermediate ( 2 S , 3 R ) - 3 - m e l h o x y - 4 , 4 - d i m e t h y l - 2 - p h e n y l ~ o l(191), which
was not fully characterized.

To a cooled (-78 OC) solution of 190 (1.O7 g, 7.42 mmol) in Et20 (75 mL) was added a 1.O7
M solution of PhLi in Et20 (7.28 rnL, 7.42 mmol). The mixture! was stirred for 15 min after which

the reaction was quenched by adding a saturated solution of W C 1 (30 mL) and the mixture was
then brought to rt. The aqueous layer was then separated and extmcted with Et20 (3 x 50 mL). The

combined organic layers were then dried over anhydrous NazSQ and filtered, followed by removing
the solvent in vactro. Purification of the crude matend then occurred by silica gel chromatography

(gradient elution: hexane to 10% to 20% to 30% to 40% Et20/hexane) to isolate 1.58 g of the
unreported compound 191 (96% yield) as a colorless oil: GC retention time: 12.76 min; [a]oU =
+21.9 (c = 1.68, CHC13); IR (neat film) 3368 (O-H stretch), 2828, 1460, 1448, 1112 (C-0 stretch),
975 (C-O stretch), 757, 702 cm"; 'HNMR (200 MHz, CDC13)8 7.21-7.63 (m, SH, Ar-H), 3.86 (d,

IH,J = 8.5 Hz, OC-m, 3.68 (d, lH, J = 8.5 Hz, OCHHJ, 3.43 (s, 3H, 0CH3), 3.33 (s, IH, OCH),
1.15 (s, 3H, CCH,), 1.11 (s, 3H, CCH3); ')c NMR 6 137.9 (Ar-C), 127.9 (Ar-C). 127.6 (Ar-C),

125.5 (Ar-C), 94.2 (anomeric-C), 77.7 (OCH), 60.1 @CH2), 58.3 (OcHi), 41.2 (C(CH3)2), 27.7

-

(CCH,), 20.2 (CCH3); MS (El) mis 85 (1 OO), 204 (M'H20,2), 205 (M'
- OH, 1).
Compound 182 was then prepared as follows: To a cooled (O

OC)

solution of 191 (3.33 g,

15.0 mmol) and Bu3SnCH20H (4.82 g, 15.0 mmol) in CH2C12(150 mL) and in the presence of

crushed 4 A molecular sieves (15 g) was added üiflic acid (0.53 mL, 5.99 mmol). The mixture was
stirred for 2 h at O O C then brought to rt and stirred for an additional 1 h after which the reaction was
quenched by adding EttN (2 mL). The mixture was then filtered, followed concenüating the filtrate
in vacuo. hification of the crude material then occurred by silica gel chromatography (gradient

elution: 20% to 30% to 40% to 50% CHzC12/hexane)to isolate 2.95 g of the unreported compound
182 (37% yield) as a colotless oil: GC retention time: 19.24 min; [a]D22
= O (c = 1.05, CHCI,);

[alD*= O (c = 1.06, MeOH); [alon= 0 (c = 1.52, THF); [a];

= 0 (c = 1.34, toluene); [a]? = +

0.6 (c = 1.5 1, hexane); [a]57s*
= 0 (c = i 37, CHClù; [alJosU
= O (c = 1.37, CHC13); [aldM= O (c =

1.37, CHC13);

[a]ibsU =

O (c = 1.37, CHC13); R

(mit

film) 1580, 1465, 1107 (C-O stretch), 1058

(C-O stretch), 1028 (C-O stretch), 760, 700 cm-';'HN M R (300 MHz, CDC13) 6 7.29-7.50 (m, SH,
AM), 3.76 (d, lH, J = 8.2 Hz,WH2),3.68 (4 lH, 8.2 Hz, O C H I ) , 3.53

(4 1H, J = 10.2 Hz, 'J".~,

=

28.1 HZ, 0CWSnBu3), 3.38 (s, 1H, OCH), 3.12 (d, 1H, J = 10.2 Hz, '.lHsn = 27.4 HZ,

O C w n B u 3 ) , 3.04 (s, 3H, WH3), 1.10-1.68 (m, 12H, Sn(CH2CI&CwH3)3)), 1.24 (s, 3H, CCH3),
1.O5 (s, 3H, CCH,), 0.75-1.0 (m,

c), 127.6 (Ar-c),

15H.Sn(C&(CH2)2Cb)3); I3cNMR 6 138.0(Ar-C),127.8 (Ar-

127.5 (Ar-c), 96.7 (anomeric-c), 78.1 (OCH), 59.9 @CH2), 59.9 @CH3), 50.0

(OwzSnBu3), 42.7 (C(CH3)*), 29.1 ('J

=

21 HZ, S~I(CH&H~CH~CH~)~),
27.3 (

3 ~=

52 HZ,

Sn((CH2)&I-12CH3)3),26.4 (CCH3), 21.7 (CCH,), 13.7 (SKI((CH~)&H~)~),
8.8 ('J= 3 10, 324 Hz,

-

S~(CH~(CHZ)~CH
MS
~ )(FAB)
~ ) ; mlz 105 (43), 159 (33), 174 (49,205 (M+0CH2SnBu3, 100), 469

(M'- C4Hqr9); HRMS (FAB) calcd for Cz2H3703Sn(M+- CIHP)469.1765, found 469.1789.
5.3.4 (S)-(2,2-Dimethyl-1,3-dioxolan-4-one)-5-ethanoic
acid 184

This known cornPound' was prepared by following the literature procedure given by Green et

al.' with the following modification. The crude material was recrystallized from CHCll / hexane
(1 :1) to atTord 9.1 g of 184 (70% yield) as a white solid: GC retention tirne: 10.58 min; 'H NMR

(200MHz, CDCI,) 6 9.0-9.5 (br S, 1 H,COOH), 4.704.75 (X of ABX, IH,OCH),2.80-3.07 (AB of
ABX, 2H, CH2), 1.63 (s, 3H, CH3), 1.58 (s, 3H, CH3); MS (El)ni/i 59 (100), 175 (M + W, 1).

This known compound2was prepared by a procedure modified fiom that described by Shioiri
et aL2 To a cooled (-10 O C ) solution of 194 (1 1.5 g, 66.0 mmol) in THF (200 ml) was added a 10 M

solution of BH3.SMe2 (10.6 mL, 106 mmol) (Caution: stencb!). The mixture was then brought to rt
and stined ovemight afler which the reaction was cooled to O O C and quenched with MeûH (20 mL).
The solvent was then removed in vacuo, followed by redissolving the crude material in MeOH (90

mL) and cooling to O O C , afler which concentrated HCI (30 rnL) was added. The mixture was s h e d
for 90 min, then benzene-EtOH was added (1: 1, 300 mL) and the solvent was rernoved in vacuo to

afford 6.9 g of crude 185, which was used without M e r purification: GC retention t h e : 6.85 min;
'H NMR (250 MHz, CDC13)6 4.37-4.60 (m, 2H, OCHI), 4.18-4.34 (m, 1HTOCH), 3.39 (s, lH, OH),

2.54-2.71 (m?1H,CCWC), 2.17-2.41 (m, lH, CCHHC);

I3cNMR (75.47 MHz, CDC13) S 178.3

(GO),
67.0 (OCH), 65.1 (OCH*),
30.6 ( C a $ ) ; MS (EI)&Z 57 (100), 84 (W - H20,l), 85 (W OH), 102 (M',
l), 103 (M + H', 1).

This known compound12was prepared by a procedure modified fiom that described by Finch
et al.-' To a stirred solution of crude 185 (6.7 g, 65.6 rnrnol) in CH3CN(160mL) was added Me1 (33
mL, 525 mrnol), followed by Agi0 (18.2g, 78.7 mmol). The mixture was refluxed for 2 h after

which the mixture was cooled and the solids were removed by filtration through Celite. The filtrate
was concentrated in vamo followed by puri!jmg the cmde materiai by silica gel chromatography

(60% EtrO/hexane) to afTord 4.30 g of 186 (56% yield fiom 184) as an oil: GC retention time: 6.78

min; 'HNMR (200 MHz, CDC13) G 4.37-4.48 (m, 1H,OCFJH), 4.19-4.31(m,IH,OCHHJ,'

IH, J
CC-C);

=

7.6 Hz, OCH), 3.58 (S. 3H, 0CH3), 2.45-2.61 (m,IH, CCmC),

4.03 (t,

2.15-2.34(m. IH.

MS (El) m/r 86 (W -CH20,
1OO), 1 16 (M',
6).

This m p o r t e d compound was obtained as outlined in Section 5.3.2as the minor isomer: IR
(neat film) 2855, 1581,1450, 1273, 11 18 (C-0stretch), 1026 (C-O stretch), 1014 (C-O stretch), 876,
764, 702 cm-';'HNMR (300 MHz) 6 7.52-7.55(m,2H,Ar-H),7.30-7.36(m,3H, Ar-H), 4.08 (d,

lH, J

=

8.4 Hz, OC-m, 4.06 (dd, 1H, J = 2.3, 9.3 Hz, OCH), 3.57-3.64 (m, lH, O C W , 3.60 (d,

1H, J = 10.6 Hz, 0CmSnBu3), 3.3 1 (s, 3H, 0CH3), 3.27 (d, 1H, J = 10.6 Hz, 0CwSnBu3), 2.032.34 (m, 2H, CCkC), 1.20-1.65 (m, 12H, Sn(CH2C&Cl-&CH3)3),
Sn(C&(CH2)2C&)3);

0.75-1.03 (m, 15H,

')c NMR (75.47 MHz, CDC13) G 139.9 (Ar-C), 128.0 (Ar-C),

127.8 (Ar-C),

126.8 (Ar-C), 105.8 (anomeric-C), 87.3 (OCH),64.5(OCHz), 58.4 (OCH,), 50.9 ('J = 381 Hz,
OCHzSnBu,), 29.1

( 2 ~=

20 HZ, Sn(CHgH2CH2CH3)3),29.0 (Cm2C). 27.4 ()J = 53 Hz,

Sn((CH2)&HzCH3)3), 13.7 (Sn((CHi)3m3)3), 9.0 ('J

=

308, 323 Hz, Sn(CH2(CH2)2CH3)3);
MS

(FAB) m/z 177 (M'- 0CH2SnBu3, IOO), 277 (58), 279 (71), 44 1 (M'- C4H9, 16); HRMS (FAB)

-

calcd for Cz~H3303Sn
(M'C a 9 ) 44 1.1452, round 44 1.1456.

This known ~ o r n ~ o u nwas
d ' ~prepared by a procedure modified nom that described by Finch
et

u2.j

TO a stirred solution of (R)-pantolactone 189 (7.0 g, 53.7 mrnol) in CH3CN (31 rnL) was

added Me1 (26.8 mL,430 mmol), followed by Agi0 (13.7 g, 59.1 mmol). The mixture was refluxed
ovemight after which the mixture was cooled and the solids were removed by filtering through
Celite. The filtrate was concentrated in vacuo followed by purifjmg the crude material by silica gel
chromatography (gradient elution: hexane to 10% to 30% Et20/hexane) to afTord 7.05 g of 190 (91%
= +58.5 (c = 1.25, CHCI,), lit8 [alDz5
= +48.5 (c = 3.4, CHC13); 'H
yield) as a colorless oil: [a]022

= 9.0,

10.5 Hz, CH3OCW 2.93 (s, 3H, 0CH3), 2.91' (s, 3H, OCH3,2.47-2.68 (m, lH, NCH), 2.18-

2.42 (m, 1H, CC-C),
= 6.7

1.92-2.12 (m, 1H, CCWC), 1.09' (d, 3H, J = 6.6 Hz, CCH3), 1.O6(d, 3H, J

Hz,CCH3); I3cNMR (75.47 MHz, CM313)6 140.2' (Arec),139.9 (Ar-C), 139.8 (Ar-C), 137.0

(Ar-C), 137.0' (Ar-C), 128.7 (Ar-C),128.6 (Ar-C), 128.3 (Ar-C), 128.1 (Ar-C), 128.0 (Ar-C), 128.0'
(Ar-C), 127.8 (Ar-C), 127.8' (Ar-C), 127.7' (Ar-C), 127.6 (Ar-C), 126.9 (Ar-C), 126.7 (Ar-C),
110.5' (anomeric-C), 110.3 (anomeric-C), 86.8' (OCH), 86.7 ( 0 0 , 72.6' (OCH), 72.1 (OCH),
66.5' (OC&), 66.3 (OCHI), 65.3 (OCH2), 65.0' (OCH2), 57.4' (OCH3), 54.8 (OC&), 54.3' (NCH),

54.2 (WH), 53.0 (Bn2NCH2),30.6 (CCH2C),30.5' (Cm2C), 8.3 (CCH3).

Q F ~ P ,

OMe

OH

To a cooled solution (-78 O C ) of 181 (146 mg, 0.294 rnmol) in THF (5 mL) was added a
solution of 1.56 M n-BuLi in hexane (0.38 mL, 0.588 mmol) dropwise and the resdting solution was
stirred for 1 h. Benzaldehyde (90

jL,0.882

mmol) was next added dropwise and the resulting

solution was stirred for an additional 30 min, after which an aqueous solution of saturateci W C 1 (1

mL) was added. The aqueous layer was then separated and extracted with EtzO (2 x 15 mL). The
combined organic layea were then dried over anhydrous Na2S04, and concentrated in vacuo.
Purification of the m d e material occurred by silica gel cbromatography (gradient elution: hexane to
20V0 to 30% to 50% Et20hexane) to isolate in order of elution: 98 mg (96% yield) of S-

and 78

mg (84% yield) of unreporteci compound 198 as a colorless oil and as a 1:1 mixture of diastereomers

(de determined by Method B, described in Section 2.3.2). Compound 198 displayed the following
characterization data: IR (neat film) 3428 (O-Hstretch), 2828, 1959, 1112 (C-0 stretch), 1029 (C-O
stretch), 856 cm"; 'HNMR (300 MHz, CDC13)G 7.46-7.52 (m,2H, Ar-H), 7.19-7.38 (m,8H, Ar-H),

4.744.82 (m, 1H, Bn-H), 4.1 8-4.28 (m, 1H, 0CmCH2), 3.92-4.01 (m, 1H, 0CHHCH2), 3.85-3.88

(m, lH, CH30C@, 3.20-3.58 (m, ZH,OC&CH(OH)), 2.91 (s, 3H, 0CH3), 2.89' (s, 3H, 0CH3),
2.32-2.46 (m, 1H, CCWC), 2.02-2.1 1 (m, 1H, CCHIJC);

I3cNMR (75.47 MHz) 8 140.5 (Ar-C),

140.5' (Ar-C), 133.6 (Ar-C), 133.4' (Ar-C), 128.8 (Ar-C), 128.6 (Ar-C), 128.5 (Ar-C), 128.2 (Ar-C),
127.9 (Ar-C), 127.9 (Ar-C), 127.9 (Ar-C), 127.6 (Ar-C), 127.6 (Ar-C), 126.1 (Ar-C), 126.1 (Ar-C),

126.1 ( A d ) , 110.5 (anomeric-C), 1 10.4' (anorneric-C), 86.7' (OCH), 86.7 (OCH), 74.6 (OCH),
73.3 (OCH), 73.1 (OCH2), 68.1 (OCH*),
67.0 (OCH2), 66.6 (OCH2), 58.9' (()CH3), 57.5 (OCH,),
35.3 (CCH2C), 30.6 (CCH2C); MS (CI) (OH3 ni/z 77 (C6H5',68), 79 (67),89 (58), 105 (62), 1O7
(1 OO), 177 (M'

- HOCH2CH(OH)Ph,32).

To a cooled solution (-78 O C ) of 182 (134 mg, 0.255 mmol) in THF (5 mL) was added a
solution of 1.64 M n-BuLi in hexane (0.3 1 mL, 0.508 mmol) dropwise and the resulting solution was
stirred for 2 h. Beazaldehyde (78

a,0.767 mmol) was aext added dropwise and the resulting

solution was siirred for an additional 1 h, after which an aqueous solution of saturated N h C l ( 1 mL)

was added. The aqueous layer was then separated and extracted with Et20 (2 x 15 mL). The

combined organic layen were then dried over anhydrous Na2S04, and concentrated in vuma

Purification of the c d e material occurred by silica gel chromatography (gradient elution: hexane to
10% to 20% to 50% to 75% EtzO/hexane)to isolate in order of elution: 66 mg (75% yield) of SnBu

and 55 mg (63% yield) of unreported compound 199 as a colorless oil and as a 1:1 mixture of
diastereomers (de detennined by Method B, described in Section 2.3.2). Compound 199 displayed
the following chanicterization data: IR (neat film): 3448 (O-H stretch), 1449, 1110 (C-0 stretch),
1O28 (C-O stretch), 759, 701 cm-';

'HNMR (300 MHz,CDC13) 8 7.18-7.65 (m, 10H, Ar-H), 4.79-

4.90 (rn, 1H, Bn-H), 3.05-3.97 (m, 4H,2 OCHI), 3.46 (s, I H, CH30CHJ, 3.14'

(S.

3H, 0CH3), 3.1 O

(s, 3H, OCHI), 1.26 (s, 3H, CCHp), 1.û4 (s,3H, CCH3), 1.03' (s, 3H,CCH3); 13cNMR (75.47 MHz,

CDC13) S 140.6' (Ar-C), 140.5 (Ar-C), 137.9' (Ar-C), 137.8' (Ar-C), 128.5 (Ar-C), 128.2 (Ar-C),
128.2 ( A d ) , 128.1 (Arec), 128.0 (Ar-C),127.9 (Ar-C), 127.8 (Ar-C), 127.7 (Ar-C), 127.6 (Ar-C).
1 26.2 (Ar-C), 126.1 (Ar-C), 126.0 (Ar-C),125.7 (Ar-C), 96.5 (anomenc-C), 94.4' (anorneric-C),

78.5 (OCH), 78.4' (OCH),77.9 (OCH), 77.2 (WH),73.5 (OCHI), 73.3 (OCHz), 68.9 (OCH2), 67.7
(OCH2), 60.2 (OCHp), 42.9 (C(CH3)z) 42.8' c(CH3)2), 26.2 (CCH,), 26.0' (CCH3), 21.4 ( C a 3 ) ,
21.2' (CCH3); MS (CI) (OH)mlt 77 (C&,

0CH2CH(OH)Ph, 84).

SO), 85 (88), 100 (58), 105 (100), 205

(MC -

To a cooled solution (-78 OC) of 188 (74 mg, 0.149 mmol) in THF (3 mL) was added a
solution of 1.56 M n-BuLi in hexane (0.19 mL, 0.298 mmol) dropwise and the resulting solution was
stined for 30 min. Benzaldehyde (45 pL, 0.447 mmol) was next added dropwise and the resulting
solution was stirred for an additional 30 min, afler which an aqueous solution of saturated M C 1 (1

rnL) was added. The aqueous layer was then separated and extracted with Et20 (2 x 15 mL). The
combined organic layers were then dned over anhyàrous Na2S04, and concentrated in vactro.
Purification of the cnide material occurred by silica gel chromatography (gradient elution: hexane to
20% to 60% to 80% Et20/hexane to neat Et20 to 5% to 10% MeOH/EtzO) to isolate 30 mg (64%

yield) of wveported compound 200 as a colorless oil and as a 1:1 mixture of diastereomers (de
determined by Method B, described in Section 2.3.2). Compound 200 displayed the following
characterization data: IR (neat film) 343 1 (QH stretch), 2897, 1494, 1449, 1 1 16 (C-0 stretch), 1027
(C-O stretch), 1006 (C-O stretch), 762, 70 1 cm"; 'HNMR (200 MHz, CDC13) G 7.49-7.58 (m, 2H,
Ar-H), 7.17-7.39 (m. 8H, Ar-H), 4.88-4.94 (m, IH, Bn-H),4.00-4.25 (m,2H. 0C&CH2), 3.26-3.73
(m, 3H, CHsOCL+, OC&CH(OH)), 3.38 (s,
CCSC);

3H,OCHa), 3.35' (s, 3H, OCH,),

I3cNMR (75.47 MHz) 8 140.7' (Ar-C),

2.05-2.46 (m,2H,

140.5 (Ar-C), 136.7 (Ar-C), 133.4' (Ar-C), 128.5

(Ar-C), 128.3 (Ar-C), 128.2 (Ar-C), 128.2 (Ar-C),128.2 (Ar-C), 128.0 (Ar-C), 127.9 (Ar€), 127.6
(Ar-C), 127.6 (Ar-C), 126.1 (Ar-C), 126.1 ( A d ) , 126.0 (Ar-C), 110.5' (anomeric-C), 110.4

(anomeric-C), 86.9' (OCH), 86.9 (OCH), 74.7' (OCH),68.1 (OCH), 67.6 (OcHi), 67.0 (CUI2),

66.7 (OCHz), 66.7 (OC&), 57.6 @CH3), 30.7' (CCH2C), 30.7 (CCH2C); MS (CI)(OH) ~ I 105
z
(44), 12 1 (50), 177 (M'

- 0CH2CH(OH)Ph,100), 178 (33), 193 (M' - CH2CH(OH)Ph,8).
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CHAPTER 6
A T E T R A H Y D R O P M CHIRAL AUXlLIARY

6.1 Introduction

Employing a tetrahydropyran chiral auxiliary with a methoxy group in the 3-position
(Chapter 4) did not lead to improvements in diastereoselectivity of a-alkoxycarbanion additions to
aldehydes over other auxiliaries. With fewei oxygen atoms on the auxiliary, it was believed that
aggregation of the transmetalated intermediate might be reduced to enhance intramolecular
coordination at the C-3 position and result in an increase in the level of diastereoselectivity.
However, two oxygen atoms still remained on the auxiliary and intramolecular coordination to the Li
atom of the transmetalated intermediate by either ring oxygen or C-3 position oxygen may occur.
One or possibly both of the coordination modes may exist and react with aldehydes, with one
structure possibly inducing a lower level or opposite sense of diastereoselectivity over the other.

It was desirable to consmct an auxiliary with only one coordination mode possible in order
to probe the role of two different coordination modes possibly occurring in the 3methoxpetrahydropyran awiliary. An awiliary possessing only a ring oxygen and connected to an
alkoxymethyltin substrate (201) (Figure 27) was qnthesized so that the acetal fiuictionality required
for auxiliary/product recovery can be maintained. Furthemore, an isopropyl group was chosen to be
included at the 5-position so that a chair conformation could predorninate. Transrnetalation of 201 to
the organolithium 202 can result in ody one possible intramolecular coordination mode (Scheme
56).

This chapter presents the synthesis of 201 and the results obtained in the

transmetalatiodtrapping chemistry with aldehydes.

Figure 27. An auxiliary derivative (201) containing a single oxygen atom in the ring position.

Scbeme 56

6.2 Results and Discussion

6.2.1 Synihesis of Auxiliary Derivative 201

The synthesis of 201 fim involved the copper-catalyzed addition of Grignard reagent 203 to
the known epoxide 204,' to obtain 205 in a 85% yield (Scheme 57).

Deprotection of the

dimethylacetai and subsequent cyclization to the lactol 206 then occurred under acidic conditions.

PCC oxidation' of 206 then furnished the lactone 207, to which PhLi was added to afford 208. The
expected cyclic hemiketal was not fonned in this case and instead the PhLi addition p d u c t was
characterized as being in the open chain form. The open chah form may be thermodynamically

more stable than the ring f01m.~An addition product resulting fiom a second quivalent of PhLi
adding to the ketone 208 was not detected. The giycosylation reaction with 208 was successful in

producing the awtiliary denvative 201 in a 66% yield. Compound 201 was found to be extrernely

sensitive to acid; therefore purification was perfonned quickly on Et3Ndeactivatedsilica gel. When
purification of crude 201 was attempted on active silica gel, isolated yields of 201 where very low
since 201 slowly broke down to 208 and Bu3SnCH20H(Scheme 58).

Scbeme 57

PTSA (cat.) 1
(H20 I acetone (13 ) )1
reflux

(69%)

r

_
(66%)

i

PhLilTHF
-78 OC

CHzClz1 reflux

Bu3SnCH20H1 CSA 1
sieves / CH2CI2/ rt

Scbeme 58

silica gel

-

+

BY~U~CH~OH

The relative stereochemistry of 201 was c o n f i e d by a NOESY spectrum (500 rns mixing
tirne) in C6D6. An NOE was visible between the C-5 position proton and one of the methylene
protons adjacent to the SnBu3 group (Figure 28). An NOE was not visible between the C-5 proton
and aromatic protons. Therefore, the isopropyl and phenyl groups of 201 must be syn to each other

as expected due to sterics and the anomeric effect; hence the largest ring substituents would prefer to
be diequatonal and the oxygen substituent would prefer to be in the axial position.

Figure 28. NOE correlation observed in 201.

6.2.2 Trcinsmetulation of 201 and Subsequent Trapping with Aldehydes

Many expenmental variables and theù effect on diastereoselectivity were studied in the
transmetalation of 201 and subsequent trapping with aldehydes. Each variable will be discussed
separately with the effect of the structure of the ddehydes king discussed first (Section 6.2.2.1),
foilowed by metals (Section 6.2.2.2), aikyliithiums (Section 6.2.2.3), solvent (Section 6.2.2.4) and

coordinating agents (Section 6.2.2.5).

A discussion of the direction of selecüvity and the

implications of this on a proposed transition state mode1 is also included (Section 6.2.2.6).

6.2.2.1 Efect of Aldehyde Shucture

Sn-Li exchange of 201 occurred r d i l y in THF (Table 17); however additions to various
aldehydes always led io an inseparable mixture of n-BuLi addition products 177, 209, 210. and a-

alkoxymethyllithium addition products 211-213. Unreported addition products 2 11-213, were
identified provisionally based on 'H NMR data of the mixtures containhg the known n-BuLi
addition compounds. Furthemore, low yields for addition products 211-2 13 were encountered since
they were extremely sensitive to acid as was observed for auxiliary derivative 201. Therefore,
during purification by silica gel chromatography and also during TLC analysis a portion of the
addition products 211-213 broke down to the awiliary 208 and diols 132 and 134 (Scheme 59). The

addition product 213 did not result in the formation of 208 during n C analysis and instead a
different lower Rf by-product was fomied that was not isolated or identified.

Table 17. Effect of aldehyde structure on diastereoselectivity.

1 . n-BuLi (2 eqL
2. RCHO

En@Y
1

R

Ph

Yield:
BbSn

Yielda:n-BuLi addition
products(177,209,210)

(%)

(%) (W
17 (177)

93

yieldD:Addition
products(2112 13) (%) (#)
80 (211)

DeC
(%)

46

nd - not detennined.
a - yield detemined by 'HNMR and based on n-BuLi employed.
b - yield determined by H NMR and based on 201.
c - de detennined by 'HNMR.
Scheme 59

'

silica gel

Fph
HOT^
+

OH

208

R = Ph (132)
R = 1-naphthyl(134)

The most important result and conclusion to be drawn nom Table 17 is that

diastereoselectivity was achieved with lithiated awiliary 201 and suggests that an intramolecular
coordination mode of the lithium atom to the ring oxygen of the awiliary is a possible coordination

mode for achieving diastereoselectivity. A remarkable improvement to 46%de (entry 1) occumd in
an addition to benzaldehyde when comparing to the 22% de experienceà with the lithiated 3-

methoxytetrahydropyran chiral auxiliary derivative 160 (Chapter 4) (Scheme 60). Also. a slight
improvement was noted for the result obtained with 3.4-dimethoxybeddehyde (41% de) (entry 3)

up fiom the 3 1% de obtained with the lithiated 3-rnethoxytetrahypropyran chiral auxiliary derivative
160 in a reaction conducted in EtzO (Scheme 60). nierefore, the hypothetical structure of the 3-

methoxytetrahydropyran chiral awiliary lithiated intermediate, where the ring oxygen is coordinated
to the lithium atom rnay in fact provide the greatest arnouni of diastereoselectivity. A speculative
intermediate with coordination to the C-3 oxygen may in fact provide a lower amount of
diastereoselectivity and perhaps with a direction reversal.

1. n-BuLi

_

Scheme 60

R=Ph(211) *%de
R = 3,4-OMe-C6H3(213) 41% de

THF

OH

201
vs.
1. n-BuLi

THF or &O

Me

O

Ph

R = Ph (174) 22% de
' ' ' ' 0 R
~= ~
3,4-ûMeGgH3(17S) 31% de
OH

160

When cornparisons are made between the results in Table 17 and the lithiated glucosederived chiral awiliary denvative 102 (Chapter 2), another impressive improvement is noted for the
reaction involving benzaldehyde and lithiated 201 (46% de vs. 34% de (for a reaction conducted in

Et20)) (Scheme 61).

However reactions with lithiated 201 and 1-naphthddehyde or 3,4-

dimethoxybenzaldehyde provide lower levels of diastereoselectivities than those achieved with the
lithiated glucosederived chiral auxiliary derivative 102 (39% vs. 54% de and 41% vs. 59% de
respectively) (Scheme 61).

Scheme 61

+-y"O

SnBu3

2.
3. n-BuLi
RCHO
THF

OH

R = Ph
1-naphthy
(211) 46%
l(Z12)
de 39% de
R = 3,4-OMe-CeH3(213) 41% de

201
VS.

OMe
1. n-8uLi

_

OMe
R = Ph (115) 34% de
R = l-naphthyl(123) 54% de
R = 3,4-OMe-C6H3(125) 59% de

EtzO
OMe

OMe

The acid-labile nature of the addition products were once again beneficial towards product

and awiliary recovery. The addition product 211 obtained fiom the reaction noted in Table 17 was
readily cleaved to the enantiornerically enriched di01 132 and awiliary 208 in 100?40and 69% yields.
respectively. by treatrnent with camphorsulfonic acid (CSA) in methanol (Scheme 62).

The

expected awtiliary methyl glycoside was not obtained but instead 208 was isolated, this may be due
to hydrolysis during silica gel chromatography. The stereocenter in the addition product was
conserved in the di01 132 since chiral HPLC analysis revealed 132 to be present in 47% ee with the S
enantiomer king the major isomer. A discussion on the direction of selectivity will be included in
Section 6.2.2.6.

Scheme 62

211

(54% de)

(69% yield)

(100% yield)
(47% ee)

6.2.2.2 Coordination @tirnuution Trials

With suppori for intrarnolecular coordination by the h g oxygen mode, attempts were made
to optimize coordination by employing the same strategy presented in previous chaptea (Chapter 2
and 4) involving transmetaiation to metals other than lithium (Table 18). When Li-Ce exchange

occurred at -40 "C (entry 1) the di01 132 was formed in 54% ee, which is approximately the same
level of selectivity achieved with the organolithium species. Therefore, it was believed that Li-Ce
exchange did not take place and trapping with benzaldehyde possibly occurred with the
organolithiurn species. Another attempt was made to perform the Li-Ce exchange at a higher
temperature (-20 O C ) (entry 2) in order to favor the exchange process; however a complex mixture of
unidentified products was produced with only a trace amount of protonated material 214 without any
deuterated cornpound 215.

i

H NMR and low resolution MS data provisionally identified the

unreported deuterated compound 215. Most likely either the organolithium or organoceriurn species
if formed decomposed at this higher temperature. Further attempts were made to transmetalate to Zn
(entry 3) with the result of not producing any di01 and protonated/deuterated material was isolated in

a 72% yield and in a 73:27 ratio respectively. Thus, it seems that the Zn species m u t be unreactive
with benzaldehyde and is also unstable. This unreactivity/instability problem was docurnented in

Chapter 2 for organotitaniurn species. Transmetdation to the Mg species (entry 4) was successful in
forming the di01 132 in a 60% yield however in only 5% ee. in another experiment, an attempt was
made to fonn and trap an organoboron species (entry 5). However, once again decomposition was
suspected as a complex mixture of unidentified products was produced.

Table 18. Transmetalation to other rnetals.

1. n-BuLi (2eq) 1-78 OC
Snau3

20q

Entry

Metal Source

-

2. Metal Source
3. PhCHO
4. NleODaor NH,CI~
THF

Temp. for Li-M
exchange ( O C )

1

CeC13

-40

2

CeC13

-20

OH
R = CH3 (214)
R = CH2D (215)

I

Y ield of W
: D+ Y ield: di01
and D
'
ratio
(132) (%)
materiai (214 (214:215)
and 215) (%)
nd
51
trace

100:O

O

ee
(%)

54
O

nd - not detennined.
a quench occurred with MeOD for entries 2 and 3 and 5.
b - quench occurred with an aqueous 1.5% NH3 / NHCb saturated solution for entry 1 and with an
aqueous M C 1 saturated solution for entry 4.

-

6.2.2.3 Role of Aikyllirhilrm

The primary b c t i o n of the alkyllithium is to convert the alkoxymethylstannane into the
alkoxymethyllithium. Throughout most of the work in this thesis it was routine to employ 2

equivalents of n-BuLi since this amount provided a higher yield of transmetalated product (Chapter

2). It was not clear whether the extra equivalent played an important ~ 0 0 r d i ~ t i orole
n onto the
chiral auxiliary derivative organolithium intermediate to induce diastereoselectivity. Therefore, the
amount and nature of alkyllithium employed was snidied further (Table 19). Reducing the amount
of n-BuLi to one equivalent resulted in a very significant drop in selectivity (entry 1 vs. 2).
Therefore n-BuLi may play an important role in coordinating to the chiral awiliary derivative
organolithium intemediate to induce a greater level of selectivity. This effect could be increased by
employing even more n-BuLi (4 eq.) (entry 3). Buikier aikyllithiurns were then empioyed (entries 4
and 5) in hopes of increasing the beneficial stenc interaction induced by n-BuLi. Selectivity
dropped with the use of s-BuLi or t-BuLi and it was believed that these larger alkyllithiurns might be
too big to coordinate ont0 the chiral auxiliacy derivative organoiithiurn intemediate. Furthemore.
the yield of di01 132 dropped significantly with the use of t-BuLi (entry 5) since Sn-Li exchange

occurred to a srnalier extent. The drop in yield can be attributed to greater stenc crowding for the
larger alkyllithium occumng in the transition state for Sn-Li exchange.

Table 19. Effect of Aikyllithiurn.

U

,QI

-

OnSnBu3

1. RLi
2. PhCHO

rn

THF
3. CSA 1 MeOH I rt

un-Ph
nv

OH

Entry

Alkyllithium (R)

eq.

Yield: di01
(132) (%)

(%)

1

n-Bu

2

85

47

eea

a - ee determineci by chiral HPLC analysis of 132

6.2.2.1 Solvent Emts

Other solvents than M F were snidied (Table 20) in an attempt to optimize intramolecular
coordination as was discussed in Chapter 2. Unfomuiately, selectivity in toluene (entry 2) codd not
be studied since Sn-Li exchange did not occur in this solvent. However, transmetdation did occur in

Et20 (entry 3) although rather sluggishly, and a remarkable &op in selectivity occuned (entry 1 vs.

entry 3).

Therefore, less polar solvents than THF did not promote p a t e r intramolecular

coordination as was previously considered and TKF may be playing a beneficial role towards
selectivity. A mixed solvent system (15% W / E t 2 0 ) (entry 4) was studied originally for the
purpose of Uicreasing the yield of diol. However the observation that an increase in selectivity

(entry 1 W. entry 4) occmd with the use of 15% THF in EtzO was totally unexpected. A solvent

system including a solvent with l e s coordinating ability than Et20 (TBME) (entry 5 ) was also
studied with the result of not observing any significant changes (entry 4 vs. entry 5). Furthemore, a
solvent with greater coordinating ability than THF was studied @ME) (enûy 6), and selectivity
dropped significantly (entry 1 vs. entry 6).

Table 20. Effect of solvent on selectivity.
1. n-BuLi (2 eq.)
2. PhCHO
D

Solvent
3. CSA 1 MeOH 1 rt

201

I,o)kPh
OH

132

Y ield: di01 (132) (%) eea(%)

EnW

Solvent

I

THF

85

47

2

toluene

O

-

3b

Et20

49

26

4

15% THF/Et20

59

74

5

15% THFITBME

52

70

6

DME

97

39

a - ee determined by chirai HPLC analysis of 132
b - transmetalation conducted with 2 eq. of n-BuLi plus 2 eq. of t-BuLi and at -40 O C .

From the results presented in Table 20, it can be postulated that THF may act as a

cwrdinating agent as seen for alkyllithiurns (Section 6.2.2.3). Coordination of THF to the chiral

awiliary derivative organolithiuoi intemediate lithium atom may also create a beneficiai steric

interaction in the transition state to induce a greater level of selectivity. Weaker coordinathg agents
such as Et20 or TBME may not coordinate at al1 or create the necessary steric environment as THF
for inducing a higher level of selectivity. DME on the other hand most likely cornpetes with the
chiral auxiliary derivative organolithium intermediate ring oxygen for coordination for the a-alkoxy

li~hiurnatom to reduce the chance for a cis-fused bicyclic system to be formed. THF may also
compte with the chiral auxiliary derivative organolithiurn intemediate ring oxygen to a smaller
extent than DME for coordination for the a-alkoxy lithium atom since a reaction conducted in neat

THF results in a lower level of selectivity (47% ee) when comphng with the 74% ee achieved with
the use of 15% THF in Et20. The next section M e r discusses the use of THF and other potential

coordination additives in order to optimize possible stenc interactions.
Concentration effects in THF were also studied (Table 21) since a reaction conducted in a
concentrated solution rnay have aggregation occurring to a larger extent than in a dilute solution and
different aggregation States may have different effects on selectivity. The result in entry 2 represents
the

standard concentration (0.05 M) employed for al1 awiliary denvatives in this thesis. A very

significant &op in selectivity occurs when the reaction is conducted in a more dilute solution (0.005
M) (enhy 1); therefore aggregation rnay also play an important role in achieving selectivity. The
selectivity was M e r enhanced by conducting a reaction in a more concentrated solution (0.5 M)
(enw 3).

Table 21. Study of concentration effects in THF.
1. n-BuLi (2 eq.)
2. PhCHO

THF
3. CSA 1 MeOH I rt

Entry
1

-

"O-YPh
OH

Concentration of 201 Yield of di01 132 (%)
in THF (M)
62
0.005

eea
(%)

32

-

a ee detemined by chiral HPLC analysis of 132.
b - represents the concentration in combined THF (35%) and hexane (65%) from the n-BuLi
solution.

6.77 5 Study of C o o r d i ~ i n Agents
g

Other concentrations of THF in Et20 were employed (Table 22 and see graph in Figure 29)
in order to find the optimal conditions for THF coordination ont0 the lithium atom of the chiral
awiliary denvative organolithium intermediate while still maintaining the intramolecular
coordination of the lithium atorn to the ring oxygen. Only 0.9 % of THF (entry 2), which equates to
one equivalent of THF to organolithium species present in solution, was required to cause a very
significant increase in selectivity fkom no THF at al1 (entry 1 vs. entry 2). increasing the amount of

THF to 7% (entry 3) resulted in another increase and the level of selectivity was maximized between
15% and 30% THF (entries 4 and 5), afler which a slow decline in selectivity must occur to 100Y0

THF (entry 6). Employing 30% THF in EtzO is the ideal condition since it afTords the highest yield
of di01 132 (91 % yield) because the yield of Sn-Li exchange is maximized and the level of
selectivity is maximized as well.

Table 22. Effect of % THF in Et20 on selectivity.

-iOy

.'"O"

Ph

1. n-Buti (2 eq.)
2. PhCHO

Sn&

201

Entry

% THF in Et20

%THF in Et20
3. CSA 1 MeOH 1 ri

-

Yield of di01 132 (%)

I4o/kP"
OH
132

eea (%)

a - ee deterrnined by chiral HPLC analysis of 132.
b - transmetaiation conducted with 2 eq. of n-BuLi plus 2 eq. of t-BuLi and at 4 0 OC.
c - transmetalation conducted with 2 eq. of t - B S i and at -40 O C .

Figure 29. Plot of % THF in EtzO vs. ee (%) of di01 132.
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Recovery of the auxiliary as the methyl glycoside 214 occuned in a 91% yield fiorn the

reaction involving the use of 30% THF in Et20 (Scheme 63). Isolation of 214 was possible by
chromatography on Et3N-deactivated silica. Therefore, isolation of the auxiliary as the rnethyl
glycoside is more effective than isolation of the auxiliary in the open chah form 208 as was seen in
Scheme 62 where only a 69% yield of 2û8 was obtained h m the addition adduct 21 1.

Scheme 63
1. n-BuLi (2 eq.)
2. PhCHO

-

JO%THFin E ~ ~ O
3. CSA 1 MeOH 1 rt

+
OH

214
91% yield

132
91% yield
75% ee

Coordinating agents other than THF were further studied (Table 23). Nitrogen containing
coordinating agents (entries 2 and 3) had the effect of reducing selectivity substantially. EtlN and
TMEDA are too strong as coordinating agents just as was suggested for DME previously, and were
perhaps competing with the chiral awiliary derivative organolithium intermediate ring oxygen for
coordination ont0 the a-alkoxy lithium atom. THP is slightly larger than THF and the use of THP
resulted in a slight increase in the level of selectivity (entry 1 vs. entry 4). The slightly higher level
of selectivity in entry 4 was reproduced with the use of 30% THP in Et20 (entry 5). Therefore, a
slightly greater steric interaction may occur with the use of THP over THF. A bulkier coordinating
agent was then used (2,Sdimethyltetrahydrofuran) (entry 6) with the hope of increasing a steric
interaction. Unfortunately, the effect on selectivity could not be midied since transmetdation
occurred to only a very small extent even with the use of 8 eq. of n-BuLi, and di01 132 was not

isolated.

Table 23. Effect of other coordinating agents on selectivity.
1. n-BuLi (2 eq.)
2. PhCHO

SnBu3
201

*

"&-yPh

15 or 30% coordinating
agent in Et20

OH

132

3. CSA 1 MeOH 1 rt

EnW

Coordinathg agent

Yield of di01 132 (%)

eea (%)

1

30% THF

91

75

2

15% Et3N

26

6

3

15% TMEDA

18

44

4

15% THP

19

78

5

30%THP

24

81

6

30% 2,5-dimethyltetrahydrofwan

O

-

-

a ee determined by chiral HPLC analysis of 132.
b - 8 eq. of n-BuLi was employed in the transmetdation step. n-BuLi addition product to
benzaldehyde 177 was detected.
LiCl was used as a coordinating agent to further study the effect of aggregation (Scheme 64).
It was seen earlier (Table 21) that a reaction conducteci in a diluted solution resulted in the loss of
stereoselectivity possibly due to lower aggregation states. It was believed that LiCl might promote
higher aggregation states to occur and possibly increase stereoselectivity. However, this was not the
case as the di01 132 was isoiated in only 32% ee. It was speculated that the aggregation states
created with the use of LiCl might have a negative effect on stereoselectivity.

Scheme 64
1. n-BuLi (6 eq.)
2. PhCHO

LiCl(10 eq.) / THF

-

Ho-Ph

CH

3. CSA / MeOH / R

201

79% yield

32%-

132

Furthemore the effect of temperature on selectivity in the transmetalation step was studied
(Scheme 65). Conducting the transmetalation £tom -78 O C to -35 O C resulted in only a small loss of
selectivity (69% ee from 74% ee), when the reactions were conducted in 15% THF/Et20. Therefore.
the structure of the organolithium species responsibie for inducing the high level of selectivity stays

mostly intact at a higher temperature.

Scheme 65
1. n-BuLi (2 eq.) 1 -78 OC to -35 O C
2. PhCHO 1-70 O C

e

15% THF/Et20
201

3. CSA 1 MeOH 1 rt

on

9 2 1 yield
6g0hee

132

6.2.26 Interpretation of the Direction of SeIecfivity

The transition state model proposed in Chapter 2 for a cis-fused 6,6-bicyclic system predicts
the formation of the S stereocenter in the addition product. The results obtained in Chapter 2 with
only one exception consisted of isolating addition products with the S stereocenter formed
preferentiaily. Therefore, most of the results agreed with the transition

state

model where the

aldehyde r a t s fiom the top face of the cis fused 6,6-bicyclic system and with the R group of the
aidehyde pointing away h m the anomeric equatorial R group.

For the lithiated awiliary derivative 202, it was originally believed as in Chapter 2 that attack
of the ddehyde would occur kom the top face the cis-fused 5,6-bicyclic system (Figure 30a) since
the top convex face was believed to be less sterically hindered. However, the transition state mode1
in Figure 30a predicts the formation of the di01 132 with R stereochemistry, opposite fiom the results
achieved in al1 examples in this chapter. Therefore, attack of the aldehyde rnay occur fiom the
bottom face of the cis-fused 5,6-bicyclic system (Figure 30b) to form the S conf&mtion in the di01

132.

Figure 30. Transition state models (a,b) for lithiated awriliary denvative 202 and benzaldehyde.

The equatonal isopropyl and phenyl groups may block the top face of the cis-fused 5,6bicyclic system intemediate towaràs attack. Furthemore, n-BuLi and other coordinathg agents
have been show to increase the level of selectivity and thetefore, may coordinate to the top face of
the cis-hised 5,6-bicyclic system intermediate to enhance the steric hinârance created by the
isopropyl and phenyl groups (Figure 3 1).

Figure 31. Coordination of n-BuLi and THF to 202 in the transition state with benzaldehyde.

6.2.3 Summary und Conclusions

A tetrahydropyran chiral auxiliary without a 3-methoxy substituent was able to induce the

stereoselective addition of a-dkoxymethylcarbanions to aldehydes in up to 8 1% de. This suggests
that an intramolecular coordination mode of the a-alkoxymethylcarbanion lithium atorn to the ring
oxygen of the auxiliary is a possible coordination mode for achieving diastereoselectivity in
tetrahydropyran chiral auxiliary systems. A bottom face attack of the aldehyde onto the cis-fused
5,6-bicyclic system intemediate was believed to occur since the S configuration was formed
preferentially in al1 examples for the di01 132. Coordioating agents have also been implicated to
enhance the steric hindrance created by the isopropyl and phenyl substituents of the auxiliary.
Future work can be aimed toward designing an auxiliary that would further prevent reactions
occuing fiom the top face. The simplest modification would be to study other groups at the 2position of the tetrahydropyran ring as was studied in Chapter 2 for glucose-denved chiral
awiliaries. Different effects may be observed this time since a totally different transition state
structure may be occuning. Also different groups at the 5-position can be studied if one starts out
with different mono-substituted chimi epoxides in the synthetic route ernployed for 201. The e k t

of introducing other groups onto the top face of the auxiliary at other positions rnay also be studied;

however the synthesis of such auxiliaries may be more difficult. Future work may also be extended
io include stereoselective additions of a-aminomethylcat.bani011~.

The gened procedures described in Section 2.3.1, Section 3.3.1 and Section 4.3.1 are
applicable here with the following additions. 1-Brome-3,34irnethoxypropane was prepared
according to the procedure of Lee and porter,' except that a 0.35 M solution of HBr was used instead
of a 0.81 M solution. (R)-Isopropyloxiiane (204) was also prepared according to a literature
procedure.' BFp(0Eth was distilled From CaH2 under reduced pressure (aspirator) immediately
before use.

Charactenzation data for this known compoundS was presented in Section 2.3.45. This
section describes 2 procedures, where 132 was isolated. The first procedure (procedure 1), describes
a representative transmetalation/trapping procedure with benzaldehyde (without purification of
addition adduct 211), followed by the recovery of the auxiliary 208 and di01 132. The second
procedure (procedure 2) is identical to procedure 1, except the auxiliary is isolated as the methyl
glycoside 214.

Procedure 1 : To a cooled solution (-78 O C ) of 201 (108 mg, 0.206 mmol) in THF (4 mL) was
added a solution of 1.57 M n-BuLi in hexane (0.27 mL, 0.424 mmol) dropwise and the resulting
solution was stirred for 1 h. Benzaldehyde (63 pL, 0.620 mrnol) was next added dropwise and the
resulting solution was stined for an additional 30 min, after which an aqueous solution of saturated
N h C I (1 mL) was added. The aqueous layer was then separated and extracted with Et20 (2 x 15

mL). The combined organic layers were then dned over anhydrous Na2S04,and concentrated in
vacuo to obtain 172 mg of crude material. The crude material containing the addition adduct 211

was then dissolved in MeOH (4

mi,)and CSA (30 mg) was added. The mixture was stirred

ovemight at n and the reaction was quenched with Et3N (1 mi,). The wlvent was then rernoved in
vacuo. The crude material was purified by silica gel chromatography (gradient elution: hexane to
109'0 to 25% to 50% EtîO/hexane to neat Et20 to 10% MeOH/Et20)to isolate 25.0 mg (55% yield

based on 201) of awiliary 208 (eluting in 50% Et20/hexane)and 24.2 mg (85% yield based on 201)

of di01 132 (eluting fiom neat Et10 to 10% MeOH/Et20). The di01 132 was detemined to be
forrned in 47% ee (determined by chiral HPLC (elution: 5% 'PrOWhexane, 1.O N m i n ) , on a
Waten 600E instrument using a Waters 486 UV-visible detector at 254 nrn, a Waten recording
integrator, and a 4.6 mm x 150 mm Chiralcel OD column), with the S configuration present in the
major isomer. Order of elution was detemined using commercially available (+/-)-132 (Aldrich #

P2.405-5)and (R)-132 (Aldrich # 30,216-3). Retention times of 132: 19.80 min (R), 2 1.33 min (S).
I

H NMR (250 MHz, CDCl,) G 7.25-7.45 (m,SH, Ar-H), 4.79 (dd, 1H,J = 3.6,8.0 Hz, Bn-H), 3.55-

3.80 (m, 2H, CbOH), 2.85 (br s, ZH,OH).

Procedure 2: To a cwled solution (-78

O C )

of 201 (1 10 mg, 0.210 mmol) in THF (1.42 mi.)

and Et20 (3.32 mL) (i.e. 30% THF in Et@) was added a solution of I .SI M n-BuLi in hexane (0.28

mL, 0.420 mmol) dmpwise and the resulting solution was stirred for 1 h. Benzaldehyde (64 pi.,

0.630 mmol) was next added dropwise and the resulting solution was stirred for an additional 30

min, afhr which an aqwous solution of saturated lW&l( 1 mL) was added. The aqueous layer was
then separated and extracted with EtzO (2 x 15 mL). The combined organic layers were then dried
over anhydrous Na2S04,and concentrated h vacuo. The crude material containing the addition
adduct 2 11 was then dissolved in MeOH (4 mL) and CSA (30 mg) was added. The mixture was
stirred overnight at rt and the reaction was quenched with EBN (1 mL). The solvent was then
removed in vacuo. Compound 214 is sensitive to acid, therefore purification of the crude material
occurred by silica gel chromatography with deactivated silica gel (deactivated with 1%
EbNlhexane), employing gradient elution (al1 eluent containing 1% Et&): hexane to 1% to 2%

CH2Clz/hexane to isolate 44.9 mg (91% yield) of recovered methyl glycoside awiliary 214.
followed by elution with 10% to 25% to 50% Et20/hexane to neat Et20 to 10% MeOH/Et20 to

isolate 26.4 mg (91% yield) of the di01 132. The di01 132 was detemined to exist in 75% ee. with
the S configuration present in the major isomer (ee determined as in procedw above).

To a mixture of 208 (1.29 g, 5.86 rnmol) and Bu3SnCH20H (3.77 g, 1 1.73 rnmol) in CHzClz
(120 rnL) and in the presence of crushed 4

acid (CSA) (1.09 g, 4.69 -01).

A molecular sieves (23 g) was added camphorsulfonic

The mixture was nined for 4 h after which the reaction was

quenched with Et3N (2 mL) then filtered. The filtrate was concentrated in vacuo and the cade

matend was quickly purified by silica gel chromatography (silica gel first deactivated with 0.1%
EhN/hexane)(gradient elution: hexane to 1% CH2C12/hexane (al1 eluent containeci 0.1% Et3N)) to

afford 2.03 g of the unreported compound 201 (66% yield) as a colorless oil: [alo*= + 58.9 (c =
1.06, CHC13); IR (neat film) 2871, 2853, 1464, 1449, 1255, 1050 ((2-0
stretch), 1029 (C-O stretch),
1003 (C-O stretch), 864, 767, 753, 700 cm"; 'HNMR (300 MHz, CDC13) 6 7.42-7.49 (m, ZH,Ar-

H), 7.20-7.35 (m, 3H, Ar-H), 3.38-3.47 (m, IH, OCH('Pr)), 342 (d, IH, J = 10.1 Hz, 2~s,.H= 29.0
Hz, OCMSnBy), 2.99 (d, 1H, J

=

10.2 Hz,

2~s,.H =

28.6 Hz, 0CH&hE3u3), 1.86-2.03 (m, 2H,

CCH2C), 1.79 (oct, 1H, J = 6.7 Hz, CH(CH3)), 1.19- 1-67 (m, 16H, 2 CCH2C + Sn(CH2(C&)2CH3)3),
1.O5 (d, 3H, J

= 6.8

Hz, CH(C&)(CH3)), 1.O0 (d, 3H, J = 6.8 Hz, CH(CH3)(Cb)), 0.70-0.98 (m,

15H, Sn(C&(CH2)2CF&);

'HNMR (C6Ds)
G 7.68-7.78 (m, 2H, Ar-H),

7.24-7.35 (m, 2H, Ar-H),

7.05-7.20 (m ,lH, Ar-H), 3.69 (d, IH, J = 10.3 Hz, 'JsWH= 28.3 Hz. 0CHHSnBu3), 3.58 (br dd, lH,
J = 6.1, 9.9 Hz, OC?I('Pr)), 3.31 (d, lH, J = 10.3 Hz, ' J ~ , , .=~ 28.6 Hz, OCH&M3u3) 1.92-2.19 (m.

2H, CCH2C), 1.83 (oct, lH, J = 6.6 Hz, CH(CH3)2), 1.22-1.71 (rn, 16H, 2 CCH2C +
S~(CHZ(C&)~CH~)~),
1.17 (d, 3H, J = 6.7 Hz, CH(C&)(CH3)),
Sn(C&(CH2)2Ci&)3), 1.O5 (ci, 3H, J

= 6.8 Hk,

CH(CH3)(Cb));

0.78-1 -09 (m. 15H,

I3cNMR (75.47 MHz, CDCI3) S

144.0 (Ar-C), 127.8 (Ar-C), 127.1 (Ar-C), 126.2 (Ar-C), 100.5 ( 3 =
~ 45 Hz, anomenc-C), 74.8

(OCH('Pr), 49.6 ('1 = 371, 388 Hz, 0 ~ 2 S n B u 3 )37.7
, (CCH2C), 33.3 (CCH2C), 29.3 ( 2 =~ 2 1 HL,
S~(CH&HICH~CH,)J),27.4 ( 3 =~52 Hz, Sn(CHz)&HzCH3)3, 27.2 (CCH2C), 19.8 EH(CH3)2), 18.8
(CH(çH3)(CH3)), 18.4 (CH(CH3)cH3)), 13.7 (Sn(CH2)3cH3)3, 8.9 ('J = 309, 323 Hz,
S I I ( C H ~ ( C H ~ ~ C HMS
~ ) ~(FAB)
);
m/z 105 (23), 145 (22), 203 (M'
- 0CHzSnBu3, IW), 467 (W C4H9,2); Anal. Cdcd for C27H4802Sn:C, 61.97; H, 9.25. Found C, 61.78; H, 9.13.

OH

OMe

This unreported compound was prepared by a procedure modified from that described by
~ohannsen.6Mg tumîngs (2.19 g, 90.1 mrnol) together with 2 small crystals of I2 were heated for 20
min while stimng until the purple I2 vaprs had disappeared. The mixture was then allowed to cool
to ri after which THF was added (20 mL) and 1,2=dibromoethane(0.52 mL, 6.03 m o l ) . M e r
initiation had taken place 1-bromo-3,3-dimethoxypropane(1 1 g, 6.01 rnrnol) in THF (80 mL) was
added dropwise. The mixture was then cooled to an intemal temperature of -7 1 O C and Cui (1.14 g,

5.99 rnrnol) was added and stirred for 15 min. (R)-lsopropyloxirane (204) (4.3 1 g, 50.0 mmol) was

then added and the mixture was allowed to slowly reach ri and was stirred ovemight. The reaction
was then cooled (O O C ) and slowly quenched with

an aqueous 1.5% solution of NH3 in saturated

NI&Cl (pH 8 buffer) (50 mi,)and stirred until al1 solid material had dissolved and bubbling had
stopped. The layers were then separated and the aqueous layer was extracted with Et20 (3 x 100

mL). The combined organic extracts were then dned over anhydrous Na2SQ and filtered. The
filtrate was then concentrated in vaao (bath temperature: 30 O C ) and the crude material was purified
by silica gel chromatography (gradient elution: hexane to 15% to 30% to 50% Et20 in hexane) to

afTord 8.12 g of 205 (85% yield (based on 204)) as a colorless oil: GC retention time: 10.22 min;
[a]? = - 19.2 (c = 0.60, CHC13); IR (mat film) 3436 (O-H stretch), 2832, 1463, 1386, 1367, 1 127
(C-O stretch), 1068 (C-O stretch), 982 (C-O stretch), 947 (C-O stretch), 839, 81 1 cm*'; 'H NMR
(300 MHz. CDC13) G 4.38 (t, lH, J = 5.6

Hz,CH(OCH3)2),3.24-3.42 (m, lH, CH(OH)), 3.33 (s, 3H,

OCH3)? 3.32 (s, 3H, 0CH3), 1.30-1.75 (m, 7H, 3 CH2 + CI-JCH3), 0.92 (d, 3H, J = 6.9 Hz,
CH(C&)(CH3)), 0.91 (d, 3H, J

= 6.7

Hz,CH(CH3)(C&)); ')c NMR (75.47 MHz, CDC13) 6 104.1

(CH(OCH3)z), 75.8 (CH(OH), 52.2 (OC&), 52.1 (OCH,), 33.4 (CH2), 33.2 (CH2), 32.1 (CH2), 20.8

-

-

(CH), 18.5 (CHs), 17.0 (CH3); MS (EI) m/z 75 (100), 159 (M' 0CH3, 2), 189 (W 1, 0.1). 190

(M', 0.02). Anal. Calcd for C I&12203:
C, 63.12; H, 1 1.65. Found: C, 62.88; H, 11 .M.

6.3.5 (S)-6-isopropyl-tetrahydro-pyran-2-01206

This compound has been reported in racemic fom7 and 206 was prepared as follows: A
mixture of 205 (7.93 g, 41.7 mmol) and p-toluenesulfonic acid (793 mg, 4.17 mmol) in H2Olacetone

(1 :1) (200 mL) was stirred at n for 1 h then refluxed for 1 h. A saturated solution of NaHC03 was

then added until the mixture was slightly basic by pH paper. The mixture was then extracted w i l

EtzO (3 x 300 mL) followed by drymg the combined organic extracts over anhyàrous Na2S04. The
solution was then filtered and the filtrate was concentrated in vacuo. The crude material was
purifed by silica gel chromatography (gradient elution: hexane to 10% to 20% to 30% Et20/hexane)
to afford 4.83 g (6% yield) of 206 as a colorless oil and as an approximate 2:l ratio of B:aanomers:

GC retention t h e : 7.74 min (both isomers). Mutarotation was observed for 9, so that 5 min after a

~
solution of 9 (c = 1.06, CHC13) was made the following rotation was observed: [ u ] =~+52.4,
which increased 2 min later to [alD**
= +59.9. The rotation increased furthe; over time and a steady

reading ([a]oU= +89.9) was obtaineâ after 80 min h m the time the solution was made.; 'HNMR

(200 MHz, CDCli) S 5.27-5.38' (br m, 1H, anomeric-H), 4.61-4.76 (m,1H, anomenc-H), 3.66'
(ddd, lH, J = 2.0, 6.3, 11.2 Hz OCI4('R)) 3.13 (ddd, lH, J = 1.9,6.4, 11.1 Hz, OCH('Pr)), 3.00 (d,
lH, J

= 6.2

0.96 (d,

Hz, OH), 2.43' (dd, lH, J

=

1.7, 3.0 Hz, OH), 1.05-1.97 (m, 7H, 3 CH2 + CH(CH3)*),

3H,J = 6.8 HZ, CH(C&)(CH1)), 0.92' (d, 3H, J = 6.7 Hz, CH(Cb)(CH3)), 0.91 (d, 3H, J =

6.8 HZ, CH(CH3)(C&)), 0.88' (d, 3H, J = 6.8 Hz, CH(CH3)(C&));

I3cNMR (50.32 MHz, CDCl,) G

96.5 (anomenc-C), 9 1.6' (anomeric-C), 81.4 (OCH('Pr)), 73.3' (OCH('Pr)), 32.6 (CH2), 32.4' (CH*),
29.8 (CH2), 27.1 (CH*), 26.5 (CH2), 22.0 (CH(%)), 18.6 (CH(CH3)(CH3)), 18.4' (CH(CH3)(CH3)).
18.1 ' (CH(CH3)aH3)), 17.8 (CH(CH3)cH3)); MS (EI) m/r 55 ( 1OO), 101 (M' - 'Pr. 69), 126 (M' -

H20, 12), 143 (W - 1,0.4), 144 (rd,
0.2).

This compound has been reported in racemic form6 and 207 was prepared by a procedure
modified fiom that described by Corey and suggs? A mixture of lactol206 (4.83 g, 33-5 mmol) and

PCC (14.8 g, 67.0 mmol) in CH2C12(330 mi,)and in the presence of crushed 4 A molecular sieves
(33 g) was reflwed for 2.5 h. The reaction was then diluted with anhydrous Et20 (1 L) and filtered
through Florisil. Al1 solid material that was tiltered, dong with the Florisil that was employed, was

extracted with Et20 (4 x 300 mi.) and the combined orgaaic extracts were filtered once again

thmugh Florisil. The filhate was then concentrated in vacuo and the crude material was purified by
silica gel chromatography (gradient elution: 10% to 25% to 50% to 75% Et20hexane) to a o r d 3.77

g (79% yield) of 207 as a colorless oil: GC retention tirne: 9.49 min; [alD== + 4.0 (c = 1.75,

CHC13); 'H NMR (300 MHz, CDC13) G 4.06 (ddd, 1H, J = 2.9, 5.7, 11.3 Hz, (OCH('Pr)), 2.5 1-2.68

(m, 1H, CmC=O),

2.35-2.50

1.45-1.51 (m, IH, CmJ,
CH(CH3)(C&));

(m 1H, CHIJC=O),

1.01 (d, 3H, J

I3cNMR G 172.0 (C=û),

=

1.73-2.00 (m, 4H, CH2 + CHH + CH(CH3)2),

6.8 Hz, CH(C&)(CH3)), 0.97 (d, 3H, J

=

6.9 Hz,

85.1 (OCH('Pr)), 33.3 (CH2), 32.5 (CH2), 29.3 (CH2),

-

24.4 (CH(CH3)2), 17.7 (CH(CH3)(CH3),17.5 (CH(CH3KH3); MS (El) d z 99 (W 'Pr, 100), 142

(M',
S), 143 (M'
+ 1,0.4).

This compound has k e n reported in racemic form8 and 208 was prepared as follows: To a
cwled (-78 O C ) solution of lactone 207 (3.77 g, 26.5 mrnol) in THF (265 mL) was added a 0.64 M
solution of PhLi in Et20 (43.5 mL, 27.8 mmol). The mixture was stirred for 30 min a e r which the
reaction was quenched with a saturated aqueous solution of N h C l ( 3 0 mi.). The mixture was then
dlowed to reach rt and the iayers were separated. The aqueous layer was extracted with Et20 (3 x
50 mL) and the combined organic extracts were dried over anhydrous Na2SO4. The solution was
then filtered and the filtrate was concentrated in vacuo. The crude matenal was then purified by
silica gel chromatography (silica gel first deactivated with 1% Et3N/hexane)(gradient elution: 5% to

20% to 40% to 50% EtzO/hexane (ail eluent contained 1% Et3N)) to afford 5.13 g of 208 (88%

-

yield) as a colorless oil: [ a ]= ~8.27
~ (c = 1.21, CHCb); IR (neat fih)3436 (O-Hseetch), 1682

(C=O stretch), 1449, 691 cm-'; 'HNMR (200 MHz, CDC13)G 7.90-8.03 (m, ZH,Ar-H), 7.30-7.66
( m 3H, Ar-H), 3.30-3.46 (br m, IH, CH(OH)), 3.03 (t, 2H. J = 7.0 Hz, CHÎC=O), 1.38-2.09 (m, 5H,

2 CH2 + CH(CH3)2),0.92 (d, 6H, J = 6.8 Hz,CH(C&h); "C NMR (50.32 MHz CDC13)6 200.4
(C=O), 136.8 (Ar-C), 132.8 (Ar-C), 128.4 (&OC), 127.9 (A&), 76.1 (CHOH), 38.2 (C&C=O),
33.4 (2 CHI), 20.5 (CH(CH3)2), 18.7 (CH(CH3)(CHi)), 17.1 (CH(CH3)cH3));MS (EI) 82 (100),
105 (90), 133 (71), 202 (M'
- &O, 33), 203 (W - OH, 5).

This known cornPoundg was obtained in a mixture with 212 as described in Section 6.3.11

and the following data was assigned to 209: 'HNMR (200 MHz,CDC13)6 8.05-8.20 (m, 1 H, Ar-H),
7.71-7.93 (m, 2H, Ar-H), 7.59-7.68 (m, lH, Ar-H), 7.39-7.57 (m, 3H, Ar-H), 5.46 (dd, 1H.J = 5.3,
7.3 Hz, Bn-H), 1.70-2.08 (m, 2H, C&CH(OH)), 1.21- 1.63 (m, 4H. C&C&CH3), 0.90 (t, 3H, J =
7.1 Hz,CH3).

of the crude matenal occurred by silica gel chromatography with deactivated silica gel (deactivated
with 1% Et3Nhexane), employing gradient elution (al1 eluent containing 1% Et3N): (gradient

elution: hexane to 5% to 10% to 15% to 20% EtzO/hexane) to obtain in order of elution: 67 mg (93%
yield) of BuSn, and a 70 mg mixture of unreported addition adduct 211 (58 mg, 80% yield, based

on 201), and 1-phenyl-1-pentanol (1 2 mg, 17% yield, based on n-BuLi), (yields for 211 and 1phenyl-1-pentanol determined by 'H NMR integration of benzylic-H) as a colourless oil.

'

Furthemore, 211 was determined to be formed in 46% de (de determined by H NMR integration of
benzylic-H). The following data was assigned to 21 1: GC retention time: 13.45 min; IR (neat film)
3436 (O-H stretch), 2873, 1449, 1249, 1027 (C-O stretch), 1012 (C-O stretch), 760, 700 cm*'; 'H

NMR (200 MHz, CDC13) 6 7.17-7.56 (m, 5H, Ar-H), 4.83-4.96' (m, 1H, Bn-H), 4.71-4.8 1 (m, 1H.

Bn-H), 3.25-3.54 (m, 2H, OCH('Pr) + OCHH), 2.94-3.20

(m, 1H, OCHH), 2.85 (br d, 1H, J = 2.5

Hz, OH), 2.74 (br s, 1H, OH), 1.13-2.17 (m,7H, CCH2CH2CH2C+ CI-i(CH3)2). 0.99 (d. 3H. J = 6.7

Hz, CH(C&)(CH3)), 0.98' (d, 3H, J = 6.2 Hz, CH(Cb)(CH3)), 0.95 (d, 3H, J = 6.8 Hz.
CH(CH3)(C&)), 0.91 ' (d, 3H, J = 6.8 HZ, CH(CH3)(C&)); 13cNMR (75.47 MHz,CDC13) 6 143.4
(Ar-C), 143.3' (Ar-C), 140.7 (Ar-C), 128.2 (Ar-C), 128.0 ( A d ) , 127.6 (Ar-C), 126.0 (Ar-C), 125.5
(Ar-C), 99.4' (anomeric-C), 99.1 (anomenc-C), 75.2 (OCH), 74.7 (OCH), 73.3 (OCH), 73.1 (OCH),
66.3 (OCHI), 37.3 (CH(CH3)2), 33.4 (CCH2C), 32.8 (Cm2C), 27.1 (CCH2C), 19.7 (CSHIC), 19.2
(CGW),

19.0 (CHCH3)(CH3)),

18.5

(CH(CH3)(CH~)), 18.4

(CH(CH3)(CH3)), 17.9

(CH(ÇHs)(CHi)); MS (EI) 55 (60), 77 (Cas', 49), 82 (1OO), 105 (72), 120 (49), 133 (44), 202 (IWHOCH2CH(OH)Ph, 2 1), 203 (W - 0CH2CH(OH)Ph, 3).

To a cooled solution (-78 O C ) of 201 (100 mg, 0.191 rnmol) in THF (4 rnL) was added a
solution of 1.50 M n-BuLi in hexane (0.25 mi,,0.382 mrnol) dropwise and the resulting solution was
stirred for 45 minutes. 1-Naphthaldehyde (78 pi,, 0.573 mrnol) was next added dropwise and the
resulting solution was stirred for an additional 30 min, after which an aqueous solution of saturated

N h C l (1 ml,)was added. The aqueous layer was then separated and extracted with EtzO (2 x 15

mL). The combined organic layers were then dried over anhydrous Na2S04, and concentrated in
vucuo. Purification of the crude material occurred by silica gel chromatography (gradient elution:

hexane to 5% to 10% to 15% to 20% Et20/hexane)to obtain in order of elution: 56 mg (84% yield)

of Bu&

18 mg of known by-product 2 ~ :and a 37 mg mixture of 209 (35% combined yield,

based on n-BSi) and unreported addition adduct 212 (35% yield, based on 201), (yields for 2û9 and
212 detemined by

'H NMR). Furthemore, 209

was determined to be fomed in 39% de (de

determined by Method B outlined in Section 2.3.2). n i e following data was assigned to 212: 'H

NMR (200 MHz, C a 6 )8 7.00-8.23 (m, 12H,Ar-H), 5.66-5.84'

(m, 1H. Bn-H), 5.48-5.65 (m, 1H,

Bn-H), 3.08-3.88 (m. 3H, OCHJ'Pr) + 0CH2), 2.72-3.05 (br s, lH, OH). 0.67-2.21 (m, 13H,

CCH2CH2CH2C+ CH(CH3)*).

OMe

To a cooled solution (-78 O C ) of 201 (100 mg, 0.191 mrnol) in THF (4 mL) was added a
solution of 1.50 M n-BuLi in hexane (0.25 mL, 0.382 mrnol) dropwise and the resulting solution was
stirred for 45 minutes. 3,4-Dimethoxybenzaldehyde(95 mg, 0.573 mmol) was next added, and the
resulting solution was stirred for an additional 30 min, after which an aqueous solution of saturated

N b C l (1 mi,)was added. The aqueous layer was then separated and extracted with Et20 (2 x 15

mL). The combined organic layen were then dried over anhydrous Na2S04, and concentrated in
vacuo. Purification

of the crude material occurred by silica gel chromatography (gradient elution:

hexane to 5% to 30% to 40% to 50% to 60% Et20/hexane)to obtain in order of elution: 84 mg of

recovered

3,J-dimethoxybenzaldehyde, 32

mg

of

a

mixed

hction

including:

3,4-

dimethoxyberualdehyde, known by-product 210,1°and unreported addition adduct 213 (19% yield,
based on 201), followed by a 2 mg hction containhg pure 210 (17% combined yield, based on nBuLi), (yields for 210 and 213 determined by 'HNMR). Furthemore, 213 was determined to be
formed in 41% de (de determined by Method B outlined in Section 2.3.2). The following data was
assigned to 213: 'HNMR (300 MHz, CDC13) G 7.35-7.60(rn, 2H, Ar-H), 7.13-7.34 (m, 3H, Ar-H),
6.70-7.00 (m, 3H, Ar-H), 4.85' (dd, lH, J = 3.6,8.6 Hz, Bn-H), 4.72 (dd, 1H, J = 3.3,8.6 Hz, Bn-H),
3.25-3.52 (m,2H, OCH('P~)+ OC-HJ-I),

2.92-3.1 1 (m,1H, O o , 2.86 (br s, 1 H, OH), 2.7 1' (br s,

1H, OH), 1.13-2.19 (m,7H, CCH2CH2CH2C+ CH(CH3)*), 1-01 (d, 3H, J = 6.7 Hz, CH(C&)(CH1)),

1.00' (d, 3H, J = 6.5 HZ,CH(C&)(CH3)), 0.98 (d, 3H, J = 6.8 Hz, CH(CH3)(C&)), 0.97' (d, 3H, J =

6.8 HZ,CH(CH3)(C&)).

This unreported compound was fonned and isolated as a coloriess oil according to the
representative procedure given in Section 6.3.2 as the recovered methyi glycoside auxiliary.

Compound 214 was also formed as a by-product as describeci in Table 18 and displayed the
following characterization data: [alo" = + 62.3 (c = 0.58, CHC13); IR (neat film) 2872, 2829. 1494,

1256, 1 155 (GO stretch), 1039 (C-O stretch), 1015 (C-O stretch), 866, 762, 700 cm-'; 'HNMR
(CDCI3, 300MHz)6 7.45-7.55 (m, 2H, Ar-H), 7.23-7.38 (m, 3H, Ar-H), 3.49 (ddd, 1H, J = 2.1, 6.0,
1 1-6 Hz, OCH('Pr)), 2.97 (s, 3H, WH3), 1.88-2.06 (m, 2H, CChC), 1.79 (oct, 1H, J = 6.7

-

CH(CH3)2), 1.60- 1.75 (m,2H, CChC), 1.21 1.52 (m,

ZH, CCbC), 1 .O5 (d, 3H. J

CH(Cb)(CH3)), 1.00 (d, 3H, J = 6.8 H z , CH(CH1)(C&));

=

Hz,

6.7 Hz,

I3cNMR (75.47 MHz) 6 143.7 (A&),

128.0 (Ar-C), 127.4 (Ar-C), 125.9 (Ar-C), 99.4 (anornenec), 74.9 (OCH), 48.8 @CH3), 37.5
(CCHiC), 33.2 (CQ12C),

27.2 (CCH2C), 19.7 (CH(CH3)2), 18.8 (CH(CH3)(CH3)), 18.2

-

(CH(CH3)(CH3)); MS (ET)mlz 105 (100), 133 (60), 191 (M' CH(CH3h, 0.1),202
38), 203 (W

- CH@,

(w - CH30H,

7), 233 (W - 1, 0.03), 234 (W, 0.05), 235 (MC + 1, 0.07); H R M S (FAB)

calcd for C 1sHu02 234.1620, found 234.1632.

To a cooled solution (-78 O C ) of 201 (1 10 mg, 0.210 rnmol) in THF (4 mL) was added a
solution of 1.56 M n-BuLi in hexane (0.27 mi,,0.420 mmol) dropwise and the resulting solution was
stirred for 40 minutes. MeOD (0.1 mL, 2.46 mmol) was next added dropwise and the resulting
solution was slowly w m e d to O O C , after which an aqueous solution of saturated N&CI (1 mL) was
added. The aqueous layer was then separated and extracted with Et20 (2 x 15 mL). The combined

organic layen were then dned over anhydrous NazSOs, and concentrated in vacuo. Purification of
the crude matenal occurred by silica gel chromatography with deactivated silica gel (deactivated
with 1% Et3N/hexane),employing gradient elution (al1 eluent containing 1% Et3N): hexane to 2%

CH2C12/hexane to 10% Et20/hexane to isolate 34 mg (69% yield) of unreported cornpound 215.
Compound 215 was also formed as a by-product in a reaction descnbed in Table 18 and was
obtained in a mixture with 2 14. The following data obtained for 215: 'HNMR (200 MHz,CDC13)6
7.40-7.52 (m, 2H, Ar-H), 7.18-7.39(m, 3H,

WH), 3.49(ddd, IH,J =2.1, 6.1, 11.6 Hz, OCH('Pr)).

2.95 (3 lines, ZH,J = 1.6 Hz, 0CH2D), 1.54-2.10 (m, 5H,2 CCH2C + CH(CH3k), 1.18-1.53 (m, 2H,
CCHIC), 1.05 (d, 3H, J = 6.8 Hz, CH(CI&)(CH3)), 1.00 (d, 3H, J = 7.0 HZ,CH(CH3)(C&)); MS

(EI) m k 77 (C&',

30), 105 (100), 112 (25), 235 (M', 2).
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CHAPTER 7
OVERALL SUMMARY

It has k e n shown for the first tirne that an a-heteroatom chiral nucleophile cm be d d e d to

an aldehyde stereoselectively with recovery of the chiral awiliary and enantiomerically enriched
product king possible. The asymmeûic addition of a-alkoxymethyl carbanions to aldehydes has
resulted in the formation of di01 products in up to 81% ee (Chapter 6). The best examples in the
curent literature include the addition of an a-alkoxymethyl carbanion in 28% de' and an aaminomethyl carbanion in 56% de.2 However, none of the literature examples ailow for the
recovery of the chiral auiliary and enantiomerically enriched product.

The achievement in this thesis has k e n reaiized through the chiral awiliary design process

that was followed and is summarized in Figure 32 (a-f). The design centered on a sugar-like core
structure with substrate attachment occurring to the anomeric carbon of the auxiliary so that product
and awiliary recovery can be possible. The fim important fmding was the realization that having H
replaced by different R groups at the equatonal anomeric position was necessary for achieving
diastereoselectivity in up to 55% de (Chapter 2) (Figure 32a). Most aryl R groups and additions to
electron nch aidehydes had provided the optimal level of diastereoselectivity. Throughout rnany
examples in this thesis, employing metais other than Li almost always led to lower or non-existent
yields of addition products and in most cases not offering any improvements in stereoselectivity
(Figure 32b).

Ti based reagents were seen to have potential for achieving a high level of

diastereoselectivity (Chapter 2); however practical yields could not be obtained. Next the nature of
the C-2 group of the pyranose ring system was studied (Chapter 3) (Figure 32c) by employing a
glucosaminedenved chiral auxiliary. A carbarnate protected nitrogen group did wt offer any

irnprovement over a methyl ether group at the same position (14%de vs. 17% de). Furthemore 5membered ring auxiliaries did not offer any diastereoselectivity and racemization occurred in the
synthesis of the awiliary derivatives (Chapter 5) (Figure 32d). Audiaries that were less sugar-like
in structure (Chapter 4 and 6) (Figure 32e) were also able to induce stereoselectivity and indicates
that the chiral polyoxygenated f h e w o r k of sugars is not necessary. Lady, it was speculated that a
ring oxygen intramolecular coordination mode might be responsible for achieving the highest levels

of stereoselectivity in this thesis (up to 81% ee) (Chapter 6) (Figure 32f).

Figure 32. Strucniral features studied and findings obtained fiom the chiral awciliary design

process.
f) Ring oxygen intramotecular
coordination mode was speculated
to be responsible for achieving
stereoselecüvity in up to 81% ee.

e) Polyoxygenated
chiral frarnework of
sugars not necessary
for achieving
stereoselectivity.

-

a) Anomeric R group (R' = CR3)

seen to be necessary for
achieving stereoselectivity.

pl -

& , be

b) Metals other than Li
pive iower or somtimes
non-existant yields of
addition products.

\

I

\

d) A 5-memôer ring (n=O) does not
offer any diastereaselectivity.

c) A nitmgen R' gmup does
not offer improvements in
stereoselectivity over an
oxygen Rd group.
m

Future work can possibly be aimed towards the optimization of stmctunil features outlined in

Chapter 6 (Section 6.2.3).
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