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Abstract 

The preparation of a-alkyl and u,a-diaml a-alkoxystannanes is described =d their 

synthetic utility as precursors of a-alkoxyorganolithium reagents is dernonstrated. 

MN-Diethyl-, N,N-diisopropyl- and N-phenylcarbamate protected a-hydroxy- 

trimethyiaannanes are prepared (3 4-8 3 % yields). These compounds are shown to undergo 

tin-lithium exchange to provide stable a-aikoxyorganolithium species that trap aliphatic and 

aromatic aldehydes to provide protected 1,2-diols in good yields (53-93%). In contrast, 

prepared MOM-protected derivatives (75-78% yield) do not undergo tin-lithium exchange as 

cleanly as their tributyl-analogues do. Removal of the N,N-dialkyl-, and N-phenylcarbamate 

protecting groups is accompli shed wi t h alane and Li= respectively. An enantiomencdly 

enriched (>97% ee) N,N-diethylcarbamate protected a-alkoxyorganolithium is trapped using 

benzddehyde with complete retention of configuration (HPLC). 

The addition of N.N-diethylcarbarnate protected a-alkoxyorganolithiums to 

benzaldehyde provides the protected 1 -2-diols in approximately 1 : 1 ratios. Organo- 

magnesiurn species prepared fiom a-alkoxyorganolithiums using MgI3rz.OEtz give high 

selectivities (87: 13), while other organometallic species incorpcrating metals such as Al, B, 

and Zn show no reactivity. 

The addition of or_eanornagnesic m reaçents t O acylstannanes provides one route to 

a,a-dialkyl a-alkoxystannanes . Ot her organornetailic reagents resulted in cornplex reaction 

mixtures. The enantioselective addition of simple alkyl organometallic reagents to 

( 1 -tnbutylstannyl)propan- 1 -one and ( 1 -tnbutylstannyl)ethan- 1 -one provides %a-dialkyl 

a-alkoxystamanes with low levels of enantioselectivity (<56% ee) and poor reproducibiiity. 

Finally, the chrornatographic separation of diastereomeric carbamates prepared fiom 

(9-a-naphthylethylamine is a usefb! method of obtaining a,a-dialkyl a-alkoxystannanes in 

high levels of diastereomenc purity (9 1 -97% de). Cleavage of the (S)a-naphthylethyl- 

carbarnat e group (alane) and protection of the enantiomerically e ~ c h e d  a-hydroxystannane 

as the MN-diethylcarbamate provides access to configurationaliy stable qa-dialkyl 

u-aikoxyorganolit hium ragent S. Trapping with benzaldehyde is shown to proceed with 

complete retention of configuration. 
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INTRODUCTION 

One of the great challenges that synthetic organic chernists face today is the task of 

developing stereoselective routes to complex organic molecules. The past two decades have 

seen a dramatic increase in the sjmthetic application of organostannane chemistry in meeting 

these goals.' This class of chemistry has proven invaluable as a source of new reagents and 

selective transfonnati~ns.~ Recent advances in organotin chemistry include the development 

of fluorous tin reagents (e-g.,  aride,3a hdide,3b and hydride3'); water soluble th hydride;4 and 

tin-functiondized polymer supports.s In particular, two areas have benefited greatly, and 

illustrate the synthetic impact organostannane chemistry has made. The generation of carbon 

radicals for C-H and C-C bond formation from a multitude of tiinctional groups has 

permïtted access to nurnerous natural products (e.g., ~ a m ~ t o t h e c i ~ ~  Scheme 1).' The relative 

weakness of the C-Sn bond enables organostannanes to be excellent precursors to carbon 

nucleophiles. This type of reaction may be promoted by Lewis acids, e-g., the reaction of 

allylsta~anes with aldehydes (Scheme 2)' or via transmetdation to form other more reactive 

organometallic reagents (e-g., ~r~anolithiurns,~ Scherne 3).1° Also of importance is the role 

that transition metals have played in transfemng carbon nucleophiles from tin to electrophilic 

reaction sites. e-g.. the palladium catalyzed cross-coupling reaction of organostannanes with 

electrophiles (Scheme 4). ' ' 

Scheme l6 

camptothecin 



Scheme 2 

R' = alkyl, aryl 
R~ = Me, Bu, Ph 

Scheme 3 

R' = alkenyl, or-alkoxy, allyl 
R', R~ = Me, Bu 

Scheme 4 

R' = Me. Bu 
R' = H. alkyl, alkenyl. alkynyl, allyl, aryl, benzyl 
Ec = acid chlotides. allyl and benzyl halides 

aryl and vinyl halides and tnflates 

This thesis will focus on only one aspect of organostannane chemistry mentioned 

above; specifically, on the preparation of a-alkoxystannanes and their use as precursors to 

a-alko'cyorganolithium reagents. 

The following sections of this Chapter provide a review of a-alkoxystannane 

chemistry with emphasis on their application as precursors to a-alkoxyorganolithiurn 

reagents. 



1.1 a-Alkoxystannanes as Precursors of a-Alkoxyorganolithium Reagents 

In 1970, Scholkoph reported the first tin-lithium exchange of an a - a lk~x~s t annane . ' ~  

This involved the transmetdation of  tetrakis(alkoxymethy1)stafl~anes (1) with rz-butyllithium 

to  yield or-alkoxymethyllithiums (2) (Scheme 5) .  

Scheme 5 

THF 
(ROCH&Sn + 4 mButi - 4 ROCH2Li + MuaSn 

-60 OC 

1 2 

Seebach and Meyer later reported the preparation of "doubly metalated methanol" (4) 

from the tin-lithium exchange of  stannyl alcohol 3. l 3  The intermediate dianion 4 was trapped 

with various electrophiles to provide alcohols 5 (Scheme 6).  Typically, primary alcohols 

were prepared from the reaction of an organometallic reagent with formaldehyde (equation 1, 

Scheme 7). This alternative method represented a reversed mode of reactivity ("umpolung") 

for preparing such substrates (equation 2 ) .  

Scheme 613 

benzaldehyde, benzyl bromide 
cyclohexanone, di-t-butyl ketone 

rmctyl chloride, n-octyl bromide 

41-62 % yields 



Scheme 7 

To increase on the moderate yields observed for alcohol 5, and to hprove the 

stability of a-hydroxystannanes protected denvatives (6a,14 6b and 6e") of 3 were prepared 

(Scheme 8). Subsequent tin-lithium exchange and trapping gave substantially higher (93- 

98%) yields. Addition of the or-alkoxymethyllithium reagent to an enone resulted in the 

exclusive formation of the 1.2-addition product (Scheme 8). To allow access to the 1,4- 

addition product, Hutchinson and ~ u c h s ' ~  as well as Johnson and ~ e d i c h "  prepared a- 

alkoxymethyl copper reagents 7b and 7c, respectively (Scheme 9). When reagents 7b and 7c 

were reacted with cyclohexenone, the I,4-addition products Sb and 8c, respectively, were 

isolated (Scheme 9). The a-alkoxymethyl copper reagents were found to be susceptible to 

dimerization in the presence of trace copper (II) saits; hence only sources of high quality 

copper (1) cm be used. One additional drawback was that reaction of these reagents with 

sterically hindered enones was found to be sluggish. Aside tiom these concems, Hutchinson 

and Fuchs demonstrated the synthetic utility of these reagents by perforrning the addition of 

7b to the ammonium salt 9 to yield 10, an intermediate in the total synthesis of (+)- 

carbacyclin (Scheme 1 O ) . ' ~  



Scheme 8 14.15 

6a: R = EE 
6b: R =  Bn 
6c: R = MOM 

93-98Oh yields 
E+ - 

benzalciehyde, ketones 
cyclic enones (1.2-addition) 

Scheme 916 

1. n-BuLi. THF 2. Cul31-SMe~ 
Bu3SnC&0R D [tiCH20RJ - [CuC&oRj 

-78 OC DIPS, BF3. 0Et2 

6b: R=Bn  
6c: R = MOM 

8b: 95% yield 
8c: 53Oh yieîd 

Scheme 10" 

10 

84% yield 



In 1 978, Still and Mitra reported a novel appiication of a-alkoxymethy Uithium 

reagents derived corn allylstannyl methyl ethers (ll).'" The dyloxy carbanion 12, which 

was obtained fiom the transmetdation of 11 with n-butyuthiwn, undergoes a [2,3]- 

sigmatropic rearrangementlm producing 2-tnsubstituted homodylic alcohols 13 (Scheme 

1 1). The synthetic utility of this "Wittig-Still" rearrangement was demonstrated during the 

total synthesis of (-)-punctatin A (Scheme 1 2). '' 

Scheme 11 

n-BuLi- THF - 
-78 "C 

Scheme 12'' 

Ç"B~,  "-BuLi. hcwncs 

-78 "C IO O "C & - - (-1-pur~tôti A 

SEMO 

In 1988, Broka and coworkers reported the preparation of cis-2,4-disubstituted 

tetrahydrofurans fiorn homoallyl stannylmethyl ethers (1 4).19 Transmetdation of 14 with an 

excess of n-butyllithium yields a-alkoxymethyllithiurn 15, which then undergoes anionic 

cyclization. The resuitant tetrah ydrofùrans (1 6) are obtained with cis:trans ratios ranging 

fkom 1 1 : 1 to >15: 1 (Scheme 13). A novel feature of this chemistry is the use of methoxy- 

substituted stannanes (17), which yield tetrahydrofurans (18) containhg an olefinic 

substituent suitable for tùrther chernical manipulation (Scheme 14). Lautens and Kumanovic 



have recently employed this rnethodology to access bicyclo[5.3.0]decenes (20).~' The 

anionic intramolecular M g  opening of allyloxy ethers (19) provides the desired 5,7-fused 

ring system of 20, which is f m d  in many natural products, e.g., sesquiterpenes (Scheme 15). 

Scheme 13'' 

n-BuLi. THF 
P 

-78 OC 10 O OC 

R = n-C6HI3: 54 % yield, cisArans = 1 1 :l 
R = c-CGHll: 49 % yield, cis2rans = >15:1 

Scheme 14'' 

R = n-C&i~~: 85 % yield, cis:trans = l3:l 
R = c-C6H1 I :  78 % yield, cis:trans = >15:1 

Scherne 15*' 

19 

R = H, Me, Bn, l'EMS 
20 

80-85% yield 



In 1 978, Still reported the transmetalation of a-subsftuted a-akoxystannanes (21) to 

obtain a-substituted a-alkoxyorganolithiums (~t).'" These intermediates were trapped with 

electrophiles to provide the protected dcohols 23 (Scheme 16). This addition of a masked 

carbinyl carbanion to a carbonyl compound represented yet another example of umpolung 

reactivity. The equivalent and conventional approach to preparing an alcohol would involve 

the addition of an organometallic reagent to an aldehyde or ketone (Scheme 17). The 

synthetic potentiai of this reverse polarity approach was demonstrated by a simple synthesis 

of dendrolasin.I4 The conventional approach would have involved the addition of an allyl 

organornetallic, which may mdergo isomerization, to fiiran-3-carboxaldehyde resulting in a 

potential mixture of regio- and stereoisomers (Scheme 18). Aitematively, the addition of the 

a-alkoxyorganolithium generated fiom transmetalation of 24 to an allyl chlonde (geranyl 

chloride) provided the product with retention of the geometry of the central trisubstituted 

double bond. 

Scheme 1 d 4  

E+ 
zohexanone. Mel 

16-81 % yields 23 



Scheme 17 

R2 OPG 
OH 

8 
R' R' AeR2 + 

Scheme 1814 

OEE 
f 

OEE 
1 



Quite possibly one of the greatest contributions pertainuig to the configurational 

stabïiity of a-alkoxyorganolithium reagents was made by StU. In 1980, he demonstrated 

that both diastereomerically and enantiomericaily pure a-allcoxystannanes could undergo 

transmetalation and trapping with electrophiles to provide adduas with no detectable loss of 

stereochemical purity; hence, the transmetdation-trapping sequence takes place with overall 

retention of configuration (Scheme 1 9).21 

Scheme 19'l 

p~qoM SnBu, 

1. n-BuLi, THF, -78 OC 

OMOM OMOM - - - 
p h / r s m ï  

In light of Still's contribution to the understanding of a-alkoxyorganolithium 

reagents, several research goups have applied these reagents for other selective 

transformations. The following examples highlight some of the more important applications 

of a-alkoxystamane reagents. 

McGarvey and Kirnura reponed a stereoselective route to ami-1.2-diols using 

a-alkoxyorganolithium reagents obtained fi-om the transmetalation of a-a~kox~stannanes.~~ 

Reaction of the a-alkoxyorganolithiums with amides provided a-a ikoq ketones that were 

reduced stereoselectively with zinc borohydnde to yield the 1.2-diols (Scheme 20).~' 



Scheme 20" 
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Extension of this met hodology , by McGarvey and Kimura, t O include intramolecular 

cyclization of stannyl amides allowed access to carbocycles and heterocycles (Scheme 2l)? 

Scheme 2lZ3 
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In subsequent studies. McGarvey and coworkers provided additional evidence for the 

configurational stability of a-alkoxyorganolithium reagents." When a-alkoxystannanes 25 

and 26 were transmetalated and trapped with Me2S04, the resultant methylated products 27 

and 28 were obtained with complete retention of configuration (Scheme 22). This 

methodology has proved invaluable, as axiaily substituted cyclohexanes such as 27 cannot be 

prepared in the conventional manner due to the propensity of equatorial attack by 

nucleophilic carbanions on the carbonyl of the selected cyclohexanone. 
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Similar results were reponed by Beau and coworkers who exarnined the 

transmetdation of a- and P-D-glucosvlstannanes 29 and 30 (Scheme 23)? The a- and j3-D- 

glucosyllithium reagents prepared from 29 and 30 were trapped with deuterium oxïde and 

benzaldehyde with complete retention of confiyration. These organolithium reagents were 

subsequently converted into the a- and P-D-glucosyl copper reagents by Hutchinson and 

Fuchs and shown to add to enones in a 1.4-manner, producing C-glycosides 

stereo~~ecifical l~. '~ Beau and coworkers extended this methodology by examining the ring 

opening of epoxides in the presencc of boron trifluoride diethyl etherate, with the higher 

order cuprate reagent prepared from the a- and P-D-glucosyllithiums with 2-thienylcyano- 
26 cuprate (Scheme 23) .  The cuprates were shown to be configurationally stable at low 

temperatures (-78 "C) and the coupli- reactions proceeded with retention of configuration. 
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Linderman and coworkers reported on the preparation of a-alkoxyorganocuprates and 

their addition to  unhindered cyclic enones, in the presence of trimethyisilyl chloride (TMS- 

CI)." The ben results were obtained with the higher order cyanocuprates, which gave 

moderate to excellent yields of 1,4-adducts; however, only modest diastereoselectivity was 

observed (Scheme 24). 

Scheme 2d2' 

+ TMS-CI 
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OMOM 
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Linderman and coworkers fùrther dernonstrated the synthetic utility of a-alkoxy- 

organocuprates by examining their addition to ends in the presence of trimethylsilyl 

~h lo r ide .~~  This reaction sequence provided a convenient route to ciF-3,4-disubstituted 

butyrolactones (Scheme 25). The diastereoselectivity in the formation of the intermediate 

y-alkoxy aldehydes was found to be exceptionaily high (451 to >250:1), while the yields 

were relatively poor (2646%). Small quantities of the 1 ,2-addition products (8-27%) were 

also isolated from the reaction. However, treatment of the intemediate y-alkoxy aldehydes 

with acid foiiowed by oxidation, provided the desired czs-3,4-disubstituted butyrolactones in 

1 8-36% overall yields. 

Scheme 25*' 
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This section has highlighted some of the various synthetic applications of a-alkoxy- 

stannanes. The impact that these reagents have made since their introduction is noted by 

their creative use in C-C bond formation. 



1.2 Transmetdation of Organostannanes 

The transmetdation reaction of a-alkoxystannanes (as well as ab1  and Wiyl 

stannanes) and aQIlithiums is actuaily an equilibrium process in which the position of the 

equilibrium is determined by the relative thermodynamic stabilities of the organolithium 

species involved (Scheme 26). 24b29 McGarvey and coworkers developed a relative ordering 

of a-alkoxyorganolithium speties (generated by tin-lithium exchange) and alkyUithium 

reagents (Figure 1, presented in decreasing order from lefi to The o r d e ~ g  of the 

various organolithium species was determined by 'H NMR and chromatographie analyses of 

cornpetition expenments between two a-alkoxystannanes for an alkyfithium reagent. It was 

approximated that at least 1.5 pKa units separates the individual organolithium species with 

regards to relative acidity. 

Scheme 26 

Figure 1. Relative stabilities of a-alkoxyorganolithium and alkyllithium reagents 
generated via tin-lithium e x c h a r ~ ~ e . ~ ~ ~  



The difference in thermodynamic stability between the various organolithïum species 

depicted in Figure 1 was m d y  attrïbuted to the O-inductive effect of the adjacent a-alkoxy 

f ù n ~ t i o n a l i t ~ . ~ ~ ~  Other contnbuting factors included intramolecular coordination of the 

lithium cation to the lone pair of electrons on oxygen and the aggregation state of the 

a-alkoxyorganolithium species in solution.24b The rate of transmetalation between an 

a-a1ko;uystannane and aikyllithium reagent is also i n n u e n d  by the sue of the 

trialkylstannyl moiety (relative rate: Me >> n-Bu » c -CaI1)  and the solvent (relative rate: 

DME > THF > 

The transmetalation reaction has been postulated to proceed through a four-centered 

transition state. However, stannylate intermediates have also been proposed to explain the 

mechanism of organostannane transmetalation (Figure 2). Still was unable to h d  any 

evidence to support the stannylate postdate, &er examining cornpetition experiments of 

a-dkoxy~tannanes.'~ Spectroscopie evidence supporting their existence was reported by 

Reich and Phillips; however, tetrdkylstannanes and not a-alkoxy~tan~anes were the focus of 

this s t ~ d ~ . ~ '  NMR studies undenaken by McGarvey and coworkers on the transmetdation of 

a - a lko~~s t annanes ,~~~  and by Lindeman and Ghannarn on the transmetalation of a-silyloxy- 

stannanes" concluded that stannylate intermediates were not detected. It was suggested by 

McGarvey that they may be too short-lived to be seen on the NMR time scale. 

OR' O 
1 Li 

Figure 2. Proposed stannylate intermediate. 



1.3 Prepanition of Enantiomerically and Diastereomericaily Enricheci a-Aikory- 

stannanes 

Developing routes for the generation of enantiomerically and diastereomerically 

enriched a-alkoxystannanes has become increasingly important for two reasons. First, these 

reagents act as convenient precursors to homochird a-alkoxyorganolithiums for synthesis. 

Secondly, by having access to these intermediates ît allows an opportunity to study and 

understand the factors that infIuence their configurational stability. Initiaily, synthetic routes 

allowing access to enriched a-alkoxystannanes were not convenient. As a result, extensive 

studies on the configurat ional stability of a-alkoxyorganolithium species were lacking in the 

literature. For this reason, these reagents were thought to react stereospecifically with al1 
32.33 types of electrophiles. In 1 988, the asymmetric reduction of acylstannanes using 

~ o ~ o r i ' s ~ ~  2.2'-dihydroxy- 1.1 '-binaphthyi-modified lithium aluminum hydride @INAL-H) 

reagent (see Chapter 4, page 130, for a detailed discussion) to obtain enantiomerically 

enriched a-alkoxystannanes was reported and for the first time factors such as the nature of 

the electrophile could be fùlly studied. Subsequently, it was determineci that a-alkoxy- 

organolithiurn reagents (generated fiom tin-lithium exchange) actually react with certain 

electrophiles, such as alkyl iodides. allyl bromides, and benzyl bromides, to give racernic 

products. 2Jb.35 This observed racemization was believed to occur through lithium-halogen 

exchange via a single electron transfer. resulting in an intermediate a-alkoxy radical and loss 

of the original chirality. Gnedel and Lindennan reported that the reaction of a higher order 

cyanocuprate, prepared from an enantiomerically enriched a-alkoxystannane, with an enone 

gives the 1.4-addition product in nearly racernic f01-m.~~ It is possible in this case that 

racemization may be occumng by a single electron transfer mechanism despite the fact that 

reaction conditions were chosen to disfavor thir pathway. 

A continued effort directed towards the development of new routes to 

enantiomerically enriched a-alkoxystannanes ensures that limitations surrounding current 

methods are minimired. The following section will discuss current methods of preparing 

enriched a-aikoxystannanes, excluding the chromatographie resolution of diastereomeric 

intemediates, which d l  be discussed in Chapter 5. 



In 1989, Matteson and coworkers reported the use of enantiomerically pure 

düsopropylethanediol @IPED)-derived a-chloro boronic esters (31) for the preparation of 

enantiomerically e ~ c h e d  a-alkoxystannanes 34 (Scheme 27).37 The a-chioro boronic esters 

(31), avaiiable as either enantiomer (>90% ee), are reacted wîth tributyltinlithium with 

inversion of configuration to yield a-tnbutylstannyl boronic.ester 32. Ester 32 is oxidized to 

the intemediate a-hydroxystannane 33 and then protected to provide 34. A very novel 

application of this chemistry is the ability to couple two aliphatic chahs containing several 

chiral centers. For example, coupling of chiral boronic ester 35 with the chiral a-alkoxy 

organolithium 36, derived fiom the a-alkoxystannane, yields 37 that now contains four 

contiguous chiral centers (Scheme 28).  The symrnetrical di01 38 would be accessible d e r  

oxidation foilowed by hydrol ysis. 

Scheme 2 F 7  
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In 199 1, Chong and Mar reported the porcine pancreatic lipase (PPL) catalyzed 

esterification of a-hydroxystannanes (Table 1 ,.)* Excellent enantioselectivities of the 

product ester were obtained (94-99% ee). The rate of the enantioselective esterification was 

found to be very sensitive to the size of the alkyl side chain (RI) and the size of the 

trialkylstannyl moiety (R2). The fastest reaction was obtained with trimethylstannylethanol 

(entry 1). while no reaction was observed fiom tributylstannylethanol (entry 6) .  The produa 

alcohols and their esters were shown to be useful homochiral building blocks. Alcohol 39 

(>98% ee) was protected as the benzyloxymethyl (BOM) ether 40 and then transrnetalated 

and trapped with carbon dioxide to yield acid 41 in 46% yield, of >98% ee (Scheme 28).38 

Therefore, the transmetdation-carboxylation proceeds with complete retention of 

configuration. 



Table 1. Porcine pancreatic lipase (PPL) cat al yzed est enfication of a-hydroxystannanes~3s 

a-Hydroxystannane Product Ester 

Entry R' R* Time Yield ee 
(h) (%) (W 

1 Me Me 48 31 97 
2 Et M e  64 36 99 
3 Pr Me  129 7 97 
4 Me Et 84 35 99 
5 Et Et 85 14 97 
6 Me Bu 1 1 1  O - - 

Scheme 2s3' 
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m 
M=-COOH 

(K)-40 
>98% ee 
5g0h yield 

(9-41 
>98% ee 
46Oh yield 



1.4 Scope of Thesis 

The synthetic utility of a-alkoxyorganoiithium reagents, as generated from 

organostannanes by tin-lithium exchange, has been iliustrated with several exarnples cited 

within Sections 1 . 1  and 1.3. In light of these accomplishrnents, this thesis wiil present 

several shortcomings of a-alkoxystannane chemistry, the methodology used to address these 

challenges, and new applications of these compounds as reagents for organic synthesis. The 

predominant focus of this thesis will be the preparation of chemically, as well as 

configurationally, stable a-substituted and a,a-disubstituted a-alkoxyorganolithium 

reagents. 

~ a ? ~  within our laboratory. has demonstrated a novel method of obtaining 

enantiomerically enriched a-al koxyst annanes using the PPL catalyzed esterification of 

a-hydroxystannanes (Table 1). Subsequent transmetdation and trapping of these 

a-aikoxystannanes demonstrated the retention of codiguration of the derived 

a-alkoxyorganolithium species (Scheme 28). However, what should be stressed is that ten 

equivalents of 11-butyllithium were required to obtain sufficient a-alkoxyorganolithium 

intermediate to provide trapped adduct 41 in a mediocre 46% yield. Variables such as the 

choice of protecting group have been shown to play a large role in improving the synthetic 

yields of the desired trapped products (compare Schemes 6 and 8). Therefore, it was with 

precedent that a study be conducted on the selection of protecting groups for 

organot~methylstamanes so that the full utility of these enantiomencally emiched 

compounds, as precursors to a-alkoxyorganolithiurn reagents, may be realized (Scheme 29). 

This study will be presented in Chapter 2 with applications directed towards the synthesis of 

I,2-dioIs described in Chapter 3 .  
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1.4- 2 Preporaion of a. a-Disubstituted cr-4 lkoxyorganoli fhium Reagents 

The literature review provided in this Chapter predominately focused on 

unsubaituted and a-substituted a-aikoxystannanes. As will be shown in Chapter 4, 

examples of a,a-disubstituted a-alkoxystmanes are rare (Figure 3 ) .  With the exception of 

a few %a-dialkyl (42.) examples, most compounds within this description are benzylic a- 

al koxy stannanes (42 b). 

OPG 
R ' 42a R'. u2 = alkyl. R' = Me, Bu 

R*S& 4 2 b ~ ' = a l k y l , ~ ~ = P h . ~ ~ = M e , B u  

Figure 3. %or-Disubstituted or-alkoxysta~anes. 

Currently there are no examples of enantiomerically enriched a,a-dialkyl a-alkoxy- 

stannanes in the literature. This is surprising because these organostannanes would serve as 

convenient precursors of enantiomerically enriched a,a-dialkyl a-alkoxyorganolithium 

reagents. Their application towards synthesis is significant because they would potentially 

aliow the construction of masked tertiary alcohols with complete control of stereochemistry 

(Scheme 30). Therefore. this thesis will also describe our efforts in preparing these 

compounds as outlined by the following two approaches: (1) the enantioselective 1.2- 

addition of organometallic reagents to acylstannanes in Chapter 4 (Scheme 31); and (2) the 

chromatographie sepration of diastereomeric a-alkoxystannanes in Chapter 5 (Scheme 32). 

Upon obtaining a successfùl synthetic route to enantiomerically enriched a,a-diallqlalkoxy- 



stannanes, a study on the configurational stabîiity of the derived a-alkoxyorganolithium 

intermediates wilI be initiated. 

Scheme 30 
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PREPARATION AND TRANSMETALATION OF a-ALKOXY 

T W  ETHY LSTANNANES ' 

2.1 Introduction 

Since their original introduction by ~ t i 1 1 , ~ ~  a-dkoxyorganostamanes have been 

exploited in nurnerous chernical applications.4 That initial report descnbed the use of 

a-dkoxyorganostannanes as precursors to a-alkoxyorganoiithium species via tin-lithium 

exchange. As with Still's original study. the tnbutylstmyl group has been predorninately 

chosen throughout the literature for the preparation of a-alkoxyorganolithium reagents and 

other related chemistry. Factors such as: availability, ease of handling and lower toxicity, as 

well as the quantity of literature reponiny the use of these reagents, have aii contributed to 

the predominant use of the tnbutylstannyl group. However, other triakylstannyl groups, 

particularly tnmethylstannyl. offer certain advantages over the analogous tributylstannyl 
5 group. The formation of a volatile transmetalation by-product (Me&, bp 77 OU760 mmHg 

1s 1 4S°C/l 0 rnrnHg for B&Sn). which can be easily removed via work-up of the reaction, 

simplifies the isolation and quantification of reaction The primary advantage 
1 gained is perhaps the simplicity of their H NhlR spectra: trimethytstannyl compounds 

display a singlet for the Me3Sn group near 6 0.1 while the tributylstannyl compounds 

produce several multiplets for the ButSn group ranging from 6 0.70 to 1-50? Within 

organotin chemistry, the t rimet hylst annyl group has seen extensive applications in Stille 

couplings,' reactions of vinylstannanes6-' and stannyl cupratesVg Chong and Mar have 

reported on the preparation of enantiomencally enriched (>98% ee) a-hydroxytrimethyl- 

stannanes via kinetic resolution usinç porcine pancreatic lipase (PPL) as an acylation 

~ a t a l ~ s t . ' ~  The synthetic value of this methodology was fùrther highlighted by the inability 

to achieve similar resul ts with the sterically more hindered tnbutylstannyl analogues. Simple 

elaboration of these compounds to a-alkoxytrimethylstannanes provides very valuable 



synthetic intermediates. The transmetdation of these intermediates provide a-aikoxy- 

organolithiums in high enantiorneric excess. Unfortunately, there is literature precedent 

which suggests that the transmetalation of a-alkoxytnmethylstannanes does not proceed as 

well as the analogous trib~t~lstannanes. Io-' ' This has been demonstrated by the example in 

Scheme 3 3 .  10.12 

Scheme 33 

1 .  1 equiv n-BuLi OBOM 

2. CO,: H' MeACOOH 

The transmetdation of tributylstannane 43 with 1 equivalent of n-BuLi proceeds 

smoothly to generate the corresponding a-alkoxyorganolithium species, which is then 

trapped with COz to give the desired acid 41 in 92% yield. Alternatively, the 

tnmethylstannane 40 required 10 equivalents of 11-BuLi to generate sufficient quantity of the 

same a-alkoxyorganolithium, which when trapped with CO2 gave a 58% yield of product 41. 

From this example, it can be noted that there is an inherent benefit in employing the 

tnbutylstannane over the tnmethylstannane for this particular chemistry. This reactivity may 

explain the lack of literature describing the transmetalation of trimethylstannanes."13 

The efficiency of the transrnetalations of 40 and 43 might be explained by examining 

the relative stability of the organolithium species involved. The relative stability of 

a-aikoxyorganolithiurn and aikyllithium species classified according to ~ c ~ a r v e ~ ' "  and co- 

workers, follows the order: R ' O C H ~ L ~  > R'OCH(R~)L~ > MeLi > R ~ O C R ~ R ~ L ~  > r~-BuLi > 

c-HexLi (RI = M O N  see Figure 1, page 15). It can be reasoned that the treatment of 

organostannane 40 with n-BuLi should yield organolithium BOMOCH(Me)Li selectively 



over MeLi. The fact that 10 equivalents of M u L i  must be employed suggests that the 

intermediate organolithium is actually less stable than MeLi. Therefore, if the stability of 

PGOCH(Me)Li could be increased over MeLi through the judicious screening of dïerent 

protecting groups, the trimethylstannyl group could be employed for the transmetdation of 

a-alkoxystannanes. A detailed study of the factors surrounding the transmet dation of 

a-alkoxytrimethylstannmes is lacking in the literature. 

A survey of protecting groups for the stabilization of a-alkoxyorganolithium species, 

obtained through the tin-lithium exchange of a-alkox~methylstannanes and aikyllithiums, 

was undertaken. Once the bea protecting group was determîned on racemic stannanes, 

fùrther studies on enantiomencally enriched compounds were performed. Enantiomencally 

enriched a-alkoxytrimethylstannanes were obtained in a general manner by kinetic resolution 

using PPL," and were protected as best determined fiom the initial study on racemic 

stannanes. Finally, the transmetalation and trapping of these protected a-alkoxytrimethyl- 

stannanes were canied out to assess whether this transformation proceeds with retention of 

configuration. The following section details our results in pursuing this chernistry. 

2.2 Results and Discussion 

The protecting groups that were chosen for the initial study included carbamates 44- 

46. carbonate 47 and the methoxymethyl ether 48 (Figure 4). These groups were seiected 

because of literature precedent for their stabilization of organolithiums. 3.1 1-15 AI1 of these 

protecting groups offer stabilization throuçh the o-inductive effect of the a-alkoxy group as 

well as through intramolecular chelation of an oxygen lone pair to the lithium cation. In the 

case of the carbamates 44 and 45, the maximum amount of chelation could be realized via 

donation of the nitrogen lone pair onto the carbonyl group of the amide functionality. In one 

example, the N-phenylcarbamate 46. a dianion was employed for the stabilization of the 

organolithium species.16 In this case, an anion would be generated firsf placing the 

maximum negative charge on the carbonyl oxygen via resonance. It was speculated that this 



scenario might offer the highest level of stabilization for the organolithium species. The 

carbonate 47 was postuiated to behave in the same manner as the carbarnates. Finally, the 

study included the MOM protecting group as a control to compare with the original 

cherni- performed by ~ c ~ a r v e ~ ' ' ~ ~ ~  and ~ t i l l . ~  

Figure 4. Potential protecting groups for a-aIkoxyorganolithiums. 

The preparation of (&)-a-hydroxystannanes for the initial study followed typical 

fiterature procedures, these compounds were obtained by the reaction of an aldehyde with 

either tributyltinlithiurn ( B U ~ S ~ H ~ D A ) . '  or trirnethyltinlithium ( M ~ ~ s ~ c I / L ~ ' ~  or 

Me3SnSnMe,/ ~ e ~ i '  '). Due to the higher toxicity of Me3SnCl vs B U ~ S ~ H , ~ '  tributylstannyl 

derivatives were prepared for each type of protecting group, with the exception of 47, in 

order to assess and minimize potential problems prior to the preparation of the 

trimethylstannyl denvatives (Table 2) .  The MOM derivatives were readily prepared from 

MOMCl (i-PrzNEt, CH2C12) in good yields. The carbarnates were prepared either from 

i-Pr2NCOCI (Et3N. CH2Clt) or PhNCO (CH2C12) in low to moderate yields. Attempts to 

prepare the diethylcarbamates directly from Et2NCOCI failed; their preparation and use will 

be discussed later in this Chapter. Efforts to prepare t-butylcarbonates under typical 

conditions [(BOC)zO, DMAP, Et3N, CH2C121 initially proved to be very difficult. This 

protecting group was finally accessed in good yield through the addition of MgBr2*OEt2 

[(BOC)20, i-Pr2NEt, CHÎCI~] (Table 2). l9 



Overaii, each of the desired stannanes, with the exception of  the diethylcarbarnates, 

were prepared in sutiicient quantity to proceed with the desired study. The transmetalation 

and trapping of these organostannanes will be discussed in the next section- 

Table 2. Preparation of O-protected a-hydroxystannanes 49-57. 

49-57 

Entry R' RA PG Stannane Yielda 

(W 
1 n-Pent Me MOM 49 78 

2 rr-Pent n-Bu 50 75 

" Isolatcd yields of chromatographicdlly-pure products. 



2-2.3 TrmmetaIuizon and Trapping FJrperiments of O-Protec fed a-Hycioxystannat~es 

Results obtained fiom the transmetdation and îrapping of stannanes 49-57 are 

presented in Table 3. Initially, the study used two types of electrophiles: PhCHO, an 

aromatic aldehyde; and n-hexanal, an aliphatic enolitable aldehyde. AU tin-lithium (Sn-Li) 

exchanges were camïed out with 1.05 equivdents of n-BuLi, with the exception of 

N-phenylcarbamates 55 and 56, which required 2.5 equivalents of n-BuLi to generate the 

dianion intermediates- 

Preliminary transmet dation and trapping results obtained fiom the a-methoxy- 

methoxy stannanes proceeded as expected: The trimethylstannyl denvative 49 gave 

mediocre yieIds (40 and 49%), whiie the tributylstmyl derivative 50 gave much higher 

yields (78 and 81%) of the expected adducts, under identicai reaction conditions. The 

trimethylstannyl derivatives of the N,N-diisopropylcarbamates 51 and 52, gave good yields 

(80 and 93%) when trapped with PhCHO. When r>-hexanal was employed as the electrophile 

for the same carbarnates, the yields were rnoderate to good (66 and 74%), which might be a 

reflection of enolization of the aldehyde. The use of stannanes 53 and 54, (R' = n-Pent), 

resulted in lower then expected yields of product 61. These results may be explained by 

problems associated with either the titer of ,?-BuLi or with the purification of the product by 

column chromatograp hy for t hese individuai experiments. The N-phenylcarbamate 55 gave 

comparable product yields to the N.N-diisopropylcarbamates. Transmetdation and trapping 

of the 1-butylcarbonate 57 resulted in the complete consumption of the starting materiai but 

failed to yield the desired product. This result potentially reflects the difference in 

electrophilicity between the carbonate and carbarnate carbonyl group: attack of the 

alLyllithium reagent on the carbonate carbonvl is a more favored reaction. Sirnilar results 

were obtained when either i-BuLi or MeLi were employed for the Sn-Li exchange. 



Table 3. Transmetalation and trapping of O-protected a-hydroqstannanes 49-57. 

S tannane PG R' R~ % yield % yield 
(58-62) (63-67) 

49 MOM n-Pent Me 40 (58) 49 (63) 

50  rr-Pent rt-Bu 78 (58) 8 1 (63) 

51 i-P-NCO Me Me 80 (59) 66 (64) 

52 ;-Pr Me 93 (60) 74 (65) 

53 rr-Pent Me 65 (61) 68 (66) 

54  rl-Pent n-Bu 56 (61) nda 

55 PhN(H)CO 11-Pent Me 77 (62) 53 (67) 
56 rr-Pent Bu 87 (62) nda 

" Not detennined. 

The MOM, i-Pr2NC0 and PhN(H)CO protecting groups were fûrther assayed to 

determine their ability to stabilize the a-alkoxyorganolithiums obtained fiom Sn-Li 

exchange. The transmetalation of stannanes 49. 51 and 55 were performed under various 

conditions, followed by trapping with PhCHO The crude reaction mixtures were then 

analyzed by GCMS. The scrarnbled oreanostannane species, Me$nBu<4,1 and 

C~H,~CH(OPG)S~MQ.&U,. were identified by cornparison to standard samples and 

recorded as the percent area for the corresponding peak (Table 4). 



Table 4. Scrambiing of organostannane species under various conditions.' 

OF'G 
OeG 

1, n-BuLi OPG - W h  ASnMqB%x + M%SnBu4, cd% 1 ASnMe3 2. PhCHO 
Ph 

49 PG = MOM 
51 PG = i-Pf2NC0 
55 PG = PhN(H)CO 

- -  .. - -- -- 

a Transrnctalations were pcrformcd in THF nith 1.05 equiv of n-BuLi at -78 OC for 15 minutes. 
unkss ot heruise noted- 

h Determined b -  GCMS analpis of the cmdc ïcaction mistures. 
' Where R = CcHi 1 C(H)OPG. 
d Time of Sn-Li eschange \vas 120 minutes. 

Transrnetalation pcrformcd at -95 OC for 3 minutes. 
" McLi \vas used for transrneialaiion. 
"tannane nas treated initiail' with 1.05 equiv of  NaH at 0 OC for 15 minutes. 

En- 

When the transmetalation of stannane 49 was performed using the MOM protecting 

g o u p  (Table 4, entry 1, see Figure 5). the desired adduct 58 was obtained as a 1 : 1 mixture of 

diastereorners. Also present in the product mixture was a considerable amount of 

organostannane 49 as weIl as scrarnbled derivatives of 49 where the trialkyltin rnoiety 

contained butyl groups (Le. C~HIICH(OMOM)SnMexB~~~3x)i x = 0,1,2). It is also wonh 

noting the presence of 1-phenylethanol, which was fonned fiom MeLi addition to  PhCHO. 

The presence of three distinct Me&Bqcxl species may have arisen from scrambling due to 

,?-BuLi present in solution (Figure 6). 

Organonannane Spgies (% ~ r e a ) ~ '  

' Me~snBu= MeSnBu, SnB& 1 RSnMe, RSnMe2Bu RSnMeBu* RSnBus 
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Figure 5.  GCMS analysis: Transmetalation and trapping of organostannane 49. 

Figure 6 .  Scrambling of M e , s n B ~ , ~ ,  species in the presence of ri-BuLi. 

These results suggested that the formation of the expected a-alkoxyorganolithium 68 and 

methyllithium was a competitive process; therefore, these species must be comparable in 

çtability as represented in Figure 7. The presence of n-BuLi l a d s  to ftrther scrambling of 

the aialkyltin moiety within C a l  ~ C H ( O M O M ) S n M ~ B ~ X ) i  generating additionai MeLi. 



This initial experiment was penormed under typical conditions for a transmetalation 

and trapping sequence (-78"C, 15 min, Table 4, entry 1). To gain M e r  insight into the rate 

of the Sn-Li exchange and the relative equilibriurn of the various species, reactions were 

performed at -78OC for 120 minutes and at -9S°C for 3 minutes (entries 2 and 3, Table 4). 

The results obtained were almost identical to those o f  entry 1 (-78OC for 15 min) and suggest 

that the rate of  the Sn-Li exchange of stannane 49 is very rapid. The equilibrium between the 

various M ~ & E ~ U ~ + ~ >  and CsHi 1CH(OMOM)SnMq3-x&Bux species is established in l e s  than 3 

minutes at -95OC. 

Figure 7. Mechanistic rationale: Scrambling of CsHi iCH(OMOM)SnMexBun,b 



The substitution of the z-Pr2NC0 protecting group in place of the MOM group gave 

very different r ed t s  (Table 4, entry 5, see Figure 8). Oniy a single scrambled-denvative of 

stannane 51 was detected where one methyl group was exchanged for a single butyl group. 

Again the desired adduct 61 was present; however, no 1-phenylethanol was detected by 

GCMS. The stabilization offered by the i-PfiNCO protecting group is evidently superior to 

that of the MOM group for the transmetdation of rrimethyla~lorganostannanes. Therefore, 

the derived organolithium 69 is more stable than MeLi and is preferentially formed, resulting 

in higher yields of intermediate 69 available for electrophilic trapping (Figure 9). 

1. =-BuLi _ 
2. PhCHO 

+ M&SnBu,, 

%Hl 1 w11 

Abundance TIC: NATS93-4.D 

i 

Fi y re 8. GCMS anaiysis: Transmetdation and trapping of organosiannane 5 1. 

40 



Figure 9. Mechanistic rationale: Scrambling of C5Hi iCH[OC(0)N(i-Pr)2] S ~ M ~ , B U ( ~ - ~ ~ .  

The PhN(H)CO protecting group also gave surpnsingly good results (Table 4, entry 

6). Only trace amounts of staning material 55 were detected by GCMS analysis, and there 

was no evidence for scrarnbling of the tnaikyltin moiety. ErnpIoying the dianion approach to 

assist in stabilizing the intermediate a-alkoxyorganolithiurn proved to be very successfùl. 

The i-PrzNCO and PhN(H)CO protecting groups gave very good results fiom this 

study as reflected by the yields of the protected diols. To obtain the fiee 1,2-diols from these 

products, the removal of the  protecting groups was next investigated. 

To detennine conditions for the removal of the z-Pr2NCO and PhN(H)CO protecting 

groups. compounds 61 and 62 were selected and treated with a selection of reagents. The 

NN-diisopropylcarbamate group was removed with the use of Al& (2 equiv, Table s) .~ '  
This same reaction was extremely slow when Li- was employed as an alternative to 

AlH3. By thin-layer chromatography (TLC) analysis the reaction never proceeded beyond 

50% completion when performed in EttO (rt, 12 h). Other reagents such as LiEt3BH or 



Me+BH3 (THFy ri, 12 h) gave no reaction as hdicated by TLC analysis. The N-phenyl- 

carbamate group, on the other hand, waç easily removed with L~AE&.~' This pmtecting 

group was resistant to hydrolysis (1M HCI or NaOH) and to hydrolytic cleavage with LiOOH 

(THF/H20, 3: 1)- In summary, both protecting groups could be easiiy removed, affording the 

fiee di01 products in high yields. 

Table 5. Reduct ion of carbamate protecting groups. 

OPG 

Protected PG Reagent/ Tirne Yield of 70 
Di01 Conditions (min) (%) 

61 (i-Pr)zNCO AlH,, THF, rt 10 86 
62 PhN(H)CO LAH, THF, rt 10 64 

62 PhN(H)CO LAH, EtzO, A 120 83 

The N.N-diisopropylcarbamate protecting group was very effective for the 

transmet dation of trirnet h y lai k ylorganost annanes ( yieids as high as 93%), but unfortunately, 

the  protected stannanes (51-54) could only be prepared in mediocre yields (<45%). 

Therefore, a significant effort was undertaken to irnprove the yields of these precursor 

stannanes; the results of these effons will be presented in the following section. 



2 -23  Attemprs to Access Irnproved YieIds of N. N-Diisopro~lca7Oc~mtate Protected 

a-Hy&oxystannanes 

Preliminary efforts focused on the synthesis of carbonate-protected analogues of 

a-hydroxystannanes as intermediates to the desired carbarnates. These carbonates would 

contain stabilized alkoxy-leaving groups that rnight facilitate displacement with (z-P~)~NH or 

lithium diisopropylamide (LDA). Thus, initial studies employed carbonates of I-trïmethyl- 

stannylhexanols (Table 6, 71-73), which were obtained fiom the reaction of the respective 

chloroformate and the a-hydroxystannane in pyridine. 

Table 6 .  Preparation of trimethylstannyl carbonates 71-73. 

Carbonate Yield of Carbonate 

(%) 

Direct attempts to displace the alkoxide leaving group (Le. Cl,CO, Ph0 and 

p-N02C&O) from carbonates 71-73 4 t h  (i-Pr)2NH @MAP, pyridine, rt) failed. In each 

example. the reactant stannane was re-isolated fkom the reaction mixture after work-up. 

Efforts to perform the displacement with (i-Pr)2NH in the presence of N ~ ~ C O ~ , ' ~  using EtOH 

at reflux. also failed to generate the desired carbarnate. This substitution was also attempted 

using the more nucleophilic LDA (1.0 equiv, THF, 0°C). In al1 trials, no reactivity of the 

amine as a nucleophile was observed at 0°C. Only after the addition of 5 equivaients of LDA 

followed by warming to room temperature was there evidence of displacement, as monitored 



by TLC analysis aiongside authentic material. When R = C13C or pNOzC& the starting 

material was consumed but none of the expected product was obtained. When R = Pb a 2: 1 

ratio of 53 and 74 was obtained as determined by 'H NMR analysis of the crude reaction 

mixture (Scheme 34). This very modest chemoselectivity gave a 37% yield of 53. 

Scheme 34 

The next approach towards the preparation of NN-diisopropylcarbamates involved 

the r t 7  SÏZU activation of the or-hydroxystannane using 1,l'-carbonyldiimidazole (THF, Et3N, 

rt) (Scheme 35). After cornpiete derivatization to carbarnate 75, (i-Pr)zNH would then be 

added to perforrn the displacement and liberate imidazole. Denvatization of the a-hydroxy- 

stannane using 1,1 '-carbonyidiimidazole was complete within 3 hours. The addition of 

(i-Pr)zNH gave none of the desired adduct after 4 hours at room temperature. Further 

warming to reflux for a period of 12 hours resulted in no change in the reaction mixture by 

TLC. Addition of N-butylamine to the reaction, foIlowed by an additional 18 hours of 

stimhg at room temperature provided none of the corresponding N-butylcarbarnate. Only 

carbamate 75 was isolated by column chromatography and characterized by 'H NMR 

analysis. I t  appears that the imidazole-derived carbamate 75 is quite stable to nucleophilic 

attack, even in the presence of a primary amine; this lack of reactivity may be due to the 

steric hindrance surrounding the carbonyl. which prevents approach of nucleophiles and thus 

displacement of imidazole (Scheme 3 5). 



Scheme 35 
O 

Still uid Sreekumar have reported the optical resolution of 1-tributylstannyl-1- 

propanol via the formation of a urethane with (-)-(a)-phenylethylamine [1. COCIZ, i-Pr2NEt; 

2. (-)-P~CH(CH,)NH~]. 323 In light of t his report, the preparation of ( 1 -tributylstannyl)hexyl- 

1-chloroformate (77) was investigated as an intermediate for the synthesis of NN-diisopropyl 

carbarnates. We envisioned the plan illustrated in Scheme 36. 

Scheme 36 

Thus, il? sifzr preparation of the chloroformate 77 followed by the addition of 

(i-Pr)iNH shouId afford carbamate 78. The reaction of a-hydroxystannane 79 with COCI2 

(EbN. CH2Cl2, O°C) produced a light yellow solution after 30 minutes. Addition of 

(i-Pr)zNH followed by warrning to  room temperature, yielded one major product with a 

higher & value than the anticipated product. Column chromatography yielded a colorless 

oïl, which was identified as 1-chloro-1-tributylstanny1 hexane (81) by GCMS w-(C.J& + 
Cl-) = 31 71, 'H NMR (doublet of doublets at 6 3.70 for the methine proton) and I3c NMR 



(peak at 6 48.53 for the tertiary carbon) (Scheme 37). The chlorostannane 81 may arise by 

SN2 atîack of CI- on the intermediate chloroformate 80 as shown in Scheme 37. 

Performing the addition of COClz at -78OC (pyridie, CH2Ch or Et20) foflowed &er 

30 minutes by the addition of (1-Pr)*- in an effort to inhi'bit nucleophilic attack of the 

counter ion on chloroformate 80 was also unsuccessfid, giving rise to chlorostannane 81. 

Similar results were obtained using either LDA (THF, -78OC) or N-butylamine (EtzO, 

-78°C). Hence, it appears that reaction of CF with chloroformate 80 is very fast, and this 

route does not allow access to the desired carbarnate 78. This result is contrary to the 

findings obtained by StiIl and Sreekumar. 

Scheme 37 

The lack of success that had been obtained with carbonate substrates 71-73 and 

combination with amine nucleophiles prompted us to reinvestigate methods that would 

ernploy the a-hydroxystamane as a nucleophile. The N.N-diisopropylcarbarnates 51-54 had 

been prepared through the reaction of (i-Pr)2NCOCl with the corresponding a-hydroxy- 

stannane (Table 2). Therefore, we speculated that an alternative derivative of (i-Pr)2NCOX, 

where X represented some type of leaving group, might offer superior yields of the desired 

carbarnates. For this purpose N.N-diisopropyl-4-nitrophenylcarbamate (83) was prepared,24 

where X =pNO&&Oo. Scheme 38 shows two altemate pathways for the derivatization of 



the a-hydro~stannane 82, where either the desired carbamate 84 is formed, displacing p 

NOzC&@: or the carbonate 85 is fomed, eliminathg (i-PrbN-. Due to the dinerences in 

pKa values for ( i - P r W  and p-N02C&0H (36 vs 7), preferential formation of carbamate 

84 should occur, as p-N02C&0' should be the better leaving group. 

Our attempts to pursue this method ended abmptly as no reactivity was observed 

between the a-hydroxystannane and N.N-diisopropyl-4-nitrophenylcarbamate (pyridine or 

DMAP, Et#, CHzC12, rt). 

Scheme 38 

As a final effort to prepare these carbarnates, the a-hydroxystamane was treated with 

a metal hydride reagent to generate the respective metal alkoxide. This intermediate should 

offer superior nucleophilicity towards derivatization with (i-PrbNCOX type reagents. 

Treatment of a-hydroxystannane 79 with either NaH or KH (THF, O°C) followed by the 

addition of (i-Pr)2NCOX (where X = Cl or p-NO2C,&0), and then warming to room 

temperature gave none of the desired product (Scheme 39). 



Scheme 39 

TLC analysis of the reaction mixture indicated complete consumption of alcohol 79, with the 

generation of a spot at the solvent front. Analysis of the reaction by GCMS revealed the 

generation of Bu3SnH. Therefore. it seems that attempts to generate a hard anioq for 

increased nucleophilicity. are thwaned by the instability of these metal alkoxides (86), which 

undergo loss of BupSnM to provide Bu3SnH and the free aldehyde after w o r k - ~ ~ . ~ ~  

Although the results fiom our efforts to improve the synthetic yields of N,N- 

diisopropylcarbamates had been discouraging, the option of pursuing an alternative 

dialkylcarbamate was availabIe. The next section details the preparation of N,Miethyl- 

carbarnates. 

Initial attempts t O prepare A.. X-d iet h ylcarbamates of a-hydroxystannanes directly 

from Et2NCOCI had faiied. This result was puuling because the diisopropyl derivative had 

been accessible through the use of (I-P~)~NCOCI. which is presumably the more stencaily 

hindered reagent of the two chlorofomates. in spite of the lack of success in preparing N N -  

diisopropylcarbamates fiom carbonates 7 1-73 and (i-Pr)2NH, this method was once again 

attempted using Et2NH. The smaller alky! chains (Et vs i-Pr) should cause less shielding of 

the nitrogen lone pair. Consequently. it was expected that this secondary amine should be 

more reactive towards addition to carbonate-carbonyls and ultimately lead to substitution. 



Preparation of the desired p-nittrophenylcarbonate 87 was facile, but purification by 

column chrornatography gave evidence of  decomposition of the product on silica gel 

(Scheme 40). Sufficiently pure carbonate was obtained by flash chromatography on silica 

gel and treated with neat Et2NH. Within minutes, yeliow, solid @-No~c&~o'+N&E~z) was 

liberated in the reaction. The desired MN-diethylcarbarnate 93 was isolated fkom the 

reaction in a 73% yield. To circumvent decomposition of the p-niuophenylcarbonate 

precursor, a-hydroxystannane 79 was derivatized wmpietely to carbonate 87 in pyridine as 

solvent and then treated in siru with a 5-fold excess of Et2NH. This one-pot synthesis 

produced the IV&-diethylcarbarnates in much higher yields (Table 7). 

Scheme 40 

Pudication 
on siiica gel 

93 
73Oh yield 



Table 7. Preparation of  N,N-diethylcarbamate-O-protected a-hydroxystannanes 88-94. 

Entry R' R~ Stannane Yielda 

("w 

a Isolateci >iclds of chromatographically-purc pmducts. 
Me3SnLi gcncraicd froni (MciSn): and McLi. 

This method of prepanng AtN-diethylcarbamates allowed access to these stannanes in 

higher yields than the analogous N.N-diisopropyl systems. Higher yields of the 

trimethylstannanes were observed when MeSnLi was generated fiom ( M Q S ~ ) ~  and MeLi * 

(entries 3 and 4, Table 7). This result is in pan due to the supenor generation of Me3SnLi by 

this rnethod as compared to its generation from Me3SnCI and Li. Typically. Me3SnCl was 

prepared as described by Lipshutz and   eu ter^^ from the relatively inexpensive Me2SnC12 

(S 1 5 . 5 0 / ~ . ~ ~  Scheme 4 1 ). However. even after multiple fiactional distillations, the desired 

product was always contarninated with approximately 11-15% of the starting Me&Clz. 

Altematively. commercially available (Me-iSn)2 ($38.70/~)~~ cm be distilled pnor to use to 

achieve higher levels of purity and results in a near quantitative generation of Me3SnLi when 

treated with MeLi at -20°C (15 min).'' The next section describes the initial transmetdation 

and trapping of stannane 93. 



Scheme 41 

1. H201 reflux 
M e n C f  44% yield 

MezSnC12 + Fe miing+ + p h @  + SnCI, + ---c + 
2. Distillation 

Me2SnC12 1 1-1 5% 

2.2.7 TransrnetaIation of N, N-Die~h~vIcarbamate Protected a-Hy&oxystmna;lzes 

The transmetalation of N.N-diethylcarbarnate protected a-hydroxystannanes had not 

been previously attempted in our Iaboratory. As such, many elements of the chemistry were 

unknown: the rate of transmetalation, the stability of the derived a-alkoxyorganolithiums, the 

possibility of 1,2-carbamoyl mi-gration of the MN-diethylcarbamate protecting group, and the 

susceptibility of the carbarnate group towards nucieophilic attack by alkyIlithiurn reagents. 

As an initial trial. stannane 93 was sequentially treated with n-BuLi and p-anisaldehyde 

(Scheme 42). 

Scheme 42 

K O NEt2 1. n-BuLi- THF- -7X Oc BuSn + 79 + 95 + 96 + 97 
C 

2. p-anisaldchydc 
96% 10% 63% trace 



The Sn-Li exchange was aimost quantitative (96% isolated yield of BuSn). However, the 

trapped adduct 96 was only obtained in 63% yield. TLC analysis of the reaction mixture 

gave evidence that stannane 93 had undergone nucleophilic attack by the n-BuLi reagent. 

This was evident f?om the presence of a-hydroxystannane 79 by TLC, resulting fiom attack 

and loss of the N.N-diethyiamide protecting group. Trace amounts of the very polar 

1,2-carbamoyl migration product 97 were also isolated by cclumn chromatography. 

The I,2-carbamoyl migration of a-lithiated alkyl, allylic and benzylic carbarnates 

have been reported in the literature. 233g Nakai and co-~orkers~~ '  have examined the 

1,2-carbamoyi migration of enantiomencally enriched a-lithioallql carbarnate 99 generated 

fiom the enantioseletive deprotonation of 98 with s-butyiiithiumlsparteine (Scheme 43). 

Their findings have provided mechanistic evidence for the migration pathway. When 

intermediate 99 was trapped with Bu3SnC1 (-7g°C), stannane (S)-100 was obtained in 97% 

ee. Since the stannylation is known to proceed with retention of config~ration,~~ the lithio 

species 99 must have the (5')-configuration. When (9-99 was generated in the sarne manner 

(-78OC) and graduaiiy warmed to room temperature, the (R)-a-hydroxy amide 101 was 

isolated in 46% yield and 96% ee, as well as the olefin 102 (2%) as an E/Z mixture (E/Z = 

86/14). Alternatively, when stannane (5')-100 (>95% ee) was transmetalated with wBuLi 

(THF, -78OC) in the absence of sparteine and allowed to warm to room temperature, (R)-101 

was obtained in 44% and >95% ee. Therefore, the 1,2-carbamoyl migration adually occurs 

with retention of configuration, thus ruling out a radical cleavage-recombination mechanism 

(equation 1, Scheme 44). An addition-elhination mechanism in which the intrarnolecular 

addition of the Li-bearing carbon to the carbamoyl-carbonyl occurs with retention of 

configuration was proposed by Nakai (equation 2. Scheme 44)." 



Scheme 4328c 

(-)-spartek (Lc* ) 

Scheme 4428' 

4446% yield 29% yieid 

OLi OH 

O O 

Gawley and Zhang have documented the 1,2-carbamoyl migration o f  N,N-diethyl- 

carbamate 103. Tin-lithium exchange of 103 with ,?-BuLi (-78°C) resulted in a 70% yield of 

the a-hydroxy amide 104 after 3 hours (Scheme 45)? 



Scheme 4523 

104 
? 0% yield 

In order to develop conditions for the transmetalation of the N,N-diethylcarbamates 

that would circumvent probiems such as 1,2-carbamoyl migration and attack of the 

allqllithium on the carbamoyl-carbonyl. stannane 93 was treated under varying reaction 

conditions, which incl uded : choice of alky Ilithium, varied reaction temperature, and tirne of 

tin-lithium exchange (Table 8 ) .  The a-alkoxyorganolithium intermediate obtained fiom 

these triais was quenched using CH30D. The use of CH30D was found to be usefiil as a 

means of examining for extraneous proton sources. The level of deuterium incorporation 

was approxirnately assessed by ' H NhlR andysis of the product 95. 

From entry 1 of Table 8. it's evident that transmetdation under typical conditions 

(n-BuLi, -78"C, 15 min) gave airnost quantitative Sn-Li exchange. The 63% yieid of the 

expected product was in agreement with previous results (Scherne 42). A 9% yield of the 

1.2-migration product 97 confirmed the unstable nature of the a-alkoxyorganolithium 

species. This instability became more evident when the Sn-Li exchange was allowed to 

proceed for 120 minutes (-78°C. entn 1) .4 4 19.0 yield of 97 was isolated dong with an 18% 

yield of addua 95. Decreasinp the Sn-Li exchange time to 2 minutes gave an incomplete 

exchange (85% complete, entry 3 )  Isolation of 97 in 23% yield indicated that the a-alkoxy- 

organolithium derived fiom 93 can undergo migration very rapidly at -78OC. This result 

seemed contradictoy to entry 1 (990 of 97 aRer 15 Mn), but may be due to isolation 

problems by chromatography because of its high polarity. Also obtained fkom this trial was 

an approximate 2% yield of both C,HIICH(OH)S~BU~ and C4H9CONEt2, which gave 

evidence t hat the N, N-diet hylcarbamat e protecting group was being attacked by the 

alkyllithium reagent. This reaction was not observed when the more sterically hindered N,N- 



diisopropylcarbamate proteding group had been employed. An attempt to prevent 1,2- 

migration by using a lower temperature (-9S°C, 5 min, entry 4) was successful. 

Table 8. Conditions for the transmetalation of N,N-diethylcarbamate 93." 

Entry RLI Ternp Time Bu3SnR 93 97 95a + 95b 

( OC) (min) ("A) (Yo) (%) (%) 

1 n-BU -78 15 96 O 9 63 
2 H-BU -78 120 96 2 41 18 

3b PI-BU -78 LI 7 85 12 23 60 

4b rt-Bu -95 5 75 14 O 69 

5 S-BU -95 15 96 O O 64 

6 t-BU -95 15 63 20 O 59 
- - -- 

a Results are based on the mass refoven of the individuai species obtained afler column chromatography. 
Approsimately 2% a c h  o f  C5HI iCH(OH)SnBu, and C4H9CONEt2 were isolated. 

None of the 1.2-migration product 97 was isolated. As expected the Sn-Li exchange was 

slower at the reduced temperature. and attack by ,>-BuLi was still evident. Interestingly, 

compound 109 was isolated h m  the reaction mixture and its structure conkned by 'H 

NMR when compared to a standard sample. This cornpound may arise by the pathway 

outlined in Scheme 46. Attack of n-BuLi on the carbarnate carbonyl of 93 generates 

a-alkoxystannane 105, which can undergo retro-addition to liberate alkoxide 106. 

Elimination of Bu&Li, generates hexanal (107) which may be trapped by intermediate 108, 

to generate adduct 109 (Scheme 46). 



Entnes 5 and 6 (Table 8). display the outcome when s-BuLi and &BuLi, two more 

sterically hindered alkyllithiums, were employed. These reaction conditions did not give the 

products resulting from attack of alkyllithium on the protecting group. The best conditions 

for the transmetalation o f  N,N-diethylcarbamates were determined to be as follows: s-BuLi, 

THF, -9S°C, 15 min. 

With the transmetalation conditions o f  N.N-diethylcarbamate derivatives of  

tnburylstannanes in hand, the similar derivatives of  trimethylstannanes were investigated 

(Table 9). Overzll. good yields (65-8 1 %) of the desired adducts were obtained- Lower 

yields were observed with stannane 88 (R' = Me), probably due to difficulty in isolation of 

the polar water-soluble products. Elearophilic trapping with cyclohexanone also resulted in 

lower yields. presumably due to competing enolization (entry 14). Transmetalations 

attempted at higher temperatures (-78°C) resulted in the formation of a-hydroxy amides due 

to  1.2-migration (compare entries 7 and 8). The final 1,2-diols were easily obtained by 

reduaion with AlH3 (2 equiv, THF, rt, 15 min). The reduction was also carried out with 

LiAIH? but reaction times were significantly longer (Le., 1-2 h). 

56 



Table 9. Transmetalation of X N-diethylcarbamateprotected a-hydroxytrimethyIstannanes. 

Entry Sîannane R ' E ' R'. R~ % yielda % y-ieida 
(110-125) (126-134) 

1 88 Me benzaidehyde Ph H 60(110) ndc 

2 p-anisaldehyde 4-CH30C& H 70 (1 11) ndc 

3 toluddehyde 4-CH&& H 72 (112) ndc 

4 89 n-CcH11 benzaldçhyde Ph H 79 (113) 80 (126) 

5 p-anisaldchydc 4-CH3OCa H 75 (96) 83 (127) 

6 tolualdehyde 4-CH3C& H 77 (114) ndc 

7 90 i-Pr benzaidchyde Ph H 85 (115) 79 (128) 

8 benzilldch ydc Ph H 62 (1151b - 

p-anisaldchydc 4-CH30C6H4 H 83 (1 16) ndc 

tolualdchydc 4-CH3C& H 77 (117) 80 (129) 

12 pivaldchydc (CHd3C H 78 (119) ndc 

14 cyclohcsanone -(CHs)s- 63 (121) 69 (132) 

15 h e m a l  n-CcH1 H 81 (122) nd' 

16 91 ~ - C & I  I benzaldeh ydc Ph H 83 (123) 82 (133) 

17 p-anisaldch>-dc 4-CH30C& H 75 (124) ndc 

18 toluaidchydc 4-CH3C& H 76 (125) 80 (134) 
a Isolatcd yields of chromatographicaliy-pure produas ( 1 : 1 mixnire of diastereomers excep 121). 

Transmetalation using n-BuLi. THF. -78 OC. 
Not detcrmined. 

Results obtained from the transmetdation and trapping of N,N-diethylcarbamates 

proved that the use of dialkylcarbamates provided sufficient stabilitation for the intermediate 

a-alkoxyorganolithiums to be trapped by electrophiles in very good yields. A study to 



determine whether this methodology could be performed with complete retention of 

configuration using enantiomerically enrïched a-aikoxyorganostannanes is describec! in the 

foiïowing section. 

Chong and ~ a r "  have demonstrated the eqmat ic  esterification of a-hydroxy- 

stannanes to provide esters of high enantiomeric purity (>98% ee) (Scheme 47). It was 

decided that these esters could serve as convenient precursors of carbamate protected 

a-hydroxystannanes. The configurational stability of N, N-diethylcarbamate-protected 

a-alkoxyorganolithium species could then be investigated. 

Scheme 47 

OH PPL OH - - + 
MeAÇnM8, BuCO,CH,CF, * MeAÇnMg M ~ " s ~ M ~  

A quantity of ester (5')-136 was available from the original work carried out by ~ a ?  

within Our laboratones. The enantiomeric excess of (S)-136 (>97% ee) had been onginally 

determined by 'H NMR analysis of its derived (+)-MTPA ester. To confirm that (5')-136 had 

not undergone racernization dunng storage, the ester was first reduced with DIBAL-H and 

the resulting a-hydroxystannane (9-1 35 was derivatized to its (R)-(-)-MITA ester 137 

(Scheme 48). The 'H NMR spectmm of 137 displayed methyl singkts for the MaSn group 

at 6 0.12 for the (S)-enantiorner and 6 0.10 for the (R)-enantiomer (see Figure 10). By 

cornparison of the "C satellites (0.55% per peak) of the (5')-enantiomer at 6 0.37 and 6 -0.13 

-and the MeSn peak for the (R)-enantiomer, the contribution of the (R)-enantiomer can be 

qualitatively assigned as less than 0.5%. Therefore, the enantiomeric excess of 136 is 



actuaiiy higher than the consemative value reported by Mar of >97% ee and contirms the 

stability of these stannanes d u ~ g  long periods of  storage. The N.N-diethylcarbamate 

(9-138 was prepared f?om ester (3-136 in 73% yield (Scheme 48). The enantiomeric excess 

of this compound was assigned > 97% ee based on the results obtained from (R)-MTPA ester 

137. Transmetdation of (5')-138 (s-BuLi, THF -9S°C) and treatment of the resulting 

a-alkoxyorganolithium with PhCHO gave alconol 139 in 60% yield, as a 1 : l  mixture of 

diastereomers (Scheme 48). 

I I 1 
- 4  - 3 . Z . s 0 .O -. 1 I 

PP* 

Figure 10.250 MHz 'H NMR spectra (6 0.45 to 6 -0.15 region) of  (R)-(-)-MTPA ester of 

(53-hydroxystannane 137. 



Scheme 48 

DIB AL-H 
OH OMTPA - (+)-MTPA-CI 

MeAÇnMg MeAÇnM-, - MeLSnMe3 

>97% ee 
96% yieid 

> 9 7 O / 0  ee 
730/0 yield 

>97% de 
60% yield 

The enantiomeric excess of alcohol 139 was subsequently detemiined by chiral 

HPLC (Figure 1 1 ). Retention times for (R*.R1).1H *.S*)-139 were recorded at 37.93, 42.25, 

45.01 and 48.56 minutes. The HPLC results obtained for adduct 139 recorded retention 

times of 42.47 and 49.35 minutes There was no evidence of racemkation as the peaks 

corresponding to the opposite enantiomer (retention time: 37.93 and 45.01 min) were not 

detected. Therefore, this reaction proceeded wi t h complete retention of configuration. 



Figure I I .  HPLC traces: (A) (2)-139 and (B)  enriched carbarnate 139 of >97% de. 
Conditions: Chiracel-OD coIumn, hexanes-i-PrOH, 99: 1 as eluent, flow rate of 
1.0 ml/min, and detection at 254 nm. Numbers on traces represent the elution 
time in minutes. 



The successfûl transmetalation of trimethylalkoxyorganostmanes was perforrned 

ushg NN-dialhylcarbamate and N-phenylcarbarnate protecting groups. N,N-Diisopropyl- 

carbarnates could be prepared in oniy mediocre yields (3445%), but provided stable 

a-alkoxyorganolithiums (1 -05 equiv n-BuLi, THF -78OC), which could be trapped with 

aromatic or aliphatic ddehydes in good yieids (6593%). The Kphenylcarbarnates were 

obtained in low to moderate yields (36 and 60%). Transmetalation (2.5 equiv n-BuLi THF, 

-78°C) and trapping provided the expected adducts in moderate yields (53 and 77%). 

GCMS experiments gave further evidence that MOM-protected a-alkoxyorgano- 

trimet hylstannanes do not undergo transmet dation as efficiently as t heir trïbutylstannyl 

analogues. In addition, MOM-protected a-alkoxyorganoiithiums are comparable in stability 

to MeLi. This finding is contrary to the relative ordering proposed by McGarvey (Figure 1, 

page 15). In cornparison the NA'-diisopropyIcarbamate protected derivatives gave highly 

stabilized a-aikoxyorganolithiums f i e r  Sn-Li exchange, which undergo trapping with 

aldehydes to provide higher overall yields of the expected adducts. 

Our attempts to access N.N-diisopropylcarbamoylstannanes in higher yields (>45%) 

by the reaction of amine nucleophiles with carbonate-protected a-hydroxystannanes were 

unsuccessfùl. However, this same methodology allowed access to N.N-diethylcarbamates in 

high yields (5743%). Transmetalation of these stannanes required the use of s-BuLi to 

prevent artack on the carbarnate carbonyl and lower temperatures (-95OC) to elirninate 1,2- 

carbamoyl migration of the diethylamide fùnctionality and thus formation of a-hydroxy 

amides. Overall, yields of the desired adducts were satisfactory (60-88%). 

Finally, the N.N-diethylcarbamate protected a-aikoxyorganolithium derived fiom 

stannane (53-138 was shown to be configurationally stable at -95°C. Trapping with PhCHO 

gave alcohol 139 with no detectable racernization (HPLC). 



This study determined that the best protecting group for a-alkoxytrimethylstannanes 

was the N,N-diethylcarbamate. a-Hydroxystannanes could be easily protected with this 

group in good yields. The derived protected stannanes underwent Sn-Li exchange to provide 

stabilized a-alkoxyorganolithiums, which could be trapped with a variety of electropbiles to 

provide the desired adducts in excellent yields. The 1,2-diols fkom these produas were 

easily accessed by the facile removal of the diethylcarbamate group with ALH3. This 

protecting group was also s h o w  to allow the transmetdation and trapping of an 

enantiomerically enriched sample with complete retention of configuration. In conclusion, 

the synthetic utility of a-alkoxyorganotrimethylstatl~anes should increase fiom the 

information acquired in this study. 



2.3 Experimen ta1 

2.3.1 General 

AU reactions were performed using flame dried glassware under an inert atmosphere of 

argon unless otherwise noted. Diethyl ether, dimethoxyethane and tetrahydrofùran were distilIed 

fiom sodium benzophenone ketyl immediately pnor to use. DichIoromethane was distilled fiom 

Ca& irnrnediately pnor to use. Diethylamine, diisopropylamllie, diisopropylethylamine and 

pyridine were distilled frorn CaH2 and stored oier 4 A molecular sieves. Aldehydes were usually 

chromatographed on activated basic aluminum oxide or distilled before use. Tributyltin hydride 

was prepared according to Szammer and Otvos and was freshly distilled before use.31 

Trimethyltinlithium was prepared following the procedure of Tamborski and coworker~.'~ Other 

reagents were purchased (Aldrich) or prepared by modification of literature methods. 

Melting points were taken on a MEL-TEMP apparatus and are uncorrected. Inf?ared 

spectra were obtained either as neat liquids or in solution (CHC13) between sodium chloride plates 

on a Michelson MB- I O0 FTIR spectrophotometer. Absorption positions are given in cm-'. NMR 

spectra were recorded using either a Bruker AC-200, AM-250, or AMX-300 spectrometer in 

CDCl; with tetramethylsilane (TMS. 6 = 0.0 for 'H)  or chloroform (6 = 7.24 for 'FI, 77.0 for 13c) 

1 as an intemal standard. H NMR data are presented as follows: chemicai shifi (multiplicity, 

integration. J in Hz). For "C NMR signals. coupling constants for satellites due to 11711 19 Sn are 

reported in parentheses. Mass spectra were recorded in ES mode usîng a VG Quattro II mass 

spectrometer or in Ef mode using a Hewlett Packard G1800A GCD system fiîîed with a 30 m x 

0.35 mm HP5 column. The GCMS temperature program was as follows: initial temperature 

70°C, for 1 0 min; rate of heatiny ?O0C/min. for 10 min; final temperature 270°C, for 10 min. 

Data are reported in the fom rn z (intensity relative to base = 100). For compounds containing 

tin, masses indicated are those for I2Osn. High pressure iiquid chromatography were recorded on 

a Waters 600 instrument using a Chiracel OD column (4.6 x 150 mm). Elemental analyses were 

performed by M-H-W Laboratories, Phoenix, AZ. 



2.3.2 Gerzeral ProceaUre for the Prepurattion of ~ ~ m e t h ~ ~ t i n ~ i ~ h z u m  l7 

A general procedure for the preparation of trirnethyltinlithiurn is given below. 

The procedure of Tambonki et ai. l7 was essentialfy followed. A 250 mL the-necked 

round bottom flask is equipped with a glass stopper, a dropping fÙnneI (25 mL) and Schienk filter 

tube which is c o ~ e c t e d  to another 250 mL two-necked flask. The three-necked flask is charged 

with THF (50 rd) and lithium wire ( 1.58 g, 0.23 mol), which is cut into fine pieces (- 5 mm, 

with the aid of parafilm oil) and washed with hexanes (3 x 5 mL). M e r  the above stirred 

suspension is cooled to -5°C. a solution of trimethyltin chloride (4.13 g, 0.021 mol) in THF (10 

mL) is added slowly over 30 min. The reaction is ailowed to stir overnight at -5°C and then 

Bltered through the Schlenk tube into the t wo-necked flask. This solution of trimethyltinlithiwn 

(- 0.35 M) is subsequently cooled to -78°C and then treated with an aldehyde (1.2 equiv). 

2.3.3 Representative Prow Jtrrc. for rhc I'rcp~~ra~ior~ cf Methomethyl Protected 

a-Hydroxystat lt lar rcs 

A representative procedure for the preparation of ether 49 is given below, followed by 

spectral data of ethers 49 and 50. The yields of these ethers can be found in Table 2- 

I -Methox)'methoxy- / - f t r i m c ~ t ~ ~ - L s ~ c ~ t ~ r ~ ~ - / )  ~ C ~ X ~ I L *  (49) 

0-0' 

%HI 1 A m e 3  
To a cooled (-78OC) solution of trimethyltinlithium (0.01 5 mol in 50 rnL of THF) was 

added ri-hexanal(7.19 mL. 0 .O 1 8 mol). After 1 5 min the reaction was quenched with saturated 

aqueous W C I .  The mixture was diluted with ether (100 mL), washed with Hz0 (50 rnL) and 

brine (50 mL). The organic layer was dried (M~SOI),  filtered and concentrated in vanro (water 

bath at rt) to provide 4.05 g of crude a-hydroxystannane. 

This material was cooled to 0°C and then CH2C12 (2 mL), (i-PrhNEt (5.3 1 mL, 0.030 



mol), DMAP (4.5 equiv), and chloromethyl methyl ether (1 -74 d, 0.023 mol) were added. The 

r d o n  was stirred at 0°C for 10 min and was then ailowed to warm to room temperature. The 

reaction was monitored by TLC until complete (0.5-1 -0 h). The solution was diluted with ether 

(100 m.) ,  washed with Hz0 (50 mL) and brine (50 mL). The organic layer was dried (MgS04), 

filtered and concentrated in vanro to provide 4.13 g of orange oil. Purification by flash 

chromatography (30 g ofsiliedg of abstrate; 40: 1 hexanes:ethyl acetate) provided 3.71 g (78%) 

of the title compound: IR (neat film) 29 17, 1458, 1 147, 1097, 1 O3 7 cm-'; 'H NMR (250 

CDC13) G 0.09 [s, 9 Y Jmn = 50.2, 52.3 H z ,  Sn(C&)J, 0.80-0.95 [m 3 H, CH2(CH2)3C&], 

1.15- I -45 [m, 6 Y CHz(C&),C&], 1 -70- 1 -95 [m, 2 H, C&(CH2)3CH3Ii 3 -32 (s, 3 K OC&), 

3.96 (t, 1 H, J =  6.5 H z ,  CHOMOM), 4.57 (ABq, 2 FI, J =  6.6 Hz, AvAB = 10.5 H z ,  OC&O); I3c 

NMR (63 MHz, CDCG) 6 -10.00 ['J = 297, 3 1 1 Hz, Sn(ÇH&], 13.99 (CH3CH2), 22.60 

(CH&H2), 27.3 1 ( 2 ~ =  33 HZ, CH&H2CH), 3 1 -86 (CH3CH&H2), 34.61 (CH2CH2CH), 55.35 

(oc&), 73 -94 ('J= 454,476 Hr, CHSn), 96 -40 (OCH20); MS (EI) m/z 295 (3, W-CH3), 265 

(12). 165 (100), 150 (10). 135 (20), 45 (63); Anal. Calcd for C11H2602Sn: C, 42.76; FI, 8.48. 

Found: C, 42.87; H, 8-41. 

l-Metho~e!ho~-i-(tribt~~~stan1~I)hexmte(50) 32 

O -0' 

1 A",, 
IR (neat film) 2909. 1584. 1460. 1376. 1 146. 1033. 920 cm-'; 'H NMR (250 MHz, CDC13) G 

0.70-1.05 (m, 18 H, CbCH2CH2CbSn and CH2(CH2)1C&], 1.15-1.65 (m, 18 

H.CH3C&C&CH2Sn and CH2(C&).:CH,]. 1.70-1 -90 [m, 2 H, C&(CH2)3CHI], 3.32 (s, 3 H, 

OC&). 4.04 (t. 1 Y J = 6 S  Hz, CHOMOM). 4.55 (ABq. 2 K J =  6.6 Hi, AvhB = 14.3 Fbq 

OC!&O); "C NMR (50 MHz, CDC13) 6 9.04 ('1 = 289, 303 Hz. CH2Sn), 13.43 

(CH.:CHzCH2CH&). 13-82 ( W Z C H ~ ) ,  22-50 (CH&H2), 27.33 ( 2 ~ =  5 1 Hz, CH2CH2Sn), 27.68 

(CH&&CH), 29-05 ('J= 20 CHtCH2CH2Sn), 3 1.74 (CH~CHSHZ), 34.93 (CH2CHÎCH), 

5 5 -  13 ( K H I ) ,  73-90 (CHSn), 96.22 (OCHzO); MS (EI) ~TI/Z 379 (6, W-C&), 29 1 (16)- 235 

(28), 179 (44). 121 (29), 45 (1 00); Anal. Calcd for CzL02Sn:  C, 55.32; H, 10.21. Found: C, 

55.50; H, 9.92. 



2.3.4 Representarive Procedure for the P r e ~ a t i o n  of N, N-DiisopropyIcarbamate Protected 

a-Hydroxysian~zanes 

A representative procedure Wr the preparation of carbarnate 53 is aven below, followed 

by spectral data of carbamates 51-54. The yields of these carbamates can be found in Table 2. 

To a cooled (-78°C) solution of trirnethyltinlithium (0.021 mol in 50 rnL of THF) was 

added n-hexanal(3 .O3 mL, 0.025 mol). After 1 5 min the reaction was quenched with saturated 

aqueous N&CI. The mixture was diluted with ether (100 mL), washed with &O (50 mL) and 

bRne (50 mL). The organic layer was drkd (MgS04). filtered and concentrated in vamo (water 

bath at rt) to provide 5.54 g of cmde a-hydroxystannane. 

This matenal was cooled to O°C and then CHzClz (5 mL), tnethyiamine (4.37 mL, 0.03 1 

mol). N.N-diisopropylcarbamoyl chlonde (4.1 1 ç. 0.025 mol) and DMAP (1 00 mg) were added. 

The ice bath was removed, and the mixture was stirred at room temperature until TLC indicated 

no further consumption of staning matenal (6- 12 h). The solution was diluted with ethyl acetate 

(75 mL). washed with H z 0  (50 mL) and brine (50 mL). The organic layer was dRed (MgSO4). 

filtered and concentrated it? iracrro to provide 6.53 g of yellow oil. Purification by flash 

chromatoçraphy (30 g of silicdg of substrate: 40: 1. hexanes:ethyl acetate) provideci 2.76 g (34%) 

of the title cornpound: IR (neat film) 2935, 1674. 1438, 13 15, 1 148, 1050, 769 cm-'; 'H NMR 

(250 MHz, CDC12) 6 0.06 [S. 9 H. .ILL';. = 5 1 .O, 53.3 Hz, Sn(C&h], 0.80-0.95 (m, 3 H, 

CH2(CH,),Cb). 1.17 [d. 12 H. J = 6.7 Hz CH(C&)2], 1.05-1 -45 (m, 6 H, CHZ(C&)3CHl), 

1.65-1.95 (m. 2 H, C&(CH2)3CH,). 3.50-3.85 [bs, I H, C13(CH3)2], 3.90-4.20 @s, 1 H. 

CH(CH&]. 4.43 (dd, 1 H, J = 6.2, 8.2 Hz. CHSn) ; ';c NMR (63 MHZ, CDC13) 6 -9.23 ['J = 

3 16.330 th, Sn(cH3)3] 13 -86 (CHJCHZ), 20.96 [b, CH(CH&], 22.45 (CH3CH2), 27.36 ( 2 ~ =  34 

HG CH&&CH), 3 1 .49,33.69 (CH,CH&H&H2), 45.65 [b, CH(CH3b], 7 1 -99 ('1= 44 1,463 

HL CHSn), 156.36 (CO); MS (EI) m.- 378 (3, W-CH3), 294 (9), 228 (19), 165 (36), 13 5 (14), 



86 (50), 43 (100); Anal. Calcd for CiJ&NOzSn: C, 49.01; FI, 9.00; N, 3.57. Found: C, 49.18; H, 

8.91; N, 3.60. 

IR (neat film) 2936.1674, 1447,1323,1146,1052,77 1 cm''; 'H NMR (200 MHiq CDCL) 6 0.06 

[s, 9 Y JHmSn = 5 1 2 . 5 3  -4 HZ, Sn(C&)3]. 1 - 1  7 [d, 12 FI, J =  6.8 Hz, CH(C&h], 1 -50 (d, 3 H., J= 

7.6 Hi, ChCH), 3.454.30 [bm. 2H, CH(CH&], 4.50 (q, 1 H, J= 7.6 Hz, CH3Ca; 13c NMR 

(63 MHz, CDCI,) S -9.87 ['J = 3 18, 332 Hz. Sn(CH&], 19.14 (G&CH), 20.74 [CH(cH3)& 

45.32 [ÇH(CH&], 66.63 ('1 = 446,46 1 Hz, CHQI), 156.1 1 (CO); MS (EI) Mz 322 (50, w- 
CH3), 294 (33), 165 (92), 1 50 ( 141, 13 5 (3 5), 100 (27), 86 (82), 58 (28), 43 (1  00); And. Calcd 

for C12H27N02Sn: C, 42-89; H, 8.09; N, 4.1 6. Found: C, 43 -00; H, 7.97; N, 4.34. 

IR (neat film) 2936, 1675, 1450, 1330, 1 1 70, 1043,923,768 cm-'; 'H NMR (250 MHz, CDCI3) 6 

0.08 [S. 9 H. = 50.8, 53 -0 Hz. Sn(Cb);]. 0.96 [d, 6 H, J = 6.7 Hz, CH(C&)2], 1.1 8 [d, 12 

H, J= 6.5 Hz, N(CH(C6)&], 2.10-2.25 Cm, 1 H, CH(CH&], 3 -55-3 -85 [bm, 1 H, NCi-I(CH&], 

3.95-4.25 [bm, 1 H, NCH(CH&], 4.29 [d. 1 H. J =  6.7 Hz CHSn]; "C NMR (63 MHz, CDCl,) 6 

-8.51 ['J = 3 16, 330 H z ,  Sn(CH+], 19.98 [-'J = 27 H z ,  CH(CH3)2], 20.5 [b, overlapping, 

N(CH(CHs)&], 20.62 ['J= 27 Hz, CH(CH&]. 3 1.64 [CH(CH3)z], 44.86 [b, NCH(CH+], 45.69 

[b, NCH(CH&] 78.90 ( 'J= 443,463 H z ,  CHSn), 155.97 (CO); MS (EI) m/r 350 (14, hf-CH3), 

294 (26), 200 (60), 165 (73, 135 (30). 100 (4 1 ), 86 (62), 57 (27), 43 (100); Anal. Calcd for 

Cdi31N0~Sn: C, 46.18; H, 8.58; N, 3 -84. Found: C, 45.91; H, 8.37; N, 3.68. 



IR (neat film) 291 5, 1676, 1449, 1301. 1046 cm-'; 'H NMR (250 MHz, CDC13) 6 0.75- 1-05 (III, 

18 H, C&CH2CH2C&Sn and CH2(CH&C&), 1.17 Cd, 12 H, J= 6.8 Hz, N(CH(C&)&], 1.10- 

1 -65 [m, 1 8 H, CH3C&C&CH2Sn and CH2(C&)3CH3], 1 -65-2.00 [m, 2 H, C&(CH2)3C&], 

3.55-4-20 [bm, 2 H, N(CH(CH&)t], 4-64 (da  1 Y J= 5.8,8.7 Hz,  CHSn); 13c NMR (50 MHz, 

CDCh) 6 9.77 ('J= 305,3 1 9 Hz. ÇHZSn), 13 -67 (CH3CH2CHzCH2Sn), 13 -99 (CH3CH2), 2 1.10 

[b, N(CH(CH&h], 22.59 (CH3C&), 27-56 ( 2 ~ =  56 Hz, CHzCHzSn), 27-64 (CH&H2CH), 29-16 

( 3 ~  = 19 Hz, CH2CH2CH2Sn). 31.62 (CHsCHm),  34.55 (CH2CH2CH), 45.50 [b, 

N(@(CH&)Z], 71.55 (CHSn). 156.27 (CO); MS (ES) m/z 520 (61, M+1), 462 (100); Anal. 

Calcd for C25H~N02Sn: C, 57.92; H, 10.30; N, 2.70. Found: C, 57.70; Y 10.46; N; 2.98. 

2.3.5 Representative Procedirre for the Preporaiott of N-PhenyIcwbamafe Protected 

a-Hydroxystat~tta~~es 

A representative procedure for the preparation of carbarnate 55 is given below, followed 

by spectral data of carbamates 55 and 56. The yields ofthese carbamates can be found in Table 2. 

A w p h  

%Hl1 A", 
To a cooled (-78°C) solution of trirnethyltinlithiurn (0.020 mol in 50 m L  of THF) was 

added 11-hexanal(2.88 d, 0.024 mol). M e r  15 min the reaction was quenched with saturated 

. aqueous -CI. The mixture was diiuted with ether (100 m . ) ,  washed with Hz0 (50 mL) and 

brine (50 mL). The organic layer was dried (MgS04), filtered and concentrated in vamo (water 



bath at rt) to provide 5.22 g of crude a-hydroxystannane. 

This matend was cooled to 0°C and then C&Ch (10 mL), triethylamine (4.1 1 mL, 0.030 

mol), and phenyl isocyanate (2.56 mL, 0.024 mol) were added. The ice bath was removed, and 

the mixture was stirred at room temperature until TLC indicated the reaction was complete (0.5- 

2.0 h). The soiution was diluted with ether (100 mL), washed with H20 (50 mL) and brine (50 

mL). The organic layer was dned (MgS04), filtered and concentrated in vumo to provide 8.79 g 

of orange oil. hirification by flash chromatography (30 g of silicdg of substrate; 40: 1, 

hexanes:ethyl acetate) provided 2 -69 g (3 6%) of t he title cornpound as a light yellow oil : IR (neat 

film) 3325,291 8,l7O3,l6OZ, 1527, 1443,1225, 1045,748 cm-'; 'H NMR (250 CDCI3) 6 

0.14 [s, 9 H,JHSn = 51-6,53-6Hz, Sn(C&)& 0.89-1.00 [m, 3 I3, CH2(CH2bCHH], 1.15-1.50 [m, 

6 H, CH~(C&)ICH~], 1 -70-2.00 [m, 2 H, C&(CH2)3CH3], 4.60 (dd, 1 H, J = 6.5, 8.2 Hz, 

CHSn), 6.64 (s, 1 Y W), 7.03 (t, 1 H, J= 7.2 Hz, Ara,  7.28 (t, 2 H, J=7.3 Hz, A r a ,  7.35 (t, 

2 H, J =  7.8 Hz, a); NMR (63 MHz, CDC13) 6 -9.45 ['J= 3 19,334 )4 Sn(CH&], 13.98 

(CHXH*), 22-55 (CH&H2), 27.03 ( 2 ~  = 31 HZ, CH&H2CH), 31.60 (CH3CHKHz), 33.81 

(CH~CHZCH), 72.82 ( 'J  = 416. 435 Hz. CHSn), 118.71, 123.17, 128.97, 138.14 (Ar-Cs), 

154.40 ((30); MS (EI) m.= 370 ( 1  6, M--CH3), 286 (1 3), 242 (28), 212 (1 8), 165 (ZOO), 135 (4I), 

120 (20); Anal. Calcd for C I ~ H ~ ~ N O ~ S ~ :  C ,  50.03; H, 7.09; N, 3.65. Found: C, 50.20; H, 6.99; N, 

IR (neat film) 3328,1912,2350, 1705. 1601, 1527, 1442, 1217,1024 cm-'; 'H NMR (250 MHz, 

CDC12) 6 0.75- 1.10 [m. 18 H, CI&CH2CH2C&Sn and CH2(CH&C&], 1.20- 1.65 [m, 18 H, 

CHsC&C&CH2Sn and CH2(Cb)2CHs], 1 -70-2-05 [m 2 H, C&(CH&CH3], 4.83 (dd, 1 H, J = 

5.7,8.6 Hz. CHSn), 6.49 (S. 1 H, m), 7.04 (t, 1 H, J = 7.0 Hz, ArHJ, 7.20-7.45 (m, 4 H, Ara; 

"C NMR (63 MHz, CDCI,) G 9.55 ('1 = 307, 322 Hz, cH2Sn), 13 -50 (CH3CH2CH2CH2Sn), 

1 3 -87 (SHSEb), 22.48 (CCHIÇHZ), 27.1 5 (CH&H2CH), 27-33 ('J = 55 HZ, cHZCH2Sn), 29.00 

( 3 ~ =  20 HS EH2CH2CHSn). 3 1.5 1 (CH3CHgH2), 34.38 (CH2CHzCH), 72.48 ('J= 352,363 



H z ,  CHSn), 118.69, 122.87, 128-70, 138.22 (Ar-CS), 154.40 (CO); MS (EI) m/z 51 1 w, 29), 

454 (100), 326 (38), 235 (32), 212 (42), 177 (48), 119 (59); And. CaIcd for C25&SN02Sn: C, 

58.84; H, 8.88; N, 2.74. Found: C, 58.72; H, 9.06; N, 2.96. 

To a cooled (-78°C) solution of trïmethyltiniithium (5.63 m o l  in 12 mL of THF) was 

added n-hexanal(0.68 mL. 6.75 mmol). M e r  15 min the reaction was quenched with saturated 

aqueous m C 1 .  The mixture was diluted with ether (50 mL), washed with H D  (50 mL) and 

brine (50 mL). The organic layer was dried (MgS04), filtered and concentrated in v a m  (water 

bath at rt) to provide 1 -49 g of cmde 1 -trimet hylstannyl- 1 -hexanol. 

This material was cooled to 0°C and then CH2C12 (5 mL), (i-Pr)&Et (2.94 d, 16.8 

mmol), MgBr2eOEt2 ( 1 -45 ç. 1 1 -3 mmol in 5 mL of CH2C12), and di-tert-butyl dicarbonate (2.46 

g, 1 1.3 rnmo'i) were added. The ice bath was removed, and the mixture was s h e d  at room 

temperature until TLC indicated the reaction was complete (12 h). The solution was diluted with 

ether (100 mL), washed with H 2 0  (50 mL) and brine (50 mL). The organic layer was dned 

(MgSOr), filtered and concentrated ïri  i * m o  to provide 2.54 g ofbrown 02. Purification by flash 

chromatography (30 g of silica/g of substrate; 40: 1 hexanes:ethyl acetate) provided 1.33 g (65%) 

ofthe title compound as a colorless oïl: IR (neat film) 2960,2927,2859, 1722, 1463, 1368,1339, 

1275. 1167, 771 cm"; 'H NMR (250 MHz. CDC13) S 0.09 [s, 9 H., J&,, = 51.5, 53.9 Hz, 

Sn(CH&]. 0.80- 1 -00 [m 3 H. CHZ(CH :):CH-:]. 1 -15- 1 -40 [in, 6 Y CH2(CE)7;CH,], 1.45 [S. 9 H, 

C(Ckb)p]. 1-65-1 -95 [m. 2 H. C&(CH+CH;]. 4.60 (dd, 1 H, J= 6.6,8.4 H i ,  CHSn); 13c NMR 

(63 M H z  CDCh) 6 -9.63 ['.1 = 3 19. 333 Ha Sn(C&)J, 13-96 (cH3CH2), 22.50 (CH&H2), 

26.88 ( 2 ~  = 3 1 HZ, CHSH2CH). 27.76 [C(CH3)j], 3 1 -55 (CH2CH2CH), 33 -52 (CH3CHm),  

74-73 ( '~=413,433 Hz, CHSn), 81 -22 [C(CH3)J 154.21 (CO); MS (EI)m/r310 (1, M+-CH3), 

227 (Id), 21 1 (19, 165 (100). 135 (19), 57 (32); Anal. Calcd forCi&T3&Sn: C, 46.05; H, 8.28. 

Found: C, 45.88; H, 8.10. 



2.3.7 Represen fative Pmcechrre for the TrmsrnetaIhtion und Trapping of N,N-DNsopropyI- 

carbarnate md Methoxymethyl, O-Protected a-Hy&oxystmznanes 

A representative procedure for the transmetdation of NN-diisopropylcarbamate 51 and 

trapping with PhCHO is given below, followed by spectral data of carbarnates 5941,6466 and 

ethers 58 and 63. The yieids ofthese adducts can be found in Table 3. Al1 products were isolated 

as a 1 : 1 mixture of diastereomers unless otherwise noted. 

To a cold (-78°C) stirred solution of 1 -(trimet hy1stannyl)ethyl N'-diisopropylcarbarnate 

(5 1 ) (227.3 mg, 0.68 mrnol, 1 equiv) in THF (5 mL) was added dropwise n-BuLi (OS4 rnL of a 

1.3 1 M solution in hexanes, 1.05 equiv). M e r  15 min, benzaldehyde (75.6 pL, 0.74 mrnol. 1.1 

equiv) was added. The reaction was quenched after 15 min with saturated aqueous NHJCI. The 

mixture was diluted with ether, washed with H20, and brine. The organic layer was dned 

(MgSOI), filtered and concentrated III vanro. The resulting oil was purified by colurnn 

chromatography (30 g of silicdg of substrate; initially 40: 1, hexanes~ethyl acetate, with gradual 

increase in solvent polarity to 5: 1 ) affording 150.4 mg (80% yield) of product as a colorless oil; 

IR (CHC12) 3603, 3373, 2989, 1667, 1449, 1303, 1 136, 1059, 91 1, 702 cm-'; 'H NMR (300 

MHz. CDCII) 6 0.80-1 -45 [m. 15 H, CbCH and N(CH(C&h)z], 3.55-4.20 mm, 3 H, 

N(CH(CH&)2 and OH], 4.61 (bd, 0.5 H, J = 6.2 HZ, PhCHOH), 4.85 (bs, 0.5 ï3, PhCHOH), 

5.03 (dq, O S  H.J=6.5,7.2Hz, CHOCO), 5.13 (dq, 0.5 H,J=2.9,6.6I-kq C-CO), 7.14-7.50 

(m, 5 H, ArH); 13c NMR (75 MHz, CDCI,) 6 15.23,17.00 (CH3CH), 20.86 [b, N(CH(CH3)&], 

45-53 [b, N(CH(CH&J, 46.20 N(CH(CHih], 75.24, 75.75, 76.58, 78.29 (PhcHOH and 

CHOCO), 126.75, 127.06, 127.42, 127.90, 127.94, 128.32 (Ar-CS), 140.12, 140.98 (ipso-Ar- - 
C), 155.87, 156.25 (CO); MS (El) mk 1 73 (22, M'-P~CHO), 158 (23), 128 (75),86 (1 OO), 43 - 



(70); Anal. Calcd for C1&5N03: C, 68.79; H, 9.02; N, 5-01. Found: C, 69.00; H, 9.22; N, 5.13. 

colorless wax; IR (CHClj) 360 1,3380,2971, 1668, 1446,1380, 13 1 1,1135,1054 cm-'; 'HNMR 

(300 MHz, CDC13) 6 0.80-1 -35 [m. 18 H, N(CH(C&)& and CH(CE)2], 1.75 [dseptets, 0.5 Y J 

= 4.2, 7.6 Hz,  C13(CH3)2], 1 -88-2-00 [m, 0.5 Y CFI(CH3)& 3.60-4.00 [m, 3 H, OH and 

N(CI=J(CH&)z], 4.70-4.90 (ml 2 H, PhCHOH and CHOCO), 7.20-7.45 (m, 5 H, ArH); - 13c NMR 

(75 MHz, CDC13) 6 16.84, 18.38, 20.05, 20.16 [CH(C&)t], 20.30, 20.79, 21.16, 21.36 

m(CH(CH3)2),], 28.45,28.94 [CH(CHs)2]l 45.65,45.83,46-16 ~(CfI(CHj)&], 74.48, 75.36, 

83.54, 83.35, 126.72, 127.18, 127.43, 127.68, 127.85, 128.38(A.r-Cs), 140.84, 141.70(zpso-Ar- 

C), 155.58, 156.68 (CO); MS (EI) m.= 20 1 (1  1, M'-PhCHO), 128 (98)- 86 (100), 43 (59); And. - 

Calcd for ClgH29NOs: C, 70.32; H, 9.5 1; N, 4.56. Found: C, 70.42; H, 9.74; N, 4-76. 

Ph 

colorless oïl; 1R (CHCI2) 3602.3379.2949. 1665. 1450. 1370, 1306, 1 141, IO60,909,704 cm-'; 
I H NMR (300 MHz, CDCL) 6 0.60-1 -80 [m, 23 H, ~ - C & I  and N(CH(C&)2)2], 3-55-4. 15 Pm, 

2 H. N(CFi(CHi)&], 3.82 (d, 0.5 Hl J = 5.2 Hz, ON), 4.28 (d, 0.5 H, J =  4.9 H z ,  OH), 4.66 (dd. 

0.5 H, .I= 5.2, 7.1 HZ, PhCHOH), 4.83 (dd, 0.5 H, J ~ 2 . 8 ~ 4 . 9  HZ, PhCHOH), 4.90-5.05 (m 1 

H. CHOCO), 7.1 5-7.45 (m. 5 H. m); "C NMR (75 MHz, CDCI,) 6 13.79, 13 -82 (CHIC&), 

20.46 [b, N(CH(CHS)~)& 22.32, 22.38 (CH&H2), 25.02, 25.53 (CHZHzCH), 29.88, 30.60 

(-H2CH), 3 1 -4 1,3 1 -45 (C&CH&&), 45 .75,46.09 N~H(CH&~] ,  76.lZ776.7l, 78.90, 

79.12 (PhCHOH and D O C O ) .  126.77, 126.85, 127.20, 127.59, 127.76, 128.16 (Ar-Ç's), 



140.39, 141.34 (ipso-Ar-ç), 156.09, 156.26 (CO); MS (EI)m/r258 (4, W - C a ) ,  214(32), 146 

(39), 128 (42), 102 (29)- 86 (100)- 55 (40), 43 (75); Anal. Cdcd for C2a33N03: C, 71 -60; H, 

9.91; N, 4.18. Found: C, 71.60; H., 10.1 1; N, 4.27. 

OH 

yellow oïl; IR (CHCG) 3603, 34 1 1, 2934. 1669, 145 1, 13 72, 130 1, 1 13 7, 1 O 6  1, 908 cm-'; 'H 

NMR (300 MHz, CDC13) G 0.80- 1 -00 lm, 3 H, CH&H2)3C&], 1.10-1 -60 [m, 23 H, CBCH, 

N(CH(CH;)2)2, and C&(Cl&)iCH;], 2.50-2.65 (bs. 0.5 H, O B ,  2.73-2.90 (bs, 0.5 H, O B ,  3 -55- 

4.20 (bm, 3 H, CHOH and N(CH(CH3)2)2], 4.75495 (m, 1 Y CEJOCO); 13c NMR (75 

CDCh) 6 13.92 (ÇH~CHI), 14.97, 16.47 (CH'CH), 20.88 p. N(CH(CH3)&], 22.48 (CH3CH2), 

24-99,25.56 (CHîCH2CH). 3 1.77, 3 1.79 (CH2CH2CH), 32.12, 33.19 (CH3CH&H2), 45.33 [b, 

N(CH(CH&)z], 74.03, 74.1 7. 74.33, 74.8 1 (CHOH and CHOCO), 155.68 (ç0); MS (EI) m/r 

258 (5, M-CH;), 158 (3 1 ), 130 ( 5 9 ,  86 ( 100); Anal. Calcd for C15H31N03: C, 65.89; H, 1 1.43; 

N, 5.12. Found: C, 65.92; H, 11.66; N, 5.1 1. 

yellow oii; iR (CHCI:) 34 14, 2966, 1668, 1449, 1370, 1305, 1 142, 1054 cm-'; 'H NMR (300 

MHz, CDCl3) 6 0.80- 1 -65 [m. 29 H, ~-C&il,, CH(C&)2 and N(CH(C&)&], 1 -95-2-14 [m, 1 H, 

CH(CH3)2], 2.25-2.50 (bs, 0.5 H, OH), 3 -00-3.30 (bs, 0.5 H, OH), 3.65-3.79 (bm, 1 H, CHOH), 

3.80-4.1 0 [bm, 2 H, N(CH(CH3)2)2], 4.54 (dd, 0.5 EX, J= 4.9,6.5 Hi, CHOCO), 4.64 (dd, 0.5 H, 

J= 3.9,6.4 Ht, CHOCO); I3c NMR (75 MHz, CDC13) S 13.96 w3CHz), 17.85, 18.47, 19.55, 

19.58 [CH(C&)2], 20.40, 2 1 -42 ~(EH(CHJ)&], 22.5 1, 22.55 (CH&Hz), 25 -06, 25.58 



(CH&&CH), 28.82, 29.39 [m(CH3)-L], 3 1-78, 3 1.86 (CH2CH2CH), 32.3 1, 34.24 

(CH~CH-Z), 45.46,45.63,46.26 ~(CH(CH~)&],  71 -64, 72.00,8 1-89, 83-13 &HOC0 a d  

CHOK), 156.1 1, 156.39 (CO); MS (EI) mk 286 (2, IM%H3), 186 (29), 128 (54), 86 (1 OO), 43 - 
(69); Anal. Calcd for CI7H&JO3: C, 67.73; H, 11.70; N, 4.65. Found: C, 67.53; H, 11.47; N, 

4.54. 

colorless oil; IR (CHCI3) 3405, 2959, 2933, 1667, 1450, 1303, 11 39, 1059, 909 cm-'; 'H NMR 

(300 MHz, CDCl3) G 0.75-1 -70 [m, 34 H, HOCHCE-&(C&)3C&, C&(C?&)3C&CH0 and 

N(CH(CH;)&], 2.05-2.30 (bs, 0.5 H, O m ,  2.87-3.15 (bs, 0.5 H, OH), 3 -50-3 -69 (III, 1 H, 

C-H), 3 -60-4- 10 [bm, 2 H, N(CH(CH3)2)z], 4.654.80 (m. 1 H, CHOCO); "C NMR (75 h4H& 

CDCil) 6 13-93, 14.01 (CH3CH2), 20.56, 21.47 b, N(CH(ÇH3)&J, 22.47, 22.55, 22.58 

(CHKHz), 25.17,25-67, 25.72 (CH&H2CH), 30.15,30-82,3 I.64,3 l.72,3 l.82,3 1 .92,32.10, 

33 -84 (CH3CH&HsH2), 45.47, 46.39 [b, N(ÇH(CH3)2)2], 73-21, 73.95, 77-56, 79.24 

(WHCHOH), 155.95, 156.34 (CO); MS (EI) m.2 314 (1, W-CH3), 214 (33), 146 (37), 128 

(4 1 ), 86 (1 OO), 55 (37), 43 (70); Anal. Caicd for C19H39N03: C, 69.25; H, 1 1.93; N, 4.25. Found: 

C,  69.41; H, 12.12; N, 4.35. 

UR *. *). (iR * 2S*)-2-Methoxvmelhoxy-rneo- 1-phetd-1-heprad (58) 

Ph 

colorless oi1; IR (CHCL) 3570, 345 1, 2936, 1457, 1035, 914, 703 cm-'; 'H NMR (300 MHz, 

CDCh) 6 0-84 [t, 3 Y J=  7.0 Hz, CHZ(CH&C&], 1.10-1 -55 [III, 8 H, C&(C&)3CH3], 3.07 (4 
1 Y J =  3-8 H5 OB, 3.36 (s, 1.5 H, OC&), 3.39 (s, 1.5 Y OC&), 3.55-3.80 (m, 1 H, 

CHOMOM), 4.50-4.85 (m, 3 H, O C W  and PhCHOH), 7.20-7.45 (m, 5 H, -); I3c NMR (75 



MHz, CDC13) 6 13.93, 13.94 cH3CH2), 22.47, 22.50 (CH3-), 24.85, 25.35 (CH&H2CH), 

29.42,3 1.33,3 1.71 (CH3CH&HKH2), 55.81 (OcH3), 74.95,76-33 (CJIOMOM), 83-02,85.12 

(PhCHOH), 96.73,97.44 (0CH20)? 126.63, 126.90, 127.29, 127.67, 128.03, 1 28.26 (Ar-CS), 

140.64, 14 1 -27 (ips~-Aï-C); MS (EI) m/i 207 (2, W-CH~OCHZ), 152 (6), IO7 (1 00)- 79 (1 8), 45 

(56); And- Calcd for C15&03: C, 71.39; H, 9.59. Found: C, 71.19; H, 9.34. 

colorless oil; iR (CHCb) 3578. 3443,2940, 1462, 1379, 1 143, 1097, 1035, 914 cm-'; 'H NMR 

(300 MHz, CDCG) 6 a.75- 1 -05 lm, 6 H, C&(CH2)3CHa0 and HOCIICH2(CH2)3C&], 1.15- 

1 -70 [m, 16 H, CH3(C&)G&CHO and HOCHC&(C&)3CH3], 2-77 (bs, 1 H, OH), 3 -30-3 -70 

(m, 2 H, CWMOM and CHOH), 3 -4 1 (s, 1 -5 H, OC&), 3.42 (s, 1.5 H, OC&), 4.65-4.80 (m, 2 

H, OCbO); ')c NMR (75 MHr. CDCL) 6 13.95, 13.98 (CH3CH2), 22.52, 22.56, 22.58 

(CH&&), 24.82,25.27, 25.64,25.85 (CH&H2CH ), 30.09,30.94,3 1.52,31.80,31-90,3 1.94, 

33 -20 (CH3CH&H&H2). 55 -67. 55.72 (OCH;), 72.68, 72.96 (CHOMOM), 83 -23, 84.05 

(CHOH), 96.99, 97.10 (OCH2O j; MS (El) m z  20 1 ( 5 ,  M-CH30CH2), 145 (IO), 10 1 (25), 83 

(37), 45 (100): Anal. Calcd for C I J H ? ~ ~ ~ :  C, 68.25; H, 12.27. Found: C, 68.09; H, 12.43. 

A representative procedure for the transmetalation of N-phenylcarbamate 55 and trapping 

with PhCHO is given below, followed by spectral data of carbamates 62 and 67. The yields of 

these carbamates cm be found in Table 3 .  Carbamates 62 and 67 were isolated as a 1 : 1 mixture 

of diastereorners. 



Ph 

To a cold (-78°C) stirred solution of 1 -(tnrnethylstannyl)hexyi N-phenyl&amate (257.4 

mg, 0.67 rnmol, 1 equiv) in T W  (5 rnL) was added dropwise n-BuLi (1.45 mL of a 1.15 M 

solution in hexanes, 2.5 equiv). m e r  1 5 min, benzaldehyde (76.3 pL, 0.75 mmol, 1.1 equiv) was 

added neat. The reaction was quenched after 1 5 min with saturated aqueous -1. The mixture 

was dduted with ether, washed with HzO, and brine. The organic layer was dried (MgS04), 

filtered and concentrated NI i7aclro. The resulting oïl was purified by wlumn chromatography (20 

g of silicdg of substrate; initially 20: 1. hexanes:ethyl acetate, with gradua1 increase in solvent 

poiarity to 51) afEording 168.4 mg (77% yield) of the product as a yellow 02; IR (CHC13) 3601, 

3432,2957, 293 1, 1725. 1600. 1525. 1443. 13 14, 1065, 908,699 cm-'; 'H NMR (300 h&k, 

CDCls) 6 0.75-1.70 [m, 1 1  H. rr-CJ-ïiI]. 3.1 1 (bs, 1 H, OH), 4.68 (d, 0.5 H, J = 6.6 Hz, 

PhCHOH), 4.96 (d, 0.5 H. J = 2.9 Hr PhCHOH). 5.00-5.15 (m, 1 H, CHOC0 ), 6.70-7.50 (m, 

I 1 H, N B  and A a ) ;  "C NMR (75 MHz. CDCi2) 6 13.93 (CH3CHz), 22.39,22.41 (CH3CH2), 

24.91,SS.I 1 (CHKH2CH). 28.21, 30.66, 3 1.52,3 1.60 (CH3CH&HxH2), 75.42, 76.07, 78.62, 

78.98(CHOCOandCHOH), i 18.74. 123 35, 123.51, 126.51, 126.80, 126.98, 127-65, 128-20, 

128.48, 128.96 (Ar-C's). 137.70, 137.76. 139.86, 140.53 (ipso-Ar-C), 153.84(CO); MS ( E 1 ) m i  

234 (8, M--CoHsNH), 1 33 ( 13). 1 O7 (5 1 ). 90 ( 100). 77 (1 8), 55 (1 S),  4 1 (1 8); Anal. Calcd for 

C ~ O H ~ ~ N O ~ :  C ,  73 -37; H, 7.70; N, 3.28 Found C. 73 -23; H, 7-80; N, 4.44. 

yellow oil; IR (CHC13) 3599,3433,2932, 1725, 1600, 1525, 1443, 13 12, 1205, 1064 cm-'; 'H 

NMR (300 MHz. CDCI,) 6 0.75-1 .O0 [m, 6 K C&(CH&CH2 and HOCHCH2(CH2)&HH], 1.05- 



1 -75 [m, 1 6 H, CH3(C&)3C& and HOCHC&(C&hCH3], 2.1 5-2.40 @s, 0.5 H, O B ,  2.45-2.73 

(bs, 0.5 H, O@, 3 -55-3 -69 (bm 0.5 H, CHOH), 3 -70-3 -85 (bm, 0.5 H, CHOH), 4.64-4.90 (m 1 

H, CHOCO), 6.95-7.50 (m, 6 H, and A.@); 13c NMR (75 MHz, CDCI1) 6 13.95 (CH3CH2), 

22.45, 22.52 (CH3C&), 25.06, 25.29,25.36, 25.64 (CHKH-, 28.77, 30.90, 3 1.66,3 1.68, 

31.71,31.77,32.14,33.61 (CH3CHKH&HZ), 72.76, 73.37,77.43,78.76(çHOCO a d  WOH), 

1 18.61, 123.3 1, 123.40, 128.96 (Ar-Cs), 137.85, 137.97 (ipso-Ar-C), 153.70,153.86 (CO); MS 

(EI) &Z 207 (3, W-C5HI 1, -Ca,), 1 13 (i3),  95 (60), 81 (25), 69 (61), 55 (63), 43 (100), 29 

(41); Anal. Calcd for C19H31N03: C ,  70.99; H, 9.72; N, 4.36. Found: C ,  71-16; FI, 9.90; N, 4.52. 

2.3- 9 General P roceddte for the Tra~~metalation and Trapping of O-Proiected a-Hydmv- 

stunnmres; Anaiysis of Orgcn~os~mznane S c r d l e d  Mixures by G C '  

A general procedure for the transmetalation and trapping of O-protected a-hydroxy- 

stannanes for the purpose of analyzing organostannane scrarnbling by GCMS is given below. The 

results fiom this study can be found in Table 4. 

To a cold (-78°C) stirred solution of O-protected a-hydroxystannanes ( 0.15 M in THF, 

1 -0 equiv) was added dropwise +BuLi ( 1 -05 equiv). After 15 min, beddehyde  (1.1 equiv) was 

added. M e r  a further 15 min the reaction was quenched with saturated aqueous W C I .  The 

mixture was diluted with ether, washed with H20, and brine. The organic layer was dried 

(MgS04), filtered and concentrated ir? wnio. The resulting oil was passed through a short pipet 

of silica (-1 g of silica; 2: 1 hexanesethyl acetate). to eliminate trace salts, afFording the product 

as a colorless oil, after concentration irz v a n m .  Sarnples for GCMS analysis were prepared in 

diethyl ether. 

To a cold (O°C), stirred solution of L W  (0.72 rnL of a 1.0 M solution in THF, 0.72 



mrnol) in 2 m .  of THF was added H2S04 (0.36 mL of a 1 M solution in EtD, 0.36 moi) .  This 

solution was ailowed to warm to room temperature and was s h e d  for 30 min. The soIution was 

then cooled (0°C). and N, N-diisopropylcarbamate 61 (1 19.5 mg, 0.36 mmol) was added. The 

reaction was ailowed to warm to room temperature. A TLC taken 10 min later showed that no 

starting materid was present. The reaction was quenched with solid Na2S04m 1 O E&û. After 20 

min of stirring, aLI solid materiai was removed by filtration through celitea using w m  ethyl 

acetate as eluent. Removal of al1 volatiIes in vacuo provided 63 -7 mg (86%) of 1 -phenyf- 1,2- 

heptanedio1(70).~~ 

This latter material exhibited: IR (CHC13) 3589, 3440, 3010, 2940, 2863, 1493, 1456, 1384, 

1258, 1049 cm-'; 'H NMR (250 hlHz, CDCIi) G 0.75-0.95 (m, 3 Y CH2C&), 1.00-1 -55 (rn, 8 H, 

C&(C&)3CHj), 1.65-2-30 (bs. 2H, OH), 3 -65-3.75 (m, 0.5 H, CHXHOH), 3.80-3.90 (bm, 0.5 

H. C H Z C ~ H ) ,  4.44 (d. 0.5 H. J = 6.8 Hr. PhCHOH), 4.68 (d, 0.5 H, J=  4.5 Hz, PhCHOH), 

7.20-7.50 (III., 5 H, Am). 

To a cold (O°C), stirred solution of Ar-phenylcarbamate 62 (1 95.7 mg, 0.60 rnrnol) in 5 mL 

of THF was added L M &  ( 1-70 mL of a I .O M solution in THF, 1.20 rnrnol). The reaction was 

allowed to warm to room temperature. h TLC taken 10 min later showed that no starting 

material was present. The reaction was quenched with solid Na2S04m10 &O. m e r  20 min of 

stirrinç. al1 solid matenal was removed by filtration through celiteg using w m  ethyl acetate as 

eluent. Removal of al1 volatiles il? L ~ J C I W  provided 109.8 mg of crude orange oil. 

Chromatography of this oil on silica gel (4 g) using hexanedethyl acetate (5: 1) as eluent afforded 

79.4 mg (64%) of I -phenyl- 1 ,?-heptanedi01 (70). 



2-3-12 Lithium Ahmirmm Hycihcihde Reduction of N-Phenylcarbarne 62 in Et-& 

To a cold (O°C), s h e d  solution of IV-phenylcarbamate 62 (525.9 mg, 1-60 rnmol) in 10 

mL of E t 8  was added L m  (1 82.2 mg, 4.80 mmol). The cooling bath was removed and the 

reaction was wanned to reflux for a penod of 2 h. The reaction was cooled (0°C) and quenched 

with solid Na2S04d 0 H2O. After 20 min of stimng at roorn temperature, ail solid materiai was 

removed by filtration through celiter' using warm ethyl acetate as eluent. Removal of al1 volatiles 

in vamo provided 424.3 mg of cmde orange oïl. Chrornatography of this oïl on silica gel (17 g) 

using hexanedethyl acetate (5: 1) as eluent afforded 278.1 mg (83%) of 1-phenyl- 1,2-heptanedi01 

(70)- 

2-3-13 Represerrtative Procedure for rhe Preparatiotz of Carbonate Protected 

a-Hydto~statz~zat~e.~ 

A representative procedure for the preparation of carbonate 71 is given below, followed 

by 'H NMR spectral data of carbonates 71-73. The yields of these carbonates can be found in 

Table 6. 

To a cooled (-78°C) solution of trimethyltinlithiurn (3.89 mm01 in 10 mL of THF) was 

added 11-hexanal(0.56 rnL. 4.67 mmol). Afker 1 5 min the reaction was quenched with saturated 

aqueous W C l .  The mixture was diluted with ether (20 mL), washed with H20  (10 m.) and 

brine (1 0 mL). The organic layer was dried (MgSOr), filtered and concentrated in vacuo (water 

bath at rt) to provide 1.05 g of cmde a-hydroxystannane. 

This material was cooled to O°C and then pyridïne (10 mL), and trichloromethyl 



chloroformate (0.46 mL, 3.89 m o l )  were added. The ice bath was removed, and the mumire 

was stirred at room temperature until TLC indicated the reaction was complete (2 h). The 

solution was diluted with ether (50 mL), washed with 1 M HC1(2 x 20 mL), 10% NiCI2, (3 x 20 

mL), NaHC03 (50 mL), H20 (25 mL) and brine (50 mL). The organic layer was dried (MgSO& 

filtered and concentrated in vaczîo to provide 1.127 g of crude orange oil. Chromatography of 

the resulting oil on silica gel (1 7 g) using hexanedethyl acetate (40: 1) as eluent provided 842.5 

mg (5 1 %) of the titie compound as a colorless oil; 'H NMR (250 MHz, CDCC) 6 0.17 [s, 9 H, JW 

S, = 51-9, 53.6 Hz, Sn(C&b], 0.87 (t, 3 H, J = 6.7 Hz, CH2CE), 1-15-1.50 (m, 6 H, 

CH3C&C&C&), 1.75-2-00 (III, 2 H, C W H ) ,  3.64 (dd, 1 H, J =  6.4, 8.2 HZ, CH2CH). 

'H NMR (250 m, CDCI,) G 0.17 (s, 9 H, JH-sn  = 5 1.9, 54-3 HZ, SII(C&)~, 0-90 (t, 3 El, J= 6.6 

HL, CHzCE), 1.15- 1-50 (m, 6 H, CH:C&C&C&), 1 -75-2.10 (III, 2 H, CbCH), 4-68 (dû, 1 Y 

J = 6 . 3 ,  8.4 Hz, CHKH), 6.78-7.00 (m, 1 H, AM), 7.10-7.50 (m, 4 H, AM); MS (EI) m , ~  371 

(3, Md-CH;), 243 (15), 21 1 (13), 165 (100)- 135 (23), 117 (12). 

w 1 1  A",, 
1 H NMR (250 M)-lz, CDC13) 6 0.1 1 [s, 9 H, &sn = 50.1, 52.3 Hz, Sn(C&),], 0.90 (t, 3 H, J = 

6.3 HL CHzCHj), 1.1 5- 1 -50 (m, 6 H, CH3C&C&C&), 1 -75-2.00 (rn, 2 l3, CKCH), 4.03 (dd, 1 

H, J =  6-5, 8.1 Hz, CHîCH), 7.26-7.3 5 (AA' of AA'XX', 2 H, hFl), 8.24-8.30 (XX' of AA'XX', 

2 H, ArH). 



2-3-14 Reaction of 72 wiih (i-Pr)7hiH and D W  in Pyndine 

To 214.2 mg (0.56 m o l )  of 72 in pyridine (5 mL) was added DMAP (catalytic) and 

(1-Pr)*NH (O. 1 0 mL, 0.79 mmol). The reaction was stirred initially at room temperature for 1 h 

and then at reflux for an additional 1 h. TLC indicated no progress in the reaction. The reaction 

was allowed to stir for 24 h at room temperature. The mixture was diluted with ether (20 mL) 

and washed with 1 M HCl(2 x 25 mL), 10% NC12 (2 x 25 rd), H20 (25 mL) and brine (25 

mL). The organic layer was d&d (MgS04), filtered and concentrated in vacuo to provide 198. I 

mg (92%) of starting material 72. 

2.3- 15 Reaction of 72 with (Ï-Pr)2NH and Na2C03 in EIOH* 

To a warm (50°C) solution of (i-Pr)*NH (62.5 pL, 0.48 mmoi) and Naxos (3 -23 mL of a 

2 M solution, 6.48 mrnol) was added 72 (1 53.0 mg, 0.40 rnmol) as a solution in EtOH (1 rnL). 

This mixture was warrned to reflux and an additional 3 mL of EtOH was added. The reactisn 

was allowed to reflux for a fünher 2 h. TLC indicated no substitution had taken place. The 

reaction was cooled to room temperature, diluted with ether (25 mL) and washed with Hz0 (10 

mL) and brine ( 1 0 mL). The organic layer was dned (Mg SOs), filtered and concentrated fi7 varno 

to provide 174.6 mg (8 1%) of staning material 72. 

To a cold (O°C) solution of (i-Pr)2NH (85.1 PL, 0.65 mmol) in THF (5 mL) was added tz- 

BuLi (0.56 mL of a 1.15 M solution in hexanes, 0.65 mrnol). M e r  15 min of stimng, carbonate 

72 (750.0 mg, 0.65 mmol) was added (neat) via syringe. After 1 h at O0C, an additional 5 equiv 

of LDA (3 -25 mrnol) were added. The reaction was quenched afler an additional 1 h of çtirring at 

O°C, with saturateci aqueous NH,,CI. The mixture was diiuted with ether (20 a), washed with 1 

M HCl(2 x 20 mL), Na2C03 (20 mL), HzO (20 mL) and bine (20 mL). The organic layer was 



dned (MgS0& nItered and concentrated in vacuo to provide 143.1 mg of oïl. 'H NMR analysis 

of the crude oil gave a 2: 1 ratio of the desired product 53 (37%) and a-hydroqstannane 72 

(1 8%). 

2.3. i 7 Reaction of 1- Trzbtitylstarul),l- I-hexanol wilh 1. I '€arbonyidizrnidn"o/e und (i-Pr)&H 

To a cooled (-78°C) solution of tributyltinlithium (0.64 mm01 in 10 mL of THF) was 

added n-hexand (92.1 @. 0.76 mm01 j. After 15 min the reaction was quenched with saturated 

aqueous W C 1 .  The mixture was diluted with ether (20 d), washed with -0 (10 mL) and 

brine (10 mL). The organic layer was dned (MgSOJ), filtered and concentrated in va- (water 

bath at rt). 

To a cold (0°C) solution of 1.1'-carbonyldiirnidazole (103.6 mg, 0.64 mmol) and Et3N 

(0.18 mL. 1.28 mmol) in THF (7 mL) was added a solution of the a-hydroxystannane in THF (3 

mL). The ice bath was removed. and the mixture was stirred at room temperature until TLC 

indicated the derivatization was complete (3 h). (i-Pr)?NH (0.42 mL, 3.20 mmol) was added at 

room temperature and the reaction allowed to stir for 4 h. The reaction was fkrther heated at 

reflux for a period of 1 2 h. TLC indicated no substitution taking place. The reaction was cooled 

to room temperature and N-butylamine ( 126 PL. 1 2 8  mmol) was added with hrther stimng for a 

period of 18 h at room temperature. The reaction was diluted with ethyl acetate (25 mL), washed 

with 1 M HCI (2 x 15 mL). NaHCO; (25 mL). HrO (25 mL) and brine (25 mL). The organic 

layer was dried (MgS04),  filtered and concentrated i t ~  vacito to provide 445.4 mg of crude orange 
1 oil. H NMR analysis of the crude oil. revealed only the imidazole-protected carbamate 75 

(> 100%). 

This materiai exhibited: 'H NMR (CD& 250 MHz) 6 0.50-1.00 (m, 18 H, C&CHz and 

snckbcHzcH2c&), 1 -05-1 -65 [m 20 H, CS(CF&C& and SnCHzCHHC&CH3 J y  5.07 (dd, 1 



2.3.18 Attemptedpreparatzon of carbarnate 54 via in silu generafl-on of 

(1- TributyIsfmtnyI/'hexyI- I - c 'hIorofor  (81) 

To a cooled (-78°C) solution of tributyltinlithiurn (1 -94 m o l  in 10 mL of THF) was 

added II-hexanal(0.30 mL, 2.3 3 rnmol). After 1 5 min the reaction was quenched with saturated 

aqueous W C 1 .  The mixture was diluted with ether (20 d), washed with Hz0 (10 mL) and 

brine (1 0 mL). The organic layer was dried (MgS04), filtered and concentrated ÏIZ vacuo (water 

bath at rt). 

This material was dissolved in CHzC12 (10 mL) and cooled to O°C. To this solution was 

added Et3N (0.68 mL, 4.85 mrnol) and COCl2 (0.97 mL of a 2.0 M solution in toluene, 1.94 

mrnol) with stirring. The reaction stirred for 30 min at O°C and then (i-Pr)zNH (0.3 1 mL, 2.33 

mmol) was added dropwise. The reaction was allowed to stir at 0°C for a fûrther 30 min before 

warming to room temperature. The reaction was quenched with Hz0 (2 mL) and concentrated Pz 

\vaetm. The remaining residue was dissolved in ether (30 rnL) and washed with 1 M HCl(2 x 15 

mL). NaHCO, (20 rnL), Hz0 (20 mL) and brine (20 mL). The organic layer was dried (MgS04), 

filtered and concentrated il] vacrio to provide 1.57 g of crude oil. Chromatography of the 

resulting oil on silica gel (1 5 g) using 40: 1, hexanes:ethyl acetate provided 684 mg (86%) of I - 

chloro- 1 -tributylstannyl hexane (81 ). 

CI 

CSHI 1 

This material exhibited: IR (neat) 2905, 1459, 1376, 1073, 870, 672 cm-'; 'H NMR (250 MHz, 

CDCI,) 6 0.65-1.05 (m, 18 H, CECH2 and SnCwH2CH2C&), 1.15-1.65 [m, 18 H, 

C H , ( C ~ ) I C H ~  and SnCH2C&Ci-&CH3], 1.80-2-00 (III, 2 H, CH3(CH2)3C&) 3.70 (dd 1 H, J = 

6.1, 8.5 Hz, CHZCHO); I3c NMR (63 MHz, CDCl,) 6 9.58 ('J= 313, 328 Hz, CH2Sn), 13.63 

(CH~CH~CHZCHZS~), 14.01 a&), 22.64 (CH&H2), 27.46 ( 2 ~ =  56 H i ,  -CH&), 28.28 

(CHZCHzCH), 29.07 ( 3 ~ =  20 Hz, CH2CH2CH2Sn), 3 1-32 (CH3CH=), 37.85 (CHzCHzCH), 



A 
To a cold (0°C) solution of Cnitrophenyl chloroformate (971 .O mg, 4.82 mmol) in Cm12  

(5 mL) was added DMAP (catalytic), EtZN (1 -34 mL, 9.63 mol )  and (i-PrhNH (0.63 mL, 4.82 

mol) .  The reaction was warmed to room temperature and stirred for 2 h. The reaction mixture 

was diluted with CH2CI~ (60 mL) and washed with 1 M HCl(2 x 25 mL), NaHCG (25 m.), Hz0 

(25 mL) and brine (25 mL). The organic layer was dned (MgS04), filtered and concentrated in 

vacrco to provide 1.187 g of crude brown oil. Chromatography on silica gel (24 g) using 

hexanedethyl acetate, 20: 1. afforded 946.3 mg of the title compound as a white soiid: 'H NMR 

(250 MHz. CDCI,) 6 1 3 3  [bs, 1 2 H, N(CH(CE;)2)2]. 4.05 [bs, 2 H, N(CH(CH3)&] , 7.25-7.3 5 

(AA' of AA'XX', 2 FI, ArH). 8.20-8.30 (XX' of AA'XX', 2 H, ArH). 

To a cooled (-78°C) solution o f  tnmethyiliniithium (1 -84 mm01 in 10 rnL of T m )  was 

added 11-hexanal (0.27 mL, 2.2 1 mmol). After 15 min the reaction was quenched with saturated 

aqueous NKiCI. The mixture was diluted with ether (20 mL), washed with -0 ( 10 mL) and 

brine ( 10 mL). The organic layer was dried (MgS04), filtered and concentrated vamo (water 

bath a t  rt). 

This material was dissolved in pyridine (5 rnL) and cooled to O°C. N, N-Diisopropyl-4- 

nitro- phenyl carbarnate (587.4 mg, 2.2 1 mmol) was added and the reaction mixture was warmed 

to room temperature. After 12 h of stimng the reaction was diluted in ether (30 mL) and washed 



with 1 M HCl(2 x 15 mL), NafICOs (20 m . ) ,  Hz0 (20 mL) and brine (20 mL). The organic 

layer was dned (b@SO4), nItered and concentrated in vacuo to provide 703.3 mg of crude oil. 
1 H NMR anaiysis of the cmde oil confirmed the absence of product 53. 

To a cooled (-78°C) solution of tributyltinlithium (1.02 mm01 in 10 mL of THF) was 

added n-hexanal(0.15 mL, 1 -22 mmol). Mer  15 min the reaction was quenched with saîurated 

aqueous m C 1 .  The mixture was diluted with ether (20 mL), washed with Hz0 (20 mL) and 

brine (10 mL). The organic layer was dried (MgS04), filtered and concentrated in vacuo (water 

bath at rt). 

This material was dissolved in THF (5 mL) and cooled to 0°C. MN-Diisopropyl- 

carbamoyl chforide (250.1 mg, 1 -53 mmol) and NaH (6 1.1 mg, 1.53 mmol, washed in hexanes) 

were added and the reaction mixture was warmed to room temperature. TLC after 2 h reveaied 

the absence of both stming material and product. The reaction was quenched with HzO and 

diluted with ether (20 mL). Afier separation of the phases, the organic layer was washed with 

H 2 0  (20 rnL) and brine (20 mL). The organic layer was dried (MgS04), filtered and concentrated 

if> vac~o to provide 402.4 mg of cmde oil. 'H NMR analysis of the cmde oil confirmed the 

absence of product 54. 

An identical reaction was performed as above with KH instead of NaH as the metal 

hydride. 'H NMR analysis of the crude mixture revealed. as expected, the absence ofproduct 54. 



To a cooled (O°C) solution of (i-Pr)2NH (0.8 1 mL, 6.1 6 mmol) was added n-BuLi (4.03 

m .  of a 1.53 M solution in hexanes). After the solution stirred for 1 5 min Bu;SnH ( 1.79 g, 6.16 

mmol) was added and stimng was continued for a further 20 min. The mixture was then cooled 

(-78 OC), and rt-hexanal (0.89 mL, 7.40 mrnol) was added. M e r  15 min the reaction was 

quenched with saturated aqueous NH&I. The mixture was diluted with ether (50 mL), washed 

with HZO (50 mL) and brine (50 mL). The organic layer was dned (MgS04), fiitered and 

concentrated in vacuo (water bath at rt) to provide crude 1 -tributylstannyl- 1 -hexanol. 

This matenal was cooled ro O°C and then pyrïdhe (5 mL), and p-nitrophenyl 

chloroformate (1 -49 g, 7.40 mmol) were added. The ice bath was removed, and the murture was 

stirred at room temperature until TLC indicated the reaction was complete (2-4 hrs). The 

solution was diluted with ether (50 mL), washed with 1 M HCl(2 x 25 mL), IO% NiCl*, (50 

rd), NaHCOs (50 mL), Hz0 (25 mL) and brine (50 mL). The organic layer was dried (MgS04), 

filtered and concentrated rtt vacrro. Chromatography ofthe resulting yellow oil(5.32 g) on silica 

gel (160 g) using hexanedethyl acetate (30:l ) as eluent provided 1.77 g (52%) of the title 

compound as a colorless oïl; IR (neat film) 291 5, 1755, 1528, 1215, 860 cm"; 'H MUR (250 

MHz. CDC13) 6 0.75- 1.15 [m, 18 H, CECH2CH2CbSn and CH2(CH2)3C&], 1.20-1 -65 [m, 18 

H, CH3C&C&CH2Sn and CH2(C&).7CH& 1 -70-3.10 [m, 2 H, C&(CH2)3CH3], 4.90 (dd, 1 H, 

J= 5.7,8.8 Hz, CHOCO), 7.26-7.38 (AA' of AA'XX', 2 H, Ad-I), 8.18-8.30 (XX' of AA'XX', 2 

H. ArH); "C NMR (50 MHz, CDCI,) 6 9.53 ('1 = 312, 326 Hz, CH2Sn), 13.65 

(CHsCH2C&CH2Sn), 14.0 1 (CH~CHZ), 22.55 (CH&Hz), 27-12 (CHgH2CH), 27.4 1 ( 2 ~  = 56 

Hr CH2CH2Sn), 28.97 (3/= 20 Hz, CH2CH2CH2Sn), 3 1.49 (CH3CH+CHÎ), 34.18 (CH2CH2CH), 

78.27 (ÇHOCO), 121.74, 125.27, 145.25, 152.82 (Arc's), 155.91 (CO); MS (EI)m/r 500 (100, 

M--CJ-I9), 372 (77), 291 (63), 269 (87), 235 (70), 177 (97), 121 (59); Anal. Calcd for 

. Cd-kN0~Sn:  Ci 53.97; H, 7.79; N, 2-51. Found: C, 53.76; El,  7-64; N, 2.56. 



2-3-23 Representative Procedure for the Prematïon ofN, N-DzethyIcarbmate Protected 

aQHy&oxystma7res 

A representative procedure for the preparation of carbarnate 88 is given below. followed 

by spectral data of carbarnates 89-94. The yields of these carbarnates cm be found in Table 7. 

To a cooled (-78OC) solution of trimethyltidithium (0.019 mol in 50 mL of THF) was 

added acetaldehyde (1.18 rnL, 0.021 mol). After 15 min the reaction was quenched with 

saturated aqueous W C 1 .  The mixture was diluted with ether (1 00 mL). washed with H20 (50 

mL) and brine f 50 mL). The organic layer was dried (MgS04), filtered and concentrated h vacuo 

(water bath at rt) to provide 4-50 g of crude a-hydroxystannane. 

This material was dissolved in pyridine (10 mL) and cooled to 0°C. To this solution was 

added pnitrophenyl chloroformate (4.63 g, 0.023 mol) with stimng. The ice bath was removed, 

and the mixture was stirred at room temperature until TLC indicated the reaction was cornpiete 

(2-4 h). The reaction was cooled (0°C) and EtZNH (9.92 mL, 0.096 mol) was added dropwise. 

The ice bath was removed, and the mixture stirred at roorn temperature until TLC indicated the 

complete consumption of carbonate f UV active) (0.5- 1.0 h). The solution was diluted with ether 

( 100 mL), washed with 2 M HCI ( 2  x 50 mL). Hz0 (50 mL), 3 M NaOH (3 x 50 mL), H a  (50 

rnL) and brine ( 1  00 mL). The organic layer was dried (MgSOd), filtered and concentrated NI 

vacw to provide 6.57 g of orange oil. Purification by flash chromatography (30 g of silicdg of 

substrate; 30: 1, hexanes:ethyl acetate) provided 4.34 g (74%) of the title compound as a colorless 

oil: IR (neat film) 2953. 1683, 1475, 1427, 1276, 1 174,770 cm"; 'H NMR (250 MHz, CDCi3) 6 

0.06 [s, 9 H,JH-sn = 51.3, 53.5 Hz, Sn(CHJ3], 1.08 (t, 6H,  J=7.1 Hz,  N C H a ) ,  1.48 (d, 3 H, 

J = 7.6 H z ,  CBCH), 3 -23 (bq, 4 H, J = 7.0 Hz, NC&CH3), 4.48 (q, 1 H, J = 7.6 Hz, CH3CH); 

"C NMR (50 MHz, CDCh) G -9.97 1'1 = 3 19, 333 Hz, Sn(CCH,)J, 13.56 (NCHKH3), 19.24 



(CH3CH), 41 -21 (NQi2CH3), 67-02 ('1= 434,455 Hz, CH3ÇH), 156.37 (CO); MS (ET) m/r 2% 

(29, w-CH,), 266 (1 l), 165 (34), 144 (36),  100 (44), 72 (100); Anal. Calcd for C i & m z S n :  

C, 38-99; fl 7.52; N, 4-54- Found: C, 39-17; H, 7.38; N, 4.60. 

IR (neat film) 2922, 1638, 1445, 1378. 1275, 1175, 1099, 1066,984, 899,769 cm"; 'HNMR 

(250 MHz, CDCl3) 8 0.06 [s, 9 H, ./ç,-~ = 5 1.1, 53.3 E h ,  SR(C&)~], 0-80-0.95 [III, 3 H, 

CH2(CH2);C&] 1.08 (t, 6 H. J = 7.1 Hz. NCHlCH,), 1.10- 1-40 [m, 6 H, CH2(C&)3CH3], 1.70- 

1-95 [III, 2 H, C&(CH2),CH;], 3.15-3.30 (ITI, 4 H, NC&CH3), 4.40 (dd, 1 H, J =  6.3, 8.0 H z ,  

CHOCO); "C M4-R (63 M H z  CDCI;) 6 -9.34 ['J = 316, 332 Hz, S~I(GH~)~], 13.8 @, 

NCHLH3). 13.84 (CH'CHz). 22.45 (CH>CH2), 27.1 1 ( 2 ~  = 33 HZ, CH&HZCH), 3 1.5 1 

(CH3CHZH2). 33-75 (CHzCHKH). 3 1 -34 (b. NÇH2CHa), 72.30 (?1= 439,458 HZ, CHOCO), 

156.55 (CO); MS (EI) rn z 350 (32. hl--CH;). 266 (4 1 ), 200 (24), 165 (47), 135 (21), 100 (56), 

72 (1 00); Anal. Cdcd for Ci4H3, NOtSn: C ,  44-18; H, 8.58; N, 3.85. Found: C, 46.24; H, 8-44; N, 

3.86. 

IR (neat film) 2967,2350, 1684. 1475. IJSb. 1272,988,770 cm-'; 'H NMR (250 MHz, CDC13) 

6 0.08 [s, 9 H, JH-~" = 50.7. 53.2 HL Sn(CH;)3]. 0.94 [d, 6 H, J =  7.4 Hz,  CH(C&)2], 1.09 (t, 6 

H, J =  7.1 Hz, NCHICE;). 2.10-2.20 [m. 1 H. CH(CH&], 3 -24 (bq, 4 H, J =  6.8 Hz, NC&CH3), 

4.26 (d, 1 H, J = 6.7 Hz, CHOCO); "C NMR (50 MHz, CDC13) 6 -8.8 1 ['1= 3 17, 332 Hz,  

Sn(CH&], 13.29, 13.62 @, NCH&H,), 19.52 ['J = 27 Hz,  CH&H&], 20.62 [ 3 ~  = 27 HZ, 

CH(C&hl, 3 1 -53 [CH(CH>hl, 4 1 .O0 (b, NCHZCH~), 78.76 ('J= 442,460 Hz, mOCO), 1 56.03 



(CO); MS (EI) m/r 322(18, W-CH3), 266 (2 1)- 165 (33), 135 (16), 1 16 (22), 1 O0 (39), 72 (1 00); 

Anal. Cdcd for Cl2H27N02Sn: C, 42.89; H, 8-09; N, 4.16. Found: C, 43.05; H, 7.99; N, 3.90. 

IR (neat film) 2924, 1683, 1425, 1272, 1 175, 1059, 983,887, 769 cm-'; 'H NMR (250 

CDCl3) 6 0.07 [s, 9 H, JH-s" = 50-9, 53.0 Hz, Sn(C&)f], 1.09 (t, 6 H, J =  7.1 Hz, NCH2C&), 

0.95-1.90 (bm, 1 1 H, c-C~H,,), 3.10-3.35 (bq, 4 H, J z 6 . 8  Hz, NC&CH3), 4.28 (d, 1 H, J=6.7 

W CWCO); 13c NMR (63 MHz, CDC13) 6 -8.56 ['J = 3 16, 330 Hi, Sn(cH3)3], 13.95 @, 

NCH&H& 26.04,26.17,26.42 (-cHzH&H2-), 30.55 ( 3 ~ =  27 Hz,  <H2CHCHSn), 3 1-28 ( 3 ~ =  

27 Hz, -CHzCHCHSn), 4 1 -6 (b, NÇH2CH3), 4 1.60 (CHCHSn), 78.23 ('J = 439, 460 Hz, 

CHOCO), 156.52 (CO); MS (EI) rn z 362 (1 5 ,  M--CHs), 266 (38), 165 (37)- 100 (46), 72 (100); - 

Anal. Calcd for CisH3iN02Sn: C, 47.90; H, 8.30; N, 3.72. Found: C, 47.63; H, 7.99; N, 3.57. 

IR (neat film) 2923, 1684, 1468, 1426, 1275. 1 173 cm-'; 'H NMR (250 MHz, CDC13) 6 0.65- 

1 -00 (m, 15 H, CECH2CH2C&Sn), 1.08 (t, 6 H, J = 7.1 Hi, NCH2C&), 1 -05-1 -65 (m, 12 H, 

C&CFJ2C&CH&), 1-49 (d, 3 H, J = 7.5 Hz, C&CH), 3.10-3.40 (bm, 4 H, NCBCHj), 4.72 

(q. 1 H. .J = 7.5 Hz, CHOCO); "C NMR (50 MHz, CDCl3) S 9.29 ( 'J= 306, 321 H z ,  CH2%), 

1 3 -69 (CH>CHzCH2CH2Sn), 13 -7 (b, overiapping, NCH&H3), 20.44 (CH3CH), 27.50 ( 2 ~  = 55 

Hz, CH2CHzSn). 29- 12 ('J = 20 Hr, CH~CH~CH~SII), 41 -40 @, NCHzCH3 ), 66.85 (WOCO), 

156.56 (CO); MS (EI) 378 (100, M * - C a ) ,  350 (12), 236 (33), 177 (41), 144(31), 121 (31), 

100 (38), 72 (46); And. Cdcd for C19fiiN02Sn: C, 52.55; Ii, 9.51; N, 3-22. Found: C, 52.65; H, 



IR (neat fh) 29 15, 1684,1467,1425,1274,1174, 1067,983 cm-'; 'H NMR (250 MH7, CDCb) 

6 0-70-1 -05 [m, 18 Y CbCH2CH2CH,Sn and CH2(CH&CE 1, 1.08 (t, 6 H, J = 7.2 Hz, 

NCHzCE), 1.15-1 -60 [m, 18 H, CHlCl&C&CH2Sn and CHZ(C&)~CH~], 1.65-2.00 [m, 2 H, 

C&(CH2)3CH3], 3.10-3 -40 (q 4 H, NC&CH3), 4.65 (dd, 1 H, J =  5 -8, 8.6 & CHOCO); 

NMR (63 MHz, CDCI,) G 9.48 ( 'J  = 306,32 1 Hz, BzSn) ,  13 -27 m3CH2CHzCH2Sn), 13.5 @, 

overlapping, NCHZÇH,), 13.60 (CHzCH2), 22.30 (CH&Hz), 27.12 (CHm2CH), 277.0 ( 2 ~ = 5 5  

H z ,  ÇHKHzSn). 28.85 ('J= 20 Hz, CH2CH2CH2Sn), 3 1 -30 (CH3CH&H2), 34.23 (çH2CH2CH), 

4 1.13 (b, NCHzCH:), 7 1 -6 1 ( ' J  = 369, 3 87 Hz, ÇHOCO), 156.12 (CO); MS (EI) 434 (46, 

M--CH3), 350 (3 1 ), 236 (34), 192 ( 17), 1 77 (52), 12 1 (42), 100 (79, 72 (1 00); Anal. Calcd for 

Cd-hNOzSn: C, 56.33; H. 10.07; N, 2-85  Found: C ,  56.50; H, 9.96; N, 2-95 

IR (neat film) 2958, 1686, 1467. 1414. 127 1, 1 173. 986 cm-'; 'H NMR (250 CDCl;) 6 

0.65- i -00 (m. 15 H. C&CH2CH2CF-&Sn). 0.92 [d. 6 H, J =  6.7 H z ,  CH(C&)2], i .O9 (t, 6 H, J =  

7.1 Hz. NCHzC-), 1. t 5- 1.65 (m. 12 H. CH3C&C&CH2Sn), 2.05-2.20 [m, 1 H, CH(CH&], 

3.10-3 -40 (bm. 4 H, NC&CH3), 4.5 1 (d. 1 H. J =  6.8 Hz, CHOCO); I3c NMR (50 CDC13) 

6 10.20 ( ' J  = 304, 3 19 Hr CHzSn), 13.67 (CH~CH~CHZCH~S~),  13.7 @, overlapping, 

NCHZH:), 20.23, 20.83 [CH(CHA)~], 27.54 ( 2 ~  = 57 Hz, ÇH~CHZS~),  29.16 ( 3 ~  = 20 Hz, 

CHtCH2C&Sn), 32-47 ['H(CH3)2], 4 1 -26 (b, NC&CHj), 78.76 (-O), 156.44 G O ) ;  MS - 
(El) m/z 406 (1 00, h f + - C f i ) ,  350 (82), 236 (67), 177 (go), 121 (5 1), I O0 (82). 72 (91); Anal. 



Calcd for C2iKsN02Sn: C, 54.56; H, 9.81; N, 3.02- Found: C, 54-34; H, 9.61; N, 2.94. 

2-3-24 GeneruZ Procedure for the Trmzsmetufation of N.N-Diethylcurbamaies and Trapping 

with CH#D 

A general procedure for the transmetalation of carbamate 93, employing a m 0 D  qymch 

is given below. The results from this study can be found in Table 8. 

To a cold (-78 or -95 OC) stirred solution of carbamate 93 ( 0.15 M in THF, 1 .O equiv) 

.was added dropwise EUi (1 -05 equiv). After 15 min, CH30D (5 equiv) was added. M e r  a 

further 15 min the reaction was quenched with saturated aqueous =Cl. The mixture was 

diluted with ether, washed with HzO, and brine. The organic iayer was dried (MgSOa), fïitered 

and concentrated in vanco. The resulting oïl was purified by column chromatography (20 g of 

silicdg of substrate) using hexanes:ethyl acetate (initially 20: 1, with a gradua1 gradient to 5: 1). 

23-25 Reprfsentatïve Procedure for the Tmsrnetalaiior~ and Trapping of N.  N-Diethyl- 

carbarnare Prorecre J a - H v J r o ~ ~ . ~ ~ a r u ~ a ~ ~ e s  

A representative procedure for the transrnetalation of MN-diethylcarbarnate 88 and 

trapping with PhCHO is given below. followed by spectral data of carbarnates 96,110-125. The 

yields of these carbarnates can be found in Table 9. -411 products were isolated as a 1: 1 mixture of 

diastereomers except compound 1 2 1. 



(IR *,2R 7, (IR *, 2S*)-2-wv N-Dief&lcarbmoyIoxy)-1-phenyI-I-propmtol (1 10) 

To a cold (-95OC) stirred solution of 1-(trirnethylstanny1)ethyi N,N-diethylcarbamate 

(44 1.8 mg, 1.43 m o i ,  1 equiv) in THF (5 mL) was added dropwise s-BuLi (1 -50 mL of a 1.14 

M solution in hexanes, 1 -2 equiv). After 1 5 min, benzaldehyde (0.1 8 mL, 1 -72 m o l ,  1.2 equiv) 

was added neat. The reaction was quenched after 15 min with saturated aqueous NtttCl. The 

mixture was diluted with ether, washed with H20, and brine. The organic layer was dried 

(MgS04), fiitered and concentrated in vacuo. The resulting oil was purified by c o l m  

chrornatography (40 g of silicdg of substrate; initiaily 10: 1, hexanesethyl acetate, with gradua1 

increase in solvent polarity to 5 : 1) affording 198.5 mg (60% yield) of product as a colorless oil; 

IR (neat film) 3414,2958, 1680, 1453, 1276, 1 176, 1052,763, 702 cm-'; 'H NMR (250 MHz, 

CDCl3) 6 0.95-1 -30 (m, 9 H, C E C H  and NCHzCE), 3.10-3.45 @m, 5 H, NC&CH3 and O B ,  

4.60 (d, 0.5 H, J =  7.5 Hz, PhCHOH), 4.85 (d, 0.5 H, J=3.2  Hz, PhCHOH), 4.99 (dq, 0.5 H, J 

=6.5, 13.3 Hz, CH3CI-J. 5.09(dq,0.5 HVJ=3.3,6.6Hz, CH3CHJ, 77.0-7.40(m 5E&ArH);13~ 

NMR (63 M W  CDCl,) G 13 -59 (b, NCHzH3), 14-96, 16.75 (CH3CH), 4 1-56 @, NCHZCH,), 

75.12. 75.66, 76.30, 77.75 [OCHCH(OH)Ph], 126.67, 126.97, 127.42, 127.82, 127.94. 128.23 

(Ar-Cs), 1 40.19, 140.83 (ipso-Ar-C), 1 55.89, 1 56.26 (CO); MS (EI) m/z 207 (1. M-CO2), 145 

(22), 134 (1 4), 1 16 (33). 100 (1 OO), 72 (42); Anal. Cdcd for C1fi1N03: C, 66.90; H, 8.42; N, 

5.57. Found: C, 67.17; H, 8.36; N, 5.69. 

yellow ail; IR (CHCL) 3602,3405,2994, 1678, 1613, 1513, 1477, 1430, 1260, 1176, 1069, 

1034,834 cm-'; 'H NMR (300 MHz, CDC13) 6 1.03 (CI, 1.5 Y J= 6.4 Hq CbCH), 1.10 (t, 6 H, 



J =  7.1 Hz, NCHK&), 1.15 (d, 1.5 H, J = 6 S  HZ, CECH), 3.10-3.35 (m, 4 H, NC&CH3), 

3-75, (s, 1.5 H, OC&), 3.76 (s, 1.5 FI, OC&), 3.70-3.85 (m, 1H, OHJ, 4.55 (dd, 0.5 H, J=3.9, 

7.1 HZ, PhCHOH), 4.70 (t, 0.5 H., J =  3.7 Hz, PhCI-JOH), 4.88-5.05 (m 1 H, CEJOCO), 6.80- 

6.90 (AN of AA'XX', 2 H, ArH), 7.20-7.30 m' of AArM(', 2 H, ArH); 13c NMR (75 MHz, 

CDCG) 6 13.17, 13.59 (NCHKH3). 14.96, 16.35 (=CH), 41.00, 41.49 (NCH2CH3), 54.87 

(Oc&), 74.78, 75.52 (PhmOH), 75.27, 76.59 (-CO), 113.08, 113.32, 127.66, 127.88, 

132.50, 132-82 (Ai-C's), 155.59. 155.93 (ipso-Ar-Q, 158.65, 158.91 (a); MS @I) m/r 165 (4, 

w-E~~NCOO), 13 7 (26), 1 1 6 (59), 1 00 (27)- 72 (25); Anal. Cdcd for C ISH23N04: C, 64.04; H, 

8.24; N, 4.98. Found: C, 64.28; Hl 8.22; N, 5.05. 

yellow oïl; IR (CHCla) 3603, 3404, 7997, 1678. 1478, 1430, 1277, 1177, 1069, 977 cm"; 'H 

NMR (300 MHz, CDCI,) 6 1.04 (d, 1.5 H, J = 6.5 H z ,  CECH), 1.09 (t, 6 H, J =  7.1 H i ,  

NCHXH:). 1.14 (d, 1.5 H. J =  6.6 Hz, CECH), 2.31 (s, 3 H, Arc&), 3.10-3.35 (m, 4 H. 

NCbCHj), 3.65-3.80 (m. 1 H. OH), 4.55 (d, 0.5 H. J = 6.9 Hz. PhCBOH), 4.74 @S. 0.5 K 

PhCHOH), 4.90-5.05 (m, 1 H, CHOCO). 7.05-7.30 (m 4 FI, ArH) ; 13c NMR(75 MHz, CDC13) 

6 13.21. 13.64 (NCHKH;). 14.81. 16.45 (cH3CH). 20.84, 20.86 (ArçH3), 41.05, 41.55 

CNÇH2CH2). 74.9 1.75 -82 (PhCHOH). 75 -3  1.77 .O4 (CHOCO), 126.45, 126.72, 128.4 1, 128.68, 

136.67, 137.13, 137.27, 137.70 (Ar-î's), 155.67, 156.03 (50); MS (El) r n A  221 (1. W-COÎ), 

148 (5 1 ). 145 (24). 12 1 (23). 1 16 (9 1 ). 100 ( 100). 72 (55); Anal. Calcd for C15HZjN03: C, 67.90; 

H, 5.74; N, 5.28. Found: C, 67.88; Hl 8.93; N, 5.41. 



yeiiow oil; IR (CHCI,) 3597,3392.2947, 1676, 1477, 143 1, 1278, 1 176, 1073, 1002 cm-'; 'H 

NMR (300 MHz, CDCI,) 6 0.75- 1 -60 [III, 1 1 I3, I K ~ E I ~ ~ ] ,  1 -09 (t, 6 Y J =  7.1 Hz, NCH2CE&), 

3.10-3.40 (m 4H,NCH7C3H3), 3.90 (d, 0.5 H, J=5.2 Hz,  OHJ, 4.08 (d, 0.5 I-3, J=4.4Hz, O B ,  

4.65 (t, 0.5 H, J =  5.4 Hz, PhCHOH), 4.81 (t, 0.5 H, J=3.7 Hz,  PhCHOH), 4.85-5.05 (m., 1 H, 

CHoco), 7.15-7.40 (m, 5 H, ArH); "C NMR (75 MHz, CDCi3) 6 13.17 (NCH2C&), 13 -71, 

13.73 (GH3CH,), 13.87 (NCH2C&), 22.23,22.27 (CH&&), 24.86,25.23 (CH&H2CH), 29.44, 

30.32 (CH3CH&H2), 3 1 -34, 3 1 -36 (CHzCH2CH), 4 1 -03, 4 1.68 (NCH2CH3), 75.76, 76.27 

(Ph-H), 78.88 (mOC0) .  126.68, 126.74, 127.13, 127.45, 127.69, 128.02 (Arcs) ,  14-32, 

141.14 (@so-w), 156.34. 156.55 (CO); MS (El) m z  207 (4, hd?-Et2NCO), 116(14), 100(55), 

72 (15); Anal. Cakd for Cisi-imNO=: C, 70.32; H, 9.5 1; N, 4.56, Found: C, 70.30; K, 9.3 1; N, 

4.59. 

OH 

yellow oil; IR (neat film) 360 1 ,  3 393. 1945. 1 676, 1 5 14, 1478, 143 1, 1278, 1249, 1072, 1036, 

83 5 cm-'; 'H NMR (300 MHz, CDC!;) 6 0.70- 1.5 5 (m. 1 7 H, n-Cs& 1 and NCH2Cb), 3.15-3 -40 

(m. 4 H, NC&CH& 3.63 (d. 0.5 H. .I = 4.9 Hz, OH), 3.78 (s, 1.5 H, OC&), 3.79 (s, 1.5 H, 

OCE), 3.82 (d, O S  H, J = 4 2  Hz, OH). 4.59 (dd. 0.5 H, J=4.8, 7.3 Hz, PhCHOH), 4.77 (t, 0.5 

H, J= 3 - 5  H z ,  PhCHOH), 4.85-5.00 (m. 1 H, CHOCO), 6.80-6.90 (AA' of AA'XX', 2 H, Arm, 

7.20-7.30 (m' of AA'XX', 2 H, Am); ''c NMR (75 MHz, CDC13) G 13.30 (NCH&H3), 13.82, 

13.85 (C&CH2), 13 -92 (NCH&H3), 22.34,22.3 8 (CH3cH2), 24.91,25.35 (CH&H2CH), 29.7 1, 

30.62 (CH&H&Hz), 3 1.44, 3 1 -48 (CH~CHZCH), 4 1.1 7, 4 1 -82 (NGHzCH~), 55.10 (OC&), 



75.62, 76.36 (PhcHOH), 78.98, 79.19 -OCO), 113.24, 113.64, 127.97, 128.01, 132.39, 

133.37 (A<'s), 156.56, 156.83 (ipso-Ar-C), 158.87, 159.1 1 &Cl); MS (EI) m/z 220 (12, M- 

EttNCO, CHKHz), 163 (1 6), 1 50 (1 5), 147 (1 2), 13 7 (22), 121 (23), 1 16 (37), l O 0  (41), 72 

(24), 28 (100); And. Cdcd for C19HjlN04: C, 67-63; H, 9.26; N, 4.15. Found: C, 67.71; IYf, 9.36; 

N, 4.22. 

yellow oïl; IR (CHCI,) 3599, 3396, 2943, 1676, 1477, 143 1, 1278, 1 176, 1074, 1003 cm-'; 'H 

NMR (300 MHz, CDClj) 6 0.75-1.60 [m, 11 H, II-CsHli], 1.10 (t, 6 Y J= 7.1 El& NCH2C&), 

2.32(s, 3 H, ArCH;),3.05-3.40(m, 4 H,NC&CH3), 3.72(d70.5H,J=5.l Hz, OH), 3.90(d7 

0.5 H, J =  4.3 Hz,  O B ,  4.60 (dd, 9.5 H, ./= 5.3, 6.8 Hz, PhCmH), 4.77 (t, 0.5 H, J =  3.6 H z ,  

PhCHOH), 4.85-5.05 (m, 1 H, CHOCO), 7.05-7.30 (m, 4 H, A@; 13c NMR (75 MHz, CDCli) 

6 13 -20 ( N C H m ) ,  13 -74, 13 -76 (CH3CHZ), 13 -83 (NCHSHj), 20.9 1,20.93 ( A m ; ) ,  22-27, 

32.32 (CH3&H2), 24.87, 25.28 (CH&H2CH), 29.44, 30.43 (CH3CH&HS, 3 1.38, 3 1.4 1 

(CH2CH2CH), 41 -05, 4 1-70 (NCH2CH3), 75.66, 76-29 (PhCHOH ), 78.9 I (CHOCO), 126.64, 

126.70, 128.41. 128-77, 136.68, 137.09, :37.28, 138.16 (Ar-C's), 156.40,156.65(CO);MS(EI) 

m .z 204 (9, M--Et&COOH), 12 1 (1 9)- 1 16 (5 S ) ,  100 ( 1 OO), 72 (35); Anal. Calcd for Ci9H;iN0s: 

C, 70.99; H, 9.72; N, 4.36. Found: C, 7 1.26; H, 9.71; N, 4.39. 

yeUow oil; IR (neat film) 3427,2961,1683,1477, 1428, 1276,1176,1065,999,762,702 mi1; 
1 H NMR (3 00 MHz, CDCL) 6 0.80- 1 -20 [m, 1 2 Y CH(C&)2 and NCH2C&], 1 -68 [dseptets, 



0.5 H, J = 3.8, 6.8 Hz, CH(CH&], 1.82-1.97 [m, 0.5 Y CH(CH3)2], 3.05-3.45 (m, 2 H, 

NC&CH3), 3 -27 (4-2 H, J =  7.1 Hz, NCBCH;), 3 -86 (bs, 1 K, O B ,  4.73 (d, 0.5 H, J =  7.7 Hz,  

PhCwH), 4.80 (cl, 0.5 H, J =  3.8 Hz, PhCFJOH), 4.814.90 (m, 1 H, CWCO), 7.15-7.45 (m. 5 

H., Arm; "C NMR (75 MHz. CDCl3) 6 13-23, 13 -79, 13.97 (NCH&H3), 16.30, 17-96, 19.95, 

20.17 [CH(m)2], 28.43, 28.8 1 EH(CH3)t], 40.93, 41.24, 4 1.75, 41.92 (NmCH3) ,  74.29, 

75.36 (PhCHOK), 82.56,83.30 (CHOCO), 126.71, 127.1 1, 127.43, 127.70, 127.82,128.35 (Ar- 

C'S), 140.72, 141.49 (IPSO-Ar-c), 156.38, 157.16 (CO); MS (EI) MZ 207 (1, W-Et2N), 173 - 

( i l ) ,  116 (SO), 100 (100), 72 (31); Anal. Calcd for C1J&N0~: C, 68.78; H, 9.01; N, 5-01- 

Found: C, 69.00; H, 8.86; N, 4.87. 

(IR *, ZR *), (IR *, 2S*)-2-(N. N-Bie1hy~carbamoyIoxy)-I-(3-me1ho~henyr)-3-mefhyI- 

1-bzrïanol(116) 

O 

yeIlow oïl; IR (CHCI_;) 3602,3400,297 1, 1676, 1 5 14, 1476, 143 1, 1260, 1 177, 1070, 1036,999, 

835 cm"; 'H NMR (300 MHz CDC13) 6 0.80-1 -20 [m, 12 H, CH(C&)z and NCHZCb], 1.55- 

1.70 [m, 0.5 H, CH(CH3)2], 1.90-2.02 [m, 0.5 H, CH(CH;)*], 3.00-3.45 (m, 4 H, NCECH;), 

3.75 (S. 1.5 H, OCH;). 3.76 ( S .  1.5 H. OC-), 3.82 (d, 0-5 H, J=5.2  Hz, OH), 3-89 (d, 0.5 H, J 

= 3.9 Hz, OH), 4.60-4.90 [m. 2 H, OCHCH(OH)Ph], 6.75-6.90 (AA' of AA'XX', 2 H, Am), 

7.20-7.35 (XX' of AA'XX'. 2 H. A-). "C NMR (75 MHz, CDCI3) 6 12.94, 13.07,13.68, 13.83 

(NCHSH3). 16-05. 1 7.33. 19.73. 19.97 [CH(CH:)2], 28.29, 28.59 [a(CH3)2], 40.71, 41 -03, 

4 1.49. 4 1.69 (NCHzCH;), 54.88 (OCH,). 73.46. 74.59 (PhÇHOH), 81 -75, 82.87 (CHOCO), 

113.01. 113.54, 127.72, 128.17. 132.99. 133.47(Ar-c's), 155.96, 156.91 (ipso-Ar-C), 158.74, 

158.9 1 (CO); MS (El) m z 236 ( 1 ,  M.-Et2NH). 192 (261, 137 (42), 1 16 (8 l), 100 (59), 72 (37); 

And. Calcd for C17H2,NOr: C .  65.99; H, 8.80; N, 4.53. Found: C, 66.00; FI, 8.6 1 ; N, 4.5 1. 



(1 R *,ZR *). (IR 2S*)-2-(N.N-Dier~I~arbamoyZoxy)-3-met~i-I-f4-met&~henyr)- 

I-butmtol(117/ 

O 

yellow oil; IR (CHCla) 360 1,3396,2973, 1675, 1477, 143 1, 1277, 1 178,1070, 1000 cm-'; 'H 

NMR (300 MHz, CDCl3) 6 0.80- 1 -30 (m, 6 Y NCH2C&), 0.93 [d, 3 H, J= 6.7 Hz, CH(C&)2], 

1.01 [d, 3 y 3 ~ 6 . 8  Hz, CH(CE)2], 1.65 [dseptet, O S  H, J=3.4,6.8 Hz, CH(CH&], 1.85-2.00 

[m, 0.5 H, CH(CH,),], 2.32 (s, 1.5 H, Arc?&), 2.33 (s, 1.5 H, Arc&), 3.05-3.45 (m, 4 H, 

NC&CH3), 33-3-70 (bm 1 H, OH), 4.65-4.90 [m, 2 H, OCwH(OH)Ph], 7.05-7.35 (m 4 l3, 

Ara; ''c NMR (75 MHz, CDCI,) 6 13.16, 13 -29, 13.86, 14.04 (NCHsH3), 16-14, 18.07, 

19.99, 20.27 [CH(CH3)2]. 21 -04, 21 -07 (m3) ,  28.48, 28.87 EH(CH3hJ, 40.96, 41.28, 41.77, 

4 1-98 NHzCH;) ,  74.25, 75 -40 (PhCHOH), 82.62, 83 -28 (CHOCO), 126.71, 127.10, 128.57, 

129.12, 137.09, 137.47, 137.62, 138.5O(Ar-c's), 156.51, 157.32(C0);MS@r)m/1250(17M- 

(CH3)2CH). 173 (12), 12 1 (21 ), 1 16 (44), 100 (1 00). 72 (36); And. Cdcd for Ci7HnN03: C, 

69.59; H, 9.27; N, 4.77. Found: C, 69.43; H, 9.17; N, 4.82. 

yellow oil; IR (CHCI-.) 3 602, 33 99, 2972. 1 680, 1 477, 1429, 1276, 1 1 76, 1068, 996 cm-'; L~ 

NMR (300 MHz, CDC13) 6 0.75- 1.35 [m, 12 H, CH(C&)2 and NC&CE], 1.65-1 -80 [m, 0.5 H, 

CH(CH&], 2.05-3.20 [m, 0.5 H, C13(CH3)2], 2.80-3.40 (bm, 4.5 H, NCECH3 and OHJ, 3.94 (d, 

0.5 H, J= 5 2  Hz, OH), 5-10 (dd, 0.5 H, J =  3.9, 5.9 Hz, CHOCO), 5.18 (dd, 0.5 H, J=4.3, 7.1 

Hz, CHOCO), 5 -47 (t, 0.5 H, J = 6.1 Hz, ArCHOH), 5.72 (d, 0.5 H, J = 4.3 Hz, ArCmH), 

7.35-7.95 (m, 6 H, Arm, 8.23 (dd, 1 H, J =  4.9, 8.0 Hz,  ArH) ; 13c NMR (75 CDCb) 6 



13 -04, 13.28, 13 -79, 14.07 (NCH&H3), 1 6.74, 1 7.04, 20.3 1, 20.64 [CH(m3)2], 28.34, 28 -82 

[CH(CH3b], 40.80, 41.32, 41.53, 41.96 (N-CH,), 70.57, 72.93 (A-Hom, 80.78, 82.75 

(CFJOCO), 123.39, 123.47, 124-34, 125.15, 125.17, 125.29, 125.47, 125.98, 126.11, 128.00. 

128.44, 128.59, 128.88, 130.86, 131.15, 133.49, 133.96, 136.99, 137.06 (Arcs) ,  155.49, 

157.07 (CO); MS (El) m/z 257 (1, M-Et2NH), 212 (33), 157 (17), 129 (16), 116 (27), 100 

(100). 72 (41); Anal- Calcd for C2&7N03: C, 72.92; H, 8.26; N, 4.25. Found: C, 73.15; H, 8.15; 

N, 4.21. 

white solid; IR (CHCl3) 3440, 2965, 1683, 1476, 1428, 1276, 1177, 1067, 995 cm-'; 'H NMR 

(300 MHz, CDCI,) G 0.80-1 -25 [m, 12 El,  NCHzCE a d  CH(C&>r], 0.91 [s, 4.5 H, C(C&h], 

0.96 [s, 4.5 H, C(C&)J, 2.00-2.25 [m, 1 H, CH(CH3)2], 3.15-3.45 [m, 6 H, NC&CH3, 

(CH&CCHOa, 4.78 (d, 0.5 H, J = 7.4 H z ,  CFJOCO), 4.84 (dd, 0.5 H, J = 3.7, 6.7 fl[z, 

CHOCO); "C NMR (75 MHz, CDCI,) G 13.27, 14.15 (NCH&H3), 16.53, 18-36, l8.93,2O.O2 

[CH(CHz)z], 25.89.26.35 [C(CH;)j], 29.69,3 1.12 [CH(CH3)2], 34.91.34-98 [c(CH3)3], 40.85, 

4 1.16, 4 1 -65, 42.00 (NcH2CH3), 77.15 [(CH:)3CCHOH], 78.10, 78.64 (CHOCO), 154.88, 

155.63 ( O ) ;  MS (El) m/z 244 (1, W-CH3), 173 (6), 1 18 (38), 1 16 (34), 100 (100). 72 (30); 

Anal. Calcd for C1SHwN03: C, 64.83; H, 1 1-27; N, 5.40. Found: C, 64.95; H, 1 1-14; N, 5.20. 

yellow oil; IR (CHCl3) 3595,33 92,2964, 1676, 1483, 1436, 1277, 1246, 1 178, lO42,93 7 cm-'; 



'H NMR (3 O0 h4Hz, CDC13) 6 0.75- 1 -30 cm, 12 H, NCHzC& and CH(C&h], 1 -67 [dseptets, 

0.5 H, J =  3.5, 6.8 HZ, CH(CH3h], 1.84-1.96 [IXI, 0.5 H, CH(CH3)2], 3.10-3.45 @III, 4 FI, 

NC&CH3), 3.70-3.90 @III, 1 H, Om, 4.60-4.90 [III, 2 H, OCHCE(OH)Ar], 5.91 (s, 1 H, 

OCHJO), 5.93 (s, 1 FI, OCbO), 6.70-6.90 (III, 3 Y Artl); "C NMR (75 MH7, CDCI;) 6 13.27, 

13.89, 14.03 (NCHSHj), 16.16, 18.00, 19.95, 20.27, [CHcH3)2], 28.49, 28.87 [CH(CH3)2], 

4 1 -0 1, 4 1-29, 41 -82, 41 -99 (NcH2CH3), 74.14, 75.3 5 (PhmOH), 82.54, 83 -34 (CHOCO), 

100.81, 100.95 (0-0). 107.13, 107-58, 107.71, 108.09, 120.30, 120.57, 134.71, 135.48, 

146.87, 147.13, 147.36, 147.75 (Aï-C'S), 156.47, 157.30 &O); MS (EI) A 2 5 0  (1, W-Et2NH)y 

206 (66), 19 1 (52), 1 5 1 (3 71, 13 5 ( 14), 1 1 6 (67), 100 (1 00), 72 (66); And. Calcd for Ci7HzN05: 

C, 63.14; Fi, 7.79; N, 4.33. Found: C, 63.1 1; El, 8.01; N, 4.39. 

(IR *), ( I S * ) - l - ( l - N . N - D i e 1 h y l c a r b a m o y l c l y - 2 - m  (121) 

O 

yellow oil; IR (CHCI,) 3597. 2937, 1684. 1475. 1427, 1274, 1 174, 1064, 987 cm''; 'H NMR 

(300 MKz, CDCI;) S 0.96 rd, 3 H, J =  6.9 Hz, CH(CH;hJ, 1-00 rd, 3 Y J=6.8 HZ, CH(C&)2J, 

1.05-1.75 (brn. 16 H, c-C6&o and NCHzCH;). 1.79 (s, 1 H, OH), 2.12 [dseptets, 1 H, J =  2.8, 

6.8 Hz, CH(CH~)Z], 3.32 (q. 4 H, J =  7.1 Hz, NC&CH3), 4.64 (d, 1 FI, J =  2.8 Hz, CHOCO); "C 

NMR (75 MHz, CDCl3) S 13.4 1,  14-36 (NCH&H3), 17-38, 21 -55 [CH(CH3)2], 21 -76, 22.05, 

25.72 (-CH&HKHz-). 28.02 [CH(CH3)~], 33 .43,35.67 [-mC(OH)CHp], 4 1.18, 

4 1 -96 (NCHzCH,), 73.8 5 (COH), 82.93 (GHOCO), 1 56.1 9 (CO); MS (EI) mk 27 1 (1, W), 1 73 

(12), 116 (100). 100 (36),  72 (25);  Anal. Calcd for C15H29N03: Ci 66.38; H, 10.77; N, 5.16. 

Found: C, 66.31; H, 10.90; N, 5.24. 



yeiiow oïl; IR (CHCI,) 34 18. 2964, 2933, 1677, 1477, 1429, 1381, 1278, 1068, 997 cm-'; 'H 

NMR (300 MHz, CDCk) 6 0.70- 1 -75 [bm, 23 H, n-C5&1, CH(CH;h and NC&C&], 1.9 1-2-13 

Cm, 1 H, CH(CH&], 3-20-3 -45 (bm, 4 H, NC&CH3), 3.65-3.80 (bm, 2 H, n-C5HliCHOHJ 4.48 

(dd, 0.5 H, J= 5 -  1,6.1 H z ,  CHOCO). 4.56 (dd, 0.5 H, J= 4.1,6.5 Hz,  C-CO); I 3 c  NMR (75 

MHz, CDCl3) 6 13 -30, 14-08 (NCHsH3), 13.9 1 (-CH2), 17-52, 18-14, 19.56 [CH(CH3)2], 

22.49, 22.53 (CH&H2), 25.04, 25.49 (CHCH2CH), 28.8 1, 29.22 EH(CH3h], 3 1.74, 3 1-82, 

3 1 .92,34.10 (CH3CHKHSH2). 4 1 .20,4 1 -89 (NmzCH3), 7 1 S 3 , 7  1 -72 (CHOH), 82.18,83.24 

(CHOCO), 156.48, 156.77 (CO); MS (El) m .z 258 (1, W-CH3), 173 (13), 1 16 (82), 100 (100), 

72 (35); Anal. Calcd for C~~HNNO;:  C. 65.89; H, 1 1 -40; N, 5.1 1. Found: C, 65.79; H, 1 1-20; N, 

5.21. 

yeliow oil; IR (CHC12) 3601. 3395, 1932. 1676. 1477, 143 1, 1277, 1 176, 1078, 995,909 cm-'; 

'H NMR (300 MHz, CDCI;) 6 0.85- 1.90 (m. 17 H. c-C6&, and NC&C&), 2.90-3.40 (m, 4 H, 

NCECH;), 3.87 (bs. 0.5 H. OH). 4.04 (d. 0.5 H. J = 3.7 HZ, OH), 4.70-4.90 [m, 2 H, 

OCmli(OH)Ph], 7.15-7.40 (m. 5 H. A-). "C NMR (75 MHz, CDCb) 6 13-02, 13 -67, 13-85 

(NCH&H3), 25.67, 25.81. 26-09. 26.12. 27.13, 27.61, 29.99, 30.07 [-(C&)5-1, 38.00, 38.17 

(ÇHCHO), 40.70, 40.99, 41 -5 1, 4 1 -63 (NCH2CH3), 73.42, 74.00 (PhCHOH), 8 1.44, 82.6 1 

(CHOCO), 126.38, 126.99, 127.13, 127.29, 127.60, 128.03 (Arcs ) ,  140.88, 141.49 (ipso-Ar- 

Q, 156.05, 156.61 (CO); MS (EI) MZ 213 (4, M'-PhCHO), 116 (1 1), 100 (52), 72 (12); Anal. 



Calcd for C1&N03: C, 71 -44; H., 9.15; N, 4.38. Found: C, 71 -67; H, 9.46; N, 4.57. 

(IR *, 2R *), (IR *, 2S*)-2-(hr N-Die1hyI~arbmoyIo~)-2-cycI0he~I-I-(4-methoxvphenyI) - 
I-ethunoZ(124) 

yellowoil; IR(CHCb) 3594,3399,2932,1675, 1513,1431, 1277,1249,1176, 1071,1036,991, 

834 cm-'; 'H NMR (300 M F k  CDC13) S 0-75-1 -90 [m, 17 H, c-C& 1 and NCH2C&], 3 -00-3 -45 

(m 4 H, NCBCHj), 3 -70 (d, 0.5 H, J = 5.1 HZ, OHJ, 3 -76 (s, 1 -5 l3, OC&), 3 -77 (s, 1.5 H, 

OCH;), 3.83 (d, 0.5 H, J= 4.3 Hz, OH), 4.654.90 [m, 2 H, OCHCW(OH)Ph], 6.75-6.90 (AN of 

AA'XX', 2 H, ka, 7.1 57-30 (XX' of AA'XX', 2 H, ArHJ; "C NMR (75 MHz, CDCi3) 6 

13.10, 13-77, 13.87, 13.92(NCH2C&), 25.70,25.74,25.85,25.88,26.13,26.16,26.89,27.57, 

30.08, 30.12 [-(C&)s-1, 3 8- 1 1,38.23(CHCHO), 40.74.4 1 .O4,41.52,41.68 (NmCH;),  54.9 1 

(OCH3). 73 -02, 73 -78 (PhCHOH), 8 1 -3 2. 82-64 (CHOCO), 1 13 -06, 1 13 -53, 127.62, 128.02, 

133.01. 133.60 (ArZ7s), 156.1 1, 156.78 (Ipso-Ar-c), 158.75, 158.85 (ÇO);MS(EI)m,k232(4, 

M --EtlNCOOH), 203 (1 8). 1 2 1 (97), 1 50 (9), 28 (1 00); Anal. Calcd for C20H31N04: C, 68.74; H, 

8.94; N, 4-01. Found: C, 68-56; H, 8.75; N, 3.8 1. 

yellow oil; IR (CHCl3) 3596, 3400, 293 1. 1677, 1477, 1430, 1277, 1 176, 1075, 993 cm-'; 'H 

NMR(300 MHz. CDCh) 6 0.85-1.95 (m, 17 c-C& and NCHzCE), 2.32 (s, 1.5 H, Ki&), 

2.33 (s, 1 .5Y AC&), 3.00-3-40(~4H,NC&CH~),3.55(d,0.5~ J=4.6Hz,OHJ,3.67(d, 



0.5 I3, J =  3.1 HZ, O B ,  4.60-4.95 [m, 2 H., OC~CH(OH)Ph], 7.05-7.30 (m, 4 H, Ara; "C 

NMR (75 MHz, CDCl3) 6 13.1 5, 13 -24, 13 -88, 14.05 (CHsCH2N), 2 1 -03.2 1 .O5 (K-H3), 25.75, 

25.87, 25.90, 26.00, 26.26, 27.01, 28.04, 30-22, 30.32 [-/CH&-], 38.21, 38.33 (CHCHO), 

40.91, 41 -22, 41 -72, 41 -87 (NCHZCH3), 73 -68, 74.37 (PhCHOH), 81.87, 82.92 (CHOCO), 

126.53, 127.09, 128.54, 129.03, 136.97, 137.24, 137.70, 138-56(Ar-Cs), 156.51,157.04(CO); 

MS (EI) m/= 250 (1, W- C-CaHi ,), 22 1 (1 O), 162 (7), 1 16 (43), 105 (44), 100 (100), 72 (34); 

And. Calcd for C ~ O H ~ I N O ~ :  C ,  72.04; H, 9.3 7; N, 4-20. Found: C, 72-10; H, 9.07; N, 4.3 0. 

2.3.26 Representafi17e Procedtue for zhe AD& Red~xtzon of N.N-Die fhyZcmbmate Protected 

Dzols 

A representative procedure for the alane reduction ofN;N-diethylcacbamate 115 is given 

below, followed by spectral data of dioIs 126-134. The yields ofthese diols can be found in Table 

9. 

To a coId (0°C) stirred soiution of 2-(MN-diethylcarbarnoy1oxy)-3-methyl- 1 -phenyl- 1 - 
butanol(264.5 mg, 0.95 mrnol. 1 equiv) in THF (5 mL) was added dropwise AlH-, (5.68 mL of a 

0.5 M soiution in THF, 3 equiv). After 15 min the reaction was quenched with solid NazSOa. 10 

Hz0 (91 5.1 mg, 2.84 mmol. 3 equiv). Ail solid material was removed by filtration through 

celitex, using warm ethyl acetate as eluent. This solution was concentrated in vamo. The 

resulting oil was passed through a shon pipet of silica (-1 g of silica; 2: 1 hexanes:ethyl acetate), 

to eliminate trace salts. AAer concentration in vactlo, 134.4 mg (79% yield) of the product was 

obtained as a white solid; m-p.: 63-65"C, lit. m.p.: 73.6-74.2OC (fhreo)," 103 -2- 1 O3 -9°C 

(erythro)3J IR (CHCI,) 3595,3442,2966, 1460, 13 88, 1237, 1056, 1000 mi1; 'H NMR (250 

hObq CDCls) 6 0.90-1 -02 [m, 6 H, CH(C&)2], 1.50-1 3 0  [m, 2 K CH(CH3), and Oti], 2.18 @s, 



1 H., O B ,  3.51 (t, 0.5 YJ=S.O Hz,  CHOH), 3.60 (t, 0.5 l3, J=5.4H.z, CHOH), 4.65 (d, 0.5 El, 

J =  6.1 Hz, PhCuOH), 4.71 (d, 0.5 K J =  5.7 Hz, PhCHOH), 7-25-74 (m 5 Y ArH). 

yellow oil; IR (CHC13) 3 589, 3440, 

MHz, CDC13) 6 0.75-0.95 (m, 3 H, 

2.34 (bs, 1 H, O@, 2.61 (bs, 0.3 Hl OH), 3 -65-3 -75 (rn, 0.3 H, n-C5HllC?JOH), 3 -80-3 -91 (bm 

0.7 FI, 11-CsH,,CHOH), 4.44 (d, 0.3 H. J = 6.8 Hz, ArCIJOH), 4.68 (d, 0.7 H., J=  4.5 Hz, 

ArCHOH), 7.20-7.50 (m, 5 H. A a ) .  

(IR * 2R *). (1 R *, 2S*)-I-(4-Methox)tphety/)-l. 2-heptatrediol (I2 7) 

yellow solid; rn-p.: 70-71°C; 1R (CHCI:) 3 59 1. 3436.2938, 1612, 15 13, 1462, 1248, 1177,1036, 

835 cm-'; 'H NMR (300 M H z  CDCI;) 6 0.75-0.90 (m, 3 Y C&CH2), 1.15-1.55 (m, 8 Y 

C&(C&)jCHj), 2.15-2.54 ( b ~ .  1 H, OH), 2.76-3.15 ( b ~ ,  1 H, O B ,  3 -52-3 -64 (III, 0.5 H, 

CHOH), 3.66-3.90 (m, 0.5 H. CHOH). 3.78 (q 3 H, OC&), 4.30 (d, 0.5 H, J = 7.3 Hz,  

ArCHOH). 4.54 (dl 0.5 H, J =  4.3 Hz, ArCHOH). 6.85 (AA' of AA'XX', 2 Y Ara, 7.13 ( X X  

of AA'XX', 2 H, ArH); I3c NMR (75 MHz, CDCl3) 6 13.96 (CHsCH& 22.49,22.54 (CH3m2), 

25.26,25.52 (CHgHzCH), 3 1.61.3 1-68.3 1.76,32.53 (CH3CHa&H2), 55.15 (OCOCH3), 75.12, 

75.94, 76.55, 77.53 (HOÇHÇHOH), 113.62, 113.76, 128.02, 132.51, 133.36, 159.07, 159.21 



(Ar-Cs); MS @I) d z  238 (20, M), 220 (25), 137 (100), 121 (65), 109 (39), 94 (28), 77 (32); 

Anal. Calcd for Cr4HuO3: C, 70.56; H, 9.30. Found: C, 70.29; H, 9.33 - 

yebw solid; rn-p.: 61-63°C; IR(CHC&) 3591,3449,2966,1514,1467,1385,1237,1177, 1013 
cm-'. 1 , H NMR (300 M H .  CDCb) 6 0.73-1.00 [IQ 6 H, CH(C&)*], 1.47-1 -70 [m 1 FI, 

CH(CH&], 1.99 (bs, 0.5 El, O B ,  2.33 (s, 3 H, Arc&), 2.55-2.75 @m, 1 I3, O B ,  3.02 (bs, 0.5 

H, O B ,  3.41 (dd, 0.5 H, J =  4.2, 6.6 Hz, CHOH), 3.45-3.55 (m, 0.5 H, CHOH), 4.50 (d, 0.5 H, 

J =  6.7 H z ,  ArCHOH), 4.57 (ci, 0.5 H, J = 5.5 Hz, ArCmH), 7.10-7.26 (m, 4 H, ArHJ; 13c 
W ( 7 5  MHz, CDCl3) 6 16.04, 17-10, 19.65,20.12 [CH(cH3)2], 21.06 (K-H3), 28.98,29.30 

[CH(CH3)2], 74.84, 74.98 (CHOH), 79.47, 80.21 (M-HOH), 126.54, 127.24, 129.0 1, 129.09, 

137.47, 137.60, 137.83, 138.52 (Ar-C7s); MS (EI) m/z 194 (7, M), 133 (28), 122 (100), 107 

(9% 93 (90), 77 (85), 65 (42), 55 (37); Anal. Calcd for C1&IlsOz: C, 74-19; H, 9.34. Found: C, 

74.30; H, 9.30. 

yellow solid; m-p.: 49-5 1°C; IR (CHCI,) 3596,2964, 15 1 1, 1467, 1394, 1240, 1 169, 1008 cm-'; 
1 H NMR (300 MHz, CDCl3) 6 0.76- 1 -04 lm, 6 H, CH(C&);?], 1 -60- 1-85 [m, 1 H, CH(CH& and 

OH], 1 -97 [dseptets, 0.5 H, J = 3 -6, 6.8 Hz, CE(CH3)2], 2.29 (bs, 0.5 H, OH), 2.6 1 (bs, 0.5 H, 

OH), 3 -04 (bs, 0.5 Y OH), 3 -54-3 -60 (m, 0.5 H, CHOH), 3.75-3.82 (m, 0.5 H, C m H ) ,  5.30- 

5.45 (m, 1 H, ArCmH), 7.30-7.55 (m, 3.5 H, A m ,  7.60-7.85 (m, 2.5 H, ArH), 7.90-7.96 (m, 

0.5 H, ArH), 8.00-8.15 (m, 0.5 H, ArH); I3c NMR (75 M H i ,  CDCL) 6 15.62, 17.52, 19.80, 

2036 [CH(CH3h], 28.86,30.06 KH(CH3h], 70.91,72.23 (CHOH), 78.65, 79.02 (ArC-HOH), 



122.82, 123.46, 124.18, 124.70, 125.22, 125.33, 125.50, 125.57, 126.05, 128.17, 128.40, 

128.79, 128.98, 130.39, 13 1.26, 133.72, 133.81, 137.37 (Ar-Cs); MS (EI) dz23O (10, M), 158 

(IOO), 141 (33), 129 (98); Anal. Calcd for CisHis@: C,  78.23; Y 7.88. Found: C, 78.39; Y 
8.00. 

(IR *. ZR *). (ZR *, 2S*)-W. 3-Be~~zodioxoI-5-yI)-3-rnethyI-I, 2-butanedioI(I31) 36 

yellow solid; m-p.: 72-74'C; iR (CHCI,) 3588,2962, 1504, 1487, 1443, 1246, 1095, 1043,936 
1 

, H NMR (250 MHz, CDCl:) 6 0.85-1.05 [m, 6 H, CH(CHJ)~], 1.50-1.80 [m, 2 Y 
CH(CH3h and OH], 2.22 (t, 0.5 Hl J =  3.8 H z ,  OH), 2.59 (d, 0.5 H, J =  3.8 Hz, OH), 3.45 (dt, 

0.5 Y J=4.0,6.6 Hz, CHOH), 3-53 (q. 0.5 H, J=5.7 Hz, CHOH), 4.54(dd 0.5 YJ=3.6,6.7 

Hz, ArCmH), 4.60 (t, 0.5 H, J = 3.8 Hz, ArCwH), 5.96 (s, 2 H, OCBO), 6.75-7.00 (m, 3 H, 

Am) - 

yellow solid; m.p.: 30°C. lit. m.p.:48'C; IR (CHCli) 3547,2939, 1457, 1380, 1254, 1 168, 1004, 

980 cm"; 'H NMR (250 MHz, CDCI2) 6 0.94 [d, 3 H, J =  6.8 Hz,  CH(C&)+], 1.00 [d, 3 H, J =  

6.9 Hz, CH(C&)2], 1.05- 1 -75 (m, 1 i H, c-C&,, OHJ, 1.95 [dseptets, 1 H, J = 2.5, 6.9 Hz, 

CH(CH,)2], 3 -23 (d, I H, J = 2.1 Hz, OH), 3 -3 2 (q, 1 H, J = 7.2 Hz, CHOH). 



(IR ** 2R *). (IR 7 2s *) -Z-CycZohe~I-2-phenyIII. 2-ethanedioz 033) 38 

yellow solid; rn-p. : 1 1 1 - 1 1 2 :OC, lit. m.p.:95-960~;39 IR (CHCI; 

1251, 1045 cm-'; 'H NMR (250 MHz, CDC13) 6 1 .O04 -95 (m, 1 1.7 Y OH and c- C&l), 2.1 1 

(bs, 0.3 H, OHJ, 2.24 (bs. 0.7 H, OH). 2.55 (bs, 0.3 I3, O@, 3.48 es, 0.3 H, CHOH), 3.61 (q, 

0.7H, J = 4 S  HZ, CE-JOH),4.73 (t, 1 H, J=5 .4  Hz, PhCHOH), 7.20-7.45 (III, 5 H., &m. 

white solid; m-p.: 88-89°C; IR (CHCI;) 3590.2929. 1 5 13, 1450, 1033 cm-'; 'HNMR(~OO MH~, 

CDCI;) 6 0.97- 1.97 (bm, 1 1 H, c-C6Hl 1). 2.33 (S. 3 H, ArCB), 2.48 (bs, 0.5 El, OH), 2.64 (bs, 

0.5 H, OH), 2.92 (bs, 0.5 H, OH), 3.34-3 -33 (bm, 0.5 H, CHOH), 3 -46-3.58 (bm, 0.5 H, CHOH), 

4.60 (dd. 1 K J= 5- 1.9.9 Hr ArCHOH). 7.06-7.34 (m. 4 H, Ara; NMR (75 MHz, CDCI3) 

S 2 1-07 (ArcE), 25.83,25.95. 26.01.26.20.26.30, 26.38, 26.94,27.36,29.87,30.13 

],3 8.99,39.07 (-CHKHCH2-), 74.09.74.3 5 (c-C(,H ,CHOH), 78.87,79.87 (Arc-HOH), 126.43, 

127.21, 129.03, 129.09, 137.35, 137.56. 137.84. 138.72(Ar-Cs);MS (EI)m/t234(11, M), 134 

(28), 122 (100), 107 (94), 9 1 (85),77 (82). 65 (37), 55 (64); Anal. Calcd for Cl5HZ2O2: C ,  76.88; 

H, 9.46. Found: C, 76.74; Hl 9.60. 



2-3-27 Reduction of Acetute [@-2361 and Preparation of N.N-DiethyIcarbamate [O-1381 

To a cold (-78°C) solution of acetate (5')-136 (59 1.1  mg, 2.01 7 rnrnol) in ether (5 mL) 

was added DIBAL-H (4.04 rnL of a 1 .O M solution in hexanes, 4.04 mmol). The reaction was 

stirred at -78°C for 1 5 min and a TLC was taken to ensure complete consumption of acetate. 

The reaction was quenched (under argon) with NH&l (saturated solution) and was allowed to 

warm to room temperature. The reaction mixture was diluted with Et20 (30 rnL) and washed 

with 1 M HCl(5 mL), NaHC03 ( 10 rnL) Hz0 (1 0 rnL) and brine (1 0 mL). The organic Iayer was 

dried (MgSOJ), filtered and concentrated bz vanro (room temperature bath) to afEord a colorless 

oil. 

This matenal was then treated under the sarne conditions as described for carbarnate 88 

(Section 2.3.23). Employing 488 mg (2.42 mrnol) ofp-nitrophenyl chloroformate and 1.05 mL 

( 1 0.1 mmol) of EtzNH t here was obtained 446 mg (73%) of (5')- l -(trirnethyIstannyi)ethyl MN- 

diethyl- carbarnate [ ( S I  381. 

O 

[ a ] D z 5  +80.3" (c 0.242, hexanes); 'H NMR spectrum was identical to that descnbed for (+)- 1 - 
(trimethylstanny1)ethyl N,N-diethylcarbamate (88) (Section 2.3 -23). 

The transmetdation of stannane (-138 was performed in an identicai manner as that 

previously descnbed for the racemic stannane 88 (Section 2.3.23). From 142 mg (0.46 1 rnmol) 

of (w138 and 56.0 pL (0.55 1 rnmol) of PhCHO there was obtained 69 mg (60%) of the 

expected product 139. A 'H NMR spectrum (250 MHz, CDCI,) of 139 reveded the same 1 : 1 

ratio of diastereomers as observed previously (Section 2.3 -25). 
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CHAPTER 3 

DLASTEREOSELECTlVE l,2-ADDITIONS OF ORGANOMETALLICS TO 

BENZALDEHYDE 

3.1 Introduction 

As a continuation of the work described in Chapter 2, the diastereoselective addition 

of N.N-diethylcarbamate protected a-alkoxyorganometallics to benzaldehyde was 

investigated as a route towards the stereoselective synthesis of 1,Zdiols. (A discussion on 

the synthesis of 1,2-diols can be found in Chapter 1, Section 1 - 1 2 ) .  In 1982, ~ c ~ a r v e ~ '  and 

Kimura demonstrated the diastereoselective 1,2-addition of a-alkoxyorganometallic reagents 

that were obtained from the transmetdation of a-alkoxyorganostannanes to benzaldehyde 

(Table 10). The observed s)n:a~zti ratios fiom this study varied from 5050 to 100:0, and 

were found to be dependent on the a-alkyl substituent ( R I ) ,  the protecting group (PG), and 

the metal (M). McGarvey attributed the observed diastereoselectivity to the steric demands 

of the organometallic reagent (compare entries 2, 7 and I 1, where R' = Et, i-Pr, &Bu). The 

protecting group aiso infiuenced the outcome of the reaction. Better selectivities were 

observed when the protecting group incorporated an acetal oxygen (compare entries 3 and 4). 

Transmetalation of the organolithiurn reagent to the comesponding organomagnesium 

denvative also gave profoundly improved selectivities. Addition of catalytic arnounts of 

copper salts to the reaction only modestly increased the selectivity of the addition (entry 9). 

Attempts by McGarvey to perform 1,t-additions to benzaldehyde using a-alkoxyorgano- 

aluminum, boron and zinc reagents as well as in the presence of stoichiometnc amounts of 

copper salts failed due to the Iack of reactivity of the organometdic reagents. 



Table 10. Diastereoselective additions of a-alkoxyorganometallics to ben~a1deh~de.l 

Entry R' PG Ma (%) yield syn:anti 

(141) (141) 

1 Et BOM ~ i "  75 53 : 47 
2 BOM MgBr 77 63 : 37 

3 i-Pr Me Li 96 50 : 50 

4 BOM Li 95 63 : 37 

5 MEM Li 81 55  :45 

6 Me MgBr 82 67 : 33 

7 BOM MgBr 84 82 : 18 

8 MEM M@r 78 79 : 21 

9 BOM MgBr/Cu(OAc)z 79 87 : 13 

10 1-Bu BOM ~ i *  65 92 : 8 

I I  BOM M@r 65 100 : O  

Mcxiïficd from table in rcfcrcncc 1 
M = Li obtaincd from transrnctalaiion of organostannanc. M = MgBr is prepared by the 
addition of anhydrous MgBr- to M = Li and stimng for 15 min at -65 OC. 

h Yields aftcr chromato raphj-. F Ratios dctennined by H N M R  spcctroscop!.. 
" Rcaaion pcrformcd in THF at -78 OC 

The predominant s)w-selectivity observed in these reactions was rationdized by 

considering the diastereomeric transition states 143a and 143b (Figure 12). The unfavorable 

steric interaction between R ' - R ~  present in 143b (minor), but absent in 1 4 3 ~  (major), dictates 

the preferred approach of the electrophile to the organometallic reagent and thus the outcome 

of the reaction. McGarvey speculated that the metal center Mght play a role in lowering the 

ground-state energy of 142 as well as determining the geometry of transition states 

143d143b.~ 



BOMO OH 

major 

BOM O 
1 

BOMO 
1 BOMO OH 

Figure 12. Rationale for the observed syn:anti selectivity. 

In Chapter 2, the transmetalation of N.N-diethylcarbamates and trapping of the 

organolithium intermediates with aldehydes had predominately provided 1 : 1 mixtures of the 

desired adducts. In order to enhance stereoselectivities, we sought to examine these 

additions in the presence of rnodified organometallic reagents. The N.N-diethylcarbarnate 

protecting group had provided highiy stabilized organolithium intermediates when compared 

to MOM-acetals for the transmet dation of tnmethylstannanes (Chapter 2). We specuiated 

that NN-diethylcarbarnate protected a-alkoxystannanes 144 would also provide stabilized 

organometallic reagents 146, after transmetalation of organolithium species 145, which might 



perfonn highly diastereoselective additions to selected aldehydes (Scheme 49). The syn:ati 

selectivity 5om these additions is expected to follow the same mode1 proposed by McGarvey 

in Figure 12, and favor the formation of the syn-isomer. Formation o f  the anti-isomer is 

disfavored due to steric interactions between the R' and R' substituents (143b, Figure 12). 

The following Section details Our efforts in this area. 

Scheme 49 

E+ - K 
R' L E  NEt2 

(- 1 : 1 ratio of adducts) 

syn : anti 



3.2 Results and Discussion 

3.2.1 Diastereoselective Additions of Organometallïcs to Benzaldehyde 

The N,N-diethylcarbamates that were chosen for this study contained either methyl or 

isopropyl a-alkyl subaituents , Table 11) .  McGarvey had shown that hgh 

diastereoselectïvities (9233, 100:O) could be obtained when the t-butyl substituent was 

employed even with the corresponding organolithium species (Table 10, entry 1 O). ' 
However, the t-butyl substituent was not investigated for this study because it was felt that 

the large steric bulk of this group would conceal the more subtle stereoregulating effects (i-e. 

the directing effect of the protecting group) of organometallic reagent 146, which were of 

interest in McGarvey's study. Benzaldehyde was chosen as the electrophile for the study.' 

The products from these condensations were easily analyzed by GCMS analysis. Retention 

times of the diastereomers when R' = Me were 16.29 and 16.41 minutes. When R I  = i-Pr. 

acetylation of the alcohol (acetic anhydride, pyridine and DMAP) was required to achieve 

optimum separation on the GCMS column. The isomers of acetate 147 eluted at 17.62 and 

17.75 minutes. The peak percent area gave the ratio of the respective diastereomers. The 

results of this study are provided in Table 1 1. 

Regardless of the solvent chosen for the condensation, the organolithium reagents 

give near equimolar mixtures of diastereomers. One noticeable trend is the higher yields 

achieved in diethyl ether THF or DME (compare entries 1 and 2). This result may arise 

due to the lower polarity of diethyl ether resulting in less product l o s  through aqueous work- 

up. The best selectivities were acquired with the use of the corresponding organomagnesium 

reagent (compare entries 6 and 10). The highest selectivity with these reagents was realized 

by performing the reaction in THF fentry 1 1). McGarvey found identical results with the 

organornagnesium reagent in the presence of catalytic CU(OAC)~ when employing the BOM 

protecting group in DME (Table 10, entry 9).' The organoboron reagent, prepared by the 

addition of BFPOE~Z (1 equiv, -65OC), showed no reactivity (entry 4). The addition of 2 

equivalents of BF3mOEt2 gave a 60% yield of the desired adduct, but with essentidy no 

diastereoselectivity (entry 13). Consistent with the findiigs of McGarvey, attempts to 



increase the seiecbvity through the use of organoalumuium and organozinc reagents failed 

due to lack of reactivity. 

Table 11. Diastereoselective additions of organometallics to benzaldehyde." 

PhCHO 
L___) 

Entry R ' Ma Equiv Solvent Temp % yieldb drc 
(OC) (110, 115) (110, 115) 

1 Me Li 1 Et20 -95 90 52:48 
2 Li 1 THF -95 55 58:42 

3 MgBr - 7 THF -65 62 79:2 1 

4 BF2 1 THF -40 O - - 
5 ZnCl 1 THF O O - - 

Et20 
THF 
DME 
Et20 
Et20 

THF 

D m  
THF 
THF 

a M = Li obtained frorn transmctalarion of organostannanc. M = MgBr or ZnCl is prepared by the addition 
of ethereal solutions of MgBr2 or ZnC1-. M = BF2 or CH3MCl is prepared by the addition of BFxaOEt2 
(neat) or CH~AICII ( 1  M in hesancs). 

b Isolated yields after chromatography. 
" Diastemmeric ratios were determined by GCMS analysis. 



The results obtained fiom this study nicely complement those obtained fiom 

McGarvey ' s work. ' The organolithiums obtained from th-lithium exchange of N. N- 

diethylcarbamoyl stannanes added to benzaldehyde to give approxïmately 1: 1 mixtures of 

diastereorners. The importance of optimising the various reaction conditions was 

demonstrated. The transmetdations and trappings gave much higher yields of the protected 

1,2-diois when performed in diethyl ether as compared to THF. Increased 

diastereoselectivity was obtained when organomagnesiurn reagents were employed. 

Optimum diastereoselectivity (87: 13) was achieved for the addition of N.N-diethylcahamate 

protected a-aikoxyorganornagnesium reagents (TH.)  to benzaidehyde- This leveI of 
1 selectivity was obtained by McGarvey only in the presence of catalytic Cu(0Ac)z. The use 

of an organoboron reagent gave a 60% yield of the desired adduct but with essentiaiiy no 

diastereoselectivity. Organoaluminum and organozinc reagents showed no reactivity towards 

condensation with benzaldehyde. In conclusion, the A(N4iethylcarbamate protected 

a-alkoxyorganometallics added to benzaldehyde to give protected 1,2-diols with comparable 

diastereoselectivities to those obtained by McGarvey using the benzyloxymethyl protecting 

group. 



3.3 Experimental 

The general procedures described in Section 2.3.1 are applicable here with the 

following additions. Ethereal soiutions of MgBr2 were prepared according to the methods of 

seebach3 (&O) and wakefield4 (THF). Ethereal solutions of ZnC12 were prepared 

according to House et al.' BFpOEt2 was distilled pnor to use and stored under argon at 0°C. 

Solutions of CH3AICI2 ( I  M in hexanes) were purchased fiom Aldrich. The 'H NMR spectra 

of alcohols 110 and 115 were identical to those previously reported in Section 2.3 -25. 

3.3.2 Addition of N,  N-Die thykarharnate Prorected Orgrnolithium Reagents to 

Bet~zaIdehyde i , a  THE' ami Derivatizatiotl fo A cetate 14 7 for Analysis 

To a cold (-95°C) stirred solution of ( 1 -tnrnethylstannyl-2-methy1)propyl-N, N- 

diethylcarbamate (90) (1 99.7 mg, 0.43 mmol) in THF (5 mL) was added dropwise s-BuLi 

(0.41 ml of a 1.26 M solution in hexanes, 0.52 mmol). After 15 min PhCHO (87.8 pL, 0.86 

mmol) was added neat. The reaction was quenched after 15 min with saturated aqueous 

N b C l .  The mixture was diluted with ether. washed with H20 and brine. The organic layer 

was dried (MgS04). filtered and concentrated iii vaczio. The resulting oil (303 mg) was 

punfied by column chromatography on silica gel (6 g) using hexanedethyl acetate (initially 

i 0: I with a gradua1 gradient to 5: 1 ) affording 102 mg (85%) of the product as a colorless oil. 

A ponion (18 mg) of this material was acetylated (acetic anhydride, pyridine, DMAP, rt, 1 

h). Concentration of this mixture iii i*acCuo followed by chromatography on silica gel (2 g) 

using hexanedethyl acetate (2: 1 ) afforded the acetate 147 for GCMS anaiysis (Table 1 1, 

entry 7). Similar experiments were carried out in Et20 (-95°C) and DME (-78°C). 



(IR *, 2R *), (ZR *, 2S)-2-(N. N N D i e t ~ I c ~ b r n n o y I o x y ) - 3 - ~  acetaîe (147) 

O 

yeliow oil; IR (CHC13) 2967, 1735, 1.692, 1475, 1428, 1373, 1276, 1241, 1173, 1068, 1026 
1 , H NMR (250 MHz, CDC13) 6 0.80-1.20 fm, 12 Y CH(C&)2 and NCH2CIf3], 1.58 

[dseptet, 0.5 H, J = 3 -3, 6.8 Hz, CH(CH3b], 1 -80-2-14 [m, 0.5 H, CFl(CH3)2], 2.02 (s, 1 -5 H, 

CbCO), 2.07 (s, 1.5 H, CECO), 2.92-3.52 (m, 4 H, NC&CH3), 5.11 (dd, 0.5 H, J =  5.0, 

6.8 Hz, CWCO), 5.17 (dd, 0.5 H, J =  3.4 , 8.7 Hz, CWCO), 5.90 (d, 0.5 H, J =  1.7 Hz, 

ArcHoAc), 5.93 (d, 0.5 H, J =  3.7 H z ,  ArCHOAc), 7-15-7.55 (m, 5 H, ArH); MS (EI) m k  

204 (6, W-EtzNCOO), 1 62 (4), 100 ( 1 OO), 72 (1 8), 43 (1  3). 

3.3.3 Addition of N, N-Die~hykarbamate Prof ected Orgmtomagnesium Reagents to 

Bemldehyde in &O 

To a cold (-95°C) stirred solution of ( 1 -trimethylstannyl-2-methy1)propyi-N,N- 

diethylcarbamate (90) (150.1 mg, 0.32 mmol) in Et20 (5 mL) was added dropwise s-BuLi 

(0.3 1 mL of a 1 -26 M solution in hexanes, 0.39 mmol). Mer 15 min, MgBrpOEt2 (0.24 mL 

of a 2.67 M solution in &O, 0.65 rnmol) was added and the reaction mixture was allowed to 

warm to -65°C over a period of 30 min. To the reaction was added PhCHO (66.0 pL, 0.65 

mmol) followed by a fbrther 15 min of stimng at -65°C. The reaction was quenched with 

saturated aqueous m C 1 .  The mixture was diluted with ether, washed with H20 and brine. 

The organic layer was dned (MgSO4), filtered and concentrated in v a m .  The resulting oil 

was purified by column chromatography on silica gel (5 g) using hexanedethyl acetate 

(initially 10: 1 with a gradua1 gradient to 5: 1 ) affording 72 mg (79%) of the produa as a 

colorless oil. A portion (13 mg) of this material was acetylated as described in Section 3.3.2 



to aEord acetate 147 for GCMS analysis (Table 11, entry 9). Sirnilar experiments were 

carried out in Et20 (-9S°C), THF (-65°C) and DME (-65°C). 

3.3.1 A&ition of N, N-Diethylcarbama te Protected Organoboron Reugents to Benraldehyde 

in W F  

To a cold (-95°C) stirred solution of (1-trimethylstannyl-2-rnethy1)propyl-N,N- 

diethylcarbarnate (90) (189.1 mg, 0.41 mmol) in THF (5 m . )  was added dropwise s-BuLi 

(0.39 rnL of a 1.26 M solution in hexanes, 0.49 mmol). Mer 15 min, BFpOEt2 (100 pL. 

0.82 rnrnol) was added and the reaction mixture was allowed to warm to -40°C over a period 

of 30 min. To the reaction was added PhCHO (83.2 pL, 0.82 mmol) followed by a fùrther 15 

min of stimng at -40°C. The reaction was quenched with satufatecl aqueous NKC1. The 

mixture was diluted with ether, washed with Hz0 and brine. The organic layer was dried 

(MgS04), filtered and concentrated N I  vuaïo. The resulting oil (242 mg) was purified by 

column chrornatography on silica gel (5 g) using hexanedethyl acetate (initiaiiy 10: 1 with a 

gradua1 gradient to 5 : l )  affording 69 mg (60%) of the product as a colorless oil. A portion 

(16 mg) of this material was acetylated as described in Section 3.3.2 to a o r d  acetate 147 for 

GCMS analysis (Table 1 1, entry 13). 

3 - 3 3  Additrotl of N,N-D;ethylcarbamaze Protected Organozinc Reaget~ts to Ber~zaldehyde 

irl THF 

To a cold (-95°C) stirred solution of ( 1 -trimethylstannyl)ethyl-N,N-diethylcarbamate 

(88) ( 193.3 mg, 0.45 mmol) in THF (5 rnL) was added dropwise s-BuLi (0.42 mL of a 1 -26 

M solution in hexanes, 0.53 rnmol). M e r  15 min, ZnClz (0.61 rnL of a 0.73 M solution in 

THF, 0.45 mmol) was added and the reaction mixture was allowed to warm to 0°C over a 

penod of 30 min. To the reaction was added PhCHO (90.5 jL, 0.89 mmol) followed by a 

fiirther 15 min of stirring at O°C. The reaction was quenched with saturated aqueous W l .  

123 



The mixture was diluted with ether, washed with HzO and brine. The organic Iayer was dried 

(MgS04), filtered and concentrated in vanro. The resulting oil (164 mg) was purified by 

colurnn cfirornatography on silica gel (4 g) using hexanedethyl acetate (initially 10: 1 with a 

gradual gradient to 5 : 1). None of the desired alcohol 110 was isolated (Table 1 1, entry 5) .  

3.3.6 Adaition of N. N-DzethyIcarbmate Protected OrgmmIumiinrm Reagents to 

Benzaldehyde in THF 

To a cold (-95°C) stirred solution of 1-trimethylstannyl-2-methy1)propyl-NN- 

diethylcarbarnate (90) (-03 -4 mg, 0.44 mrnol) in THF (5 mL) was added dropwise s-BuLi 

(0.42 m .  of a 1.26 M solution in hexanes, 0.53 mmol). After 15 min, CI&AIC12 (0.88 rnL of 

a 1 .O M solution in hexanes, 0-88 mmol) was added and the reaction mixture \vas allowed to 

w m  to -40°C over a penod of 30 min. To the reaction was added PhCHO (89.4 w, 0-88 
mmol) foilowed by a further 15 min of stimng at -40°C. TLC indicated the absence of 

product; therefore, the reaction was warmed to 0°C over a period of 30 min. The reaction 

was quenched with saturated aqueous NHJCI. The mixture was diluted with ether, washed 

wi-th HzO and brine. The organic layer was dried (MgS04), filtered and concentrated in 

vacuo. TLC analysis of the resulting oil (206 mg) indicated the absence of the desired 

alcohol 115 (Table 11, entry 14). 
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PREPARATION OF ENANTIOMEXUCALLY ENRICHED CZ-ALKOXY 

STANNANES VIA ORGANOMETALLIC ADDITION TO ACYLSTANNANES 

4.1 Introduction 

The preparation and study of a-aikoxyïthio species, generated from tin-lithium 

exchange of a-alkoxyorganostannanes, has received considerable attention in the literature 

(Scheme 50). '" As a remit, a-alkoxyorganolithium reagents have become popular 

intermediates for the synthesis of new C-C bonds.G9 Predominantly, the literature examples 

of a-alkoxystannanes tend to be either of unsubstituted (R', R~ = H) or a-substituted (R' # 

R' = H) matenais. Few examples of qa-disubstituted (R',R~ # H) exkt and those that do are 

quite often benzylic a-alkoxystannanes, while dialkyl examples are extremely rare. 

Scheme 50 

III 

The configurational stability of chiral, hetero-substituted carbanions has attracted 

much attention since Still's discovery of non-racemic a-oxy-substituted organolithium 

compounds, which were generated from a-substituted a-aikoxyorganostannanes (Chapter 1, 

Scheme 19, page 10). The configurational stability of a,a-disubstituted a-alkoxyorgano- 

lithiums has focused entirely on enantioenriched a-oxyu-alkylbenzyilithiums 148a (Scheme 

5 1). Currently, there are no published examples of enantiomericaiiy enriched a,a-dialkyl 



a-aikoxyorganolithiums 148b. The underlying reason for this shortage in the Iiterature is 

that no routes currently exist for preparing the precursor %a-dialkyl a-alkoxystannanes in 

enantiomerically enriched fom. 

Scheme 51 

OPG R"LI OPG 148a R' =aikyl, R~ = Ph - ~ ' 1 1 1 . .  

Li 148b RI. R~ = alkyl R 

The synthetic studies descnbed herein arose fiom a convergence of several 

considerations. It was intended t O explore the feasibility of perfonning organometallic (1 50) 

1,2-additions to acylstannanes (149) (Scheme 52). These reactions would not oniy provide 

much needed insight into the chernical reactivity of the relatively obscure acylstannanes, but 

would hopefülly provide a novel method for preparing a,a-dialkyl a-alkoxystannanes [(+)- 

1511. These stannanes have traditionaily been prepared as racemates by the condensation of 

ketones (152) with trïalhyltin anions (153). We anticipated the extension ofthis process to a 

method of preparing enantiomerically enriched a,a-diaIky1 a-alkoxystannanes [(R)-,(S)-1511 

by perfonning these additions in the presence of a chiral auxiliary-modified organometailic 

species (1 54). These ennched stannanes [(K)-,(S)-1511 would allow for the first tirne, studies 

to be performed on the confi yrational stability of non-racernic a,a-dialkyl a-alkoxyorgano- 

lithium compounds generated through tin-lithium exchange. The following sections provide 

a short oveMew of acylstannane and a-a-disubstituted a-alkoxyorganostannane chemistry. 



Scheme 52 

4.1. I The Chemisny of A cyistat mat les 

The first acylstannane synthesis was reponed in 1966 by ~edd1e.l' He prepared 

acetyt triphenyltin fiom the addition of  triphenyltinlithium to acetyl chloride at -70°C 

(Scheme 53, equation 1 ). Peddle noted that acetyl triphenyltin was extremely labile as it was 

completely converted to triphenyltin acetate on exposure t o  air for 5 to 10 minutes (Scheme 

53, equation 2).1° The first reactions with this new class of compounds were also 

documented by PeddIe. 10-1 2 The reduction of acetyl triphenyltin with lithium aluminurn 

hydride (L iAlb )  gave (1 -triphenylstannyi)et hanof in 72% yield (Scheme 53, equation 3)." 

The addition of phenylmagnesium bromide to benzoyltriphenyltin gave a cornplex mixture, 

which consisted of (tnpheny1stannyl)diphenylmethanol (9%), tetraphenyltin (16%), 

hexaphenylditin oxide (47%) and benzhydrol (43%) (Scheme 53, equation 4)." However, 

most o f  these compounds were characterized only by their melting points. 



Scheme 53 

THF O 
CH&OC1 + Ph&nLi - 

-70 OC 

THF 

Since these early publications, several reports detailing the preparation of 

acylstamanes have been made. 1 3-1 7 They include: (1 ) stannylation of lithiated conjugated 

vinyl ethers followed by hydrolysis;" (2) treatment o f  tributylsta~ylrnagnesium chloride 

with two equivalents of  an aldehyde;I4 (3) hydrolysis o f  ~tann~l-1,3-dioxans;~~ (4) addition of 

tributyltin lithium to acid halides;16 and (5) addition of trialkyitin Iithium to  carboxylate 

esters o r  thioesters." Perhaps the most reliable route is an adaptation of  a method originally 

reported by Quintard et aLI4 and developed fùrther within our laboratory. 18.19 Chan found 

that acylstannanes could be prepared as described by Quintard. However, Galvinoxyl was 

required for the successful generation of  tributylstannylmagnesium chloride from tnbutyltin 

hydnde and isopropylmagnesium chloride. Explanations regarding the role of  Galvinoxyl 

have been varied. Kosugi suggested that the function of Galvinoxyl was simply to inhibit 

autoxidation of the a~ylstannane. '~ However, Chan found that without the addition of  

Galvinoxyl. as also noted by ~eurnan.'' the outcorne of the reaction was unpredictable. 

Treatment of tributylstannylmagnesiurn chloride with two equivalents o f  aldehyde nomally 

provides a mixture of acylstannane and stannyl carbinol, which are separable by fi-actiond 

distillation under high vacuum (Scheme 54). 



Scheme 54 '"19 

57-7296 yields 
R = Me, Et, &Pr, mC5HI1, t-Bu, Ph 

Despite numerous repons describing methods of preparing acylstannanes, this class 

of compounds remains retatively obscure as seen by the lack of literature describing their 

chemistry. As suggested by this may in part be due to difficulties encountered in 

their preparation and handling. To .Our knowledge ody  five separate areas of acylstannane 

chemistry have ever been investigated: (1) reduction, (2) organometallic addition, (3) 

palladium-catalyzed coupling, (4) preparation of irnidoylstannanes, and (5) preparation of 

SW-hydrazones.  Each of these areas will be briefly outlined in the following sections. 

As discussed above. the reduction of acetyl tnphenyltin with LM& was origindly 

reported by ~eddle .  'O.' ' The reduction of acylstannanes with BH3dI-F to yield stannyl 

carbinols has also been documented within our l a b ~ r a t o r ~ . ~ ~  The âsymmetnc reduction of 
22.23 acylstannanes using Noyon's 2.2'-dihydroxy- 1.1 '-binaphthyl-modified lithium aluminum 

hydride (BINAL-H) reagent has been demonstrated in two instances. The asymmetnc 

reduction of acylstannanes with BINAL-H to obtain a-alkoxystannanes [(a-, (R)-1551 of 78- 

96% ee in 45-69% yieid was reponed by Chan and Chong (Scheme 55).21 Both enantiomers 

of 155 could be selectively obtained by judicious choice of the chiral BINAL-H reagent. 



Scheme 55 2' 
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R = Me. Et, CPr 
t-BU, *C5H11 

4549% yield 
7&96Oh ee 

Marshall and Gung obtained a-alkoxyallylstannane 156 in >95% ee (79% yield) from 

the (R)-BZEJAL-H reduction of the precursor acylstannane (Scheme 56). 24-27 

Scheme 56 2127 

1 .  (H)-BINAL-H. THF 

156 
7g0h yield 
>9S0r6 ee 

Marshall and Gung have also reponed the reduction of acylstannanes with the 

cornplex derived frorn lithium alurninurn hydride and (2S,3R)-(+)4dimethylamino- 1.2- 

diphenyl-3 -met hyl-2-butanol (C hirald' or Darvon alcohol) (Scheme 57).26 However, the 

observed enantiomeric purity (60-62%) of 157 was much lower than that obtained with 

BINAL-H. 



Scheme 57 26 

157 
6M2% ee 

R = Me, *Bu, c-C6HT1 

Peddle has documented the only addition of an organometallic reagent to an 

acylstannane as highlighted earlier in Scheme 53 (equation 4)." The addition of 

phenylmagnesium bromide to benzoyltriphenyltin gave the expected alcohol, 

(tnphenylstannyl)diphenylrnethanol, in Iow yield (9%). 

Quintard et al. reported on the palladium-catalyzed couplings of acylstannanes with 

acyl chlondes to yield unsymmetrical and syrnmetrical a-diketones (158) in 4145% yields 

(Scheme 58).28 

Scheme 58 *' 

R' = Et, FPr 
R' = R C ~ H ~ ~ .  aryl 

158 
41 -65Oh yields 



Kosugi and CO-workers investigated the palladium-catalyzed couplings o f  

acylstannanes with a b 1  and aryl halides to yield ketone 159 in 19-97% yields (Scheme 

59).2930 

Scheme 59 2930 

R' = Et 
R' = alkyl. allylic 

acyl, aryl 

159 
19-97% yields 

Ahlbrecht and Baumam reacted acylstannanes with prùnary aliphatic and aromatic 

amines to prepare imidoylstannanes (160) in 50-86% yields.3'32 Only a single stereoisomer 

of 160 could be detected and was assigned as the 2-isonier based on an X-ray difFkaction 

(Scheme 6 0 ) ~ ~ ~  

Scheme 60 3 1.32 

O Mol. sicvcs. ~cntane NP 

R' = Me, Et, CPr. c -C~H~:  
*C6HI3. t-BU, Ph 

R' = Me. -Bu. CPr. 
c-C6HIi. Ph 

160 
50-86% yields 

~ e k k a l i , ~ ~  within our laboratory, prepared SM-hydrazone (161) derivatives of  

acylstannanes by acid catalyzed condensation with (S)- 1 -amino-2-(methoxymethy1)- 



pyrrolidine (SAMP). These SAMP-hydrazones could be prepared in 82-92% yields (Scheme 

61). 

Scheme 61 33 

161 
82-92% yields 

This brief surnmary highlights the reactivity of acylstannanes. In particular, the main 

focus has been on the chemistry of the carbonyl and the trialkykin moiety. The acylstannane 

carbonyl exhibits sUnilar reactivity to that of a normal ketone. It is susceptible to reduction 

with alumino- and borohydride reagents. The addition of amines to acylstannanes yields 

imines. Acylstannanes are also susceptible to palladium insertion to allow coupling with 

alkyl, aryl and acyl halides. 

The trialkylstannyl group has a strong influence on the spectroscopie properties of 

acylstannanes as evidenced by the carbonyl absorption in their IR spectrurn and the position 

of the signal for the cahonyl-carbon in their I3c CMR spectrurn. The IR absorption is 

shifted from 1710 cm-' for a diaikyl ketone to 1640 cm-' by replacement of one alkyl with the 

tnalkylstannyl group. This shifi is even greater than for an akyl aryl ketone, which is 

located at 1690 cm" for acetophenone. The ')c NMR carbonyl peak is shifted from 210 ppm 

for a dialkyl ketone to 250 ppm for acylstannanes. This strong electronic effect has played a 

role in defining their similar chemical behavior to dS.1 aryl ketones. For instance, the 

BIN AL-H reduction of acylstannanes perfomed by Chan demonstrated the chemical 

similariîy between these stannanes and the related alkyl aryl ketones, which had been 

reduced by Noyon and CO-workers under similar conditions (Table 12). 2122 



Table 12. Asymrnetric reduction of alkyl aryl ketones and acylstannanes with BINAL-H. 2132 

a Determined by GC analysis. 
Determined by ' H NMR and HPLC analysis of MTPA esters !km (3-(+)-MT"FA-Cl. 

' Isolated yield of chromatographed ether. where R~ = MOM or BOM 
Deterrnined by 'H NMR anaiysis of the MTPA esters derived h m  the cmde reaaion produm. 

- - 

produci 

The enantioselectivities obtained by Noyon et al. were rationalized by examining the 

favored (1 62) and disfavored (1 63) transition state models of the (5')-BINAL reduction 

(Figure 1 3 ) . * ~  The electronic repulsion expected between the oxygen atom on the binaphthol 

and the unsaturated group (Un) on the ketone substrate, raises the transition state energy of 

mode1 163, hence, making transition state 163 less favorable in cornparison to 162. 

Arguments supporting simple steric approach were found to be implausible. The reduction 

of acylstannanes performed by chan1' gave comparable (R' = Me or Et) and in sorne 

instances superior selectivities (R' = i-Pr or &Bu) than the analogous reduction of alkyl aryl 

ketones. These results were explained by taking into account the larger electronic repulsion 

exerted by the trialkyltin moiety as compared to the aryl group. The triallqltin moiety is 

ofien viewed as an unsaturated group due to its strong resonance effect2' 

R' R' = phz2 
Yield (%)" ee (%)b 

R' = SrBu3 " 
Yield (%)' ee (./o)~ 



Figure 13. Favored (162) and disfavored (163) transition state of (23)-BINAL-H reducbon 
proposed by ~ o ~ o r i . ' ~  

The transmetdation of a,a-disubstituted a-dkoxyorganonannanes has been an m a  

of interest since the seminal work of ~till. '  In 1978, he atternpted the tin-lithium exchange of 

stannane 164 which yielded 1 -butylcyclohexanol and starting a-alkoxystannane as the only 

products (Scheme 62). St il! speculated t hat the absence of tin-lithium exchange products 

might reflect the lower stability of the a-a-disubstituted a-alkoxylithium intermediate or that 

the result may be purely kinetic. 

Scheme 62 ' 

Bu3s5r0' 1. n-BuLi. THF 
2. q-clohcsanonc w H"r + SM 



McGarvey has observed that the addition of tn%utyltinlithim to Ctert- 

buty1cyclohexanone gives high levels of stereoselection in favor of axial addition (Scheme 

63)? The acetal165 is obtained as a 93:7 mixture of axial to  equatoriai. 

Scbeme 63 a4 

tau doMm +- 
OMOM 

Transmetdation of stannane 165 could only be done in 1,2-dimeîhoxyethane   ME).=^ In 

contrast, stannane 166 undenvent transmetaiation in a varïety of solvents @ME, THF, EtzO) 

when the trimethylstannyl moiety was employed over the tributylstannyl group (Scheme 64). 

This benzylic-stabilized a-alkoxylithiurn species was trapped with a variet. of electrophiles 

to yield product 167." McGarvey rationaiized these results by considering the greater 

thermodynamic stability of the benzylic carbanion of 166 versus the %a-didkyl 

a-alkoxylithium expected from 1 &' 

Scheme 64 " 

167 
82-92% yields 

Lindeman and CO-workers also investigated qa-disubstituted a-aikoxyorgano- 

stannane 168 as a precursor to a-alkoxyorganolithium 169 for the eventual preparation of 



a-alkoxyorganocuprate reagent 170 (Scheme 65)? Interestingly, stannane 168, where RI, R~ 

= Me, underwent tïn-lithium exchange in THF at -78°C. This process could dso be carried 

out in DME. However, when R' = Me and It2 = R-CSHII, transmetdation of this stannane did 

not occur in THF, but was accomplished in DME. As shown earlier by ~ c ~ a r v e ~ , ~  

generation of benzylic-stabilized a-alkoxyorganolithio species, where R' = Me and R' = Ph, 

codd be performed in THF. The introduction of a phenyl group for R2 into 168 enhances the 

stability of the carbanion by resonance. 

Scheme 65 

The stability of a-hetero-substituted a-methylbenzyUithiurn compounds generated 

from tin-lithium exchange has been undertaken by several research groups. As discussed 

above, Linderman and CO-workers prepared 169 fiom 168, where R' = Me and R' = Ph. 8 

Hoffmann et al. prepared stannane 173 h m  deprotonation of N,N-diisopropylcarbarnate 171 

and trapping of a-alkoxyorganolithium 172 with tributyltin chloride in 90% yield (Scheme 

66).' Stannane 173 was transmetalated and trapped with aldehyde 174 to yield 8-amino 

alcohol 175 in 92% yield as a 5050 mixture of isomers. 

Hoppe and CO-workers have prepared enantiomerically exuiched a,a-alkylphenyl 

a-alkoxystannanes from lithiation and trapping of (R)- or (5)-l -phenylethyl NN-diisopropyl- 

carbarnate (171) (Scheme 67).4 Deprotonation of (S)-171 (2 99% ee) with s-butyllithiurd 

TMEDA at -78OC in diethyl ether and trapping with tnmethyltin chloride provided (5')-176 

in 92% yield. Transmetdation of (9-176 ()>-BuLi, EtîO, -78°C) and trapping with methanol 

gave (R)-171 of 2 95% ee in 65% yield. Hoppe noted that aiî lithiodestannyiation reactions 

are expected to proceed with stereoretenti~n;~~ therefore, the stannylation of (S')-If1 must 



occur with Inversion of stereochemistry. Sunilar results have been noted by Hamrnerschmidt 

and ~annin~er . '  

Scheme 66 

175 
92% yield 

Scheme 67 ' 

173 
90% yield 

(-5)- 176 
92% yield 

(R)-17 1 
65% yietd 
2 95% ee 

The reaction s of  acylst annanes wit h organometallic reagents has been inadequately 

investigated. ' ' Curent preparations of ma-disubstituted a-alkoxyorganosta~anes rely 

either on the condensation of trialkyltin anions with ketone substrates or the deprotonation of 



secondary alcohols and îrapping with trialIqdtin halides.'" Except for isolated examplesY2 

only the second method dows  for the preparation of enantiomerically enricheci stannanes, 

but this method is dependent on the availability of chiral be@c al~ohols.~ Unfortunately, 

examples of enantiomerically e ~ c h e d  qa-d ia lw a-alkoxystannanes do not exkt in the 

lit erature. 

It is proposed that a judicious survey of organometaliïc reagents and their addition 

chemistry with acylstannanes would provide further insight into their reactivity. 

Modification of organometallic reageiits, that show good chemoselectivity for 1.2-additions, 

with a chiral auxiliary may lead to a new route to enantiomerically enriched 

&a-disubstituted a-alkoxystannanes. These enriched alcohols would serve as convenient 

precursors to homochiral a,a-disubstituted carbanions that would provide useful chiral 

building blocks for constructing stereo-defined tertiary aicohol derivatives (Scheme 68). 

The preparation of a,a-dialkyl a-alkoxystannanes has been demonstrated 

previously.z8 The transmetalation and trapping of these substrates has also been 

doc~rnented.'~.~ However, the transmetdation of enantiomerically enriched acyclic 

a,a-dialkyl a-alkoxystannanes and trapping of the derived a-alkoxyorganolithium species 

has never been repofied. It is not known whether this transformation proceeds with retention 
- of configuration or leads to racemization. The following section details Our efforts in 

addressing these questions. 

Scheme 68 
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4.2 Results and Discussion 

The selection of acylstannanes for this study was based on the following critena for 

the a-substituent- It should: (i) allow 1,2-addition of nudeophiles to  the carbonyl; (k) 

tolerate a variety of nucleophiles, which would ultirnately provide mixtures of enantiomers 

d e r  addition; and (iii) permit enrichment of enantiomers by potential resolution. The 

acylstannane immediately considered for this study was (1-tributyistanny1)etha.n-1-one (177) 

(Scheme 69). It was felt that by choosing an a-allcyl substituent such as methyl, ali the above 

criteria would be met. The methyl substituent should dso provide the minimal steric 

hindrance for the approach of nucleophiles. 

Acylstannane 177 was prepared according to literature procedure,'9 and obtained in 

47% yield d e r  high vacuum distillation. Characterization of 177 by 'H NMR spectroscopy 

gave a distinct singlet at 6 2.35 ()l~.s. = 12 Hz, CBCO), which is downfield of a normal 

methyl ketone (6 2.09 for CH3COCH3). Stannane 177 was stored in an alurninum foi1 

wrapped via1 within a glove box. Al1 dispensing of this material was perforrned within the 

same environment. These precautionary measures were necessary to eliminate contact with 

oxygen, moisture and ultraviolet light (as discussed in Section 4.1.1 ). ' 

The primary objective of this study was to determine whether protected 

a.a-disubstituted a-alkoxystannanes could be synthesized by the addition of organometallic 

reagents to acylstannanes (Scheme 69). 



Scheme 69 

A study was undertaken with stannane 177 to determine its general reactivity with various 

classes of organornetallic reagents. The organornetallics that were investigated included 

organo-: aluminum, cenum, lit hiurn, magnesiun and Iuic reagents. The additions were 

performed under literature conditions typical of 1,2-addition c h e r n i ~ t r ~ . ~ ~ ~ ~  The crude 

reaction mixtures obtained fiom these trials were immediately treated with chloromethyl 

methyl ether (i-PrzNEt, CHiC12). to protect any alcohol species formed. The irnmediate 

derivatkation of or-hydroxystannanes is necessary to prevent their decomposition to Bu3SnH 

and the reactant aidehyde. 

The addition of alkyllithium reagents was investigated first. Stannane 177 was 

treated with 1 equivalent of n-BuLi (THF, -78"C, Scherne 70). The bright yellow-green 

solution of 177 was essentially titrated colorless with the addition of each drop of ri-BuLi to 

the reaction. This technique gave a good indication of how quickly the addition proceeded. 

Analysis of the reaction mixture by TLC indicated the formation of several different 

products. Protection of the alcohol species formed in the reaction proceeded in a straight 

forward marner with chloromethyl methyl ether. Complete separation of the individual 

components became tedious as their polarities were very similar. Fortunately, partial 

separation by column chromatography allowed their identification by GCMS analysis. The 

predominant reaction pathway resultinç. corn the addition of n-BuLi was tin-lithium 

exchange, as SnBu was the most abundant species detected by GCMS analysis. The 

quantitation of this species, to detemine the percent transmetalation was hampered by the 

presence of Bu3SnSnBu, in this same fraction. The acylstannane 177 also appeared to 

undergo 1 ,î-reduction to form ether 178, after protection with chloromethyl methyl ether. 

This reaction pathway may arise from P-hydride transfer from the ailqllithium ragent as 

indicated in Scheme 7 1. The desired produa 179 was formed in very low quantities as 

determined by TLC and GCMS analysis. Isolation and quantitation of ether 179 was 



impossible due to presence of the secondary ether 178. The & merence between 178 and 

179 was less than O. 1 in hexanes/ethyl acetate (1 0: 1). 

Scheme 70 

H OMOM Bu OMOM 

MeX &Bu3 MeXSnBÿ 

Scheme 71 

H OMOM 

To investigate the generality of alkyllithium additions in different solvents, stannane 

177 was treated with n-BuLi in diethyl ether and in hexanes. Once again the reactions 

yielded complex mixtures. A qualitative analysis by GCMS reveaied that transmetdation 

was more prominent in ether solvents, while 1.2-addition was favored in hexanes. However, 

1 .î-reduction of the acylstannane substrate was a major pathway regardless of solvent choice. 

The highly reactive nature of alkyllithiurn reagents is well d o c ~ r n e n t e d . ~ ~  The 

examination of other organometallic species, which may be more chemoselective for 1,2- 

addition, was pursued taking the following factors into consideration: (i) organometallics 

with P-hydrogens may be problematic; (ii) complete quantitation of reaction components 



may not be possible; (ïii) anaiysis of cmde reaction mixtures by GCMS might facilitate a 

direct cornparison of organometallic species; (iv) successful reagents should provide the 

highea percentage of the desired product while mùllminng products arising fiom competing 

side-reactions. 

A great number of nucleophilic methylating reagents are available. 1,2-Addition of 

these reagents to stannane 177 would simpiy produce %a-dimethylalkoxystanna~es, wfiich 

are achiral- Therefore, (1-tributylstanny1)propan-14ne (180) was prepared so that 

methylating reagents could be inciuded in the study. Standards were prepared of the 

anticipated products to allow for their identification by GCMS analysis. These compounds 

were prepared by the addition of Bu3SnLi (LDA, THF, -78°C) to the appropriate ketone, 

followed by work-up and then protection with chloromethyl methyl ether. The yield and 

retention time of these standards are given in Table 13. 

Table 13. GCMS analysis of prepared standards. 

Entry R' R~ Stannane %yieid GCMSa 

4 Et rr-Bu 183 42 17.85 

GCMS temperature program: initial temp 7WC. for 10 min: rate of heating Z(rC/min 
for 10 min; final temp 270°C. for 10 min. 

A summary of the results obtained from the addition of various organometallics to stannanes 

1 77 and 180 is provided in Table 14. The obsewed reaction patterns for eadi class of reagent 

is described in the following sections. 

2 44 



Table 14. Organometallic additions to acylstannaues. a 

O 1. R ~ M  # OMOM 

2- MOMCL i - h Z ~ ~ t t  R2snBu3 + @"*n)2 R1 

cH2C12 
XR' 

177 R' = Me 184 185 186 

Various Species (% Peak Area)' 
Entry R' R ~ M  184 185 186 178,187 179,181-183 

" Rcsults arc recordcd as % pcak arca, dcicrmincd by GCMS analysis o f  crude reaçrion mixtures. 
Arcas have no1 bccn normalitcd. In man>- cascs. oihcr rninor prducts were also observed. 

The use of organolithiurn reagents predominately provides tetraalkyltin species as the 

result of tin-lithium exchange chemistry (entries 1 and 4). Thus with stannane 177, the major 



products observed with MeLi and n-BuLi were BupSnMe and Bu4Sn (184), respectiveiy. 

The formation of hexabutylditin (185) is unique and was observed only when using 

alkyllithium reagents. Di-addition of the a lbl  moiety, resulMg in the formation of 186 is 

also observed for these reagents. The percent peak area of the desired addition products 179, 

181 and 183 is very low when compared to the analogous Grignard or cex-ïwn ragent 

(compare entries I and 2). In short, the use of organolithium reagents does not provide 

synthetically useful yields of the desired compound. 

The occurrence of transmetdation (Sn-Mg) chemistry, resulting in the formation of 

tetraalkyltin 184 is rnuch less for organomagnesium reagents when compared to the other 

organometallic reagents. In dl exarnples studied, no hexabutylditin (185) was observed by 

GCMS. Of the four classes of reagents examined that containeci P-hydrides, the 

organornagnesium reagents gave the highest levels of reduction products 178 and 187 

(compare entnes 10, 1 2  and 12)- The use of Grignard reagents produced lower levels of the 

di-addition product 186 (compare entries 1 0 and 1 I ). Grignard reagents give the highest 

overall ievels of the desired product (entries 2, 5 and 6 ) .  

Organoceriurn and organomagnesiurn reagents give comparable percent peak areas of 

the desired product (compare entries I 1 and 12). Reduction of the acylstannane resulting in 

product 187 is greatly rninimized when cornpared to the corresponding organomagnesium 

reagents; however, the di-addition product 186 is obtained in higher levels. These reagents 

gave intermediate levels of the corresponding tetraalkyltin species 184, as a result of 

transmetdation. 



Organozznc Reagents 

Stannane 177 was virtually unreactive with diethyhc at room temperature, as none 

of the desired addition product 182 was observed (entry 3). The formation of EtSnBu, (184) 

provides evidence that diethyltinc is able to transmetdate this acylstannane. 

The availability of both electrophilic (m) and nucleophilic ( L i A u l ~ )  aluminum 

reagents provided an opportunity to study the chemoselectivity of these reagents (entries 8 

and 9). Lronically, independent of their mode of reactivity, both of these reagents lead 

exclusiveIy to the formation of MeSnBu3 (184). Stannane 180 was consumed w i t b  20 

minutes, after the addition of AU~Q at -7g°C, followed by warrning to -5°C. The LiAlMe4 

reagent, prepared in sirzr from MeLi and AiMe showed no reactivity after 30 minutes at 

-5OC, but transmetalated stannane 180 upon wanning to room temperature. 

This study of organometailic additions to acylstannanes revealed that organolithium 

reagents were highly reactive and led primarily to the transmetdation of acylstannanes 177 

and 180. Organomagnesium reagents gave cleaner reaction mixtures and promoted more of 

the desired 1 ,Zaddition chemistry. Organocerium reagents gave comparable results to the 

Grignard species; however. they lead to higher levels of transmetalation chemistry. Both the 

organozinc and organoaluminum reagents failed to perform the 1,Zaddition chemistry and 

were chemoselective in transmetdating the acylstannane substrat es. 

Organomagnesium reagents were chosen from this study as the best reagents for 

pursuing the enantioselective synthesis of a,a-didlcyl a-hydroxystannanes. However, we 

also recognized that organometailic reagents modified by chiral auXiliaries cm show both 

increased and moderated reactivity depending on the electronic nature and degree of 

substitution surrounding the active metal site. Therefore, selected organometdlic reagents, 

such as AiMe, LiAlMe4 and EtzZn, which had previously s h o w  these characteristics were 

also used in the following study. The next section details Our efforts in this area. 



The enantioselective 1,Z-addition o f  organomagnesiurn reagents to acylstannanes was 

pursued as a method o f  preparing protected * a - d i e 1  a-hydroqstannanes in 

enantiomericaliy enriched fonn (Scheme 72). 

Scheme 72 

A brief survey 3637.40 of  ligands that have been used in conjunction with Grignard 

reagents for performing 1.2-additions to carbonyl compounds iiiustrates that the following 

were cornmonly used: ( 1 S.2R)-N,N-di-PT-butyl-norephedrine (DBNE),~' (S)-(+)-diphenyl- 

(N-methylpyrrolidin-2-y1)methand (DPMPM),'~ (2SY2'S)-2-hydroxymethyl- 1 -[(l -methyl- 

p yrrolidin-2-yl)rnethyI]pyrrolidine (HMMPMP)," a,a,a',ar-tetraaryl- 1.3-dioxolane4,S- 

dimethanol (TADDOL),~.~"'  and binaphthol ( B I N O L ) ~  (Figure 14). 



DBNE 

nne OH 

DPMPM HMMPMP 

TADDOL (R)-3.3'-Me-BI NOL (R)-3,3'-Ph-BINOL 

Figure 14. Structures of chiral ligands used with organomagnesium reagents. 

These ligands were either available in our laboratory or readily prepared by literature 

protocols. 4 1-43.47 The enantioselectivity of the organometallic additions was determined by 

chiral HPLC on a Chiracel OD coiumn Since MOM derivatives of %a-dialkyl u-hydroxy- 

stannanes were non-UV active. denvatization of the alcohols was performed using PhNCO 

(CH2Cl2) to generate the corresponding urethane. which enabled detection at k = 254 m. 

Standards were prepared of the desired products to allow for their identification by HPLC 

analysis. These compounds were prepared by the addition of Bu3SnLi (LI34 THF, -78OC) to 

the appropriate ketone substrate. The yield and retention time (HPLC) of these standards are 

given in Table 15. 



Table 15. HPLC analysis of prepared standards." 

Entry R' R~ Stannane Yield HPLC 

(%) (min) 
1 Me Et 188 50 11-17, 12-58 
2 Me rt-Bu 189 44 8.48, 13.40 

3 Me C=CCH2CH3 190 40 12.02, 15-55 
-- - -  - -- - 

Determined by HPLC anaiysis using a Chiracel OD columo (1% i-PrOH/He< 0.5 &min). 
Elution times for the two enantiomen. 

The inherent problem of 1,2-reduction chemistry by certain organometallic reagents 

led us to select organomagnesium reagents which contained no B-hydrogens- Initiaily, 

MeMgBr additions to ( I  -tributylstannyl)propan-1 -one were examined. The yield of these 

reactions were not detemined because the goal of this study was to perform a prelirninary 

screening of the reactivity and selectivity of chosen organometallic species in the presence of 

a chiral auxiliary. If reagents and conditions could be found that would provide selectivities 

in better than 80% enantiornenc excess, then fbrther effort would be extended to optirnize 

these conditions. Reactions were typically carried out using 2-3 equivalents of chiral ligand 

per equivatent of acylstannane substrate. The N-rnethylaminoaicohols were treated with 

either 2 equivaients of Grignard or 1 equivalent of rt-BuLi followed by 1 equivaient of 

Grignard. The chiral diols. TADDOL and BINOL, were treated with either 3 equivalents of 

Grignard or aitematively, 2 equivalents of ),-BuLi followed by 1 equivalent of Grignard 

reagent . 

The addition of MeMgBr was examined in the presence of DBNE, DPMPM, 

W M P ,  TADDOL, and (R)-3,3 '-Ph-B NOL (Table 1 6). The reaction conditions used for 

these chiral additions foUowed those desaibed in iiterature teferences- 40-43.46 The best 

selectivity achieved for the addition of MeMgBr, employed the DPMPM Iigand in Et20, 



which gave an enantiomeric ratio of 60:40. The use of DBNE fded to give any of the 

desired product. The employment of other ligands failed to give better results than those 

obtained with DPMPM (Table 16, entries 1-5). The use of dialkylrnagnesium reagents has 

been shown to promote higher selectivities over the analogous Grignard species. For this 

reason, MezMg was prepared and reacted with the HMMPMP ligand." Unfortunately, a 

racemic product was obtained when the reaction was conducted in either toluene or CH2Ch 

(entry 6). The organoaiuminum reagent AlMe, was assessed using DPMPM and (R)-3,3'-Ph- 

BINOL. Both trials gave a poor selectivity of the final product: 52:48 and 59:41, 

respectively (entry 7 and 8). The LiAlMea reagent was aiso used in the presence of (R)-3,3'- 

Me-BINOL, but failed to give any of the desired product (entry 9). 

Table 16. Organometallic additions to (1 -tnbutylstannyl)propan-1-one (180). 

O 
1. R'M + AUX* - O K N - ~ h  

EtKÇnB u3 2. PhNCO 
Et 

Entry R'M Auxiliary Solvent Temp era 

(Oc) 188 
DBNE 

DPMPM 

HMMPMP 

TADDOL 

(R)-3,;'-Ph-BINOL 
HMMPMP 

DPMPM 

(10-3 -3 '-Ph-BINOL 

(R)-3,3 '-Me-BINOL 
TADDOL 

hexane 
Et20 

Et20 

THF 
THF 

CH2C12 

CH2Cl2 

CH2C12 

THF 

toluene 

a Emtiorneric ratio determined by HPLC, using a Cbiracel OD column (1% i-PrOWHex, 0.5 mUmïn). 
No product isolated- 
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Ln ali experirnents examined to date, the reactivity of the organometalf.ic reagent 

foiiowed one of two trends: the additions to  the acylstannane were rapid, completed w i t h  

15 minutes and yieided a near racemic product; or the reactions were overly sluggish and 

never reached completion. The rapid consumption of the acylstannane by the organometallic 

reagent suggested that the reagents might be addïng d o u t  complexation by the chiral 

Ligand. The slow reaction times possibly suggested that the chiral reagents are fomed 

properly, but stenc hindrance about the carbonyl of the acylstannane rnay impede approach 

of the nucleophile to perforrn the 1,2-addition. 

Although the 1,Z-reduction chemistry had been a factor in the initial çtudy when using 

reagents containing P-hydrogens, it was decided to investigate other nucleophiles nich as 

ethyl- and butylmagnesium brornide. Perhaps in the presence of a chiral ligand containing 

dkoxide substituents, the highly reactive nature of these Grignards may be moderated to 

prevent the 1-2-reduction of the acylstannane substrat es. 

To help alleviate problems associated with slow reaction times, possibly caused by 

steric hindrance between the organometallic reagent and the tributylstannyl moiety, it was 

postulated that a smaller side-chah on the acylstannane (Le., Me) might facilitate an easier 

approach for t h e  nucleophile, thus increasing the relative rate of addition. Likewise, the 

rapid consumption of the acylstannane yielding an overall racemic product, may be due in 

part to inadequate quantities of chiral aikoxide (derived fiom the chiral ligand and 

alkyllithium) to fully complex the Grignard reagent. Free Grignard in solution would add 

non-stereoselectively yietding the racemic product. This potential problem was addressed by 

employing 10 equivalents of chiral ligand and 3 equivalents of Grignard, with respect to 

acylstannane. 

Preliminary results obtained f b m  Et Mg Br and n-BuMgBr additions to (1 -tribut$- 

stanny1)ethan- 1 -one (1 77), using the DPMPM ligand in hexanes, were very promising (Table 

1 7, entries 1 and 3). An enantiomeric ratio of 78:22 was obtained with EtMgBr, and 70:30 

with n-BuMgBr. High selectivity was also found with EtMgBr in the presence of the 

TADDOL ligand, but only trace arnounts of the product were obtained (entry 2). 

Unfortunately, the results obtained in conjunction with the DPMPM ligand proved very 

difficult to reproduce. Perhaps the only explmation is the delicate sensitivity of these chiral 

environments to varying levels of alkoxide. These anomalies rnay be caused in part to 



varying levels of alkoxide within commercial bottles of aLiqIlithium and Grignard soIutions. 

Diniculties in obtaining reproducibility, when cornbathg anomalous alkoxide concentrations 

in commercial materials, has also been noted in cuprate chern.i~tr~.~* 

Table 17. Organometallic additions to (1 -tributylstannyl)ethan- 1 -one (1 77). 

Entry R'M Auxiliary Solvent Temp era 

(Oc) 188-190 

1 EUlgBr DPMPM hexane -5 78:22 
2 EtMgBr TADDOL THF -5 76:24 

3 +BuMgBr DPMPM hexane O 70:30 

4 &Mg (R)-BINOL THF -78 4852 

5 Et2Zn DBNE hexane 25 NPb 
6 EttZn DPMPM hexane O NPb 

7 LiC=CCHzCH3 DPMPM THF -5 49:s 1 

8 BrMgC=CCH2CH3 HMMPMP THF -95 4456 
- - -- - - - -- - 

a Enantiornerïc ratio dete-ned by HPLC. us& a Chiracel OD column ( 1% i-PkIWHex. 0.5 Wmin) .  
h'a product isolated. 

Additions of EtzMg and EtzZn to acyistannane 177 were also examined. The  

diethylmagnesium reagent gave the product in poor selectivity (4852) in the presence of (R)- 

BINOL (entry 4). The organozinc reagent failed to give the desired product, when either 

DBNE or DPMPM were employed as the chiral ligand (enties 5 and 6). Other examples of 

organometallic reagents that contain no P-hydrogens include anions of 1-alkynes. 

1 -Butynyllithium and 1 -butynylrnagnesium bromide were prepared and tested in the presence 

of DPMPM and HMMPMP, respecîively. The selectivities were relatively poor at 4951 for 

the alkynyllithium and 4456 for the Grignard reagent (entries 7 and 8). 
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Attempts to develop a route to enantiomerically enriched, %a-dialkyl a-hydroxy- 

st annanes through the enantioselect ive addition of organometallic reagent s to acy 1st annanes, 

were unsuccessful. This rnethodology was hampered by both low selectivities and reactivity. 

Addition of simple organometallic reagents resulted in complex mixtures. 

The addition of methyl nucleophiles to (1-tributyIstanny1)propan-1-one (180) never 

produced selectivities higher than 18% ee of the desired product. 

The best selectivity observed for the ethylation of (1 -tribuîylstannyl)ethan- 1 -one 

(177) was 56% ee, with Eth4gBr in the presence of DPMPM. However, this result proved 

very diEcult to reproduce. Varying levels of alkoxide within the reaction mixture, which 

may be introduced through the alkyliithium and Grignard reagents, rnay interfere with the 

chiral environment surrounding the nucleophilic site of the metmgand complex. 

Cornpetition between alkoxides and the chiral ligands for the organometailic reagent would 

change the environment of the active metal site between each separate reaction trial. This in 

turn would lead to different enantiomenc ratios of the produa. AUcynyllithiurn and alkynyl- 

Grignard reagents, which contained no P-hydrogens. gave near racemic products. 



4.3.1 General 

The generd procedures described in Section 2.3.1 are applicable here with the 

following additions. Acylstannanes 1 77 and 1 80 were prepared following the procedure of 

Chong and ~ a r l ~ a n d  provided satisfactory analysis by 'H NMR spectroscopy. Solutions of 

alkynylrnagnesium bromide were prepared as descrïbed by Brandsma and ~e rkn i i j s s e .~~  

Organocerium reagents were prepared as outlined by Takeda and ~rnamoto .~~  

Dialiqlmagnesium reagents were prepared following the procedure of Mukaiyarna et al." 

Solutions of MgBr2.0Et2 were obtained as described by Seebach and co-worker~.~~ Chiral 

amino alcohols, DBNE and DPMPM. were prepared according to the methodology of Soai 

and CO-workers, 4 1-41 and HMMPMP was obtained fiom the procedure described by 

Mukaiyama et The optical rotation of the chiral amino alcohols was checked pnor to 

their use and compared to iiterature values. 

A representative procedure for the preparation of ether 182 is given below, followed 

by spectral data of ethers 179. 18 1 - 183 The yields of these ethers cm be found in Table 13. 



To a cold (0°C) solution of I-Pr2NH (0-24 mL, 1.8 mmol) was added n-BuLi (1 -3 1 

mL of a 1.41 M solution in hexanes, 1.8 mrnol). After the solution was stirred for 15 min, 

Bu3SnH (0.5 m., 1 .S mmol) was added and stimng was continuesi for a further 20 min. The 

reaction mixture was then cooled (-78"C), and 2-butanone (0.18 mL, 2.0 mmoi) was added. 

M e r  15 min the reaction was quenched with saturated aqueous N&Cl. The reaction 

mixture was diluted with ether (30 mL) and washed with H20 (10 mL) and brine (10 mL). 

The organic layer was dned (M~SOJ),  filtered and concentrated in vucuo (room temperature 

bath) to provide cmde 2-tributylaannyl-2-butanol. 

This material was cooled (O°C) and then CH2C12 (2 mL), i-PrZNEt (0.78 mL, 4.5 

mmol) and chloromethyl methyl ether (0.21 mL. 2.7 mrnol) were added. The ice bath was 

removed, and the mixture was stirred at room temperature until TLC indicated the reaction 

was complete (0.5-1 h). Excess chloromethyl methyl ether was hydrolyzed using 0.1 M 

NaOH solution (2 mL). The crude mixture was diluted with ether (75 mL) and washed with 

Hz0 (30 mL) and brine (30 mL). The organic layer was dried (MgS04), filtered and 

concentrated it~ vumo to yield 741 mg of cmde yellow oil. Coluniin chromatography of this 

material on silica gel (22 g) using hexanedethyl acetate (30: 1) af5orded 4 16 mg (57 %) of the 

title compound as a colorless oil; IR (neat film) 29 13, 1458, 1375, 1 141, 1033, 9 17, 867, 645 

cm"; 'H NMR (250 MHz, CDCl3) 6 0.75-1 .O0 (m. 18 Fi, CECH2CH2C&Sn and C&CH2C), 

1 24- 1 -60 (m, 12 H. CH3C&C&CH2Sn), 1 -40 (s, 3 H, C b ) ,  1 -74 (q, 2 H, J = 7.4 Hz. 

CHXCH~C), 3.36 (s, 3 H, C h o ) ,  4.65 (ABq, 2 H, Jr\B = 7.0 Hz, AV = 13.8 Hz, O C b 0 ) ;  I3c 

NMR (63 MHz, CDCI,) 6 9.84 (CHJCH~C), 10.04 ('1 = 282.2, 293.5 Hz, - CH2Sn), 13.56 

(CHIC&). 25.90 (CH~CHIC), 27.62 ( 2 ~  = 55.5 Hz, m2CH2Sn), 29.29 ( 3 ~  = 18.9 Hz,  

CH3CHA 34-75 (CHS), 55-43 (Ç&O), 82.58 (COMOM), 93.64 (35= 22.6 Hz, 0ÇH20); 

MS (EI) mx 363 (0.5, M+-MOM), 35 1 (0.9, A f - C a ) ,  291 (7), 235 (14), 177 (33), 1 17 (23), 

45 (100); Anal. Calcd for Cl&02Sn: C, 53.09; H, 9.90. Found: C, 52.99; H, 9.85. 



OMOM 

-SnBul 

IR (neat) 2956, 1464, 1376, 1 140, 1093, 1038, 916, 663, 593 cm-'; 'H NMR (300 MHZ, 

CDCb) 6 0-75-2.00 (m, 18 H, C&CH2CH2C&Sn and CH2Cf-I), 1.15-1-60 (m, 16 H, 

C&C&C&CH2Sn and C&C&CH3), 1.40 (s, 3 H, CEC), 1.64-1.72 (ni, 2 H, CEC), 3.35 

(s, 3 C&O), 4.64 (ABq, 2 FI, J m  = 7.0 Hz, AV = 18.5 Hz,  OCBO); 13c NMR (75 ME3q 

CDClj) 6 10.3 1 ('1 = 28 1 ,  294 Hz, CH&), 13.64 cH3CHzCH2CH2Sn), 14.12 (CH3CH2), 

23-27 (CHS), 26.48 (CHsCH2), 27.64 ( 2 ~  = 56 Hr, CH2CH2Sn), 28.04 &&CH2C), 29.30 ( 3 ~  

= 20 Hz, CH2CHzCHzSn). 42.37 (CHZHzC), 55.52 (=O), 82.11 (CH3CSn), 93.70 

(OCH20); MS (EI) rn'z 39 1 (1.  M'-MOM), 379 (1, IM'-Ca9), 291 (IO), 235 (1 5), 179 (29), 

121 (1 5),  45 (1 00); Anal. Calcd for Cd-hO2Sn: C, 55.19; H, 10-19. Found: C, 55.29; H, 

10.01. 

1 H NMR (250 MHz, CDC13) 6 0.754 -80 (m, 33 H. CbC&C&C&Sn and C E ) ,  3.36 (s, 3 

H. CHIO), 4.65 (ABq. 2 H. ./..w = 7.0 Hz. A v  = 13.8 Hz, OCEO); MS (EI) rnz 349 (3, M- 

MOM). 337 (5, M-C~HV}, 291 ( 1  7). 235  (29), 179 (46), 121 (3 l), 103 (13), 73 (30)- 45 

( i 00). 



IR (CHCla) 2959, 2927. 1465, 1378, 1224, 1 144, 1077, 1032, 927, 877 cm-'; 'H NMR (600 

MHz, CDCl3) 6 0.75-0.95 (m, 2 1 H, CbCH2CH2CH,Sn, CH3CH2CH2 and C&CH2C), 1 - 15- 

1.50 (m, 16 H, CH3CbC&CH2Sn and CH3C&CE), 1.65-1.74 (m., 2 H, CH3CH2CH2C&), 

1-77 (q, 2 Y J =  7.2 CH,C&C), 3.33 (s, 3 FI, C&O), 4.61 (s, 2 H, OCBO); 13c NMR 

(150 MHz, CDCl,) 6 9.75 (GH3CH~CH2), 10.57 ('J = 277, 289 Hz, m2Sn), 13.61 

(C&C&CHKH2Sn), 1 4.1 2 (CH$ZH2C), 23 -3 8 (CH3(;H2CH2), 27.65 (2J = 58 Hz, 

CH2CH2Sn), 27.97 (CHZCH~C), 29.32 ( 3 ~  = 19 Hz, (;H2CH2CH2Sn), 3 1.73 (CH3ÇH2C), - 

38-74 (CH2mtC), 55.63 (CH3O), 88.09 (CH,Dn), 93.91 (OCH20); MS (EI) m/z 405 (1, 

w-MOM), 391 (1, M-CIH9), 291 (4). 235 (8). 179 (16). 121 (12)- 45 (100); ~ n d .  Calcd for 

C21h02Sn: C, 56- 14; H, 10.32. Found: C, 56-3 1; H, 10.13. 

To a cooled (-78°C) solution of stannane 177 (233 m g  0.70 mmol) in THF (5 mL) 

was added n - B S i  (0.50 rnL of a 1.40 M solution in hexanes, 0.70 m o l ) .  m e r  15 min, the 

reaction was quenched with saturated aqueous NhC1. The mixture was diluted with ether, 

washed with H20 and brine. The organic layer was dned (MgS04), filtered and concentrated 

iti va~wo (water bath at room temperature). 

This material was cooled to O°C and then CH2Cl2 (2 mL), i-PrzNEt (0.30 mL, 1 -75 

mmol), and chloromethyl methyl ether (80 PL, 1.05 mmol) were added. The reaction was 

stirred at 0°C for 10 min and was then allowed to warm to room temperature. The reaction 

was monitored by TLC until complete (0.5-1.0 h). The solution was diiuted with ether, 

washed with Hz0 and bnne. The organic layer was dned (MgS04), filtered and concentrated 

in vanro. The resulting oiI was passed through a short colurnn of silica (-1 g of silica; 

hexanedethyl acetate, 2: 1 ), to eliminate trace salts, affording the cmde product as a colorless 



oii, after concentration in vucuo. Samples for GCMS analysis were prepared in diethyl ether 

(Table 14, entry 4). A similar experiment was performed ushg MeLi (O°C). 

43.4 Reuction of n-BuMgBr with (1-tribu@Istrn~r)ethan-I-one (I 77) 

To a cooled (0°C) solution of stannane 277 (490 mg, 1.47 mrnol) in Et20 (5 mL) was 

added n-BuMgBr (1.47 mL of a 1-0 M solution in EtzO, 1.47 mmol). m e r  15 min the 

reaction was quenched with saturated aqueous NH4Cl. The mixture was dihted with ether, 

washed with H20, dried (MgS04), filtered and concentrated in vacuo (water bath at room 

temperature). Derivatization and analysis are as described in Section 4.3.3 (Table 14, entry 

5). A similar experiment was perfonned using MeMgBr. 

To a cooled (-78°C) slurry of CeCl3 (659.1 mg, 1.77 mrnol) in THF (5 mL) was 

added n-BuLi (1.81 mL of a 0.98 M solution in hexanes, 1.77 mrnol). M e r  30 min of 

stimng at -78OC, stannane 180 (5 1 1 mg, 1.47 rnmol) was added as a solution in T W  (2 mL). 

The pale yellow reaction was stirred at -78°C for a fûrther 30 min. The cooling bath was 

removed and the reaction allowed to warm to room temperature. The reaction was quenched 

with saturated aqueous W C l .  The mixture was diluted with ether (20 mL), washed with 

aqueous 5% acetic acid (5 mL). NaHC03 (10 mL), Hz0 (15 fi), and brine (1 5 mL). The 

organic layer was dned (MgS04), filtered and concentrated in vamo (water bath at roorn 

temperature). Derivatization and analysis are as described in Section 4.3.3 (Table 14, entry 

13). A sirnilar experiment was perfonned using MeCeClz. 



To a cold (0°C) stirred solution of stannane 177 (463 mg, 1.39 mmol) in hexanes (5 

mL) was added dropwise Et2Zn (1 -39 mL of a 1.0 M solution in hexanes, 1.39 mrnol). After 

15 min of stirring at O°C, the cooling bath was removed and the reaction allowed to warm to 

room temperature overnight. The reaction was quenched with saturated aqueous m l .  

The mixture was diluted with ether, washed with H20, and brine. The organic layer was 

dried (MgS04), fiitered and concentrated in vamo (water bath at room temperature). 

Denvatization and analysis are as described in Section 4.3.3 (Table 14, entry 3). 

4- 3.7 Reactzort of A M e  with (I-trihu~stan~tyI)propan-l-one f180) 

To a cold (-78°C) stirred solution of AiMe (OS5 mL of a 2.0 M solution in hexanes, 

1.1 mmol) in CH2C12 (5 mL) was added dropwise stannane 180 (190.1 mg, 0.55 mmol). 

Once the addition of acylstannane was complete the reaction was warmed to -5°C. M e r  25 

min of stirring at this temperature, the reaction was quenched with saturated aqueous =Cl. 

The mixture was diluted with ether. washed with &O, and brine. The organic layer was 

dried (MgS04), filtered and concentrated NI vamo (water bath at room temperature). 

Derivatization and anaiysis are as described in Section 4.3.3 (Table 14, entry 8). 

To a stirred solution of AlMe3 (0.45 mL of a 2.0 M solution in hexanes, 0.91 mmol) 

in hexanes (5 mL) was added dropwise MeLi (0.67 rnL of a 1.35 M solution in hexanes, 0.9 1 

mmol) and the rnixîure stirred for 15 min at roorn temperature. The reaction was 

concentrated under high vacuum at roorn temperature, and the remaining white residue was 

redissolved in THF (5 mL). The solution was cooled to -5°C and stannane 180 (104.9 mg, 

0.30 mmol) was added as a solution in TW (5 mL). After 30 min of st-g at -5OC, the 

reaction was allowed to warm to room temperature and then quenched with saturated 



aqueous NH4Cl. The mixture was diluted with ether, washed with H20, and brine. The 

organic layer was dned (MgS04), filtered and concentrated in vacuo (water bath at room 

temperature). Denvatization and analysis are as describeci in Section 4.3.3 (Table 14, entry 

9)- 

43.9 Representattive Procedire for the Prepuration of N-Phenyicarbamate Protected 

a; a-Dza/kvl a-Hydroxystat u~nms 

A representative procedure for the preparation of carbarnate 188 is given below, 

followed by spectral data of carbamates 188-190. The yields of these carbamates can be 

found in TabIe 15. 

To a cold (O°C) solution of r-Pr2NH (0.23 mL, 1.72 mmol) was added n-BuLi (1.68 

mL of a 1.02 M solution in hexanes, 1 72 mmol). M e r  the solution stirred for 15 min 

Bu3SnH (0.46 rnL. 1.72 mmol) was added and stimng was continued for a further 20 min. 

The reaction mixture was then cooled (-78°C). and 2-butanone (0.18 mL, 2.06 mmoi) was 

added. M e r  15 min the reaction was quenched with saturated aqueous N-CI. The reaction 

mixture was diluted with ether (30 mL) and washed with H20 (10 m . )  and brine (10 mL). 

The organic layer was dried (MgS04), filtered and concentrated in vacuo (room temperature 

bath) to provide cnide 2-tnbutylstannyl-2-butanoII 

This matenal was cooled (0°C) and then CH2CI2 (2 mL) and phenyl isocyanate (0.37 

mL, 3.44 mmol) were added. The ice bath was removed, and the mixture was stirred at room 



temperature until TLC indicated the reaction was complete (0.54 h). The reaction mixture 

was concentrated and then partitioned between acetonitrile (30 mL) and hexanes (30 mL). 

The layers were separated, and the acetonitrile fraction was re-extracted with hexanes (3 x 20 

rnL). The combined hexane fiactions were washed with H20 (30 mL) and brine (30 mC). 

The organic tayer was dned (MgSO& filtered and concentrated in vacm to yield 710 mg of 

crude yellow oil. Column chromatography of this matenal on silica gel (22 g) using 

hexanedethyl acetate (60: 1) afforded 418 mg (50%) of the title compound as a colorless oil: 

IR (neat) 3443,3333,2956, 1715, 1601, 1523, 1442, 1376, 13 12, 1229, 1048, 1028,750,691 
cm-'. 1 , H NMR (250 MNz, CDCl3) 6 0.75-1.10 (m, 18 H, C&CH2CH2CWn 2nd CECHz), 

1.20-1 -67 (m, 12 H, CH3CH,CH,CH2Sn) 1.47 (s, 3 H, CEC),  1.72-1 -90 (m, 2 H, CH3C&), 

6.49 (S. 1 H, NH), 7.00-7- 10 (m. 1 Hl Ara, 7.20-7.40 (m, 4 H, Ara;  13c NMR (1 50 MHz, 

CDCb) 6 9.83 (CHKH2C), 1 1.1 1 ( 'J  = 306, 3 17 Hz, CHzSn), 13 -66 (cH3CH2CH2CH2Sn), 

25-80 (CHS), 27.62 ('J = 58 Hz. CH2CH2Sn), 29.12 ( 3 ~  = 18 H z ,  CH2CH2CH2Sn), 34.07 

(CH&&C), 73.20 (CHKSn), 1 18.63, 123.05, 128.93, 138.15 ( w s ) ,  154.36 (CO); MS 

(FAB! ms 426 (1 00. M-Cd&), 370 (55). 326 (34), 287 (26), 256 (1 9), 21 1 (5 l), 176 (69), 

121 (4@, 73 (62); Anal- Calcd for CdLlN02Sn: C, 57-28; H, 8.56; N, 2.90. Found: C, 

57.34; H, 8.63; N, 2-70. 

IR (neat) 3436, 2958,2927, 171 8, 1602, 1521, 1441, 1376, 13 11, 1259, 1226, 1080 cm-'; 'H 

NMR (3 00 MHz, CDCl3) 6 0.70- 1.10 (m, 1 8 H, C&CH2CH2C&Sn and C&CH2CH2), 1.15- 

1.70 (m. 18 H, CH3C&C&CH2Sn and C&CI-&C&C), 1.49 (5 3 H, CEC), 6.47 (s, 1 El, 

NB), 7.00-7.10 (m, 1 H, ArH), 7.20-7.40 (m, 4 H, ArH); I3c NMR (150 MHz, CDC13) 6 

1 1. i O ('J = 309, 324 Hz, CHzSn), 13-64 (CH3CH2CH2CH2Sn), 14.03 =sC&CHî), 23.08 



(CH~CH~CHZ), 26.31 KHX) ,  27.39 (*/ = 55 Hz,  cH2CH2Sn), 28.97 (CH-C), 29.04 (?1 
= 18 Hz, ~ ~ C H ~ C H Z S ~ ) ,  41.44 (CH-C), 66.98 (CH&Sn), 118.58, 123.08, 128.92 (Ar- 

CS), 138.16 (ipso-Ar-c), 154.32 (CO); MS (FAB) m/r 454 (21, W - C a ) ,  389 (58), 363 - 

(20), 342 (12), 208 (23), 173 (39, 121 (21)- 82 (100); Anai. Calcd for C25H4sN02Sn: C, 

58-84; H, 8.88; N, 2.74. Found: C, 58.72; H, 8.68; N, 2-55 

IR (neat) 3433,2958,2921. 1719. 1603, 1522, 1442, 1312, 1226, 1201, 1047, 1026 cm-'; 'H 

NMR (300 MHz, CDC13) 6 0.75-1 20 (m. 15 H, C&CH2CH2CESn), 1-14 (t, 3 H, J = 7.4 

Hz, CECHz), 1 .X- 1.80 (m. 12 H, CH3C&C&CH2Sn), 1-71 (s, 3 H, CBC), 2.29 (q, 2 H, J 

= 7.4 Hz, CH3C&), 6.58 (s, 1 H, NH), 7.00-7.10 (m. 1 H, ArH), 7.20-7.40 (m, 4 H, ArH); 

"C NMR (1 50 MHz, CDCIi) 6 12.00 ('J = 3 18. 333 Hz, CJi2Sn), 12.83 (CH3CH2), 13.70 

( C ~ C H Z C H Z C H ~ S ~ ) ,  14.1 1 (CH3CH2). 26.91 (CH3C). 27.50 ( 2 ~ =  60 Hz, CH2CH2Sn), 28.96 

('1 = 19 Hz. C&CHKH2Sn). 70.24 (CH3CSn). 82.71 (CCCSn), 89.77 (CCCSn), 118.57. - 

123 -23, 128.97, 13 7.9 1 ( Ar-C's), 1 53.54 (CO); MS (FAB) mit 452 (66, W-Ca9) ,  342 (88), 

23 1 (23). 1 73 (27), 1 00 (62) .  82 ( 100); Anal. Calcd for Czs&lNOaSn: C, 59.30; H, 8-16; N, 

2.76. Found: C, 59.35; H, 8.22; N. 2.86. 

To a cooied (O°C) solution of DBNE (79.3 mg, 0.30 m o l )  in hexanes (10 mL) was 

added MeMgBr (0.20 mL of a 3.0 M solution in EtzO, 0.60 mrnol) and the reaction was 

wanned to  room temperature for 20 min. Then the reaction was cooled (O°C), and 



acylstannane 180 (104.5 mg, 0.30 mrnol) was added as a solution in hexanes (2 m . ) .  The 

mixture was stirred for 1 h at O°C, and then quenched with saturated aqueous NE&Cl. The 

organic phase was washed with 1 M HCl (5 mL). The bottom acidic layer was drained and 

collected to allow recovery of the awliary. The organic layer was washed with N m O 3  

(5 mL), Hz0 (5 rnL) and bnne ( 5  rnL). The organic layer was dried (MgS04), fltered and 

concentrated in vamo (water bath at room temperature). This matenal was cooled to O°C 

and then CHzClz (2 rnL) and phenyl isocyanate (65 j.L, 0.60 mmol)) were added. The 

reaction was then allowed to warm to room temperature, and was monitored by TLC until 

complete (0.5- 1 -0 h). The reaction mixture was concentrated and then partitioned between 

acetonitrile (10 mL) and hexanes (10 rnL). The layers were separated and the acetonitnle 

fiaction was re-extracted with hexanes (3 x I O  mL). The combined hexane fractions were 

washed with Hz0 (15 rnL) and brine (15 mL), dried (MgS04), filtered and concentrated in 

vacuo. Sarnples for HPLC anaiysis were prepared in hexanes (Table 16, entry 1). 

To a cooled (0°C) solution of DPMPM (1.10 g, 4.17 mrnol) in hexanes (18 mL) was 

added rr-butyllithium (4.25 rnL of a 0.98 M solution in hexanes, 4.17 mmol) and then 

ailowed to warm to room temperature. After the mixture stirred for 10 min, MeMgBr (0.42 

mL of a 3.0 M solution in EtlO, 1.25 mmol) was added with vigorous stïrring, and the 

reaction was warmed to reflux for 30 min. Then the reaction was cooled (-5"C), and 

acylstannane 180 ( 145 mg, 0.42 mmol) was added as a solution in EtzO (2 mL). The mixture 

was stirred for 1 h at -5°C. and then quenched with saturated aqueous NH.&l. The organic 

phase was washed with 1 M HCl (10 mL). The bottom acidic layer was drained and 

collected to allow recovery of the auxiliary. The organic layer was washed with NaHCOi 

(1 0 mL), Hz0 (1 0 mL) and brine (1 0 mL). The organic iayer was dried (MgS04), filtered 

and concentrated Ïr> vucuo (water bath at room temperature). This material was cooled to 

0°C and then CH2C12 (2 mL), and phenyl isocyanate (91 pL, 0.84 mmol) were added. The 

reaction was then allowed to warm to room temperature, and was monitored by TLC until 

cornplete (0.5- 1 -0 h). Work-up and sample preparation was as described in Section 4.3.10 
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(Table 16, entry 2). S d a r  experiments were carried out using EtMgBr and n-BuMgBr with 

acylstannane 177 (Table 17, entries 1 and 3). 

4-3-12 Reuction of MeMgBr and HMMPMP with (1-rributylstanny~propm-Z-one 080) 

The procedure of Mukaiyama et al." was essentially followed. To a cooled (O°C) 

solution of HMMPMP (510.0 mg, 2.57 mrnol) in Et20 (10 mL) was added PI-butyllithium 

(2.62 mL of a 0.98 M solution in hexanes, 2.57 mmol). The mixture was warmed to room 

temperature for 15 min and then MeMgBr (0.86 m .  of a 3.0 M solution in Et20, 2.57 mmol) 

was added. The reaction was stirred for a further 30 min at room temperature and then 

cooled to -78OC. A solution of acylstannane 180 (223.2 mg, 0.64 mmol) in Et20 (2 mL) was 

added. The reaction was quenched after 1 h at -7El0C, with a sahirated solution of NH4Cl. 

The mixture was diluted with ether, washed with 1 M HCI, NaHC03, H20, and b ~ e .  The 

organic layer was dried (MgSOs), filtered and concentrated in vamo (water bath at room 

temperature). This material was cooied to 0°C and then CH2C12 (2 mL), and phenyl 

isocyanate (0.14 mL, 2 -28 rnmol) were added. The reaction was then allowed to warm to 

room temperature, and was monitored by TLC until complete (0.5-1.0 h). Work-up and 

sample preparation was as described in Section 4 3 - 1 0  (Table 16, entry 3). 

The procedure of Weber and seebach" was essentidly followed. To a cooled 

(-78OC) solution of TADDOL (2.24 g, 4.80 mmol) in THF (20 mL) was added MeMgBr 

(4.16 mL of a 3.0 M solution in Et20, 12.5 mmol). The cooling bath was removed and the 

reaction mixture warrned to room temperature. The colorless solution was then cooled to 

-78°C. and a solution of acylstannane 180 (333 g, 0.96 mmol) in Et20 (2 m.) was added. 

The reaction was quenched after 1 h with saturated aqueous NKCI. The reaction mixture 

was diluted with Et20 washed with H20 and brine. The organic layer was dried (MgS04), 

filtered and concentrated in varuo (water bath at room temperature). This matenal was 



cooled to O°C and then CHzCh (2 mi,), and phenyl isocyanate (0.21 mL, 1-92 rnmol) were 

added. The reaction was then allowed to warm to room temperature, and was monitored by 

TLC until complete (0.5-1.0 h). Work-up and sample preparation was as described in 

Section 4.3.1 0 (Table 1 6, entry 4). A sunilar experiment was carried out using EtMgBr and 

TADDOL with acylstannane 177 (Table 17, entry 2). 

To a cooled (-78°C) solution of (R)-3,3'-Ph-BINOL (78.5 mg, 0.18 mmol) in THF (5 mL) 

was added MeMgBr (0.1 7 mL of a 3 -0 M solution in Et20, 0.52 mrnol). The cooling bath 

y a s  removed and the reaction mkture warmed to room temperature. The colorless solution 

was then cooled to -78°C. and a solution of acylstannane 180 (58.6 mg, 0.17 mmol) in THF 

(2 rnL) was added. The reaction was quenched after 1 h with saturated aqueous m C 1 .  The 

reaction mixture was diluted with EtzO washed with HzO and btine. The organic layer was 

dried (MgS04), filtered and concentrated irl vacrro (water bath at room temperature). This 

material was cooled to 0°C and then CH2C12 (2 mL), and phenyl isocyanate (37 pL, 0.34 

mmol) were added. The reaction was then allowed to warm to room temperature, and was 

monitored by TLC until complete (0.5-1.0 h). Work-up and sample preparation was as 

described in Section 4.3.10 (Table 16, entry 5). 

The procedure of Mukaiyama rr al.43 was essentiaily followed. To an ether (10 mL) 

sotution of HMMPMP (487.2 mg, 2.46 mmol) wzs added ri-butyllithium (2.5 1 mL of a 0.98 

M solution in hexanes, 2.46 mrnol), followed by Me2Mg (4.91 mL of a 0.5 M solution in 

Et20, 2.46 rnmol) at 0°C. The reaction was stirred for 30 min and then was concentrated 

under high vacuum at room temperature. The remaihg solid was redissolved in CHZC12 (10 

mL), and cooled to -78°C. A solution of acylstannane 180 (213.2 mg, 0.61 mmol) was 



added. The reaction was quenched afker 1 h at -78"C, with a saturated solution of N a C l .  

The mixture was diluted with ether, washed with 1 M HCI, NaHC03, &O, and b ~ e .  The 

ether layer was dried (MgS04), filtered and concentrated in vamo (water bath at room 

temperature). This material was cooled to 0°C and then CHzClz (2 mL), and phenyl 

isocyanate (0.13 rnL, 1.23 mmol) were added. The reaction was then altowed to warm to 

room temperature, and was monitored by TLC until complete (0.5-1 -0 h). Work-up and 

sarnple preparation was as described in Section 4-3-10 (Table 16, entry 6). 

To a solution of DPMPM 1 63.8 mg, 0.62 mmol) in CH2C12 (4 mL) was added M e  Al 

(0.3 1 mL of a 2.0 M solution in hesanes, 0.62 mmol) at room temperature. The reaction was 

stirred for 1 h and then cooled to -5°C. and a solution of acyistannane 180 (107.9 mg, 0.31 

mmol) in CH2Cl~ ( 2  mL) was added. The reaction was quenched &er 1 h with saturated 

aqueous NI&Cl. The reaction mixture was diluted with Et20, washed with H20, and brine. 

The organic Iayer was dried (MgSOq). filtered and concentrated in vacuo (water bath at room 

temperature). This material was cooled to O°C and then CH2C12 (2 mL) and phenyl 

isocyanate (67.6 PL, 0.62 mmol) were added. The reaction was then allowed to warm to 

room temperature, and was monitored by TLC until complete (0.5-2.0 h). Work-up and 

sarnple preparation was as described in Section 4 3 . 1  O (Table 16, entry 7). 

To a solution of (K)-3.3'-Ph-BINOL (293.1 mg, 0.67 mmol) in CH2C12 (4 rnL) was 

added M e A  (0.33 mL of a 2.0 M solution in hexanes, 0.67 m o l )  at room temperature. The 

reaction was stirred for 1 h and then cooled to -5"C, and a solution of acylstannane 180 

(1 16.0 mg, 0.33 rnrnol) in CH2C12 (2 rnL) was added. The reaction was quenched after 1 h 

with saturated aqueous NI&CI. The reaction rnixîure was diluted with Et20, washed with 



H20, and brine. The organic layer was dried (MgS04), fikered and concenîrated in v m o  

(water bath at room temperature). This material was cooled to WC and then CH2CI2 (2 mL) 

and phenyl isocyanate (0.1 8 mL, 1 -67 mrnol) were added. The reaction was then dowed to 

warm to room temperature, and was monitored by TLC until complete (0.5-1 .O h). Work-up 

and sarnple preparation was as described in Section 4.3.10 (Table 16, entry 8). 

To a stirred solution of AiMe (0.8 1 mL of a 2.0 M solution in hexanes, I -6 1 rnmol) 

in hexanes (5 mL) was added dropwise MeLi (1.19 mL of a 1.35 M solution in hexanes, 1.61 

mmol) and the mixture stirred for 15 min at room temperature, The reaction was 

concentrated under high vacuum at room temperature, and the remaining white residue was 

redissolved in THF (5 mL). A solution of 3,3'-Me-BINOL (506.5 mg, 1-61 mrnol) in TEE (2 

rnL) was added and the mixture stirred for 1.5 h at room temperature. The solution was 

cooled to -78°C and acylstannane 180 (186.4 mg, 0.53 mmol) was added as a solution in 

THF (2  mL). M e r  1 h of stimng at -78°C. the reaction was ailowed to warm to 0°C and 

then quenched with saturated aqueous m C 1 .  The mixture was diluted with ether, washed 

with H20, and brine. The organic layer was dned (MgS04), filtered and concentrated in 

iacuo (water bath at room temperature). This material was cooled to 0°C and then CHzClz (2 

rnL) and phenyl isocyanate (0.41 mL, 1.07 mmol) were added. The reaction was then 

allowed to warm to room temperature, and was monitored by TLC until complete (0.5-1 .O h). 

Work-up and sample preparation are as described Section 4-3-10 (Table 16, entry 9). 

The procedure of Weber and seebachq5 was essentially followed. To a cooled 

(-78OC) solution of CITi(i-PrOh (1.86 mL of a 1.0 M solution in hexanes, 1.86 mrnol) in 



toluene (4 mL) was added MeLi (1.21 mL of a 1.53 M solution in EtzO, 1.86 mrnol). The 

yeilow solution was warmed to 0°C with vigorous stirring for a period of 30 min. 

A separate solution of TADDOL (72.1 mg, 0.15 rnmol) and Ti(i-PrOk (55 -2 &, 0- 19 

mmol) in toluene (1 4 mL) was prepared and stirred for 15 min at room temperature before 

being cooled to -78°C. The previousiy prepared solution of MeTi(i-Pr0)p was added with 

continued stimng at -78°C for 1 h. A solution of acylstannane 180 (5 15.0 mg, 1.48 mmol) in 

toluene (2 mL) was added. The reaction was allowed to warm to room temperature overnight 

without removal of the cooling bath. The reaction was quenched with saturated aqueous 

N-Cl. The reaction mixture was diluted with EtzO, washed with H 2 0  and bnne. The 

organic layer was dned (MgSOs), filtered and concentrated in vaczio (water bath at room 

temperature). This material was cooled to 0°C and then CH2C12 (2 rnL) and phenyl 

isocyanate (0.32 mL, 2.96 mmol) were added. The reaction was then allowed to warm to 

room temperature, and was monitored by TLC untif complete (0.5-1.0 h). Work-up and 

sample preparation was as described in Section 4.3.10 (Table 16, entry 10). 

To a cooled (-78°C) solution of (R)-BINOL (243.5 mg, 0.85 mmol) in THF (IO rnL) 

was added wbutyllithium (0.76 mL of a 7.7.5 M solution in hexanes, 1.70 mmol) with 

stimng. M e r  10 min, EtzMg ( 1  -70 mL of a 0.5 M solution in EttO, 0.85 mmol) was added 

to the reaction. Following a hrther 10 min. a solution of acylstannane 177 (283.2 mg, 0.85 

rnmoi) in THF ( 2  mL) was added. The reaction ternperature was maintained at -78°C for 

10 h and then quenched with a saturated soIution of m C 1 .  The reaction was warmed to 

room temperature and then diluted with EtzO (20 mL). The organic phase was washed with 

Hz0 (30 mL) and bnne (30 mL). The ether layer was dried (MgS04), filtered and 

concentrated itl vactro (water bath at room ternperature). This material was cooled to O°C 

and then CHZC12 (2 mL), and phenyl isocyanate (0.37 mL, 3.40 mmol) were added. The 

reaction was then allowed to warm to room temperature, and was monitored by TLC until 

complete (0.5-1.0 h). Work-up and sample preparation was as describecl in Section 4.3.10 

(Table 17, entry 4). 



1-3-21 Reaction of Et2Zn and D B E  with (i-rrioz~&IstmrryI)ethan-I-one (1 77) 

The procedure of Soai et aL4' was essentially followed. To a solution of acylstannane 

177 (306 mg, 0.92 mmol) in hexanes (5 mL) was added DBNE (14.5 mg, 0.05 mrnol, 6 mol 

%), at room temperature. The mixture was stirred for 20 min and then was cooled to 0°C. 

Et2% (0.92 mL of a 1.0 M solution in hexanes, 0.92 rnrnol) was added. The reaction was 

quenched after 96 h at room temperature, with 1 M HCI. TLC analysis of the crude reaction 

Mxture revealed the absence of the-desired ma-dialkyï a-hydroxystannane. Work-up and 

derivatkation of the reaction mixture was not performed. (Table 17, entry 5). 

The procedure of Soai et was essentially followed. To a cooled (O°C) solution of 

DPMPM (2 16.7 mg, 0.82 mmol) in hexanes ( 1 8 rnL) was added n-butyllithium (0.37 mL of a 

2.25 M solution in hexanes. 0.82 rnrnol). followed by EtZn (1.81 mL of a 1.0 M solution in 

hexanes, 1.8 1 mmol). The clear solution was warmed to reflux for 20 min and then cooled to 

0°C. A solution of acylstannane 177 (274.0 mg, 0.82 rnmol) in hexanes (2 rnL) was added. 

The reaction was allowed to warm to room temperature overnight. TLC analysis taken 16 h 

afier the addition of acylstannane revealed the absence of the desired a,a-dialkyl 

a-hydroxystannane. Work-up and denvat izat ion of the reaction mixture was not performed. 

(Table 17, entry 6) -  

To a cooled (-10°C) mixture of HMMPMP (652.4 mg, 3.29 mmol) and 1-butyne 

(2.25 rnL of a 1.2 M solution in hexanes, 2.70 rnmol) in Et20 (15 rnL) was added n- 

butyllithium (4.10 rnL of a 1.56 M solution in hexanes, 6.40 rnmol). The reation stirred for 

30 min, and then was cooled to -9S°C. A solution of acylstannane 177 (309.7 mg, 0.89 

mmol) in Et20 (2 mL) was added. The mixture was stirred for 1 h at -95"C, and then 
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quenched with saturated aqueous Nl&CI. The r d o n  miaure was diluted with Et20 and 

washed with 1 M HCI, NaHCOs, &O and brine. The organic layer was dried (MgS04), 

filtered and concentrated in vacuo (water bath at room temperature). This matenal was 

cooled to O°C and then CH2C12 (2 mL), and phenyl isocyanate (0.19 mL, 2.78 mmol) were 

added. The reaction was then allowed to warm to room temperature, and was monitored by 

TLC until oomplete (0.5-1.0 h). Work-up and sample preparation was as described in 

Section 4.3.10 (Table 17, entry 7). 

To a cooled (-78°C) solution of 1 -butyne (4.92 mL of a 1 -2 M solution in hexanes, 

5.90 mmol) was added rt-butyilithium (3 -78 mL of a 1.56 M solution in hexanes, 5.90 rnrnol). 

The reaction stirred for 10 min, and then MgBr2eOEt2 (9.67 mL of a 0.61 M solution in &O, 

5.90 mmol) was added. The reaction was allowed to warm to 0°C over 30 min. A solution 

of DPMPM (932.5 mg, 3.54 mmol) in Et20 (5 mL) was added siowly. The reaction mixture 

was then warmed to reflux for a penod of 30 min. The contents of the reaction vesse1 were 

then cooled to -20°C, and a solution of acylstannane 177 (409.3 mg, 1.18 rnrnol) in EtzO (2 

rnL) was added. The reaction was quenched after I5 min with saturated aqueous =Cl. 

The reaction mixture was diluted with Et20 and enough 1 M HCl to produce a clear bottom 

layer. The bottom acidic layer was drained and collected to allow recovery of the auxiliary. 

The organic layer was washed with 1 M HCI, NaHCO3, H20 and bnne. The organic layer 

was dried over MgS04, filtered and concentrated hi vamo (water bath at rt). This materiai 

was cooled to 0°C and then CHzCll (2 mL), and phenyl isocyanate (0.26 mL, 2.36 mrnol) 

were added. The reaction was then ailowed to warm to room temperature, and was 

monitored by TLC until complete (0.5-1.0 h). Work-up and sample preparation was as 

described in Section 4.3.10 (Table 17, entry 8). 
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CHAPTER 5 

PREPARATION OF ENANTIOMERICALLY E M C H E D  a-ALKOXY- 

STANNANES VIA CHROMATOGRAPEiIC RESOLUTION 

5.1 Introduction 

To redize the goals discussed in Chapter 4 and obtain a method of accessing 

enantiomencally e ~ c h e d  a,a-disubstituted a-alkoxystannanes, we focused on 

chromatographic resolution of diastereomenc mixtures of these compounds. New synthetic 

strategies were employed to obtain the %a-disubstituted a-alkoxystannanes, wfüch would be 

subsequently resolved by column chromatography. Resolution of this type is often viewed as 

the last resort due to the sometimes tedious separation of isomers by s ika  gel 

chromatography and the expensive nature of resolving agents. However, this method has 

fiequently allowed access to fbnctionaiized stannanes which are not available through 

enantioselective synt hesis. 

In liquid chromatography (LC), the separation of enantiomers relies on the 

interactions between the stationary phase and the solute enantiomers.' Enantiomers are 

related by a reflection symmetry, and possess the same physicai and chernical properties. If 

the stationary phase is an optically active material it may interact preferentially with one 

enantiomer over the other. interactions which cause a difference in retention time between 

the stationary phase and the enantiomers. result in separation. However, if the stationary 

phase is achiral, identical interactions are expected and there is no difference in retention 

time between enantiomers. Therefore. chrornatographic separation of enantiomers on an 

achiral stationary phase (e-g., silica gel) is Iimited to diastereomenc denvatives accessed 

fiom the reaction of a mixture of enantiomers with an optically pure reagent. Diastereomers 

are not related by reflection symmetry and possess different physical and chemical 

propenies. These diastereomers are chromatographically separable on a non-chiral stationary 

phase (Scheme 73).2 



Scheme 73 
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The separation of or-alkoxyotganostamane diastereomers was first demonstrated by 

Still and Sreekurnar in 1 980.~ Their preparation of diastereomers foiiowed two difFerent 

methods. In the first method, the reaction of tributyltinlithium with 2-benzylpropand (191) 

followed by protection with chlorornethyl methyl ether gave a 1:l mixture of diastereomers 

192a and 192b (75% yield) which could be separated by medium-pressure liquid 

chromatography (MPLC) on silica gel (Scheme 74). In this case the chosen aldehyde 

contained a stereo-center, which produced a mixture of diastereomenc alcohols on reaction 

with tributyltinlithium. Isomers 192a and 192b were shown to undergo tin-lithium exchange 

and trapping with retention of configuration.' 

Scheme 74 

O OMOM OMOM 

The second approach reponed by Still and Sreekumar involved the reaction of 

tributyltinlithium with propanal (193) to give a mixture of enantiomers (Scheme 75). 

Est en fication with (R)-a-met hoxy-a-tri fluor ornet hylphenylacetyl chloride [(R)-MTPA-Cl] 

gave a quantitative yield of diastereomenc esters 194a and 194b, which were also separated 

by MPLC (Scheme 7 ~ ) . ~  The MTPA ester 194a was reduced with diisobutyialuminum 

hydride and reprotected with benzyl chloromethyl ether to give acetal (R)-195. This 

sequence was necessary in order to provide (R)-195 in enantiomericaily pure f o m  and to 



demonstrate that transmetalation and trapping with dirnethyl suEate to  provide acetal (R)- 

196, proceeded with retention of configuration. 

Scheme 75 

1 1. DIBAL-H 
2. BOMCl 

The resolution of a,a-disubstituted a-aikoqorganosta~nanes has never been 

reported. However, there are a number of resolving agents which have demonstrated the 

resolution of a-substituted a-alkoxyorganostannanes. Such agents could be used to obtain 

non-racemic a,a-disubstituted a-alkoxyorgmostannanes that, in tum, wouId serve as 

convenient precursors to homochiral a,a-disubstituted carbanions. 

Thomas and Linderman have independently examined the resolution of a-substituted 

a-alkoxyorganostannanes with acetals prepared from chlorornethyi (-)-menthyl ether. 

Thomas et al. prepared 1-[(-)-menthoxymethoxyl-E-but-2-enyl tributylstannanes 197a and 

197b as a mixture and separated the diastereomeric stannanes using column chromatography 

(Scheme 76).'-' Diimide reduction of isomers 197n and 197b with p-toluenesulfonhydrazide 

(NaOAc, EtOH) followed by transmetalation and trapping with dirnethyl suffate provîded 

acetals l98a and l98b. The (-)-menthoxymethyl protecting group provides sufficient 

stabilization to the intermediate a-dkoxyorganoiithium to allow Sn-Li exchange and 

trapping with dimethyl sulfate. 



Scheme 76 
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Linderman and CO-workers also demonnrated that acetals prepared with chloromethyl 

(-)-menthyl ether could be resolved by either MPLC or column c h r o r n a t ~ ~ r a ~ h ~ . ~  The 

diastereomeric excess of the exarnples prepared in this study varied fiom 82-96% de. 

Cleavage of acetals (R)-  or (53-199 with bromodimethylborane provided a-hydroxy- 

stannanes. Reprotection with chloromethyl methyl ether gave the desired ethers (R)- and (5')- 

200 in 50 and 66% overall yields with vinually no loss of optical activity (Scheme 77). 



Scheme 77 

Gung and CO-workers performed an identical resolution of allylstannanes 197. and 

197b as' outlined by  hom ma$-' however, the chiral auxiliary ernployed was 8-@henyl)- 

menthyl. 

Based upon literature, it was proposed that non-racemic derivatives of a,a- 

disubstituted a-alkoxyorganostannanes may be accessed through one of two methods. In the 

first approach, the addition of tributyltinlithiurn to ketones containhg a defined stereo-center 

would provide a mixture of diastereomers. which might be easily derivatized and separated 

by column chromatograp h y. Select ed protecting groups would allow th-lithium exchange to 

occur and provide homochiral a,a-disubstituted carbanions (Scheme 78). 

Scheme 78 

Separa tion 4 
Secondly, qa-disubstituted a-hydroxystannanes would be prepared by the addition of 

tributyltinlithiurn to a prochiral ketone. The product would be protected with selected chiral 



resolving agents to detemine the feasibiIity of separating the resulting diastereomers by 

chromatographic methods (Scheme 79). Resolving agents which provide good separation 

mua also either accommodate the transmetdation of these enriched starmanes, or be easily 

removed to allow reprotection with other groups that are compatible with transmetdation 

conditions. 

Scheme 79 
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In both methods, the synthetic chernistry was optimized in order to obtain the best 

diastereomen for separation. This work was followed by the optimization of 

chrornatographic conditions. 



5.2 Results and Discussion 

5.2.1 Preparation, Protection ami TranmnetaIation of an-DiaIkyI a-Alkoxyorgano- 

In order to assess the feasibility of preparing enantiornerically enriched %a- 

disubstituted a-aikoxyorganostannanes by either method shown in Scheme 78 and 79, a short 

study was undertaken to examine severd aspects of this chemistry. Both Scheme 78 and 79 

rely on the addition of tributyltinlithium to a-branched and non-branched ketones. 

Protection of these resulting a-hydroxystannanes and stabiliration of the a,a-disubstituted 

a-alkoxyorganolithiums formed from tin-lithium exchange were expected to be exceedingiy 

difficult due to the high degree of substitution and resulting steric environment. Therefore, 

the preparation of simple a-hydroxystannanes containing branched and non-branched side 

chains was performed to evaluate the protection of these species and their subsequent 

transmetalation and trapping, as weIl as to correlate these results to reported literature 

e~arn~les . "~  Shown in Table 18 are the yields of stannanes 201-207 prepared frorn 

tributyltinlithium (THF, -78°C) addition to various ketone substrates. The crude a-hydroxy- 

stannanes were immediatety protected as the acetate [(CH3C0)20, pyridine, D M ] ,  

methoxyrnethyl ether (MOMCI, i-PrzNEt. CH2C12) or diethylcarbamate Ip-NO2- . 

Cni&OC(O)Cl, pyridine; E ~ ~ N H ] . ' ~  Stannane 201 was prepared to allow comparison to 

results obtained by McGarvey and CO-workers.' Protection of a-hydroxyaannanes with 

chloromethyl methyl ether highlighted the difficulty encountered as the steric bulk of the 

alcohols increased (compare entries 2. 4 and 7). The low yield of acetate 205 may possibly 

reflect the decomposition of the a,a-dialkyl a-hydroxystannane during the prolonged 

reaction tirne (24 hours) (entry 5). The preparation of carbarnate 206 was also hampered by 

sluggish reactivity resulting in a low yield (entry 6). Despite the diiculties expenenced in 

Chapter 4, carbarnate 203 was obtained in comparatively good yield (68%) fiom the addition 

of MeMgBr to (1-tnbutylstannyl)propan-l-one (180) and subsequent protection of the 

hydroxyl group. The addition of organometallic reagents to acylstannanes remains 



experimentally more convenient than the addiîion of tlibutyltinlithiurn to carbonyl 

compounds. 

Table 18. Preparation of a,a-diahl a-alkoxyorganostannanes 201-207. 

Entry R' R~ PG % yielda 
(20 1-207) 

I -(CH2)5- MOM 201 (71) 
2 Me Et MOM 202 (57) 

3b Me Et EtzNCO 203 (68) 

4 Me i-Pr MOM 204 (33) 

5 Me i-Pr CH3C0 205 (13) 

6 Me i-Pr EtzNCO 206 (22) 

7 Et i-Pr MOM 207 (27) 

" lsolated yields of chromatographically-pure produas. 
b Product obtained from M e M a r  addition io ( 1  -~buqlstann_vl)propan-I-one (180) in Et20 at O°C- 

From Table 18, it appears that a-aikoxystannanes which are branched on at least one of the 

side chains, to dlow for enhanced chromatographie separation, result in lower yields (entries 

4-7). Simple non-branched a,a-dialhyl a-alkoxystannanes are accessible in reasonable 

yields (entries 2 and 3). 

The transmetdation of a,a-dialicyl a-alkoxystannanes obtained fiom the above study, 

with the exception of acetate 205. were investigated to gain insight into the tin-lithium 

exchange process of these species and the effectiveness of the chosen protecting groups to 

stabilize the intermediate a-alkoxyorganolithiums (Table 19). 



Table 19. Transmetdation and trapping of qa-dialkyl a-aikoxyorganostannanes." 

Entr~ R' R~ PG Solvent Stannane Bu4Sn SM (Yo) yield 
201-206 (74) (%) 208-213 

l b  -(cH2)5' MOM THF 201 208 (O) 

2 -(cH2)s- MOM THF 201 35 62 209 (29) 

3b -(cH2)s- MOM DME 201 208 (85) 

4 -(CH2)5- MOM DME 201 91 2 209 (80) 

5 Me Et MOM THF 202 32 63 210(28) 

6 Me Et MOM DME 202 87 6 210(80) 

7' Me Et MOM DME 202 92 O 210(81) 

8 Me Et EtzNCO THF 203 93 O t l l ( 7 8 )  

9 Me Et Et2NC0 DME 203 96 O 211 (73) 

10 Me i-Pr MOM THF 204 8 89 212(0) 

1 1  Me i-Pr MOM DME 204 22 72 212 (0) 

12 Me i-Pr Et2NC0 THF 206 30 63 213(0) 

13 Me i-Pr Et2NC0 DME 206 71 24 213 (60) 

a Transmetdations were performed wilh 2 equiv ofn-BuLi a< -78OC for 15 miri unies othemise noted. 
b Reactions were performed with 1.1 equiv of n-BuLi at -78OC for 2 min foiiowed by treatment with escess 

propionaldehyde: McGarvey. G.J. et al. &CS. 1988, 110.842. 
Timc of Sn-Li exchange was 120 minutcs. 

Results obtained from the transmetalation of stannane 201 in Our laboratory correlate well 

with those shown previously by McGarvey et al., with the exception of trials performed in 

THF (entries 1 and 2) .>c~arve~  had reported that tin-lithium exchange of 201 and 

trapping with excess propionaldehyde gave none of the expected product in T E E '  However, 

we were able to obtain a 29% yield of 209 when trapping was performed with benzaldehyde. 

We had anticipated that the outcome of transmetdations performed with acyclic stannane 

-202 would be poorer in cornparison to those obtained with the acetal201 (compare entries 2 

and 5 as well as 4 and 6). This hypothesis was the result of observations made from the 



transmetalation of acyclic-" and cydica-aminoorgano~anes.12 Gawley and Zhang had 

demonstrated that 2-Litho-N-methylpiperidine and 2-lithio-N-methylpymolidine could be 

prepared fiom tin-lithium e ~ c h a n ~ e . ' ~  These lithio-species showed chernical stability in the 

presence of N,N,N:N~tetramethylethylenediamine (TMEDA) at temperatures up to -40°C- 

Work performed in our laboratory had shown that the acyclic 1-(N,N-dimethylamino)-1- 

tributylstannyl hexane would not undergo tin-lithium exchange at -78"~.  ' This exchange 

process was found to be favored at higher temperatures (O°C) but decomposition of the 

a-aminoorganolithium species was also observed under these conditions. However, near 

identical results were obtained for stannanes 201 and 202 under the same conditions. Tin- 

lithium exchange could be performed in THF but was favored in the more polar DME 

solvent (entries 5 and 6) .  The reaction noted in entry 6 returned a small quantity (6%) of 

starting material. By allowing the tin-lithium exchange of starinane 202 to proceed for a 

penod of 120 minutes it was demonstrated that complete exchange takes place (entry 7). 

Although the yield of the product is not greatly increased (&om 80 to 81%), it does 

demonstrate that the methoxyrnethyl-protected a-alkoxyorganolithium species formed is 

stable for long periods of time without showing significant decomposition. The tin-lithium 

exchange of carbamate 203 was expected to be superior to that observed for ether 202 based 

on the studies that were reported in Cnapter 2. It was found that secondary a-alkoxyorgano- 

trimethylstannanes could undergo transmetalation and trapping in good yield when an N,N- 

diethylcarbamate is used as opposed to an acetal protecting group (Le., MOM). Results 

show in entnes 5 and 8 confirm those expectations. Carbarnate 203 undergoes almost 

quantitative exchange (93%) in THF as no starting material was isolated by silica gel column 

chromatography. Higher yields were anticipated by performing the reaction in DME as 

observed for ether 202 (entries 5 and 6). This was not the case for carbarnate 203; lower 

yields were obtained, which may be a reflection of difficulties associated with the isolation of 

the polar water-soluble product. Higher losses of product would be expected when aqueous 

work-ups are perfonned in the presence of trace amounts of the more polar DME soivent. 

Transmetalation of the branched stannane 204 gave the expected poor outcome reported in 

entry 10. Starting material was recovered in 89% with an observed 8% tin-lithium exchange. 

None of the desired product 212 was obtained. Similar results were observed for stannane 

204 when the reaction was performed in DME (entry 11). The increased steric bulk 



introduced by the branched isopropyl group of 204, in cornparison to  the ethyl moiety of 202, 

may cause a steric effect that negatively uifluences the formation of the a-akoxy- 

organolithiurn intermediate. The level of tin-lithium exchange of carbarnate 206 was much 

higher (30 and 7 1%) in THF and DME, respectively, when compared to  ether 204. However, 

the product 213 was obtained only when the tin-Iithiurn exchange and trapping was 

perfonned in DME (entry 13). The 60% yield reported in entry 13 is based on the analysis of 

the product by GCMS and 'H NMR spectroscopy. The crude reaction mixture exhibits a 1 : 1 

distribution of isomers by GCMS analysis. However, only the low-& isomer of 213 can be 

cleady obtained (3 1% yield) afier column chromatography. The hi&-& isomer has the 

same polarity as the impurity 1 -phenyl- l -pentanol, obtained fiom n-butyllithiurn addition to 

benzaldehyde, and c m  not be separated. 

Results fiom this study indicate that there is a low probability of observing the 

successfùl transmetalation of diast ereomeric stannanes, obtained as outlined in Scheme 78. 

Regardless of the protecting group chosen, sufficient stabilization of branched %a-dialkyl 

a-alkoxyorganolithium species could not be obtained in this study. Pursuit of the route 

descnbed in Scheme 79 (page 180). where acyclic a,a-dialkyl a-hydroxystannanes are 

protected with an optically pure reagent may be more successfùl. Acyclic, non-B-branched 

a,a-dialkyl a-dkoxystannanes containing a carbarnate protecting group undergo successfbl 

transmetdation in THF. Acetai protecting groups (i-e.. MOM) provide adequate stabilization 

to dlow transmetalation to occur in DME solvent with slightly better yields of 209 and 210. 

There appears to be no inherent difference between the transmetalation of  acyclic and cyclic 

a.a-dialkyl a-aikoxystannanes The results obtained fiom this study suggest that the relative 

stabilities of a-alkoxyorganolithiurn and alkyllithium species are as shown in Figure 15. 

However, it must be noted that the results reflect kinetic and not thermodynamic stabilities. 



Figure 15. Relative stability of a,a-dialkyl a-alkoxyorganolithium and alkyllithium 
reagents generat ed by tin-Iit hium exchange. 

Results from Section 5.2.1 indicated that branching at the B-carbon of 

a,a-disubstituted a-alkoxystannanes disfavors tin-lithium exchange. We subsequently 

undertook a short study to examine whether the addition of tributyltinlithium could indeed be 

performed on carbonyl compounds to yield separable mixtures of diastereomers as outlined 

in Scheme 78. In adsorption chromatography, the separation of diastereomers is a fùnction 

of the magnitudes of the binding between isomers and sorbent; in addition, the separation is 

a l s ~  affecteci by repulsive interactions that are usually steric in nature.' It was assumed that 

optimal separation could be achievea by selecting carbonyl compounds whose adjacent 

carbon contained three very different groups. Still and Sreekumar had observed good results 

when additions of tributyltinlithium were performed to 2-benzylpropanal (Scheme 74).' The 

precursor aldehyde contained benzyl, methyl and hydrogen substituents. The resulting 

diastereomers 192a and 192b were cleanly separated by MPLC on silica gel. We chose to 

examine additions with 2-phenyl-1-propanal (214) and 3-phenyl-2-butanone (215). Ketone 

215 was prepared from 214 by methyiation, followed by swernI3 oxidation in 50% overall 

yield (Scheme 80). 



Scheme 80 
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Both 214 and 215 contain an alkyl, aryl and hydrogen group. The difEerence in binding and 

sterics of these groups should aid in separation of diastereomers. a-Hydroxystannanes 

obtained fiom these additions were derivatized with chloromethyl methyl ether (i-Pr2Et, 

CH2C12). Results are shown in Table 20. 

Table 20. Preparation o f  diastereomeric a-alkoxyorganostannanes 216 and 21 7. 

1. Bu:SnLi ~1 OMOM R: OMOM 

3. MOMCl - 

- -  - 

Ën t ry R' Stannane Solvent % yield dra 
- 

1 H 216 Et20 42 1 0:90 
3 THF 45 16:84 

THF 32 18:82 

4 CH3 217 EttO 25 O: 100 

5 THF 19 6634  

6b TFfF 27 1 :99 
" Dctcrmincd b~ GCMS anaiysis ofcrudc rcaction rnistures. 

Bu3SnLi \vas acide. to a cooled (-78°C) slurry of CcCI3 in THF and then warmed to -30°C for 45 min. The 
rcaction was then cooled to -78°C before addition of the carbonyl substrate. 



The observed yields of stannanes 216 and 217 are relatively consistent and appear to 

be independent of the choice of solvent. Additions to aldehyde 214 tended to give higher 

yields than additions to ketone 215. This may in part be due to the increased steric crowdùig 

in the environment of the ketone versus the aldehyde. Felkin had origindly studied the 

stereoselective reductions of ketone 215 (P~M~CHC(O)R', where R' = Me) with lithium 

alurninum hydride.14 The selectivity of the reductions was shown to increase as the size of 

R' increased. The selectivity obtained in the formation of 217 (R1 = Me) was found to be 

higher than that of 216 (R' = H), but bnly when the additions were camied out in diethyl ether 

(entnes 1 and 4). Additions performed in THF, showed a decrease in selectivity when the 

size of R' increased (entries 2 and 5). Therefore, choice of solvent played a large role in the 

level of selectivity observed for these additions. The best selectivity was found to occur 

when the reaction was performed in diethyl ether. Of partidar interest is the completely 

diastereoselectïve addition of tributyltidithium to ketone 215 in diethyl ether (entry 4). 

Admittedly, a 2198 diastereomeric ratio was obtained on a second trial of this reaction- This 

selectivity is still very impressive for these additions. This study did not attempt to 

determine the relative configuration of the diastereomers formed. ~elkin'~-A.nh'~~~ models 

predict that the favored isomers would be (RR,SS)-216, -217 with (RS.SR)-216, -217 being 

disfavored due to gauche interactions (Figure 16). 

pFm 
%ph -* MOMCI SnBu3 

8 u3Sn- 
R' 

Me 

Figure 16. Favored Felkin-Anh type transition aates for the addition of Bu3SnLi to 
aldehyde 214 and ketone 215. 



Attempts were made to improve both the selectivity and the yield of trials performed in THF 

by employing cerium chloride as an additive. Cerium chloride has been used to suppress 

side-reactions such as enolization, reduction, condensation, conjugate addition, and pinacol 

c ~ u ~ l i n g ~ ~  These side-reactions are commonly observed fkom the addition of organoiïthium 

and Grignard reagents with carbonyl c~mpounds.'~ It was unclear whether these modes of 

reactivity were responsible for the low yields of 216 and 217 (Table 20). Addition of 

tributyltinlithium to 214 in the presence of cerium chloride gave no increase in selectivity 

(entry 3). A parallel experiment with 215 gave a dramatic increase and reversai in selectivity 

with no significant increase in the yield of stannane 217 (compare entries 5 and 6). The 

coordination of metals is known to activate carbonyls towards attack by nu~leophiles.~~ This 

activation rnay occur by two different bonding schemes: <r or ir (Figure 17).19 Studies with 

Lewis acids such as boron2' and tidg have shown that not only does o-coordination 

predominate but these carbonyl-Lewis acid adducts are the more reactive spe~ies.~ '  In 

general, o-coordination is beiieved to occur with al1 main group, early transition, and 

lanthanide-based Lewis acids; however, examples of rr-coordination are also known.lg 

R ' 
o-bonding 

Figure 17. Bonding modes for Lewis acid-carbonyl 

The Lewis acid may assume different positions during o-coordination, e.g. in-plane-bent, in- 

plane linear, out-of-plane, etc. Therefore, its relative position rnay be represented by three 

variables: r, the Lewis acid-oxygen distance; two angles, 4 (angle between Lewis acid and 

plane of aldehyde); and 0 (C-O-M angle) (Figure 18). l9 



Figure 18. Geometncal descriptors for Lewis acid-carbonyl complexes.'g 

The geornetry of Li- complexes with formaldehyde have been detemiined to be iinear by ab 

initio MO calc~lations.~~ Aaaro found that cornplexation of Lewis acids with 

conformationally rigid a$-unsaturated ketones takes place in a nonlinear fashion on the least 
23.24 steridly hindered side of the oxygen. At this time we can only speculate that the cerium 

metai is involved in similar complexation, which gives nse to only one favorable 

diastereomenc transition state. 

Isorners obtained fiom 216 and 217 did not resolve on TLC. Efforts to resolve them 

by column chromatography resulted in low levels of enrichment (< 20% de) as evidenced by 

GCMS analysis. No further attempts were made to effect complete resolution of either 

cornpound- 

The resolution of a.a-disubstituted a-atkoxystannanes denvatized with a chird 

protecting group was undenaken as proposed in Scheme 79 (page 180). a-Hydroxy- 

stannanes were derivatized as acetals. esters and carbarnates. A brief discussion on each of 

these approaches is given in the following sections. 

a-Hydroxystannanes prepared h m  the condensation of tribuîyitinlithium with 3- 

methyl-2-butanone (218) were reacted with either (S)a-methoxyphenylacetic acid (219) or 



(S)-2-(benzyloxy)propanoic acid (222) under typical coupling conditions for the 

esterification of alcohols with carboxylic acids as shown in Table 21. 2526 Acid 222 was 

prepared in two steps from (S)-ethyl lactate (Scheme 81). Benzylation foliowed by 

hydrolysis provided 222 in 75% yieId fiom 220. 2728 

Scheme 81 

221 
51 % yield 

222 
100% yield 

Table 21. Attempted coupling of a-hydroxystannanes with carboxyIic acids 219 and 222. 

Entry R ' RL Acid Reaction Conditions Product 

1 Me Ph 219 DIPC, DMAP, CH2C12 223 
7 - M e  Ph 219 (COCI)î, DMF, CH3CN 223 

3 Bn Me 222 DIPC, HOBt, CH2C12 224 

4 Bn Me 222 DCBC, Pyridine, CHzCl2 224 

D IPC = 1 -3-diisopropylcarbodiimidc. DMAP = 4-(dimethy1amino)Pyndine. 
HOBt = 1 -hyirox7;benzot riazolc hydraie. DCBC = 2.6dichlorobenzoyi chloride. 

Al1 entries in Table 21 rely on the nucleophilicity of the a,a-dialkyl a-hydroxystannane and 

the reaction with acid chlorides or activated carbonyl compounds- In each case examined, 

none of the desired product was fomed. The a-hydroxystannanes were isolated 

underivatized. It was rationdked that the approach of the a-hydroxystannane to the 



activated carbonyls rnay be impeded by the high degree of substitution of the chiral center on 

the carboxylic acid. Additional atom spacers between the couphg site and the chiral center 

may provide less steric interactions on the approach of the alcohol. This hypothesis was 

explored through the preparation of acetals as discussed in the following section. 

The preparation of acetals fiom a-substituted a-alkoxystannanes and chloromethyl 

ether denvatives of chiral alcohols had been demonstrated by ~hornas ,~ .~    un^' and 

  in der man^ (Section 5.1 ). Chloromethyl ether reagents of selected chiral alcohols were 

prepared [(CHzOL, HCI, CH~CI~]'  and then reacted with a-hydroxystannanes (i-PrzNEt, 

DMAP, CH2C12) to yield diastereomeric acetals 225-230. Derivatives are shown in Table 22. 

Table 22. Stannÿl acetals 225-230. 

Entry R' 'R~ % yield 

225-230 

1 i-Pr ( 1 R,2S, SR)-menthyl 225 (30) 
2 i-Pr ( i R,2S, 5R)-(8-pheny1)menthyl 226 (57) 

3 ??-Bu ( 1 R, 2s. SR)-(8-pheny1)menthyl 227 (3 3) 

4 )?-BU (1 S)-boniyl 228 (37) 

5 n-Hex ( 1 R,2S, S R)-(8-pheny1)menthyl 229 (43) 
6 n-Hex (13-bomyl 230 (33) 

Diastereomers 225, 227-230 showed no separation by TLC. Column chrornatography on 

silica gel employing flash, gravity and radial techniques did not allow for the enrichment of 

these isomers. Isomers of stannane 226 showed minor levels of separation by TLC. 



Unfortunately, attempts to  achieve full separation by hi& performance liquid 

chromatography (HPLC) on a preparative silica gel column (hexanes/CHzC12) failed, because 

conditions could not be developed to allow adequate separation of the diastereomers. It 

appears that the additional alkyl substituent on the %a-disubstituted a-hydroxystannane 

prevents differentiation of the isomers by the silica gel medium as has been observed for 

a-substituted a-hydroxystannanes. 4.5.6.7 

It had been demonstrated that N,N-diethylcarbamates could be prepared fiom %a- 

disubstituted a-hydroxystannanes (Table l 8)- The treatment of qa-disubstituted a-hydroxy- 

stannanes with p-nitrophenyl chloroformate generates an intermediate p-nitrophenyl- 

carbonate. The carbonates are t hen reacted wit h N, N-diethylamuie to yield the desired 

dialkylcarbamates (Table 1 8, entry 3 and 6). The intermediate p-nitrophenylcarbonates could 

allow the preparation of diastereomerïc carbarnates by reaction with chiral primary and 

secondary amines. Still has also documented a similar approach with the exception that the 

a-substituted a-hydroxystannane employed was first denvatized to the corresponding 

chlorofonnate with phosgene and then reacted with a chiral primary amine in situ (Section 

2.2.5, page 4 ~ ) . ~  Hence. '>-octanone (23 1 ) was reacted with tributyltinlithium (THF, -78OC) 

and then immediately protected after aqueous work-up with p-nitrophenyl chloroformate 

(pyridine) in hexanes/CH,CN ( 1 : 1 ) to give carbonate 232 (Scheme 82). 

Scheme 82 

This use of hexanes/CH3CN was found to be critical for the success of the reaction and 

greatly facilitates work-up and product isolation. The yields are alrnost quantitative by mass 



balance. As discussed by Berge and Roberts, the mutual immiscibility of hexanes and 

acetonieile allows for easy separation of reaaion by-products.29 The tributyltin species 

preferentiaüy dissolve in the upper hexanes layer and the more polar components 

@-nitrophenol, pyridinium hydrochlonde, pyridine, and tributyltin chloride) dissolve in the 

lower acetonitrile layer. M e n  this process is carried out in pyridine (with/without CH2CI2) 

as solvent, the reaction is sluggish requinng longer periods of t h e  for complete 

derivatization. Use of hexanedacetonitrile dIowed access to 232 essentially pure d e r  work- 

up. This was particularly important since stannarie 232 was found to decompose on silica gel 

during column chromatography resulting in the isolation of Bu3SnH. Carbarnates 235 and 

236 were prepared fiom 232 by reaction with (R)-a-phenylethylamine (233) and (S)-a- 

napht hylethylamine (234) (Scheme 83 ). 

Scheme 83 

Only stannane 236 separated into two detined spots by TLC. Stannane 236 was subsequently 

separated by flash chromatography using hexanedethyl acetate (60: 1). Three to four passes 

were required to obtaui quantities greater than one gram of each isomer. However, hi&-& 

236 was obtained in 8 1% yield (of a maximum 50% yield) with 91% de, and low-b236 was 
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obtained in 78% yield (of a maximum 50% yield) with 97% de, as detemiined by chiral 

HPLC (Figure 19). 

Since tin-lithium exchange had been perfomed successfufly on carbamate 203 (Table 

19), it was deemed necessary to remove the 1 -naphthylethylcarbarnate protecting group and 

re-protect with the diethylcarbamate fûnctionality. This procedure proved quite difficult as 

the carbamate functionality of 236 resisted removal by reduction (LAH, rt; DIBAL-H, O°C) 

or hydrolysis (4 M NaOH; 5 M KOH). The only ragent that showed reduction as monitored 

by TLC, was alane at room temperature (-50% conversion afler 12 hours). a-Hydroxy- 

stannanes are known to be thermally unstable. It was unclear whether warming a solution of 

236 and alane in THF would promote both thermal decomposition and/or racemization. 

Fortunately, neither occurred as 236 was smoothly reduced in THF at 40°C in 6 hours 

(Scheme 84). The a-hydroxystannane thus obtained was derivatized to carbamate 237 in an 

overall yield of 75% fiom 236. Carbarnate 237 has been prepared by this method three times 

with an average yield of 78%. 

HPLC traces of resolved carbamate 236: (A) hi&-Rf and (B) low-Rf. Conditions: 
Chiracel-OD coiumn, hexanes-i-PrOY 99: 1 as eluent, flow rate of 1.0 mWmin, 
and detection at 254 m. Numbers on traces represent the elution time in 
minutes. 



Scheme 84- Preparation of diethylcarbamate 237. 

[dD2' -1 7.û0 (c. 0.297. hexanes) 

237 
75% yield 
91°h ee 

[alD'' 3 . s 0  (c, 0.300, hexanes) 

The configurational stability of the organolithiurn denved fiom carbamate 237 (91% 

ee) was assessed by performing tin-lithium exchanges for 15, 120 and 480 minutes at -78°C 

followed by trapping with benzaldehyde. Results fiom th is  study are shown in Table 23. 

Table 23. Configurational stability of carbarnate 237. 

Me O Me O 
Hex 1. n-BuLi 

OK NEt2 
- 

Bu3Sn 2. PhCHO 

Entry Time B u S n  % SM % yield % eea (%) migration 
(min) (%) 237 238 238 240 

I IS 42 54 44 91 O 
3 120 75 2 1 38 91 O 

3" 180 96 3 O - - 8 

4 480 99 O 12 89 17 

Determincd by HPLC on a Chinccl OD column. 
Rcaction pcrformed at -50°C. 

Results fiom this study show that carbarnate 237 can be transmetdated and trapped using 

benzaldehyde with essentially complete retention of stereochemistry (entries 1 and 2) (Table 

23). M e r  480 minutes at -78OC the a-alkoxyorganoiithium species exhibited only 2% 



racemizattion. The th-lithium exchange of 237 appears to be slower than that observed for 

carbarnate 203 (93% d e r  1 5 min, Table 19, entry 8, page 183). However, trapping the 

carbanion of 237, formed afler 15 minutes, gives adduct 238 in quantitative yield based on 

recovery of starting material. After 120 rninutes the carbanion generated fiom 237 is trapped 

to give a 38% yield of 238, which is only 50% reacted based on the isolation of B-Sn. 

Perfonning the th-lithium exchange at higher temperatures (-50°C) l ads  to decomposition 

of the carbanion formed (entry 3). When the transmetdation is ailowed to proceed for 480 

minutes, cornplete tin-lithium exchange is observed, but onIy 12% of 238 is isolated. Also 

recovered is a 17% yield of the 1,2-migration product 240, which had only been previously 

isolated when the reaction was performed at -50°C (Scheme 85). The rearrangement may 

pass through a tetrahedrd intermediate 239. Sirnilar intermediates have been proposed for 

1,2-carbarnoyl migration of a-lithioakyl carbarnates (see Chapter 2, Scheme 44, page 53) 

and for the rearrangement of deprotonated (acy1oxy)acetates to (acyl)hydroxyacetates30 as 

well as for other reactions. 3132 

Scheme 85 

Hex 
Me O 

n-BuLi 

Me* Hex NEt2 



..%OH tlex Me%~f-i Hex 

Ph - 

HPLC traces: (A) (k)-238 and (B) enriched carbarnate 238 of 97% ee. 
Conditions: Chiracel-OD coiurnn, hexanes-i-PrOH, 99: 1 as eluent, flow rate of 
1.0 ml/min, and detection at 254 m. Numbers on traces represent the elution 
time in minutes. 

Neither alcohol 238 nor the unprotected di01 of 238 have been previously reported. 

2-Hydroxy-2-methyloctanoic acid (242) is known but the absolute configuration has never 

been detennined (Scheme 86). ' Amine salts of 241 were prepared from (R)-phenyl- 

ethylamine (233) and (S)-1-naphthylethylamine (234)? Cornpound 243 was a viscous oil 

that never crystallized on standing while 244 resulted in a white powder (Scheme 86). The 

ammonium salt 244 was recrystallized from hexanes/CH2C12 to provide crystals for X-ray 

analysis. The X-ray data were collected and analyzed by Dr. Nicholas J. Taylor, Department 

of Chemistry, University of Waterloo (see Appendix). The absolute configuration of the acid 

241 was assigned R based on the known configuration of the (S)-1-(1-naphthylethy1)amine 

198 



(234). Since acid 241 was ultimately denved fiom the low-& isomer 236, we cm assign the 

configuration of the high-Rf isomer as (S)-236. 

Scheme 86 

N OOC NEt, Et2 



qa-Disubstituted a-alkoxystannanes were prepared f?om tributyltinlithium addition 

to ketones- The best yields (57-7 t %) were obtained fiom ketones which were either cyclic o r  

contained no branching at the p-carbon (Table 18). Branched substituents resulted in much 

lower yields (13-33%). Cyclic a , a -d idb l  a-alkoxystannane 201 was found to undergo 

Sn-Li exchange in THF (Table 19). A better yield of the desired adduct 209 was obtained in 

DME. Acyclic a-aikoxystannanes 202 and 203 which contained no branched substituents 

were transmetalated in either THF or DME. The methoxymethyl ether 202 gave a better 

yield in DME while N, N-diethylcarbamate 203 gave comparable yields in either soivent. The 

methoxymethyl ether 204 showed 8% tin-lithium exchange in THF and 22% in DME but 

failed to provide the desired product The N,N-diethylcarbamate 206 showed higher levels of 

tin-lithium exchange (30 and 71%) in THF and DME, respectively, but only provided 

product 213 (60% yield) in DME. 

Addition of tributyltinlithium to carbonyl compounds 214 and 215 was found to be 

highly diastereoselective in diethyl ether (80 and 100% de) as detennined by the analysis of 

methoxymethyl ethers by GCMS (Table 20). Moderate seledvities were observed in THF 

(68 and 32% de). The use of cerïum chloride as an additive did not Unprove selectivity of 

additions performed with aldehyde 2 14. However. the diastereoselectivity observed with 

methyl ketone 215 increased dramatically to 98% de with the use of cerium chloride. Felkin- 

Anh models predict that the favored isomers are (M. SS)-216, -217. Efforts to separate 

diastereomers of 21 6 and 2 17 by silica gel chrornatogaphy were unsuccessful. 

The a,u-dialkyl a-hydroxystannane prepared fiom 3-methyl-2-butanone (218) and 

tributyltinlit hium could not be coupled wi t h (S)-a-met hoxyphenylacetic acid or (59-2- 

(benzy1oxy)propanoic acid (Table 2 1 ) The steric bulk of the a-hydroxystannane and 

branched acid chlorides may impede the coupling process. 

Diastereomeric acetals 22S-230 were prepared fiom selected apdialkyl  a-hydroxy- 

stannanes and chloromet hyl et her reagent s derived fiom menthol, (8-pheny1)menthol and 

borne01 (Table 22). The (8-pheny1)menthyl derivative 226 showed the bea  separation by 

TLC. However, separation of 226 could not be attained by silica gel wlumn chromatography 

or by WLC. 



Carbarnate 236 prepared fkom (9-(a)-naphthylethylarnine (234) and carbonate 232 

exhibited better separation, as monitored by TLC, than carbarnate 235 prepared fiom 

(R)-(a)-phenylethylamine (233) and 232. Separation of 236 was achieved by column 

chromatography to provide the high-Rrisomer in 81% yield of 91% de and the low-Rr 

isomer in 78% yield of 97% de. The (S)-1-naphthylethylcarbarnate proteaing group was 

easily cleaved with AH3. The liberated a-hydroxystannane was reprotected as the N,N- 

diethylcarbamate 237 in 75% overall yield. The a-alkoxyorganolithium fonned fkom 237 

after tin-lithium exchange was trapped with benzddehyde, and the product was s h o w  by 

chirai HPLC to be configurationaily stable for up to 120 minutes at -78°C (Table 23). 

Decomposition of the carbanion is evident afier 120 minutes at -7g°C, as supported by a 

38% yield of the adduct 238. This carbanion is dso susceptible to decomposition at higher 

temperatures as no product was isolated after 180 minutes at -50°C. Only 2% racernization 

was detected d e r  480 minutes at -78OC. However, the carbanion undergoes 1,2-migration to 

yield the a-hydroxy amide 240. The absolute configuration of acid 241, derived from 

carbamate 236 (low-Rf isomer), was detemined to be R based on X-ray analysis of crystals 

obtained from the ammonium salt 244. 

In conclusion, a method of resolving a.a-disubstituted a-alkoxystannanes has been 

developed and demonstrated to allow access to these intermediates in high diastereomeric 

excess (up to 97% de). The resolving reagent can be removed by reduction with A i H 3  with 

no detectable racemization or decomposition of the a-hydroxystannane. Derivatization of 

this enantiomericdly ennched a.a-disubstituted a-hydroxystannane as the N.N-diethyl- 

carbamate allows transmetalation and trappinç to occur with complete retention of 

stereochemistry. This methodology should allow access to other homochiral 

a.a-disubstituted a-al koxyorganolit hiurn reagents. as generated through tin-lithium 

exchange. 



5.3 Experimen ta1 

5- 3. i General 

The generai procedures described in Section 2.3.1 are applicable here with the 

following additions. a-Alkoxystannane 201 has been reported previously and its preparation 

and spectral data were described.' The spectral data of a-alkoxystannane 202 were described 

earlier (Section 4.3.2); those for stannanes 204 and 207 are provided following this section. 

(8-Pheny1)menthol was prepared according to the procedure of 01-t.~~ Bomeol, menthol, 2- 

p henyl- 1 -propanal, (3-(a)-met hoxyphenylacetic acid, (S)-(a)-(1 -naphthyI)ethylamine and 

(R)-(a)-phenylethylamine were purchased fiom Aldrich Chernical Company and used 

without fùrther purification. Hexanes and acetonitrile were distiiled f b m  CaH2 immediately 

prior to use- 

High pressure liquid chromatography was performed on a Waters 600 using a 

Chiracel OD column, hexanes-i-PrOH, 99: 1 as eluent, flow rate of 1.0 ml/min, and detection 

at 254 nm. 

IR (neat) 3956, 2926, 1463, 

6 0.65-1.10 [m, 21 H, 

1373. 1 148. 1090. 1035, 9 1 7 cm-'; 'H NMR (200 MHz, CDCI,) 

CHICH~CH~CHZS~  and (CE)îCH], 1.15-1.70 (m 12 FI, 

CH3C&CH2CH2Sn), 1 -3  7 (S. 3 H. CHIC). 1 -95 [septet. 1 H, J = 6.7 Hz, (CH+CHJ, 3 -34 (s, 

3 H, CH.0). 4.63 (ABq, 2 H, JAR = 6.8 HZ, AV = 13 -6 Hz, OCBO); 13c NMR (63 MHz, 

CDCl,) 6 10.76 ('J = 306 Hz, CH2Sn), 13.69 (CH3CH2CH2CH2Sn), 18.25, 18.66 

[cH3)2CH], 23.08 &H3C), 27-73 ( 2 ~  = 57 Hz, cH2CH2Sn), 29.34 ( 3 ~  = 19 Hq 

CH2C&CH2Sn), 3 7 -37 [(CH3)2CH], 5 5.74 (O-), 87.37 (CH3cSn), 93.92 (OCH20); MS 



(Er) m/z 377 (1, M+-Ca9), 291 (9, 235 (IO), 179 (21), 121 (1 5), 45 (100); Anal. Calcd for 

C19H&2Sn: C, 54- 17; H, 10.04. Found: C, 54.30; El, 10.22, 

KR (neat) 2920, 1459, 1378. 1 146, 1037, 921, 868, 641 cm-'; 'H NMR (250 MHz, CDCI,) G 

0.70-1.10 [m, 24 H, C&CH2CH2C&Sn, (C&)2CH and C&CH2], 1.20-2.00 (m 14 H, 

CH3C&C&CH2Sn and CH3C&), 2.10 [septet, I K, J = 6.7 Hz, (CH3)2CH1, 3.38 (s, 3 H, 

C&O), 4.64 (ABq, 2 H, JAR = 6.6 HI. A v  = 1 1.4 HZ, OCHJO); I3c NMR (63 MHz, CDCb) CS 

10.2 1 (CHKHZ), 1 1.34 ( ' J  = 285, 270 Hz, WzSn), 13 -53 (CH3CH2CH2CH2Sn), 17.49, 18.66 

[(ÇH&CH], 27.65 ( 2 ~  = 57 Hz, CH2CH2Sn). 27.75 (CH3CH2), 29.29 (?1 = 19 Hz, 

CHZCH~CH~S~),  34.05 [(CH3)KH], 55.70 (OcHi), 93.73 (OcSn), 94.71 (0cH20); MS (EI) - 

m.z 391 (1, K-MOM), 29 1 (9). 235 (15). 179 (25). 145 (18), 121 (17), 45 (100); And. Calcd 

for C20&02Sn: C, 55- 19; H, 10.18. Found: C, 54.92; H, 9.92. 

To a cooled (0°C) solution of (l-tnbutylstanny1)propan-1-one (179) (448 mg, 1.29 

mmol) in Et20 (5 mL) was added MeMgBr (0.65 mL of a 3.0 M solution in Et20, 1.94 

mmol). M e r  15 min the reaction was quenched with saturated aqueous W C I .  The mixture 

was diluted with ether (25 mL), washed with Hz0 (5 mL), dned (MgS04), fiitered and 

concentrated in vamo (water bath at room temperature). 



Pyndine (5 rnL) and p-N02C&L@COC1 (390.8 mg, 1.94 mmol) were added to a 

chilled (O°C) solution of the crude a-hydroxystannane. The ice bath was removed and the 

mixture stirred at room temperature until monitoring by TLC indicated the reaction was 

complete (5 h). The reaction was cooled (0°C) and EtzNH (0.67 m . ,  6-46 mrnol) was added 

dropwise. The reaction stirred at room temperature until TLC indicated the complete 

consumption of carbonate (2 h)- The solution was diluted with ether (50 mL), washed with 2 

M HCl(2 x 25 mL), H20 (25 mL), 3 M NaOH (3 x 25 mL), Hz0 (25 mL) and brine (50 mi,). 

The organic layer was dried (MgS04), fiitered and concentrated in vumo to provide 827 mg 

of crude orange oil. Puritication by flash chromatography on silica gel (25 g) using 

hexanes:ethyl acetate (initiaily 60:l and then 40:l) provided 407 mg (68%) of the title 

compound as a colorless oil: IR (neat) 2958, 2928, 1664, 1475, 1458, 1426, 1378, 1286, 

1188, 990 cm-'; 'H NMR (250 MHz, CDCls) G 0.60-0.95 [m, 18 Y C&CH2CH2C&Sn and 

C&CHZ], 1-07 (t, 6 H, J =  7.0 H z ,  C ~ ~ C H Î N ) ,  1.15-1.60 (m 12 El, CBCEC&CH2Sn), 1.39 

(s, 3 H, CEC), 1.65-1.85 (m. 2 H, CH3CI&), 3.10-3.35 (bm, 4 H, CH3CEN); 13c NMR (63 

MHz, CDCI,) 6 9.76 (C&CH2), 11.29 ( = 309, 323 Hz, CH2Sn), 13.64 

(CHâH2CH2CH2Sn). 13.86 (CECHzN), 25.83 (CBC), 27.71 ( 2 ~  = 59 HZ, m2CH2Sn), 

29-30 = 18 H z ,  -2CH2CH2Sn). 34.27 (CHpCb), 41.31 (CH3CH2N), 81.52 (OcSn), 

156.59 ( O ) ;  MS (EI) mi= 406 (29, M-Gag), 350 (62), 236 (39), 177 (63), 121 (43, 100 

(80), 72 (100); Anal. Calcd for CZlH&N02Sn: C. 54.56; FI, 9.81; N, 3.02. Found: C, 54.3 1; 

H, 9.64; N, 2.98. 

To a cold (0°C) solution of i-Pr2M (0.49 mL, 3.7 rnmol) was added n-BuLi (3.48 

m L  of a 1.07 M solution in hexanes, 3.7 mmol). Mer the solution stirred for 15 min 

Bu3SnH (1 -0 mL, 3.7 mmol) was added and stirring was continueci for a fùnher 20 min. The 



reaction mixture was then cooled (-78"C), and 3-methyl-2-butanone (0.40 mL, 3.7 mmol) 

was added. M e r  15 min the reaction was quenched with saturated aqueous m l .  The 

reaction mixture was diluted with ether (30 mL) and washed with H20 (10 mL) and brine (10 

mL). The organic layer was dned (MgS04), fltered and concentrated in vamm (room 

temperature bath) to provide crude 2-tributylstannyI-3-methyl-2-butanol. 

The crude 2-tributylaannyl-3-methyl-2-butanol was cooled (OT) and then CH2C12 (2 

mL), pyridine (0.22 mL, 2.7 mmol). acetic anhydride (0.2 1 mL, 2.2 mmol) and DMAP (2 1 

mg, 0.18 mmol) were added. Tne ice bath was removed, and the mixture was stirred at room 

temperature for 24 hours. The crude mixture was diluted with ether (30 mL) and washed 

with 1 M HCI (3 x 10 mL), NaHC03 (20 mL); Hz0 (30 rnL) and brine (30 mL). The organic 

layer was dried (MgSO4), filtered and concentrated in vanro to yield 576 mg of crude yellow 

oil. Colurnn chromatography of this material on silica gel (17 g) using hexanedethyl acetate 

(40: 1) afforded 100 mg (13%) of the title compound as a colorless oil: IR (neat) 2957, 2926 

1714, 1673, 1463, 1370, 1271. 101 7, 834,664 cm-'; 'H NMR (250 MHz, GDCI,) G 0.60-1.05 

[m, 2 1 H, C&CHzCHfiSn and (CH3)2CH]. 1 -20- 1 -65 (m 12 H, CH3C&C&CH2Sn), I -3 7 

(s, 3 H. C&C), 2.02 (S. 3 H, CHXCO). 2.16 [septet, 1 FI, J = 6.7 Hz, (CH&CHJ; "C NMR 

(63 MHz. CDCl3) 6 11.52 ( 'J  = 309. 322 Hz, CHzSn), 13.62 (CH3CH2CH2CH2Sn), 17.53 

[(CHWH], 17.89 [(CH,)zCH], 7 1 - 14, 21 -24 (CH$ and CH1CO), 27.65 ( 2 ~  = 60 Hz, 

CH2CHzSn). 29.19 = 17 Hz, CH~CHZCHZS~). 34.88 [(CH3)&w, 85.60 (OcSn), 171 -76 - 

(CO); MS (EI) m z 363 ( 1  8, M--CHKO), 293 (63), 179 (100), 121 (38), 87 (23), 43 (42); 

Anal. Calcd for Cid&o02Sn: C, 54.43; H. 9.61. Found: C ,  54.20; H, 9.50. 

To a cold (0°C) solution of i-f rzNH (0.1 5 mL, 1 -1  8 rnmol) in THF (5 mL) was added 

n-BuLi (1 .O0 mL of a 1 . 1  8 M solution in hexanes, 1.18 rnmol). After the solution stirred for 





5.3.7 Representative Procedure for the TrmmneiaZafio~z rmd Trapping of a. a-DiaIkyI 

a-A Ikoxyorganostmmmes 201-204, 206 

A representative procedure for the transmetdation of methoxymethyl ether 201 and 

trapping with PhCHO is given below, followed by spectral data of alcohols 209-211, 213. 

The yields of these alcohols cm be found in Table 19- 

To a cold (-78°C) stirred solution of stannane 16 (182.2 mg, 0.42 rnrnol) in THF (5 

mL) was added dropwise n-BuLi (0.82 rnL of a 1.02 M solution in hexanes, 0.84 mrnol). 

M e r  1 5 min, benzaldehyde (1 06.9 PL, 1 -05 mrnol) was added. The reaction was quenched 

after 15 min with saturated aqueous NH;rCI. The resulting mixture was diluted with ether (25 

mL), washed with Hz0 (5 mi,) and brine ( 1  O mL), dned (MgSOa), fltered and concentrated 

NI V ~ C Z I O .  Column chromatography of the resulting oil (334.5 mg on I O  g of silica gel using 

60: 1 hexanesethyl acetate, initially, with gradua1 increase in solvent polarity) yielded 51 mg 

(35%) of BulSn and 31 mg (29% yield) of the expected product as a colorless oil: IR 

(CHCb) 3392, 3013, 2938, 1452, 1226, 1 139, 1090, 1041, 1027, 926 cm-'; 'H NMR (250 

MHz, CDCh) 6 0.80-2.05 (m, 10 H. c-C&&), 3.5 1 (s, 3 H, OC&), 4.03 e s ,  1 H, O B ,  4.6 1 

(S. J H, PhCHOH), 4.86 (ABq, 2 H, Jm = 7.2 Hz, A v  = 8.7 Hz, OC&O), 720-7.45 (m, 5 H, 
13 

ArH); C NMR (1 50 MHz, CDCI3) 6 20.91, SI -33, 25.53, 27.63, 3 1-17 [ - ( m ) s - 1 ,  55.69 

(OCH3), 79-07 (PhCHOH), 81-16 (PhCH(OH)C], 90.96 (0-01, 127.23, 127.52, 127.89 

(Ar-C's), 140.34 (ipso-Ar<); MS (El) rnz 205 (2, W-MOM), 143 (271, 120 (1 l), 1 O7 (3 l), 

99 (33), 45 (100); Anal. Calcd for C7 71.96; H, 8.85. Found: C, 71.96; H, 8.88. 



IR (CHC13) 3559, 3400, 30 12, 1495, 1454, 1380, 1238, 1195, 1142, 1088, 1060, 1028,913, 

827 cm-'; 'H NMR (250 MHz. CDCI3) 6 0.84 (t, 1.5 I3, J = 7.4 Hz, C&CHt), 0.88 (t, 1.5 Y 

J =  7.3 Hz, CW3CH2), 1.10 (s, 1.5 H, CbC) ,  1.16 (s, 1.5 H, C&C), 1.20-1.44 (m, 1 H, 

CH3C&), 1.52-1 -67 (m, 0.5 H, CH3Ch). 1.79-1 -94 (m, 0.5 H, CH3C&), 3.44 (s, 1.5 H, 

OC&), 3.46 (s, 1.5 Y OC&), 4.65 (d. 1 H, J =  2.0 H z ,  PhCHOH), 4.79 (ABq, 2 H, Jm = 

7.4 H z ,  Av = 9.7 H z ,  OC&O). 7.20-7.45 (m, 5 H, ArH'J; 13c NMR (150 MHz,  CDC13) 6 

7.31, 7.54 (CH~CHZ), 16.55, 19-63 (CH3C), 26.12, 29-00 (CH3CH2), 55.47, 55.60 (OcH3), 

78.38, 79.14 (PhCHOH). 8 1.67, 82.55 [PhCH(OH)CJ, 91 -24, 91 -26 (OCH20), 127.30, 

127.41. 127.56, 127.64, 127.80, 129.86 (Ar-C's), 140.30, 140.52 (ipso-Ar-Cs); MS (EI) m.= 

1 79 (4, M-MOM), 163 (7). 1 33 ( 1  1 ), 120 (20), 1 O7 (74), 9 1 (25), 79 (23), 73 (23), 45 (1 00); 

Anal. Calcd for C13H2003: C .  69.9 1 ; H, 8.98. Found: C, 69.86; H, 8.86. 

IR (CHCIi) 3288. 298 1. 1655, 1478. 1459. 1429, 1381, 1282, 1185 cm"; 'H NMR (250 

MHz. CDCIJ) G 0.80- 1 -25 (bm, 6 H. CHICHIN). 0.9 1 (t. 1.5 H, J =  7.4 Hz, C&CH2), 0.95 (t, 

1.5 H, J =  7.4 HZ. ChCH2).  1.29 (s, 1.5 H. CBC). 1.45 (s, 1.5 H, CEC),  1.42-1.58 (m, 0.5 

H, CHjC&), 1 -65- 1 -80 (m, 0.5 H, CH,C&), 1 -96-2-24 (m, 1 y CH3Cï&), 3 -00-3 -50 (bm, 4 

H. CHICEN), 4.74 (d, 1 H, J = 1.5 HI  PhCHOH), 5.15-5.70 (bs, 1 H, OH), 7.10-7.40 (m. 5 

H, A@!); ')c NMR ( 1  50 MHz, CDCb) 6 7.85, 8.02 (CH3CH2), 13.37, 13.77 (NCH&H3), 

20.42, 20.79 (cH3C), 28.55, 28.95 (CH&Hz), 4 1 -99 (NCJ32CH3), 79.04, 79.39 ( P h m H ) ,  



87.72, 87.97 PhCH(OH)CJ, 127.23, 127.62, 127.63, 127.72, 127.77 (&-CS), 141.16, 

141.19 (ipso-&-CS), 156.50, 156.54 (CO); MS (EI) Mi 207 (9, IM--NEt2), 148 (9 ,  1 16 

(13), 100 (30), 91 (39), 28 (100); Anal. Caicd for C I ~ & Q :  C, 68.78; H, 9.01; N, 5.01. 

Found: C, 69.00; H, 8.87; N, 5.08. 

CR (neat) 3329, 2973. 1660, 1478, 1426, 1379, 1285, 1 183, 1099, 975 cm-'; 'H NMR (300 

MHz, CDCI3) 6 0.84 (t, 3 H, J = 7.1 I-k, NCHZCE), 0.92 [d, 3 Y J = 6.7 Hz, (C&)2CFI], 

1-08 [d, 3 H, J =  6.9 Hr, (C&)zCH], 1.18 (t, 3 Y J =  7.1 Hz. NCH2C&), 1.61 (s, 3 H, 

C b C ) ,  1.94 [septet, 1 H, J = 6.8 Hz, (CH&CH], 2.95-3.45 (m, 4 ET, NC&CH3), 4.83 (4 1 

y J = 9.8 H z ,  PhCHOH). 6.90 (d, I H. J = 9.9 Hz, OH), 7.20-7.40 (m, 5 H, Arm; "C NMR 

(150 MHz,  CDC13) 6 13.46, 13.68 OuCH2çH3). 14-19 (CH3C), 17.53, 18.88 [(CH3)2CH], 

- 3 3 -6 1 [(CH3 hm], 4 1.90. 42-28 (NCH2CH3), - 77.05 (PhCHOH), 90.68 phCH(OH)C], 

127.12, 127.46. 127.72, ( Ar-C's), 14 1 -48 (ipso-Ar-Cf. 156.94 (CO); MS (Er) mk 250 [2, M- 

(CHdzCH], 207 (341, 148 (22) .  133 (2 1 ), l 16 (45), 100 (74), 91 (100), 87 (1 l), 77 (12), 72 

(25) ,  58 (1 11, 43 (23); -A.nal. Calcd for C I ~ H Z ~ N O ~ :  C, 69-59; H, 9.27; N, 4.77. Found: C, 

69.52; H, 9.07; N, 4.60. 



To a cold (-78°C) solution of 2-phenyl-1-propanal (4.95 m . ,  37.3 rnrnol) in THF (20 

mL) was added MeLi (3 1.05 mL of a 1 -32 M solution in hexanes, 4 1 -0 mmol). The reaction 

stirred at -78°C for 30 min and then was quenched with saturated N&Cl solution and 

allowed to wann to room temperature. The mixture was diluted with ether (100 rnL) and 

washed with H20 (50 mL) and brine (50 mL). The organic layer was dried (MgSO& 

filtered, and concentrated in vaczro to provide cmde orange oïl, containing solid. The oil was 

filtered through a pad of silica (2 g) using hexanes:ethyl acetate (23) and then concentrated 

to yield 5.56 g of crude yellow oil. 

To a cold (-60°C) solution of oxalyl chloride (3.58 mL, 41.0 rnrnol) in CHtC12 (90 

rnL) was added a solution of dimethyl sulfoxide (6.29 mL, 81 -4 mrnol) in CHzClz (1 5 mL) 

dropwise, over a 10 rnin penod. After 10 min of further stirring, a solution of cmde 3- 

phenyl-Zbutanol (5.56 g, 37.0 mrnol) in CHzC12 (30 rnL) was added over a 5 min period. 

The reaction stirred for a fùnher 15 min and then EtnN (25.79 mL, 185 mmol) was added 

over a penod of 5 rnin at -60°C. The reaction was warmed to room temperature and then 

diluted with H20 (30 mi.). Stimng was continued for 10 min and then the phases were 

separated. The aqueous phase was extracted with CHzClz (15 mL). The combined organic 

phase was washed with 1 M HCI (2 x 100 mL), NaHC03 (100 mL), HzO (100 mL) and bnne 

(100 mL). The organic phase was dried (MgS04). filtered, and concentrated in vaczro to 

provide 178 g of cmde orange oil. Purification by column chromatography on silica gel (1 95 

g) using hexanesethyl acetate (initially 20: 1, with gradua1 increase in solvent polarity to 5: 1 ) 

yielded 2.75 g (50%) of the title compound as a colorless oil: MS (El) m/z 148 (4, M3, 133 

(z), 105 (68),  103 (g), 91 (3, 79 (1 O), 77 (12), 63 (2), 51 (S) ,  43 (19), 32 (28), 28 (100). 



5.3.9 Representa five Procedine for the Diastereoseiective A Aridtion of Tributyltitd.ifhizïm to 

Carbonyl Sz~bstrares 214 and 2 2 5 

A representative procedure for the diastereoselective addition of tibutykinlithium to 

2-phenyi-1-propanal (214) is given below, followed by spectral data of ethers 216 and 217. 

The yield and diastereoselectivity of these ethers can be found in Table 20. 

To a cold (0°C) solution of i-Pr2NH (0.23 mL, 1.72 mmol) in EttO (5 rnL) was added 

n-BuLi (1.22 mL of a 1.41 M solution in hexanes, 1.72 mrnoi). M e r  the solution stirred for 

15 min, Bu- (0.46 mL, 1.72 mmol) was added and stirring was continued for a fllrther 20 

min. The reaction mixture was then cooled (-78"C), and 2-phenyl-1-propanal(0.27 mL, 2.06 

mmol) was added. M e r  1 S min the reaction was quenched with saturated aqueous NH4CI. 

The reaction mixture was diiuted with ether (30 mL) and washed with &O (10 rnL) and 

brine (10 mL). The organic layer was dried (MgS04), filtered and concentrated in varno 

(room temperature bath) to provide cmde 2-phenyl- 1 -tributylstannyl-1 -propanol. 

Methylene chloride (2 mL). i-Pr2NEt (0.90 rnL, 5. IS mmol) and chioromethyl methyl 

ether (0.20 mL, 3-58 mmoi) were added to a chilled (0°C) solution of the crude a- 

hydroxystannane. The ice bath was removed and the mixture stirred at room temperature 

until TLC indicated the reaction was cornplete (1 h). The reaction was quenched with 

saturated aqueous NaHC03 (1 mL), and then diluted with ether (30 mL), washed with Hz0 

( 1 5 mL), and brine (20 mL). The organic layer was dned (MgS04), filtered and concentrated 

hl vacro to provide 848 mg of crude orange oil. Purification by flash chromatography on 

silica gel (1 7 g) using hexanes:ethyl acetate (40: 1) provided 335 mg (42%) of the title 

compound as a colorless oïl. Samples for GCMS were prepared in diethyl ether (Table 15, 

entry 1): IR (CHCb) 2961, 2928, 1733, 1683, 1645, 1586, 1457, 1262, 1078, 1026 cm-'; 'H 



NMR (250 MHz, CDCS, asterisks denote major diastereomer) 6 0.55-1-00 (m, 15 H, 

C&CH2CHzC&Sn), 1.10-1.75 (m, 1 2-48 H, CHK&C&CH2Sn and C&CHPh), 1 -39' (d, 

2-52 H, J = 7.0 Ekq C&CHPh). 3.1 1 (s, 0.48 FI, OC&), 3 -23' (s, 2.52 OC&), 3 -05-3.30 

(m, 1 y C&CEPh), 4.1 7' (d, 0.84 K J =  6.9 H z ,  CEOMOM), 4.22 (s, 0.16 FI, CHOMOM), 

4.40-4.60 (a 2 H, OCEO), 7-10-7.35 (m, 5 H, A@; MS (EI) m/z 413 (3, PVI-Ca), 292 

( 1  1), 235 (18)- 179 (37), 12 1 (25), 105 (14), 45 (100), 28 (46); And. Calcd for Ct3H&02Sn: 

C, 58.86; H, 9.02. Found: C, 59.02; H, 9-23. 

( 1 ~ :  2~ 7 .  (IR : 2 ~ ) - 2 - ( ~ e t h o ~ r n e r h 0 ~ ) - 3 - ~ h e ~ ~ i - 2 - ~  butane (22 7') 

IR (neat) 2955, 2921 01 cm-'; 'H (250 MI iz, 
CDCl3, asterisks denote major diastereomer) 6 0-70-1.05 (m, 15 H, C&C&CH2C&Sn), 

1.15-1.70 (m. 14 H, CH>C&CH2CH2Sn. CF+ICOMOM and CECHPh), 1-22' (s, 2 Y 
C&COMOM), 1.30 (d. 2 H, .f = 7.0 Hz, CHxCHPh), 2-90' (q, 0.67 H, J = 7.0 H z ,  

CHsCmh), 2.91 (q, 0.33 H. J =  7.1 Hz. CH3CHPh). 3.30*(s, ZH, OCE),  3.32(s, 1 H, 

OCE),  4-62' (ABq, 1.34 H. J.ut = 7.0 HL AV = 29.3 H z ,  OCI-&O), 4.65 (ABq, 0.66 H, Jm = 

6.9 H z ,  Av = 26.9 Hz, OCi-&O). 7.10-7.40 (m. S H, ArI-I); 13c NMR (150 M)4 CDC13) 6 

10.79, 10.66' ('J = 282. 295 HZ. CHzSn). 13.6 1 *. 13-64 (CH3CH2CH2CH2Sn), 15.59*, 19.08 

(CHK), 23.94*, 24-36 (PhCHCHi). 27 63. 27.58* ( l ~  = 59 Hz, mzCHzSn), 29.30, 29-22' 

= 19 Hr, C H ~ C H ~ C H Z S ~ ) .  49.85'. 50.15 (PhCHCH3), 55.77, 55.85* (OÇH3), 84.48*, 

85.43 (CH3CSn) 93.86*, 94.68 (OCHzO). 126.06, 126.26, 127.61, 127.93, 128.95, 129.48 

(Ar-Cs), 143.83, 146.04' (@.sr,-Ar-C's). M S  (El) m.- 439 (1, W-MOM), 291 (6), 235 (9), 

179 (1  8), 161 (34), 12 1 (1 3). 45 ( 100). Anal. Calcd for CZ&02Sn: C, 59.64; H, 9.17. 

Found: C, 59.81; H, 8.98- 



5.3- 2 O Reaction of TnbutyZtinIi~hium and CeCZ3 with 3-PhenyIl--butanone (215) 

To a coid (0°C) solution of i-PrtMf (0.16 mL, 1.2 1 mmol) in THF (5  mL) was added 

11-BuLi (0.80 rnL of a 1.50 M solution in hexanes, 1.21 mmol). M e r  the solution stirred for 

15 min, BusSnH (0.32 rnL, 1 -2 1 mmol) was added and stirring was continued for a further 20 

min. This solution was added via cannula to a previously prepared s l u q  of anhydrous CeCb 

(539.8 mg, 1.45 mmol) in TEE (5 mL) at -78°C. The reaction mixture was warmed to -30°C 

for 45 min, and then cooled to -78OC with stining. To the reaction mixîure was added 3- 

phenyl-2-butanone (1 80- 1 mg, 1.21 mmol). The reaction was stirred at -78°C for 30 min, 

then warrned to -30°C over a 1 hour period and finally quenched with saturated aqueous 

NWCl. The reaction mixture was diIuted with ether (30 rnL) and washed with 5% acetic 

acid solution (2 x 15 m . ) ,  NaHC03 (20 mL), &O (20 mL) and brine (20 d). The organic 

layer was dried (MgS04), filtered and concentrated in vumo (room temperature bath) to 

provide crude 3-phenyl-2-tributyistannyl-2-propanol. 

Methylene chloride (2 mL), i-Pr2NEt (0.63 mL, 3 -62 mmol) and chloromethyl methyl 

ether (0.14 mL, 1.81 mmol) were added to a chilled (0°C) solution of the crude a- 

hydroxystannane. The ice bath was removed and the mixture stimed at room temperature 

until TLC indicated the reaction was complete (1 h). The reaction was quenched with 

saturated aqueous NaHC03 (1 mL), and then diluted with ether (30 mL), washed with Hz0 

( 1 5 mL), and bnne (20 mL). The organic layer was dned (MgS04), filtered and concentrated 

hr ilaclro to provide 532 mg of crude orange oil. Purification by flash chromatography on 

siiica gel (16 g) using hexanes:ethyI acerate (40: 1) provided 158 mg (27%) of ether 217. 

Samples for GCMS were prepared in diethyl ether (Table 20, entry 6) .  

A sirnilar experiment was performed using 2-phenyl- l -propanal (Table 20, entry 3). 



53-11 6)-2-(BeqIoxy)propanoic acid (222) 

(a) EthyI-(S)-2-@en~Ioy)propm1oate (221) 

The procedure of Widmer was essentially foilo~ed.~' To a cold (O°C) mixnire of 

cyclohexane (2 mL) and CHzC12 (1 mL) was added (5)-ethyl lactate (1.00 mL, 8.8 mmol), 

benzyl-2,2,2-trichloroacetimidate ( 1 -64 mL, 8.8 rnmol), and triflic acid (78.1 w, 0.8 m l ) .  

The reaction was warmed to room temperature and allowed to stir for 1 hour. Al1 solid was 

removed by filtration throuçh a celitea pad using cyclohexane:CHzC12 (2:l) as eluent. The 

filtrate was concentrated ;tz vaaio. The remaining oil was dissolved in ether (40 mL) and 

washed with NaHC03 (20 mL), H20 (20 mL), and brine (20 mL). The organic layer was 

dried (Na2SO& filtered and concentrated irz vanio to provide 2.2 g of yellow oil. 

Purification by column chromatoçraphy on silica gel (50 g) using hexanes:ethyl acetate 

(initially 30: 1, with gradua1 increase in solvent polarïty to 5: 1) gave 930 mg (5 1%) of the title 

compound as a light yelIow oil. The spectral data were identical to those previously 

reported." 

The hydrolysis of ester 221 was perfonned as outlined by Joullié et aL2* To a cold 

(0°C) solution of ethyl-(5')-2-(benzy1oxy)propanoate (466.8 mg, 2.24 mmol) in THF (22 rnL) 

was added LiOH (22.4 mL of a 0.20 M aqueous solution, 4.48 rnmol). The readon was 

warmed to room temperature and stirred until monitoring by TLC indicated complete 

214 



hydrolysis of the ester (30 min). The solution was concentrated to half its volume and 

washed with ether (2 x 10 mL). The combined ether layers were re-extracted with NaHC03 

(2 x 10 mL), and the aqueous layers were acidifieci to pH 4 with mSO4. The acidifieci 

layers were extracted with ether (3 x 15 mL). The combined ether layers were dried 

(Na2S0,), filtered, and concentrated in vamo to provide 409.3 mg (> 100%) of the title 

compound as an oil. The acid was used without further purification. The spectral data of 

222 were identicai to those previousty reported. 37.38 

The estenfication was performed as outlined by Trost et al. (Method 1).25 TO a cold 

(0°C) solution of Ï-Pr2W (0.27 mL, 2.08 mrnol) in ïJ3F (5 mL) was added n-BuLi (1.49 niL 

of a 1.40 M solution in hexanes, 2.08 mmol). M e r  the solution s h e d  for 15 min, Bu3SnH 

(0.56 mL, 2.08 mmol) was added and stimng was continued for a fiuther 20 min. The 

reaction mixture was then cooled (-78°C)- and 3-methyl-2-butanone (0.22 mL, 2.08 m o l )  

was added. M e r  15 min the reaction was quenched with saturated aqueous N-Cl. The 

reaction mixture was diluted with ether (30 mL) and washed with H20 (1 0 m.) and brine (1 0 

mL). The organic layer was dned (MgS04). filtered and concentrated in vamo (room 

temperature bath) to provide cmde ( 1 -hydroxy- 1.2-dimethy1)propyl tributylstannane. 

Methylene chlonde ( 1  9 mL), 1.3-diisopropylcarbodümide (0.33 mL, 2.08 mmol), (S)- 

a-methoxyphenylacetic acid (3 16.4 mg. 2.08 mmol) and DMAP (25 mg, 0.20 rnmol) were 

added to a chilled (O°C) solution of the cmde a-hydroxystannane. The ice bath was removed 

and the mixture stirred at room temperature for 24 hours. TLC analysis of the reaction 

mixture reveaied the absence of the desired ester 223. Work-up and derivatization of this 

mixture was not performed (Table 2 1, entry 1 ). 



5- 3.13 Atîernpted Esren~catton of (l-Hy&oxy--l.2-dirnethyi)propyZ Tnbutyistannane with 

(SI- a-MethoxphenyIacetyZ Chloride 

The esterification was performed as outlined by Trost et al. (Method 3).25 TO a cold 

(0°C) sohition of i-Pr2NH (0.22 rnL, 1 -71 mrnol) in THF (5 rnL) was added n-BuLi (1 -22 mL 

of a 1.40 M solution in hexanes, 1.71 mmol). After the solution stirred for 15 min, Bu3SnH 

(0.46 mL, 1.71 mmol) was added and stimng was continued for a further 20 min. The 

reaction mixture was then cooled (-78"C), and 3-methyl-2-butanone (0.18 mL, 1.71 mmol) 

was added. Afier 15 min the reaction was quenched with saîurated aqueous N-CL The 

reaction mixture was diluted with ether (3 0 mL) and washed with H20 f 10 rnL) and brine ( 1 O 

) The organic layer was dned (MgS04), filtered and concentrated Ïn vamo (room 

temperature bath) to provide crude (1-hydroxy-2,2-dimethy1)propyl tributylstannane. 

(S)ir-Methowhenylacetic acid (1.72 rnL, 1-71 mmol) was added to a white 

suspension, which had been prepared by the slow addition of oxalyl chloride (1.72 rnL of a 1 

M solution in CH2C12, 1.72 mmol) to DMF (2.34 mL of a 1 M solution in CH2C12, 2.34 

mmol) in acetonitrile (5 rnL) at 0°C. After 5 min, a solution of the crude a-hydroxystannane 

(- 1.71 mrnol) in pyridine (2 rnL) was added. The ice bath was removed and the mixture 

stirred at room temperature for 48 hours. The reaction mixture was diluted with ether (30 

mL) and washed with 1 M CuSOj (2 x 15 mL), Hz0 (20 mL). The organic layer was dried 

(NazsO~), filtered and concentrated ht vaczio to yield 645 mg of cnide oil. TLC and 'H NMR 

analysis of the crude mixture revealed the absence of the desired ester 223 (Table 21, entry 

2). 

1 3.14 A ttempred Esterxficatron of (1-Hydroxy- 1.2dimethyI)propyl Trzbtitylstu~~nane with 

(S)-2-(Bett~Io~)propatzo~c A cid rrsitg DiPC mui HOBt 

The esterification was performed as outlined by Trost et al. (Method z).~' TO a cold 

(O°C) solution of i-Pr2NH (0.45 mL, 3.40 rnmol) in THF (5 mL) was added n-BuLi (2.91 rnL 

of a 1.18 M solution in hexanes, 3.40 mrnol). After the solution stirred for 15 min, Bu3SnH 

(0.92 rnL, 3.40 m o l )  was added and stïrring was continued for a fùrther 20 min. The 

216 



reaction mixture was then woled (-7g°C), and 3-methyi-2-butanone (0.36 mL, 3 -40 mmol) 

was added. M e r  15 min the reaction was quenched with saturated aqueous N&C1. The 

reaction murhire was diluted with ether (30 mL) and washed with H20 (10 mL) and b ~ e  (1 0 

mL). The organic layer was dried (MgS04), filtered and concentrated ÏIZ vamo (room 

temperature bath) to provide cmde ( l -hydroxy- 1,2-dïmethy1)propyl trhtylstannane. 

To a chiiled (0°C) solution of the crude a-hydr~xystannane in CH2C12 (10 mL) was 

added 1,3-düsopropylcarbodiimide (0.32 mL, 2.07 mmol), (5')-2-(benzy1oxy)propanoic acid 

(409.3 mg, 2.27 rnmol) and 1-hydroxybenzotnazole hydrate (306.9 mg, 2.27 mmol). The ice 

bath was removed and the mixture stirred at room temperature for 24 hours. TLC analysis of 

the reaçtion mixture revealed the absence ' of the desired ester 224. Work-up and 

derivatization of this mixture was not performed (Table 21, entry 3). 

53-15 A ttempted Ester~ficatim~ of 0-Hydroxy-l,2-dimethyllpropyl TribzttyIs funnane wirh 

fS) -2-@et~~lo~)propar1oic A cid rrsing DCBC 

The esterification was performed as reported by sieberz6 To a cold (0°C) solution of 

i-Pr2NH (0.13 mL, 1.02 mmol) in THF (5 mL) was added rt-BuLi (0.95 mL of a 1.07 M 

solution in hexanes, 1.02 mmol). After the solution stirred for 15 min, Bu3Sn.H (0-27 mL, 

1.02 mmol) was added and stimng was continued for a fiirther 20 min. The reaction mixture 

was then cooled (-7g°C), and 3-rnethyl-?-butanone (0.1 1 mL, 1-02 mrnol) was added. Mer  

15 min the reaction was quenched with saturated aqueous =CI. The reaction mixture was 

diiuted with ether (30 mL) and washed with Hz0 ( I O  mL) and bnne (10 mL). The organic 

layer was dned (MgSO4). filtered and concentrated i r ~  vacuo (room temperature bath) to 

provide cmde ( 1 -hydroxy- 1.2-dimethy1)propyl tributylstannane. 

To a chilled (O°C) solution of the crude a-hydroxystannane in CHzC12 (2 mL) was 

added (3-2-(benzy1oxy)propanoic acid ( 183 -2 mg, 1.02 mmol), pyridine (0.12 mi., 1.55 

mmol), and 2,6-dichlorobenzoyl chloride (0.1 5 mL, 1 -02 rnmol. The ice bath was removed 

and the mixture stirred at room temperature for 24 hours. The reaction was quenched with 

NaHCO3 ( 5  mL), diluted with ether (30 mL), and washed with H20 (15 mL) and brine (15 

mL). The organic layer was dned (MgS84), filtered, and concentrated in vanio. TLC and 



1 H NMR analysis of the m d e  mixture revealed the absence of the desired ester 224 (Tabie 

2 1, entry 4). 

53-16 Representative Pmcedtre for fhe Preparation of Acetaf-Protected a &aIkyï 

Mydroxystamanes 225-23 O 

A representative procedure for the preparation of acetal 226 is given below, foliowed 

by 'H NMR data of acetals 225-230. The yield of these acetais can be found in Table 22. 

To a cold (0°C). stirred solution of diisopropylarnine (0.17 rnL, 1.3 mrnol) in THF 

( 1  0 mL) was added )+BuLi ( 1.12 mL of a 1.18 M solution in hexanes, 1.3 rnrnol). The 

reaction mixture was stirred at 0°C for 15 min Tributyltin hydride (0.36 mL, 1.3 mmol) was 

added and the mixture was stirred at 0°C for 15 min. The reaction was cooled to -78°C and 

3-methyl-2-butanone (0.13 mL. 1 3 mrnol) was added neat. After stimng at -78°C for 30 

min, the reaction was quenched with saturated N&Cl solution and was allowed to warm to 

0°C. The mixture was diluted with e the r  (30 mL) and the organic layer was washed with 

Hz0 (10 mL) and brine (20 mL). The organic layer was dried (MgS04) and concentrated in 

vacrro (water bath at rt). 

NN-Diisopropylethylamine (0.50 mL. 6.6 mmol), DMAP (16.2 mg, 0.1 mrnol) and 

chloromethyl 8-phenylmenthyi ether (1.12 g in CHzClz (2 mL), 3.9 mmol) were added to a 

chilled (0°C) solution of the a-hydroxystannane in CH2C12 (2 mL). The reaction mixhire 



was aiiowed to warm to n without removal of the cooling bath. M e r  the reaction mùrture 

was stirred at rt for 24 h, it was quenched with water and diuted with ether (30 mL). The 

organic layer was washed with water (10 mL) and brine (10 mL), dried (MgS04), and 

concentrated to afford 1.1 g of an orange oil. Purification of this matenai by chromatography 

(30 g of silicdg of substrate; 3 0 3  hexanesethyl acetate) afforded 0.46 g (57%) of 226 (1 : 1 

mixture of diastereomers) as a colorless 02: 'H NMR (250 MHz, CDCb) 6 0.60-1.10 [m, 30 

H, C&CH2CH2C&Sh (C&)2CHCSn, (CE)zCH, and CECHJ, 1.15-1.70 (m, 19 H, 

CH3C&C&CH2Sn and c-C6&), 1-43 (s, 3 H, CECSn), 1.87 [septet, 1 H, J = 6.7 HZ, 

(CH3)2CHCSn], 2.05-2-30 (m, 1 FI, CBCH), 3.30-3.45 (m, 1 Y OCH20CH), 4.69 (ABq, 1 

Y Je = 5.7 Hi, AV = 30.0 HZ, OCbO),  4.57 (ABq, 1 Y JAB = 5.6 AV = 53.4 HZ, 

OCEO), 7.10-7.35 (m, 5 H, ArH). 

1 H NMR (250 MHz, CDCb) 6 0.70-1.05 [III, 30 H, C&CH2CH2CE&Sn, (C&),CHCSn, 

(CF&)zCH, and CECH], 1.15-1 -70 (m 19 H, CH3C&C&CH2Sn and c-C&), 1.40 (s, 3 H. 

CbCSn).  1-93 [septet, 1 H. J = 6.7 Hz. (CH,)tCHC6H9]. 2.05-2.30 [m, 2 H, (CH3)2CHCSn 

and CH3CH], 3.20-3.36 (m. 1 H. OCH2OCH). 4.69 (ABq, 1 H, Jm = 5.7 Hz, Av = 17.4 Hz,  

OCEO). 4.70 (ABq, 1 H. J..w = 6.1 Hz, Av = 55.3 Hz, OCEO).  



1 H NMR (200 MHz, CDC13) 6 0.60- 1.10 [m, 27 H, C&CH2CH2C&Sn, C&CH2CH2CH2, 

(C&)KH, and CECH], 1.1 5- 1 -75 (m, 25 H. CHK&C&CH2Sn, CH3C&CECI& and c- 

C6H7). 1-42 (s, 3 H, CECSn), 2.05-2.30 (m, 2 H,  CfiC@, 3.25-3.45 (m, l H, 0CH20CH), 

4.54 (ABq, 1 H, = 6.2 HZ, AV = 33.4 Hz, OC&O), 4.55 (ABÇz, 1 H, JAB = 6.2 H q  AV = 

46.5 Hz, OCBO), 7.00-7.40 (m, 5 H, Arm. 

I 
NMR (250 M e  CDCI3) 6 0.60-1.80 [m, 49 H, C&C&C&C&Sn, Ci-&C&C&C&, 

(CHi)?C. and OCH20CHC(C&)C&C&). 1.42 (s ,  3 H, CBCSn), 1.85-2.10 (m, 3 H, 

OCH:OCHCH7CH), 3 -754.90 (m. 1 H, OCH:OCH), 4.62-4.75 (m, 2 H, OCBO). 



1 H NMR (250 MHz, CDCI3) 6 0.60-1.05 [m, 27 H, C&CH2CH2C&Sn, C&(CH2)4CH2y 

(cb)zcK and CECH], 1 - 10- 1-80 (m, 29 Y CH,C&C&CH2Sn, CH3(C&)4C& and c- 

Cd&), 1-42 (s, 3 H, CECSn), 2.10-2.25 (m l Y CH3CHJ, 3.25-3.45 (m, 1 H, 0CH20CHJy 

4.53 (ABq, 1 9 Jm = 6-2 Hr. Av = 41.1 Hi, OCBO), 4.55 (ABq, 1 H, Jm = 6.2 Hz. Av = 

58.4 Hz, OCEO), 7.05-7.40 (m, 5 H, Am). 

1 H NMR (250 MHz, CDCIi) 6 0.70-1.80 [m. 53 H, C&C&CEC&Sn, C&(C&)4C&, 

(C&)2C, and OCH20CHC(CHX&C&-), 1-41 (s, 3 H, CBCSn), 1.85-2.20 (m 3 H, 

OCHzOCHC&CH), 3.75-3 -90 (m. 1 H. OCHzOCH). 4.62-4.74 (m, 2 H, OCBO).  



To a cold (O°C), stirred solution of diisopropylamine (0.49 rnL, 3.70 mmol) in THF 

(1 0 mL) was added n-BuLi (2.27 mL of a 1.64 M solution in hexanes, 3.70 mrnol). The 

reaction mixture was stirred at 0°C for 15 min. Tnbutyltin hydride (1 -0 mL, 3.70 mmol) was 

added and the mixture was stirred at O°C for 15 min. The reaction was cooled to -78°C and 

2-octanone (0.58 mL, 3 -70 mrnol) was added neat. M e r  stirring at -78°C for 30 min, the 

reaction was quenched with saturated =CI solution and was ailowed to warm to 0°C. The 

mixture was diluted with ether (30 mL) and the organic layer was washed with H20 (15 mL) 

and brine (15 mL). The organic layer was dned (MgS04) and concentrated in vacuo (water 

bath at room temperature). 

p-Nitrophenyl chloroformate (1.12 g, 5.60 mmol) was added to a cold (0°C) solution 

of the a-hydroxystannane in pyridine (5 rnL). The reaction was monitored by TLC for 1 h at 

room temperature, and was quenched with water (5 mL). The mixture was diluted with Et20 

(30 mL), washed with 1 M HCI (2 x 10 mL), NaHC03 (15 mL), H20 (1 5 mL), bine (15 

mL), dned (MgS04), filtered and concentrated NI vamo to yieId 2.33 g of a colorless oil 

containing yellow solid. Purification of this material by chromatography (20 g of silica/g of 

substrate: using a gradient of 60:l (100 mL), 40:l (100 rnL) and finaily 20:1, hexanes:ethyl 

acetate) afforded 744.0 mg (34%) of 232 as a light yellow oil: IR (CHC13) 2958, 2828, 1747, 

1527, 1349, 1278. 1226, 1207, 1 163, 1 12 1, 858 cm-'; 'H NMR (200 MHz, CDCI,) 60.75- 

1-05 (m, 18 H, CI-&CH2CH2Ci-&Sn and C&CH2CH2), 1.15-2.10 (m, 22 H, 

CHK&C&CH2Sn and CH&C&)JC&), 1 -57 (s, 3 H, C&C), 7.26-7.32 (AA' of AA'XX', 2 

H, a), 8.24-8.30 (XX of AA'XX', 2 H, Am); 13c NMR (150 MHz, CDCb) 6 10.85 

(CHzSn), 13.65 (CH~CH~CHZCH~S~),  14.04 (aCH2CHt)  22.58 (CH3CSn), 25.62 

(CH~CHZCH~). 25-94 KH~CHZC), 27.56 (cH2CH2Sn), 29.05 (?1= 18 Kz, CH2CH2CH2Sn), 

29-57 (GH2C&CH2C), 31.75 (CH3CH&&), 41.47 (CHiCH&H2C), 89.22 (CH&Sn), 



121.81, 125.27, 145.22, 152.59 (Ar-Cs), 155.75 (CO); MS (EI) miz 528 (7, 416 

(3), 372 (1 11, 345 (loo), 289 (32). 243 (34), 235 (38), 201 (46), 177 (27), 143 (61), 109 (47), 

65 (32); And. Calcd for C~~H&NOSS~:  CI 55.49; H, 8.1 1; N, 2.40. Found: C, 55.68; H, 8.05; 

N, 2.33- 

5.3- f 8 2- f (sl-1-(l-naphthyI) et~IJcarbcnnoyioxy- 1-fnfnbutyIstannyI octane (236) 

- To a cold (0°C) stirred solution of carbonate 232 (2.75 g, 4.70 mrnol) in 

hexanedacetonitrile (1 : 1, 2 mL) was added (3- 1-(1-naphthy1)ethylamine (1 -90 mL, 1 1.75 

mrnol). After stirring for 2 h at room temperature, the reaction was diluted with hexanes (20 

mL) and acetonitnle (20 mL). The layers were separated and the upper hexanes layer was 

washed with acetonitrile (2 x 10 mL), Hz0 (15 mL), btine (15 m. ) ,  dried (MgSOs), filtered 

and concentrated in v a m  to afford 3.24 g of a colorless oil. Resolution of this material (30 

ç of silica/g of substrate; 60: 1 hexanesxthyl acetate), required multiple elutions, but provided 

1.17 g (8 1% yield) of the top isomer (9 1% de) and 1.14 g (78% yield) of the bottom isomer 

(97% de): colorless oil; hiph-Rr [aJoY - 1 7.8 " (c. 0.297, hexanes), low-Rr [ajD3 -1 1.1 O (c, 

0.294. hexanes); IR (neat) 3445, 3333. 2956, 1715, 1601, 1523, 1442, 1376, 1312, 1229, 
I 1048. 1028. 750. 691 cm-'; H NMR (200 MHz, CDC13) 6 0.60-1.80 (m 43 H, 

C H - ~ C ~ C H ~ C H ~ S R  C&(CHz)&Hz, C&CHN), 1.21 (s, 1.5 H., CEC),  1-36 (s, 1.5 H, 

CHIC), 480-4-85 (m, 1 H, CH3CHN). 5.45-5.70 (s, 1 H, NHJ, 7.35-7.60 (m, 4 hm, 7.70- 

7.90 (m. 2 H, ArH), 8.00-8.20 (m. 1 H, A&T); "C NMR (150 MHz, CDCl3, astensks denotes 

high-Rtisomer) 6 11.09*. 11.14 ( ' J  = 308, 323 Hz, m S n ) ,  13.68*, 13.69 

(CH~CHICH~CH~S~),  14-03, (CH3CH2CH2), 2 1.59 ( a C H N ) ,  22.57 ( m C ) ,  25.50*, 25.66 

(CH3CH2), 26.33, 2 6 3 *  (GHZCH~C), 27-64', 27.66 ( 2 ~ =  60 Hz, CH2CH2Sn), 29-24'> 29.25 

(CH2CH2CMSn), 29.67*. 29,68 (CH2CH2CH2C), 3 1.08, 3 1.78* (CH3CHZçH2), 4l.79*, 



41.91 (CH~CH~~HZC),  46.15,46.20* (NcHCH3), 81.31*, 81.43 (CH3CSn), 122.18*, 122.24, 

123.53*, 123-56, 125.17, 125.63*, 125.65, 126.21f, 126.25, 128.08*, 128.11, 128.70*, 

128.72, 133.88*, 133.91, 138.82*, 138.83, 148.19*, 148.22 (Ar-Cs), 156-36*, 156.37 &Cl); 

MS (FAB) m/z 617 (3, W), 560 (79), 448 (1 6), 404 (49), 345 (28), 290 (301, 235 (271, 177 

(49, 155 (100), 69 (14); Anal. Calcd for C33H&iOzSn: C, 64.29; H, 8.99; N, 2.27. Found: C, 

64.40; H, 9.14; N, 2-27. 

To a cold (0°C) stirred solution of carbamate 236 (576.2 mg, 0.93 mrnol) was added 

AH3 (9.35 mL of a 0.5 M solution in THF. 4.67 mrnol) in THF (7 a). This mixture was 

then wanned to 40°C (warm water bath) and monitored by TLC for 12 h. The reaction was 

then cooIed (0°C) and quenched with solid Na2SO~10H20.  After the mixture stirred for 30 

min at room temperature. dl solids were removed by filtration through a celitea pad using 

hexanes and then concentrated io vacm ( water bath at room temperature). 

Pyridine (0.38 mL. 4.67 mmol) and 11-NOIP~OCOCI (207.2 mg, 1 .O3 mmol) were 

added to a chilled (O°C) solution of the a-hydroxystannane in hexanedacetonitrile (1 : 1, 10 

mL). The reaction mimure stirred for I h at room temperature, and was then diluted with 

hexanes (20 mL) and acetonitrile (?O mL) M e r  5 min of stimng, the reaction was quenched 

with water (2 mL). The iayers were separated and the hexane layer was washed with 

acetonitnle (20 mL). The combined acetonitrile washings were re-extracted with hexanes (3 

x 10 mL). Al1 hexane fractions were then concentrated itz vaczro. The resulting crude 

carbonate was dissolved in hexanes/acetonitrile (1 : 1, 2 rnL) and Et2- (0.48 mL, 4.67 

mmol) was added. Afier stimng for 2 h at room temperature, the reaction was diluted with 

hexanes (20 mL) and acetonitrile (20 mL). The layers were separated and the upper hexanes 

layer was washed with acetonitrile (2 x 10 mL), H20 (15 mL), brine (15 d), dned 



(MgS04), filtered and concentrated IFI vamu to S o r d  397.3 mg of coloriess oil. 

Chromatography of this material (30 g of silica/g of substrate; 60:l hexanexethyl acetate) 

afforded 390.5 mg (73%) of 237 as a colorless oil; IR (CHCl3) 2957,2928, 1663, 1475, 1458, 
1 1426, 1378, 1285, I l86 cm-'; H NMR (300 MHz, CDC13) 6 0.65-1.00 (m, 18 Y 

C&CH2CH2C&Sn and C&CH2CH2), 1 -07 (t, 6H, J = 7.1 Hz, (C&CH2)zN), 1.1 5- 1 -95 (m, 

22 H, CH3C&C&CHtSn and CHs(C&)4C&), 1.40 (s, 3 H, CHIC), 3.10-3 -35 (bm, 4 H, 

(CHK&)2N); I3c NMR (1 50 MHz, CDCI,) 6 1 1.15 ('5 = 308, 322 Hr, cH2Sn), 13 -6, 13.9 

(CH~CHZN), 1 3 -64 (CH~CHZCH~CH~S~),  1 3 -98 KH~CHZCH~),  22.54 (cH3C), 25 -67 

(CH&H2CHz), 26.36 (CHKHzC), 27.66 ( 2 ~  = 60 HZ, CH3CH&H2CH2Sn), 29.23 (?1= 18 

CH&HZCH~CH~S~), 29.68 (CH2CH2CH2C), 31.80 (CH3CHa2) ,  41.04, 41.34 

(CH3CH2N), 41 -91 (CH2CH2CH2C), 81 -09 (CH3CSn), 156.48 (CO); MS @AB) m/z 452 (92, 

342 (1 OO), 23 1 (34), 1 73 (36), 1 16 (1 8), 98 @O), 87 (70), 72 (58); Anal. Caicd for 

CzsHs3NO2Sn: C, 57-92; H, 10.30; N, 2.70. Found: C, 57.78; 10.06; N, 2.49. 

To a cold (-78°C) stirred solution of carbamate 237 (278.9 mg, 0.54 mmol) in THF (5 

mL) was added dropwise n-BuLi (0.70 mL of a 1.54 M solution in hexanes, 1.08 mmol). 

After 1 5 min, benzaldehyde ( 136.7 pL. 1.35 mmol) was added. The reaction was quenched 

afier 15 min with saturated aqueous W C 1 .  The resulting mixture was diluted with ether, 

washed with H20 and brine, dried (MgS04), filtered and concentrated in varno. Column 

chromatography of the resulting oil (529.8 mg on 15 g of silica gel using 60: 1 hexanesethyl 

acetate, initially, with gradual increase in solvent polarity) yielded 175 mg (94%) of Bu4Sn 

and 82.1 mg (45% yield) of the expected product as a colodess oïl; IR (CHC13) 3287, 2933, 

1655, 1478, 1458, 1429, 1381, 1286, 1185, 1067, 980, 704 cm-'; 'H NMR (600 MHz, 

225 



CDCb) 6 0.80-0.90 (III, 3 Y CECHzCHz), 0.94 (t, 3 H, J = 6.8 Hi, C&CH2N), 1-14 (t, 3 H, 

J = 6.5 Hi, C&CH2N), 1 -20- 1 -50 [m 8 H, CH3(C&)4CH2Iy 1 -26 (s, 1 -5 H, C&C), 1 -42 (s, 

1.5 H, CEC), 1.68-1 -80 (RI, 1 I3, C&C), 1 -96 (dt, 0.5 E3, J = 3 -2, 14- 1 Hz, CBC), 2.07 (dt, 

0.5 H, J= 3-6, 14.1 H i ,  CaC) ,  3.00-3.35 (m, 4 H, CH3CH2N), 4.70 (d, 0.5 H, J =  6.8 H i ,  

PhCWH), 4-72 (6 0-5 H., J = 6.5 H i ,  PhCHOH), 6.23 (d, 0-5 H, J =  6.0 HZ, OH), 6.32 (d, 

0.5 K J = 6.8 Hz,  OH), 7.20-7.35 (m, 5 Y A r a ;  13c NMR (150 MHz, CDC13) 6 13.37, 

13-77, (GHKHzN), 13.95, 13.97. (CH3CH2CH2), 21.17, 21.69 m C ) ,  22.47, 22-49 

(CH&HîCH2), 23 -45, 23 -60 (CHZCH~C), 29.54 (CH2CJ&CH2C), 3 1-69, 3 1 -70 

(CH~CHKHZ), 35.66, 36.1 1 (CHzC), 42.00 (CH&&ÎN), 79.18, 79.54 (PhcHOH), 87.67, 

87.77 PhCH(OH)Cl, 127.20, 127.22, 127.61, 127.63, 127.73, 127.78 (Ar-Cs), 141.17, 

141-21 (ipso-Ar-C"s). 156.50, 156.53 (CO); MS (EI) m/i 250 (2, hC-C&Iip), 207 (32, W- 

CsHi60). 148 (25). 1 16 (7 1 ), 105 ( 19), 100 (77), 9 1 (100), 72 (26), 43 (25); Anal. Calcd for 

C2oHnNO3: C, 71-60; H. 9.91; N. 4.18. Found: C. 71.74; H, 9.91; N, 3.94. 

53.2 1 2-IU,N-Die1hyicarbamoyI0~)-2-methyi- 1 -0c1m~oic acid (241) 

To a cold (-78OC) stirred solution of carbarnate 237 (214.2 mg, 0.41 mmol) in THF (5 mL) 

was added dropwise wBuLi (0.30 mL of a 1.52 M solution in hexanes, 0.45 mrnol). M e r  15 

min. a slow Stream of CO2 was introduced for a period of 5 min. The reaction was quenched 

afier 15 min with saturated aqueous NKiCI. The resulting mixture was diluted with ether (20 

mL), and extracted with I M NaOH (3 x 10 mL). The combined basic extracts were washed 

with ether (15 mL), acidified with 2 M HCI and then re-extracted with ether (3 x 15 mL). 

The organic phase was washed with H 2 0  and brine, dned (MgS04), fütered and concentrated 

fit vacuo to yield 57 mg (5 1% yield) of the desired acid as a colorless oil. Concentration and 

chromatography of the initial ether layer (168.7 mg on 10 g of silica gel using 60:l 



hexanes:ethyl acetate) yielded 110 mg (77%) of Bu&, 3 1 mg (14%) of starting matenal, 

and 12 mg (12%) of protonated product; ' H NMR (200 MHiq CM313) 6 0.80- 1 -00 (m, 3 FI, 

C&(CH2)4CH2 ), 1.05-1.45 (ITI, 8 H, CH3(C&)&H2), 1-12 (t, 6 H, J= 7.0 H i ,  (CBCH2)2N), 

1.59 (s, 3 H, CBC), 1.75-2.05 (m, 2 H, CH3(CH2)4C& ), 3.26 (bq, 4 H, J = 7.0 HZ, 

(CH3C&)2N); MS (EI) mz 250 (2, M-C&h),  207 (32, M'C8Hi60), 148 (25), 116 (71), 

105 (19), 100 (37), 91 (100), 72 (26), 43 (25). 

5-3-21 2-(1V,N-DiethyI~arbam0yIo~)-Z-methyI-l-0~fmz0i~ acid 0-1-fl-nqhthyIethy~ 

ammorizum sait (244) 

The method of Nugier-Chauvin el al. was fol~owed.'~ To a stirring solution of acid 

241 (57.0 mg, 0.21 mmol) in EtzO (2 mL) was added (S)-1-(1-naphthylethyl) amine (34 pL, 

0.21 m o l ) .  M e r  stimng for 1 h at room temperature, the white solid formed in solution 

was collected on a Buchner fllnnel, washed with cold (O°C) hexanes and dned in v m o  to 

yield 62 mg of crude salt 244 as a white solid. The white powder was recrystallized from 

hexanes/CHzClz (20: 1 ). 
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