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Abstract: E~ti~elect~ve ~~t~~~ ~4-s~d~ed ~~~-2-b~tene”~,4~~ and anti I f-dials are 
descrhd. Hdghly diartereoseiective react&m QaiaIekyd& a& the c&al PhMe2Si- and (CgHl~O,&ie$i- 
satiated ~~i~ro~~ 2.5 at& 26 provide anti ~~1~~ silmols 29 and 50, respectively. ~~~~~ 
of 29 with dimethyl ak&rane fohwed by acid catalyzed Petersen reaw~ge~nt @the intermeakte 
epoxysikmols provides butene-1,4-d&G 27 with excellent enantioselectivity (N-8746 e.e.). Tamao oxidation 
qf5Oprovides anti dioLs 22 f&-72% e.e.1. T~sepr~e~~ give exceltent remits especially in matched 
dou&e asymmetric reactions with a range ofoxygemd, chiral ~~~y~ (Figtmzs i and 2). These methods 
promise to&d application in ~~tere~el~~ve qmtheses of~~bo~~a~s~~ ~~~~cpre~~sors. 

The stereoselective synthesis of c~~hy~t~ from acyclic precursors remains a topic of considemble 
current interest.1 Proeedurcs that enable syn or anti l,Miol units to be generated in concert with a C-C bond 
forming event are p~cui~iy attractive in this context, especially if the method is highly stereoselective. Among 
several different strategies that have been described the “a-alkoxyallylation” of aldehydes via reactions with y- 
a~oxy~lyl~~ reagents has received considerable attention as a preparative me&&-’ 

FV& 3 (anti) 

Thus far, the greatest success has been realized in the synthesis of syn diol monoether diastereomer 4 via 
reactions of aldehydes and (Z)-y-alkoxyahyhnetal reagents (2). 3*4 Several methods have been reported for the 
diaste~~l~tive synthesis of racemic 4 via reactions of achiral aldehydes and aehiral2 (Met = B, Al, Sn).V 
In addition, excellent diastereoselectivity has been observed in the reactions of several (Z)-y-alkoxyahylmeta? 
reagents 2 and certain chiral akiehydes. For example, ~)-~aIkoxy~lyl~mnates (e.g., 5) exhibit outstan~ng 
diastereofacial selectivity in reactions with cz$-dialkoxy aldehydes like 6.3&e Diastereofacial selectivity, 
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however, is highly substrate dependent: analogous reactions with O-benzyl lactaklehyde proceed with only ca. 
5 : 1 diastereoselectivity.3f Keck has shown that chelate controlled reactions of chiral a- or p- alkoxy 
substituted aldehydes and (Z)-y-alkoxyallylstannanes give excellent stereoselectivity (e.g., 8 + 9 + 10).3i This 
procedure is stereochemically complimentary to the (Z)-yalkoxyallylboronate sequence, but is restricted to 
substrates capable of participating in chelate mediated reactions. Finally, several chiral y-alkoxyallyhnetal 
reagents have been developed for the enantioselective synthesis of syn diol monoethers 4.4 Reagents 11 and 
12, in particular, have shown excellent levels of diastemoselectivity especially in matched double asymmetric 

a-alkoxy aldehydesPd5 

7, ~20 : 1 stereoselective 

-SnB+ 

BzlO 

dc,, T;:$HZC, (Y7,,- T” 

’ 67%2’ OH 

YOM0 

11 12 

H’ h/y enantiosektive 
(Z)-a%oxyalyhnetal reagents 

9 10, 50 : 1 stereoselective 

The stereocontrolled synthesis of the anti diol monoether diastereomer 3 has proven to be a more 
challenging problem.296 (E)-~Alkoxyallylboron reagents have not been widely utilized owing to the difficulty 
of synthesis and the configurational instability of the (E)-alkoxyallyl anion precur~ors.~c~~ While (Z)-y-alkoxy- 
allyllithium precursors to 6 and 11 are easily prepared with high isomerlc purity directly from readily available 
ally1 ethers,* an indirect route involving the addition of thiophenol to an allenyl ether (13 + 14) and reduction 
of the resulting (E)-allylic sulfide with potassium naphthalenide at -12OY.J (14 + IS) is necessary to gain access 
to the (E)-y-alkoxyahyl potassium ptecursor to (E)-y-alkoxyallylbomnates such as 15.3c Even so, reagents like 
15 are obtained with only ca. 90% isomer-k purity. In addition, reactions with chiral aldehydes proceed with 
poor diastereofacial selectivity (60 : 40), as illustrated by the example with O-benzyl lactaldehyde 16.3f 

11 ootassium , , 
TMS 

t._.O_,/ PhSH’ HBF4, RO,/,,SPh 

13 
CH2U2, -20°C 

53% 14 
2) CIB(NMed2 
3) pina& 15, ca. 90% (El 

6065% 

BZlp Bzlp OR Bzl? ?FI 

Me*CHO pet ether, 4 d, 23°C ) Me++ Me++ 

16 
87% OH OH 

17 60 :40 18 

Two methods have been reported that show considerable promise as routes to anti 1,2-diols or the 
corresponding monoethers. First, Tamao and Ito reported that the ~(dialkylamino)allyl zinc reagent 20 reacts 
smoothly with aldehydes to give anti silanol derivatives 21 that are then oxidized with retention of C-Si 
stereochemisuy to anti diols 22.& This method nicely circumvents the problems noted above concerning the 
preparation of (E)-y-alkoxyallyl anions since (F)-I-(trialklysilyl)allyl anions are considerably more stable than 
the (Z)-isomers, and are known to undergo electrophilic substitution at the y-position to give products containing 
(E)-vinylsilane units (c.f., 19 --t 2O).9 The use of a silyl substituent as a hydroxyl surrogate is also a well 
established synthetic strategy. lo The second new procedure for synthesis of anti 1.2~diol monoethers, reported 
by Takai and coworkers, involves a y-alkoxyallylchromium species generated in situ via the reaction of an 
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acrolein acetal, TMS-I and CrCl2.6f While this method is the most direct of any reported to date, it suffers from 
poor simple diastereoselectivity in a number of cases. 

1) n-B&i, TMEDA 

VPrd)WI~ 
Et209 0°C 

) (CPrfl)Me#~ZnX 

19 
2) ZnCh, 0°C 

20 

RCHO, -78” to 0°C 

bH 21 
MeOH, THF, 23°C 

81-93% 
i)H 

22 

Bz’o---l- (2q y” 
RCHO 

BzlO 
24 

CrC12, TMS-I 
THF, -30°C 

- Q+ Bzl 

83-98% 78-93% anti 
(except for R = t-B@ 

We report herein extensions of the Tamao-Ito strategy to the development of two new chiral silicon 
substituted allylboronates, 25 and 26, that should prove useful in acyclic diastereoselective syntheses of 
carbohydrates and other polyoxygenated synthetic targets. Specifically, we describe a simple, highly enantio- 
and diastemoselective synthesis of 4-substituted-2-butene-1,4-dials 27 via the reactions of aldehydes and the ‘y- 
phenyldimethylsilyl substituted reagent 25, and an enantioselective synthesis of anti diols 22 via a sequence 
involving y-(cyclohexyloxy)dimethylsilylallylboronate 26. Reagent 25 thus functions as a chiial allylic alcohol 
P-carbanion equivalent, while 26 is an enantioselective equivalent of an (RI-alkoxyallyhnetal reagent (i.e., an 
allylic alcohol o-carbanion equivalent). Preliminary accounts of this work have appeared.11 

A Chiral Allyllc Alcohol P-Carbanlon Equivalent: 

A Chlral Allylic Alcohol cocarbanlon EqUiVBlent for 

- _ RwOH 

AH 
27 

Anti aHydroxyallylation of Aldehydes: 

(R,R)-26 I I 22 

Diisopropyl Tartrate Modified (E)-y-(DimethylphenyIsilyl)Allylboronate (23, A Chiral 
Allylic Alcohol P-Carbanion Equivalent for the Enantioselective Synthesis of 4-Substituted 
2-Butene-1,4-Dials from Aldehydes. We initially targeted the PhMezSi- substituted allylboronate 25 as 
a reagent for the enantioselective synthesis of anti 1,2-dials 22 in anticipation that the phenyldimethylsilane unit 
of anti silanols 29 could be oxidized via one of the Fleming procedums.l~~c We quickly discovered, however, 
that electrophilic substitution reactions of the allylsilane unit are faster than protodesilylation or other Ph-Si 
cleavage reactions requited as the first step in the Fleming oxidations. tub& Nevertheless, useful chemistry was 
uncovered with the observation that silanols 29 are smoothly converted into 4-substituted butene-1,4-dials 27 
via oxidation with dimethyl dioxirane 12 followed by the acid catalyzed Petersen elimination of the intermediate 
epoxysilanes. Allylboronate 25 thus functions as a chiral allylic alcohol @carbanion equivalent capable of 
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controlling the absolute stereochemistry of the hydmxyl group generated at C(4) of 27. As is shown 
subsequently, this method has considerable stereochemical generality in reactions with chiral aldehydes, and 
therefore is ideally suited for applicatious in organic synthesklf 

1) BuLi, KOtSu 
THF, -40°C 

PhMe@I- 2) W’Q3B, -78°C 
L 

28 
3) aq. NH4Cl workup 
4) DIPT, M9S04 (RR)-25 

RCHO, toiuene 
t 

-78”C, 4A sieves 
88-95% 

SlMePh lf y 

R+ R-OH 

AH acetone, 23°C i)” 

29 
2) HOAc, MeOH 

27 

~~ ~~~ 
n-CsH13CH0 95% 81% e:e: 89% 
c-CsHlrCHO 88% 87% 8.8. 95% 

Allylbomnate 25 was prepared from allyl(dimethylphenyl)silane 28 by using slight modifications of our 
standard allylboronate synthesis.14 Thus, a THP solution of 28 was treated with 1.0 equiv. of n-BuLi and 1.0 
equiv. of KOtBu at -4OY for 15 min followed by 1.0 equiv. of (iPrO)3B at -78’C for 15 min. This mixture was 
poured into aqueous NH&l and extracted with ether. The extracts were immediately treated with 1.0 equiv. of 
DIPT, dried over MgSQ (2 h}, and then concentrated to constant weight in vacua. The crude product, 
consisting primarily of 25, residual 28 and DIPT, is analyzed by 1H NMR to determine the weight percentage 
of 25 in the mixtuk; the yield of 25 is generally 70-80%. Crude 25 was dissolved in toluene (ca. 1 M) and 
stored over 4A molecular sieves at -2O’C under Ar. Reactions with aldehydes were performed in toluene (0.3- 
0.5 M) at -78°C in the presence of4A molecular sieves. 15 A reaction (0.3 M) with cyclohexanecarboxaldehyde 
was essentially complete within 4 h, as determined by isolation of 29~ following the addition of a large excess 
of acetaldehyde to react with any unconsumed 25. 

The enantioselectivity of 25 was assessed via reactions with acetaldehyde, hexanal and cyclohexane- 
carboxsldehyde. The anti silanols 29 were obtained with excellent diastemoselectivity (the syn diastemomers 
were not detected) in 88-9596 isolated yields and with enantiomeric purities of 81-874 e.e. (determined by the 
Mosher ester technique).16 The enantioselectivity of 25 thus closely parallels that of the tartrate (E)- 
cmtylbo~nates that we have previously studied.*4 

The epoxidation of anti silanols 29 and the subsequent acid catalyzed Petersen elimination constitutes the 
second stage of this method. While the epoxidation of allylsilanes has received considerable study,17 we found 
that it was not possible to epoxidize the allylsilanols 29 cleanly by using either MCPBA or VO(acac)mHP. 
Evidently, the rate of these epoxidations is slow (vinyl groups are relatively unreactive) and Petersen 
eliminations of the intermediate epoxysilaues am probably competitive. The resulting ahylic alcohols 
undoubtedly undergo a second epoxidation, leading ultimately to a mixture of products. This problem was 
solved by using an acetone solution of dimethyl dioxirane as the oxidant.t*Ja This reagent is neutral, the 
epoxidations are very fast, and competitive Petersen eliminations were not observed. The reaction mixtures 
were concentrated in vacua and then treated with methanolic HOAc to effect the rearrangement to the desired 
allylic alcohols (88-954 overall yield). This study thus adds to the growing list of applications of dimethyl 
dioxirane as a mild selective oxidant in organic synthesis. 

Several applications of this methodology in double asymmetric reactions with chiraI aldehydes are 
summarized in Figure 1.19 The reactions of (R,R)- and (S,S)-25 with gly~~dehyde acetonide 30 display 
outstanding stereoselectivity, providing diastereomers 31 and 32 with 120 : 1 diastereoselectivity in each case. 
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Figure 1. Double Asymmetric Reactions of Chiral Aldehydes and ‘y- 
(Phenyldimethylsilyl)allylboronate 25. 
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OH 

99% 
37,8:1 

diastereoselectivity 
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92% OH 
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This represents an almost perfect example of reagent controlled acyclic diastereoselection.20 Similarly, the 
reactions of the two enantiomers of 25 and epoxyaldehyde 35 also exhibit excellent diastereoselectivity: the 
reaction with (R,R)-25 provides 36 with 1.5 : 1 selectivity, while 37 is the major product of an 8 : 1 mixture 
when (S,S)-25 is used. Because the enantiomeric purity of 35 is only 95% e.e., it can be calculated that the 
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diastemoselectivity of these reactions would be 20 : 1 and 1 : 10, respectively, if enantiomerically pure 35 were 
used?l It is also interesting to note that this pair of double asymmetric reactions are yet another set in which the 
matched case is less diastereoselective than the mismatched one (37 is the major product in reactions with 
pinacol (E)-y-(dimethylphenylsilyl)allylboronate)) .*uqn Finally, the reaction of a-methyl-@Jkoxy aldehyde 40 
displays outstanding diastemoselectivity for 41(>20 : 1) in the matched reaction with (R,R)-25, but poor 
selectivity (ca. 1.5 : 1) in the mismatched case leading leading to the anti, anti diastereomer 42. Better 
selectivity for 42 undoubtedly can be obtained by using a more enantioselective chiral auxiliary.*3~~ 

44 45 1 - 46 I 47 
Stereochemical assignments were initially based on mechanistic considerations. Support for these 

assignments was obtained as follows. First, the anti stereochemistry of anti silanols 29c (R = C&I1 I), 31 and 
33 was established via base promoted (NaH, THF) Peterson eliminations to the corresponding (Z)-dienes 44 
and 45. The anti stereochemistry in these cases is thus consistent with expectations that the reactions of 
aldehydes and 25 would proceed by way of a cyclic, chair-like transition state analogous to that commonly 
invoked in reactions of crotylboronates and aldehydes. 2.14 Second, the sense of absolute stereochemical 
induction deriving from 25 was established by the acid catalyzed isomerization of allylic alcohols 33 and 34. 
Treatment of 34 with catalytic p-TsOH in acetone provided exclusively tram acetonide 46, isolated in 83% 
yield, while similar treatment of 33 provided a 3 : 1 mixture of 33 and cis acetonide 47. The difference in 
thermodynamic stability of this pair of acetonides requires that 31 and 32 have 4,Serythro and 4,Sthreo 
configurations, respectively.25 These assignments are fully consistent with major product formation via 
transition state 48, and are in agreement with the sense of absolute stereochemical induction previously 
established for reactions of other tartrate ester modified allylboronates. 14.21-23 All other S~~~OS~C~U~S in this 
series were assigned by analogy. 

H 48 29,X=Ph;50,X=CGH,,0- 

Diisopropyl Tartrate Modified (E)-y-[(Cyclohexyloxy)dimethylsilyl]allylboronate (26), 
A Chiral Allylic Alcohol a-Anion Equivalent for the Enantioselective Anti a-Hydroxy- 
allylation of Aldehydes. In view of the difficulties encountered in attempts to perform Fleming oxidations 
of anti silanols 29 (vide supra), we turned to the development of alkoxysilyl substituted allylboronate 26 as a 
precursor of anti diols 22. Reagent 26 was easily prepared in 75-85% yield from (cyclohexyloxy)- 
dimethylallylsilane 49% by using the procedure described for the synthesis of 25. A toluene solution of 26 
was stored over 4A molecular sieves at -20°C under Ar for 24 h before use. Reactions with aldehydes were 
performed in toluene (0.3-0.5 M) at -78’C in the presence of 4A molecular sieves. A reaction (0.3 M) with 
cyclohexanecarboxaldehyde was essentially complete within a 4 h period under these conditions. 

Reagent 26 is less enantioselective than other tartrate ester modified allylboronates that we have 
previously studied, including 25. l4 For example, the reactions of 26 and CHQ-IO, n-C$H&HO, and c- 
C&I1 lCH0 provided anti silanols 50 with enantioselectivity of only 64-72% e.e. as determined by Mosher 
ester analysis.16 Nevertheless, the reactions with aldehydes exhibit outstanding diastereoselectivity (syn 
isomers were not detected) and anti silanols 50 am obtained in excellent yield. In comparison to the earlier 
study of Tamao and Ito,& the aldehyde addition reactions of 26 am more efficient than those of the allylzinc 
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RCHO, toluene 
- 

Hf12, KF, 

-78”C, 4Asieves MeOH, THF, ZPC 

~~~ 
n-(&H&HO 860/t 64% e:e: 95; 
c-CeH,,CHO 95% 72% 8.8. 95% 

reagent 20 since the “metal alkoxide” produced in the reactions of 26 is a nonbasic borate ester that shows no 
tendency to undergo Petersen elimination prior to workup. 

The ~~~sh~ en~tiosel~ti~~ of 26 compared to other tartrate ~yl~na~s was ~~ticipa~ In 
retrospect, however, this is reminiscent of and is perhaps related to the diminished enantioselectivity realized in 
the reactions of the tattrate ally1 and crotylboronates and alkoxy-substituted aldehydes.** Nevertheless, it is 
probable that the enantioselectivity can be improved by using an alternative chiral auxiliary.“~~31 

In spite of the moderate enantioselectivity, reagent 26 displays very useful levels of stereoselectivity 
especially in matched double asymmetric reactions with chiral aldehydes.lg Several examples are recorded in 
Figure 2. The most striking examples involve glyce~deh~ acetonide 30: the reaction with (S,S)-26 
provides the 3.4~anti-4,5-syn diastereomer 51 with >20 : 1 stereoselectivity, while with (R,R)-26 the 3,4-a&- 
4,5-anti diastereomer 52 is the major component of an 85 : 15 mixture. Excellent stereoselectivity was also 
realized in the pair of reactions involving benzyl lwtal&hyde 16: diastemomer 55 is the major product (89 : 11) 
of the matched double asymmetric reaction with (S,S)-26,3e while 56 predominates (84 : 16) in the mismatched 
reaction with (R,R)-26. These data am particularly gratifying in view of the modest enantioselectivity of 26 and 
the fact that aldehydes like 16 with conf~tion~y un~ns~~ alkoxy substituen~ are generally poor 
asymmetric ally&oration substrates.** Outstanding diastereoselectivity was also realized in the matched double 
asymmetric reactions of a,&epoxyaldehyde 35 (93 : 7 selectivity for 59, uncorrected for the enantiomeric 
purity of 35 (95% e.e.)), and p-alkoxy aldehyde 40 (>20 : 1 selectivity for 20). That the mismatched double 
asymmetric reactions of 35 and 40 proceed with only ca. 2 : 1 selectivity reflects the moderate enantioselectivity 
of 26, and reinforces the need to develop a second generation reagent with a more enantioselective chiral 
auxiliary.*3+24 

The oxidations of the alkoxysilanols generated in this study generally pmceeded smoothly and in high 
yield by using Tamao’s procedure (20 equiv of Hz@, 2 equiv of RF, 2 equiv of KHCO3).~ If lesser 
quantities of Hz@ were used, then protodesilylated products, such as 66 in the case of 51, are obtained in 
amounts inversely related to the quantity of Hz@ employed. This standard procedure worked well for all 
substrates except 59, which is extremely sensitive towards base catalyzed Petersen elimination, and 62 and 63 
which have TBDMS protecting groups that am cleaved under these conditions. We found, however, that the 
C!(3)-silyloxy units of 62-63 are selectivity oxidized without interference of the TBDMS group if KF is omitted 
from the standard procedure. These reactions proceed at a considerably slower rate than those with RF, and it is 
necessary to compensate by heating to 5O’C for 20 h. Nevertheless, diols 64 and 65 are obtained in 86-88% 
yield. Best results with the sensitive epoxyalcohol substrate 59 were obtained when RF was omitted and 
Rl+$@ was added as a buffer, but a significant amount of elimination to the (Z)-diene 67 still occurred. 

Stereochemical assignments, based initially on mechanistic considerations, are fully consistent with the 
following observations. First, the 3,4-anti stem~he~s~ of silanols 5Oe (R = C&Ill), 52 and 59 was 



W. R. Rousw and P, T. GROVER 

Figure 2. Double Asymmetric Reactions of 26 and Chiral Aldehydes. 
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verified by treatment with NaH in THP which provided (Zj-dienes 44,45, and 67, respectively. Second, the 
ste~os~ct~s of dials 53 and 54, obtained by the Tamao oxidations of 5f and 52, wete verified by the 
ozonolytic conversion to the known n-ids 68 and 69, respectively .2’? Finally, the s~he~s~ of lyxo-trio1 
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derivative 57, obtained by the Tamao oxidation of 55, was confirmed by correlation with 71 via conversion to 
the tetraacetate 70. Compound 71 is an intermediate in our synthesis of the olivomycin AB disaccharide and the 
stereochemistry is known uttambiguously.~ 

OH 

66 

OH 

63 

2) MeaS 
3) NaBH4, MeOH 

ofl 
68 

67 

1) TEIDMS-Cl, 
imidazoie, DMF 
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Me+ HaCkNaOH _ 

OH 3) y, 10% WC 

57 
4) Bu4NF, THF 
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as above CitH 
69 
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OAc 

:%IY 

M%S 
2) NaBH4, MeOH 

OAe e 
3) Hz, 1 O?h Pt.% 

70 
4) HOAc-Ha0 (4 : 1) 
5) AQO, DMAP 
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These assignments agree fully with the sense of absolute stereoehemical induction previously established 
for reactions of other tartrate ester modified ~lyl~~nates.14, X-23 and thus are consistent with major product 
formation occurring by way of transition state 48 in the reactions of 26 with chirai and achiral aldehydes. All 
other stereostructures in this series are assigned by analogy. 

Summary. Two new chiral allylboron reagents have been developed for use in acyclic 
diastemoseleetive syntheses of carbohydrates. ~~enyl~e~yls~yl substituted reagent 25 is a chiral allylic 
alcohol /3-carbanion equivalent that facilitates the enantio- and diastereoseleetive synthesis of substituted 2- 
butene-l&diols via aldehyde allylation and oxidation/Peterson elimination of the intermediate anti silanols (e.g., 
29 -+ 27). The allylic alcohols so obtained are ideally suited for further elaboration to c~ohy~tes via 
asymmetric epoxidation or osmylation sequences. 2930 The y-(cyclohexyloxy)dimethylsilyl substituted teagent 
26, on the other hand, is an enantioselective synthetic equivalent of an ~)-~koxy~y~e~l reagent (i.e., an 
allyhc alcohol a-carbanion equivalent) that provides direct access to substituted anti-I-butene-3,44iols 22 via 
aldehyde allylation and Tamao oxidation of the intermediate anti silanols (e.g., 50). While 26 is only 
moderately en~tioselective (64-7295 e.e.) in reactions with achiral aldehydes, this reagent displays very useful. 
stereoselectivity especially in matched double asymmetric reactions with chiral aldehydes (Figum 2). In 
contrast, reagent 25 is much more en~ti~elective (81-87% e-e.) and generaliy is more ~aste~osele~tive than 
26 in both matched and mismatched double asymmetric reactions (compare Figures 1 and 2). While we have 
not yet developed conditions for directly oxidizing anti (phenyldimethyl)silanols 29 to anti diols 22 (vide 
sup@, it is possible to oxidize the phenyl~~~ylsilane unit of 29 to an alcohol as long as the vinyl unit is 

1) W& (cat.) 

&I+ 
2) Ac2Q PY 

‘GOAc 

A& OAc 
31 76 ca.3:1 71 

CH3C03H 

NaBr, HOAc 
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removed or modified in a prior step. One demonstration of this point is provided by the conversion of 31 to 74 
~utntnarized below.lk Thus, &pending on the nature of the synthetic sequence under examination, either 25 or 
26 may prove useful for the enantioselective anti a-hydroxyallylation of aldehydes. 

Synthetic applications of this methodology will be reported in due course. 

EXPERIMENTAL SECTION 

General. lH NMR spectra were recorded on Varian XL 300 and 400 instruments using CDCl3 as solvent. 
Residual CHC13 was assigned as 6 7.26. Inframd spectra were recorded on a Perkin Elmer Model 1420 Infrated 
Spectrophotometer and calibrated with the 1601 cm-l absorption of polystymne. Optical rotations were measured on a 
Rudolph Autopol III Polarimeter using a 1 mL cell with a 10 cm path length. Mass spectra were obtained using a Kratos 
GUMS 80 RFA Mass Spectrometer. Elemental analyses were performed by Robertson Laboratories, Florham Park, NJ. 

All reactions were conducted under dry N2 or argon, using glassware dried at ca. 125’C. Ether, THF, and toluene 
were distilled from sodium benxophenone ketyl; CH2Cl2 and CH3CN were distilled from CaH2; methanol was distilled 
from Mg turnings. Most other solvents and reagents were dried over 4A molecular sieves before use. Removal of 
solvents was accomplished on a rotary evaporator at reduced pressure. 

Analytical thin layer chromatography (TLC) was performed by using Kieselgel60 F254 glass plates pmcoated 
with a 0.25 mm layer of silica gel. Pmparative TLC usually was performed on Kieselgel60 F254 glass plates precoated 
with a 0.50 mm layer of silica gel. Flash column chromatography was performed by using Kieselgel60 (230-400 mesh) 
silica gel. Compounds isolated by chromatography were freed of residual solvent under vacuum (cl.5 mm Hg) to 
constant weight, and generally were >95% pure by 1~ NMR. 

Diisopropyl Tartrate Modifled (E)-y-(Dimethylphenylsilyl)Allylboronate (25). A 250 mL 3-neck 
flask containing allyl(dimethylphenyl)silane 28 (9.45 g, 53.7 mmol), KOtBu (6.04 g, 53.6 mmol) and THF (50 mL) was 
flushed with At and cooled to -78’C. n-BuLi (2.5 M in hexane, 21.4 mL, 53.6 mmol) was then added dropwise via 
cannula. The cooling bath was removed and the mixture was allowed to warm to an internal temperature of 40°C. The 
solution was maintained at -4O’C for 15 min and then mcooled to -78OC. Triisoptopylborate (10.1 g, 12.4 mL, 53.6 
mmol) was added dropwise via csnnula. Ten minutes later the mixture was poured into a separatory funnel containing 1 N 

HCI saturated with NaCl (100 mL). The aqueous layer was adjusted to pH 1 using 1 N HCl, and was extracted with 
additional ether (4 x 25 mL). The combined extracts were dried (MgSO4) and then a solution of (RR)-diisopropyl tartrate 
(12.6 g, 53.6 mmol) in ether (20 mL) was added. This mixture was stirred for at least 2 h, and then filtered through a 
fritted glass funnel under a N2 blanket. ‘Ihe filtrate was concentrated on a rotary evaporator to a thick, colorless liquid, 
and then pumped to a constant weight (24.9 g) at 1.0 mm Hg. The crude product, consisting primarily of 25 with 
residual allyl(dimethylphenyl)silane 28 and DIPT, was analyzed by lH NMR to determine the weight percentage of 25 in 
the mixture; the yield of 25 is generally 7080%. Crude 25 was dissolved in toluene (ca. 1 M) and stored over 4 A 
molecular sieves: at -20°C under Ar: *H NMR 6 7.52 (m, 2 H), 7.34 (m. 3 H), 6.19 (dt, J=18.3,7.1 Hz, 1 H), 5.81 (d, 
J=18.3 Hz, 1 H), 5.15 (m. 2 H), 4.79 (s, 2 H), 2.06 (dd, J=7.1, 1.8 Hz, 2 H), 1.29(d, J= 6.2 Hz, 12 H), 0.32 (s, 6 H). 

Representative Procedure for Reactions of 25 and Aldehydes: (lR,2S)-l-Cyclohexyl-2- 
(dimethylphenyl)silyIbut-3-ene-l-01 (29~). To a -78“C solution of (R,R)-25 (0.96 mmol) in toluene (0.80 mL) 
under N2 containing powdered 4A molecular sieves (100 mg) was added a -78’C solution of freshly distilled cyclohexane 
carboxaldehyde (90 mg, 0.80 mmol) in toluene (0.20 mL) over a 10 mm period. The mixture was stirred at -78°C for 5 h, 
and then was quenched with excess acetaldehyde (10 equiv.; to consume umeacted 25). The solution was filtered through 
Celite, concentrated in wcuo, and chmmatographed (30 x 150 mm column) using 8: 1 hexsne-ether as eluent to provide 
202 mg (88%) of 29c (87% e.e. by Mosher ester analysis): Rf = 0.30 (12% ether/hexsne); [a]23D -14.3“ (C = 0.85. 
CHC13); *H NMR 6 7.55 (m. 2 H), 7.37 (m, 3 H), 5.86 (ddd, J = 17.2, 10.6, 10.6 Hz, 1 H), 5.04 (dd, J = 10.6, 1.9 
Hz. 1 H), 4.88 (dd, J = 17.2, 1.9 Hz, 1 H), 3.36 (dd, J = 7.4, 3.9 Hz, 1 H), 2.11 (dd, J = 10.6, 3.9 Hz, 1 H), 1.81- 
0.81 (m, 11 H). 0.37 (s, 3 H), 0.34 (s, 3 H); IR (neat) 3480, 3060, 2920, 2860, 1620, 1445, 1425, 1245, 1105, 970, 
890, 830.810,725,695 cm-*; mass spectrum, cslcd for Cl8H28OSi (M+) 288.1910, found 288.1917. Ad. Calcd for 
ClgH28CSi : C, 74.93; H, 9.78. Found: C, 75.00; H, 9.92. 

(3S,4R)-3-(Dimethylphenyl)silylpent-l-ene-4-o1 (29a): Rf = 0.32 (25% ether/hexane): [a]23D + 1.5’ (c 
= 0.8, CHC13); 1~ NMR 8 7.53 (m, 2 H), 7.37 (m, 3 H), 5.81 (ddd. J = 17.3,9.9,9.9 Hz, 1 H), 5.09 (dd. J = 9.9, 
1.9 Hz, 1 H), 3.93 (m, 1 H), 1.85 (dd, J = 9.9, 5.9 Hz, 1 H), 1.61 (s, 1 H), 1.11 (d, J = 6.2 Hz, 3 H), 0.35 (s, 3 H), 
0.33 (s, 3 H); IR (neat) 3440, 3060,2960, 1630. 1425. 1245, 1110, 1045, IOOO, 895, 695 cm-*; mass spectrum, calcd 
for Cl2Hl70Si (M+ - CH3) 205.1048, found 205.1056. Anal. Calcd for Cl3H2OOSi : C, 70.85; H, 9.15. Found: C, 
70.57, H, 9.47. 
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(3S,4R)-3-(Dimethylphenyl)silylnon-l-ene-4-ol (29b): Rf = 0.32 (12% ether/hexane); [a]23D -1.3“ (c 
= 5.4, CHCl3); lH NMR 6 7.53 (m. 2 H), 7.35 (m, 3 H), 5.83 (ddd. J = 17.2.9.9,g.g Hz, 1 H), 5.07 (dd, J = 9.9, 
1.9 Hz, 1 H). 4.91 (ddd, J = 17.2. 1.9. 1.3 Hz, 1 H), 3.72 (m, 1 H). 1.90 (dd. J=9.9,4.3 Hz, 1 H), 1.42-1.12 (m, 9 
H), 0.84 (t, J = 6.7 H, 3 H), 0.36 (s, 3 H), 0.33 (s, 3 I-I); IR (neat) 3600-3200 (br), 3070.2960,2930,2860, 1625, 
1460,1250,1110,895,830.810,700 cm-l; mass spectrum, calcd for Cl7H280Si (I@) 276.1909, found 276.1901 . 
Anal. Calcd for Cl7H280Si: C, 73.85; H, 10.21. Found: C, 73.61; H, 10.31. 

Representative Procedure for Dimethyl Dioxirane Oxidation/Peterson Elimination of 
AIlyl(phenyldimethyl)silanes 29: (E)-(lR)-41-Cyclohexylbut-2-ene-1,4-diol (27~). Dimethyl dioxirane 
(1.6 mL, 0.16 mmol, 0.1 M in acetone) was added to a mixture of 29c (27 mg, 0.09 mmol) and K2CO3 (0.67 g, 4.84 
mmol). This mixture was stirred at 0°C for 1 h. Additional diiethyl dioxirane solution (0.93 mL, 0.093 mmol) was 
added (when an 12 starch paper test indicated the absence of oxidant) until the reaction was complete (TLC analysis). The 
solution was filtered through a pad of Celite, concentrated, and then treated with a solution of HOAc in MeOH (1.78 mL 
of MeOH, 0.29 mL HOAc) for 10 minutes. The solution was diluted with ether and washed with aqueous NaHC03. The 
aqueous layer was exbacted with ether (3 x 30 mL). The combined organic extracts were dried (MgSOQ, filtered, and 
concentrated in VUCIIO. chromatography of the crude product (silica gel, 100 % ether) provided 16.8 mg (95%) of 27c as 
a clear oil: Rf= 0.35 in 100% ether; [a123D -11.1’ (c = 2.5, CHC13); 1~ NMR 8 5.79 (dt, J = 15.6.4.2 Hz, 1 H), 5.70 
(dd, J = 15.6, 5.7 HZ, 1 H), 4.13 (d, J = 4.2 Hz, 2 H), 3.84 (dd, J = 5.7, 5.7 Hz, 1 H), 2.28 (br s, 2 H). 1.86-0.89 (m, 
11 H); IR (neat) 3560-3060 (hr), 2930,2860,1660,1450. lUOO,940.910, cm-l; mass spectrum, calcd for Cl@-Il70 
(M+ - OH) 153.1279, found 153.1199. Anal. Calcd for Cl0Hl802: C, 70.55; H. 10.66. Found: C, 70.92; H, 10.67. 

(E)-(4R)-Non-2-ene-l,4-diol (27b): Rf = 0.35 (ether); [a]23D -4.1’ (c = 0.54. CHCl3); 1~ NMR 6 5.83 
(dt, J = 16.4, 5.1 Hz, 1 I-I), 5.72 (dd, J = 16.4, 6.4, Hz, 1 H), 4.14 (d, J = 4.1 Hz, 2 I-I), 4.15-4.08 (m, 1 H), 1.92 (s, 
2 H), 1.20-1.56 (m, 8 H), 0.88 (t, J = 7.2 Hz, 3 H); IR (neat) 3700-3050 (br), 2995,2940,2890, 1460, 1385, 1375, 
1260,1215,1115,1070.850 cm-l; mass spectmm. calcd for CgHl70 (M+ - OH) 141.1279 found 141.1271. Anal. 
Calcd for CgHl802: C, 68.29; H. 11.47. Found: C, 68.05; H, 11.27. 

(3S,4R,5R)-5,6-O-Isopropylidene-3-(dimethylphenyl)silylhex-l-ene-4-ol (31). A -78°C solution 
of freshly distilled D-glyceraldehyde acetonide 30 (0.100 mg, 0.80 mmol) in toluene (0.30 mL) was added dropwise over 
a 10 min period to a -78’C solution of (R,R)-25 (0.96 mmol, crude reagent) in toluene (1.45 mL) containing powdered 
4A molecular sieves (100 mg). The mixture was stirred overnight at -78“C and then was worked up as described for the 
preparation of 29~. The product was purified by chromatography (30 x 150 mm column) with use of 8:l hexane/ether as 
elUent to provide 221 mg (90%) of 31: Rf = 0.27 in 25% (ether/hexane); [a&) +20.7” (c= 1.05, CHCl3); 1~ NMR 6 
7.42 (m. 2 H), 7.31 (m, 3 H), 5.91 (ddd, J = 17.2, 10.7, 10.7 Hz, 1 H), 5.07 (dd, J = 10.7, 2.6 Hz, 1 H), 4.98 (dd, J 
= 17.2, 2.6 Hz, 1 H), 3.95 (m, 2 H), 3.87 (m. 2 H), 2.03 (dd, J = 10.7, 2.8 Hz, 1 H). 1.86 (s, 1 l-I& 1.39 ( S, 3 H), 
1.32 (s. 3 H). 0.43 (s, 3 H), 0.38 (s, 3 I-U; IR (neat) 3600-3200 (br), 3070, 2995.2960.2900, 1620, 1250, 1115, 1060. 
835,815,790,720,7oO cm-l; mass spectrum, calcd for Cl6H2303Si (I@ - CH3) 291.1416, found 291.1426. A&. 
Calcd for Cl7H2603Si: C, 66.62; H, 8.55. Found: C, 66.93; H, 8.82. 

(3R,4S,5R)-5,6-O-Isopropylidene-3-(dimethylphenyl)silylhex-l-ene-4-ol (32 obtained in 86% 
yield from the reaction of 30 and (S,S)-25 (22 : 1 selectivity): Rf = 0.45 in 25% etkr/hexanes; [a] k 3D +23.2O (c = 1 .(J.& 
CHCl3); IH NMR 6 7.56 (m, 2 H), 7.37 (m, 3 H), 5.97 (ddd, J = 17.1.9.9.9.9 Hz, 1 H), 4.97 (dd, J = 9.9, 2.0 HZ, 1 
H). 4.78 (dd. J = 17.1, 2.0 Hz, 1 H), 4.05 (q, J = 6.5 Hz, 1 H), 3.92 (dd, J = 7.6, 6.5 Hz, 1 H), 3.59 (dd, J = 7.6, 6.5 
Hz> 1 H), 3.46 (dd, J = 8.3, 6.5 Hz, 1 H), 2.60 (dd, J = 2.1, 2.0 Hz, 1 H), 1.70 (d, J = 9.9 Hz, 1 H), 1.35 (s. 3 H), 
1.30 (s, 3 H), 0.40 (s, 3 H), 0.34 (s, 3 H); IR (neat) 3490, 3070,2990,2880, 1625, 1370, 1250, 1215, 1070, 
815.700 cm-‘; mass spectrum, calcd for C16H2303Si @I+ - CH3) 291.1416, found 291.1418. Anal. calcd for 

835, 

Cl7H2603Si: C, 66.62; H, 8.55. Found: C, 66.90; H, 8.79. 

(E)-(4S,SR)-5,6-0-IsopropyIidene-hex-2-ene-l,4-diol (33), prepared from 31 in 88% yield: Rf = 
0.35 (95% ether/hexane); [U]23D +4.7” (C = 0.7, CHCl3); lH NMR 6 5.99 (dtd, J = 15.6.4.6, 1.2 Hz, 1 H), 5.71 (ddt, 
J = 15.6, 5.8, 1.6 Hz, 1 H), 4.29 (m. 1 H), 4.17 (dd, J = 4.6, 1.6 Hz, 2 H), 4.12 (m. 1 H), 3.99 (dd, J = 8.1, 6.7 HZ, 
1 H), 3.91 (dd, J = 8.1, 5.9 Hz, 1 H), 1.44 (s. 3 H), 1.36 (s, 3 H); IR (CHCl3) 3600, 3520-3140 (br), 3005.2950, 
2930,2890,1650,1450, 1380,1370,1220,1150.1060.940,850,665 cm-l; mass spectrum, calcd for CgHl604 (M+) 
188.1048, found 188.1038. Anal. Calcd for CgHl604: C, 57.43; H, 8.56. Found: C, 57.56; H, 8.51. 

(E)-(4R,5R)-5,6-0-isopropylidene-hex-t-ene-l,4-o1 (34), prepared from 32 in 83% yield: Rf = 0.35 
(95% ether/MeOH); [a123D +4.9’ (c = 0.49, CHCl3); lH NMR 5.97 (dtd, J = 15.5.4.2, 1.4 Hz, 1 H), 5.67 (ddt, J = 
15.5, 6.9, 1.5 l-k 1 H). 4.15 (dd, J = 6.9, I.5 Hz, 2 H), 4.09-3.96 (m. 3 H). 3.76 (ddd, J = 6.9, 5.0. 1.5 Hz, 1 H), 
1.44 (s, 3 H), 1.36 (s, 3 H); lR (neat) 3300, 3180, 2960.2905, 2890, 2860, 2840, 1660. 1440, 1365, 1355, 1305. 
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1145, 1120 Cm-‘; mass spectrum, c&d for CgHl304 (M+ - CH3) 173.0814, found 173.0811. Anal. Cakd for 
CgHl604: C, 57.43; H. 8.56. Found: C, 57.56; H. 8.51. 

(3S,4R,~R,6S)-7-Benzyioxy-5,6-epoxy-3-(dimethyiphe~~i)siiyihept-l-ene-4-oi (36), prepared 
with 15 : 1 sdectitity using @CR)-25: Rf= 0.32 (25% etirbxane); [a] D -12.4O(c = 1.1, CHQ3) $I NMR 6 7.55 
(m, 2 H), 7.33 (m, 8 H), 5.86 (ddd, J = 17.9, 10.3, 10.3 Hz, 1 H), 4.98 (dd, J = 10.3, 2.0 Hz, 1 H), 4.87 (dd, J = 
17.9, 2.0 Hz, 1 H), 4.56 (d, A of AB, J = 11.6 Hz, 1 H), 4.53 (d, B of AB, J = 11.6 Hz, 1 H), 3.95 (m, 1 H), 3.71 (d, 
J = 10.9 Hz, 1 I-0, 3.28 (m, 2 H), 2.99 (m, 1 H). 1.97 (dd, J = 10.3. 2.6 HZ, 1 H), 1.74 (s, 1 H), 0.39 (s, 3 H), 0.33 
(s, 3 H); IR (neat) 3570.3070,2960,2860, 1630, 1495, 1455, 1285,1245, 1110,900,835, 695,650 cm-*; mass 
spectrum, cakd for C22H2702Si (M+ - OH) 351.1780, found 351.1800. Anal. Calcd for C22H2803Si: C, 71.70; H, 
7.66. Found: C, 71.40; H, 7.65. 

(3R,4S,SR,6S)-7-Benzyioxy-5,6-epoxy-3-(dimethyiphenyi)siiyihept-l-ene-4-oi (37). prepared 
with 8 : 1 selectivity using (S,S)-IS: Rf= 0.32 (25% ether/hexane); [a]23, +10.3’ (c = 0.6, tXQ3); 1~ NMR 8 7.54 
(m, 2 H), 7.35 (m, 8 H), 5.95 (ddd, J = 17.4, 10.7, 10.7 Hz, 1 H), 5.06 (dd, J = 10.7,2.0 Hz, 1 H), 4.93 (dd, J = 
17.4, 2.0 Hz, 1 H), 4.53 (d, A of AB, J = 12.2 Hz, 1 H), 4.49 (d, B of AB, J = 12.2 Hz, 1 H), 3.60 (dd, J = 11.9, 3.3 
Hz, 1 H), 3.54 (dd, J = 5.7, 3.4 Hz, 1 H), 3.35 (dd, J = 11.9. 6.0 Hz, 1 H), 2.99(m, 1 H). 2.93 (dd, J = 5.7, 2.4 Hz, 1 
H), 2.02 (dd, J = 10.7, 3.4 Hz, 1 H), 0.38 (s, 3 H), 0.33 (s, 3 H); IR (neat) 3570, 3070, 3030, 2960,2870, 196&1700 
(Ar overtones), 1625,1495, 1455, 1425,1360,1280,1245,1110,9W, 830,695,645 cm-l; mass spectrum cakd for 
C22H2702Si (M+ - OH) 351.1780, found 351.1793. Anal. C&d for C22H2803Si: C, 71.70; H, 7.66. Found: C, 
71.43; H, 7.53. 

(E)-(4S,SS,6S)-7-Benzyioxy-5,6-epoxy-hept-2-ene-l,4-dioi (38). 91% yield from 36: Rf = 0.20 
(100% ether); [a123D -7.3“ (c = 1.5, CHC13); 1~ NMR 6 7.34 (m, 5 H), 5.99 (dtd, J = 15.6.4.5, 1.3 Hz, 1 H), 5.82 
(dd, J = 15.6, 4.3 Hz, 1 H), 4.59 (d. A of AB, J = 11.6 Hz, 1 H), 4.55 (d, B of AB, J = 11.6 Hz, 1 H), 4.20 (d, J = 4.5 
Hz, 2 H). 4.13 (dd, J = 4.3, 1.6 Hz, 1 H), 3.78 (dd, J = 11.8, 2.6 Hz, 1 H), 3.52 (dd, J = 11.8J.5 Hz, 1 H), 3.03 (m, 
1 H); IR (neat) 3610,3540-3040 Or), 1500, 1455, 1380,1365,1265, 1205, 1100,980,905,790,740,700 cm; mass 
spectrum, CdCd for C13H1503 (M+ - OH) 219.1021, found 219.1005. Anal. Calcd for Cl3H1604: C, 67.18; H. 7.25. 
Found : C, 66.69; H, 7.19. 

(3S,4R,5S)-6-(~ert-Butyidimethyi)siioxy-3-(dimethyiphenyi)siiyi-S-methyihex-l-ene-4-oi (41), 
XZJ : 1 Selectivity from tbe double asymmetric teaction of 40 and (R,R)-25: Rf = 0.35 (8% ether-bexane); [a]23D -9.2O 

(c = 5.2, CHCl3); lH NMR 6 7.52 (m. 2 H), 7.34 (m, 3 I-I). 5.90 (ddd, J = 17.2, 10.6, 10.6 HZ, 1 H), 5.00 (dd, J = 
10.6. 2.0 Hz. 1 H). 4.90 (dd, J = 17.2, 2.0 Hz, 1 H), 3.86 (ddd, J = 5.8. 1.9. 1.9 Hz, 1 H), 3.54 (dd, J = 9.8.4.7 Hz, 
1 HI. 3.52 (dd, J = 9.8, 4.8 Hz, 1 H), 2.41 (d, J = 3.2 Hz, 1 H), 2.09 (dd, J = 10.6, 5.9 Hz, 1 H), 1.69 (m, I H), 0.88 
(s, 9 H), 0.79 (d, J = 6.4 HZ, 3 H), 0.36 (s, 3 H), 0.32 (s, 3 H), 0.02 (s, 6 H); JR (neat) 3600-3200 (br), 3040, 3020, 
2940,2900,2820, 1610,1455,1410, 1240,1100,1000,990,820; mass spectrum, calcd for Cl5H3302Si (M+- 
C6H5) 301.2019, found 301.1996. Anal. Cakd. for C2lH3802Si: C, 66.60; H, 10.11. Found: C, 66.41; H, 9.96. 

(3R,4S,5S)-6-(lert-Butyidimethyi)siioxy-3-(dimethyiphenyi)siiyi-S-methyihex-l-ene-4-oi (42), 
the major product of a 60 : 40 mixture from the mismatched reaction of 40 and (S,S)-25: Rf= 0.65 (8% etherhexane); 
[a123D + 8.4O (c = 1.10, CHC13); 1~ NMR 8 7.53 (m. 5 H), 6.02 (ddd, J = 17.7. 10.8, 10.8 HZ, 1 H), 4.97 (dd, J = 
10.8, 2.5 Hz, 1 H), 4.78( dd, J = 17.7, 2.5 Hz, 1 H), 3.91 (dd, J = 2.0 Hz, 1 H), 3.70 (dd, J = 9.5, 3.8 Hz, 1 H), 3.54 
(m. 1 H), 3.45 (dd, J = 9.5, 9.5 Hz, 1 H), 1.93 (d, J = 10.8 Hz, 1 H), 1.77 (m. 1 H), 0.89 (s, 9 H), 0.63 (d, J = 7.2 
Hz, 3 H), 0.38 (s, 3 H), 0.33 (s, 3 H), 0.06 (s, 6 H); IR (Cclq) 3690,3560-3200 (br), 3070, 3050, 2960, 2930, 2860, 
1620,1470,1430,1250,1110,1060,1ooO, 830.700 cm-l; mass spectnun, calcd for Cl5H3302Si (M+ - C6H.5) 
301.2019, found 301.2008. Anal. C&d for C2lH3802Si: C, 66.60; H, 10.1 I. Found: C, 66.89; H, 10.22. 

(E)-(4S,SS)-6-(tert-Butyidimeth i)siioxy-5-methylhex-2-ene-1,4-diol (43), prepared in 95% yield 
from 41: Rf= 0.36 (70% etber/hexane); [a] 1 3~ -lO.O” (c = 0.12, CHC13); 1~ NMR 6 5.87 (dt, J = 15.7,5.1 Hz, 1 
H), 5.73 (dd, J = 15.7, 5.4 Hz, 1 H), 4.29 (m. 1 H), 4.15 (d, J = 5.1 Hz, 2 H), 3.69 (dd, J = 10.4, 4.9 Hz, 1 H), 3.63 
(dd, J = 10.4,6.4 Hz, 1 H), 1.90 (m. 1 H), 0.89 (s, 9 H), 0.85 (d, J = 7.0 Hz, 3 H), 0.06 (s, 6 H). IR (neat) 3600-3100 
(br), 2940,2900.2840, 1460,1450,1375,1345,1240,1080,990 cm-l; mass spectrum, calcd for Cl3H2702Si (M+ 
- OH) 243.1780. found, 243.1788. Anal. Calcd for Cl3H2803Si: C, 59.95; H, 10.83. Found: C, 60.27; H, 10.57. 

1-Cyciohexyibut-l(Z)&diene (44). A solution of 43 mg (0.138 mmol) of 29c in dry THF (3.0 mL) was 
treated with NaH (0.172 g.O.40 mmol) under N2 for 15 min. The mixture was tben diluted with ether (20 mL), and 
poured into brine solution (20 mL). The aqueous layer was separated and extracted with ether (2 x 15 mL). The 
combined organic extracts were dried over MgS04. Filtration, concentration of the filtrate, and chromatography of the 
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product on silica gel using 9% ether/hexane as eluent gave 9.0 mg (53%) of the volatile diene 44: Rf = 0.60 (100% 
hexane); 1H NMR 6 6.64 (ddd. J = 17.5, 11.6. 11.6 Hz. 1 H), 5.89 (dd. J = 10.9. 10.9 Hz, 1 H), 5.30 (dd, J = 10.5, 
10.5 Hz, 1 Ii), 5.17 (d, J = 16.7 Hz. 1 H), 5.06 (d. J = 10.5 Hz. 1 H), 2.43 (m, 1 l-I), 1.74-0.83 (m, 10 H); lR (CC4) 
2930,2850,1655,1455,1370,1115.900 cm-l; mass spem. calcd for C10H16 &I+> 136.1270. found 136.1252. 

(5R)-5,6-O-Isopropylidenehex-1,3-(2).diene (45) was prepared fmm 31 and 52 via the method 
described for 44: Rf= 0.45 (14% ether/hexane); [a]23D + 3.0° (c = 0.40, CHC13); lH NMR 6 6.67 (ddd, J = 16.3, 
10.9, 10.9 Hz, 1 H), 6.17 (dd, J = 9.5, 9.5, Hz, 1 H), 5.45 (dd. J = 9.5, 9.5 Hz, 1 I-l), 5.29 (ddd, J = 16.3, 1.4, 1.4 
Hz, 1 H), 5.22 (dd, J = 10.2 Hz, 1 H), 4.97 (q, J = 6.4 Hz, 1 H), 4.12 (dd, J = 8.3, 6.4 Hz, 1 H), 3.55 (dd, J = 16.0, 
8.3 Hz, 1 H), 1.44 (s, 3 H). 1.41 (s, 3 H): IR (CC4) 3070.2960, 1625, 1425, 1380, 1370, 1250, 1115, 1065,835, 
700 cm-l; mass spectrum, calcd for C9H14 (M+ ) 154.1013, found 154.0994. 

(E)-(4R,5R)-O-Isopropylidenehex-2-ene-l,6-diol (46). A solution of 28 mg (0.148 mmol) of 34 in 
acetone (0.40 mL) was treated with p-toluenesulfonic acid monohydrate (0.003 mg, 0.015 mmol) for 6 h at 23°C. The 
solution was then diluted with aqueous NaHC03 (25.0 mL) and extracted with ether (3 x 20 mL). The organic extracts 
were dried (MgSO4). filtered and concentrated The product was purified by flash chromatography using 5% MeOWether 
to give 23 mg (83%) of 46: Rf = 0.35 (5% MeOWether); [a]23D +6.5” (c = 0.46, CHC13); 1~ NMR 6 6.01 (dtd. J = 
15.6, 5.1,0.8 Hz, 1 H). 5.74 (ddt, J = 15.6, 7.0. 1.2 Hz, 1 H), 4.38 (dd, J = 7.0, 7.0 Hz, 1 H), 4.19 (dd, J = 5.1, 1.2 
Hz, 2 H), 3.83 (m. 2 H), 3.60 (dd, J = 12.5, 3.9 Hz, 1 H), 1.44 (s, 6 H); lR (CCQ) 3700-3100 (br), 3000, 1600, 1460, 
1380,1375, 1220.1165,1105,1075,1045,1000,975,855,755 cm-l; mass spectrum, calcd for CgHl704 (M+ + 1) 
189.1132, found 189.1126. Anal. Calcd for CgHl604: C, 57.43; H, 8.57. Found: C. 57.36; H, 8.53. 

(E)-(4S,SR)-0-Isopropylidenehex-2-ene-1,6-dial (47). A solution of 33 (0.015 g, 0.079 mmol) in dry 
acetone (0.214 mL) was treated with p-TsOH as described for the conversion of 34 to 46. The reaction was quenched by 
the addition of aqueous NaHC03 (15 mL) and extracted with ether (3 x 20 mL). The combined organic extracts were 
dried over MgSO4, iiltered and concentrated with use of 5% MeOWether to give 11 mg (72%) of recovered 33 and 2.9 
mg (19%) of 47: Rf = 0.32 in 5% MeOWether; lH NMR 6 6.01 (dt, J = 16.0.5.5 Hz, 1 H), 5.79 (ddd, J = 16.0,7.0 
1.2 Hz, 1 H), 4.70 (t, J = 7.4 Hz, 1 H), 4.27 (q, J = 6.6 Hz, 1 H), 4.19 (d, J = 4.3 Hz, 2 H), 3.60 (d, J = 5.5 Hz, 2 H), 
1.44 (s, 3 H); IR (Cclq) 3540,2940,1460.1380,1260,1110 cm-l. 

Diisopropyl Tartrate Modified (E)-y-(Cyclohexyloxgdimethylsilyl)Allylborona~e (26). A mixture 
of allyldimetbylsilyl cyclohexyl ether 4226 (3.77 g, 19.0 mmol), KOtBu (2.14g, 19.0 mmol) and THF (22 mL) was 
flushed with qon and cooled to -78°C. n-BuLi (7.62 mL, 19.05 mmol, 2.5 M in hexanes) was then added dropwise via 
cannula. The cooling bath was removed and the mixture was allowed to warm to -20°C for 30 min. The solution was 
1~00led to -78°C and then triisopropylborate (3.58 g, 4.40 mL, 19.1 mmol) was added dropwise via cannula. The 
mixture was stirred for 10 min and then was poured into a 250 mL separatory funnel containing saturated aqueous NHqCl 
(70 mL). The phases were Separated and the aqueous layer was extracted with additional ether (4 x 25 ‘mL). The 
combined extracts were dried (MgSO4) and then a solution of (R,R)-diisopropyl tartrate (4.46 g, 19.1 mmol) in ether (20 
mL) was added. This mixture was stirred for 2 b filtered through a fritted glass funnel under a nitrogen blanket and 
concentrated on a rotary evaporator to a colorless thick liquid that was pumped to constant weight (8.85 g) at 1.0 mm Hg. 
The crude product, consisting primarily of 26 and residual DlPT and unreacted 49, was analyzed by 1H NMR to 
determine the weight percentage of 40 in the mixture; tbe yield of 40 is generally 75-85%. Crude 26 was dissolved in 
toluene (ca. 1 M) and stored at -20°C under Ar over 4A molecular sieves: 1~ NMR 8 6.21 (dt, J = 18.9,7.0 HZ, 1 H), 
5.68 (dd, J = 18.9, 1.0 Hz, 1 H), 5.11 (m. 2 H), 4.77 (s, 2 H), 3.54 (m, 1 H), 2.03 (dd, J = 7.0, 1.0 Hz, 2 H), 1.81- 
1.15 (m, 10 H), 1.30 (d, J = 6.2 Hz, 12 H), 0.15 (s, 6 H). 

Representative Procedure for Reactions of 26 and Aldehydes: (lR,2S)-l-Cyclohexyl-2- 
(cyclohexyloxydimethyl)silylbut-3-ene-l-01 (50~). A -78°C solution of freshly distilled cyclohexane- 
carboxaldehyde (0.130 mL, 1.07 mmol) in toluene (1.0 mL) was added dmpwise over 10 min to a -78OC mixture of 
@,R)-26 (1.39 mmol, CNde reagent) in toluene (1.7 mL) and 419 molecular sieves (280 mg) under N2. The mixture was 
stirred at -78OC for 25 hand then was treated with acetaldehyde (10 eq) to consume any untcacted 26. The resulting 
mixture was filtered through a pad of Celite, concentrated in vmuh and chromatographed with use of 7% etber/hexane as 
eluam to provide 290 mg (93%) of 5&! (72% e.e. as determined by Mosher este.r analysis): Rf = 0.32 (7% etherjbexane); 
[a123D -9.7” (c = 0.69. CHC13); lH NMR 6 5.96 (ddd, J = 17.2, 10.6, 10.6 Hz, 1 H), 5.03 (dd, J = 10.6, 1.5 Hz, 1 
H), 4.89 (dd, J = 17.2, 1.5 Hz, 1 H), 3.64 (m, 1 H), 3.57 (d, J = 8.6 Hz, 1 H), 3.25 (s, 1 H), 2.07 (d, J = 10.6 Hz, 1 
H). 1.84-0.76 (m. 21 H), 0.19 (s, 3 H), 0.15 (s, 3 H); IR (neat) 3600-3300 (br), 3060, 3000, 2990, 2920,2840, 1615, 
1440,1405,1365,1245,1200, 1060,1030,985,885,830,660 cm-l; mass spectrum, calcd for C]gH33OSi (M+ - OH) 
calcd 293.2301, found 293.2294. Anal. Calcd for Cl8H3402Si: C. 69.62; H, 11.04. Found: C, 69.42; H, 10.84. 
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(3S,4R)-3~(Cyclohexyloxydimethylsilyl)sily1pent-l-ene-4-o1 (5Oa) Rf = 0.30 (9% ether/hexane); 
[o123D -8.6” (c = 3.9, CHCl3); 1H NMR S 5.88 (ddd. J = 17.2,9.9,9.9 Hz, 1 II), 5.07 (dd. J = 9.9.2.4 Hz, 1 H). 
4.96 (ddd, J = 17.2.2.4. 1.51 Hz, 1 H), 4.15 (m, 1 H). 3.65 (m, 1 I-l). 1.78-1.16 (m, 10 H). 1.70 (d, J = 9.9 HZ, I H), 
1.22 (d, J = 6.3 HZ, 3 I$, 0.18 (s, 3 H). 0.15 (s. 3 H); IR (neat) 37~-31~ (br}, 3060,3~-2840 (br). 1620, 1445, 
137O,1250,l080,1050,10O0,860,830,780,650 cm-l; mass spectmm. calcd for C13H250Si &I+ - OH) 225.1674, 
found 225.1674. Ad. Calcd for C13H2602Si: C, 64.42; H, 10.82. Found: C. 64.14; H, 10.95. 

(3S,4R)-3-(Cyclohexyloxydimethyl)silylnon-l-ene-4-ol (Sob): Rf = 0.56 (10% etber/hexane); 
[0123D -6.4’ (c = 1.69, CHC13); lH NMR 6 5.92 (ddd, J = 17.4,9.7,9.7 I-Ix, 1 H), 5.05 (dd, J = 9.7.2.0 Hz, 1 H), 
4.92 (dd. J = 17.4, 2.0 Hz. 1 ID. 3.94 (m. 1 H). 3.66 (m, 1 H), 3.22 (m. 1 ID, 1.82-1.18 (m. 19 H), 0.89 (t, J = 6.7 
Hx, 3 I-Q, 0.20 (s. 3 H), 0.16 (s, 3 I$; IR (CCkQ 3605, 3560-3300 @x).2950.2860, 1625. 1465, 1410, 1375, 1250, 
1140,950 cm-l; mass spectrum, calcd for Cl7H33OSi (I@* - OH) 281.2301, found 281.2303. Ad. C&d for 
C17H3402Si: C, 68.39; H, 11.48. Found C, 68.51; H, 11.20. 

Procedure for Tamao Oxidation of Alkoxyallylsilanols 50: (lR,2S)-1-Cyclohexylbut-3-ene- 
1,2-dial (22~). A mixture of 100 mg (0.32 mmol) of SOc, KHC03 (0.065 g, 0.64 mmol), KF.2H20 (0.060 g, 0.64 
mmO1) and 30% H202 (0.66 mL, 6.4 mmol) in MeOH (1 mL) and THF (1 mL) was stirred at 23°C for 24 h. Solid 
Na2S2O3 (1.37 g, 8.7 mmol) was added and the mixture stirmd for 30 min. It was then filtered and concentrated in 
v(2crw. The crude product was purified by c~rn~o~~y using I:1 ~x~/e~r to provide 54 mg (98%) of the known 
diof 22c as a colorless oil@ Rf = 0.34 (50% e~r~ex~~; [al”D +12.3O (c = 2.3, CHCl3); lH NMR 6 5.98 (dddd, J 
= 17.2, 10.1, 5.4, 1.5 Hz, 1 H), 5.36 (dd, J = 17.2, 1.9 Hz, 1 H), 5.30 (d, J = 10.1 Hz, 1 H), 4.23 (dd, J = 5.4, 3.5 
Hz, l H), 3.42 (dd, J = 8.2,3.5 Hz, 1 Ii), 1.99-1.01 (m, 13 H); mass specttum, cakd for C10H1802 (Mf) 170.1307, 
found 170.1325. 

(3S,4R)-pent-l-ene-3,4-diol(22a), prepared in 83% yield by the Tamao oxidation of 50a: Rf = 0.47 
(ether); [0123D -9.7’ (C = 0.81, CHCl3); 1H NMR 8 5.88 (ddd, J = 17.0, lO.6,6.2 Hz. 1 II), 5.28 (dd, 3 = 17,0,2,4 
Hr. 1 Hf. 5.24 (dd, J = 10.6,2.4 Hz, 1 H), 4.08 (br s, 1 ID, 3.87 (br s, 1 II). 2.68 (br s, 1 H), 2.55 (br s, 1 H), 1.12 
Ok J = 9.7 Hz, 3 H), 1.11 (s, 3 HI; IR (neat) 3650-3100 (br), 3080,2980,2930,2870, 1640, 1445, 1425, 1380, 1115, 
1070,1035,980,925,820 cm-l; mass spectrum, calcd for C5HgO2 (M+ - 1) 101.0602. found 101.0595. 

(3S,4R)-non-l-ene-3,4-diol (22b), prepared in 95% yield by the Tamao oxidation of Sob: Rf = 0.32 
(70% etherihexane); lH NMR 6 5.93 (ddd, J = 17.4. 10.9. 6.2 Hz, 1 H), 5.33 (d, J = 17.4 I-Ix, 1 H), 5.28 (d, J = lo.9 
Hz. 1 H), 4.10 (m, 1 H), 3.69 (m, 1 H), 2.11 (br s. 1 H), 1.99 (br s. 1 H). 1.08083 (m, 8 I-I), 0.89 (t, J = 6.7 Hz, 3 
H); IR (CC4) 36O0-3100 Ox s), 3070,3OOO-2850 (br), 1620,1450,1420,1375,1210,1100.985,925,750 cm-l; 
mass spectrum, cakd for CgH170 (I@+ - OH) 141.1279, found 141.1265. 

(3R,4S,5R)-3-(Cyclohexyloxydimethyl)silyl-S,6-O-isopropylidene-hex-l-ene-4-ol (51). A -78OC 
SObiOn of freshly distilled D-glyceraldehyde acetonide 30 (0.13 g, 1.00 mmol) in toluene (0.24 mL) was added dmpwise 
over 10 min to a -78V mixture of (S,S)-26 (1.30 mmol, crude reagent) and 4A molecular sieves (280 mg) in toluene 
(0.93 mL) under N2. The mixture was stirred at -78°C for 24 h and then was treated with acetaldehyde (10 eq) to quench 
unconsumed 26. The solution was filmted through a pad of Celite, concentrated in vucuo, and chromatographed with use 
of 15% e~er~ex~e as eluant to provide 237 mg (72%) of 51 and 5.3 mg (2%) of 52. 
determined to k. X2@ l(51 to 52) by lH NMR anal 

The reaction ~e~se1ectivi~ was 

ether-hexane); talz3D +13.3* (c = 0.78, CHCl3); P 
sis of me crude reaction product. Data for 51: Rf = 0.45 (16% 
H NMR 6 6.02 (ddd, J = 17.3, 10.8, 10.8 Hz, 1 H), 5.02 (dd, J = 

10.8, 2.0 Hz. 1 H), 4.89 (dd, J = 17.3, 2.0 Hz, 1 H), 4.13 (q, 6.1 Hz, 1 H). 3.98 (dd, J = 8.1, 6.1 Hz, 1 H), 3.82 (dd, 
J = 6.1. 3.2 Hz, 1 I$, 3.57 (dd, J = 8.1, 6.1 Hz, 1 H), 3.21 (s, 1 H), 1.82-1.13 (m, 10 H), 1.58 (dd, J = 10.8, 3.2 HZ, 
l H). 1.42 (s, 3 H), 1.35 (s. 3 H). 0.22 Is, 3 ID, 0.15 (s, 3 H); IR (neat) 3600-3300 (br), 3050, 2960,2910, 2815. 
l6lO,l435,1355,1235,12OO, 1140,1115,1050,855,820,780 cm-l: mass spectrum, calcd for C16H2gCqSi (I@ - 
CH3) 313.1835, found 313.1833. Anal. CaIcd for C17H3204Si: C, 62.15; H, 9.82, Found: C, 62.09, H, 10.08. 

~3S,4R,5R)-3-(CycIohexyloxydimethyl)silyl-5,6-0-isopropylidene-hex-l-ene-4-ol (52). The 
EmiOn of 30 (0.15 g, 1.15 mmol) and (R,R)-26 (1.15 mmol, crude reagent) was performed at -78OC as described for 
me preparation of 51. The stereoselectivity was determined to be 85:15 (52 to 51) by high field lo NMR analysis of the 
reaction mixture. Chromatography of the product mixture with use of 14% etherjhexane as eluant provided 254 mg (67%) 
of 52 and 80 mg (21%) of 51. Data for 52: Rf = 0.34 in 20% ether/hexanes; [a]23D -7.6’ (c = 0.46. CHCl3); 1~ NMR 
6 5.95 (ddd, J = 17.2, 10.7, 10.7 Hz, 1 H). 5.04 (dd, J = 10.7, 2.6 Hz, 1 H), 4.98 (dd, J = 17.2. 2.6 Hz, I H), 4.05- 
3.87 (m, 4 H), 3.59 (m, 1 HI, 3.35 (s, 1 H), 1.80 (dd, J = 10.6, 2.3 Hz, 1 H), 1.82-1.15 (m, 10 H), 1.39 (s, 3 H), 
1.32 (s. 3 H), 0.16 (s, 6 H); IR (neat) 3590.3520-3200 (br), 3060. 2990,2970, 2920,284O, 1615, 1445, 1375, 1365, 
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1250,1145,1100,1050,905,855,830,750,650 cm-*; mass spectrum, calcd for Cl6H2gOqSi (M+ - CH3) 313.1835, 
fconrJbYfX1~~~. ZWldl. Qhcb~IQ~QZQiiX LbZ:15;n,-?+XZ.-iYmnlX ~,,bz.W&Yl.?Gb. 

(3S,4S,5R)-S-Benzyloxy-3-(CyclohexyloxydimethyI)silylhex-l-ene-4-ol (55). 89 : 11 selectivity 
ftOm 16 arid (S,S)-Za: Uf = 0.63 (15% etheVbexmW, ~1~3~ -26.V (C = 2.5, CHa3X 1H NMR 6 7.32 {m, 5 H), 5.96 
(d~bh,> =-i)5.>D?.,>D3‘lltzzIm. h.sjbh,S =\~?,1,bHz,‘ly?), 43-r jb.3 =\T>Yiz,‘1U)I. 4,b3)b, b 0% A-@,3 

= 11.3I-k 1 H),4.44(d,BofAB.J= 11.3Hz, 1 H),3.72(dd,J=8.1,2.3Hz, 1H). 3,63(m, 1 H),3.50(m, 1 H), 
2.95 (s, 1 H), 1.81-0.99 (m, 11 H), 1.11 (d, J = 5.9 Hz, 3 H), 0.19 (s, 3 H), 0.17 (s, 3 H); lR (neat) 3580, 3070, 3030, 
2980,2940,1625,1495.1450,1375,1280,1250,1085,900,865,830,690 cm-l; HRMS, calcd for Cl5H2303Si (M+ 
- C6Hll) 279.1416, found 279.1410. Anal. Calcd for C2lH3403Si: C, 69.56; H, 9.45. Found: C, 69.90; H, 9.23. 

(3S,4R,5R)-5-Benzyloxy-3-(Cyclohexyloxydimethyl)silylhex-l-ene-4-ol (56), prepared with 84 : 
16 selectivity from 16 and (RR-26): Rf = 0.30 in 15% ether/hexsne; [a123D +6.S” (c = 2.6, CHC13); 1~ NMR 8 7.34 
(m,5 H), 5.96 (ddd, J = 17.2, 10.6, 10.6 Hz, 1 H), 5.05 (dd, J = 10.6, 1.9 HZ, 1 H), 4.93 (dd, J = 17.2, 1.9 HZ, 1 H), 
4.58 (d, A of AB, J = 11.3 Hz, 1 H), 4.43 (d, B of AB, J = 11.3 Hz, 1 H), 3.87 (dd, J = 6.9, 3.0 Hz, 1 H), 3.63 (m, 1 
H),3.53(od,J=5.7.3.7Hz,IH),3.34(brs, lH),Z.If(dd,J= 10.7.3.7Hz.IH), 1.75-I.I5(m,13H).O.I9(s,3 
H). 6.U (s, 3 HI; IR (neat) 3580, 3670, 3030,2940,2860, 1625, 1450, 1375, 1250, 1085,9(x-I, 865, 830, 690 cm-l; 
mass spectrum, cakd for Cl5H22CQSi (M+ - C6Hl20) 262.1389, found 262.1370. And. Calcd for C2lH3403Si: C, 
69.56; H, 9.45. Found: C, 69.49; H, 9.20. 

(3R,4S,5R,6S)-7-Benzyloxy-3-(cyclohexyloxydimethyl)silyl-5,6-epo~~hept-l-ene-4-ol (59), 
prepared with 13 : 1 selectivity fmm 35 and (S,S)-26: Rf= 0.30 (78% hertane./ether); [a] D -2.0” (c = 0.59.CHCl3); 
lH NMR 6 9.33 (m. 5 H), 5.95 (ddd, J = 16.5, 10.1, 10.1 Hz, 1 H), 5.06 (d, J = 10.1 Hz, 1 H), 5.00 (dd, 3 = 16.5, 
1.3 Hz, 1 H), 4.59 (d. A of AB, J = 12.1 Hz, 1 H), 4.56 (d, B of AB, J = 12.1 Hz, 1 H), 3.76 (dd, J = 3.5, 2.4 Hz, 1 
H), 3.72 (dd, J = 2.4, 1.3 Hz, 1 H), 3.65 (m. 1 H), 3.47 (ddd, J = 11.9,5.3, 1.3 Hz, 1 H), 3.14 (m, 1 H), 3.07 (ddd, J 
=+.G; 2.+; ::Xk; :~:l);2.9+(&;;~--“,5; ::3-:k; A.I ’ ‘I); ::33-(d&;J~--:O..l; X-:k; 1.X); ::77~;:;9& ;O~j;~:l8- 
(s, 6 H). 1R (neat) 3620-3200 (br), 3050,3010,2920,2840, 1630,1485, 1440,1350,1240, 1080,890, 825,685 cm-l; 
mass spectrum. cakd for Cl6H2203Si (M+ - C6H120) 290.1338, found 290.1360. Anal. C&d for C22H3404Si: c, 
667,65: H, 8.77. Found: C. b3.U: P,8.58, 

(3S,4R,5R,6S)-7-Benzyloxy-3-(cyclohexyloxydimethyl)silyl-S,6-epoxyhept-l-ene-4-ol (60). 
obtained as au inseparable mixture with 59 fmm 35 and (RR)-26~ Rf = 0.30 (78% bexane/eUterl; (&3D -6.6O (C = 2.8 
for a 1:l mixture of 60 and 59, CHC13); *H NMR (on mixture) 8 7.40 (m, 5 H). 6.07-5.95 (m, 1 H), 5.14-5.03 (m, 2 
H), 4.67 (d, A of AB, J = 11.8 Hz, 1 H), 4.63 (d, B of AB, J = 11.8 Hz, 1 H), 4.08 (m. 1 H), 3.92 (dd, J = 12.1, 1.9 
Hz, 1 H), 3.65 (m 1 H), 3.45 (ddd, J = 12.1, 6.2.0.6 Hz, 1 H), 3.07 (m, 1 H), 3.01 (m, 1 H), 1.95 (m, 1 H), 1.80- 
1.19 (m, 10 H), 0.18 (s, 6 H). 

~3R,4S,5R)-6-(tert-Butyldimethyl)siloxy-3-(cyclohexyloxydimethyl)sily~.5-methy~hex-l-ene- 
qbA,W siY%kwA x+iik*D: 3 .v%%<i$+knm @anb,QZfX% _X-&Q ~~~~~~~~~~~~~~~~~,~~~Q~LF--_ 
0.45, CHC13); ‘H NMR 6 5.95 (ddd, J = 16.5. 10.6, 10.6 Hz, 1 H), 5.03 (dd, J = 10.6, 1.3 Hz, 1 H), 4.94 (dd, J = 
16.5. 1.3 Hz, 1 H), 3.99 (m. 1 H), 3.63 (m. 1 H), 3.57 (d, J = 4.0 Hz, 1 H), 3.15 (d, J = 2.0 HZ, 1 H), 1.89 (dd, J = 
1064.6 Hz, 1 l-0, 1.88-1.20 (m, 11 H), 1.00 (d, J = 6.5 Hz, 3 H), 0.89 (s, 9 H), 0.17 (s, 3 H), 0.14 (s, 3 H), 0.04 
(s, 6 H); 1R (neat) 3560-3420 (br). 2960,2940,2860,1625, 1450, 1460, 1255, 1070, 1015,970,895,835,660 cm-l; 
mass SPCCtrum, Cakd for C2lH4302Si2 (M+ - OH) 383.2801, found 383.2784. And. Calcd for C2lH4403Si2: C, 
62.W; H. ‘11.M. Found: C, 62.34; YL 1D.54, 

(3S,4R,5R)-6-(tert-Butyldimethyl)siloxy-3-(cyclohexyloxydimethyl)silyl-5-methythex-~-ene- 
4-ol(63). obtained with 64 : 36 selectivity via the mismatched double asymmetric reaction of 40 and @R&j): Rf= 
(0.73 J 10% ether/hexanQJ r$?D -19,2”.fc = 2.2. CHCQ); ‘IH NMR 6 6,DD,Lldd. J = 3 72, J& ID,~;HZ. I H,zs,m 
(dd. J = 10.6, 2.3 Hz, 1 H), 4.92 (dd, J = 17.2, 2.3 Hz, 1 H), 3.86 (s, 1 H), 3.75 (dd, 10.2, 2.2 Hz, 1 H), 3.68 (d, A 
of AR J = 5.1 Hz, 1 H), 3.64 (d, B of AB, J = 5.1 Hz, 1 H), 1.84-1.03 (m, 12 H), 0.89 (s, 9 H), 0.73 (d, J = 7.2 Hz, 
3fiX btVtS, EfiX tXiT(S, Sex tEti(S, brrQ K(LXZXljfi-bGDW(6rj, Zg4& ZK@ io*fl i4’rs; Mm, i-453; 

1260,123O,lO7O. 910,830,670 cm-l; mass spectrum, calcd for C2OH4103Si2 (M+ - CH3) 385.2594, found 
385.2614. An&. Calcd for C2lH4403Si2: C, 62.94; H, 11.07. Found: C, 62.73; H, 10.70. 

(3R,4R,5R)-5,6-0-Isopropylidenehex-l-ene-3,4-diol (53). 92% yield from the Tamao oxidation of 
51: Rf = 0.X W% helranelether;) tal%, +I?9 Cc = 0.72, CHCt3.f; ~HN?.Qu 6 5 .M (da, c = 27.2 za,5,5.6,1.4 
Hz, 1 H), 5.39 (ddd, J = 17.2, 1.6, 1.6 Hz, 1 H), 5.27 (ddd, J = 10.5, 3.1, 1.0 Hz, 1 H), 4.304.20 (m, 2 H), 4.03 
(ddd, J = 6.9, 6.9, 1.5 HZ, 1 H), 3.88 (ddd, J = 6.9, 6.9, 1.5 Hz, 1 H), 3.52 (m. 1 H), 2.64 (d, J = 7.0 HZ, 1 H), 2.49 
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(d, J = 7.0 Hz, 1 H), 1.44 (s, 3 H), 1.37 (~~3 H); IR (CQq) 3660-3100 (br), 3060, 2970, 2920, 2870, 1630, 1440, 
1360,1~,1360,1230,1200,1140,910,840,780,720 cm-l; mass spectrum, calcd fOrC8Hl304 (M+ - CH3) 
173.0813, found 173.0817. Anal. Calcd for CgHl604: C, 57.43; H, 8.57. Found: C, 57.38; H, 8.56. 

(3S,4S,5R)-5,6-0-isopro 
Rf = 0.32 (20% hexane/ether); [a] 2g 

ylidenehex-1-ene-3,4-diol (54), 95% yield from the Tamao oxidation of 52: 
D +7.0° (c = 0.95, CHC13); 1H NMR 6 5.39 (ddd, J = 17.2, 1.35.0.5 HZ, 1 H), 

5.29 (ddd, J = 9.9, 1.1. 0.5 Hz, 1 H), 4.30 (dd, J = 9.0,4.5 Hz, 1 H), 4.06 (m. 2 H), 3.97 (m, 1 H), 3.71 (d, J = 0.5 
l-k 1 H). 2.64 (s, 1 H), 2.37 (d, J = 1.6 Hz, 1 H), 1.42 (s, 3 H), 1.34 (s, 3 H); IR (neat) 3560-3200 (br), 2990.2940, 
2880, 1610,1450,1380,1370,1250.1210.1155,1060,990,930.850 cm-l; mass spectrum, calcd for CgHl503 (M+ 
- OH) 171.1021, found 171.1033. Anal. Calcd for CgHl604: C, 57.43; H, 8.57. Found: C, 57.42; H, 8.65. 

(3R,4S,SR)-S-Benzyloxyhex-1-ene-3,4-diol (57), 94% yield from the Tamao oxidation of 55: Rf = 
0.36 (50% ether/hexane); [011~~~ -38.3” (c = 1.9, CHC13); lH NMR 6 7.34 (m. 5 H), 5.92 (ddd, J = 17.1, 10.5,5.5 
Hz, 1 H), 5.33 (ddd, J = 17.1, 1.6, 1.6 Hz, 1 H), 5.23 (10.5, 1.6, 1.6 Hz, 1 H), 4.40 (d, A of AB, J = 11.3 Hz, 1 H), 
4.21 (d, B of AB, J = 11.3 Hz, 1 H), 4.21 (dd, J = 5.5, 5.5 Hz, 1 I-I), 3.76 (m, 1 H), 3.46 (dd, J = 5.5, 4.5 HZ, 1 H), 
1.28 (d, J = 6.2 Hz, 3 I-I); lR (neat) 3600-3200,3090,3070,3040,2980,2940,2880,2000-1800 (Ar overtones), 1650, 
1500, 1450, 1375,1205,1155-1020,~. 920 cm-l; mass spectrum, calcd for Cl3Hl803 (M+) 222.1256, found 
222.1268. Anal. Calcd for Cl3Hl803: C, 70.24; H, 8.16. Found: C, 70.21; H, 7.97. 

(3S,4R,5R)-5-Benzyloxyhex-l-ene-3,4-diol (58). prepared in 95% yield by the Tamao oxidation of 56: 
Rf= 0.30 (45% etherihexane); [a]23D -58.6’ (c = 0.50, CHC13); lH NMR 6 7.33 (m. 5 H), 5.96 (ddd, J = 17.1, 10.6, 
6.1 Hz, 1 H), 5.34 (ddd, J = 17.1, 1.7, 1.7 Hz, 1 H). 5.27 (ddd, J = 10.6, 1.7, 1.7 Hz, 1 H), 4.64 (d, A of AB, J = 
11.2 Hz, 1 H), 4.44 (d, B of AB, J = 11.2 Hz, 1 H), 4.28 (dd, J = 5.5, 5.5 Hz, 1 H), 3.64 (m, 2 H), 2.50 (br s, 1 H), 
2.20 (br s, 1 I-I), 1.32 (d, J = 6.5 Hz, 3 H); IR (neat) 3600, 3520-3200 (br), 3080, 3040, 2980,2930, 2880, 1640, 
1500, 1450,1380,1080,980,925,905,690 cm-l; mass spectrum, calcd for Cl3Hl803 (M+) 222.1256, found 
222.1271. Anal. Calcd for Cl3Hl803: C, 70.24; H, 8.16. Found: C, 70.10,7.89. 

(3R,4R,SR,6S)-7-Benzyloxy-5,6-epoxyhept-l-ene-3,4-diol (61). A mixture of 59 (33 mg, 0.084 
mmol). KHCO3 (8.4 mg, 0.084 mmol), KH2PO4 (11.5 mg, 0.084 mmol) and 30% H202 (0.336 mL, 3.36 mmol) in 
THF (1 mL) was stir& at 38°C for 5 h. The solution was then treated with Na2S203 (0.35 g, 2.26 mmol) and stirred for 
30 min. The mixture was filtered and the solvent removed in vucw. ‘Ihe cmde product was purified by chromatography 
using 20% hexane/ether giving 9 mg (49%) of 61 and 9 mg (42%) of (Z)-diene 67: 1~ NMR 6 7.33 (m, 5 H), 6.83 (ddd, 
J = 16.6, 10.7, 10.7 Hz, 1 H), 6.34 (d, J = 10.7 Hz, 1 H), 5.40 (d, J = 16.6 Hz, 1 H), 5.33 (d, J = 10.7 Hz, 1 H), 4.68 
(d, A of AB, J = 11.8 Hz, 1 H), 4.65 (d. B of AB, J = 11.8 Hz, 1 H), 3.85 (dd, J = 11.5, 3.0 Hz, 1 H), 3.74 (ddd, J = 
8.9, 2.2, 0.8 HZ, 1 H), 3.63 (dd, J = 11.5 Hz, 5.4 Hz, 1 H), 3.21 (ddd, J = 5.4, 3.0, 2.2 Hz, 1 H). Data for 61: Rf= 
0.34 (80% etherihexane); [cc]~~D -3.3” (c = 0.18, CHCl3); lH NMR 6 7.33 (m. 5 H), 5.96 (dddd, J = 17.2, 10.5, 5.4, 
1.3 Hz, 1 H), 5.42 (dd, J = 17.2, 1.7 Hz, 1 H), 5.31 (dd, J = 10.5, 1.7 Hz, 1 H), 4.58 (d, A of AB, J = 11.6 Hz, 1 H), 
4.55 (d, J = B of AB, J = 11.6, 1 H), 4.32 (m, 1 I-J), 3.77 (dd, J = 11.7, 1.2 Hz, 1 H), 3.65 (m, 1 H), 3.48 (dd, J = 
11.7, 6.0 Hz, 1 H), 3.18 (m, 1 H), 2.20 (s, 2 H); lR (CC4) 3560-3140 (br), 2930, 2860, 1650, 1450, 1380, 1360, 
1110,1100,990,925,905,690 cm-l; mass spectrum, cakd for Cl4Hl704 (M+ - 1) 149.1126, found 149.1141. 

(2R,3R,4R)-4,5-0-Isopropylidene-pent-1,2,3-triol (68). A -78’C solution of diol 53 (37 mg, 0.2 
mmol) in dry MeOH (1 mL) and CH2Cl2 (1 mL) was treated with a stream of 03 in 02 until 53 was consumed (TLC 
analysis). The solution was purged with N2 to remove 03 before Me2S (1 mL) was added. The solution was stirred at 
23’C overnight. The volatile components were Emoved in vucuo and the crude aldehyde was treated with NaBlQ (74 
mg, 0.2 mmol) in MeOH (1 mL) at O’C for 10 min. The known trio1 6827 was purified by chmmato 
preparative TLC plate, 100% MeOH): Rf = 0.30 in 100% MeOH; [a]23D -0.4” (c = 0.43, EtOH); lit. &2 

raphy (1 x 0.5 mm 
7 [a]25D -0.42” 

(c = 1.92, EtOH); lH NMR 6 4.34 (dt, J = 6.8, 3.9 Hz, 1 l-I), 4.09 (dd, J = 8.8, 6.8 Hz, 1 H), 3.92 (dd, J = 8.8, 7.3 
Hz, 1 H), 3.81 (m. 2 H), 3.66 (m, 1 H), 3.57 (m, 1 H), 2.92 (s, 1 H), 2.68 (d, J = 6.3 Hz, 1 H). 2.55 (s, 1 H), 1.45 (s, 
3 H), 1.39 (s, 3 H); mass spectrum, c&d for C8Hl503 (M+ - OH) 175.0971, found 175.0978. 

(2S,3S,4R)-4,5-0-Isoprop~lidenepent-1,2,3-triol (69) was pre ared using the procedure for 68. Data 
for 69: Rf= 0.30 (100% MeOH); [a] 3D +14.0” (c = 2.6, EtOH); lit_ 27 29 [a] D +13.7” (c = 2.35, EtOH); 1~ NMR 6 
4.15 (m, 2 H), 3.99 (m, 1 H), 3.81 (m. 1 H), 3.77 (m, 2 H), 3.70 (m, 2 H), 3.40 (s, 1 H), 3.35 (s, 1 H), 1.43 (s, 3 H), 
1.36 (s, 3 H); mass spectrum, calcd for C8Hl505 (M+ - 1) 191.0921, found 191.1039. 

(3R,4S,5R)-1,3,4,5-tetraacetoxyhexane (70). A solution of diol 57 (65 mg, 0.29 mmol) in dry DMF (1 
mL) was treated with imidazole (87 mg, 1.9 mmol) and TBDMS-Cl(96 mg, 0.64 mmol) overnight at 23°C. The solution 
was diluted with ether and washed with aqueous NaHC03 . The aqueous layer was extracted with ether (3 x 30 mL). 
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The combiid organic extracts wem dried (MgSO4), filtered, and concentrated in vucuo. The crude material was seated 
with BH3-THP (0.11 mL, 1 M) at ambient temperature for 1 h. ‘Ihe mixture was then cooled to 0°C and treated with H20 
(0.3 mL), 30% H202 (0.30 mL), and 1 mL of 2 N NaOH. The reaction was added to a separatory funnel, diluted with 5 
mL of H20 and extracted with ether (3 x 30 mL). The combii organic extracts were dried over MgSO4. filtered, and 
concentrated in vucuo. The product was chromatographed using 20% ethe.r/hexane and hydrogenated over 10% W-C at 
23°C for 24 h. The reaction was filtered thmugh a pad of C&e and concentrated in vacua. The CNde product was 
purified by chromatography with use of 25% ether/hexane to pruvide 12 mg of the intermediate diol bis_TBDMS ether [lH 
NMR 6 3.94 (m, 1 H), 3.75 (m, 3 H), 3.51 (dd, J = 5.1, 2.2 Hz, 1 H), 1.80 (m, 1 H), 1.79 (d. J = 6.2 Hz, 3 H), 0.93 
(s, 9 H), 0.91 (s, 9 H), 0.12 (s, 6 H), 0.11 (s, 6 H)]. Thls intermediated was treated with a 1 M solution of nBuqNP 
(0.16 mL, 0.16 mmol) in THF at 23“C for 1 h. The resulting solution was concentrated in vucuo, and treated with Ac20 
(0.024 mL. 0.25 mmol), pyridme (0.25 mL), and DMAP (5.0 mg) at 23’C. After hemg stirred for 20 min. the resulting 
solution was concentrated in vucuo, and chromatographed (10 x 150 mm column) with use of 45% ether/hexane to 
provide 10 mg of tetraacetate 70. A reference sample of 70 was prepared from acetonide 7128 as described in text: Rf = 
0.18 (45% ether/hexane); [u]~~D +39.4’ (c = 0.53, CHCl3); 1~ NMR 6 5.34 (m, 1 H), 5.21 (m, 2 H), 4.01 (m, 2 H), 
1.75-1.65 (m, 2 H), 1.75 (s, 3 H), 1.72 (s, 3 H), 1.66 (s, 3 H), 1.65 (s, 3 H), 1.02 (d, J = 6.2 Hz, 3 H); IR (cc4) 
29~,2960,2930,1745,1430,1370,1225,1050,950 cm-l; mass spectrum, calcd fOrCl2H1906 (M+ - C2H3O2) 
259.1181, found 259.1135. Anal. Calcd for C14H2208: C, 52.82; H, 6.96. Found: C, 53.10; H, 6.92. 
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Kobayashi, S. Chem. Letr. 1990, 1019 (enantioselective aldol). (d) Yamada, J.; Abe, H.; Yamamoto, 
Y. J. Am. Chem. Sot. 1990,112, 6118. 
(a) Evans, D. A.; Andrews, G. C.; Buckwalter, B. J. Am. Chem. Sot. 1974,96,5560. (b) Still, W. 
C.; MacDonald, T. L. Ibid. 1974,96, 5561. 

9. Fraenkel, G.; Chow, A.; Winchester, W. R. J. Am. Chem. Sot. 1990,112, 2582, and refs. therein. 

References 



1998 W. R. ROUSH and P. T. GROVER 

10. 

11. 

12. 

13. 

14. 

15. 

16. 
17. 

18. 

19. 
20. 

21. 
22. 

23. 
24. 

25. 
26. 
27. 

28. 
29. 

30. 

31. 

(a) Tamao, K.; Ishida, N. J. Orgunomer. Chem. 1984,269, C37. (b) Fleming, I.; Henning, R.; Plaut, 
H. J. Chem. Sot., Chem. Commun. 1984, 29. (c) Fleming, I.; Sanderson, P. E. J. Tetrahedron Lett. 
1987,28, 4229. 
(a) Roush, W. R.; Grover, P. T.; Lin, X.-F. Tetrahedron Left., 1990,31, 7563. (b) Roush, W. R.; P. 
T. Grover, P. T.Tetrahedron Lett., 1990,31, 7567. 
(a) Murray, R. W.; Jeyaraman, R. J. Org. Chem.1985,50,2847. (b) For a review: Adam, W.; Curci, 
R.; Edwards, J. 0. Act. Chem. Res. 1989,22, 205. 
Alternative methods for the diastereoselective synthesis of 27: (a) Annunziata, R.; Cinquini, M.; Cozzi, 
F.; Raimondi, L.; Stefanelli, S. Terruhedron 1986,42,5443 (via ally& sulfoxides). (b) Burgess, K.; 
Henderson, I. Tetrahedron Left. 1989,30,4325 (conversion of RCH2CHO to enoates corresponding 
to 27 via reactions with chiral a-sultinyl acetates). (c) Diastereoselective addition of (E)-3-lithiopropen- 
l-y1 ethers to chiral aldehydes (cf., Corey, E. J.; Wollenberg, R. H. J. Org. Chem. 1975,40, 2265). 
(a) Roush, W. R.; Ando, K.; Powers, D. B.; Halterman. R. L.; Palkowitz, A. D. J. Am. Chem. Sot. 
1990,112,6339, and literature cited therein. (b) Roush, W. R.; Hoong, L. K.; Palmer, M. A. J.; 
Park, J. C. J. Org. Chem. 1990,55, 4109. 
For earlier examples of reactions of y-silyl substituted allylboron compounds and aldehydes, see ref. 6d 
and: (a) Tsai, D. J. S.; Matteson, D. S. Tetruhedron Len. 1981,22,2751. (b) Liu, C.; Wang, K. K. 
J. Org. Chem. 1986,51, 4733. (c) Wuts, P. G. M.; Jung, Y. -W. Ibid. 1988,53, 5989. (d) 
Pearson, W. H.; Lin, K.-C.; Poon, Y.-F. Ibid. 1989,54,5814. (e) Wang, K. K.; Gu, Y. G.; Lin, C. 
J. Am. Chem. Sot. 1990,112, 4424. 
Dale, J. A.; Dull, D. L, Mosher, H. S. J. Org. Chem. 1%9,34,2543. 
(a) Colvin, E. W., Silicon Reagents in Organic Synthesis; Academic Press: New York, 1988. (b) 
Fleming, I.; Terrett, N. K. Tetrahedron Len. 1983,24,4153. (c) Hayashi, T.; Okamoto, Y.; Kabeta, 
K.; Hagihara, T.; Kumada, M. J. Org. Chem. 1984,49,4224, and references therein. 
Epoxidation of acid labile substrates: Halcomb, R. L.; Danishefsky, S. J. J. Am. Chem. Sot. 1989, 
Ill, 6661. 
Masamune, S.; Choy, W.; Petersen, J. S.; Sita, L. R. Angew. Chem., Int. Ed. Engl. 1985,24, 1. 
The intrinsic face selectivities of 30 (58 : 42, favoring 31) 35 (60 : 40, favoring 37) and 40 (73 : 27, 
favoring 41) were determined via reactions with pinacol (E)-~(dimethylphenylsilyl)allylboronate. 
Roush, W. R.; Straub, J. A.; VanNieuwenhze, M. S. J. Org. Chem. 1991,56, 1636. 
For other examples and a detailed discussion: Roush, W. R.; Hoong, L. K.; Palmer, M. A. J.; Straub, 
J. A.; Palkowitz, A. D. J. Org. Chem. 1990,55,4117. 
Roush, W. R.; Banfi, L. J. Am. Chem. Sot. 1988,110, 3979. 
Leading references to other highly enantioselective allylmetal reagents (see ref. 14 for a more 
comprehensive list): (a) Reetz, M. T.; Zierke, T. Chem. and Ind. (Lona’on) 1988,663. (b) Hoffmann, 
R. W.; Ditrich, K.; Kbster, G.; &tinner, R. Chem. Ber. 1989,122, 1783. (c) Hoppe, D.; Zschage, 
0. Angew. Chem., Int. Ed. 1989.28, 69. (d) Riediker, M.; Duthaler, R. 0. Ibid. 1989,28,494. (e) 
Short, R. P.; Masamune, S. J. Am. Chem. Sot. 1989,111, 1892. (f) Failer, J. W.; Linebarrier, D. L. 
Ibid. 1989,111, 1937. (g) Corey, E. J.; Yu, C.-M.; Kim, S. S. Ibid. 1989, Ill, 5495. (h) Brown, 
H. C.; Randad, R. S.; Bhat, K. S.; Zaidlewicz, M.; Racherla, U. S. Ibid. 1990,112, 2389. 
For additional examples of this effect: Coe, J. W.; Roush, W. R. J. Org. Chem. 1989,54,915. 
Cella, J. A. J. Org. Chem. 1982,47, 2125. 
Katsuki, T.; Lee, A. W. M.; Ma, P.; Martin, V. S.; Masamune, S.; Sharpless, K. B.; Tuddenham, D.; 
Walker, F. J. J. Org. Chem. 1982,47, 1373. 
Roush, W. R.; Lin, X.-F.; Straub, J. A. J. Org. Chem., 1991,56, 1649. 
For an elegant demonstration of iterative epoxidation cycles as a strategy for carbohydrate synthesis: 
Ko, S. Y.; Lee, A. W. M.; Masamune, S.; Reed, L. A., III.; Sharpless, K. B.; Walker, F. J. 
Tetrahedron 1990,46,245. 
For double asymmetric osmylations in the context of carbohydrate synthesis: (a) Brimacombe, J. S.; 
McDonald, G. Carbohydr. Res. 1989,194, C4. (b) Lohray, B. B.; Kalantar, T. H.; Kim. B. M.; 
Park, C. Y.; Shibata, T.; Wai, J. S. M.; Sharpless, K. B. Tetrahedron Left. 1989,30, 2041. 
Note ad&d in proof. For a recent paper describing the use of (E)-Ipc2BCH$H=CHSiMe2(NiPr2) for 
the synthesis of anti-1,2-diols: Barrett, A. G. M.; Malecha, J. W. J. Org. Chem. 1991,56, 5243. 

Acknowledgement: This research was supported by a grant from the National Institute of General 
Medical Sciences (GM 38907). We also thank Mr. Xiao-fa Lin for performing the reactions of 16 and 26. 


