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reasonable. After this refinement, a difference map in the hydroxyl hydrogen 
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factor increased to 10.9 (1.1) A2, and a difference map indicated consid
erable residual electron density. 
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A New Procedure for the Stereoselective Synthesis 
of (Z)-2-Alkenylsilanes and -tins and Their 
Application to Erythro-Selective Synthesis 
of jS-AIkyl Alcohol Derivatives 

Sir: 

The erythro-selective synthesis of the /3-methyl alcohol units 
of macrolide antibiotics is a problem of pressing concern in 
organic synthesis. The usual solution to this problem is to use 
the stereoselective cross-aldol condensation.1 An alternative 
approach, which has not yet been studied extensively but is 
highly promising, is use of the erythro-selective addition of 
(Z)-2-alkenyl metal derivatives to carbonyl compounds (eq 
I).2'3 Unfortunately, however, no methodology with a wide 

applicability has yet been established to realize the stereose
lective synthesis of such an organometallic compound.4 We 
report here for the first time a convenient one-pot procedure 
for the synthesis of (Z)-2-alkenylsilanes and -tins (eq 2) and 

R' •Met + RCHO (1) 

RCH,C==CH 
9-BBN 

RCH2CH=CHB<3 

RCH=CHCH,Br 
i. Al 

ii. MeO-9-BBN 

LiTMP 

RCH=CHCH^BCQ) — 

THF 

- M — R \ ^ v ~ / B 0 ) RCH=CHCHBCQ) ^* \ 

M 3 

/ | \ 
2 

M = Si or Sn (2) 

their application to erythro-selective synthesis of /3-alkyl al
cohol derivatives (eq 4 and 5). 

It was reported that the treatment of alkenyldisiamylborane 
with lithium 2,2,6,6-tetramethylpiperidine (LiTMP) generated 
boron-substituted allyl carbanion which reacted with tri-
methylsilyl chloride at the y position owing to the steric re
pulsion between bulky siamyl and trimethylsilyl group6 (eq 3). 

R „B(Sia)2 Me3SiCl R B(Sia), 
(3) 

y Li+ o 
SiMe3 

It appeared that the regioselective reaction at the a position 
may be realized by replacing the siamyl group with less bulky 
9-BBN. Actually, the boron-stabilized allyl carbanion (1), 
prepared from 1- or 2-alkenyl-9-BBN,7 reacted with trialk-
ylsilyl and -tin halides exclusively at the a position to produce 
2, which subsequently underwent protonolysis by H2O. To our 
surprise, the resulting 2-alkenyl derivatives (3) drastically 
favored the Z configuration. The results are listed in Table I. 
The exclusive formation of the Z olefin, as well as the reg-
iocontrol, is particularly remarkable for synthetic applica
tion. 

The following procedure for the synthesis of (Z)-2-hexen-

Table I. Stereoselective Synthesis of (Z)-2-Alkenylsilanes and Tins" 

9-BBN derivative 

/1-BuCH=CH—B(^j) 

/1-BuCH=CH—B^j) 

n-BuCH=CH—B-^T) 

CHaCH=CHCH2—B^T) 

CH3CH=CHCH2—B^\) 

electrophile 

Me3SiCl 

W-Bu3SnCl 

Me3SnBr 

Me3SiCl 

Me3SnBr 

product* 

/J-PrCH=CHCH2SiMe3 

«-PrCH=CHCH2Sn(«-Bu)3 

W-PrCH=CHCH2SnMe3 

CH3CH=CHCH2SiMe3 

CH3CH=CHCH2SnMe3 

yield, %c 

72 

76 

70 

40" 

(72) 

isomeric purity, %d 

-100 

MOO 

~100 

~100 

70/ 

" All reactions were performed as described in the text. * All products were fully identified by spectroscopic methods and by comparison 
with the corresponding E isomers.8 ' Isolated yield (GLC yield). The product arising from the attack at the y position was not detected. 
d Determined by IR spectra and by GLC with a capillary column. e High vapor pressure of crotyltrimethylsilane made the separation from 
solvents difficult, resulting in low isolated yield. / Crotyltin underwent facile isomerization in contrast to other derivatives; see also ref 8. 
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yltributyltin is representative. In a 50-mL flask, equipped with 

a magnet ic st irrer and mainta ined under a static pressure of 

N2, was placed 2,2,6,6-tetramethylpiperidine (5 mmol, 0.8 

m L ) . A solution of M-BuLi in hexane (5 mmol, 3.5 mL) was 

added at 0 0 C and L i T M P precipitated within a few minutes. 

T h e hexane was removed by vacuum distillation and the resi

due was dissolved in T H F (10 m L ) . ( £ ) - l - H e x e n y l - 9 - B B N 

(5 m m o l ) 7 was added and the reaction mixture was stirred at 

room tempera tu re for 30 min. The flask was then cooled with 

an ice bath and «-Bu3SnCl (5 mmol, 1.63 g) was added. After 

the mixture was stirred for 1 h at 0 0 C , water and ethanolamine 

(5 mmol , 0.31 m L ) were added. The organic layer was ex

t rac ted with petroleum ether and dried over anhydrous 

Na2SC>4. Distillation via Kugelrohr gave the desired olefin in 

an essentially pure form: 1.41 g, 76%; bp 130-135 0 C (0.5 

m m H g ) . 9 

To help clarify the mechanism of the high stereo- and reg-

iocontrol, the intermediate 2 was isolated by simple distillation. 

2a (R = n-Pr, M = S i M e 3 ) : 84% isolated yield, bp 115-120 
0 C (0.01 m m H g ) . The ' H N M R spectra at various tempera-

TI / H r 
H a SiMe1, 

n-Pr 

2a 

B 

O 
3 B \ 

H 

SiMe, 

2a' 
tures ( 2 0 - 1 4 0 0 C ) clearly indicated tha t the allylic borane 

possessed the s t ructure 2a instead of 2 a ' . I 0 Fur ther , the 

s t ructure was confirmed by the ' H N M R spectra of D-labeled 

2a (Hb = D ) ; " the H c proton was observed as two kinds of 

singlet and the H a proton as a triplet. Accordingly, it is clear 

that 3 is produced by the a protonat ion of a mix ture of (E)-I 

and (Z)-I or by the rapid 7 protonat ion of its allylic isomer 

such as 2 a ' . ' 2 Whi le it is not possible at the present t ime to 

differentiate the reaction pa th , a novel and selective route to 

(Z)-2-alkenylsi lanes and -tins is now available. 

W e next turned our at tent ion to the erythro-selective ad

dition of 3 to aldehydes. As expected, completely erythro-se

lective coupling was realized via the t he rma l 2 3 or Lewis acid 

mediated reac t ion ' 3 b of (Z)-2-alkenylt ins (eq 4 and 5) . 1 4 The 

CH3, 

Cl3CCHO + CH=CH 

CH2Sn(H-Bu)3 

H CH3 

25°C I ' 
• C l 3 C C - C C H = C H 2 (4) 

i I 
OH H 

R CH2Sn(n-Bu)3 

PhCHO + C H = C H 

H R 

I T B F 3 - O E t , 
-+ PhC-CCH=CH, 

CH2Cl2, 92% i I 

OH H 

R 

Ph CH CH3 

PdCi2, CuCi2, Q2 ^ / \ c / ( 5 ) 

DMF-H 2 O, 8 7 - 9 2 % 1 || 

OH O 

R = n-Pr or Me 

Wacker- type ox ida t ion ' 5 of the homoallyl alcohols afforded 

4 in high yields. Consequently, the above results indicate that 

completely regioselective and erythro-selective cross-aldol 

condensation is realized via the (Z)-2-a lkenyl metal route . 1 6 

This is extremely useful during elaborat ion of complex mole

cules, and further work along this line is under active investi

gation.1 7 
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/3'-Lithiation of a,/8-Unsaturated Secondary Amides 

Sir: 

Although "ortho" metalations of aromatic systems have 
been known for some time, directed metalations of nonaro-
matic systems have been much less studied.1 The potential 
value of regiospecifically metalated functionally substituted 
molecules is high and investigations in this area could provide 
both new and useful results. 

Consideration of the functional groups which might be 
generally effective for directed metalations of nonaromatics 
suggests that dilithiation of secondary amides would be of in
terest for at least three reasons: initial proton removal from 
nitrogen would deactivate the carbonyl group toward both 
nucleophilic addition and enolate anion formation; the sec
ondary amide is one of the strongest directors of "ortho" me
talation; and the amide group can be readily converted into 
other functions.1^4 

We now report that in the dilithiation of a,/3-unsaturated 
secondary amides the second metalation occurs at the /3' po
sition. This result is unprecedented for an a,/3-unsaturated 
carbonyl system which has potentially acidic y and /3 pro
tons. 

Treatment of ./V-methyl-1-cyclohexenecarboxamide (1) with 
2.1 equiv of sec-butyllithium-tetramethylethylenediamine in 
tetrahydrofuran at —78 0 C followed by addition of metha-
no\-0-d, w-hexyl bromide, tri-n-butyltin chloride, carbon 
dioxide, acetone, or benzophenone gives the N-methyl-6-
substituted 1-cyclohexenecarboxamides 3 in useful yields as 
shown in Table I. Similar results are obtained for the conver
sion of ./V-methyl-1-cyclopentenecarboxamide (4) into the 

Table I. Lithiation and Electrophilic Substitution of 1, 4, 6, and 7 

CONHCH, 
I 

r ^ (J > < 
l , n = 1 
4,n = 0 

2(sec-BuLi)/TMEDA 
*• 

THF, - 7 8 0C 

CONLiCH 

J^ 
[LiJ 

LJIl 

2 

CONHCH, 

2.H2O ( ^ J 
1 . E + 

3, n = 1 
5, n = O 

^'-substituted products 5, also shown in Table I. The dilithiated 
species 2 is the proposed intermediate in these reactions. 

Acyclic cases behave similarly. Thus, (£)-./V-methyl-2-
methyl-2-butenamide (6) and /V-methyl-3-ethyl-2-methyl-
2-pentenamide (7) on treatment with 2.1 equiv of sec-butyl-
lithium-tetramethylethylenediamine in tetrahydrofuran at 
—78 0 C for 15-45 min, followed by reaction with an added 
electrophile, provide the products 8 and 9 in the yields indicated 
in Table I. The formation of isomers 8a-8b and 9a-9b, which 

CONHCH3 CONLiCH, 

^- ' 2(«ec-BuLi)/TMEDA R ^ 

THF, -78 0 C I Li 

R'^ R'" 

6 ,R = R = H 
7, R = CH2CH3; R' = CH3 

l .E* 
2. H , o ' 

8a, R = R' = H 
9a, R = CH2CH3 

CONHCH3 

R- 1 ,E 

R' = CH3 

8b, 
9b, 

R 
R 

Es 
R^ 

= R' 

CONHCH3 

T> 
^ R ' 
= H 

= CPi2CrI3J R = CH-

were separated and characterized in each case, does show the 
lack of regiospecificity often found with allylic organometallics. 
The reaction of 7 is particularly interesting as it demonstrates 
regiospecific metalation even in the presence of a 7 proton 
which is cis to the amide group. 

These results suggest a new direct approach to the synthesis 
of a variety of a,/3-unsaturated carbonyl derivatives. For ex
ample, the lactones 10 and 11 are produced in 52 and 33% 

amide equiv of s-BuLi/TMEDA electrophile product yield," % 

2.1/2.1 
2.1/2.1 
2.1/2.1 
2.7/2.3 
2.1/2.1 
4.5/4.2 
3.3/6.3 
2.1/2.1 

3/8.0 
1/2.1 
1/2.1 
1/2.1 
1/2.1 
1/2.1 

CH3OD 
CH3(CH2)5Br 
(/r-C4H9)3SnCl 

CO2 
(CHs)2CO 
(C6Hs)2CO 

CH3OD 
CH3(CHz)5Br 

(C6Hs)2CO 
CH3OD 

CH3(CH2)5Br 
CH3OD 

(CH3)2CO 
CH3(CH2)5Br 

8a, 
8a, 
9a, 
9a, 
9a, 

3, E = D 
3,E = (CH2)sCH3 

3,E = Sn(M-C4H9);, 
3,E = CO2H 
3,E = COH(CH3)2 
3,E = COH(C6Hs)2 
5, E = D 
5,E = (CH2)5CH3 
5,E = COH(C6Hs)2 

8b, E = D 
8b, E = (CH2)5CH3 
9b, E = D 
9b, E = COH(CHj)2 

9b, E = (CH2)5CH3 

81 (79 c/,) 
58 
49 
42 
62 
59 
44 (98 rfi) 
30* 
53 
11 (96di)c 

78d 

84(67rfi)/ 
55*-* 
5 6 6 ^ 

" Analytically pure material. b The spectral properties for 5 and 9a (E = «-hexyl) are satisfactory but analytical samples have not been 
obtained. c 89:11 8a:8b. d 43:57 8a:8b. ' The amide 7 contains 10% 7V-methyl-3-ethyl-2-methyl-3-pentenamide. /93:7 9a:9b. * 95:5 9a:9b. 
* Contains ~25% 11. ' In addition, 10% TV-hexyl-iV-methyl-amides corresponding to 9a and 9b are obtained. > 23:11 9a:9b. 
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