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2013 s cm - 1 ) characteristic of /rarW-bis(organotin)tetra-
carbonylosmium compounds.1 '29 '30 

Cleavage of most of the trimetalide was accomplished 
with anhydrous HCl in CH2Cl2 ( - 1 5 ° , 30 min). The in
frared spectrum of a hexane solution of the pale yellow resi
due, after removal of the solvent and excess HCl under vac
uum, was essentially identical with that of 1 and indicated a 
yield of 35%.31 Removal of the solvent and volatile by-prod
ucts under vacuum at 40° and recrystallization from meth
anol gave pure 1(18 mg, 17%) identified by infrared spec
troscopy, melting point, and undepressed mixture melting 
point with an authentic sample.1 

In a similar fashion, the coupling scheme was carried two 
steps beyond 7 to synthesize the analogous pentametalide. 
The residue from HCl cleavage contained two major high 
molecular weight components by GPC analysis.32 The 
smaller of these was collected and identified as 1 by reten
tion volume and ir spectrum. The larger (also collected) 
gave a mass spectrum with the highest observable multiplet 
peak centered at m/e 1316 ± 2 which probably arises from 
loss of a butyl group from the molecular ion of [ClSn-
Bu2Os(CO)^2SnBu2 .3 3 Further characterization of this 
component is in progress. The presence of 1 in this mixture 
suggests that some of the resino-trimetalides may be dou
bly attached and/or physically inaccessible. The sharp drop 
in the level of substitution from 5 to 7 favors the latter. Ex
periments in progress are designed to eliminate both poten
tial problems and to extend the method to other multifunc
tional organometallics. 
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Methylcopper Induced Coupling of 
Dialkenylchloroboranes. A New Procedure for the 
Stereoselective Synthesis of (E^isM^-Dienes 

Sir: 

Dialkenylchloroboranes (1), readily available through 
the reaction of acetylenes with chloroborane-ethyl ether-
ate,1 react rapidly at 0° with 3 molar equiv of methylcopper 
to produce (E1E)- 1,3-dienes (2) in excellent yields (eq 1). 

RC=CR' 
R R' 

BH,ci ^y ^ B C i 3CHaCu 

R R' 

/ C = C \ / H 

H / C = C \ (1 ) 

^r R 

The stereochemical purity of the product is >99%. The pre
sent reaction, therefore, provides a facile and stereoselective 
transformation of acetylenes into the corresponding (E,E)-
1,3-dienes and can even be extended to the accommodation 
of a functional group. 

A number of metal salts react with organoboranes,2 and 
such transmetalation reactions appear to hold promise for a 
noncarbanionic route to organo transition metallics.3 Dur
ing these investigations, we have discovered that methylcop
per is a highly efficient coupling agent for dialkenylchloro
boranes. The results are summarized in Table I. 

To achieve the nearly quantitative conversion of borane 
into diene it was essential to utilize 3 molar equivalents of 
CH3CU as shown in Table II. Further increase of CH3Cu 
did not exercise a significant influence on the yield. The 
reaction was quite rapid at 0°; the addition of the borane to 
CH3Cu in ether caused an instantaneous change of color 
from yellow to black. The GLPC analysis after 5 min re
vealed formation of the diene in 70% yield. In contrast to al-
kenylboranes, trialkylboranes and dialkylchloroboranes 
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Table I. Reactions of Dialkenylchloroboranes with CH3Cu" 
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Entry 

1 
2 
3 

4 

5 

6 

7 

8 

9 

Acetylene 

n -C4H9G^CH 
K-C4H9C=CH 
C2HgC=CC2Hg 

W-C4H9CsCH 
C2H5CsCC2H5 

PhCsCPh 

CH3CH(CH3)(CHj)2 

CsCH 

/ \ — C = C H 

Cl(CHj)3OaCH 

H 3 C O 2 C ( C H J ) 8 C S C H 

Product6 

(SEJE)-S ,7-Dodecadiene 
(5EJE)S ,7-Dodecadiene 

4,5-Diethyl-(3£,5£)-
3,5-octadiene 

4-Ethyl-(3£',5£>3,5-
decadiene 

1,2,3,4-Tetraphenyl 
(l£',3£')-l,3-butadiene 

2,ll-DimethyH5EJE)-
5,7-dodecadiene 

1,4-Dicyclohexyl-( 1E.3E)-
1,3-butadiene 

1,10-DiChIOrO-(^1Sf)-
4,6-decadiene 

1,20-Dicarbomethoxy-(9£\ 1 IE)-
9,11-eicosadiene 

Yield f % 
(by isoln) 

93 (72) 
60« 

100 

64/ 

(32)" 

94 

71 ' 

100 (70) 

(42)« 

Isomeric 
purity, % 

I00 d 

100<* 
100d 

99? 

100" 

99? 

99? 

100<* 

99? 

"Dialkenylchloroboranes (10 mmol), except where otherwise indicated, were added to CH3Cu (30 mmol) in ether at 0°, and the resultant 
mixture was kept at 0° for 1 hr! An excess (40%) of the 1-alkyne was required to achieve a high yield of the dialkenylborane.' ^Satisfactory 
NMR, ir, and elemental analysis data were obtained for all new compounds. c By GLPC, based on the alkenyl group of the borane. # Deter
mined by GLPC (SE-30) using authentic samples of (E,Z) and/or (Z1Z)-1,3-dienes. «Disiamylborane (10 mmol) was utilized./The mixture 
of bis(l-hexenyl)chloroborane (6 mmol) and bis(3-hexenyl)chloroborane (5 mmol) was treated with CH3Cu (33 mmol). The symmetrical 
dienes were also obtained. ?By 1H NMR spectra. "The yield is that of the recrystallized material. The purity was determined from its melting 
point and 1H NMR spectrum. 'The alkenylborane wa&.utilized without purification directly after the hydroboration.' 

Table II. Yield of 5,7-Dodecadiene vs. the Amount of CH3Cu" 

Bis(l-hexenyl)- CH3Cu 
chloroborane (mmol) (mmol) Yield,6 % 

10 
10 
10 

10 
20 
30 

0 
44 
93 

"Conditions were the same as in Table I. 6By GLPC. 

were inert toward CH3C11.4 The reaction of 1-hexenyldisi-
amylborane also proceeded smoothly, though considerable 
amounts of by-products such as Sia-Sia and «-Bu-
C H = C H - S i a were produced, causing decreased formation 
of the diene (Table I, entry 2). When the reaction was at
tempted by treating bis(l-hexenyl)chloroborane with other 
copper derivatives such as lithium dimethylcuprate, cupric 
salts, or cuprous salts at 0°, small amounts of coupling 
product were detected.5 

Two mechanisms are possible for the reaction: (i) a radi
cal mechanism via an electron transfer,6 and (ii) a transme-
talation leading to formation of the alkenylcopper. The high 
degree of retention of configuration must exclude a "free" 
radical mechanism.7 If simple transmetalation were in
volved, methanol should be produced via the hydrogen per
oxide oxidation of the reaction mixture. None, however, 
was detected. Although the mechanism is not clear at pre
sent,8 the high stereoselectivity, mildness, and high yields 
make the present reaction useful for the synthesis of isomer-
ically pure (E,E)- 1,3-dienes.9 Further work is under way to 
delineate the mechanism and to explore potential applica
tions of the present reaction system in organic synthesis. 

The following procedure for the synthesis of (SEJE)-
5,7-dodecadiene is representative. In a 250-ml flask, 
equipped with a magnetic stirrer and maintained under N2 , 
was placed 11.4 g (60 mmol) of CuI and 20 ml of dry ether. 
Methyllithium in ether (51 ml, 60 mmol) was slowly added 
at 0°, and the resultant mixture (yellow suspension) was 
stirred at 0° for 10 min. Bis(l-hexenyl)chloroborane' (4.8 
ml, 20 mmol) was then added at 0°, and the mixture was 
stirred 1 hr at 0°. Water (20 ml) was added, and the organ
ic layer was separated.10 The aqueous layer was washed 
twice with «-hexane. The combined organic phase was dried 
over anhydrous K2CO3. The solvents were removed, and the 

product, (SEJE)-S,7-dodecadiene, was obtained by distil
lation under reduced pressure: 2.4 g, 72% yield, bp 75-76° 
(3 mm), «25D 1.4640 (lit.9a 1.4635). 
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CH0 

Cu+ 
VC1H, H " 

H ! BCH, 

CH5 
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