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Table 11. Synthesis of Conjugated Enynea via Terminal 
Alkenylcopper Coupling to 1-Bromo-1-hexyne 

alkenylborane 

B-[( 1E)-1-hexen- 

B-[( lE)-3 ,3-dimethyl -  

B-[( lE)-l-(  5-chioropenten)- 

l-yl1-9-BBN 

1-buten-l-yl1-9-BBN 

l-yl]-9-BBN 

GC 
yield,b 

product" % 

(5E)-5-dodecen- 9 3  

(3E)-2,2-dimethyl- 90 ( 8 1 )  

(4E)- l -chloro-4-  98 ( 7 5 )  

7-yne 

3-decen-5-yne 

undecen-6-yne 

Satisfactory 'H NMR, I3C NMR, IR, and exact  mass 
Iso- spectral analyses were obtained for  all products. 

lated yields in parentheses refer to analytically pure 
material. 

"C. The reaction was quenched by the addition of 5 mL 
of 1 N HC1. The organic phase was then transferred via 
a double-ended needle to a separate flask and the re- 
maining aqueous phase was washed with three 5-mL 
portions of Ego. The volatiles were removed in vacuo (60 
mmHg) from the combined organic extracts and 25 mL 
of pentane was added. This was followed by the addition 
of 1 mL of ethanolamine, which precipitated the borane 
byproduct formed in the reaction. The resulting slurry was 
centrifuged, and an aliquot was taken from the supernatant 
and analyzed by GC. There was present 90% (33)-2,2- 
dimethyl-3-decen-5-yne, >97% pure. The product was 
isolated in the following manner. After the supernatant 
was removed from the solid, the solution was washed with 
water and then dried over MgS04. The pentane was re- 
moved in vacuo and the product was distilled [bp 62-64 
"C (1.7 mmHg)] to provide 1.30 g (81%) of a clear, colorless 
liquid, which was analytically pure by GC analysis: nmD 

(dt, J = 16, J = 2 Hz, 1 H), 2.4-2.0 (m, 2 H), 1.8-1.2 (m, 
4 H), 1.01 (s, 9 H), 1.0-0.7 (m, 3 H); 13C NMR (CDC1,) 6 
153.06,105.90,88.76,79.48,33.72,31.25,29.25,22.12,19.19, 
13.63; IR (neat) 2230, 1785, 1465, 1365, 1270, 1200, 1165, 
965 cm-'; exact mass spectral analysis calculated for C12Hm 
164.156, found 164.156. 

Thus, alkenylcopper intermediates generated from B- 
alkenyl-9-BBN readily undergo cross-coupling with 1- 
halo-1-alkynes in a highly stereospecific manner. A con- 
venient workup procedure allows the isolation of crude 
products, >95% pure, in nearly quantitative yields. 
Analytically pure products are obtained upon simple 
distillation. The stereochemistry of the conjugated enyne 
is predefined by the stereochemistry of the starting alke- 
nylborane. The mildness of the method promises to permit 
the use of a variety of sensitive functional groups. At the 
present time, we are exploring the extension of this reac- 
tion to other, perhaps more versatile, alkenyldialkylboranes 
and the use of the reaction in the synthesis of various insect 
pheromones. 

1.4666; 'H NMR (CDC13) 6 6.09 (d, J = 16 Hz, 1 H), 5.35 
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Synthesis of Methylenecycloalkanes from 
Cycloalkenes via Borane Chemistry 

Summary: B-(Cycloalkylmethyl)-9-BBN derivatives, now 
readily available through the homologation reaction,' are 
convenient substrates for the synthesis of exocyclic 
methylene compounds. The method appears to be general. 
Moreover, since the synthesis proceeds from the cyclo- 
alkene, it provides a valuable alternative to the customary 
methylenation of carbonyl compounds by the Wittig and 
related procedures. The method also provides a clean 
synthesis of deuterium-labeled compounds without posi- 
tional scrambling or loss of label. 

Sir: The scope and utility of the phosphorane route to 
exocyclic olefins is well documented.2 The method does 
have limitations, however, and several workers have pro- 
posed alternatives to overcome problems, such as steric 
hindrance, enolization, and epimeri~ation.~ 

Midland and co-workers have recently shown4 that B- 
alkyl-9-BBN derivatives undergo a facile reaction with 
aldehydes to generate olefins (eq 1). This reaction, cou- 

pled with our recently developed synthesis of B-(cyclo- 
alkylmethy1)-9-BBN derivatives1 via carbonylation-re- 
duction, provides an alternative method for methylene- 
cycloalkane synthesis (eq 2). 

R = H, alkyl 

The method is limited to those substrates which hy- 
droborate regioselectively (or which are symmetrical), but 
the high stereospecificity of the reaction of 9-BBN with 
olefins should provide compounds unavailable by other 
methods. 

Thus, B-(cyclopentylmethyl)-9-BBN reacts with benz- 
aldehyde in refluxing THF with a half-life of less than 10 
min to give a 75% yield of methylenecyclopentane (eq 3). 

7 5% 
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The reaction is aided4 by the rate acceleration of the 
tertiary 0-hydrogen common to these substrates. In ad- 
dition, we have noted a moderate increase in rate when 
the reaction is performed under neat conditions. The 
absence of solvent greatly assists the isolation of the 
products, particularly important for the more volatile cases. 

Thus, treatment of crude [trans-(2-methylcyclo- 
pentyl)methyl]-9-BBN with 1 equiv of benzaldehyde, 
followed by bulb-to-bulb distillation in vacuo, provides 
2-methylmethylenecyclopentane in an overall yield of 65% 
(eq 4). 

I I 

6 5% 

The clean stereospecificity of the process is demon- 
The isomeric strated by the following example (eq 5 ) .  

[ a I z 1 ~  -48.8 

purity was 100% within the limits of detection by I 3 C  
NMRa5 Methylenation of isopinocamphone, on the other 
hand, would undoubtedly result in serious epimerization 
(under basic conditions) or rearrangement (under acidic 
conditions). 

The method also appears to be well suited to the prep- 
aration of deuterium-labeled compounds, using the rela- 
tively inexpensive lithium aluminum deuteride as the sole 
source of deuterium. Although methods do exist for the 

( 5 )  3: NMR (CDC13, MelSi) 149.9, 110.2, 46.9, 42.0, 40.3, 39.4, 36.2, 
34.0, 27.8, 22.1, 21.2. 

Communications 

synthesis of methylene-dz-cycloalkanes,2b~ze*6 these are all 
low yield and/or cumbersome. The Wittig method itself 
leads to loss of label and ~ c r a m b l i n g . ~ ~ * ~ " ~ ~  

Our method provides a good yield of isotopically pure 
product. Thus, when B-(2-methylcyclopentyl)-9-BBN is 
carbonylated [Li(MeO),AlD], reduced (LiAlD4), and re- 
acted with benzaldehyde, a 52% isolated yield of 2- 
methylmethylene-d2-cyclopentane is obtained (eq 6). 
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