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4-Spiro[cyclopropanecholestan-3~-ol] (9). A solut ion o f  51 m g  
(0.12 mmol)  of 14 and 25 m g  (0.68 mmol) of N a B H 4  in 25 mL o f  
methanol was st irred a t  room temperature for 1 h. Concentrat ion in 
vacuo and an ether workup afforded 50 m g  o f  white solid. Preparative 
TLC (2:l hexane-ether) !gave 48 mg (94%) of 9 and recrystallization 
from methanol gave 39 m g  (76%) of pure 9 as si lky needles: mp 
173-174 "C; IR 3400 cm-l; NMR 6 0.68 (s, 3, H ~ C ~ S - ) ,  0.84 (s, 3, 
H:ICI~-),  and 3.5-3.9 ppn i  (bm, 3aHZ5); M+ mle 414.3955 (calcd for 

Anal. Calcd for C29H5(10: C, 83.99; H, 12.15. Found: C, 84.08; H, 
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The  Synthesis of Functionalized Tetrasubsti tuted 
Olefins. Calcium Amalgam-a Novel Reducing Agent 

Summary: A general synthesis of symmetrical and unsym- 
metrical functionalized tetrasubstituted olefins is de- 
scribed. 

Sir: In 1971 a synthesis of  tetrasubstituted olefins was de- 
scribed which is noteworthy for its simplicity and which gives 
pure symmetrical and unsymmetrical olefins in high yields.' 
Since then several other very useful procedures for the syn- 
thesis of tetrasubstituted olefins have been r e p ~ r t e d . ~ - ~  
However, except for two methyl ethers, none of the olefins 
prepared by these procedures contains a functional group. We 
now describe a simple method for the synthesis of symmetrical 
and unsymmetrical tetrasubstituted olefins bearing cyano, 
keto, ester, and ether groups. A further point of interest is the 
use of a novel reducing agent-calcium amalgam. 

In our earlier olefin synthesis' vicinal dinitro compounds 
were treated with sodium sulfide (or sodium thiophenoxide), 
eq 1. Attempts to extend the reaction of eq 1 to the synthesis 
of functionalized olefins soon revealed that neither sodium 

sulfide, nor sodium thiophenoxide, was likely to prove satis- 
factory.8 In contrast, amalgamated calcium, which is readily 
available and inexpensive? is effective in bringing about 
elimination of vicinal nitro groups without attacking other 
functions. Equation 2 is illustrative. 

NO 
I -  

CH,-C- CH,CH,COOCH, 

CH2CHjCOOCH3 
I 

CH,-C- 
I 

NO2 
I 

Ca,Hg CH,-C-CHjCHLCOOCH, 

"' CH,-C-CH,CH,COOCH, 
- I1 (2) 

I1 84% 
Table I lists the olefins obtained from vicinal dinitro com- 

pounds by the action of calcium amalgam. It should be noted 
that yields refer to pure, isolated, products which, when the 
possibility exists, contain both the cis and trans forms. Also, 
the yields of unsymmetrical olefins are lower than for the 
symmetrical compounds because the unsymmetrical dinitro 
compounds employed were not fully purified. 

The general procedure is illustrated by the preparation of 
nitro ester (I) and its conversion to the olefin (11). Lithium 
methoxide (1.52 g, 40 mmol) in 40 mL of DMF is allowed to 
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Table I. Olefins Synthesized from Vicinal 
Dinitro Compounds 

Olefin ?6 yield 
CH,-C-CH CH.CN 

CH,-C-CH C H L N  
CH -C-CH CH C 0  CH, 

CH -C-CH CH C 0  CH, 

II 

II 
0 
II 

I1 

CH,-C-CH CH -C-CH 

CH -C-CH CH.-C-CH, 
I1 

0 
CH CH --C-CH.OCH 

CH,CH -C-CH-OCH 
II 

87 

84 

77 

78 

7 1  

66 

68 

65 

86 

react for 15 min a t  room temperature with 6.44 g (40 mmol) 
of methyl 4-nitr~pentanoate.'~ The resulting solution is cooled 
to 0 "C, 5.08 g (20 mmol) of I2 in 30 mL of cold DMF is added 
in the course of ca. 15 min, and the system is then brought to 
room temperature and held there for 2 h; stirring and a ni- 
trogen atmosphere are maintained throughout. The reaction 
product is poured into 600 mL of water and repeatedly ex- 
tracted with benzene-ether (1:l). The extracts are washed 
with water and dried, and the solvents removed under reduced 
pressure. The resulting pale yellow, viscous, residue (6.44 g) 
crystallizes on standing overnight; mp 51-77 "C. Recrystal- 
lization from methanol at -5 "C gives 5.38 g (84% yield) of 
colorless crystals, mp 71-84 "C. This is analytically pure 1;" 
its NMR spectrum, (CDCls) 6 1.60 and 1.65 (2s,6 H), 2.0-2.90 
(m, 8 H), 3.70 (s, 6 H), is consonant with the view that it con- 
sists of roughly equal proportions of the dl and meso forms. 

A mixture consisting of 0.64 g (16 mmol) of calcium shotg 
and 10 mL of hexamethylphosphoramide (HMPA) is stirred 
vigorously under argon and then a solution of mercuric chlo- 
ride (1.35 g, 5 mmol) in 2 mL of DMF and 10 mL of HMPA is 
added rapidly. The temperature rises to ca. 40-50 "C, but soon 
drops back and the initially formed grey mixture, after 30 min, 
becomes black. The reaction flask is cooled in ice for 15 min 
and then the dinitro compound I (3.20 g, 10 mmol) is added 
without opening the system. After 1.5 h the ice bath is re- 
moved and the reaction is allowed to proceed a t  room tem- 
perature; TLC monitoring reveals that  it is complete in 45 h. 
(With keto compounds the reduction is conducted entirely at  
0 "C.) 

The reaction mixture is poured into ice-water and extracted 
with ether-benzene (1:l). The extracts are washed with ice- 
water and dried, and the solvents are removed under reduced 
pressure. The residue (1.94 g) on short-path distillation [bath 
70 "C (0.15 mm)] gave 1.92 g (84% yield) of analytically pure 
11" as a mixture of a colorless oil and white crystals which melt 
from 48 to 54 "C. That this consists of the cis and trans isomers 
of dimethyl 4,5-dimethyl-4-octenedioate is clear from the 
elemental analysis and the NMR and IR spectra. 

The requisite unsymmetrical vicinal dinitro compounds are 

readily obtained by treating a nitroparaffin salt with an 
cup-dinitro compound,' e.g., as in eq 3. 

yo* YO2 
I 1 L d X H  I 
I 

CH,-C-CH,CH,CN CHj-C- 

H 

The precursors of the ether functionalized olefins were 
prepared from 2-nitro-1-butene (eq 4).lZ 

NO.> 
1 -  

CH,CH,C= CH, 

'&OH 1 LiOCH, 
0-25°C 

NO1 
I I I I 

CH,CH*-C-CH,OCHj 3 CH CH,-C-CH,OCH, 
I 
I 

CH ,CH2-C-CH-OCH, o - a o c  0:; 1 Me SO 25°C 

YO. I 
NO 1 

1 -  
CH ,-cH,-$-cH~ocH, 

85% overall 
(4) 

7 4 %  overall 

This synthesis of functionalized olefins involves the re- 
ductive elimination of nitro groups. Its success appears to 
derive from the fact that of all the common functional groups 
the nitro group is most readily induced to accept one elec- 
tron;13J4 this, coupled with the use of a mild reducing agent, 
provides the observed selectivity. 
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