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Reduction of 3,4-Bisdiphenylmethylene-l,2-dibrornocyclobutene by Sodium 
€3 orohydride 

By FUMIO TODA,* MASAHIRO HIGASHI, and KATSUHIKO AKAGI 
(Department of Chemistry, Faculty of Engineering, Ehirne University, Matsuyama 790, Japan) 

Surnwaiy The endo-double bond of the title compound is 
reduced on treatment with sodium borohydride in 
alcohol. 

NO sodium borohydride reduction of carbon-carbon double 
bonds has been reported, except where the double bond is 
conjugated with a carbonyl group.1 We now report sodium 
borohydride reduction of the endo-double bond of the title 
compound (I). 

Heating (I)2 and sodium borohydride in alcohol for 1 hr. 
afford cd 3,4-bisdiphenylme thylene- 1 -bromo-cyclo bu tene 
(111) in quantitative yield as colourless leaflets [ni.p. 172- 
173"; Amax (CHCl,) 285 (25,500) and 315 sh nm. ( E  17,300); 
n.m.r. (CDCI,) 2-67 (m, Ph, lOH), 2.80 (s, =CH, lH),  and 
3.15 (m,  Ph, 10H)I. The reaction can be interpreted by 
assuming that the dihydro-derivative (11) is an intermediate. 

Boiling ;t mixture of (I), zinc powder, and acetic acid for 
30 nj in. afforded 1,2-bisdiphenylmethylenecyclobutene 
(IV) in quantitative yield as colourless needles [m.p. 182"; 
Amax (CHCI,) 280 (30,800) and 305 sh nm. ( E  24,600) ; n.m.r. 
(CDCl]) 7 2.68 (s, Ph, lOH), 2-94 (s, =CH, 2H), and 3.16 
(m, PIi, 10H)I. Further structural evidence for (IV) was 
provided by photo-oxidation in benzene to 2,3-bisdiphenyl- 
niethylenebutanedial (V) in 70% yield as pale yellow rhombs 
[m.p. 208.5"; Amax (CHCI,) 300 (16,100) and 335sh nm.(E 
11,600); Vmax (CHCI,) 2870 and 2750 (CHO), 1670 and 1655 
(CO), and 1580 and 1555 cm.-l (C=C) ; n.m.r. (CDC1,) 7 0.45 
(s, CHO, 2H) and 2-90 (rn, Ph, ZOH)]. Addition of bromine 
to (IV) in chloroform a t  room temperature yielded 3,4-bis- 
diphenylniethylene-l,2-dibromocyclobutane (11) (82%) as 
pale j-ellow rhombs [m.p. 145-146"; Amax (CHCI,) 262 
(24,500) and 378 nm. ( E  14,500); n.m.r. (CDCI,) T 2.64 (s, 
Ph, lOH), 3.12 (s ,  Ph, IOH), and 4.78 (s, CH, 2H)l. Martinet 
and Doupeux have reported3 only a singlet signal a t  r 4.87 
for (I1 I (1n.p. 143-144") prepared by the thermal dimerisa- 
tion of 3-bromo- 1,l-diphenylpropadiene. 
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When (11) was heated in alcohol with potassium hydroxide 
for 5 min., (111) was produced quantitatively; hence, the 
reaction of (I) with sodium borohydride yielding (111) may 
proceed via (11). Further evidence for the intermediacy of 
(11) was obtained by the following experiment : the product 
obtained by sodium borohydride reduction of (I) in C,H,OD 
(99%) was shown to be a mixture of 60% (111) and 40% 



1220 CHEMICAL COMMUNICATIONS, 1969 

[2HJ-(III) by quantitative analysis of the signal of olefinic 
proton at  T 2-80. This is the first observation of sodium 
borohydride reduction of carbon-carbon double bond. It is 
not unreasonable to consider that the contribution of cyclo- 
butadiene dication (1’) to the resonance of (I) favours 

reduction by hydride ion. The overall reaction of (I) with 
sodium borohydride to (111) also represents a novel reduc- 
tion of viiiylic bromide to olefin. However, neither (111) nor 

(IV) was reduced by sodium borohydride under the same 
reaction conditions employed for (I). 

The reaction of (I) with zinc in acetic acid yielding (IV) 
can also be interpreted as reduction followed by debromina- 
tion, since the heating (11) with zinc in alcohol readily 
afforded (IV). The same treatment of (111) with zinc in 
acetic acid yielded (IV). A possible mechanism is the 
dehydrobroinination of (VI) produced by the reduction of 

On the other hand, the hydrogenation of (I) over Raney 
nickel at room temperature afforded I., Z-bisdiphenyl- 
methylenecyclobutane as colourless needles [m.p. 180” ; 
n.m.r. (CDC1,) T 2.89 (s, Ph, lOH), 3-30 (s ,  Ph, lOH), and 
7.1 6 (s ,  CH,, 4H) and 2,3-bisdiphenylrnethylenebutane as 
colourless needles [m.p. 151”; n.m.r. (CDCl,) T 3.00 (m, 
Pli, 20H) and 8.04 (s ,  CH,, GH)] in various yields depending 
on the reaction condition employed. 
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