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The majority of metal-ammonia reactions (Birch reduc- 
tions) do not involve carbon-carbon bond cleavage.2 We have 
recently observed that the photodimers 1:' and 24 are selec- 
tively cleaved to hydrocarbons 3s and 4," respectively, on 
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treatment with lithium or sodium in ether-ammonia. Hy- 
drocarbons 1 and 2 react rapidly and a permanent blue color 
is not observed until after addition of 2 equiv of metal. 

In contrast, hydrocarbons 5' and 6," isomers of 1 and 2, re- 
spectively, are totally inert to the lithium-ammonia cleavage 
reaction under comparable conditions. We attribute this 
spectacular difference in reactivity to a combination of steric 
strain and contiguous benzylic positions in 1 and 2. We have 

recently obtained an x-ray crystallographic ana1ysis;j of hy- 
drocarbon 1,  which shows that the four-membered ring is 
planar and has an elongated bond (1.579 A). Interestingly, it 
is this bond which is cleaved during the lithium-ammonia 
reduction. We have also determined that 78a is inert to Na- 
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NH:, reductive cleavage. Comparison of structures 1,  5, and 
7 suggests that relief of steric strain is involved in the reductive 
cleavage of 1. 

We offer the rationalization shown in Scheme I as an ex- 
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planation for the process and feel that while relief of steric 
strain is important, the availability of a benzylic position to 
stabilize the anion in structure 9 is an essential factor. Base- 
induced cleavage of 1 and 2 without the assistance of a re- 
ductive process is unlikely, since these hydrocarbons are stable 
to strong anhydrous base.8b 

Recent reviews provide a few examples of carbon-carbon 
reductive cleavage.2 The major structural features responsible 
for this effect are vicinal benzylic positions and/or relief of 
strain, as implied above. Whereas 1,2-diarylethanes appear 
to be stable to r edu~ t ion ,~  tri- and tetraarylethanes are known 
to cleave.1° If 10 is considered to be a diarylethane, it should 
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be stable. However, cleavage of the carbon-carbon bond as 
shown indicates that relief of steric strain must be essential.' 
Cleavage of the cyclobutane ring of 11 with sodium to the 
radical anion of acenaphthalene has been established by ESR 
studies.12 

It is of interest that while hydrocarbon 7 is unaffected by 
the Li-NH3 reaction, the diol 1213 is cleaved to tetralin in 
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approximately 25% yield. However, the cleavage of 12 could 
result from a retro-pinacol reaction,2b and hence this may be 
an unfair comparison. Nevertheless, it  serves as a good re- 
minder that predictions of reductive cleavage must be made 
cautiously. 

While the reductive cleavage described for 1 and 2 is useful 
in distinguishing head-to-head and head-to-tail dimers of the 
type shown by 1,2,5, and 6, it  is also useful as a stereospecific 
synthesis of 0,fl-linked hydrocarbon types illustrated by 3 and 
4, which are otherwise difficult to obtain as pure hydrocar- 
bons. Since a single product was obtained in the preparation 
of 3, we assume that the positions 0 to the aromatic rings of 
1 are not involved. This permits the stereochemical assign- 
ment shown for 3, mp 84-85 0C,5 and hence suggests the meso 
configuration for hydrocarbon 13, mp 118-119 OC.14 

Experimental Section 
Li-NH:, Reduct ive  Cleavage of cis,anti,cis-j,6,6a,- 

6b,7,8,12b,12c-Octahydrodibenzo[a,i]biphenylene (1) to l , l ' , -  
2,2',3,3',4,4'-0ctahydro-2,2'-binaphthyl (3). To a solution of 2.0 
g (7.2 X lo-'{ mol) of l,;{ mp 71-72 "C, in 10 ml of dry ether and 50 ml 
of ammonia was added 0.11 g (1.57 X lo-? g-atom) of lithium in small 
pieces. After addition, the blue color persisted. After 1 h, the reaction 
was quenched with anhydrous ammonium chloride, ammonia was 
allowed to evaporate, and 200 ml of water was added to the residue. 
The reaction mixture was extracted (ether, 3 X 100 ml) and the or- 
ganic layer was washed with 50-ml portions of 10% sulfuric acid, 
Claisen's alkali,"' and water. The ether layer was dried (MgSO,) and 
concentrated to give 1.95 g of a crystalline product, mp 73-78 "C. GC 
analysis17" of the product showed less than 2% of unreacted 1 and a 
major peak corresponding to 3.5h Recrystallization of the crude 
product from isohexane gave 1.2 g (60% yield) of white needles, mp 
84.5-85 "C. A second crop of 0.5 g of less pure material was obtained 
by concentration of the mother liquor. The total yield was 85%. The 
product had an identical 'H NMR spectrum and undepressed melting 
point on mixing with a known sample of 3."> 

Li-NH:j Reductive Cleavage of 4b&4ca,9,9acu,9bfi,lO-Hex- 
ahydrocyclobuta[ 1,2-a:4,3-af]diindene (2) to  2,2'-Biindanyl (4).  
To a solution of 1.0 g (4.3 X IO-.' mol) of the photodimer 2,4 mp 110 
"C, in 10 ml of ether and 50 ml of ammonia was added 0.65 g (9.3 X 
lo-:! g-atom) of lithium. The reaction and product isolation was car- 
ried out as described above to give 1.0 g of a solid. GC analysis';'' ol' 
this solid showed a major peak and no unreacted 2. Recrystallization 
of the product from acetone gave 0.8 g (80% yield) of white crystals 
of 4: mp 165-167 O C  (lit.fia mp 165-166.5 "C); 'H  NMR (CDClJ 6 7.10 
(m, 8, ArH), 3.20-2.90 (m,  4, ArCHg), 2.83-2.30 (m, 6,ArCH?CH); 
mass spectrum (70 eV) mle 234. 

Hydrogenation of 1,1',2,2',3,3',4,4'-Octahydro-l,l'-binaph- 
thyl-1,l'-diol (12) to  1,1',2,2',3,3',4,4'-Octahydro-l,l'-binaphthyl 
(7). A solution of 15 g (0.051 mol) of the pinacoll2I," in 500 ml of acetic 
acid and 1.5 g of 10% Pd/C was shaken in a Parr hydrogenation vessel 
under a 50-psig hydrogen atmosphere at  60-70 "C for 43 h. The re- 
action mixture was filtered and concentrated under reduced pressure. 
The crude hydrogenation product was purified by chromatography 
on basic alumina using isohexane. The combined hydrocarbon frac- 
tions were distilled using a Kugelrohr apparatus a t  160-170 "C (0.2 
mm) to give 3.5 g (0.013 mol, 26% yield) of a clear, colorless 
'H NMR (CDC1:j) 6 7.31-6.86(m,8,ArH),3.72-3.20 (m,2,ArCH),2.65 
(t,  4, ArCH?), J .- 4 Hz, and 2.13-1.04 (m, 8, ArCH2CHZCH.J; mass 
spectrum (70 eV) mle 262. 

Reaction of 12 with Sodium-Ammonia. A solution of 0.8 g (0.0027 
mol) of 12, mp 185-189 "C (lit.13 mp 191 "C), in 50 ml of T H F  was 
added to a solution of 50 ml of ammonia and 0.5 g (0.22 g-atom) of 
sodium. After 1 h, the reaction was quenched by addition of solid 
ammonium chloride and the products isolated as previously described. 
The resulting oil was analyzed by GC"' and shown to contain 25% 
tetralin. 
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It  has been reported that a mixture of (CH:I)Li and Li- 
Cu(CH& provides unusually stereoselective methylation of 
4-tert-butylcyclohexanone compared to CH3Li alone.' It was 
suggested that a highly reactive cuprate having the stoichi- 
ometry LiZCu(CH3)a or LisCu(CH3)d is formed when CH:ILi 
and LiCu(CHd2 are allowed to react and that reaction of these 
species with the ketone would explain the observed results. 
We have recently obtained direct evidence for the existence 
of LiCu2(CH& and Li&u(CH& in both dimethyl ether and 
tetrahydrofuran and indirect evidence for the species 
Li&u3(CH3)5 and Li&u(CH& in diethyl ether by low-tem- 
perature NMR.2 All of the cuprates appear to be single species 
in solution except Li&u(CH& which has been shown to exist 
as an equilibrium mixture. Since LiCu(CH3)2 has proven to 
be an excellent conjugate methylating agent for a,p-unsatu- 
rated carbonyl compounds, it was considered to be important 
to evaluate these new cuprates as conjugate methylating 
agents. 

LiCu(CH& + CHaLi * Li&u(CH:& (1) 

Six enones (I-VI) were chosen to react with LiCu(CH:I)2, 
LiCu*(CH&, and Li*Cu(CH& in T H F  and LiCu(CH:j)?, 
Li&uS(CH3)5, and LiZCu(CH3)3 in Et20 solvent. The results 
of these reactions are shown in Tables I and 11. In THF solvent 


