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ratio, 10.0) were recovered. The keto alcohol 14a 
was oxidized18 to the 26-aldehyde 14b and de-
carbonylated19 to 14C4-25-3H-26-norcholestenone (14c) 
(specific activity 4.37 X 105 dpm/mmol of 14C; 3H: 14C 
ratio, 11.9). 

The decreased (16.6%) specific activity and parallel 
increase (16.0%) in the 3H: 14C ratio correspond to the 
loss of nearly one 14C atom. It follows that the methyl 
originating from C-2 of MVA was hydroxylated. Since 
4a has the 25R configuration, the 14C5-26-hydroxy-
cholest-4-en-3-one must have the configuration 14a. 
Consequently, cholesterol has the configuration as in 3. 
The geometry at the C-24 double bond of lanosterol1-3 

is that shown in 1. Therefore, the reduction of this 
double bond in rat livers is equivalent to a trans addition 
of two hydrogens, and the methyl originating from C-2 of 
MVA has the 25-pro-S configuration. 

It is noteworthy that hydroxylation of the 25-pro-S-
methyl of cholesterol by M. smegmatis contrasts with 
that in rat livers where the oxygenation of the 25-pro-R-
methyl (originating from 3 ' of MVA) is indicated.5'6 

Also, evidence suggests that the reduction of the A24 

intermediate in the biosynthesis of tigogenin in D. 
lanatai0 differs from that in rat livers. In tigogenin, 
which has the 25R configuration, the methyl originating 
from 3 ' of MVA bears the oxygen function. Con
sequently, the addition of the C-25 proton in D. lanata 
occurs on the opposite side to that in rat liver enzyme 
systems. 
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Base-Catalyzed Rearrangement of 
3-Bromobicyclo[3.2.1]octa-2,6-diene to 
enc/o-6-Ethynylbicyclo[3.1.0]hex-2-ene. 
Possible Intermediacy of a Homoconjugated Carbene 

Sir: 

Bicycloheptadienes such as la undergo rapid proton 
exchange in strongly basic media via the "bishomo-
aromatic"1 anion 2a. We now wish to report that 
lb,2 the 3-bromo analog of la, under conditions which 

(1) (a) J. M. Brown and J. L. Occolowitz, Chem. Commun., 376 
(1965); (b) J. M. Brown, ibid., 639 (1967); (c) J. M. Brown and J. L. 
Occolowitz, J. Chem. Soc, B, 411 (1968); (d) S. Winstein, M. Ogliaruso, 
M. Sakai, and J. M. Nicholson, / . Amer. Chem. Soc., 89, 3656 (1967). 
For a review of the concept of homoaromaticity, see (e) S. Winstein, 
Quart. ReD. Chem. Soc., 23, 141 (1969). 

(2) W. R. Moore, W. R. Moser, and J. E. LaPrade, J. Org. Chem., 28, 
2209 (1963). 

la, X - H 2e, X - H 
b ,X-Br b. X-Br 
c, X - Cl c, X = Cl 

should form the bromoanion 2b (potassium /-butoxide 
in DMSO at room temperature), is immediately trans
formed into a new product (29 % isolated yield; >99 % 
pure) in an unusual and deep-seated rearrangement. 

The reaction product exhibits acetylenic carbon-car
bon and carbon-hydrogen absorptions in the infrared 
(2130 and 3320 cm -1). After purification by vpc, its 
mass spectrum shows a parent peak at m/e 104, corre
sponding to overall loss of HBr, with abundant peaks 
at m/e 103, 91, 78, and 63. That the structure of this 
new material is encfo-6-ethynylbicyclo[3.1.0]hex-2-ene 
(3) is strongly suggested by its proton nmr spectrum.3 

At 220 MHz, signals for eight nonequivalent hydrogens 
are observed. The acetylenic hydrogen (Ha) is a sharp 
doublet (J = 2 Hz) at 347 Hz downfield from tetra-
methylsilane (TMS). Cyclopropyl proton Hb appears 
at 335 Hz as a doubled triplet, coupled to Hc and Hd 

(7 = 6 Hz) as well as Ha. The resonance at 390 Hz for 
Hc is a broadened quartet due to coupling of similar 
magnitude ( 7 = 6 Hz) with Hb, Hd, and Hf and that at 
480 Hz (Hd) a slightly doubled ( 7 = 2 Hz) triplet. He 

(510 Hz) and Hf (560 Hz) are coupled to one another 
(J = IS Hz); the latter doubled again by coupling (7 
= 6.5 Hz) to H0. The two vinyl hydrogens appear as 
complex and overlapping signals at 1222 and 1228 Hz 
downfield from TMS. 

Assignment of structure 3 to the rearrangement prod
uct is confirmed by an independent synthesis of the 
material. Irradiation (X >3000 nm) of diazopropyne4 

in the presence of cyclopentadiene gives two major 
products (ratio ~ 1 :1 ) which are separable by vapor 
phase chromatography on a 10 ft X 3A in. column 
packed with 10% UCC-W98 on 60-80 Chromosorb P 
operated at 120°. On the basis of spectral and analyti
cal data and by analogy with other propargylene addi
tions4 these materials are assigned the 6-ethynylbicyclo-
[3.1.0]hex-2-ene structure. One product has nmr and 
ir spectra identical with 3. The other has exo stereo
chemistry (4), an assignment made on the basis of the 
lower coupling constant between Hb and Hc or Hd (J 
= 2.5 Hz).6 

(3) Nmr spectra were determined on a Varian Model HR-220 spec
trometer. 
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CHssC—CHN2 C H = C - C H : 

HK^ X = C H 3 

3 + 

In experiments aimed at the elucidation of the mech
anism of this reaction, we have made the following ob
servations. (1) Chlorodiene Ic9 is completely unreac-
tive in 10% DMSO-THF (conditions which convert lb 
to 3) but does produce 3 in a much more basic medium 
(0.29 M KOf-Bu in pure DMSO at room temperature). 
It is not likely that this substantial rate difference is due 
to decreased acidity of the hydrogen at C-4 (bromo-
and chloroacetic acid have identical p.Ka's and Br a 
slightly lower electronegativity than CF), and therefore 
must be interpreted to mean that carbon-halogen bond 
cleavage occurs in the rate-determining step of the reac
tion. (2) We have prepared optically active lb ([a]25D 
+ 83.1° (c 0.0343, CHCl3)) by asymmetric hydrobora-
tion of the racemic material using a deficiency of iso-
pinocampheylborane8 followed by recovery of excess 
bromodiene. When carried to ca. 60% conversion to 
3 in KO-J-Bu-DMSO-THF, recovered lb had lost 
99.8% of its optical activity and 3 was produced with no 
detectable rotation (O]25D 0.00° (c 0.0368, CHCl3)). 
This demonstrates that rapid, reversible deprotonation-
reprotonation of lb occurs (presumably through anion 
2b) at a rate substantially greater than that of rearrange
ment. (3) We have synthesized the p-toluenesulfonyl-
hydrazone (5) of tetracyclo[3.2.1.02'704-6]octan-3-one9 

and examined the products of its decomposition in 
0.926 M NaOCH3 in tetraglyme at 165°. On the basis 
of a large number of precedents,10 these conditions 
should be sufficient to convert 5 to the corresponding 
diazo compound 6 and thence to the carbene 7a. The 
volatile product formed in this reaction (38 % yield) is 
identical with the rearrangement product 3. 

We feel that the mechanism most consistent with these 
observations is that illustrated in Scheme I. A rapid 
preequilibrium between bromodiene lb and homocon-
jugate anion 2b is established, followed by rate-deter
mining loss of bromide ion to produce neutral inter-
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G. Zweifel, ibid., 86, 1071 (1964), and references cited therein. 

(9) (a) N. A. Le Bel and R. N. Liesemer, ibid., 87, 4301 (1965); (b) 
J. Meinwald and G. P. Wahl, Jr., Chem. lnd. (London), 425 (1965); 
(c) P. K. Freeman and D. G. Kuper, ibid., 424 (1965). 

(10) (a) H. J. Bavless, L. Friedman, F. B. Cook, and H. Shechter, 
ibid., 90, 531 (1968), and refeiences cited there; (b) R. H. Shapiro, 
J. H. Duncan, and J. C. Clopton, ibid., 89, 471 (1967); (c) W. Kirmse, 
"Carbene Chemistry," Academic Press, New York, N. Y., 1964, pp 
47-51. 

mediate 7. This intermediate then undergoes cleavage 
to 3, a reaction typical of cyclopropyl methylenes.11 

Scheme I 

t-BuO' 

Br *i: BuOH 

3+ Br" 

The most adequate representation of 7 is structure 7c, 
which illustrates the basis set of carbon atomic orbitals 
making up the six-electron pseudo-7r system. The 
rigidity of this structure undoubtedly enforces the sta
bilizing12 C-2,C-7 and C-4,C-6 interactions (as it does 
in anions 2a and 2b; hence the term "homoconjugated 

carbene"), and in addition probably prevents very much 
rotation about the C-2,C-3 or C-3.C-4 bonds, a move
ment which would be necessary to convert 7 to the 
highly distorted cyclic allene 8. 

Experiments are under way aimed at obtaining direct 
information concerning the structure and lifetime of 7, 
as well as examining other aspects of carbene homocon-
jugation. 
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