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3.31 (m, 2), 4.40 (s, 1) 5.75 (td, 1, J = 11, 5 Hz), 6.14 (s, 3), 6.15 (s, 
3), 6.46 (s, 3) 6.83 (dd, 1, J = 11,4 Hz), 7.14 (s, 21, 7.71 (m, 4), 8.00 
(td, 1, J = 12, 4 Hz); mass spectrum (re1 intensity) 346 (52), 274 
(4), 193 (24), 180 (27), 167 (51), 162 (30), 151 (100). 

Anal, Calcd for C19H2206: C, 65.88, H, 6.40; mle 346 (loo), 347 
(XI), 348 (3.32). Found: C, 65.71; H, 6.36; mle 346 (loo), 347 
(21.1), 348 (3.88). 

Treatment of trimethylcatechinic acid with CHzNz gave a prod- 
uct which was identical by tlc and ir. 

Acetylation of permethylcatechinic acid with NaOAc and AczO 
in benzene gave the acetate as a viscous oil: ir (CHC13) 1735 (s), 
1660 (s), 1605 (s), 1522 (s) cm-l; uv (95% EtOH) 237,252 nm; nmr 
(CDC13) T 3.25 (s, l), 3.35 (m, 2), 4.35 (s, l), 4.46 (m, l), 6.15 (s, 3), 
6.17 (s, 3), 6.49 (s, 3), 6.56 (m, l), 7.14 (s, 2), 7.69 (m), 7.80-8.15 
(m), 8.21 (s, 3); mass spectrum (re1 intensity) 388 (26), 328 (loo), 
313 (7), 299 (12), 193 (46), 180 (25), 151 (60), 137 (22). 

Anal. Calcd for Cz1H2407: mle 388 (loo), 389 (23.3), 390 (4.00). 
Found: mle 388 (loo), 385 (23.7), 390 (4.09). 

Dihydropermethylcatechinic Acid (8). Permethylcatechinic 
acid (50 mg) was hydrogenated for 5 hr at  50 psi with 5% PdlC 
(100 mg) in MeOH (30 ml). Preparative tlc (solvent B) gave 30 mg 
of amorphous product: ir (CHC13), 3620 (w), 3440 (w), 1647 (s), 
1605 (s), 1522 cm-'; uv (95% EtOH) 230, 258 nm; nmr (CDC13) T 
3.30 (m, 3), 4.55 (s, 11, 5.87 (m, 11, 6.16 (9, 3), 6.17 (8, 3), 6.55 (8, 31, 
6.85 (br s), 7.45 (m), 7.9 (m), 8.65 (s, 3); mass spectrum (re1 intensi- 
ty) 348 (34), 193 (7), 181 (121, 179 (26), 164 (13), 151 (loo), 138 
(17). 

Anal. Calcd for C19H2406: m/e 348 (loo), 349 (21.1), 350 (3.32). 
Found: m/e 348 (loo), 349 (21.1), 350 (3.35). 

Acetylation with NaOAc and AczO in benzene gave the diacetate 
as a white solid: ir (CHC13) 1732 (s), 1655 (s), 1608 (s), 1523 (s) 
cm-'; uv (95% EtOH) 233, 255 nm; nmr (CDC13) 7 3.35 (m, 3), 
4.48 (s, l), 4.52 (m, 11, 6.14 (s, 31, 6,16 (s, 31, 6.52 (s, 3), 6.65 (m), 
7.6-8.02 (m), 7.78 (9, 3), 8.17 (s, 3), 8.38 (s, 3). 

Trimethyldihydrocatechinic Acid (9). Catechinic acid (400 
mg) in MeOH was hydrogenated for 5 hr at  50 psi over 5% PdIC 
(500 mg). The filtered reaction mixture was evaporated to dryness 
and then treated with excess CHzNz at 4' for 3 days. Evaporation 
in vacuo gave a viscous oil which was purified by preparative tlc 
(solvent B) to give the major product (90 mg): ir (CHCls), 3620 (w), 
3420 (w), 1649 (s), 1602 (s), 1520 (s) cm-l; uv (95% EtOH) 232,254 
nm; nmr (CDC13) T 3.42 (m, 3), 4.54 (s, l), 5.94 (m), 6.17 (s, 3), 6.20 
(s, 3), 6.34 (m), 6.54 (s, 3), 6.70 (dd, l), 7.27 (m, 2), 7.93 (m); mass 
spectrum (re1 intensity) 334 (55), 316 (41, 304 (8), 273 (4), 193 (lo), 
183 (ll), 179 (E), 167 (27), 165 (28), 151 (loo), 137 (81). 

Anal. Calcd for C18H2~06: m/e 334 (loo), 335 (20.04), 336 (3.11). 
Found: m/e 334 (loo), 335 (20.02), 336 (4.35). 

Acetylation with AczO, NaOAc, and benzene at reflux gave the 
diacetate as an amorphous white solid ir (CHC13) 1738 (s), 1660 (s) 
1605 (s), 1523 (s) cm-l; uv (95% EtOH) 237,252 nm; nmr (CDC13) 
T 3.35 (m, 3), 4.43 (s, 11, 4.50 (m, 11, 4.80 (t, l), 6.14 (s, 3), 6.16 (s, 
3), 6.53 (s, 31, 6.65 (dd, l), 7.06 (m, 2), 7.77 (s, 3), 8.02 (m), 8.20 (s, 
3); mass spectrum (re1 intensity) 418 (19), 358 (31), 298 (30), 283 
(9), 266 (1001, 255 (12), 251 (ll), 239 (ll), 214 (19), 193 (44), 180 
(121,165 (201,151 (75), 137 (67). 

Anal. Calcd for CzzHzs08: mle 418 (loo), 419 (24.4), 420 (4.5). 
Found: mle 418 (loo), 419 (24.7), 420 (4.6). 
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The reduction of 6~-bromo-4-methylcholest-4-en-3-one with a large excess of lithium aluminum hydride (19 
equiv of H-) in ether results in the formation of 4~-rnethylcholest-5-en-3~-01 in high yield (-84%). Reduction of 
the bromide with lithium aluminum deuteride under similar conditions gives [3~,4P-2H~]-4a-methylcholest-5- 
en-30-01. Unexpectedly, reduction of 6~-bromo-4-methylcholest-4-en-3-one with lithium aluminum hydride at a 
lower molar ratio (3 equiv of H-) gave good (-31%) yields of 4P-methylcholest-5-en-3P-01 (in addition to 401- 
methylcholest-5-en-3(3-01 and a third compound which was not identified). The 4P-methylcholest-5-en-3P-01 
formed under these conditions by reduction of the bromide with lithium aluminum deuteride was labeled in the 
301 and 401 positions. 

The C-4 demethylation of sterol precursors of cholesterol 
is an important process which has received consickrable a t -  
tention.2 T h e  initial demethylation of 4,4-dimethyl precur- 
sors has been reported t o  proceed with initial removal of 
the  equatorial 4a-methyl group with subsequent inversion 
of t h e  axial 4P-methyl group t o  the  equatorial position.3-5 
We have been interested in  t h e  stereochemical fate of the 
C-4 hydrogen in  t h e  demethylation of 4a-monomethyl in- 

termediates. Preliminary studies of the conversion of 
[2,2,4-3H3] -4a,l4a-dimethylergosta-8,24(28)-dien-3P-01 
into [2,2,4-3H3]-(24R)-24-ethylcholesta-5,22-dien-3P-ol by 
the Chrysophyte Ochrornonas malhamensis have indicated 
t h a t  during t h e  second demethylation the  axial 4P hydro- 
gen appears t o  be inverted t o  the  equatorial 4 a  position.6 
We have now directed our efforts at developing a synthetic 
route t o  give a la-methyl-4P-tritio substrate which can be 
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used to  study the second C-4 demethylation during choles- 
terol biogenesis. This paper describes our studies involving 
the  hydride reduction of 6~-bromo-4-methylcholest-4-en- 
3-one. 

Several years ago Ireland, Wrigley, and Young7 reported 
tha t  lithium aluminum hydride reduction of 60-chlorocho- 
lest-4-en-3P-yl benzoate yielded cholest-5-en-30-01. I t  was 
shown by chemical modification and infrared studies of the  
product formed by lithium aluminum deuteride reduction 
of the allylic chloride tha t  the  deuterium was stereospecifi- 
cally introduced into the  40 position. These results were 
explained by a mechanism involving an  intramolecular a t -  
tack (SNi') of hydride on the  double bond a t  C-4 followed 
by double-bond rearrangement resulting in the  loss of bro- 
mide ion to  give [4@-2H]-cholest-5-en-3P-ol. There have 
been no further studies, however, of the  detailed mecha- 
nism of this reaction. More recently Knapp, Goad, and 
Goodwin6 have found tha t  reduction of 60-chloro-(24S)- 
24-ethylcholesta-4,22-dien-3/3-yl acetate by lithium alumi- 
num deuteride gave [4P-2H]-(24S)-24-ethylcholesta-5,22- 
dien-3/3-01. Degradation of this substance demonstrated 
tha t  the isotopic hydrogen had been stereospecifically in- 
troduced into the 40 position. Collins and Hobbss have re- 
ported tha t  sodium borohydride reduction of 60-bromocho- 
lest-4-en-3-one in diglyme gave cholesterol in high yield, 
although no experimental details were given. The  com- 
bined results of these studies indicated tha t  hydride reduc- 
tion of 6@-bromo-4-methylcholest-4-en-3-one might pro- 
vide an  attractive route for the  synthesis of 4a-methylcho- 
lest-5-en-3/3-01 labeled with isotopic hydrogen a t  carbon 
atoms 3 and 4. 

Results and Discussion 
Methods tha t  have been used successfully to  deconjugate 

cholest-4-en-3-one (VII) proceed in only very low yields 

Compd R, Ri R, 

I H H H  
I1 H 'H H 

111 H CH, H 
IV CH, H H 
V 'H CH, 'H 

VI CH, 'H 'H 

Compd R, 1(1 

VI1 H H 

VI11 CHJ H 
IX H Br 
X CH, Br 

when applied to  the  deconjugation of 4-methylcholest-4- 
en-3-one (VIII). For example, Birch reduction of 4-methyl- 
cholesta-3,5-dien-3-acetate, followed by hydride reduc- 
tion gave the allylic alcohol, 4-rnethylcholest-4-en-3~-01, 
demonstrating rapid reconjugation of the  double bond 
prior to  reduction of the C-3 ketone.9 Similarly, sodium bo- 
rohydride reduction of 4-methylcholesta-3,5-dien-3-ace- 
tate gave a complex mixture of which the major products 
are the  two allylic alcohols, 4-methylcholest-4-en-3~-ol and 
4-methylcholest-4-en-3a-ol. 4a-Methylcholest-5-en-30-01 
and 4/3-methylcholest-5-en-3P-ol could be isolated in only 
low ~ i e l d . ~ - l l  In  addition, kinetically controlled protona- 
tion of the  enolate. anion of VI11 gave only starting materi- 
al. 

The  first s tep in our alternative approach to  this prob- 
lem involved bromination of 4-methylcholest-4-en-3-one 

(VIII) with N- bromosuccinimide to  give 6P-bromo-4-meth- 
ylcholest-4-en-3-one (X) in high yield.12 Initially, we con- 
ducted the  reductive rearrangement of 60-bromo-4-methyl- 
cholest-4-en-3-one (X) with a large excess of lithium alu- 
minum hydride (19 equiv of H-). From the analogy of the 
similar hydride reduction of 6~-bromocholest-4-en-3-one 
(IX), we expected hydride reduction of X to  proceed with 
the formation of 4a-methylcholest-5-en-3/3-ol(III). Our re- 
sults indicate tha t  this is the case. Two minor components 
(<lo%) of the  crude reaction mixture, 4-methyl-cholest-4- 
en-3/3-01 and 4-methylcholest-4-en-3a-01, were inseparable 
from I11 on thin layer chromatography but  could be re- 
moved by crystallization. After purification by crystalliza- 
tion, 4a-methylcholest-5-en-3P-01 (111), chromatographi- 
cally homogeneous on thin layer and gas liquid chromato- 
graphic analysis, was obtained in high yield (-84%). Nucle- 
ar magnetic resonance (nrnr) studies showed resonance 
compatible with an  olefinic proton, the  axial C-3 proton, 
and the  secondary la -methyl  group (d, J = 6 Hz). The  lat- 
ter was more easily seen in the 60-MHz spectrum by the 
use of the  Eu(dpm)B shift reagent. Reduction of 60-bromo- 
4-methylcholest-4-en-3-one (X) with lithium aluminum 
deuteride under the same conditions gave [3~t,48-~Hz]-4a- 
methylcholest-5-en-30-01 (V). The  mass spectra of I11 and 
V were in accord with the  assigned structures (see Experi- 
mental Section). The nmr spectrum of V contained a sin- 
glet for the  C-4 methyl group which was more easily seen in 
the spectrum expanded with Eu(dpm)3. No absorption due 
to  the  C-3 proton was present in the spectrum. The  com- 
bined results of the  nmr and mass spectral studies indicate 
the location of the isotopic hydrogen at C-3 and C-4. In  
analogy with examples cited earlier we interpret our results 
as compatible with an  initial reduction of the C-3 ketone 
followed by intramolecular hydride attack with double- 
bond participation (SNi') in the formation of I11 and V. A 
mechanism for this type of reaction has been suggested by 
Ireland, Wrigley, and Young.7 

Unexpectedly, when the  molar ratio of hydride to 60- 
bromo-4-methylcholest-4-en-3-one (X) was decreased (3 
equiv of H-),  i t  was found tha t  4P-methylcholest-5-en-3P- 
01 (IV) was formed in substantial amounts. Analysis of the  
crude reaction mixture by gas-liquid chromatography (glc) 
indicated the  presence of two minor components with re- 
tention times corresponding to  those of 4-methylcholest-4- 
en-3/3-01 and 4-methylcholest-4-en-3a-01 and two major 
components with retention times corresponding to  those of 
4a-methylcholest-5-en-3~-ol (111) and 4P-methylcholest- 
5-en-30-01 (IV). The  former compound was partially puri- 
fied by preparative thin layer chromatography (tlc) bu t  was 
shown (by nmr and mass spectral (ms) studies; see Experi- 
mental Section) to  be contaminated by one or more other 
compounds whose precise chemical nature has not been es- 
tablished. 4/3-Methylcholest-5-en-3@-01 (IV) was isolated 
from the crude reaction mixture in pure form by prepara- 
tive tlc and crystallization. The  isolated compound showed 
mobilities identical with tha t  of authentic 4p-methylcho- 
lest-5-en-3P-01 (IV) (prepared by an alternate route13) on 
tlc and glc analyses. The nmr spectrum showed the pres- 
ence of an  olefinic proton, the  axial C-3 proton, the allylic 
C-4-proton, and the 40-methyl group. The  latter three-pro- 
ton doublet was easily seen in the spectrum expanded with 
Eu(dpm)3 (d, J = 8 Hz). 

Assignment of the  position of the C-4a proton in the  
spectrum of IV was confirmed by the  reduction of X with a 
limiting amount of lithium aluminum deuteride. Purifica- 
tion of the material chromatographing with IV gave 
[3a,4a-2H~]-4~-methylcholest-5-en-3~-ol (VI). In the  nmr  
spectrum of this substance the  downfield methine proton 
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and the axial C-3 proton were not present, confirming tha t  
these two hydrogens originate from deuteride. In addition, 
in the spectrum of VI the C-4p methyl resonance was pres- 
ent  as a singlet. The  downfield position of the allylic C-4 
proton and the C-3 proton in IV and the increased coupling 
of the axial C-46 methyl group must  reflect considerable 
distortion of ring A. This distortion probably results from 
the large 1,3 interaction between the C-40 methyl group 
and the C-19 methyl group. In  I11 this interaction is re- 
lieved and the C-4 allylic proton is evidently under the 
methylene envelope in the spectrum of this compound. 

The  formation of 4~-methylcholest-5-en-3~-ol (IV) by 
reduction of G~-bromo-4-methylcholest-4-en-3-one with 
limiting amounts of hydride represents a unique and unex- 
pected result. Additional detailed chemical and  kinetic 
studies a r e  indicated to  define the precise mechanism of 
the reaction leading to the formation of IV under these 
conditions. The  observed results do provide a new, simple 
synthetic route for the preparation of 46-alkyl substituted 
A5-sterols. Moreover, the results described herein provide 
an approach to the stereospecific introduction of isotopic 
hydrogen a t  carbon atoms 3 and 4 of 4-alkyl substituted 
A5-3~-hydroxysterols. 

Experimental Section 
General. The 4-methyl-cholest-4-en-3-one was synthesized by 

the method of Atwater.14 Tlc was performed on plates spread with 
silica gel H using chloroform as the developing solvent. For analyt- 
ical purposes the plates were spread at  a thickness of 0.25 mm and 
spot colors were detected by spraying the plate after development 
with molybdic acid spray followed by brief heating to 80'. For pre- 
parative experiments the plates were spread 0.50 or 1.0 mm thick 
and, after two developments in chloroform, the bands were visual- 
ized by spraying the plates with an acetone solution of Rhodamine 
6G followed by uv irradiation. Glc was performed using a Hewlett- 
Packard Model 402 instrument, equipped with dual flame ioniza- 
tion detectors. The columns were packed (6 f t  X 0.25 in., 0.d.) with 
the following phases: 1% SE-30, 1% QF-1, 3% OV-1, and 3% OV-17 
on Gas-Chrom Q (100-120 mesh). The carrier gas was helium with 
a flow rate of 66 ml/min. Ms analyses were determined on a CEC 
Model 21-110 B double focusing instrument. Nmr spectra were re- 
corded on a Perkin-Elmer HR-12 spectrometer in CDC13 solution 
with TMS as the internal standard. The nmr absorptions are re- 
ported as parts per million (6) downfield from the TMS internal 
standard. The lanthanide shift reagent europium(II1) dipivaloyl- 
methanoate [Eu(dpm)3] was purchased from Alpha Inorganics 
(Beverly, Mass.). Lithium aluminum hydride was purchased from 
Research Organic/Inorganic Chemicals (Sun Valley, Calif.). Lithi- 
um aluminum deuteride was purchased from E. Merck (Darm- 
stadt). Authentic samples of 4-methylcholest-4-en-3a-01 and 4- 
methylcholest-4-en-3~-01 were prepared by hydride reduction of 
4-methylcholest-4-en-3-one. An authentic sample of 4P-methyl- 
cholest-5-en-3P-01 was prepared by the method of Julia and La- 
vaux.13 Melting points were recorded on a Thomas-Hoover melting 
point apparatus and are uncorrected. Infrared (ir) spectra were re- 
corded on a Beckman IR-9 spectrometer using KBr pellets. 

4a-Methylcholest-5-en-3/3-01 (111). 4-Methylcholest-4-en-3- 
one (2.04 g) wa5 refluxed with N -  bromosuccinimide (960 mg) in 
Cch(40  ml) for 30 min. The solution was cooled in an ice bath and 
the precipitated succinimide was removed by filtration. The fil- 
trate was evaporated to dryness to give an orange gum which was 
dissolved in a small amount of ether. Addition of cold methanol re- 
sulted in the formation of fine needles. Recrystallization of the 
first and second crops gave pure 6P-bromo-4-methyl-cholest-4- 
en-3-one (X): 1.28 g; mp 132-133' dec (lit.12 mp 135'); uv A,,, 
(ETOH) 262 nm (log e 4.10) [lit.12 A,,, (ETOH) 262 nm (log e 
4.1111; ir Ymax (KBr) 1673 cm-l; ms (re1 intensity), 478 and 476 (M, 
5% and 6%), 398 and 396 (100 and 75%), 397 (M - Br; 38%), 384 
(12%), 283 (21%), 275 (16%), 261 (9%), 247 (24%), 243 (11%); nmr 
1.48 (s, 3 H, deshielded C-19 CH3), 1.86 (6, 3 H, C-4 CH3), 5.45 (m, 
1 H, C-6 H). The bromide (180 mg, 3 mmol) was dissolved in ether 
(10 ml) and added to a slurry of lithium aluminum hydride (500 
mg, 53 mequiv of H-) in ether (100 ml). After the mixture was 
stirred for 30 min, excess hydride was decomposed by the slow ad- 
dition of ethyl acetate (50 ml). Hydrochloric acid (2 N,  50 ml) was 
added and the isolated organic layer was washed thoroughly with 
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dilute sodium bicarbonate and water, dried over anhydrous sodi- 
um sulfate, and evaporated to dryness. Analysis of the crude prod- 
uct by glc indicated that the major component of the reaction mix- 
ture cochromatographed with authentic 111. Two minor compo- 
nents (<lo%) of the crude reaction mixture, 4-methylcholest-4-en- 
3/3-01 and 4-methylcholest-4-en-3a-01, were inseparable from I11 
on tlc but could be removed by crystallization. Crystallization from 
ethanol-water yielded 4a-rnethylcholest-5-en-3/3-01 in the form of 
fine needles (124 mg): mp 166-167' (lit.13 mp 162-163'); uv, only 
end absorption; ir vmax (KBr) 3440, 1064 cm-l; ms (re1 intensity) 
400 (M, loo%), 385 (M - CH3,29%), 382 (M - HzO, 38%), 367 (M 
- CH3 - HzO, 26%), 343 (8%), 33115 (12%), 301 (7%), 287 (M - 
side chain, a%), 275 (20%), 269 (M - HzO - side chain, 9%), 261 
(3%), 247 (7%), 227 (M - HzO - side chain - 42,8%); nmr 1.05 (s, 
3 H, C-19 CH3), 1.09 (d, 3 H, C-4 CH3, J = 6 Hz), 3.11 (m, 3 H, C-3 
H), 5.35 (m, 1 H, C-6 H). The isolated product showed a single 
component on tlc and on glc (on the four systems described above). 
[3a,4P-2H2]-4a-Methylcholest-5-en-3P-ol (V). 6P-Bromo-4- 

methylcholest-4-en-3-one (X, 130 mg) was reduced with lithium 
aluminum deuteride (500 mg) as described above. Crystallization 
of the product from ethanol-water gave V as plates: mp 165-166'; 
ir vmax (KBr) 3410, 1080 cm-l; ms (re1 intensity) 402 (loo%), 387 
(20%), 384 (43%), 369 (26%), 344 (12%), 33115 (14%), 301 (9%), 289 
(5%), 275 (29%), 271 (lo%), 261 (5%), 247 (12%), 229 (10%); nmr 
1.09 (s, 3 H, C-4 CH3), 5.42 (m, 1 H, C-5 H), absence of the C-3 H 
resonance. The isolated product showed a single component on tlc 
and on glc (on the four systems described above). 

4/3-Methylcholest-5-en-3P-o1 (IV). 6~-Bromo-4-methylcho- 
lest-4-en-3-one (130 mg) was reduced with lithium aluminum hy- 
dride (7 mg, 7.4 mequiv of H-) as described above (except for the 
lower molar ratio of hydride). Analysis of the crude reaction mix- 
ture by glc indicated the presence of two minor components with 
retention times corresponding to those of 4-methylcholest-4-en- 
36-01 and 4-methylcholest-4-en-3a-01 and two major components 
with retention times corresponding to 4a-methylcholest-5-en-3P- 
01 (111) and 4P-rnethylc~olest-5-en-3~-~1 (IV). Analysis of the 
crude reaction mixture by tlc indicated two major components 
with Rf values of 0.19 and 0.23. The mixture was subjected to pre- 
parative tlc. 

The more polar major component was crystallized from ethanol- 
water to give 4/3-methylcholest-5-en-3P-o1 (IV, 30.4 mg) in the 
form of needles: mp 135-137' (lit.13 mp 132-134'); ir vmax (KBr) 
3410,1026,1062 cm-l; ms 400 (M, loo%), 385 (M - CH3, 25%), 382 

(36%), 301 (7%), 387 (M - side chain, 9%), 275 (19%), 269 (M - 
H2O - side chain, lo%), 261 (3%), 247 (9%), 227 (M - HzO - side 
chain - 42, 8%); nmr 1.06 (s, 3 H, C-19 CH3), 1.12 (d, 3 H, C-4 
CH3, J = 8 Hz), 2.60 (m, 1 H, C-4 H), 3.71 (m, 1 H, C-3 H), 5.40 (m, 
1 H, C-6 H). The compound showed a single component on tlc and 
on glc (on the four systems described above) with the same mobili- 
ty as authentic IV. 

The less polar major component (52.8 mg) from the preparative 
tlc showed only one component on glc (on the four systems de- 
scribed above) and on tlc on silica gel H and silica gel H-silver ni- 
trate plates as the free alcohol and in the form of the acetate deriv- 
ative. The mobilities were the same as that observed with authen- 
tic I11 and its acetate derivative. However, both ms and nmr analy- 
ses indicated the presence of one or more other components. For 
example, the nmr spectrum showed the presence of absorptions, in 
addition to those of 111, at  3.90 (m), 4.97 (m), 5.60 (m), and 8.44 (s). 
The latter signal is compatible with a methyl group attached to an 
olefinic carbon. The mass spectrum showed the same ions as seen 
in I11 and, in addition, showed ions at  398 (30%), 365 (4%), 332 
(17%), 285 (3%), and 279 (6%). The precise nature of the compo- 
nent(s) present in addition to I11 is not known. However, these 
data suggest that one of the components has two double bonds. 
The ir spectrum showed no absorption due to a carbonyl function. 
Analysis of the uv spectrum of the product showed only end ab- 
sorption in the 210-nm region, indicating the absence of a conju- 
gated diene system. 
[3a,4a-2Hz]-4P-Methylcholest-5-en-3P-ol (VI). Reduction of 

6~-bromo-4-methylcholest-4-en-3-one (X) with lithium aluminum 
deuteride (7 mg, 7.4 mequiv of D-) in ether was effected and the 
crude reaction mixture was subjected to preparative tlc as de- 
scribed in the case of the synthesis of IV. The more polar major 
component on tlc was crystallized from ethanol-water to yield 
[3a,4a-2Hz]-4/3-methylcholest-5-en-3/3-ol (VI, 19.1 mg) in the form 
of needles: mp 131'; ir vmax (KBr) 3448, 1064 cm-l; ms (re1 intensi- 
ty) 402 (100%), 387 (28%), 284 (41%), 369 (32%), 344 (lo%), 33115 
(36%), 301 (7%), 289 (18%), 275 (ll%), 271 (9%), 261 (3%), 247 

(M - H20, 32%), 367 (M - CH3 - Hz0, 33%), 343 (9%), 33115 
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(lo%), 229 (7%); nmr 1.12 (s, 3 H, C-4 CHs), no resonance for the 
C-3 proton. The compound showed a single component on analysis 
by tlc and glc (on four systems noted above). 

The less polar major component (19.0 mg) on tlc showed a mass 
spectrum which was very similar to that of [3a,4P-2H2]-4a-methyl- 
cholest-5-en-36-01 (V) with additional ions at 399 (90%) and 366 
(3%). The nmr spectrum showed the presence of signals 4.95 (m), 
5.62 (m), and 8.43 in addition to the resonances seen in the spec- 
trum of 111. The spectrum showed no absorbance at 3.71 (C-3 H) or 
a t  3.90 seen in the spectrum of the less polar component obtained 
as a by-product in the synthesis of IV. 

Registry No.-111,15073-00-4; IV, 1251-98-5; V, 52259-51-5; VI, 
52259-52-6; VIII, 2041-92-1; X, 2239-49-8. 
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Electron impact (electron energies of 70, 20, and 14.2 eV) and chemical ionization (methane, isobutane, hydro- 
gen, nitrogen, and nitric oxide-nitrogen mixtures as reagent gases) spectra were obtained for 8,9-dehydro-2-ada- 
mantanol (1) and 2-exo-protoadamantenol (2). Within the limits of experimental reproducibility, the mass spec- 
trometric behavior of the two alcohols was identical when the site of ionization was the alcohol functional group. 
Only under conditions of electrophilic addition ionization were significant differences observed between 1 and 2. 

Significant attention has been devoted to comparisons of 
the  behavior of cyclopropylcarbinyl and homoallyl deriva- 
tives in solvolytic reactions.’ Although it has been contend- 
ed t h a t  “most of the  [solvolytic] reactions of allylcarbinyl 
derivatives may be explained on the  basis of the  formation 
of a cyclopropylcarbinyl cation,” considerable controversy 
exists concerning the detailed structures of the  intermedi- 
ate species involved in  these reactions. 1,3 

In  light of these studies, it  is striking t h a t  no detailed 
comparison of the  mass spectrometric behavior of any cy- 
clopropylcarbinyl and  homoallyl derivatives has appeared. 
We now wish to  report our results concerning the  behavior 
of 8,9-dehydro-2-adamantanol (1) and 2-exo-protoa&aman- 
tenol (2) in the  mass spectrometer employing both electron 
impact and chemical ionization techniques. 

1 2 

Results and Discussion 
Electron Impact Spectra. T h e  partial electron impact 

mass spectra of 1 and  2 measured at 70,20, and 14.2 eV are  
reported in Table I. T h e  most striking conclusion resulting 
from a comparison of these data is t h a t  there is little differ- 
ence in the  electron impact fragmentations of 1 and  2 over 
this range of energies. Indeed, any differences in the  ionic 

Table I 
Partial Electron Impact Spectra of 1 and 2 

. - .  - - 

r- 06 ionizationa’h ( l ~ / i i s a , ~ p ~ e ~ i )  -- - - - -  -7 

7 70 eV -7 7 20 eV --\ 7 14.2 CV 7 

? r / c  1 2 1 2 1 2 c o,nment 

43 0.9 1.0 0.9 0 .8  0.8  0.6 
54 2.6 2.4 3.5 3 . 1  3.0 1.8 
57 1.6 1.9 1.7 1.6 1 .5  1.1 
72 3.2 4.4 6.8 6.3 9.4 8.9 
77 4.3 3.4 0.8 1.0 
78 4.9 4.9 5.3 5.4 4.9 4.9 

80 6.9 9.7 11.4,  11.2 11.9 10.8 

92 1.1 1.1 1.0 1.1 0.7 0.7 
93 1.6 1.7 1.8 1.9 1.3 1.4 

108 1 .2  1.5 2.3 2.1 2.8 2.5 

. -. .. .. - __ . ._ -- . . -- 

79 12.4 14.2 12.4 14.4 6.8 6.7 CGH, 

91 5.0 4.2 3.3 3.4 2.0 2.0 C,H: 

104 1.8 2.5 3 .1  2.9 3.9 3.3 M - ( H z O t C z H , , )  

117 4.0 5.0 6.9 6.2 6.1 5.6 M - - (OH -1- CHj) 
132 1.4 2 . 1  2.6 2 .3  4.0 3.1 M -- (H,O) 
133 0.3 0.7 0.9 0.7 1.3 0.8 M - . (OH) and I3C 

150 7.6 10.0 12.3 14.2 21.2 28.4 M 
a The ion intensities reported are uncorrected for 13C isotope. 

* The reproducibility of the per cent ionizations reported is *15% 
of the reported value. 

of M -- (HzO) 

abundances of 1 and  2 reported in Table I are within the  
limits of experimental reproducibility. T h e  absence of sig- 


