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readily rationalized. The enhanced stability of I 
over methylene or alkyl carbenes may be attribut- 
able to  overlap of the vacant p-orbital with the T- 
electrons of the P,y-double bond (V). If this is the 
case, one can predict that p, y-unsaturated carbenes 
(VI) in general will be considerably more stable 
than methylene. 

V 

P 
I . .  I 

R - C ~ C - C - R  + --.R_c--c=c-R VI 

The reactions of I with nucleophiles are unusual 
in that attack can occur a t  either the a- or y-carbon 
atom. Thus, I undergoes reaction a t  the y-carbon 
atom with alkoxide ions' and with amines" to give 
acetylenic ethers and amines, while i t  gives reaction 
a t  the a-carbon atom with olefins to give cyclopro- 
panes. The choice between reaction paths for I[ is 
not simply related to the charge of the nucleophile 
or its relative nucleophilicity, for I (R = C&J 
reacts with acetylenic anions a t  the a-carbon atom 
to give cumulenes.2 The ability of an alkenylidene 
carbene to react with a hydroxylic solvent a t  the 
a-carbon atom has been demonstrated in the forma- 
tion of hydroxymethyleneacetophenone from the 
anion of benzoylacetylene.I8 No satisfactory ex- 

(17) G. P. Henniou and K. W. Nelson, J. Am. Chcm. SOC., 79,2142 

(IS) H. D. Harteler and J. L. Warnell, unpublished work. 
(1957). 

planation for the differentiation in reaction paths is 
available at present, and reactions of I with anions 
are currently under investigation. 

Experimental'@ 
1-( 2-Methylpropenylidene)-cis-2,3-dimethylcyclopropane 

(III).-The allene was prepared by the procedure previously 
given for the preparation of 7-(2-methylpropenylidene)- 
bicycl0[4,1,0]-heptane.~ cis-2-Butene and 3-chloro-3- 
methyl-1-batyne gave a 23% yield of 111, b.p. 80-82' at 60 
mm., 12% 1.4830-1.4835. 

Anal. Calcd. for CDH14: C, 88.45; 13, 11.56. Found: 
C, 88.47; H ,  11.66. 

1-( 2-MethylpropenyEidene)-trans-2,3-dimethylcyclopro- 
pane (IV).-trans-2-Butene and the acetylenic chloride gave 
a 19% yield of IV, b.p. 66-68' a t  54 mm., n z G ~  1.4792- 
1.4800. 

Anal. Calcd. for CQHU: C, 88.45; H, 11.55. Found: 
C, 88.26; H, 11.70. 

V.P.C. analysis of the reaction mixtures from cis- and 
trans-2-butene showed mainly the one isomer in each case. 
The analysis of the mixtures was done on the crude product, 
after filtration but before distillation. ;lo detectable amount 
of IV was found in the reaction product from cis-2-butene. 
A trace of I11 was found in the reaction product from trans- 
2-butene. The amount was approximately equal to the 
amount of cis-2-butene present as a contaminant in the 
starting material. The column employed for analysis was 7 
ft. X 0.25 in. copper tubing packed with Columpak firebrick 
coated with tris-cyanoethyl glyceryl ether and operated a t  
102' with a helium flow rate of 40 cm.a/min. The retention 
time of IV was 4.3 minutes, while I11 eluted at  6.1 minutes. 
Separation was complete. 

Competition Experiments.-The conditions used were 
comparable to those used in the preparative experiments.z 
Mixtures containing 0.10 mole each of cyclohexene and the 
competing olefin, and 0.010 mole of potassium t-butoxide 
were stirred a t  - 10' under nitrogen. 3-Chloro-3-methyl-l- 
butyne (1.10 g., 0.010 mole) was added dropmise with the 
temperature maintained between -10 and 0'. The mix- 
tures mere stirred for 5 minutes, pentane (50 mi.) was added, 
and the mixtures were filtered. The crude filtrates were 
analyzed by v.p.c. In all cases separations between the two 
allenes were complete. The column and conditions em- 
ployed were those used with the products from cis- and truns- 
2-butene. 

( 1  9) Boiling points are uncorrected. 
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A new synthesis of 3a-phenyltropane derivatives has been carried out starting from cis-2,5-dicarbethoxypyrrolidine (IV), 
8-tosyl-38-cyano-3a-phenylnortropane (VIII) being the intermediate product. 3a-Phenyl-38-nortropanecarboxylic acid 
(XI) and its ethyl ester XIII, 3a-phenyItropane-3@-carboxylic acid (XII) and its ethyl ester XlV, 3a-phenyl-3p-nortropanyl 
phenyl ketone (XVI) and 3a-phenyl-38-tropanyl phenyl ketone (XVII) have been synthesized and found identical by chemi- 
cal and spectral properties with the compounds previously obtained from a-ecgonine. 

In connection with a research program directed 
toward the synthesis of a new class of bicyclic 
nitrogen compounds, which recently led one of us 
to the preparation of 3,8-diazabicyclo [3.2.1] octane 
and many its derivatives,lf2 we were able to com- 
plete from suitable intern~ediates~ a new synthesis 

(1) G. Cignarella and G. G. Nathansohn, J. Org. Cham., a6, 1600 

(2) G .  Cignarella. G. G. Nathausobn and E. Occelli, ibid., 26, 2767 

(3) G. Cignarella and G. G. Nathansohn, Gars. chim. ita!., 90, 1495 

(1 96 1). 
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of tropane derivatives, with potential pharmaco- 
logical activity. The synthesis of the products I 
seemed to us of particular interest in view of the 
evident analogy with the analgesics meperidine 
(11), ketobemidone (111) and related compounds 

While this work was being carried out, a paper 
by Bell and Archer4 appeared on the same subject. 
The authors described a synthesis of ethyl 3a- 
phenyltropane-3P-carboxylate starting from 30- 
diphenylhydroxymethyl - $3 - tropanol, obtained 
from 0-ecgonine methyl e ~ t e r . ~ - ~  Our starting 
material and synthetic routes are quite different 
from those mentioned above. 

Our new synthesis of I starts from the already 
described3 cis-2,5-dicarbethoxypyrrolidine (IV), 
which by tosylation in pyridine gave cis-N-tosyl- 
2,5-dicarbethoxypyrrolidine. Two forms of this 
compound could be separated by crystallization 
The first (Va), obtained in pure state and in major 
amount, was reduced with lithium aluminum 
hydride in tetrahydrofuran to cis-K-tosyl-2,5-bis- 
(hydroxymethy1)-pyrrolidine (VIa) . The second 
form (Vb), which could not be obtained in a pure 
state, was reduced, by analogous procedure, to a 
product (VIb) which could be isolated in pure state 
and which by elemental analysis and infrared 
spectrum was confirmed to he a steric isomer of 
VIa. 

The isomer VIa was allowed to react with thionyl 
(4) hl R Bell and S Archer J A m  Chem Soc , 82, 46’38 ‘1960) 
(5) M R Bell and S Archer, c b r d ,  82, 151 (1960) 
(0) R Willstatter, Eer , 29, 2216 (1896) 
( 7 )  A Heusuer. 2 i’vatwfovsch 126, 602 (1957) 
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chloride in chloroform and gave cis-N-tosyl-2,5- 
bis-(chloromethyl) -pyrrolidine (VIIa) ; the same 
reaction carried out on VIb gave the isomer VIIb. 
Compound VIIa was condensed with benzyl cya- 
nide and sodium amide in boiling toluene and gave 
N-tosyl-3-cyano-3-phenylnortropane (VIII) . The 
same reaction was carried out on VIIb but did not 
yield any cyclic product. This suggests that Va, 
VIa and VIIa are indeed the cis isomers. The 
demonstration of the trans structure for the isomers 
Vb, VIb and VIIb is a t  present under investigation 
and will be the subject of a forthcoming paper. 
However, in this paper these isomers will be referred 
as trans forms. Saponification of VI11 to the cor- 
responding N- tosyl- 3 - phenylnortropane -3 -car- 
boxylic acid (IX) was unsuccessful using the usual 
procedures, but was achieved in high yield when the 
reaction was carried out in a boiling solution of 
KOH in ethylene glycol. Attempts to detosylate 
I X  with HzS04 in ethanol8 failed and ethyl N-tosyl- 
3-phenylnortropane 3-carboxylate (X) was the only 
product obtained. Detosylation of I X  proceeded 
very satisfactorily when carried out in a refluxed 
mixture of concd. hydrobromic acid, acetic acid and 
phenolg and gave in good yield 3-phenylnortropane- 
3-carboxylic acid (XI). This compound by meth- 
ylation with formaldehyde and formic acidlo was 
converted to 3-phenyltropane-3-carboxylic acid 

(8) R. H. Thorp and E. Walton, J. Chem. Soc., 559 (1918). 
(9) J. Bornstein, S. C. Lashna and A. P. Boisselle, J .  Urg.  Chem., 22, 

(10) A. T. Clarke, H. B. Gillespie and S. Z.  Weisshaus, J .  A m .  Chem. 
1255 (1857). 

SOC., 66, 4571 (1933). 
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(XII). The hydrochloride of X I  and of its ethyl 
ester XI11 were identical (undepressed mixed 
melting point and infrared spectra) with samples of 
3~-phenylnortropane-3P-carboxylic acid hydro- 
chloride and its ethyl ester obtained from a-ecgo- 
nine,ll thus suggesting for X I  and XI11 and conse- 
quently for VIII, IX, X and XI1 and XIV the same 
stereochemical structure of the analogous com- 
pounds synthesized from 3-tr0pinone.~~~ 
N-Tosyl-3P-cyano-3a-phenylnortropane was al- 

lowed to react with benzylmagnesium bromide and 
gave N-tosyl-3a-phenyl-3~-nortropanyl phenyl 
ketone (XV), which by detosylation gave 3a- 
phenyl-30-nortropanyl phenyl ketone (XVI) . The 
infrared and ultraviolet spectra of XVI are identi- 
cal with those of the compound described by Bell 
and A r ~ h e r . ~  N-Methylation with formaldehyde 
and formic acid of XVI yielded 3a-phenyl-30-tro- 
panyl phenyl ketone (XVII). 

The infrared spectrum of XVII in methanol 
solution showed an absorption near 6 p (assigned to 
the C=O stretching vibration) in contrast to 
that described by Bell and Archer5; however, our 
product (XVII) has been shown to be identical 
with that synthesized from a-ecgonine. In fact 
Dr. R. Bell subsequently confirmed (private com- 
munication) the exactness of our infrared result and 
the identity of the two products. The found diver- 
gence is probably due to the different used con- 
centrations; we used a concentration of about 8% 
(0.045-mm. cell), while Bell and Archer used (pri- 
vate communication) a concentration of about 1% 
(0.0245-mm. cell), 

The lack of any absorption near 6 p of 3a- 
phenyl-30-tropanyl phenyl ketone in methanol 
solution is one of the supporting points for the 
demonstration of the steric conformation of the com- 
pound. The hypothesis of Bell and 14rcher seems 
to be still valid, but this latter point should require 
further examination. 

For a further identification of the compounds 
XVI and XVII, the corresponding ketoximes XVIII 
and XIX were prepared, which by the described 
procedure4s5 yielded products that were found to be 
identical (infrared spectra) with X I  and XII, re- 
spec tively. 

Acknowledgment.-The authors wish to express 
their appreciation to Dr. R.  Pasqualucci for the 
infrared spectra, to Miss Dr. G. Pelizza for the 
functional analyses and to Mr. A. Restelli for the 
elementary microanalyses. 

Experimental12 
cis-N-Tos~l-2,5-dicarbethoxypyrrolidine (Va).-To 154 g. 

(0.716 mole) of cis-2,5-dicarbethoxypyrrolidine6 (IV) in 500 
ml. of dry pyridine a t  0' a solution of 172 g. (0.93 mole) of 
p-toluenesulfonyl chloride in 700 ml. of dry pyridine was 
added dropwise under stirring during 1 hour. The reaction 
mixture was warmed a t  40' for 3 hours and kept a t  room 
temperature overnight. The precipitated pyridine hydro- 
chloride was filtered off and the filtrate concentrated below 
40". The solid residue was slurried with 500 ml. of H20 
and acidilied to PH 3 with concentrated HCl. The product 
(130 g.) was collected by filtration and washed with water. 
The filtrate was extracted with three 250-ml. portions of 

(11) The authors thank Dr. M. R. Bell of the Sterling-Winthrop 
Research Institute for his kindness in supplying sernples of these 
products. 

(12) All melting points are uncorrected. 

benzene and the extracts were added to the solid product. 
The resulting solution was dried over sodium sulfate, con- 
centrated to  about 300 ml. and petroleum ether (500 ml.) 
was added. After cooling, a slight yellow product was col- 
lected by filtration and the mother liquor was set aside; yield 
160 g. (60.4%), m.p. 75-78'. Aosample recrystallized from 
petroleum ether melted a t  80-81 . The infrared spectrum 
in chloroform solution showed a broad band a t  1730 
(> C=O) and two bands a t  1350 and 1157 cm.-l (-SOz-). 

Anal. Calcd. for C17H23NOaS: C, 55.27; H, 6.27; N, 
3.79; S, 8.68. Found: C, 55.50; H, 6.40; N, 3.67; S, 
8.91. 

The stored mother liquor was shaken with 10% hydro- 
chloric acid then with 10% sodium carbonate solution and 
finally with water. After drying over sodium sulfate, the 
solvent was evaporated, yielding 85 g. of a viscous oil, which 
failed to crystallize. The infrared spectrum in chloroform 
solution showed a band a t  1728 cm.-l (> C=O) and two 
bands a t  1350 and 1160 cm.-l (-SO2-), but the comparison 
with the infrared spectrum of the pure cis form showed 
marked differences in the finger-print region, thus suggesting 
the presence in the oily product of the isomer N-tosyl-2,5- 
dicarbethoxypyrrolidine (Vb). The analytical data of the 
crude product were in sufficient agreement with the formula 
(CnH&OsS), but a sample distilled a t  190-200" (0.3 mm.) 
failed to give a good elemental analysis. The product under- 
went partial decomposition during distillation. 

cis-N-Tosyl-2 ,S-bis-( hydroxymethy1)-p yrrolidine (VIa) .- 
To a suspension of 47 g. (1.24 moles) of lithium aluminum 
hydride in 1700 ml. of anhydrous tetrahydrofuran a t  0" a 
solution of 190 g. (0.514 mole) of cis-N-tosyl-2,5-dicarbeth- 
oxypyrrolidine (Va) in 1700 ml. of dry tetrahydrofuran was 
slowly added under stirring during 90 minutes. The mixture 
was stirred and refluxed for 1 hour, then cooled at  0-5' and 
cautiously decomposed with 180 ml. of water. After stand- 
ing 1 hour a t  room temperature, the precipitate was re- 
moved by filtration. The combined filtrate and washings 
were dried over sodium sulfate and the solvent removed by 
distillation. The solid residue was slurried with 300 ml. of 
water, filtered and thoroughly dried to give 110 g. (75%) of 
crude cis-f\T-tosyl-2,5-bis-( h ydroxymethy1)-p yrrolidine( VIa), 
m.p. 130-132'. One gram of crude product was crystallized 
from 10 ml. of ethyl acetate giving 850 mg. of VIa which, 
after drying, melted a t  134-137'. The product is soluble 
in boiling water (1 g. in 20 ml.). 

Anal. Calcd. for Cl3HlsXO4S: N, 4.91; S, 11.23. Found: 
N, 4.82; S, 11.31. 
trans-N-Tosyl-2,5-bis-(hydroxymethyl)-pyrrolidine (VIb). 

-Eighty grams of Vb was reduced as described for Va with 
21.2 g. of lithium aluminum hydride in 1400 ml. of tetra- 
hydrofuran; 50 g. of an oily product was obtained, dissolved 
in benzene and shaken with 1Oyo hydrochloric acid. The 
organic layer was separated, dried over sodium sulfate and 
the solvent evaporated. The viscous oily residue (32 9.) was 
dissolved in 150 ml. of hot ethyl acetate and kept overnight 
a t  room temperature. A white precipitate (7  g.) was ob- 
tained. The precipitate was collected by filtration and 
identilied by mixed melting point and infrared spectrum as 
c~s-N-tosyl-2,5-bis-hydroxymethylpyrrolidine (VIa). The 
mother liquor was concentrated to half-volume and petro- 
leum ether was added until cloudy. After cooling and 
scratching, 18.5 g. of solid product separated, which after 
drying melted at  108-112". A sample recrystallized from 
water and dried in vacuo a t  80" melted a t  118-121'. 

Anal. Calcd. for C13H1sN04S: N, 4.91; S, 11.23. Found: 
h', 4.95; S, 11.18. 

Comparison of this compound (VIb) with a sample of cis- 
diol VIa by mixed melting point (strong depression) and 
infrared spectra in Nujol and in chloroform solution showed 
that it is an isomer of VIa. 
cis-N-Tosyl-2,5-bis-(chloromethyl)-pyrrolidine (VIIa).- 

To a suspension of cis-?J-tosyl-2,5-bis-(hydroxpmethyl)- 
pyrrolidine (80 g., 0.28 mole) in 500 ml. of dry benzene 100 
g. (0.84 mole) of thionyl chloride was added under stirring. 
The mixture was stirred for 2 hours a t  room temperature 
and for an additional hour a t  40-50" to complete solution. 
When the gas evolution stopped, the solvent and the excess 
of thionyl chloride were eliminated in  vucuo. The oily 
residue was distilled with an air-bathla and 87 g. (96%) of cis- 

(13) K. Ronco, B. Prijs and H. Erlenmeyer, Ils lo .  Chim. Acta, 39, 
PO88 (1966). 
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N-tosyl-2,5-bis-(chloromethyl)-pyrrolidine, b.p. 175-190" 
(0.5 mm.), was collected as a slightly yellow oil, which solidi- 
fied after being slurried in petroleum ether. Compound VIIa 
was crystallized from ethyl ether; m.p. 70-73". 

Anal. Calcd. for CI~HI~C~ZNOZS: C1, 22.00; N, 4.34; S, 
9.94. Found: C1, 21.80; N, 3.99; S, 10.11. 

trans-N-Tosyl-2,5-bis-(chloromethyl)-pyrrolidine (VIIb. 
was prepared as described above for VIa from 5 g. (0.0175 
moie) of Irans-~-tosyl-2,5-bis-(hydroxymethyl)-pyrrolidine 
(VIb) and 6.25 g. (0.0525 mole) of thionyl chloride in 30 ml. 
of dry benzene yielding 4.7 g. of a slightly yellow oil, h.p. 
190-200' (0.4 mm.). A sample was redistilled and the frw- 
tion 195-200" (0.4 mm.) was analyzed. 

Calcd. for CL3H17ChN02S: C1, 22.00; X, 4.34; S, 
9.94. Found: C1, 21.70; N, 4.11; S ,  9.71. 

8-Tosyl-3p-cyano-3or-phenylnortropane (VII1j.-To a 
stirred suspension of 11.7 g. (0.3 mole) of sodium amide in 
3.33 ml. of dry toluene a mixture of 32.2 g. (0.1 mole) of 
cis-N-tosyl-2 ,Bbis-(chloromethy1)-pyrrolidine (VIIa), 11.7 
g. (0.1 mole) of benzyl cyanide and 250 ml. of dry toluene 
w:is sloady added at  room temperature. During the addi- 
tion the reaction temperature rose to 40'. After refluxing 
for 1 hour, the reaction flask was ice-cooled and 100 ml. of 
water was added cautiously. The aqueous layer was sepa- 
rated and the toluene solution was shaken with 10% hydro- 
chloric acid and finally with water. On washing the organic 
phase, a viscous brown oil insoluble in both layers separated 
and was discardcd. The toluene solution, after drying over 
sodium sulfate, was evaporated. The oily residue was dis- 
solved in ether and cooled to  furnish 9.5 g. of light brown 
crystalline product, m.p. 157-160". The mother liquor was 
evaporated, the residue dissolved in a small volume of ethyl 
ether and cooled; 700 mg. of product, m.p. 159-161', was 
obtained; total yield 10.2 g. (27.6%). A sample was re- 
crystallized from benzene-ethyl ether and a white product 
was obtained, m.p. 167-170'. 

Anal. 

Anal. Calcd. for C ~ I H H N ~ O ~ S :  C, 68.81; H, 6.05; N, 
7.64; S ,  8.74. Found: C, 69.01; H, 6.23; N, 7.70; S, 
8.91. 

8-Tosyl-3a-phenylnortropane-3~-carboxylic Acid (IX).- 
Ten grams of &tosyl-3~-cyano3n-phenylnortropane (VIII) 
was dissolved in 300 ml. of a 5% solution of KOH in ethylene 
glycol and refluxed for 18 hours. The reaction mixture was 
cooled, diluted with 500 ml. of water and the cloudy solution 
filtered over Celite. After acidificatiou the separated crude 
solid acid was collected, dissolved in hot 5% sodium bicar- 
bonate and filtered from insoluble residue. The filtrate was 
acidified and 9.4 g. (8970) of &tosyl-3n-phenylnortropane- 
3B-carboxylic acid was obtained, m.p. 208-210'. A sample 
was crystallized from 95% ethanol; m.p. 210-212'. 

Anal. Calcd. for CdItaN04S: C, 65.37; H,  6.00; N, 
3.63; S, 8.31. Found: C, 65.28; H, 6.11; N, 3.55; S ,  
6.41. 

Ethyl 8-Tosyl-3~-phenylnortropane-3~-carboxylate (X).- 
One gram of 8-tosyl-3a-phenylnortropane-3~-~arboxylic acid 
(1);) was refluxed for 3 hours with 10 ml. of absolute ethanol 
and 0.6 ml. of concd. sulfuric acid. The reaction mixture 
was poured into 50 ml. of water. The viscous oil was dc- 
canted from the solution and solidified when slurried, with a 
small volume of ethyl ether. The product collected and 
crystallized from ethanol weighed 600 mg., white crystals, 
m.p. 162-164'. 

Anal. Calcd. for Cd-InNO,S: C, 65.81; H,  6.78; N,  
3.49; S, 7.98. Found: C, 65.95; €1, 6.70; N, 3.30; S, 
7.92. 

3a-Phenyl-3p-nortropanecarboxylic Acid (XI).-(a) 8- 
Tosyl-3~-phenylnortropane-3p-carboxylic acid (IX) (5.4 g. ) 
was dissolved in a hot mixture of acetic acid (40 ml.), 48% 
hydrobromic acid (40 ml.) and phenol (1.8 g.). The dark 
solution was refluxed for 3 hours. After concentration to half 
volume, under reduced pressure, the solution was cooled 
and extracted with ethyl ether. A crystalline solid insoluble 
in both layers, separated: it was collected, washed with 
water and dried, yielding 3.5 g. of 3or-phenylnortropane-38- 
carboxylic acid hydrobromide, m.p. 257-258". A sample 
crystallized from water gave a pink crystalline product, m.p. 
260-261'. 

Anal. Calcd. for Cl4H18BrNO2: N, 4.49; Br, 25.60. 
Pound: N, 4.39; Br, 25.75. 

The acid layer, from which the hydrobromide was sepa- 
rated, was adjusted to p H  5 with sodium carbonate and 150 
mg. of a white solid product separated. This was crystallized 
from water to give 100 mg. of 3a-phenylnortropane-3b-car- 
boxylic acid (XI), m.p. > 300'. 

Anal. Calcd. for ClrHr720s: C, 72.68; H, 7.40; N, 
6.05. Found: C, 72.71; €1, ,.52; N,6.01. 

The hydrochloride of XI  was prepared from the free base 
by dissolving the pure compound in alcoholic hydrogen chlo- 
ride. The solvent was evaporated, the solid residue washed 
with ether and crystallized from ethanol-ethyl ether; m.p. 
275-278". This product was identical (undepressed mixed 
m.p. and infrared spectrum) with an authentic sample.' 

A n d .  Calcd. for Cl,H18C1N03: C, 62.78; EI, 6.78; N, 
5.23: C1, 13.24. Found: C,  62.62; H, 6.73; N, 5.08; C1, 
13.05. 

(b) 3or-Phenyl-3p-nortropanyl phenyl ketoxime (XVIII) 
hydrochloride. following the procedure of Bell and A r ~ h e r , ~  
was transformed to a product, m.p. 275-280". The unde- 
pressed mixed melting point and infrared spectrum showed 
the compound to  be identical with an authentic sample of 
the hydrochloride of XI. 
3or-Phenyltropane-3~-carboxylic Acid (XII).-(a) A solu- 

tion of 1.0 g. of 3a-phenyi-3~-nortropanccarboxylic acid 
(XI)  in 2 ml. of 98% formic acid and 2 ml. of 3X70 formaldc- 
hyde was refluxed for 15 hours. After cooling. 1 ml. of con- 
centrated hydrochloric acid was added and the reaction mix- 
ture was evaporated under reduced pressure. A white 
crystalline solid was collected and washed with acetone; 900 
mg. of the hydrochloride of XII ,  m.p. 21&220", was ob- 
tained. An analytical sample, after crystallization from 
methanol-ether, melted at  222-234" (reported' 226-227"). 

Anal. Calcd. for CteH&lNOz: C, 63.93; H, 7.15; N, 
4.97; c1, 12.58. Found: C, 63.79; H, 7.40; >!, 1.85; c1, 
12.38. 

(b) 3a-Phenyl-38-tropanyl phenyl ketoxime (XIX) hy- 
drochloride according the mentioned procedure4 was trans- 
formed to a product, m.p. 223-224'. The two samples 
prepared following both procedures showed no m . ~ .  de- 
pression when mixed, and their infrared spectra were identi- 
cal. 

Ethyl 3a-Phenylnortropane-3P-carboxylate (XIII).-Fol- 
lowing the described procedure,0 1.0 g. of 3-phenylnortro- 
pane-3-carboxylic acid was refluxed with thionyl chloride 
(10 ml.) for 2 hours. The excess of thionyl chloride was 
removed under reduced pressure and the residue treated with 
absolute ethanol. The obtained product (680 mg. of hy- 
drochloride of XIII), after crystallization from ethanol-ethyl 
ether, melted a t  228-230" (reported 222'). This product is 
identical (undepressed mixed m.p. and mfrared spectrum) 
with an authentic sample. 

Anal. Calcd. for ClsHzzClN02: C, 64.94; €1, 7.50; N, 
4.73; C1, 11.99. Found: C,64.91; €I, 7.70; K,4.7fi; c1, 
11.80. 

Ethyl 3or-Phenyltropane-3p-carboxylate (XIV).-The syl1- 
thesis of this compound was performed following the same 
procedure used for the nortropane derivative XI11. The 
hydrochloride of XIV was crystallized from ethanol-ethyl 
ether and melted a t  199-201' (reported 198.5-193.5'). 

Aital. Calcd. for C1&rClN02: C, 65.89; H, 7.81; N, 
4.52; C1, 11.44. Found: C, 65.91; 3, 7.90; N, 4.70; c1, 
11.55. 
S-Tosyl-3a-phenyl-3~-nortropanyl Phenyl Ketone (XV).-- 

To 150 ml. of an ether solution of phenylmagoesiurn bromide 
prepared in the usual manner from 24.4 g. (0.153 mole) of 
benzyl bromide, a warm solution (50-60') of 15 g. (0.0389 
mole) of &tosyl-3~-cyano-3~-phenylnortropane (VII I )  i n  250 
ml. of dry toluene was added under stirring. The ethyl 
ether was removed in vucuo and the stirred reaction mixture 
wa5 heated at  90-100' for additional 6 hours. On coolillg, 
100 ml. of 10% hydrochloric acid was cautiously added and 
the mixture was heated a t  60-70" for 30 minutes i o  enbure 
the complete hydrolysis of the intermediate ketiniine. The 
toluene layer was separated and washed with water. Or1 
standing, a white crystalline product separated; yield 11.7 
g. of XV, m.p. 202-204'. From the filtrate, by co!iccn- 
tratingand cooling, an additional2.3 g. of product, m . ~ .  1%'- 
199O, was obtained; total yield 77'Yc. The infrared spec- 
trum shows a carbonyl band a t  1665 cm.-'; the cr\' ab- 
sorption band is lacking. A sample was recrystallized from 
ethanol; m.p. 203-205'. 
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Anal. Calcd. for Ce~H2~NOnS: C, 72.77; 13, 6.10; N, 
3.14; S, 7.19. Found: C, 72.85; H,6.28; N,3.12; S, 7.10, 

3a-Phenyl-3p-nortropanpl Phenyl Ketone @VI).- 
8-Tosyl-3a-phenyl-3~-nortropanyl phenyl ketone (4.5 g.) was 
suspended in a mixture of 50 ml. of propionic acid, 16 ml. of 
48% hydrobromic acid and 1.34 g. of phenol and refluxed for 
1 hour. The cooled solution was filtered from the insoluble, 
unreacted starting compound (1 .1  9.) and concentrated to a 
small volume under reduced pressure. The residue was 
diluted with 50 ml. of water, filtered, and the filtrate ex- 
tracted with ethyl ether. The aqueous layer was treated 
with 10% sodium hydroxide and the separated white crys- 
talline product was collected and crystallized from ethanol 
yielding 1.57 g. (70.8%) of 3a-phenyl3&nortropanyl phenyl 
ketone, m.p. 205-208' (reported 208-212'). The infrared 
spectrum in bromoform solution of XVI showed no carbonyl 
band near 6 p  and a hydroxyl band at  2.84 p.  The infrared 
spectrum in methanol solution of XVI hydrochloride showed 
no carbonyl band near 

Anal. Calcd. for Q~HzINO: C, 82.44; H, 7.27; X, 4.80. 
Found: C, 82.24; 13, 7.40; N,4.76. 

The Iiydrochloride of XVI, after crystallization from 
cthanol-ethyl ether, melted a t  280-282' (reported 297'). 

And .  Calcd. for GoHd.2lNO: N, 4.27; C1, 10.81. 
Found: N, 4.23; C1, 11.00. 

The oxime XViII was prepared according the described4 
procedure. The hydrochloride after crystallization from 
water melted at  2i3-275" (reported 286'). 

Anal. Calcd. for GH&lNzO: N, 8.17; C1, 10.34. 
I~ourid: N, 7.90; CI, 10.15. 

3a-Phenyl-3i3-tropanyl Phenyl Ketone (XVII) .-3a- 
Phenyl3pnortropanyl phenyl ketone (1.45 g.) was dis- 
solved in 3 ml. of 98% formic acid, then 2 ml. of 38% for- 
maldehyde was added and the mixture was allowed to reflux 
for 7 hours. After cooling, 2 ml. of concentrated hydrochlo- 
ric acid was added and the whole was concentrated under 
reduced pressure. On cooling, the oily residue was treated 
with 20% sodium hydroxide. The separated white product 
was collected by filtration, washed with water and dried 
yielding 1.10 g. (73) of XVII, m.p. 123-125'. A sample, 
after crystallization from hexane, melted a t  125-126' (re- 
ported 12 1-122.5' ). 

Anal. Calcd. for CZIHZZNO: C, 82.57; H, 7.59; E, 
4.58. Found: C, 82.51; H, i .74; N, 4.60. 

The hydrochloride of XVII, prepared by addition of alco- 
liolic hydrogen chloride to an ethyl ether solution of the 
base, melted a t  249-251' (after crystallization from absolute 
ethanol (reported 257-257.5'). 

Anal. Calcd. for C21H2&1NO: N, 4.09; C1, 10.37. 
Found: N, 4.24; C1, 10.50. 

The infrared spectrum of XVII in methanol solution 
showed a broad absorption with two peaks at 6.02 and 6.10 
p; in methylene chloride a band a t  6.04 p.  The infrared 
spectrum of XVII hydrochloride in methanol solution showed 
a weak band at  6.00-rr.6 

described procedure6; m.p. 320-321' (reported 327"). 
The oxime XIX hydrochloride was prepared according the 

Anal. Calcd. for CZ1H2aCINzO: N, 7.86; C1, 9.Q4. 
Found: N, '7.75; C1, 10.05. 
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A-Norchokstrrol (HI) was prepared by a four-step procedure from A-norcoprc~itane-2,6-dione (1V). Attempts to prc- 
pare the sterol from A-norcholestenoxie (I) were unsuccessful, 

The role of cholesterol in cardio-vascular diseases 
has attracted much interest in recent years, and the 
possible utilization of related steroids as dietary 
replacement factors has been investigated.2 As i t  
might be expecied that any structural change in the 
immediate vicinity of the important C-3 hydroxyl 
function could affect the biological activity of a 
sterol, the preparation of A-norcholesterol (111) 
has been investigated. 

With the recent availability of A-norcholestenone 
(I) s ,4  the standard method6 used so successfully for 
the preparation of cholesterol from cholestenone 
was studied in the A-nor series. This method in- 
volves the conversion of a ring A enone (I) to the 
2,j-dienol acetate (11) followed by reduction with 
sodium borohydride. Jacobs and Takahashi* have 
reported that preliminary attempts to prepare the 
dienol acetate I1 were unsuccessful. The prepara- 
tion of TI from A-norcholestenone (I) proved to be 
difficult in that under the usual reaction conditions 
employing isopropenyl acetate no reaction occurred. 

(1) National Science Foundation Predoctoral Fellow, 1957-1958. 
(2) For reviews, see A n n .  Res. Biochem., '26, 315 (1957): Vi lominr  

(3) T. I,. Jacobs and N. Takahashi. J .  A m .  Chcm. Soc., 80. 4865 

(4) W. G. Dauben, G. A. Boswell and W. H. Templeton, ibid. ,  83,  

(5) 8. Belleau and T. P. Gallagher, ibid., 73, 4456 (1051); W. G. 

and Hormones, 16, 141 (1058); 17, 233 (1950). 

(1  058). 
5006 (1961). 

Dauben and J. F. Eastham, ibid. .  18, 4463 (1951). 

I IIX 
Even when the forcing conditions used to prepare 
the enol acetate of A-norcholestane-2-one4 were 
employed, I1 did not react with isopropenyl ace- 
tate. 

I t  was found that when compound I was allowed 
to react for 24 hours with acetic anhydride contain- 
ing a small amount of p-toluenesulfonic acid, there 
was obtained an oily product whose spectral fea- 
tures showed i t  to be the desired A2s6-A-norcholesta- 
diene-3-01 acetate (11) contaminated with starting 
enone I. The dienol acetate could never he oh- 
tained pure and crystalline. Reduction of crude I1 
with sodium borohydride in ethanol yielded an oily 
product which was treated with acid to dehydrate 
any allylic Aa(6)-A-norcholestene-3-ol formed in the 
reaction. Chromatography of the resulting product 
gave only A2J-A-norcholestadiene (IX), indicating 
the presence of only allylic alcohols in the reduc- 
tion mixture. One reason for the failure of this 
method of preparation of 0, y-unsaturated alcohols 
from a,p-unsaturated ketones apparently could 
stem from the relatively slow rate of reduction of a 
cyclopentanone as compared to a cyclohexanone.6 

(6) H. C. Brown and K. Ichikawa, Tcftahadron, 1, 221 (1967). 


