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(presumed to be the dichloride) rapidly evolved a gas
in the dry state and changed in crystalline character
to form a product which, although it oxidized iodide
ion, had a lower iodometric equivalent weight than
the theoretical value for iodobenzoic acid dichloride.
Because of the instability of the dichloride, plans
to study its equilibration with its components were
abandoned.

Cl—I-—-0

\
II

The behavior which has been described was
noted many years ago and explained without con-
firming evidence, on the assumption that the di-
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chloride evolved hydrogen chloride to produce II.%
Confirmation of this lactone structure has been ob-
tained through study of the reactions, described
below, of II in dilute solutions of potassium iodide

and sodium hydroxide. Complete details are
HO-1-0 1 I
o= Coo™ e
7~ ‘ ¢ O(——_II—.» ‘/K[( —»H* = ;QOOH
N OH ! \/ N !

given in the Experimental section.
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The Stereoisomers of 10-Methyl-2-decalol!:

By RoBerT H. BAKER, L. S. MINCKLER AND ALLEN S. HUSSEY
RECEIVED NOVEMBER 8, 1958

An improved synthesis of cis-10-methyl-2-trans-decalol (1) and the syntliesis of the trans-trans isomer (1I) of the cis-cis

isomer (III) and of the #rans-cis isomer (IV) by procedures which permit assignment of configuration are reported.

Ab-

sorption bands in the infrared spectra of these and related compounds appear to be diagnostic of the nature of the ring

fusion geometry.

Two of the four isomers of 10-methyl-2-decalol
have been described previously.3” Both of these
isomers melt in the region of 65-70° at very nearly
the same temperature. The p-nitrobenzoate of
one has been reported to melt at 65-67°°7 the
3,5-dinitrobenzoates to melt at 110.6-111.2° and at
97.5-98.5°.¢* The isomer which forms the higher
melting 3,5-dinitrobenzoate has been synthesized
from a 10-carboxy-2-decalol which forms a lactone.*
Also, when oxidized with chromic anhydride, this
isomer has furnished 10-methyl-2-frans-decalone.?
It is therefore cis-10-methyl-2-frans-decalol (I).
We have found the p-nitrobenzoate derivative
to melt at 71-73°; hence it would appear to be
identical with that described by Yanagita and co-
workers.>”

While compound I can be prepared in three
steps from 2-methylcyclohexanone by way of 10-
methyl-Al%-octal-2-one,®47# we have come to pre-
fer the synthetic sequence to 10-methyl-2-frans-
decalone, as developed by Dreiding,® followed by

(1) Presented, in part, before the Division of Organic Chemistry,
129th Meeting of the American Chemical Society, Dallas, Texas,
April 8-13, 1936,

(2) A grant from the Research Corporation assisted the carrying
out of this research.

(3) E. C. du Feu, F, J. McQuillen aud R. Robinson, J. Chen. Soc.,
53 (1937).,

(4) A. 8. Hussey, H. P. Liao and R. H. Baker, THi$s JOURNAL, 75,
4727 (19533). See footnote 3 for the naming convention used to desig-
nate the geometry of these isomers.

(5) M. Yanagita and A. Tahara, J. Org. Chem., 18, 792 (1953).

(8) A. S. Dreiding and A. J. Tomasewski, THIS JOoUrNAL, 77, 168
(1953).

(7) M. Yanagita, K. Kamukawa and A. Tahara, J. Org. Chem., 20,
1767 (1955).

(8) See F. D. Gunstone and R. M. Heggie, J. Chemn. Soc., 1437
(1952); A. L. Wilds, C. H. Hoffman and T. H. Pearson, THIS JOoUR-
NaL, T7, 647 (1935); and F. Sondheimer and D. Russell, ébid., 80,
3995 (1958), for variations in the preparation of this intermediate.

(9) A.S. Dreiding and A. J. Tomasewski, ibid., TT, 111 (1935).

reduction with lithium aluminum hydride. In
spite of the nine steps involved, the over-all yield
of I is 35-409, and the product is much less subject
to contamination by isomeric impurities.

When compound I, prepared in this way, was
converted to its p-toluenesulfonate and the latter
was refluxed with potassium acetate in acetic acid
—acetic anhydride solvent, the epimeric acetate was
formed in 25-309, yield. Considerable (ca. 309)
elimination accompanied the displacement reaction.
Saponification and a chromatographic procedure on
alumina led to the isolation of frans-10-methyl-2-
trans-decalol (II) m.p. 89.5-90.5°. The p-nitro-
benzoate and the 3,5-dinitrobenzoate of 1T melted
at 153-154° and 122-123°, respectively. There-
fore the second isomer previously reported? is
not the frans-trans isomer I1.

The synthesis of css-10-methyl-2-czs-decalol (II1)
and of frans-10-methyl-2-cis-decalol (IV) involved
the common starting material, 10-hydroxymethyl-2
cis-decalone (V)19 as follows: V was converted
to its p-toluenesulfonate VI and the latter was
reduced with sodium borohydride to a mixture of
the epimeric 10-[p-toluenesulfonoxymethyl]-2-cis-
decalol isomers. By way of a fractional crystal-
lization procedure, the epimeric p-nitrobenzoates
were separated to furnish 179, of the cis-cis
isomer VII and 719, of the trans-cis isomer VIII.
The former melted at 114-116° and showed no
depression of melting point when mixed with an
authentic sample cf VII, m.p. 115-116°, from cis-
10-hydroxymethyl-2-cis-decalol.®®  Similarly VIII,
m.p. 161-162°, did not depress the melting point
of an authentic sample, m.p. 161-163°, prepared
from trans-10- hydroxymethyl-2-cis-decalol. '

(10) 1.. S. dinckler, A. S. Hussey and Robert H. Baker, ibid., 78,
1009 (1936).
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When VII was saponified, crystalline ¢is-10-
[p-toluenesulfonoxymethyl]-2-cis-decalol (IX), m.p.
78-79°, was obtained. Conversion of IX to
¢1s-10-methyl-2-cis-decalol (III) involved displace-
ment of the p-toluenesulfonate group with hy-
drosulfide’ and then desulfurization with Raney
nickel catalyst.!* Prepared in this way, III proved
to be an uncrystallizable oil which distilled at 109-
110° at 4 mm. The p-nitrobenzoate of III melted
at 74-75°. The 3,5-dinitrobenzoate derivative of
11T melted at 95-97° but mixture melting points
with the 3,5-dinitrobenzoate of I and of the second
methyldecalol isomer previously reported* were
both depressed to below 75°.

By an identical sequence of steps (saponification,
conversion to the mercapto derivative and desul-
furization), VIII was converted to the frans-cis
isomer IV. When recrystallized from petroleum
pentane, IV melted at (7.5-68.5°. It depressed
the melting points of I, IT and III, but did not
depress the melting point of the second isomer
previously reported.* Its p-nitrobenozate and 3,5-

(11) D. Papa, L. Schwenk and H. I, Ginsberg, J. Org. Chen., 14,
723 (1949).
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dinitrobenzoate melted at 104-105° and 101-102°,
respectively.  Mixture 1melting points demon-
strated the identity of these derivatives and the
corresponding derivatives (m.p. 102-103° and 97.5—
08.5° respectively), of the second methyldecalol
isomer previously reported.* The assignhment of
a frams-cis configuration proposed earlier* for the
isomer produced by catalytic hydrogenation of
10-methyl-At-octal-2-one therefore has been con-
firmed.

When the p-toluenesulfonate of IV (two inter-
convertible crystalline forms: wm.p. 96.0-96.5°
from hexane, 86.5-87.5° from cthanol) was re-
fluxed with potassiumn acetate iu acetic acid-
acetic anhydride, 709, of a mixture of octahydro-
naphthalene elimination products was obtained
but only 7.69 of I11, isolated as its acetate.

The infrared spectra of the four isomers, of their
derivatives and of many of the intermediates in-
volved in their synthesis show absorption bands in
the 1450-1475 cm.™ region which appear to be
diagnostic of a methylene group in the augular
position of the cis- or of the frans-decalin system.
The doublet characteristic of the cis ring fusion and
the single strong band characteristic of the frans
ring fusion are illustrated in Fig. 1. This feature
can be discerned in the spectra of Idelson and
Becker,!? although not so strikingly because the
intense absorption of the relatively thick liquid
films they employed tends to obscure these details of
their spectra in this region.  The absorption spectra
of ¢is- and frans-decalin'® do not show this striking
differetice; rather, both of these isomers have a
single symmetrical band in this region. Un-
fortunately, this region of the spectra of steroids
is rather complex, so this criterion of the ring fusion
geometry cannot be extended to these more compli-
cated ring systems.!*

Experimentall®.16

c¢is-10-Methyl-2-trans-decalol (I).—An ether solution con-
taining 4.20 g. (25 millinioles) of 10-methyl-2-trans-deca-
lone?® was added slowly to an ether solution containing 0.5
g. (13 imillimoles) of lithium aluminum hvdride. After
two hours at room temperature the mixture was hydrolyzed
by slow addition of 1 cc. of water. The ether filtrate and
washings were evaporated to yield 3.6 g. (859%) of liquid
alcoliol.  Crystallization fromm pentane at —70° gave 2.12
g. (50¢,), ni.p. 64-68°, and a second crop, 0.48 g., m.p.
45-55°, The uncrystallizable residue gave 129, of a 3,5-
dinitrobenzoate, m.p. 108-109°, undepressed by admixture
with authentic material.* A sccoud preparation gave 3.17
g. (759%) of crystalline I after purification by cliromatog-
raphy oun alumina with pentane—ether.

The p-nitrobenzoate was prepared using p-nitrobenzoyl
chloride in pyridine by licating at 100° for three hours. It
melted at 71-73° after recrystallization from pentanc.

Anal. Caled. for C1sHuNOy: C, 68.1; H, 7.3. Found:
C, 67.7; H, 7.0.

cis-10-Methyl-2-trans-decalyl p-Toluenesulfonate.—In
10 cc. of cold pyridine there was dissolved 2.00 g. (12 milli-
moles) of the alcohol, m.p. 64—68°, aud 3 g. (16 millimmoles)
of p-toluenesulfonyl chloride. After four days at 10°, the
solution was treated with 1 cc. of water and after an addi-

(12) M. Idelson and E. I. Becker, Trrs JuturyalL, 80. 008 (1938).

(13) A. P. 1. Researcli Project 44, Infrared Spectral Data, Book 111,
Serial N'o, 1086, 1087, Feb. 28, 1950.

(14) See fur example R N. Jones and A. R, I1. Cole, THIS JOURNAL,
74, 5648 (1652).

(15) Analyses by Miss Hiidegarde Beck, Microanalytical Labora-
tory, Chemistry Departnient, Northwestern University.

(163 Al meiting points observed on micro meiting stage, X and
12X, with polarizing eyepsiece,



May 20, 1959

tional hour the mixture was poured into water and ex-
tracted with ether. The ether extract was washed with di-
lute hydrochloric acid, then with sodium bicarbonate solu-
tion, and finally dried and evaporated. The oil, 3.84
g., was crystallized from absolute alcohol at 0° to give two
fractions, 3.03 g. (79%), m.p. 44-47°, and 0.40 g. (109%),
m.p. 42-47°, They were combined and recrystallized from
95% alcoliol at 0° to give two crops 2.41 g. (639%,), m.p.
55-56.5°, and 0.54 g. (14%), m.p. 53-55°. The head
fraction was analyzed.

Anal. Caled. for CisHes0sS: C, 67.0; H, 8.1.
C, 66.8; H, 8.0.

trans-10-Methyl-2-frans-decalol (II).—The p-toluenesul-
fonate of I (2.2 g., 6.8 millimoles) and anhydrous potassiuni
acetate (4 g., 40 millimoles) were dissolved in 20 cc. of gla-
cial acetic acid and 2 cc. of acetic anhydride. The solution
was refluxed 19 hours after which it was cooled and poured
into water containing 20 g. of potassiumi hydroxide. This
was warined and then after cooling was extracted with 1:1
ether-pentane. Evaporation left 0.961 g. of oil. The oil
was adsorbed on 25 cc. of 80 mesh alumina in a l1-cm. tube
and was eluted with 30-cc. portions of pentane. The
first fraction, 0.325 g., proved to be mostly olefin but con-
tained 16 mg. of acetate of II. The next six fractions gave
0.406 g. of non-crystalline acetate, Subsequent elutions
with ether furnislhied 69 mmg. (6%) of II, ni.p. 72-75°.

The acetate was saponified by refluxing three hourts in
ethanol containing 1 g. of potassinm hydroxide. Extrac-
tion with pentane gave 0.326 g. (299%) of crude alcohol,
m.p. 70-75°.17 Crystallization twice from pentane, in which
it is quite soluble, gave long needles which melt with sub-
limation at 89.5-90.5°., The analytical sample was sub-
limed at 1 mm.

Anal. Caled. for ChHyO: C, 78.5;
C, 78.5; H, 11.9.

The 3,5-dinitrobenzoate was prepared using 3.5-dinitro-
benzoyl chloride in pyridine by heating for three hours at
100°. It was crystallized from pentane with considerable
loss due to solubility and gave plates, m.p. 122-123°,

Anal. Caled. for CisHxN:Os: N, 7.7. Found: N, 8.1.

The p-nitrobenzoate, prepared as with I above, melted
at 153-154° after recrystallization from hexane.

Anal. Caled. for C;sHxuNOy: N, 4.4, Found: N, 4.7,

Ozxidation of the frans-trans-Decalol.—The alcohol (116
mg., 0.70 millimole) in 5 cc. of acetic acid was treated drop-
wise with 50 mg. (0.50 millimole) of chromic anhydride dis-
solved in 4 cc. of acetic acid during 25 minutes at 50°, The
liquid ketone was recovered by extraction with pentane.
It and 150 mg. (159, excess) of 2,4-dinitrophenylhydrazine
were taken into solution in 25 cc. of boiling ethanol then 2
cc. of concd. hydrochloric acid was added. After refluxing
for an additional 15 minutes the solution was cooled to pro-
duce 210 mg. (87%) of 10-methyl-2-frans-decalone 2,4-di-
nitroplienvlhydrazone. Recrystallization from 20 cc. of
alcohol and then from 20 cc. of dry ether raised the m.p. to
174.5-176°, microscopic hot-stage.!8

10-[p-Toluenesulfonoxymethyl |-2-cis-decalone (VI).—A
reaction mixture composed of 4.60 g. (25.3 millimoles) of
10-hydroxymethyl-2-cis-decalone,’® (V) and 6.20 g. (32.7
millimoles) of recrystallized p-toluenesulfony!l chloride in
20 cc. of pyridine was heated at 70° for 1 hour and allowed
to stand overnight. The mixture was poured onto 70 g. of
ice and 30 cc. of concentrated hydrochloric acid. Ether
extracts were combined, washed free of chloride ion and con-
centrated to about 20 cc., at which point crystals appeared.
The addition of an equal volunie of pentane, cooling and
filtering permitted the recoverv of 8.33 g. (989,) of V, m.p.
78-84°.  An analytical sainple recrystallized from ethianol
melted at 84.5-85.5°.

Anal. Caled. for CsHeOsS: C, 64.3; H, 7.2. Found: C,
64.3; H, 6.7.

Found:

H, 12.0. Found:

(17) Calculating the first chromatographic fraction as olefin, 0.325
g. (329, yield), the ratio of displacement to elimination products is
approximately the same as in the cholestane series; L. C, King, and
M. J. Bigelow, THis JOURNAL, T4, 3338 (1952).

(18) For a discussion of literature values see R. B. Woodward,
F. Sondheimer, D, Taub, K. Heusler and W, M. McLamore, ibid.,
T4, 4223 (1952), and earlier work in this Laboratory cited by Dreiding
and Tomasewski.® The method of preparation described in the text
avoids the lower melting forms and the tedious purification,

STEREOISOMERS OF 10-METHYL-2-DECALOL

2381
IS00 1400 1500 1400 1500 1400 1500 1400
H_‘_Li EJ_L_J__
;\
80 4 L
60 4 3
40 4 o
I I IT
Fig. 1. N

cis~(VIL) and #rans-10-[p-Toluenesulfonoxymethyl]-2-cis-
decalyl p-Nitrobenzoate (VIII).—A solution of 0.52 g. (14
millinioles) of sodium borohydride in 10 cc. of ethyl alcohol
was added over 5 minutes to a solution of 7.60 g. (22.6
millimoles) of VI in 40 cc. of ethyl alcohol with shaking to
mix and cooling below 40°. This mixture stood at room
temperature for 20 hours then was treated with 2 cc. of
water and 1 cc. of glacial acetic acid. After the evolution
of hydrogen was complete, the mixture was heated on the
steam-bath for 2 hours. The solvent was removed on the
water-pump and 40 cc. of water was added. Ether extracts
were combined, washed with water and dried over magne-
sium sulfate. The solvent was removed, finally at 50° at
1 mm., leaving 7.69 g. (1009,) of pale yellow, viscous prod-
uct which would not crystallize.

(A) A sample of this hydroxytosylate (3.88 g., 11.5
millimoles) was dissolved in 30 cc. of anhydrous pyridine
and 2.34 g. (12.6 millimoles) of p-nitrobenzoyl chloride was
added all at once, The reaction mixture was heated on
the steam-bath for 15 minutes and then let stand at room
temperature for 45 minutes. When poured onto 100 g. of
ice and scratched, the product crystallized and was filtered,
washed with dilute hyvdrochloric acid, dilute potassium
carbonate and finally with water. Recrystallization from
acetone-alcohol gave 3.87 g. (699%) of the p-nitrobenzoyl
derivative of VIII, m.p. 161-162°, no depression when
mixed with the sample prepared from pure trans-10-liy-
droxymethyl-2-cis-decalol as described below. From the
recrystallization filtrate, an additional 0.12 g. of p-nitro-
benzoyl derivative of m.p. 160-162° was obtained; total
vield 3.99 g. (719%,).

Further concentration of this filtrate deposited crystals
of the p-nitrobenzoyl derivative of the epimeric cis-10-[p-
toluenesulfonoxymethyl]-2-cis-decalol (VII), m.p. 112-
115°. A fractional crystallization procedure involving al-
cohol, ether and ether-acetone solvents finally furnished
0.96 g. (17%) of this material, m.p. 114-116°,

Anal. Caled. for CosHyeNO:S: C, 61.6; H, 6.0; N, 2.9.
Found: C,61.2; H, 5.9; N, 3.0.

(B) A sample of cis-10-hydroxymethyl-2-cis-decalol,!®
m.p. 122-123° (18.5 g., 0.100 mole), was added to 19.5 g.
(0.102 mole) of recrystallized p-toluenesulfonyl chloride in
50 cc. of pyridine. Heat was liberated. After 24 hours at
room temperature, the mixture was poured into 60 cc. of con-
centrated hydrochloric acid cooled and diluted by 100 g. of
ice. Ether extracts were dried thoroughly, then concen-
trated, and the total residue was added to 23 g. (0.124 mole)
of recrystallized p-nitrobenzoyl chloride in 100 cc. of pyri-
dine. Heat was evolved. The product was isolated by
pouring onto ice and extracting with ether. The crude VII
weighed 47.0 g. (969) and melted at 100-110°. A sample
recrystallized several times from ethanol and ethanol-ether

sample of pure {#rans-10-hydroxymethyl-2-cis-
decalol,’® m.p. 139-140° (500 mg., 2.70 millimoles) and
1.14 g. (6.0 millimoles) of p-toluenesulfony! chloride were dis-
solved in 25 cc. of chloroform containing 0.95 g. (12 milli-
moles) of pyridine. This mixture was heated on the steam-
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bath for 30 minutes, then poured into water and extracted
with chloroforin. Evaporation of the solvent left an amor-
phious residue which would not crystallize. This material
sliowed stroug absorption at 2.70-3.00 g aud at 7.35 and
8.50 p indicating both hydroxyl and sulfonate cster strie-
ture.

All of this material (900 mg., 2.70 millimoles) was dis-
solved in 15 cc. of pyridine and 555 mg. (3.00 millimoles)
of p-nitrobenzoyl chloride was added. After one hour on
the steam-bath, water was added to a point of incipient
cloudiness and heating was continued for 15 minutes. The
prodnct was washed with water by decantation, then with
agueons  potassium carbonate.  Recrystallization  from
cthanol gave 520 mg. (409;) of VIII, m.p. 154-156°. A
smple for analysis melted at 161-163°, from ethanol.

Anal. Found: C,61.9; H, 5.8,

¢is-10-Methyl-2-cis-decalol (III).—A sample of 15.01
g- (30.8 millimoles) of VII, m.p. 112-116°, was saponified
1)\ shaking it with a hot squtlon of 2.2 g. of potassium hy-
droxide in 100 cc. of ethanol until all dissolved. The sol-
vent was removed at the water-pump and an ether extract
of the residue was washed and dried. Acidification of the
cther-insoluble residue furnished 5.09 g. (999,) of p-nitro-
benzoic acid. Evaporation of the ether solution gave 9.55
g. (929;) of crude cis-10-[p-toluenesulfonoxymethyl]-2-cis-
decalol, m.p. 55-70°. Recrystallization from benzene-hex-
ane gave 9.43 g. (90 %) of product melting at 75-78°. A
saiple for analysis, from etlier, nielted at 78-79°.

Anal. Caled. for C3sH»0.S: C, 63.9; H, 7.7.
C, 63.4; H, 7.8.

All of the latter material (27.7 millimoles) was dissolved
in 20 cc. of re-distilled dimethylformamide and a solution of
35 g. of 259 aqueous sodium hvdrosulfide in 50 cc. of di-
miethylformamide was added.? This mixture was refluxed
under nitrogen in a flask equipped with an air condenser,
40 mumn. in diameter, topped with a water-jacketed conden-
ser. The large diameter condenser was necessary to pre-
vent clogging by dimethiylammonium liydrosulfide which
accumulates and sublimes. After 20 hours, the mixture
was cooled and poured into 200 cc. of saturated sodium
chloride solution. Slightly odoriferous ¢7s-10-mmercapto-
methyl-2-cis-decalol was recovered by extraction with ether,
5.60 g. (1009%).

The whole of this was dissolved in 60 cc. of absolute alco-
hol without further purification and this solution was added
all at once to an active nickel catalyst, W-5,1% prepared from
75 g. of Raney alloy dispersed in 50 cc. of absolute alcohol.
The mixture was maintained at reflux for 2.5 hours, then
cooled and filtered. The slightly pyrophoric nickel residue
was wiashed with several portions of solvent and the com-
bined filtrates were concentrated by removal of the solvent
throngh a 3-plate columm. The addition of water to the
residue, extraction with pentane and rentoval of this solvent
furnislied 5.5 g. of pentane-soluble residne. This was
vacunm distilled at 110-112° at 4 mu. to give 4.00 g. (85%,)
of TIT whicli would not crystallize.

The 3,5-dinitrobenzoate preparcd
05-97°, from hexane.

Anal.  Caled. for CsHayN.Og:
C, 59.4; H, 5.9.

The p-nitrobenzoate mclted at 74-75°,

Anal. Caled. for CsHNO;: C, 68.1; H. 7.3.
C, 67.9; H, 7.3.

Mixture melting points of these derivatives of II1 with the
corresponding derivatives of I, II and of the earlier de-
seribed 10-methyl-2-decalol* all showed depression

trans-10-Methyl-2-cis-decalol (IV),.—A sawmple of
24.38 g (50.1 millinioles) of VIII was saponified by leating
for 0.5 hour on the steamn-bath with 3.42 g. (55.0 milli-
moles) of 909, potassinm hydroxide in 150 cc. of ethyl al-
coliol. Removal of the solvent at reduced pressure, addi-
tion of water and extraction with ether furnished 16.92 g.
(100¢%) of uncrystallizable product and 8.20 g. (98%%) of p-
nitrobenzoic acid.

A small sample of the product from above (0.714 g., 2.11
nnlhmolex) with 0.43 g. (2.3 willimoles) of p- mtrobenzO\I

Found:

as above melted at

C, 59.7; H, 6.1. Found:

from peutane.

Found:

(19) H. R, Bilica and Homer Adkius,
V) T Johin Wiley and Sons, Tue., New York, N, Y.,

"Organic Syntheses.” Coll.
1055, p. 176,
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chiloride in 10 cc. of pyridine gave 0.876 g. (85'¢) of \ 111
after recrystallization from ethyl alcoliol, m.p. 161-162°

The remnainder of the saponification product (16.19 g .
+47.9 millimoles) was converted to IV exactly as described
above for the preparation of 111 except that proportionately
larger amounts of reageuts aud solvents were used. The
10.34 g. of trans-10-mercaptomethyl-2-cis-decalol furnished
8.34 g. of pentane-soluble desulfurization product. This
crystallized on standing. The product was filtered,
washied with peutane cooled below —50°, and dried under
vacrewm.  The white platelets obtained weighed 4.99 g.
and melted at 40-61°. A second crop of crystals of tlie same
melting range amounted to 0.29 g.; total crude yield 659%,.
Scveral recrystallizations from pentaie furnished ncedles,
m.p. 67.5-68.5°; 3.31 g. (419,). A chromatographic pro-
cedure on alumina permitted thie recovery of an additional
1.45 g. (18%) of pure IV from the recrystallization filtrates.
A second preparation ewmploying 0.111 mole of VIII fur-
nished 17.1 g. (929%) of IV when the crude product after de-
sulfurization was vacuum distilled (98-99° at 2 1m.).
This crystallized on standing, m.p. 60-65°. It did not de-
press the 1nelting point of the alcoliol earlier assigned this
structure.?

Anal. Caled. for C;;HpO: C, 78.5;
C, 78.9; H, 11.8.

The 3,5-dinitrobenzoate melted at 101-102° after recrys-
tallization from pentane. When mixed with the 3,5-dinitro-
benzoate, described earlier? to nielt at 97.5-98.5°, the melt-
ing point was observed to he 98-102°,

The p-nitrobenzoate melted at 104-105°, fromn hexane;
no depression when mixed with a sample prepared from the
IV isolated earlier.*

Anal., Caled. for CizHeuNOs:
C,67.9;,H, 7.2

The p-toluenesulfonate was prepared, as described above
for this derivative of I, from 6.30 g. (37.7 millilmoles) of IV.
Crystallization from cthanol gave 8.91 g. (73%}) of product
which melted over a range from 83-94°. A sample re-
crystallized from hexane formed massive crystals, m.p.
96-96.5°. The melt resolidified in a feathery form, m.p.
85—87°. These forius could be interconverted by seeding
hexane and ethanol solutions with a crystal of the high-
melting or low-melting form, respectively.

Anal. Caled. for CisHegO:S: C, 67.0; H, 8.1.
C, 67.5; H, 7.8,

After 8.05 g. (25.0 millimmoles) of this p-tolucnesulfonate,
m.p. 92-94°, was subjected to a displacement reaction as
described above for the p-toluenesulfonate of I, vacuum
distillation gave 2.29 g. (61%7) of 9-methyloctalins, b.p.
82° at 16 wuni., and 0.897 g. of higher-boiling material.
The latter was treated with 0.25 g. of lithium aluminum
hivdride in anhydrous ether and the reaction mixture was
hydrolyzed and worked up in the nsual way. The crude
product weighed 0.687 g. and was purified by a chiromato-
grapliic procedure on alumina using pentane, pentane-
ether, ether and water-saturated ethier in sequence. An
additional 0.356 g. (99 ) of methyloctalins was recovered
from the early pentane fractions and 0.317 g. of III was re-
covered froni the final wet ether eluates. The p-nitroben-
zoate of this material melted at 72-74°, no depression with
this derivative of III prepared as described above.

Infrared Spectra.—The infrared spectra of chloroform
solutions of I and II and of the related compounds 9-liy-
droxymethyl-2-trans-decalin,* c¢is-10-hydroxymethyl-2-
trans-decalol, 410 frans-10-liydroxymethy!l-2-trans-decalol,!®
10-hydroxymethyl-2-frans-decalone.!® the dioxolan deriva-
tive of the latter® and 10-methyl-2-frans-decalone!® all ex-
hibited a single strong absorption band at 1448-1452 cru. ™!
Mucl weaker bands, 10-20 wave unumbers above and below
this strong band, were present in most of these spectra.

The infrared spectra of chloroforni solutions of 111 and
IV and of the related compounds VII. VIII, the saponifica-
tion products of the latter two, 10-hydroxymethyl-2-¢is-
decalone!d and the dioxolan derivative of the last!d all ex-
hibited a stroug absorption band at 1450-1455 ci1. "t aud a
second strong band of just slightly lower intensity at [470-
1475 cin. 1,

Otlier differences in the otherwise very similar spectra
of 1, 1T, 11T and IV were observed i thie 990-1060 ¢!

H, 12.0. Found:

C, 68.1; H, 7.3. Found:

Found:
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region, where each isomer exhibited a unique ratio of inten-
sities, and slight displacements, of three prominent absorp-
tion bands: I, 1030 > 1058 > 1007; II, 997 > 1030 > 990
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(shoulder); III, 1023 > 1055 > 1008; IV, 1060 > 1035 >
1010.

Evanstox, ILL.

[JoinT CONTRIBUTION FROM THE RESEARCH LLABORATORIES OF SYNTEX, S.A., AND THE DEPARTMENT OF CHEMISTRY OF
WAYNE STATE UNIVERSITY]

Optical Rotatory Dispersion Studies.

XXIII.! «-Haloketones (Part 3)2

By CArRL DjeErassI, IRMA FORNAGUERA® AND O. MANCERA
RECEIVED NOVEMBER 3, 1958

The earlier work on the optical rotatory dispersion of steroidal e-haloketones has been extended to include equatorial iodo-

and fluoroketones,

An examination of the rotatory dispersion curves of 21-fluoro-, chloro-, bromo- and iodo-20-keto steroids

as well as of 17a-chloro- and 17«-bromo-20-ketones suggests that under certain circumstances, the “‘axial haloketone rule”
may be employed to differentiate between free rotational isoniers.

A systematic study? of the rotatory dispersion
curves of a variety of «-bromo- and e«-chloro-
ketones of the steroid series has led to certain
generalizations?* which can be summarized briefly
as follows: In a cyclohexanone (Ia) existing in the
chair form,’ introduction of equatorial chlorine or
bromine in the a-(Ib) or «’-(Ic) positions does not
affect the sign of the single Cotton effect curve®
of the parent ketone Ia although there may be
noted differences in amplitude.® On the other hand
axtal chlorine or bromine may alter the situation
profoundly and the sign of the Cotton effect curve
can be predicted by employing the following,
empirical device.2* By looking down the O=C
axis as indicated by the arrow (II), a cyclohexanone
derivative with chlorine or bromine to the left
(ITa) of the observer will show a negative Cotton
effect while if the halogen atom is located to the
right (IIb), a positive Cotton effect will be

predicted.
{
0}
X
XI
X' X
Ia, X = X' = Ila, X = Clor Br; X’ =
h,X = Clor Br; X’ =H b, X = H; }x CIorBr
¢, X = H; X'=ClorBr

This ‘‘axial haloketone rule”—for which no
exception has as yet been noted—affords a simple
means to establish absolute configurations and it
has been used’ recently to demonstrate conforma-
tional mobility in {rans-2-chloro-5-methyleyclo-
hexanone. In order to define more precisely the
scope of these generalizations, we have determined
the optical rotatory dispersion curves of a number

(1) Paper XX11, C. Djerassi, L. A. Mitscher and B. J. Mitscher,
THIS JOURNAL, 81, 947 (1959).

(2) Part 2, C. Djerassi, J. Osiecki, R. Riniker and B. Riniker, 7bid.,
80, 1216 (19538),

(3) This material represents part of the professional thesis submitted
by Srta. lrma Fornaguera to the Escuela Nacional de Ciencias Quimi-
cas de la Universidad Nacional Auténoma de México for the degree
“Quimico Farmacéutico Bidlogo.”

(4) C. Djerassi and W. Klyne, THiS JoURNAL, 79, 1506 (1957).

(5) The applicability of these generalizations to boat forms will be
discussed in a forthcoming article from this Laboratory.

(6) For nomenclature see C. Djerasst and W. Klyne, Proc. Chem,
Soc.. 55 (1957).

{7) C. Djerassi and I,. BE. Geller, Telrahedron, 8, 319 (1958).

of additional steroidal «-haloketones and the
present paper is concerned with these results.

In our earlier communication,® attention was
directed to the observation that the few steroidal
a-fluoroketones which had been measured—
9a-fluoro-11-ketones or 12a-fluoro-11-ketones—did
not follow this rule since in these cases the axial
fluorine had exactly the opposite effect from that
observed for chlorine or bromine; no data were
available for a-iodoketones.

We have now repeated the preparation of 2a-
iodocholestan-3-one (IIIa)® and measured its
rotatory dispersion curve. This substance was of
particular interest since its ultraviolet absorption
maximum occurs at 258 mu® as compared to 279-
282 myu recorded® for 2a-chloro- (IIIc) and 2a-
bromocholestan-3-one (IIIb). In view of the excel-
lent correlation between ultraviolet absorption
and rotatory dispersion data,? it might have been
anticipated that the peak (or trough) of 2a-iodo-
cholestanone (I11a) would be encountered at a lower
wave length than reported® for the chloro and
bromo analogs, but this did not prove to be the
case. As can be seen from the data listed in the
Experimental section, 2ea-iodocholestan-3-one ex-
hibited a positive Cotton effect curve with a peak
in the 310 mu region, identical with that observed?
for 2a-chloro- or 2ea-bromocholestan-3-one. The
simplest explanation is that in addition to the re-
ported® ultraviolet absorption maximum at 2358
mu, there exists a carbonyl band in the 280 mu region
(apparently masked by the stronger 258 mu
maximum and hence not detected) which is
optically active and which is responsible for the
observed rotatory dispersion curve.

Quite recently, 2a-fluorocholestan-3-one (I11d)—
the first known steroidal equatorial a-fluoroketone—
has been synthesized! and its rotatory dispersion
curve also has been found to be characterized by a
single, positive Cotton effect. From the data col-
lected in Table I, one can enlarge the scope of our
earlier generalization® by stating that equatorial
halogen does not appear to alter the sign of the
Cotton effect of the parent ketone, irrespective of

(8) G. Rosenkranz, O. Mancera, J. Gatica and C. Djerassi, THIS
JourNaL, T2, 4077 (1950).

(9) R. C. Cookson, J. Chem. Soc., 282 (1954).

(10) R. B. Gabbard and E. V. Jensen, J. Org. Chem., 28, 1406 (1938).

We are greatly indebted to these investigators for a gift of 2a-fluoro-
cholestan-3-one (11Td).
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