1142

Ben~n axp Dobson

Vou. 29

The Synthesis and Stereochemistry of Isomeric 16-Hydroxy-17(20)=pregnenes

Warrer R. BExy axp R. M. Dobsoxn!

Division of Chemical Research, G. D. Searle and Company, Chicago 80, Illinots
October 23, 1963

The hydrazine reduction of 16«,17-epoxypregnenoclone (5) afforded a pyrazole (9) and two isomeric allylic

aleohols, 5,17(20)-(cis)-pregnadiene-38,16a-diol (8) and 5,17(20)-(¢rans)-pregnadiene-38,16a-diol (7).

The acid-

catalyzed equilibration of 5,16-pregnadiene-38,20(« or 8)-diol also afforded two isomeric allylic aleohols, com-
pound 7, identical with the product of the hydrazine reaction, and 5,17(20)-(¢trans)-pregnadiene-38,168-diol (6).
Assignments of structure were made on the basis of the methods of preparations, conversions of the isomers to
identical products, n.m.r. spectra of the compounds, and molecular rotations.

Several years ago we observed that the Kishner re-
duction—elimination of the steroidal 16«,17-epoxy-20-
keto system afforded two isomeric unsaturated alcohols
together with a steroidal pyrazole.! The stereochemis-
try of the isomeric alcohols remained in question until
recently. The investigation of the prototropic equili-
bration of the steroidal allylic A!8-20-hydroxy system
also afforded two isomeric alcohols, one of which was
identical with one of the alcohols obtained in the pre-
viously mentioned Kishner reduction—elimination. The
three aleohols represented three of four possible isomeric
5,17(20)-pregnadiene-38,16-diols having the partial
structure 1, while the pyrazole isolated in the hydrazine
reduction had the partial structure 2.

Hg H
N
CH )\I
H | NH
—_—
Pa—
1 2

These structural assignments are supported by the
recent work of Wharton and Bohlen? wherein «,8-epoxy
ketones also were shown to react with hydrazine to
afford allylic aleohols.?*

The Hydrazine Reduction of 16«,17-Epoxypregneno-
lone (5).—The Kishner reduction—elimination of 16«,-
17-epoxypregnenolone (5), under Huang-Minlon condi-
tions, yielded 38-hydroxyandrost-5-ena-[16,17-c]-5’-
methylpyrazole (9a), and a mixture of difficultly sepa-
rable 5,17(20)-pregnadiene-33,16-diols (7a and 8a).
The steroidal pyrazole (9a) was readily identified by its
analysis, its infrared and ultraviolet spectra [Anax 225
my (e 6100) 1,¢ and by analogy with previous reactions of
a,B-epoxy ketones with hydrazine.”

(1) R. M. Dodson, U. 8. Patent 2,937,168 (May 17, 1960).

(2) P.8. Wharton and D. H. Bohlen, J. Org. Chem., 36, 3615 (1961).

(3) Since this work was completed, a communication has appeared
describing the hydrazine reduction of the same 16e,17-epoxy 20-ketone
described herein. However, only a single alcohol was isolated and the
stereochemistry was not assigned. See Huang-Minlon and Chung-
Tungshun, Tetrahedron Letters, No, 19, 666 (1961).

(4) The formation of both isomers is shown by C. Djerassi, ‘'Steroid
Reactions,” Holden-Day, Inc., San Francisco, Calif., 1963, p. 256. No
physical properties or evidence for the assigned configurations are given.
NoTE AppED IN PRoOF.—Two recent publications describing the hydra-
zine reduction of 16,17-epoxy 20-ketones have appeared since the submis-
sion of this manuscript: R. Sciaky and F. Facciano, Gazz. chim. ital., 98,
1028 (1963); and C. Beard, J. M. Wilson, H. Budzikiewicz, and C.
Dijerassi, J. Am. Chem. Soc., 86, 269 (1964).

(5) Huang-Minlon, 7bid., 68, 2487 (1946).

(6) 3,4,.5-Trimethylpyrazole has XF,,;?‘H 223 mu (¢ 4900). D. Dal Monte
Casoni, A. Mangini, and P. Passerini, Boll. sct. fac. chim. ind. Bolongna, 18,
147 (1954). For the infrared spectrum of 3,4,5-trimethylpyrazole see
v. R. Hittel, H. Wagner, and P. Jochum, Ann. Chem., 698, 179 (1955).

(7) R. C. Elderfield, ‘“Heterocyclic Compounds,” John Wiley and Sons,
Inc., New York, N. Y., 1957, Vol. 5, Chapter 2 (T. L. Jacobs), p. 68.
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The isomeric 5,17(20)-pregnadiene-38,16-diols (7a
and 8a), which also could be made more simply by
heating 16a,17-epoxypregnenclone (5a) with hydrazine
hydrate under reflux, could be separated with difficulty
into pure 5,17(20)-(trans)-pregnadiene-33,16 a-diol (7a),
m.p. 219-222° and 5,17(20)-(cis)-pregnadiene-38,16a-
diol (8a), m.p. 190-191.5°, by careful chromatography
on silica gel, followed by fractional crystallization of the
intermediate fractions. The evidence for these assign-
ments of structure is presented later in this paper.
From reactions run either at the high or low tempera-
ture, the cis isomer (8a) was isolated in slightly higher
yield than the frans compound (7a).

The course of this reaction can be most readily ration-
alized as another example of the Kishner reduction-
elimination reaction, which has been investigated most
competently by Leonard and Gelfand.® The partial
stereoselectivity of the reaction also can be rationalized

(8 N. J. Leonard and 8. Gelfand, J. Am. Chem. Soc., TT, 3272 (1955).

For other examples of the Kishner reduction-elimination reaction, see the
many references in this paper.
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on the basis of the mechanisms contained in that paper.
Thus, if it is assumed that the preferred conformation
of the 20-hydrazone (A) is similar to that of the 20-
ketone in pregnan-20-one® or in 38-acetoxy-17 a-bromo-
5a-pregnan-20-one,? then protonation at C-20, either of
the hydrazone, or of a negative ion obtained from it,
should occur preferentially from the « side and result
in the formation of B. frans elimination from B should
lead to the formation of 5,17(20)-(cts)-pregnadiene-
38,16a-diol (C, 8a).

The Acid Equilibration of 20-Hydroxy-16-pregnenes.
—In an attempt to synthesize the other isomeric 16-
hydroxy-17(20)-pregnenes and in an attempt to deter-
mine the relative stability of the various isomeric
endocyelic (A-20-ols) and exocyelic (AY(-16-0ls)
allylic alcohols, the acid-catalyzed isomerization of
the 20-hydroxy-16-pregnenes was studied. Initially,
we had intended to study the equilibration in acid of
pure 20a- and 208-hydroxy-A'S-pregnenes. However,
in the preparation of these starting materials we ob-
served!® a marked tendency for the epimeric 20-hy-
droxy-5,16-pregnadienes to form molecular complexes.
Indeed, because of the extreme difficulty encountered in
separating these epimers, the following rearrangement
studies were made: (a) in the 3-hydroxy-A°® series, re-
arrangements were run on the pure 208-hydroxy com-
pound (4a) and on a 1:1 mixture of 20a- and 208-
hydroxy compounds (3a and 4a); (b) in the 3-ethylene
ketal-A® series, rearrangements were run on the pure
20a-hydroxy ketal (10a) and on a 1:1 mixture of 20a-
and 208-hydroxy ketals (10a and 11a). This poten-
tially complicating factor proved to be of no consequence
as to the position of the equilibrium. Thus the stereo-
chemistry at C-20 did not appear to alter the position
of the exo—endo equilibrium nor the ratio of the geo-
metric isomers in the products under the reaction
conditions employed. The equilibrations were run at
room temperature in acetic acid-acetic anhydride
medium in the presence of 0.01 to 0.02 N p-toluene-

(9) N. L. Allinger and M. A. DeRooge, J. Am. Chem. Soc., 88, 4256 (1961);
C. Djerassi, ‘“‘Optical Rotatory Dispersion,’”” McGraw-Hill Book Co., Inc.,
New York, N. Y., 1960, p. 128.

(10) W.R. Benn, .J. Org. Chem., 28, 3557 (1963).
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sulfonic acid for at least 24 hr.!' The resulting mixture
of products resisted several attempts at precise quanti-
tation by thin layer, vapor phase, or paper chromato-
graphic techniques. Nevertheless, sufficient resolu-
tion was attained by column chromatography to indi-
cate quite clearly that the position of the equilibrium
lay well in the direction of the ero-unsaturated com-
pound.

The mixture resulting from the previously described
acid-catalyzed equilibration of 5,16-pregnadiene-33,208-
diol** was partly resolved by chromatography on alu-
mina. The major components, isolated in a ratio of
about 3:1, were 33,168- and 38,16 a-diacetoxy-5,17(20)-
(trans)-pregnadiene (6b and 7b), respectively, accom-
panied by a small amount of the unrearranged epimeric
208- and/or 20a-acetoxy-A'-pregnenes (3b and 4b).
As far as we could determine the same ratio of products
resulted from the equilibration of a 1:1 mixture of the
C-20 epimers®? as from the 208-diol. Equilibration of
the corresponding diacetates gave the same ratio of
products.

In the 3-ethylene ketal' series, the results of equili-
bration were strictly analogous to the 3-hydroxy com-
pounds. Thus the pure 20a-hydroxy compound,
which was the more readily purified of this pair of
epimers, gave the same ratio of products as resulted
from a 1:1 mixture of C-20 epimers, namely the analo-
gous 3-keto-A* structures 12 and 13. In this series
also, the 168 isomer was the preponderant product.

I
HC—~~OR
—_—
p
10, 20« isomer
11, 208 isomer
H CH, H\C /CH’3
OR _...OR
+
o)
12 13
Seriesa, R = H
Series b, R = Ac

Stereochemistry of the 5,17(20)-Pregnadiene-3,16-
diols.—The assignment of configuration of the hydroxyl
group as well as the geometry about the 17(20) double
bond in each of the isomeric products was based largely
on n.m.r. spectral evidence. Various chemical trans-
formations as well as an analysis of the molecular
rotations of the compounds provided additional evi-
dence for the assignments given. As seen in Table I
the two 17(20)-(trans)-diols (6 and 7) and their diace-
tates exhibited the expected molecular rotatory con-
tributions for 168 and 16a substitution. The single

(11) This system was chosen to avoid competing etherification, dehydra-
tion, or rearrangement to a ketone. In preliminary experiments, attempts
to study the equilibrium of the alcohols rather than their esters, e.g., treat-
ment with perchlorie acid in acetone, led to polymeric products.

(12) R. E. Marker, D. L. Turner, R. B. Wagner, P. R. Ulshafer, H. M.
Crooks, Jr., and E. L. Wittle, J. Am. Chem. Soc., 88, 779 (1941).
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TaBLE I
RoraTioNAL VALUES

——Configuration—

Isomer 16-OR Al7(20) [a]D Mp
6a 8-OH trans —-32 —101
6b B-OAc trans —-17 —68
7a a-OH trans —~73 —231
7b a-0OAc trans —116 —465
8a «-OH cts —89 — 282
8b a-OAc cis —89.5 —359
15 =0 trans —61 —191
16 =0 cis —30 —94

~—-AMp (16-OR)— ~—AMD (OAc-OH)—

Obad.® Lit.? Obsd. Lit. AMD (cis-trans)e
121 38
175 102 54 64
-9 —59
—222 — 298 —213 —239
—51
—56 —239 106
— 542 —490
97

¢ The observed values of AMD are calculated from reported molecular rotational values for the 16-desoxy analogs believed to have the
more stable trans configuration at the 17(20) double bond. This assignment is most reasonable in light of the several methods reported

for the preparation of the reference compounds:

Fieser, “‘Steroids,”’
Methuen and Co. Ltd., London, 1957, p. 55.

cis compound (8) showed a molecular rotatory contri-
bution for the acetylation of a 16a-hydroxy group dif-
ferent from those previously recorded. This may
reflect distortion in the ¢is isomer that is not present in
the other two compounds.

Tsuda and co-workers'®® and Tweit, Dodson, and
Muir!®® have observed that a g-hydroxy or S-acyloxy
substituent at C-14!% or C-15 causes a marked down-
field shift in the position of the C-18 methyl resonance in
the n.m.r. spectrum of pregnane derivatives, whereas
the corresponding o isomer results in a much smaller
displacement. We have observed a similar downfield
shift in the position of the C-18 methyl resonance in
two of the three diols and their diacetates relative to
the position of this absorption in the third isomer (Table
II). This might suggest that these two isomers had
the 8 configuration at C-16 and the remaining isomer
the « configuration. However, an explanation that is
more in agreement with the other data is that in one of
the two isomers (6) the downfield shift results from the
deshielding effect of a 8-oxygen function at C-16, while
in the second compound (8) a corresponding shift of
the same magnitude is produced by interaction between
the C-18 angular methyl group and the C-21 methyl
group of a cis-oriented ethylidene side chain, a situation
that is precluded by the geometry of a trans conforma-
tion. 1

In further support of the assignments shown, a
comparison of the n.m.r. spectra of the 16-acetylated
diols with their respective alcohols reveals a long-range
effect on the position of the doublet produced by the
C-21 methyl proton resonance in two of the isomers and
not in the third. As can be seen from molecular
models, a frans-oriented AY®-pregnene forces the
C-21 methyl group into close proximity to a substituent
at C-16. Thus in the two isomers assigned the trans
structure (6 and 7), replacement of the proton of the
hydroxyl function with an electron-withdrawing acetyl
group results in less deshielding of the protons of the
C-21 methyl group by the electrons of the C-16 oxygen,

(13) (a) Y. Kawazoe, Y. Sato, M. Natsume, H. Hasegawa, T. Okamoto,
and K. Tsuda, Chem. Pharm. Bull. (Tokyo), 10, 338 (1962); (b) R. C. Tweit,
R. M. Dodson, and R. D, Muir, J. Org. Chem., 27, 3654 (1962).

(14) The principle of additivity of effects would predict a downfield shift
of about 20 c.p.s. for the missing 168-cis isomer. Cf. J. N. Shoolery and M.
T. Rogers, J. Am. Chem. Soc., 80, 5121 (1858). NoOTE AppED IN PROOF.—
B. J. Magerlein, et al., J. Org. Chem., 28, 3474 (1963), recently have ob-
served the same deshielding influence on the C-18 protons by cis-AL7(20)-
21-hydroxy compounds relative to the {rans isomers.

L. Ruzicka, M. W. Goldberg, E. Hardegger, Helv. Chim. Acta, 22, 1294 (1939); 25,
1297 (1942); and R. Fischer, G. Lardelli, and O. Jeger, ¢bid., 33, 1335 (1950).
Reinhold Publishing Corp., New York, N. Y., 1959, p. 179, and from W. Klyne, “The Chemistry of the Steroids,”’
¢ Hogg and co-workers report positive values for AMD (cis—trans) in a series of Al7(20-
Cy compounds; J. A. Hogg, et al., J. Am. Chem. Soc., 77, 4436 (1955).

b Literature values are taken from L. F. Fieser and M.

TaBLE II¢
C-18 anp C-21 MEeTHYL PROTON RESONANCE FREQUENCIES OF

IsoMERIC 5,17(20)-PREGNADIENE-383,16-DIOLS AND THEIR

Derivarives
H CH;
56 jE/OH
6a
H
45.5jj£’.,

97, 90.5

150, 98 H CH,
54.5 ﬁ/OAC
6b
CH, 108,101 H CH,
47%_.0Ac

109, 102 CH;,4 H 108, 100 CHa

" jj_[r jg
342 q) & ;CHa 128,120.5 114.5,107 CH. ; ;H 388.5 (q)

¢ N.m.r. spectra. were determined in deuterlochloroform using
a Varian Associates A-60 spectrometer operating at 60 Mc.p.s.
The numbers adjacent to the protons at C-18, C-20, and C-21
indicate their resonance frequencies expressed in cycles per sec-
ond in the direction of decreasing field strength relative to an
internal tetramethylsilane standard.

99, 92

1.e., an upfield shift in the C-21 absorption upon acetyl-
ation. Tsuda'®® also has observed an upfield shift in
the position of angular methyl resonance upon acetyla-
tion of a hydroxyl function so situated as to permit a
spatial interaction of the two groups. In the cis isomer
(8) the C-21 methy! group is physically remote from
the long-range influence of functionality at C-16 and
thus there is essentially no change in the position of this
band upon acetylation.

The configurations of the two isomeric 16-hydroxy-
4,17(20)-pregnadiene-3-ones (12 and 13) isolated from
the acid-catalyzed equilibration of the 3-ethylene
ketals (10 or 11) were assigned using the same line of
reasoning. Thus the major product was assigned the
168-AV 20 ¢rans structure, and the minor component
the 16a-AY-trans configuration.
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The products of reduction and oxidation of the diols
6, 7, and 8 showed properties in agreement with those
expected on the basis of the structural assignments
given. Thus isomers 7 and 8 and their respective diace-
tates are shown to differ only in geometry about the
17(20) double bond by virtue of their reduction in the
presence of palladium on carbon to a common saturated
5a-pregnane-338,16a-diol (14). Reduction of the third
isomer assigned the 168-frans configuration (6) gave a
mixture of a hydrogenolysis product together with
what appears to be, on the basis of spectral evidence,
a 16-keto-17¢-ethyl derivative resulting from isomeriza-
tion of the double bond through the enol intermediate.?®

The allylic 16-hydroxy-A7®° gystem was very
unreactive toward selective oxidation by either man-
ganese dioxide or dichlorodicyanobenzoquinone. Room
temperature treatment resulted in recovery of consider-
able starting material. Use of elevated temperatures
resulted in appreciable oxidation of the 3-hydroxyl
group to a 3-keto-4,6-diene system as evidenced by the
appearance of a band in the ultraviolet spectrum at 283
mp. In light of these observations the experiments
were not pursued.!s

Oxidation under Oppenauer conditions proceeded
smoothly ; however, there invariably was an appreciable
amount of isomerization of the resulting dienedione
about the 17(20) double bond even under these mild
conditions. Nevertheless, the predominant isomer in
each case was that expected on the basis of the previous
assignment of geometry about the 17(20) double bond.

The n.m.r. spectra of the two isomeric 4,17(20)-preg-
nadiene-3,16-diones afforded an unequivocal assign-
ment of the configuration of the ethylidene side chain.
The substituent at C-20 adjacent to the carbonyl
function at C-16 is subject to the magnetic anisotrophic
influence of that group resulting in a deshielding or
downfield shift. Thus the spectrum for one isomer as-
signed the trans configuration (15) displayed a doublet
for the C-21 methy! proton centered 13.5 c.p.s. down-
field from the corresponding absorption of the other
isomer, assigned the cis structure (16). The spectrum
for the latter compound exhibited a quartet for the C-20
vinyl proton centered 46.5 c.p.s. downfield relative to
the first.” The comparable deshielding of the C-18
methyl protons by the C-21 methyl group in the cis
compounds (8a and 16) when compared with the trans
compounds (7a and 15} also should be noted.

Discussion

The question of the relative stability of a double bond
exocyclic or endocyclic to a five-membered ring has
been discussed by several authors.'® Turner’s® stud-
ies on the heats of hydrogenation of the isomeric exo-

(15) Cf. R. Delaby and J. Dumoulin, Bull. soc. chim. France, 39, 1578
(1926), for analogous isomerization of allylic alcohols to ketones on palla-
dium catalysts.

(16) P. N. Rao, J. Org. Chem., 26, 2149 (1961). See, however, ref. 4.

(17) Other recent examples of the use of n.m.r. spectroscopy in dis-
tinguishing between isomeric ethylidenes adjacent to a five-membered ring
carbonyl! are reported by G. Albers-Schénberg and H. Schmid, Helv. Chim.
Acta, 44, 1447 (1961), in the elucidation of the structures of plumericin and
isoplumericin, and by K. 8. Brown, Jr., and S. M. Kupchan, J. Am. Chem.
Soc., 84, 4590 (1962), working with derivatives of cyclobuxine. Cf. also
L. M. Jackman and R. H. Wiley, J. Chem. Soc., 2881 (1960).

(18) (a) H. C. Brown, J. H. Brewster, and H. Shechter, J. Am. Chem.
Soc., 18, 467 (1954); H. C. Brown, J. Org. Chem., 32, 439 (1957). (b) B.
R. Fleck, ibid., 22, 439 (1957), and references cited therein. (c) R. B,
Turner and R. H. Garner, J. 4m. Chem. Soc., 80, 1424 (1958).
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endo pairs of five-, six-, and seven-membered ring com-
pounds showed tbat in each case the endo isomer was
the more stable member of the pair. Dreiding and
Hartman'® have observed that either 2-methylenecyclo-
pentanol or 1-cyclopentenyl methanol in the presence of
19, sulfuric acid at reflux temperature underwent re-
arrangement to 2-methylcyclopentanone. However,
from these experiments no conclusions could be drawn
concerning the relative stability of the isomers.

The steroidal A®-20-acetoxy system offers one ad-
vantage in the study of exo—-endo equilibria involving a
five-membered ring in that each of the isomeric olefins
are trisubstituted. However, the rigidity of the steroid
nucleus (the trans C:D ring juncture), the steric effects
of the neighboring ring, and the C-18 angular methyl
group impose such limiting features on this system that
generalization to other systems would of necessity be
limited.

From the lack of stereospecificity of this anionotropic
rearrangement, it is reasonable to conclude that ther-
modynamic equilibrium has been approached among
the products formed. Thus, in this system (1) only the
irans-olefin was isolated; (2) the trisubstituted exo-
cyclic [A7] double bond was favored over the tri-
substituted endocyclic [A'17] double bond; and (3)
the more stable 168-acetoxy isomer was favored over
the less stable 16«-acetoxy compound. That the 168
configuration is more stable than the 16« in certain 16-
substituted steroids possessing an exocyelic double
bond at C-17 can be seen from the work of Fajkos,*
Bowers,?! and others.

Experimental??

The Reaction of 16.17-Epoxypregnenolone with Hydrazine.
Method A. 5,17(20)-(trans)-Pregnadiene-38,16a-diol (7a).—A
solution of 10.0 g. of 38-hydroxy-16«,17-oxidp-5-pregnen-20-one
in 200 ml. of hydrazine hydrate (859,) was brought slowly to
reflux temperature over 0.75 hr. and allowed to reflux for 15 min.
The reaction mixture was cooled and the grey precipitate sepa-
rated by filtration and washed thoroughly with water. The
dried solids were dissolved in a 5%, ethyl acetate-benzene solution
and placed on a column of 400 g. of silica gel. From the early
fractions eluted by 209, ethyl acetate-benzene there crystallized
prisms melting 213-218°. Recrystallization from ethyl acetate
afforded the 16a-trans isomer (7a) as blades melting 219-222°,
la]lD —73°.

Anal. Caled. for CyHyO,:
C, 79.70; H, 10.07 (MT).

5,17(20)-(cis)-Pregnadiene-33,16a-diol (8a).—From later
fractions of the previous chromatogram the major product was
eluted with 209 ethyl acetate-benzene and crystallized to give
the 16a-cis isomer (8a) as needles having m.p. 185-190°. An
analytical sample was obtained by recrystallization from ethyl
acetate, m.p. 190-191.5°, [a]p —89°.2

C, 79.70; H, 10.19. Found:

(19) A.S8. Dreiding and J. A. Hartman, ibid., 78, 1216 (1956).

(20) J. Fajkos, J. Chem. Soc., 3966 (1959), and references cited therein.

(21) A. Bowers, P. G. Holton, E. Necoechea, and F. A, Kinel [ibid., 4057
(1961)] have shown that 16a-methyl-4-androstene-3,17-dione is converted
by acid or alkali completely to the 168-methylisomer.

(22) Melting peints were taken on a Fisher melting point apparatus.
Rotations were taken in chloroform at about 19 concentration at
26 = 2° and the ultraviolet spectra were determined in methanol. Analy-
ses marked by MT were carried out by Micro-Tech Laboratories, Skokie,
Ill.  All other spectra and analytical results were carried out under the
direction of Dr. R. T. Dillon of the Analytical Department of G. D. Searle
and Co. We wish to acknowledge the assistance of Dr. E. G. Daskalakis
and his associates for some of the chromatographic separations.

(23) In their communication Huang-Minlon and Chung-Tungshun?
describe a single 16-hydroxy-A!7() compound from the hydrazine reaction,
m.p. 182-183°, [a)¥p —89° (ethanol), and its diacetate, m.p. 158-160°,
[a]?’D —67° (ethanol). These physical constants are more nearly in agree-
ment with our ¢is compound (8), isolated as the major product, than with
the transisomer.
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The diol fraction was eluted with 209, ethyl acetate in benzene
as a pair of incompletely resolved bands. The total yield of diol
material was 519 with the cis isomer (8a) somewhat predominant
over the trans (7a).

Anal. Caled. for CyHszO,:
C, 80.09; H, 9.97.

5,17(20)-(trans)-Pregnadiene-33,16a-diol Diacetate (7b).—
The diacetate was prepared by treatment of the diol 7a with
acetic anhydride in pyridine at room temperature overnight. It
crystallized as prisms from methanol, m.p. 149-151.5°, [a]D
—1186°.

Anal. Caled. for CsHseOy:

C, 74.82; H, 8.93.
5,17(20)-(cis)-Pregnadiene-33,16a-diol Diacetate (8b).—The
diacetate was prepared in the same manner as described for the
trans isomer. It crystallized from methanol as plates, m.p.
163-165°, [«]D —89.5°.%

Anal. Calcd. fOI‘ CesHssO42
C, 75.15; H, 8.76.

The Reaction of 16,17-Epoxypregnenolone with Hydrazine.
Method B.—The first reaction in this series was run under the
usual conditions for the Huang-Minlon modification of the
Wolff-Kishner reduction.? From the reaction of 2.00 g. of 16,17-
epoxypregnenolone with 2.00 g. of potassium hydroxide and 2.0
ml. of hydrazine hydrate (85%,) in 20 ml. of diethylene glycol
(195° for 5.5 hr.) was isolated, by chromatography on silica gel,
140 mg. of 5,17(20)-(trans)-pregnadiene-38,16a-diol (7a), m.p.
217.5-218.5°, and 277 mg. of 5,17(20)-(cts)-pregnadiene-38,16a-
diol (8a), m.p. 190-191.5°, [«]p —88°.

33-Hydroxyandrost-5-ena-[16,17-c]-5'-methylpyrazole (9a).——
9a was obtained from the preceding reaction on elution of the
chromatographic column with ethyl acetate. Crystallization of
the material so obtained from acetone—cyclohexane yielded 92
mg. of the steroid pyrazole, m.p. 305-307° dec., with rapid heat-
ing; [a]p —73° Amax 225 mu (e 6100); AEBr 2,70, 3.02, 6.20,
7.23, 7.82, 9.19, 9.48, 9.58, and 9.82 yx; lit.> m.p. 302-304°;
[«]¥D —76° (chloroform) (see also ref. 1).

Anal. Caled. for CoHzN,0: C, 77.25; H, 9.26; N, 8.58.
Found: C, 77.12,76.89; H, 8.85, 8.96; N, 8.68, 8.86.

33-Acetoxyandrost-5-ena-(16,17-c]-5’-methylpyrazole (9b).—
ob, m.p. 268-273°, Amax 225 mu (e 6650), was obtained by the
acetylation of 9a with acetic anhydride in pyridine and crystal-
lization of the resulting material from aqueous methanol contain-
ing a little ammonium hydroxide.

Anal. Caled. for CyuH;N20s:
C, 75.04; H, 8.71.

Acid-Catalyzed Rearrangement of 5,16-Pregnadiene-33,20-
diols. 5,17(20)-(trans)-Pregnadiene-33,16a-diol Diacetate (7b).
~—To a solution of 12.3 g. of a 1: 1 molecular mixture of 5,16-preg-
nadiene-33,20a- and -38,208-diol'® in 180 ml. of acetic acid and
30 ml. of acetic anhydride was added 800 mg. of p-toluenesulfonic
acid. The reaction mixture was allowed to stand under nitrogen
at room temperature for 48 hr. A green color slowly developed
over the reaction period. The reaction was diluted with warm
water and extracted with benzene; the organic phase was washed
with sodium carbonate solution, then with water, and finally
dried and concentrated under vacuum to an amber gum. Crys-
tallization from methyleyclohexane afforded 3.8 g. of light yellow
crystals, m.p. 149-163°. Further recrystallization did not
result in narrowing the melting range. On the basis of the in-
frared spectrum the material was judged to be predominantly the
168-acetoxy ¢rans isomer (6b) described subsequently.

The filtrates from the crystallization were chromatographed
on neutral alumina. The band of material eluted by benzene
was clearly not homogeneous. From the early fractions of this
band there was obtained, by crystallization from methanol,
prisms melting at 145-148°, amounting to about 13% of the total
product. Further recrystallization afforded a pure sample of
5,17 (20)-(trans)-pregnadiene-38,16a-diol diacetate (7b) having
melting point and spectra identical with the diacetate, m.p. 149-
151.5°, derived from the hydrazine reaction.

Later fractions from the benzene eluted band, amounting to
about 109 of the total product, crystallized poorly. However,
on the basis of the infrared spectra these fractions were shown to
be predominantly the 3,20-diacetoxy starting material.

5,17(20)-(irans)-Pregnadiene-33,163-diol Diacetate (6b).—A
second very broad band was collected from eluates of 1 to 29,
ethyl ether in benzene. From these fractions there was isolated
by erystallization from methanol the pure 168-acetoxy trans iso-
mer (6b), m.p. 173-175.5°, [a]p —17°. This material together

C, 79.70; H, 10.19. Found:

C, 74.96; H, 9.06. Found:

C, 74.96; H, 9.06. Found:

C, 74.97; H, 8.76. Found:
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with the solids collected by direct crystallization from the crude
reaction product accounted for about 409 of the total product.

Anal. Caled. for CpHyO,: C, 74.96; H, 9.06. Found:
C, 75.07; H, 9.02.

From the more polar eluates of the previous chromatogram
there were obtained only gummy products that resisted crystal-
lization and characterization. These fractions amounted to
some 309, of the total and appeared to be mixtures of mono-
acetates of the previously described diols, probably resulting
from partial hydrolysis of the allylic acetates during the work-up
or during chromatography by traces of moisture, together with
some polymeric products of the reaction.

5,17(20)-(trans)-Pregnadiene-33,168-diol (6a).—A sample of
the 38,168-diacetate (6b) was hydrolyzed by refluxing with 59
methanolic potassium hydroxide for 2.5 hr. The product was
crystallized from ethyl acetate—methylcyclohexane and finally
from acetone to give an analytical sample, m.p. 182-188°, [«]D
—-32°,

Anal. Caled. for CqH;0s:
C, 79.80; H, 10.11.

Of the three isomeric diols described, this one proved to be the
most unstable and difficult to purify. In one instance the com-
pound crystallized as plates from methanol and had m.p. 186.5-
188.5°. However, this solvent generally was avoided as it led to
contamination by impurities resulting from methyl ether forma-
tion as shown by the appearance of a band at 206 c.p.s. in the
n.m.r. spectrum. After having stood for a few months, this
compound had a much broader melting point range. The in-
frared spectrum of the resulting material showed absorption in
the carbonyl region, suggesting that some oxidation of the allylic
hydroxyl group had occurred.

Rearrangement of a 1:1 Mixture of 5,16-Pregnadiene-33,20c-
diol and -33,208-diol Diacetates (3b:4b).—A solution contain-
ing 3.0 g. of a 1:1 complex of 3b:4b,m.p. 142-143°, was allowed
to stand in the presence of 100 mg. of p-toluenesulfonic acid in 45
ml. of acetic acid and 7.5 ml. of acetic anhydride at room tempera-
ture for 60 hr. The reaction mixture was then poured into 400
ml. of water water and allowed to cool to room temperature and
then extracted with ether. The organic phase was washed with
sodium carbonate solution, dried, and evaporated under
vacuum to give 2.93 g. of gummy solid material, [a]D —51°.
Vapor phase chromatography? indicated that the product con-
sisted of about 609, of the 168-trans isomer (6b) and about 309,
of a mixture of the 16a-trans isomer (7b) and the 20-acetoxy-A's
starting material as a second unresolved band. A third, less
polar band of variable intensity (10-209, of the total) appeared
in each of the chromatographic studies and is most likely a triene
resulting from pyrolytic elimination of an allylic acetoxy function
ocecurring in the preheater of the instrument. Thin layer chro-
matography on silica gel did not show sufficient resolution to
permit estimation of quantities. Chromatography on alumina
afforded a partial separation and isolation of the two isomeric
16a- and 168-acetoxy compounds in the same proportions as de-
scribed in the preceding experiment.

A pure sample of 5,16-pregnadiene-33,208-diol? was subjected
to the identical acid-catalyzed equilibration conditions with es-
sentially the same results as were obtained from the 1:1 mixture
of C-20 epimers. The predominant produet isolated by column
chromatography was the 168-(trans)-diacetate (6b) together with
lesser amounts of the 16a epimer (7b).

5-Pregnene-38,16a-diol.3—A solution containing 150 mg. of
5,17(20)-(cts)-pregnadiene-38,16a-diol (8a) in 20 ml. of ethyl
alcohol was stirred in a hydrogen atmosphere in the presence of
30 mg. of 5% palladium on carbon. After a period of 50 min. 1
molar equiv. of hydrogen had been consumed and the reduction
was discontinued. Removal of the catalyst by filtration, fol-
lowed by evaporation of the solvent under vacuum, afforded 109
mg. of amorphous solid melting 230-245°. Crystallization from
ethyl acetate gave 76 mg. of needles, m.p. 247-250°. The an-
alytical sample had m.p. 249-250°, [e]p —62°; lit.> m.p. 240~
251°, [a]Jp —73° (ethanol); Av 38.5 (18-H), 61.5 (19-H) c.p.s.
(CD;COOD).

Anal. Caled. for CyuHsOs:
C, 79.40; H, 10.79.

Sa-Pregnane-38,16a-diol (14a). From 5,17(20)-(cis)-Preg-
nadiene-38,16a-diol (8a).—The reduction of the 16a-(cis)-diene
(8a) was carried out as in the preceding experiment but allowed

C, 79.70; H, 10.19. Found:

C, 79.19; H, 10.76. Found:

(24) A gas chromatography column packed with 8-cyancethylmethyl-
polysilane suspended on Chromosorb W was employed.
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to continued until uptake of hydrogen ceased. After 2.25 hr.
approximately 2 moles of hydrogen had been absorbed. Follow-
ing removal of the catalyst, the ethanol was evaporated under
vacuum and the product crystallized as fine needles from ethyl
acetate in 909, yield, m.p. 259.5-260°, [a]p —12.5° (0.5%).

Anal. Caled. for CuHi0.: C, 78.69; H, 11.32. Found:
C, 78.61; H, 11.42 (MT).

From 5,17(20)-(trans)-Pregnadiene-33,16a-diol (7a).—The
reduction of the 16a-(trans)-diene (7a) was carried out under
identical conditions as described before. After 3.75 hr. about 2
moles of hydrogen had been absorbed and the catalyst was re-
moved, the ethanol evaporated and the product crystallized
from ethyl acetate. The saturated diol (14a) isolated in 879
yield was shown to be identical with the product of the reduction
of the previous cis isomer by melting point and infrared spectral
identity.

So-Pregnane-38,16a-diol Diacetate (14b). Method A.—The
diacetate was prepared from the saturated diol (14a) by treat-
ment with acetic anhydride in pyridine. A sample crystallized
from methanol had m.p. 152.5-153.5°; [«]D —78°; AMD
(16-OAc-16-OH) —246, —259; Avr 37 (18-H), 49 (19-H) c.ps.

Method B.—A solution of 5,17(20)-(irans)-pregnadiene-38,-
16a-diol diacetate (7b) in ethanol was shaken in an atmosphere
of hydrogen together with 5%, palladium on carbon until 2 molar
equiv. of hydrogen had been absorbed. The saturated diacetate
was identical with that prepared by method A.

Reduction of 5,17(20)-(trans)-Pregnadiene-38,165-diol and Its
Diacetate (6a and 6b).—Reduction of the diol 6a in the presence
of palladium on calcium carbonate in ethyl alcohol was very
sluggish. After 5 hr. only about 0.2 molar equiv. of hydro-
gen had been taken up and the reduction was discontinued. The
crude product was largely starting diol. However, the appear-
ance of a band at 5.76 u in the infrared spectrum suggested
formation of a five-membered ring ketone by isomerization of the
allylie 16-hydroxyl function into the keto form.

In the presence of palladium on carbon the uptake of hydrogen
was more rapid. After an interval of 40 min. 1 molar equiv. had
been absorbed but only impure solids were isclated. The
material gave a yellow 2,4-dinitrophenylhydrazone and had a
band at 5.75 u in the infrared. When the reduction was allowed
to continue for 3.75 hr. approximately 2 molar equiv. of hydrogen
had been absorbed. A solid was isolated in low yield having
m.p. 137-139°. This was shown to be the product resulting from
hydrogenolysis of the 16-hydroxy group and reduction of both
double bonds. Mixture melting point determination and a
comparison of the infrared spectra with an authentic sample
showed this to be ba-pregnan-3g-ol (lit.»* m.p. 137-138°). The
crude residue from crystallization of the product had a band in its
infrared spectrum at 5.74 u, again indicating isomerization to a
ketone.

Treatment of the 5So-pregnan-3g-ol with acetic anhydride in
pyridine afforded the acetate as leaflets having m.p. 113-114°
(lit.2%e m.p. 113-114°).

Reduction of 0.2 g. of the 163-(trans)-diacetate (6b) in the
presence of palladium on carbon proceeded rapidly with the uptake
of 2 molar equiv. of hydrogen in 1 hr. and 10 min. The product
was g mixture from which could be isolated in somewhat impure
form two hydrogenolysis products. From methanol there was
obtained as first erop 73 mg. of prisms having m.p. 143-152°,
[e]p —55°. A comparison of infrared spectra and mixture melt-
ing point determination showed this to be slightly impure 38-
acetoxy-5-pregnene (lit.? m.p. 151-152°, [a]p —60°).

Anal. Caled. for CyH30,.: C, 80.18; H, 10.53.
C, 79.82; H, 10.66.

The second crop from the preceding reduction crystallized as
leaflets from methanol, 51 mg., m.p. 109-110°. Mixture melting
point determination with an authentic sample of 38-acetoxy-5a-
pregnane,®: m.p. 113-114°, showed no depression. The in-
frared spectra of the two samples were virtually identical.

Anal. Caled. for CyuHpQOs: C, 79.71; H, 11.05.
C, 70.78; H, 11.00.

Later crops appeared to be mixtures of these two compounds.

trans- and cis-4,17(20)-Pregnadiene-3,16-dione (15 and 16).
From 5,17(20)-(trans)-Pregnadiene-38,168-diol (6a).-—A solution

Found:

Found:

(25)(a) L. Ruzicka, M. W. Goldberg, and E. Hardegger, Helv. Chim.
Acta, 22, 1294 (1939); (b) Huang-Minlon, J. Am. Chem. Soc., 71, 3301
(1949); (¢) D. H. R. Barton and N. J. Holness, ibid., T2, 3274 (1950).

(26) R. W. Jeanloz, thid., 72, 2281 (1950).
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of 1.0 g. of the 168-trans isomer (6a) and 1.0 g. of aluminum iso-
propoxide in 100 ml. of toluene and 14 ml. of cyclohexanone was
maintained at reflux for 1 hr. during which time a total of 37 ml.
of solvent was removed by distillation. Following this period
the solution was diluted with Rochelle salt solution and steam
distilled for 2 hr. Solids were collected by filtration, and dried to
constant weight, 0.78 g., m.p. 172-190°. This material was
taken up in benzene and placed on a column of 45 g. of alumina.
Elution with 3 to 59 ethyl acetate in benzene afforded 336 mg.
of crystalline solids melting at 180-190°. Recrystallization from
aqueous methanol afforded an analytical sample of 4,17(20)-
(trans)-pregnadiene-3,16-dione  (15), m.p. 188-190°; [a]D
—61°; Amax 241 mp (25,000); ALDr 5.82, 5.96, 6.07, 6.17 u;
Ay 58 (18-H), 73.5 (19-H), 120.5, 128 (21-H), 331.5, 338.5,
345.5, 353 (20-H) c.p.s.

Anal. Caled. for CyHy0,:
C, 80.74; H, 9.41.

Further elution of the product from the column with 109}, ethyl
acetate-benzene yielded as a minor component 143 mg. of the
cts isomer (16) as prisms from aqueous methanol, m.p. 170-171.5°;
[a]p —30°; AMD (cis—trans) +97.5%; Amex 241 myu (e 27,600);
Meor 5.80, 5.95, 6.06, 6.16 u; 4Av 64.5 (18-H), 74 (19-H), 107,
114.5 (21-H), 377, 384.5, 392, 399.5 (20-H) c.p.s.

Anal. Caled. for CyH0.: C, 80.73; H, 9.03.
C, 80.48; H, 8.87.

Paper chromatography indicated that the oxidation of the 163-
(trans)-diol afforded the mixture of {rans-cis diones in the ratio
of about 4:1, respectively.

From 5,17(20)-(cis)-Pregnadiene-33,16a-diol (8a).—An Op-
penauer oxidation of the 16a-cis isomer carried out in the same
fashion as described before afforded the cis-dienedione (16) and
trans-dienedione (15) in a ratio of about 2:1 as determined by
paper chromatography.

From 5,17(20)-(trans)-Pregnadiene-33,16a-diol (7a).—This
isomer upon Oppenauer oxidation gave the trans-dienedione (15)
in 579, yield by direct crystallization. The filtrates were shown
by paper chromatography to contain additional quantities of
this product accompanied by lesser amounts of the cis isomer.

Acid-Catalyzed Rearrangement of the Epimeric 20-Hydroxy-
5,16-pregnadiene-3-one Ethylene Ketals. 16«-Acetoxy-4,17-
(20)-(trans)-pregnadien-3-one (13b).—A solution of 5 g. of 20a-
hydroxy-5,16-pregnadiene-3-one ethylene’ ketal® in 110 ml. of
acetic acid and 15 ml. of acetic anhydride together with 250 mg.
of p-toluenesulfonic acid monohydrate was allowed to stand at
room temperature for 60 hr. The reaction mixture was poured
into warm water and then extracted with benzene. The organic
layer was washed with sodium carbonate solution, dried, and
concentrated to a sirup. The ultraviolet spectrum showed a
maximum at 239 myu (e 14,320).

The crude product was placed on a column of alumina and,
using a gradient elution technique, eluted by gradually varying
the solvent from pure benzene to 39, ethyl acetate-benzene.
The products were not cleanly separated but were eluted as a
single rather broad band. From the early fractions, eluted by 19,
ethyl acetate in benzene there was obtained as long rods from
methanol 16a-acetoxy-4,17(20)-(trans)-pregnadien-3-one (13b),
m.p. 133-133.5°. An analytical sample had m.p. 133-134°;
[alD +5°%; Amax 240.5 my (e 17,050); Av 49 (18-H), 72.2 (19-H),
92.2, 99 (21-H) c.p.s.

Anal. Caled. for €5H30;:
C, 77.39; H, 8.96.

163-Acetoxy-4,17(20)- (trans)-pregnadien-3-one (12b).—From
the fractions obtained as the trailing edge of the band of eluents
containing 1.5 to 2.5% ethyl acetate in benzene the major com-
ponent in the reaction mixture was isolated. Crystallization of
this material from methanol yielded the 168-acetoxy-trans isomer
(12b), m.p. 157-159.5°; [a]Dp +114°; Amex 241 mu (e 17,050);
Ay 57 (18-H), 72.4 (19-H), 91.5, 98.5 (21-H) c.p.8.

Anal. Caled. for CyuHypO,: C, 77.49; H, 9.05.
C, 77.45; H, 8.89,

The intermediate fractions could not be induced to crystallize.
In one experiment these fractions were pooled and rechromato-
graphed on alumina using the same gradient elution procedure as
employed in the initial separation. By this operation additional
quantities of the isomeric 16-hydroxy compounds 12b and 13b
were isolated. Nevertheless, the separation was incomplete
and intermediate fractions again were not crystalline. By
analogy with the results obtained in the 3-acetoxy series, the

C, 80.73; H, 9.03. Found:

Found:

C, 77.49; H, 9.05. Found:

Found:
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presence of a small amount of A-20-acetoxy material may ac-
count, in part, for the difficulties encountered in obtaining crys-
talline material.

A similar acid-catalyzed equilibration of a 1:1 mixture of 20a-
and 208-hydroxy-A'-3-ethylene ketals®® afforded the same mix-
ture of products in the same relative proportions as were isolated
from the pure 20« isomer. .

16a-Hydroxy-4,17(20)-(trans)-pregnadien-3-one  (13a).—The
treatment of the 1€a-acetate 13b with alcoholic potassium hy-
droxide at reflux for 1.5 hr. afforded the 16a-hydroxy compound
(13a). The product crystallized as needles from ether—petroleum
ether (b.p. 66-69°) and had m.p. 173.5-175.5°; [a]D +104.5°;
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AMp (16-OAc-16-OH) —311°; Amex 240 mpu (e 16,700); Aw
47.5 (18-H), 72.5 (19-H), 105, 112 (21-H) c.p.s.

Anal. Caled. for CuHy0.: C, 80.21; H, 9.62.
C, 80.21; H, 9.54.

168-Hydroxy-4,17(20)-(trans)-pregnadien-3-one (12a).—Alka-
line hydrolysis of the 168-acetate (12b) afforded the 168-hydroxy
compound (12a) as blades from ether—petroleum ether, m.p.
172-175°; [alp +141.5°; AMp (16-OAc-16~-OH) —39°;
Amax 240.5 mu (e 16,850); Av 58.4 (18-H), 72.2 (19-H) 100, 106
(21-H) c.p.s.

Anal. Caled. for CyHyO::
C, 80.55; H, 9.70.

Found:

C, 80.21; H, 9.62. Found:
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The conversion of four trichloromethylcarbinols to amino acids by treatment with potassium amide in liquid
ammonia at —33° has been studied. The reaction occurs in 29 to 489, yields, and is believed to involve the

formation of an intermediate epoxide followed by the opening of the epoxide ring by amide ion.
acids prepared were a-aminobutyric acid, valine, 2-methyl-2-aminopropionic acid, and phenylglycine.

The amino
Methods

of preparing alkyl and aryl trichloromethylcarbinols are reviewed and discussed.

Alkyl and aryl trichloromethylecarbinols are poten-
tially useful intermediates for the synthesis of a-
substituted carboxylic acids. It is known that phenyl-
trichloromethylearbinol reacts with a concentrated
aqueous potassium hydroxide solution to form a-
chlorophenylacetic acid in 269, yield,® with methanolic
potassium hydroxide to form a-methoxyphenylacetic
acid in 729, yield,* and with ethanolic sodium ethoxide
to form a-ethoxyphenylacetic acid in 339, yield.t
The mechanism proposed for these reactions invelves
the intermediate formation of an epoxide and the sub-
sequent opening of the epoxide ring by a nucleophilic
reagent.® In the present work, amide ion was used as
the nucleophilic reagent to obtain a-amino acids.

KNH: NH:~
R—CH—CCl; ——> |:R—CH—-CC12 :l —
liq. NHj \/

OH (0]

{ R—CI)H——COCI]
NH,
(1) formation of
jv amide, peptides,
ete.
@ Rs
R—CJJH—COOH

NH,

The conversion of four trichloromethvlcarbinols to
“amino acids was studied (Table I). The R group in the
above equation was ethyl, isopropyl, and phenyl.
In addition, 1,1,1-trichloro-2-methyl-2-propanol (chlo-
robutanol) was studied. In all cases, the reaction was

(1) Presented in part before the Division of Organic Chemistry at the
142nd National Meeting of the American Chemical Society, Atlantic City,
N. J., Sept., 1962.

(2) This investigation was supported in part by a Predoctoral Fellowship
to L. W. F. from the Division of General Medical Studies, U. 8. Public
Health Service.

(3y J. Jociez, J. Russ. PPhys. Chem. Soc., 29, 97 (1897); Chem. Zentr.,
68, 1013 (1897).

(4) C. Weizmann, M. Sulzbacher, and E. Bergmann, J. Am. Chem.
Soc.. 70, 1155 (1948).

(5) P. Hebert, Bull. soc. chim. France, 27, 45 (1920).

(8) W. Reeve and C. W. Woods, .J. Am. Chem. Soc., 82, 4062 (1960).

carried out by adding the carbinol to a solution of
potassium amide in liquid ammonia at —33°. The
mixture was stirred for 8 to 12 hr. the ammonia.
was allowed to evaporate, and the final amino acid was
obtained by hydrolyzing the initially formed produects
with ethanolic hydrochloric acid.

Attempts were made to isolate the a-amino amide,
a postulated intermediate prior to acid hydrolysis,
but positive identification could not be made. It
appears that a mixture of products are formed at this
stage of the reaction. Thus, if the excess potassium
amide is decomposed under mild conditicns, e.g.,
by the use of 959, ethanol, and the hydrolysis step
with hydrochloric acid is omitted, phenylglycine is
still obtained in 5 to 129, yield. When hydrolyzed
with hydrochloric acid, the yield is 48%,. Apparently,
there are both readily hydrolyzable and difficultly
hydrolyzable species in the reaction mixture. The
former probably includes the amino acid amide; the
latter may include the diketopiperazine, peptides,
and Schiff bases. Even under what appeared to be
optimum conditions, a red, viscous nonhydrolyzable
oil accounted for about half of the reaction proeduct.
Infrared spectroscopy and v.p.c. showed benzaldehyde
and unchanged starting materials to be two of the major
components of this oil.

Optimum reaction conditions were determined with
phenyltrichloromethylearbinol. With potassium amide
the reaction did occur, whereas sodamide was in-
effective, presumably because of its insolubility in the
liquid ammonia solvent. Even powdered potassium
hvdroxide slurried in liquid ammonia was almost as
effective (399, yield) as the potassium amide. With
no base present there was no reaction. Using potas-
stum hydroxide as the base, attempts to carry out the re-
action at 30 and at 100° in a steel hydrogenation vessel
gave only 159, vields, probably because the rocking
autoclave provided insufficient agitation. The re-
action was also carried out at 48° in a methanolic
potassium hydroxide solution saturated with ammonia,
and a 349, yield of phenylglycine was obtained.



