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Examination of 55 olefinic and of 13 non-ethenoid steroids in the 12u region of infrared radiation disclosed that AS-33-
acetoxy conipounds with the usual spatial arrangement of the steroid nucleus and without other functional groups in the
vicinity of the double bond exhibit two bands near 800 and 812 cm.~!. Changes in the configuration or nature of the sub-
stituent at C-3 cause shifts in the position of the higher frequency band. At least one of these peaks (800 cm.~!) is ascribed
to the out-of-plane bending vibrations of the hydrogen at C-6. The twin bands of the A5-33-acetoxysteroids were not
seen in their reduction products or in the acetates of other olefins. Observations on A”-, A*~!l.and Al4-unsaturated steroids,
while still rather limited in number, suggest that these trisubstituted olefins too can be characterized by measurements in the
800-cm.~! region. Introduction of a substituent or double bond at a carbon atom adjacent to the trialkylated olefin can
profoundly alter the spectrum in this range and reduce absorption intensity well below that of the fairly strong peaks that
were seen in this region with some dialkylated olefins or with certain non-ethenoid steroids. Spectral changes were smaller
if the substituted carbon atom was farther removed from the double bond but slight shifts could still be detected if the two
sites were separated by 4 carbon atoms.
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During earlier investigations? we had occasion to 8
measure the infrared transmission spectra of several I40
5-6 unsaturated steroids. It was observed that T T
these compounds showed two fairly intense bands
near 800 and 812 c¢m. ! which disappeared upon re-
duction. Since the out-of-plane bending vibrations
of a hydrogen atom attached to a trisubstituted
olefin quite generally give rise to a strong absorption
band in the region between 800 and 840 cm.—! 2 it
seemed probable that at least one of these bands
was brought forth by the presence of the 5-6 double
bond. To test the diagnostic possibilities of this
region these observations have now been extended.
The results are presented in the accompanying
tables in which all peaks observed in the region be-
tween 790 and 840 cm.! have been recorded re-
gardless of their significance for the characteriza-
tion of unsaturated steroids. ’
A®-Steroids.—It is apparent (Table I) that i -
Ad-3B-acetoxy steroids with the normal configura-
tion of the nucleus and without other substituents
in the vicinity of the double bond show two peaks L J
near 800 and 812 cm.~!. The maximum at 800
cm.~! is generally more intense but as indicated in - 4
Fig. 1 the relative heights of these peaks can vary
considerably. If observations are confined to meas- 90
urements on solutions (which quite generally give
more consistent results than solids) nine 38-acetoxy-
steroids, variously substituted at C-17 and in the B
side chain, absorbed at either 800 or 801 and at 812
or 813 cm.~!. The most remote substituents which - B
caused slight shifts of the absorption frequencies
were found at C-16. Four 16a-oxygenated sub-
stances (compd. 3, 9-11) absorbed at 803 while
diosgenin acetate (compd. 13) in which the func-
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Fig. l.—Infrared transmission spectra in CSs: curve A,
38,20a-diacetoxy-17a-hydroxy-AS-pregnene; curve B, 38-
acetoxy-Af-androstenone-17; curve C, 3p-acetoxyandro-
stanone-17. Curve A is drawn with respect to the ordinate
at theleft; the ordinate for curve C is displaced by 42 from
that of curve B which is given on the right.

(1) This investigation has been supported by grants from the
Hanna Research Fund and from the American Cancer Society on the
recommendation of the Committee on Growth. A summary of this
work was given at the 43rd annual meeting of the American Society
of Biological Chemists (Federation Proc., 11, 230 (1952)). Supple-
mentary data were presented at the Colloquium, Synthesis and Metab-
olism of Adrenal Cortical Steriods, of the Ciba Foundation in London
it July, 18532. The proceedings of this conference are scheduled for
publication.

(2) (a) H. Hirschmann and F. B. Hirschmann, J. Biol, Chem., 187,
137 (1950); (k) H. Hirschmann, F. B. Hirschmann and M. A. Daus,
THis Jourxat, T4, 539 (1952); and unpublished data from this
Laboratory.

(3) D. Barnard, 1.. Bateman, A. J. Harding, H. P. Koch, N. Shep-
pard and C. B. B. M. Sutherland, J. Chem. Soc., 915 (1950); fbid.,
references to the earlier literature.

tional group at C-16 is B-oriented* has the lower fre-
quency peak at 797 cm.~!. Compounds 15 and 16
which are substituted adjacent to the double bond
lack the peak near 800 cm.~!. Frequency shifts

(4) H. Hirschmann, F. B. Hirschmann and M. A. Daus, J. Biol.
Chem., 178, 751 (1949).
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TABLE I
AsorprIoN MaxiMa oF A%ComPoUNDS
Subst.
No. at C-3 Compound® Maxima in CSz, ¥ cm, =t
Steroids
1 B-OAc  3B-Acetoxy-Af-androstenotte-17 800 813 (822) 831
33-Acetoxy-Ab-androstenone-17 N798 812 (820) 834 846
2 B-OAc 3B,173-Diacetoxy-A*androstene 800 812 829
3 B-OAc  3B,16a,173-Triacetoxy-Al-androstene 803 813 834
4 B-OAc 3B,20a-Diacetoxy-Ab-pregnene 801 812 829 w
5 B-OAc  3B,20a-Diacetoxy-17a-hydroxy-As-preguene 800 812 (830) i
6 B-OAc  3B,208-Diacetoxy-17 a-hydroxy-Ad-preguene 800 813 830
7 B-OAc  3B-Acetoxy-17a-hydroxy-Ab-pregnetione-2() S 801 814 ~(829) 837
8 B-OAc  38,21-Diacetoxy-A»17-pregnadiene’ 800 812 831 i ~838
9 B-OAc 3B,160,20a-Triacetoxy-Ab-pregnene 803 814 835 w
10 pB-OAc  3B,164,20B3-Triacetoxy-AS-pregnene 803 814 835w
11 38-OAc  3B-Acetoxy-16a-benzyloxy-Ab-preguenote-2() 803 814 836
12 3-OAc¢  Methyl 38-acetoxy-As-cholenate 801 812w 820w ~84lw
Methyl 3 B-acetoxy-Ab-cholenate NT799 813 825 840
13 B-OAc  3B-Acetoxy-22-iso-Ad-spirostete 797 814 (829) i 839
14 B-OAc  3B-Acetoxy-Af-cholestene 811 812w ~840 w
15 B-OAc  3B,7a-Diacetoxy-Af-cholestene 812
16 B-OAc  38,7B-Diacetoxy-Ad-cliolestene 815 w 832 w
17 8-OAc  3B-Acetoxy-A™?-stigmastadicue 801 812 820w  ~840 w
18 ....  A"Cholestene® 799 809 w 833
19 3-0H 38-Hydroxy-AS-androstenone-17 799 807 (823) 831
3B-Hydroxy-Ab-androstenone-17 N800 8051 835 844
20 B-OH 33,16a,17 8-Trihydroxy-Af-audrostene N 798 808 835
21 B-OH 3B3-Hydroxy-20a-acetoxy-Ad-preguene 800 8061 (825)1 840
22 B-OH Methyl 33-hydroxy-AS-cholenate 800 (R06)i 827 839
23 B-OH 33-Hydroxy-Ad-cholesteue 801 840
24 pB-OMe 38-Methoxy-16a,17 8-dihydroxy-Ad-androsterte NROO 808 835
25 B-OMe 3B-Methoxy-163,17 3-dihydroxy-As-androstene 16,17- 801 809 829 839
acetonide®
26 B-OMe 3p-Methoxy-Ad-cliolestene {00 K06 i ~837 w
27 B-OBz  33-Beuzoxy-AS-chiolestene 801 (809) i 840
28 g-Cl 3B8-Chloro-A®%-androsternotie-17 800 821
20 B-Cl 3 B-Chloro-20«-acetoxy-A%-preguetie 800 821
30 g-Cl 33-Chloro-Ad-cholestele 800 821
31 o-OAc  3a-Acetoxy-A’-cholestene 797 822
32 «-OH 3a-Hydroxy-Af-cholestene 798 830
Modified steroids
33 B-OAc  17a-Methyl-3 8-acetoxy-17a8-hyvdroxy-A%-n-liomo- S 800 816 836
androstetiote-17
34 B-OAc  Dimethyl 38-acetoxy-Af-etiobilienate 805 817w 829
35 B-OAc  Diacetyldihydrojervine 793 816 831

@ Details concerning the use of the terms « and 3 have been given previously.?.2!
tives of spirostane follows suggestions of G. Rosenkranz and C. Djerassi ( Nature, 166, 104 (1950)).

The naming of sapogenius as deriva-
¥ Data marked as N were

obtained ou mulls with Nujol; those as S on solids without an embedding medium. Details concerning the use of symbols

denoting band iutensity are giveu i1 the Experimental section.

¢ It is possible that the double boud at C-17 which has tlie

trans configuration (see footnote a to Table 1T aud B. Koechlin and T. Reiclistein, Helv. Chim. Acta, 26, 1328 (1943)) makes a

contribution to the absorption at 812 cim. ™ ! sirice the intensity of the band is greater than iu cotpound 4
¢ In addition shoulder extending to 792 cin.™t.

et al..% do not list a peak at 809 cm. L

appear to be associated also with changes in the
shape of the steroid nucleus. Departures from the
normal pattern were seen if the strain at the junc-
ture of rings C and D is released by ring enlarge-
ment (compd. 33) or by ring cleavage (compd. 34)
and were larger in the case of diacetyldihydrojervine
(compd. 35) for which a 3-membered ring C has
been postulated.’

Changes in the substituent at C-3 have little ef-
fect on the peak near S00 cm.~! but displace the
higher frequency band. In 38-hvdroxy and 38-

(3) J. Fried, O. Wintersteiner, M. Moeore, B. M. Iselin and A,
Klingsherg, Tris Tovryar, 73, 2070 (1051

“ Data by Bladon,

methoxy compounds this peak appeared near SO7
cm.~l It possessed low intensity in several com-
pounds and was absent in one (compd. 23). The
shifts were larger in the spectra of the 3wa-oxy-
genated and 38-chlorinated compounds. The fre-
quencies of the latter (3 examples) were again
found to be reproducible (800 and 821 cm.™!).
Other Unsaturated Steroids.—The twin bands
of the A®-38-acetoxy compounds have not been ob-
served with the acetates of other unsaturated ster-
oids. A rather close approach to this pattern may
be expected for the acetate of compound 48, cis-
Al-pregnenol-3a-one-11, hut if this should he the
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TABLE 11
ABSORPTION MAXIMA OF OTHER TRISUBSTITUTED OLEFINS
No. A at Compound?® Maxima in Ci32,% cm. 't
36 4-5 3B3-Acetoxy-At-cholestene 810
37 4-5 38-Hydroxy-A*-cholestene 805 w
38 4-5 20a-Acetoxy-At-pregnenone-3 826
39 4-5 A24-Cholestadiene
40 7-8 38-Acetoxy-A’-cholestene’ 800 830
41 -8 33-Acetoxy-A’-ergostene 800 829 ~846
42 7-8 33-Hydroxy-A’-ergostene 796 829 847
3 9-11 3a-Acetoxy-A®~ll-androstenone-17 (807) 822
44 9-11 Methyl 3a-acetoxy-A?~il.etiocholenate 828
45 9-11 3 B8-Acetoxy-A®-11-22-isoallospirostene® 797 w 821
46 14-15 3 3-Acetoxy-Al4-androstenone-17 801 808 825
47 14-15 Ethyl 38,19-diacetoxy-5-hydroxy-Al-etiocholenate 800 810 822
48 17-20 ¢is 3a-Hydroxy-Al7-pregnenone-11 795 813
49 17-20 trans 3a-Hydroxy-Al7-pregnene 815 828

@ See footnote g to Table 1.

The configurations of the 17-cis- and trans-ethylenes are based on those of their main reac-

tion products with osmium tetroxide and are designated in terms of the nomenclature proposed by L. F. Fieser and M. Fieser

(Experientia, 4, 285 (1948)).

Arguments which confirm their assignments have been presented previously (H. Hirschmann
and F. B. Hirschmann, J. Biol. Chem., 184,270 (1950); W. Klyne, Chemistry and Industry, 426 (1951)).

The configurations

at C-17 and C-20 of the triolone derived from compound 48 in terms of this nomenclature have been established by L. H.
Sarett (THIS JOURNAL, 70, 1690 (1948); 71, 1169, 1175 (1949)); those of the main hydroxylation product of compound 49

can be deduced from the rotation of its 3,20-diacetate?% as being the same as in Reichstein’s compound J (17«,208).
¢ No measurements were made above 844 cm.~! (end absorption).

footnote b to Table 1.
near 791 cm.~1,

case, hydrolysis to the free steroid should disclose
spectrographic dissimilarities between cis-A'- and
A’-compounds.

The results on A‘unsaturated steroids (compd.
36-39) should be compared with those reported®
for At*-cholestene which shows a strong peak at
810 cm.~!. These spectra like those of compounds
15 and 16 demonstrate that the absorption of this
region can be greatly affected by structural changes
at the carbon adjacent to the double bond. Par-
ticularly, the band of A*-cholestenol-38 was weak
and A24.cholestadiene showed, at the concentration
studied, no detectable absorption maximum be-
tween that at 783 and the end of the tracing at 845
cm. L7

L] . . .

The observations on other trisubstituted olefins
are augmented by the findings of Bladon and co-
workers® who reported two additional examples of
AT-unsaturation and one each for the 9-11 and
14-15 double bond. While the spectra studied are
not yet numerous enough to permit definite con-
clusions they indicate that these olefins too possess
characteristic absorption frequencies in the 800-
cm.~! region. The acetates of A’-unsaturated
steroids showed two equally strong peaks near 800
and 829 cm.~!. (The one near 846 cm.~! may
also be of diagnostic value.) The A'4-compounds
possessed three well defined absorption maxima

(6) P. Bladon, J. M. Fabian, H. B. Henbest, H. P. Koch and G. W.
Wood, J. Chem. Soc., 2402 (1851), This paper appeared after our ex-
perimental work had been completed.

(7) Additional examples for this vicinal effect may be found in the
absorption curves of the a-substituted or a-unsaturated A’- and A® ~ti-
steroids described by H. Heusser, K. Eichenberger, P, Kurath, H. R.
Daellenbach and O. Jeger (Helv. Chim. Acta, 34, 2106 (1951)). These
spectra bear little resemblance to those of A’- and A® ~ti.steroids with-
out functional groups at the a-carbons (vide infra.). Several of the
curves (notably VIII and IX) show rather weak maxima in the 800
cm. ~“tregion. However, not all conjugated dienes with a trialkylated
double bond are weak absorbers in this region as ergosterol gave two
strong peaks at 801 and 836 cm. -t in carbon disulfide (see aso J. H.

Turnbull, D. H. Whiffen and W. Wilson, Chemistry and Industry, 626
(1950).

b See
4 Showed also very weak peak

near 800, 809 and 824 cm.~! while the A®-1L
steroids displayed in the 800-840 cm.~! range a
single major peak between 828-821 cm.~!. The
last remaining trialkylated olefinic center of the
steroid nucleus, the 16-17 double bond has not yet
been investigated. .

Non-olefinic Compounds.—Comparison of the
spectra of the 33-acetoxy- and 38-hydroxy-A’-com-
pounds with their reduction products (compds.
56-61, 63, 65, 66) discloses marked differences in
the 800-815 cm. ™! region. Although bands were
seen in several saturated compounds near 800
cm. ™}, their intensity was always considerably
lower than in the olefins. (Curves B and C in Fig.
1 may serve as an illustration.) Only tigogenin
acetate (compd. 66) showed a rather intense
single peak in this region but even this maximum
was only about half as high as the corresponding one
in the A’-unsaturated sapogenin, diosgenin ace-
tate (compd. 13). It seems justified therefore to
conclude that the two bands observed with these
AS-unsaturated steroids are brought forth by the
presence of the double bond.

Comments.—The greater intensity of absorption
bands of trialkylated olefins between 800-840 cm. !
has served well for their distinction from other un-
saturated or saturated hydrocarbons. Among
steroids sufficient overlap of band intensities has
been observed to render such a differentiation more
difficult. Lack of a strong peak in this region does
not exclude the presence of a trialkylated ethylene
group if it is conjugated to another double bond or
1s part of an allylic system. Conversely the pres-
ence of a strong peak does not necessarily prove
the presence of such unsaturation. While the
bands of most compounds of Table III were quite
weak a few substances had maxima (compd. 52
(834 cm.™1), 67 and 68) of the same magnitude as
those encountered with trisubstituted olefins. It
is clear that the possibilities for misinterpretation
will be reduced if the various trialkylated olefinic
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TaBLE III
ABSORPTION MAXIMA OF Di- AND TETRASUBSTITUTED OLEFINS AND OF NON-ETHENOID STEROIDS

No. A at Compottnd® Maxima in CS2,% cm, -t
50 2-3? 16,20 3-Diacetoxy-A??-allopregiiene
51 6-7 38-Acetoxy-AS-cholestene ~(801) 828
52 11-12 Methyl 3a-acetoxy-Attl-cholenate 798 (809) 834
53 11-12 3a-Hydroxy-Att-cholenic acid N 794 835
54 8-14 38-Acetoxy-A¥~H-cholesteue 804 w
55 8-14 3B8-Acetoxy-A%~tergostene ~(804)
56 - 3B8-Acetoxyandrostanore-17 802 w (824) 830
57 C 3 B8-Hydroxyandrostaiione-17 796 w 823 w 831 ~841

3B-Hydroxyandrostanone-17 N 800 w ~(809) ~819 w 837 842
58 Co. 38,16«,17 3-Triacetoxyandrostane 836
59 e 38,16a,17 8-Trihydroxyaudrostane N 837
G0 C 38,16«,20a-Triacetoxyallopregnane
61 . 38,16,203-Triacetoxyallopregnane
62 C 20a-Acetoxyallopregnanone-3 (809) (823)
63 . Methyl 3B-acetoxyallocholanate ~(801) ~(828)
64 S 3a-Hydroxycholanie acid N 835w ~843 w
65 . 3B-Acetoxycholestatie ~(801)
66 S 3 B-Acetoxy-22-isoallospirostane 797 (830) i ~842 w
67 Ce. 33-Chloroandrostanone-17 805 823 831
068 . 33-Chlorocholestane 804

a.b See footnotes a and b to Table 1.

centers of the steroid molecule can be characterized
by absorption frequencies within rather narrowly
defined ranges. Such a characterization appears
to be possible for the 5-6 double bond of 33-acetoxy
steroids with the usual configuration of the nucleus
and without other substituents or unsaturation in
the vicinity of the double bond. The two bands
near 800 and 812 cm. ! have been consistently ob-
served with such compounds but not with the ace-
tates of other steroids. While there can be no
certainty, of course, that this spectrographic pattern
may not be repeated in some other steroid, it is
believed that measurements in this region can sup-
plement other indirect methods of structure analy-
sis such as the examination of other spectral
ranges,®8 the conversion to an a,8-unsaturated ke-
tone with its characteristic spectrum, or the deter-
mination of the change in molecular rotation upon
reduction. Only the combination of several tests
based on analogy rather than a single one taken by
itself can give that degree of certainty which is ob-
tained by correlating an unknown steroid through
unequivocal reactions with a compound of known
structure.

Incidental Observations.—Jones and co-workers*
recently demonstrated that 3-acetates show a single
maximum near 1239 cm.~! if the ester group is
trans to the hydrogen at C-5, but two or three peaks
in this region if a cis relationship prevails. It ap-
pears that unsaturated steroids such as the acetates
of cholesterol, ergosterol or lumisterol which lack
the hydrogen at C-5 fit into this general pattern if
they are classified according to the polar or equa-
torial orientation of the ester group. In general,
multiple peaks are observed if the 3-acetoxy group
is polar in a molecule in which ring A occupies the

(8) R. N. Jones, P, Humpliries, It. Packard and K. Dobriner, THiS
Jourw~aL, T2, 86, 5801 (1950%; R. N. Jomes, V. Z. Williams, M. |.
Witalen and K. Daobriner, ¢bid., T0, 2024 (1948); P. Bladon, IT. B.
Henbest and G. W. Wood, Chemistry and Industry, 866 (1851),

(9) R. N. Jones, P, Humpliries, I, ITerling und K. Doybriner, THis
TorrrNAL, T8, 3215 (1931},

more stable chair form. The availability of com-
pounds 31 and 36 has permitted the testing of two
additional structural types. In the chair conforma-
tion the ester group in 3a-acetoxy-A®-cholestene is
polar and its triple peak at 1255, 1243 and 1229
cm. ™! is therefore in agreement with expectation.
3B-Acetoxy-At-cholestene which cannot be classified
unambiguously in these terms showed a single peak
at 1243 cm.~!. As the multiple peaks of 3a-ace-
toxy-A’-cholestene also distinguish it from its 3-
epimer, observations in this range can be expected
to aid in recognizing the a-configuration in 3-ace-
tates of AS-stenols and therefore facilitate the inter-
pretation of the 800 cm.~! region.

Experimental

Procedures..—The infrared spectra were determined with
a single beam Perkin-Elmer spectrometer with sodium chlo-
ride prism. The d.c. signals from the thermocouple were
fed through a General Motors amplifier to a Brown Elec-
tronik recorder. The globar was operated at 250 w. on a
separate stabilized power supply. A test signal of 1 uv. gave
full scale deflection. The wave length calibration was made
with atmospheric water, with ammonia, and with carbou
dioxide, and is believed to be accurate within about 0.01 .
Conipounds were examined from 15 to 2.5 x as far as the
transparency of the solvent allowed. Since carbon disul-
fide lias a strong peak at 855 cm. =1 10 measurements on solu-
tions in the upper part of the 800-cm. =1 range (above ~ 833
cm. =t) were less reliable. (Weak peaks were apt to be over-
looked and even stronger ones could be located only approxi-
mately. While the situation could have been ameliorated
by the use of more concentrated solutions this practice
would have eliminated many scarce or sparingly soluble
compounds from this study.) At the beginning and end
of each tracing a portion of the water vapor spectruin was
recorded to permit correction of the drum readings. Within
the fluctuations encountered this procedure was fouud to
give adequate corrections in the 12 u region. In this spectral
range a lithium fluoride shutter was employed. The cell
for carbon disulfide solutions was of the type described by
Colthup!! and was cemented with glyptal. The cell had a
length of 0.8 mm. and a capacity of 0.2 ml.

(10) American Petroleum Institute Project 44, Catalog of Infrared
Spectral Data, Serial No. 698, National Burean of Standards, Washing-
ton, D. C.

(11 N, B. Coltliup, Rew. Sei. Instruments, 18, 64 (1947)
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Cotnpountds were examined in 19, solutions except com-
pounds 48 and 57 which were insufficiently soluble in carbon
disulfide. Correction for this was made in judging absorp-
tion intensity. Since inconspicuous bands may be located
in a region of general absorption or near strong bands they
frequently show rather low transmission values. We have,
therefore, classified peaks not by comparing actual trans-
inission percentages but by roughly estimating their con-
tribution to the absorption at the maximum. The intensity
scale was chosen iu relation to the peaks encountered in this
region rather than in the coinplete spectrum. Very weak
peaks or iuflections are given in the tables in brackets, weak
peaks are denoted by w., inflections by i.; very strong
peaks are in italics. Solvent blanks were determined at
frequent iutervals and used as an aid to locating precisely
the position of maximal absorption. Absorption intensity
data obtaiued from measurements on solids are difficult to
compare with those on solutes since the effective concentra-
tion of the solid in the light path can be estimated only very
roughly. For this reason only weak or very weak peaks are
so described as this information also indicates the accuracy
with which the center of the absorption band can be located.
Two compounds were examined without embedding medium
(7 and 33) as they had to be recovered unchanged. These
curves were less satisfactory than those obtained on mulls.

Materials.!>—Compounds donated by other investigators
(see Acknowledgment) were examined as received. The
purity of compound 40 (m.p. 110-116°) was stated to con-
form to that described by Wintersteiner and Moore.1? Com-
pound 37 which had been in our possession for many years
had deteriorated on storage and was repurified. All com-
pounds prepared by members of this Laboratory and those
from the Schoenheimer collection were repurified unless
their melting points agreed or were very close to those pre-
viously recorded. Pertinent data can be found in the
following references: compounds 5and 6,2 9-11, 50 and 61,20
66,4 2* and 4,14 3, 20, 34*, 58 and 59, 7, 28* and 33,18 21,

(12) A few substances have been examined under various conditions
in the 800 c¢m. ! range by other investigators. These include com-
pounds 18, 23, 42 (Bladon, et al.f), 19, 28, 57 (R. F. Furchgott, H.
Rosenkrantz and E, Shorr, J. Biol. Chem., 168, 375 (1946)); 17
(Turnbull, et al.”); 14 (T. D. Fontaine, J. 8. Ard and R. M. Ma, THIS
JourNaL, 78, 878 (1951)); and 26 (S. Bernstein and K. J. Sax, bid., 78,
846 (1951)).

(13) O. Wintersteiner and M. Moore, bid., 66, 1507 (1943).

(14) H. Hirschmann and F. B. Hirschmann, J. Biol. Chem., 157,
601 (19453). Starred compounds were reference specimens,

(15) H. Hirschmann, 7bid., 160, 363 (1943).

(16) H. Hirschmann and F. B. Hirschmann, ibid., 167, 7 (1947).
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29, 38 and 62,17 22, 64,18 39,19 49, 8 56435 and 60*. 2t Com-
pounds 1 and 23 were purified commercial samples and
were used in the preparation of compounds 19 and 57, and
of 14 and 27, respectively. Compounds 12, 13, 17, 31,
41, 63 and 65 were prepared by treatment of their parent
substances with pyridine and acetic anhydride at room
temperature. (In the case of compound 41 there was in-
sufficient material for complete purification, m.p. 152-159°.)
Compounds 67 and 68 were prepared from compounds 28 and
30, respectively, by hydrogenation of an alcoholic solution
with a palladium=-calcium carbonate catalyst.2?

Acknowledgment.—The author wishes to express
his indebtedness to several investigators for valu-
able substances contributed to this study. Com-
pounds 15, 16, 35, 40, 51, 52, 54 and 55 were re-
ceived from Dr. O. Wintersteiner, The Squibb
Institute for Medical Research; 8, 42, 44 and 46
from Drs. C. R. Scholz and D. A. Prins, Ciba
Pharmaceutical Products; 45, 48 and 53 from Drs.
M. Tishler and L. H. Sarett, Merck and Company,
Inc.; 24 and 25 from Dr. M. N. Huffman, Okla-
homa Medical Research Foundation; 43 from Dr.
R. I. Dorfman, The Worcester Foundation for Ex-
perimental Biology; 47 from Dr. M. Ehrenstein,
University of Pennsylvania; and 37 from Dr. E. A.
Evans, Jr., University of Chicago. Compounds
18, 26, 30 and 32 were from the collection of the late
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