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1,4-Addition of thioacids to 16-dehydropregnane 20-ketones affords 16-acylthio 20-ketones with steric results

dependent on the steroid and the thioacid involved. Both 16a- and 168-thioesters result.

The structures of the

thioester products have been assigned on the basis of proton nuclear magnetic resonance and optical rotatory

dispersion spectra.

FFor studies relating mineralocorticoid activity to
substitution at the C-16 position in the pregnane
nucleus, we desired to have certain aunalogs of 16a-
oxygenated steroids. Of particular interest were the
16a-thio analogs of 16a-hydroxycortexone (16¢,21-
dihydroxypregn-4-ene-3,20-dione) and the sodium ex-
creting factor (38,16a-dihydroxy-5a-pregnan-20-one)
of Neher, et al.!

For their synthesis the well-known 1,4-addition of
substituted thiols to 16-dehydropregnane 20-ketones
was chosen.? Specifically, addition of thicacids and of
hydrogen sulfide to select 16-dehydropregnaiie 20-
ketones resulted in the formation of 16-thicester and
16-mercapto derivatives of the type sought.

The reaction between steroid and neat thioacid
began immediately after solution was effected, mild
heat evolution occurred, and the reaction was complete
within minutes. Only very small amounts of starting
material could be detected by thin layer chromatog-
raphy or by ultraviolet light absorption spectra in the
reaction mixture after this time. The reaction also
occurred in methylene chloride solutions of steroid and
thioacid.

The resultant thioester dervatives 11, III, VII,
VIII, IXa, XI, X1I, and XIII thus prepared were
assigned the 16-acylthio 20-ketone structure on the
basis of elemental analysis and ultraviolet and infrared
absorption spectra. The thioesters V11, VI1II, 1Xa,
X1, XI1I, and X111 exhibit selective ultraviolet absorp-
tion typical of such derivatives? and infrared carbonyl
and C-S stretching bands characteristic of thioace-
tates,* The thiopropionates II1la, 11l¢, and VIIIb
absorb near 10.7 u.*

The stercoselectivity with which thioacids add to the

(1) (a) R. Nelier, P. Desaulles, E. Vischer, P. Wieland, and A. Wettstein,
Helv. Chim. Acta, 41, 1667 (1958); (b) R. Neber, C. Meystre, and A. Wett-
stein, ihid., 42, 132 (19i9).

(2) (a) R. Bonrdon and G. Rosseels, Pvod. Fharm., 18, 42H, 471
(1961); (b) J. Romo, M. Romero, C. Djerassi, and G. Rosenkranz, J. Am.
Chem. Soc., T8, 1728 (1931); (c) J. Romo, (i. Rosenkranz, and C. Djerassi,
ybid., T8, 4901 (1851); (d) J. Romo and (5. Contreras, Bol. Inst. Quim. Urde.
Nal. Autan. Mer., 4, 101 (1952); (e) (. Rosenkranz, C. Djerassi, and I.
Romuo, U. 5. Patent 2,697,108 (Dec. 14, 19234); (f) R. M. Dodson and P. 12
Rollmat, U. K. Patent 2,912,443 (Nov. 10, 19i9); (g) H. Reimann and
1. 1., Shapiro, UI. 8. DPatent 2,088,357 (June 13, 1961); (h) A. 8. Hoffman,
H., M. Kissman, and M. J. Weiss, J. Med, Pharm. Chem., &, 3G2 (19G2).

(3) Steroid thioacetates absorb in the region 230-237 mgy (e 3500-(:000);
see (a) 8. Bernstein and K. J. Sax, J. Org. Ché'm.. 18, 685 (1851): (b) C.
Djerassi and A. L. Nussbaum, J. 4dm. Chem, Soc.. T8, 3700 (1953); (e)
T. Komeno, Chem. Pharm. Bull. (Tokyo), 8, 668, 672, 680 (1960); (d) T.
Komeno, U. 8. Patent 5,016,386 (Jan. 9, 1962); (e) K. Takeda and 7.
Komeno, Chem. Ind. (London), 1793 (1862).

(4) Steroidal thioacetates absorb in the region 5.87-6.04 and 8.77-9.1 u;
see (u) R. M. Dodson and R. C. Tweit, J. Am. Chem. Soc., 81, 1224 (1959);
{b) R. Bonrdon and R. Ranisteano, Bull. soc. chim. France, 1982 (1960);
(e) R. 1Y, Schaaly and M. I. Weiss, J. Ovg. Chem., 26, 1223, 3915 (19G1); (d)
ref, 10a~-10d; (e) F. C. Uble, J. Org. Chem., 27, 2797 (1962).

16-dehydro 20-ketone systemn depends on both the
structure of the steroid and the thioacid. Since the
addition of thioacids to the Al- and AS-double bonds of
Al4- and A*8-3-ketone systems is known to give both
possible epimeric 1- and 7-thioester products® and addi-
tion of thioacetic acid to 3B-acetoxypregna-j,16-dien-
20-one affords three of the four possible isomeric
16-thioesters,? it was anticipated that 16,17-isomeric
products would be encountered in the present study.
Indeed, two crystalline thioesters VIla and VIlla,
readily differentiated from: one another by their
melting point behavior and infrared and nuclear
magnetic resonance spectra but not separable on thin
layer chromatograims, were isolated from the reaction
of thioacetic acid and 3g-hydroxy-33-pregn-16-en-20-
one (IVa). Two of the three known isomeric 16-
thioesters derived from 3g-acetoxypregna-j,16-dien-20-
one and thioacetic acid?' were obtained (X1 and XII).
Thioester X1 isomerizes to the more stable 16a-
acetylthio-178-pregnan-20-one  XII1, and we have
isomerized with concomitant acetylation the thioester
VIiiia with sodium acetate and acetic acid to the 16«-
thioester V1Ib.

In other cases we were unable to obtain more than
one crystalline thioester from the reaction mixtures,
although low yields, difficultly purified produects, and
nuclear magnetic resonance spectra indicated that
isomeric thioesters had been formed. The apparent
isomer composition of the thioester reaction products
is presented in Table 1.

The several thioesters prepared in this study can be
grouped into two sets depending ou their proton
nuclear magnetic resonance spectra. The first group
consists of thicesters 11, VII, 1Xa, XII, and XIII,
and is characterized by the proton resonances: C-18
methyl at 0.60-0.76 p.p.m.,® C-21 methyl at 2.12-2.17
p-p.m., 16-thioacetate methyl at 2.25-2.28 p.p.m.,
17-proton doublet at 2.39-2.67 p.p.m., and 16-proton
at 4.25—4.28 p.p.m. FExcept for the 16-proton and
thioacetate methyl resonances, these spectra are typical
of those obtained with 16a-hydroxy and acetoxy-
substituted 173-pregnane-20-ketoties.”

(%) () R. C. Tweit, inid., 27, 2693 (1862); {b) R. C. Tweit, F. B. Colton,
N. L. MeNiven, and W. Klyne, 1hid., 237, 3323 (1962).

(¢) Proton nnelear magnetic resonance spectra were obtained on 10~-13¢%
solutions of steroids in deuteriochloroform with tetramethylsilane as an in-
ternal reference, using a Varian Associates Model A-60 spectrometer (60
Me.). The resonance lines are measured from the internal reference in a
downfield direction.

(7) Several 16a-hydroxy-178-pregnane 20-ketones have C-18 methyl res-
onances at 0.62-0.65 p.p.m., C-21 methyl at 2.13-2.18 p.p.m., 17a-proton at
2.31-2.66 1.p.m. (doublet, J = 6-7 c.p.s.), 168-proton at 4.73-3.00 p.p.m.
(mnltiplet). Unsnbstituted 178-pregnane 20-ketones have C-18 methyl

resonances at 0.60-0.71 p.p.m., C-21 metlhyl at 2.11-2.13 p.p.m., 17a-
proton at 2.46-2.47 p.p.n. (doublet, J = 8-9 c.p.s.).
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The second set of thioesters consists of III, VIII,
and X1, and is characterized by the proton resonances:
(’-18 methyl at 0.87-0.96 p.p.11.: C-21 wethyl at 2.05--
2.07 p.p.m1.; lG-thioacetate methyl at 2.29-2.32 p.p.m.,
17-protoun doublet at 2.83-2.8¢ p.p.n1., and 16-proton
at 4.23-4.37 p.p.ut.

The structures of members of the first group follow
from the aforementioned similarities in nuclear mag-
netie resonance spectra with 16a-oxygenated 173-
pregnane 20-ketones and from optical rotatory dis-
persion data.  The thioesters VIIa, VIIb, IXa, and
XIT are characterized by strong, positive Cotton
cffects typical of 178-pregnanc 20-ketones® In [ig.
I the dispersion spectra of V1la and I1Xa are compared
with data of the known Iie-acetoxy-3s-hydroxy-
58,17 3-pregnan-20-one (X).*

Molecular rotational differences, ANIpl8-thioester g4,
VIIa, VIIb, IXa, XII, and XIII range between
—251 and —288, which range is well within the limits

8) (a) C. Djerussi, Ball, soc. chim. Franve, 741 (1937); (b) C. Djerassi,
“Omptical Rotatory Dispersion,” MeGraw-Hill Book Co., Ine., New York,
N. Y. 1960, pp. 51-52; (¢) W, AL Strnek and R, 1. Hontman, J. Org. Chem.,
26, 1883 (11ely idy I K, Reul and J. K. Pike, wid., 26, 3887 (1961); (el
I'. Crahbé and J. Remw, Chenn Tad, (Londaon), 408 (106G2), (£) P. Crablié, M.
Pérver, and G. Vera, Cuarw. J. Chem., 41, 136 (196¢3) 5 (2) P. Crahbé, Teteahe
Jeen, 19, A1 {10635 (ho M. B Ralun, Stevoids, 2, 541 (1n63).

1 ML Ilirselmonn aiel Mo AL Yans, J. Ovg. Chem., 24, 1114 (1939); we
present a new synthesis of X hy selective neetylation of 38, 16a-dibydroxy-
Jd-prepnan-20-gne with acetie snhydride aml! dinepyri.

found for Ita-acetoxv-178-pregnan-20-one analogs.'
These arguments together with the preferred stability
of the 16,17-trans system in general support in detail
the assigned  1te-acylthio-173-pregnan-20-one  stroe-
ture for these thioesters. The A*3-ketone thioesters
IT have more negative AMp values of —321 to —467
which overlap the limits found in 16e-acyloxy analogs
and arc also assigned the 16e-acylthio-178-pregnan-20-
oie straeture.

The thioesters 111, VIIIL, and XI necessarily nst be
16g-acylthio-17 e-pregnan-20-one  or  168-acylthio-173-
pregnan-20-one derivatives.  The 17e-pregnan-20-one
structure for VIIIa and XTI is ruled out on the basis of
the positive Cotton effects in the optical rotatory dis-
persion  speetra (I'ig. 1), Al HG-substituted 17 -
pregnan-20-one derivatives which have been examined
have negative Cotton effects.s  Although the Cotton
effects for VIIIa and X1 are much weaker than are
those for their respeetive isomers VIla and XII, the
definitely positive character of the Cotton effect sup-
ports in detail the 173-pregnan-20-one structure.  The
structure of VIIIa must therefore be that of 163-

J10y ANy valoes avsovimied whrh 1Ga-gcetoxy shhsiindon range fonn
1132 o =343 wirh 163-pcctoxy snbstitution from —+40 to 4108, Sce
() 1I. Hirsechmann and 1. 1% Hirschmann, J. Biol. Chem., 184, 250 10w
(h1 D. K. Funknshhma and V. 1. Callagher, J. Am. Chem. Sov., T3, I'In
UL e A dwre, Jide Choim, Acta, 8T, 650 {1054y ('h B s
amd 11 . EL Loewenthal, Teicnpedeorn, 11, TG49 (106G0),
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Tapre I
STEREOSELECTIVITY OF ADDITION OF THIOACIDS
1somer Yield, Isomer
16-Dehydro 20-ketone Thioacid Method¢ isolated” T ratiof
Pregna-4,16-diene-3,20-dione (Ib) Thioacetic A 168 (I11b) 34 9:1
Thiopropionic A 168 (I1lc) 52 4:1
Thiobutyric A 16« (IIb) 62 0:1
21-Acetoxypregna-4,16-diene-3,20-dione (Ia) Thioacetic B 16a (I1a) 72 1:7
Thiopropionic B 168 (I1Ia) 39 e
38-Hydroxy-58-pregn-16-en-20-one (IVa) Thioacetic B 16« (VIIa)* 37-49 1:1
Thiocacetic A 16 (VIIa) 60 o
Thiopropionic B 168 (VIIIb) 52 7.1
38-Hydroxy-da-pregn-16-en-20-one Thioacetie B 16a (I\a 60 1:8
38-Acetoxypregna-b,16-dien-20-one Thioacetic A 168 (XI)* 60 13:1

@ A, neat thioacid warmed 5-30 min. on a steam bath; B, methylene chloride solution plus thioacid, 0.5-3 hr. at rooin temperature.

® Only one isomer was readily isolated pure from a given reaction mixture.

53—64 % yields, isomer ratio ca. 1:1.

4 In one experiment a low yield of the 16a-isomer was obtained.

¢ In certain experiments the 168-isomer was isolated in
¢ The isomer ratio, defined as

the ratio of the 168-isomer content to the 16a-isomer content, was determined by nuclear magnetic resonance analysis of total reaction
producte, mother liquor fractions, ete., on the assumption that spurious lines in the C-18 methyl region (0.60-0.96 p.p.m.) not present in
spectra of the pure isolated isomer were due to the presence of 16-isomeric products.

acetylthio-38-hydroxy-58,178-pregnan-20-one, and XI
must be 3B-acetoxy-168-acetylthio-178-pregn-3-en-20-
one.

By analogy other members of the group are assigned
the 168-acylthio-178-pregnan-20-one structure. Al-
though the AMDb values for the 16-thicester functional
group in these cases are negative and of the same
order (—195 to —409) found for the 16«-thiocester
group, the molecular rotational differences AMp!6#-16=
for the isomeric pairs V1ila-VIIla and XII-XI are
451 and +90, respectively, which is in accord with

+2

+1
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Fig. 1.—Optical rotatory dispersion spectra.

other 16a- and 168-acetoxy-178-pregnane 20-ketone
pairs.!!

Analysis of the proton nuclear magnetic resonance
spectra of these thioesters also supports the 164-
acylthio-178-pregnan-20-one structure. Whereas the
downfield shifts of the C-18 methyl group protons to
0.87-0.96 p.p.m. (relative to 0.60-0.71 p.p.m. for
simple 178-pregnane 20-ketones and 0.60-0.76 p.p.m.
for the several 16a-thioesters) is characteristic of 17a-
pregnane 20-ketones,®™'? other aspects of the spectra
are not in accord with a 17 a-pregnane formulation.

Thus the C-21 methyl protons in 111, VIII, and XI
are found upfield from their position in simple 17a-
pregnan-20-one derivatives 812 in 178-pregnan-20-
one derivatives, and in the 16a-thioesters. This in-
creased shielding of the C-21 methyl protons thus can-
not readily be associated with isomerization of the
(C-17 side chain. Furthermore the 17-proton doublet
in this set of thioesters at 2.83-2.86 p.p.iu. is unshielded
in comparison with the 17e-proton of the 16a-thio-
esters and of 16a-hydroxy-178-pregnan-20-one deriva-
tives (2.51-2.66 p.p.n1.).12

The downfield shift of the C-18 methyl protons in
the 168-thioesters is also characteristic of 1,3-diaxial
interactions between the C-18 protons and 83-, 113-,
and 158-hydroxyl groups and between C-18 protons
and 118- and 158-acetoxyl groups.'* Although the
168-acylthio feature cannot be considered axial, its
1,3-pseudo-axial relation to the C-18 methyl group
should lead to a deshielding influence.®

The three effects of increased shielding of the C-21
methyl protons, of decreased shielding of the 17-proton,
and of decreased shielding of the C-18 methyl protons

(11) AMD (168-acetoxyl-16a-acetoxyl) values range from 467 to +410.5

(12) C-18 methyl protons in simple 17a-pregnane 20-ketones have been
reported at 0.85-1.02 p.p.m.; see (a) W. J. Wechter and H. C. Murray,
J. Org. Chem., 28, 755 (1963): (b) P. Crabbé and J. Romo, Bull. soc. chim.
Belges, T2, 208 (1963): (¢) J. E. Pike, G. Slomp, and F. A. MacKellar, J.
Org. Chem., 28, 2502 (1963).

(13) It must be noted, liowever, that the 178-proton in some 17a-preg-
nane 20-ketones has been found as a doublet at 2.92-3.19 p.p.m. with J =
7.5 c.p.s1A

(14) (a) Y. Kawazoe, Y. Sato, M. Natsume, H. Hasegawa, T. Okamoto,
and K. Tsuda, Chem. Pharm. Bull. (Tokyo), 10, 338 (1962); (b) K. Tori
and E. Kondo, Tetrahedron Letters, No. 10, 645 (1963).

(15) The 168-acetoxyl group of two pregnane 20-ketones show a de-
shielding effect on the C-18 methyl protons; see compounds no. 132 and 134
in R. F. Ziircher, Helt. Chim. Acta, 46, 2054 (1963).
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are best reconeiled with the 168-acylthio-173-pregnan-
20-o11e structure,

The l6-proton signals i both types of thioester
spectra were poorly resolved multiplets, but at high
gain it was possible to differentiate the two proton
types fnto triplet and quartet character. The 168-
proton signal of T6e-thioesters appeared as a triplet
of doublets, the 16e-proton signal of 163-thioesters as
1 quartet suggestive of higher mualtiplieity.  First-
order analvsis of the 16-proton signals of the epitnerie
pair VIla and VIIIa and of the homologous 16-ephuerie
pair 1le and 11Ib gave the coupling constants 2.6, 9,
annd 9 e.p.s. for coupling between the 168-proton and
the 15e-, 158-, and 17a-protons, respectively, and 7,
9, and 10 c.p.s. for coupling between the 1ta-protou
and the same 15, 158-, and 17a-protous.'’® It is of
mterest to note that both the 16e- and 168-protons
coupled with the 153- and 17 a-protons to about the
satne extent,

Addition of hydrogen sulfide to 38-hydroxy-7g-
pregn-16-en-20-one (IVa) gave lGeo-thiol Va plus
disulfide VI. Thiol Va was oxidized by iodine to di-
sulfide VI, which in turn could be reduced by zine
and acetic acid to thiol Va. Sowe 3g-acetylation
occurred during the reduction, as some 38-acetate
VEh was also isolated. Similarly, hydrogen sulfide
addition to 38-hydroxy-Se-pregn-16-cu-20-one  gave
the Se-pregnane-16a-thiol IXb.

The 178-pregnan-20-one structures assigned thiols
Va and IXb and disulfide VI are based on their uuclear
magnetic resonance spectra ((-18 raethyl at 0.60
0.61 p.p.m., C-21 methyl at 2.12-2.18 p.p.nm.) and on
conversion of thicl Va with acetic anhvdride and pyri-
dite to the 38,16 a-diacetate VIIIb,

The thioesters could not be hydrolyzed satistactorily
to their respeetive 16-thiols by a variety of acid and
base conditions. Treatment with base led to elimina-
tion of sulfur with formation of the parent 16-dehydro
20-ketone or to very complex mixtures as indicated by
thin layer chromatography.?  Elimination of the 16-
thioester functional group is more factle thau climina-

1oy Norvy Amnrn ax Proay, Inoa recent paper. Ao DL Cross aml 1,
Crahhé L. dne Chene Sov,, 86, 1221 (14613 ] repart proton spectra for fony
possibile 16.17-isomeric pregnanes. Their data snpport ony assigmiments in
that they find large coapling constants (7.0-8.4 ¢.p.s.} hetween the 16- and
IT-pratons in the 16e,178- and 168,178~ isomeric pairs re. small coapling
constants (1-3 e.p.s.c hetween the sune protons in the 16a,17a- und 168,17a-
monwrie pairs. Also the (<18 methyl protons are shifted 0.2 p.p.an. downfield
in the 163,173~ ismner. They did find, however, that the 17ea-protons in
bath 168¢,178- and 168,178~ isonmers are foand ut the sune freqnency, some
.3 pepem. co higher fields than the 1738-proton signals of the 16,17 a~ isamers.

(161 A few conpling patterns for 108-protons have heen reported: nn
vserplet for eyelobuxine and its 10a-acetate, witlhcJ = 3,7, aud 9.5 e.p.s., o
wanl o triplet for dihydroelateriein B We obsecved an octnplet for 1he
Iha-acetoxy derivative X with approximate J valnes of 3, 13, and 14 e.qus.

1T ) K= Brown and S0 M, Kapehan, J. e Chem. Soc., 84, 4300
dimdys (DL Lacvie. Y. Shvo, O, R Gotthel, wnel L Qlotrer, J. Ovg,
e, 28, 1700 (10133).

(181 The triplet and gnartet character ol the l1é-proton signals may be
recnneiler] with 1he assigned confignrations hy un extension of the Karplus
correlution! to the five-membered ring system.® More comnplex spectra
are Lredietedl for the 168-thicester, with gnartet character being likely with
oy resolntion, whereas triplet character uppears more likely fur 16a-
ihioesters;  see ref. 1Th.

(197 M. Norplus, J. Chem. Phys., 30, 11 {18391,

1201 The validity of the Karplns correlation in other five-membered ring
syvsrems ks heen disensced: see Y. AL L. Anet, Cun. J. Chem.. 39,789 (19131} ;
R. J. Abrchawm and K. A, Melanchlon, Mol Jhgs., 8, 513 (1462): R. I,
Abrpham, Lo 10 Hall, L. Hongh, and K. A. MeLanchlan, J. Chem. Sov.,
B (14062 see yef, 170,

11} A 1ld6-thiol has recently heen ubtainal by bydrolysis of 2l-arerixy-
I-ncetyhhio-fa-tinoropregn-t-ene-3,20-dione  with sodinm  methoxide in
merhinaly see vef. 3y,

Vol ©

Tapre 1l
CHRoOMATOGRATHIC BRIAaviow or [ho-"Tiloesrees
AND Hie-"Thwons
Mahilivy, Ry

berivanve ol preznan-20-one 1 ] 1t
16a-Acetylthio-3g-hydroxy-ig- (Vi 0.7 (LIt
I6a-Acetoxy-38-hydroxy-ng- (N} Gl .07 135
38-Acetoxy-Ta-ncetvithio-ng- (VI (U1 SR S IS B | B
318 10a-Dincetoxy- 085 U 64
38-Hydroxy-Hie-hereapto=is- (Vi (VIR S VO B L Y
38, Hia-Dilivdroxy-ig- Uty U U us
38-Acetoxv-Tia-mereapto-ng- < \h [ODRYH IR VBRIt B VY
3B-Acetoxy-lta-livdrony-1g- 20 004 1y
38, 16a-Dihivdroxy-ho- 000 O.UE G
33-Acetony-1ta-hvdroxy-iae- D26 VUL

» Nvstems 1, IT, and IIT as detined in the Experimental part.

tion of the 16a-acetoxyl group, for hydrolysis of Hia-
acetoxy 20-ketoues can be accomplished although sonie
climination does  result.'? 168-Acetoxy  20-ketones
are not stable to such conditions, however.

Hyvdrolysix with hovine albumin,® rat
preparation.* or nalt diastase?®! did not oceur.

The 16-thiols and 16-thioesters Va, Vb, VIla, and
VIIb are wmore mobile on paper and thin layer chroma-
tograms than their respective oxygen analogs (Table
I1). This behavier is in agrecment with similar be-
havior of 21-thiols and 21-thioesters.®  However,
lha-thols Va and Vb are ruuch more mobile than
anticipated, 1ore so than their respective Hie-thio-
acetates VIaand VIID,

Whereas the Hoa-thioester analog IXa of Ncher's
sodinm exerceting factor (38,16a-dihydroxy-"a-pregnar-
20-o01e)t was devoid of mineralocorticoid activity, the
a8, hia-thioester analog VIIa and  its 53,163-thia-
ester epither VI antagonized the action of cor-

mtestine

texone acetate in adrenalectomized rats (Ikagawa
test).® A dose o 56 mg. per rat of cither VIIa or

VIIla reduced the mineralocorticoid effeets of 1012
ug. ol cortexone acetate by 5097, Neither 33-acetate
VIIb or any other thicester, nor the lte-acetoxy
analog X of VIla blocked the action of cortexone ace-
tate in the Kagawn test,

Experimental*

21-Acetoxy-16«-acetylthiopregn-4-ene-3,20-dione (Ila).--A so-
Intion of 2 g. of 2l-icetoxypregha-4,16-diene-3,20-dione (1)
in 100 ml. of methylene chloride wnd 20 mil. of technieal thioncetic
neid was stirred at roomn temperature for 3 hr., after which time

2y KL L. Rongone, L O Bocklage, P R Srengih, ond EoOAL Tosy,
J. Brol. Chem., 228, 06O {1457 .

¢23) L. 1. Janssen, H. P. Schedl and oA Chltow, sCech, Biockovr, B
phys., 98 216G (1AL,

(M S0 Nogoehi, S Phaem, Saes Japan, 81, 354, 373, 377, 385 {1,

CcEy L L Smithe L Qlecoriitoy., 8, 1T (1063,

(261 . M. Rugawa, Poie. Sors Eeptl, Binl. Hed., 99, 703 1 104%).

(27> Optival rotations ore reported for ehloroform solutions of 0.3 1°,
concentrations; optical rayatary dispersion speetra were oltained on di-
vwxane solutions.  Ultraviolet absorption spectra were abtained on solations
i 943% ethondl. infrarved spectra on pressed potassinm bramide disks. e
rected melting pomts were obthyined nsing capillary tnlies excem whers
noted "Kofler” in which ease o calibrated Kofler hat stage nnder micro-
scapic magnification was nsed. Iiach preparation was examined for humo-
reneity by paper amd wr thin layer chromatograply. Mohility slata are
reported for the systems: 1, hexane—-methanol-water (10:7 5y with Whin -
man No. | paper ot 3(0°: [a. 1he saine system rn at room temperatyre; 1l
hexane—ethyl acetate (31:2r run on nentral silica gel thin layer chromare-
plates bound with rice stareh®; 111, hexane-ethyl acetate (1:1} on nentral
cliromatoplates; 11ln, hexane-ethyl acetate (1:1) in acidie chromataplutes.
Detection in «dl cases was wirh 0 10% ethunolie salntion of phosphomolyblic
aeid.

181 bl Lo Smilh awed T Foell, o Chvnaatag., 9, 339 (1062,
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the solvents were renioved under vacuum. The gummy residue
was crystallized and recryvstallized from ethanol three times, yield-
ing 1.0 g. of product, m.p. 161-162°. Chromatography on silica
gel (elution with 109, ether in benzene) afforded the analytical
sample, m.p. 162-164°; [a]D +94.8°%%; Amax 238 mu (e 19,400);
AP 5 74, 5.79, 5.95, 6.03, 6.22, 8.17, 9.01, and 10.61 u, etc.;
R¢0.34 in system Ia, 0.23 in system I1Ia.

Anal. Caled. for Co:HuO:S: C, 67.23; H, 7.67; 8, 7.18
Found: C, 67.35; H, 7.39; S, 6.84.

Nuclear magnetic resonance spectra: C-18 wmethyl at 0.76
p.p-m.; C-19 methyl at 1.18 p.p.n.; C-21 acetoxyl methyl at
2.17 p.p.m.; l6a-thivacetate methyl at 2.28 p.p.m.; 17a-proton
at 2.61 p.p.m. (doublet, J = 9 c.ps.); 168-proton at 4.28 p.p.m.
(triplet of donblets); C-21 methylene at 4.63 p.p.n. (quartet,
J = 17 c.p.s.); 4-proton at 3.73 p.p.m.

16a-Butyrylthiopregn-4-ene-3,20-dione (IIb).—16-Dehydro-
progesterone (Ib) (2 g.) dissolved in 5 ml. of technical thiobutyrie
acid was warmed on a steam bath for 15 min., after which time
the thioacid was removed under vacuum. The yellow gum ob-
tained was crystallized from ether-methanol, 920 mg., m.p.
150-152°. A second and third crop, 420 mg., m.p. 148-150°,
and 300 mg., m.p. 134-139°, was taken. Recrystallization from
ethanol and from acetone gave the pure prauduct, m.p. 152-153.5°;
[a]D +40.5° Amax 239 mu (e 20,200); As>r 5.84, 5.93, 6.01, and
65.18 4, etc.

Anal.  Caled. for CuHg0s8: C, 72.07;
Found: C,72.17; H,8.67; S, 7.68.

Nuclear magnetic resonance spectra: C-18 methyl at 0.71
p.p-m.; 16a-thiobutyrate methyl at 0.93 p.p.m. (triplet, J =
7 c.p.s.); C-19 methyl at 1.20 p.p.m.; C-21 methyl at 2.17
p.p.m.: 17a-proton at 2.62 p.p.m. (doublet, J = 9 c.p.s.); 168-
proton at 4.26 p.p.m. (triplet of doublets); 4-proton at 5.73
p.p.m.

16a-Acetylthio-6x-methylpregn-4-ene-3,20-dione (Ilc).—6a-
Methylpregna-4,16-diene-3,20-dione (Ic) (4 g.) was treated by
the procedure used for ITa. The resultant oil was crystallized
from 2-propanol, yielding 3.2 g. of product, m.p. 158-160°.
Several recrystallizations from 2-propanol afforded the pure
product, m.p. 160-161°; [a|D +31.5°%; Amax 238 mu (e 19,700);
AEBr 587, 5.03, 6.0, 6.23, 7.37, 8.87, and 1045 u, etc.; Ry
0.81 in system Ia, 0.42 in system IIla.

Anal. Caled. for C.HuO,8: C, 71.60; H, 8.51; S, 7.96.
Found: C,71.79; H,8.32; 8,7.80.

Nuclear magnetic resonance spectra: C-18 methyl at 0.72
p-p-m.; 6a-methylat1.06 p.p.m. (doublet, J = 6.5 c.p.8.); C-19
methyl at 1.18 p.p.m.; C-21 methyl at 2.16 p.p.m.; 16a-thio-
acetate methyl at 2.27 p.p.m.; 17a-proton at 2.63 p.p.m. (doublet,
J = 9 c.p.s.); 168-proton at 4.28 p.p.m. (triplet of doublets);
4-proton at 5.80 p.p.m.

21-Acetoxy-168-propionylthiopregn-4-ene-3,20-dione (IIla).—
Using the procedure for Ila, except that technical thiopropionic
acid was substituted for thioacetic acid, 3.0 g. of 21-acetoxy-
pregna-4,16-diene-3,20-dione (Ia) was converted to 1.5 g. of
crude 168-thiopropionate, m.p. 118-121°.  After chromatography
on silica gel (elution with 59, ether in benzene) the pure thio-
propionate was obtained, m.p. 129-131°; [a]lp +61.5°; Amax
238 mu (e 18,500); A5 5.72, 5.78, 5.95, 6.02, 6.20, 8.15, 9.49,
and 10.65 , etc.; R:0.36 in system Ila.

Anal. Caled. for CyHsO:S: C, 67.79; H, 7.88; S8, 6.96.
Found: C, 67.81; H, 7.86; S, 6.88.

Nuclear magnetic resonance spectra: C-18 methyl at 0.87
p.p-m.; 16B-thiopropionate methyl at 1.15 p.p.m. (triplet, J =
7.5 ¢.p.s.); C-19 methyl at 1.18 p.p.m.; C-21 acetoxyl methyl
at 2,20 p.p.m.; 168-thiopropionate methylene at 2.53 p.p.n.
(quartet, J = 8 c.p.8.); l6a-proton at 4.28 p.p.m. (multiplet);
C-21 methylene centered at 4.63 p.p.m. (quartet, J = 17 c.p.s.);
4-proton at 5.75 p.p.m.

168-Acetylthiopregn-4-ene-3,20-dione (IIIb).—A solution of
4.0 g. of 16-dehyvdroprogesterone (Ib) in 4.0 ml. of technical
thioacetic acid was warmed on a steam bath for 20 min. The
thioacetic acid was removed under vacuum, and the gummy
residue was washed with water and crystallized from ethanol,
vielding 1.66 g. of product, m.p. 172.5-176.5°. After several
recrystallizations from ethanol the pure product was obtained,
m.p. 184-185°; [a]p +81°% Amax 239 mu (e 20,000); A5
5.85, 5.93, 6.01, 6.20, and 8.90 g, etc.; AZS% (E!% ) after 2 hr.

H, 871; 8, 7.70.

(29) Hoffman, et al.®® report m.p. 153-155° and [alp +71° for Ila.
The Mp and AMp values calenlated by these investigators are in error and
should read Mp +317, ANMp —374.

PrEGgXANE 16-THIOESTERS 535

290 (543), 400 my (30); R 0.59 insystem Ia (R; of Ib is 0.74),
0.84 in propylene glycol-toluene.

Anal. Caled. for CyuHy0:8: C, 71.09; H, 8.30:
Found: C,71.15; H,8.23; S, 8.30.

Nuclear magnetic resonance spectra: C-18 methyl at 0.96
p.p.m.; C-19 methyl at 1.20 p.p.m.; C-21 methy! at 2.07 p.p.m.;
168-thioacetate methyl at 2.32 p.p.m.; 17a-proton at 2.86 p.p.m.
(doublet, J = 10 c.p.s.); 16a-proton at 4.28 p.p.m. (quartet);
4-protan at 5.75 p.p.m.

168-Propionylthiopregn-4-ene-3,20-dione (IIl¢).—Two grams
of 16-dehydroprogesterone (Ib) was dissolved in 30 ml. of tech-
nical thioprapionic acid and after 5 min. on the steam bath the
thioneid was removed under vacuum. The gum obtained was
crystallized from ethanol, yielding 990 mg. of material, m.p.
156-139°, Amax 239 mu (e 19,000), from which an analytical
sample was prepared, m.p. 163.5-164.5°; [a]p +71.4°%; Amax
239 mu (e 21,400); AE™" 5.89, 5.93, 6.02, 6.21, 9.22, and 10.7 4,
etc, 30

Anal, Caled. for CpHi0:8: C, 71.60; H, 8.51;
Found: C, 71.68; H, 8.63; S, 7.50.

Nuclear magnetic resonances spectra: C-18 methyl at 0.96
p.p.m.; C-19 methy!l at 1.18 p.p.m.; 168-thiopropionate methyl
at 1.16 p.p.m. (triplet, / = 8 c.p.s.); C-21 methyl at 2.06 p.p.m.;
168-thiopropionate methylene at 2.53 p.p.m. (quartet, J = 8
¢.p.8.); l6a-proton at 4.30 p.p.m. (multiplet); 4-proton at 5.75
p.p.m.

16a-Acetylthio-33-hydroxy-53-pregnan-20-one (VIIa).—To a
golution of 1 g. of IVa in 50 ml. of methylene chloride was added
10 ml. of technical thioacetic acid. After 3 hr. at room tempera-
ture the solvents were removed under vacuum and the residue
crystallized from cyclohexane-petroleum ether yielding 300 mg.,
m.p. 127-129°; [a]D 4+8.9°; Amax 233 mu (e 4720); A55 584,
5.99, 6.91, 7.39, 8.92, 9.69, and 10.45 u, etc.; AZB% (E7 )
after 2 hr. 286 (42), 347 (33), 382 (31), and 456 mu (26); R;0.32
in system IIIa, 0.54 in system Ia.

Anal. Caled. for CiuHz0,8: C, 70.36; H, 9.24; S, 8.17.
Found: C,70.52: H, 9.40; 8, 7.70.

Nuclear magnetic resonance spectra: C-18 methyl at 0.66
p.p.m.; C-19 methyl at 0.95 p.p.m.; C-21 nethyl at 2.12 p.p.m.;
16a-thicacetate methyl at 2.26 p.p.m.; 17a-proton at 2.62
p.p.n. (doublet, J = 8.3 c.ps.); 168-proton at 4.26 p.p.n.
(triplet of doublets): 3a-proton at 4.13 p.p.m. (broad).

Optical rotatory dispersion: [a)so -+20°, [a)a: +1950°, and
[a]as0 —5450°.

Reaction of 1.0 g. of IVa in 2.0 ml. of neat technical thioacetic
acid with warming for 5 min. afforded 740 mg. (60¢}) of crude
thioester VIIa, m.p. 124.5-125.5%; Amax 233 mu (e 4700).

38-Acetoxy-16«-acetylthio-53-pregnan-20-one (VIIb). A.
By Thioacetic Acid Addition.—A solution of 3 g. of 38-acetoxy-
5B-pregn-16-en-20-one (IVb) in 75 ml. of methylene chloride
and 30 ml. of technical thioacetic acid was held at room tempera-
ture for 30 min. and the product was isolated in the usual manner.
After chromatography on silica gel (elution with 29 ethyl
acetate n benzene) the pure product was obtained, 540 mg.,
m.p. 140-158°; [alp +18.3% Amax 232 mu (e 4500); AR
5.78, 5.85, 5.93, 6.92, 8.00, 8.03, 8.10, and 8.83 u, etc.; R 0.92
in system Ia, 0.80 in system I11a.

Anal. Calcd. for CQE.H3304SI C, 6908, H, 881,
Found: C, 69.47; H, 9.02; S, 7.36.

Nuclear magnetic resonance spectra: C-18 methyl at 0.65
p.p.m.; C-19 methyl at 0.98 p.p.m.; 3B-acetoxyl methyl at 2.05
p.p.m.; C-21 methyl at 2.14 p.p.m.; 16a-thioacetate methyl
at 2.26 p.p.m.; 17a-proton at 2.62 p.p.m. (doublet, J = 8 c.p.s.);
168-proton at 4.25 p.p.m. (triplet); 3a-proton at 5.11 p.p.m.
(broad).

Optical rotatory dispersion of VIIb:
+1530°, and [a].s0 —35270°.

B. By Isomerization.—168-Acetvlthio-38-hydroxy-58-preg-
nan-20-one (VIIIa) (200 mg.) dissolved in 3 ml. of glacial acetic
acid containing 200 mg. of anhydrous sodium acetate was re-
fluxed. After 15 min. a sample was taken, diluted with water,
and extracted with chloroform; the extracts were dried and
evaporated. After 3 hr. a second sample was taken and treated
in the same way. Nuclear magnetic resonance spectra of the
first sample indicated a ratio of VIIIa to VIIaof 3:1. The second
sample was identified as pure VIIb by nuclear magnetic reso-
nance and by thin layer chromatography.

S, 8.25.

S, 7.96.

S, 7.38.

lo]os +47°,

[Ot]alo

(30) Dodson and Sollman report a lG-propionylthioprogesterone, m.p.
134—-135°; see ref. 2f.
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163-Acetylthio-33-hydroxy-53-pregnan-20-one (VIIIa).~-A
mixture of 5 g. of IVa and 10 ml of technienl thioacetic neid was
warned for 3 min. to dissolve. The thionecetic neid then was
removed nnder vaemmn, the vellow g obtained dissolved in
methylene chloride, mnd the sohition was waghed well with water,
The solntion was dried over anhydrons mwagnespom sulfate and
the solvent was remaoved under vacinnn, vielding s gnmmy resi-
e whiel was chiromatogrmphed o silice gel. Bad-smelling
giins were chited with petrolenm ether, and diethyl ether ched
the thioester.  The colorless gnin was erystallized from ether
liexane, viebling 600 mg. of VILa. From the wmother liguor
there was obtained after slow ¢4 lavsy erystallization 3.0 g, of
mixed isomers V1Ia and VIiIa.  Further Irnctionation of tln&
mixture from ether gave 1AL g of crude \1111 nt.p. H0-168°,
After several reervstallizations Trom et h\l '1(0 te—-hexane there
was obtained the pure isomer, m.p. 17 ° (Kofler): [aln
0T A 230 g Le 52301 ARY 284 .'..s.;_ A5, R85, L0T.
TOLN, 10,63, and AR u, ete.

T'he isomers VIIn and VIIla could not be separated on the
several paper and thin Iaver chironmmtographic systems used
in this study.

Aand, Cilell far CoHyOas: C, T006; H, .24 S, S0,
Found: ¢, 70.06; H, 9.08; 8,5.00.

Nuclear magnetic resonnnee spectin;  C-1N methyvl at 0.87
e C-19 methyl at 0.96 p.pon.; C-21 methyl at 2.06 p.paun.
tis-thineetate methyl at 2530 p.pa: 1Te-proton at '_’.‘w
pepean, tdonblet, /= 4.5 c.p.s.i; Ba-protan at 4.10 p.pan. (broady;
Hig-proton nt 4.47 p.pan. fquartet &

Optienl rotatory dispersion:  alaw  +5.07, 3TN,
[ +308°, Tadms F0980°) [alsy — 1067, and lalms — 94.5°.

33-Hydroxy-163-propionylthio-53-pregnan-20-one (VIIIb).—-
A soliution of 3 g. of IVa in 75 wl. of methylene chloride was
treated with 10 mlb of technical thiopropionic neid.  After 3
hir. st room teiiperatnre the solvents were removed under vacinm
and the resuttant g was ervstallized from ethanol, then re-
ervstallized (rom earbon tetrachloride and twice from eyelo-
hex: me vielding 700 mg. of 1)1»)du<-t n.p. 14— I.»b" lalp +17.7°
Nownx 2034 111,u Ce 47701 AT 584, 50T, 601, 888, .68, 0.94, and
1088 g, ete; K07 ins stem b, 052 1 svstem IIIi

Snal. ,.11((1‘ for C, 4H Sl T0NE HL o4l 8, TN
Found: C, 70.81: H, 0.46; 8, ¢ 4“

Nuclenr maguetic resonance spectra:  U-18 methyl at 0.8%
p.p.a; Co19 methyl ac 0.95 popan.; 168-thiopropionate methyl
LIS popo Coviplet, o/ = S ep.s.y G2 methylbat 2.05 p.pan.:
t6s-thiopropionate nethylene i 255 p.pan. fquartet, J = 5
c.psog TTe-proton at 2.83 p.pan. (doublet, J = 10 e.ps.}; Sa-
proton at 411 popan. {(broad §; Toe-proton at 4.23 p.p.nn (nml-
tiplet ).

16-Acetylthio-33-hydroxy-5«-pregnan-20-one (IXa).—To
1 solntion of 0.6 g. of 33-hydroxy-5a-pregn-16-en-20-one in 25
ml. of methylene chloride was added 5 ml. of teehnieal thivacetic
acid.  After 30 min. the solveuts were removed under vacuum
and the residue was ervstallized from carbon tetrachloride,
vielding 450 mg. of produet, np. 164 165°.  Reerystallization
rised the m«llm;_, pnml tor JUS-171°; lalp +11.8% e 203
My (e 46101 TTAWSG, D91, Ta \\/. 9435, and 10.32 4, ele
fee 0,405 I systoem I 2, 0047 1n &wlem b

Anad, Caled. for CogHual)ss (70056 H, 4240 N SIn
Found: €, 70.66: H, 4.21; 8, X220

Nuelear 111.1;,1191,1<- resonanee specti: G-18 methyl ar 0.64
popaan.; C-19 methyl at 0.80 popane: C=21 methylat 2.1 pop.a;
LGa-thioncetate methylar 225 p.pan.; e pmlun At 207 popon

¢donblet, JJ = & rpsy; Ihd—pmlnn at 4,25 p.pan. (triplet of
dothlets, J = 2, 84,9 cps.in He-proton at 3.65 ppan. (unil-
tiplet:

Optieal rotatory dispersion:  jaw =34°%, laln: +1040°, and
[aelag —D480°.

33-Acetoxy-163-acetylthiopregn-5-en-20-one (XI).—Live
grimns of 38-avetoxypregha-5,16-dien-20-one was mixed with 5.0
uil. of technienl thioncetic neid and shaken until dissolved. The
sohition was poured into water and the precipitated giim was dis-
solved in hot ethanal.  On slow cooling there precipitated 1.5
a. of ernde erystalline NI which was chromatographed on silica
gel and reerysiallized from ethanol, thus atfording the pure thio-
ester, nLp. 1.5-167.0° (Kofler}: ja]p —U2.7°% Aex 204
Mg e 32507 AT ATA, ANT, 40T, 8.08, 887 9.08, 10.45, and
10.60 g, ete.

i311 Prelson and Sollman reporl nnp. 168-169°, Jajn —32°; see ref. 2.
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dnalo Caled tor CyuHyDeS: O, G941 HL S0y S0 T4,
Found:  CoG0I8 H, 8015 8, 725,

Natelear magnetic resannuee spectra: (218 methyvl ot (LO0
ppeon CoBbmethylar 105 popanes 38-ncetoxyl ethyl ar 2.02
p.pan U2 methyl wr 206 popan.: 1ug-thioncence lm-ll»\l Bt
220 popan.: Fa-proton at 285 popoon odonbler, o 10 s
So-proton ot B4 A9 popan. Gnultiplets, Hiesprotan ot
popean. Qonliplet s U6 proton an 536 popan. s hroado.

Optical rotatory dispersion: |« =~ Lt b
NN Ll ARUNT P ]ag, — FONT, S —~470°, Yot —4
0°.

33-Acetoxy-16«-acetylthiopregn-3-en-20-one (XII}).-~'I'hc
mother liquor from which the 168-ismmer X1 had erystallized
witg concentrated aud 1.5 g of prodict containing the second
igoer X1 was obtained.  Fractional erystallization from ether
followed by several reerystallizations from ether gauve the pare
thicester, ni.p. 183-185° (Kofler)$2: Ao 234 mg (e a4003: AN
.00, 08T AT, K05, KN, S8 067, and 10.55 g, ete.

Jdnad. Caled. for (@ 5()yN: C, 4l H.
Found: €, 70.02; H, &,

Nuelear magneri resonalce 3])&“111 C-15 nethyl at 0.68
e C=19 nethyl ot 102 popan.: 38-ncetoxyl methyl at 2,03
ppe; Co25 methyl ar 2015 popane: a-thinacernte methyl a
227 popan e-proton at 2,60 popan (donblet, J o= N30 epason
Ja-proton at 1449 popan Gnultiplets;  168-proton a1 428
peponn. (triplely: G-preton nt 337 popan, throad .

Optieal ramatory dispersion: = O8N e R 3007, and
= 0505

33,21-Diacetoxy-16«-acetylthiopregn-5-en-20-one (XIII[1. -
To a solution of 4.0 g. of 33.21-dincetoxypregun-3,16-dicn-20-
one 111 200 1wl o methylene chloride was added 40 ml. of terke
nical thioweetic aeid.  After 3 lirs at room temperature the sol-
vents were remaved under vaeann, and the residue was eryvstal-
hized from 2-propanol, vielding 2.1 g., m.p. 196-198°. Twa
recrystatlizations from 2-propanol afforded the pure thioester,
HLp. TOSCHHI® [ —20%0 Ngax 252 lll,u {e 47003 B 447,
DU D T50, S, \ NToand B65 w, etes g 0853 nsystem T,

.lnu[. Calel, tor CaHgOpS: O »l). O H, T.81; S, 6.4
Found: C, 66220 H, 7.70; 3, 6.54.

Nm'lo.n nulgaetic resonanee spectrn:  U-Ix methyvl at 6.71

Nt R0 7O

<
L

popas CoBrmerhyl at 0.0 popan.: 38-ncetoxyl nethyl ac 2,01
p.pab 2lacetexyl methyl at 2005 ppan.: He-thioacetate
methyvl al 2225 popan: Te=proton at 2,39 p.pan. (doublet,
= N0 epas Hig-proton at £.25 popan. aripletis C-21 merhyl-

ene at 460 p.pan. cquartet, J = [T epsone
p.p.un (donblet, o/ = 2epsi

33-Acetoxy-16a-mercapto-53-pregnan-20-one <(Vb) and 33-
Hydroxy-16a-mercapto-58-pregnan-20-one (Va). —Hydrogen snl-
fide was hihbled throngh a soltion of 3.0 g. of IVa in 75 ml. of
pyridine and 0.25 k. of piperidine held at room temperature for
22 hr. The solvents were removed under vnemmm and ihe
residue was ervstallized from acetone-cyclohexane, vielding 3.35
g. ol materinl analyzing ag an approximately equal mixture of
thiol Vo and disulfide VI by thin Iayer chromatography.  Chro-
matography on a silien gel column afforded thiol Vi, ehited with
50 ethyl neetate in benzene, mud disulfide VI, eluted with 1077
cthyl nectate in benzene.  Both Va and V6 oisolated from the
colnbm were identieal with the completely ¢ 11 arneterized prepa-
rations obhtimed Dy nxidation nnd rednetion of the thiol- disnlfidse
utixtire helon,

The thiol disnlfide mixture was reerystallized (rom evelo-
liexnne -3 neetone, 1.2 g of the recrystallized prodhiet was dis-
solved i1 300 ml of refluxing glacial ncetic aeid, and 600 g
of zine dnst was andded in portions Qunder nitrogen ntinosphere b
After 4 hr. of reflux the mixture was cooled and filtered, mud ihe
filtrate was cevapornted mnder vaenum.  The residiie was dis-
solved in henzene, washed with water, and dried over anhyilrons
magnesium sultate.  After evaporation of the benzene the resi-
die was cliromnrographed on silien gel.  Elution with 5¢ ether
in benzene gave 166 mg. of thiol 53-acetate Vb, uip. 125130
ABETSIN, DST, 8020 8 and T o etes Ry 0.91 in svste ba
0.36 in svstenr .

dnal. Caled. for CabgUes: )
Found: €, 70.16; H, S.a06; S, %.40.

Nuelear magneric resonance specrrin: C-1X methyb ar 0.60

tG-proton at 500

W6, H, v N0 ST

p.pan.: C-14 methyl at 0.96 p.p.nes sg-acetoxyl methyl at 2.05
popu: C2P methyl at 2015 popan.: [Te=proton al 2,62 p.plo.
(321 Daodson and Sollman report mugn 186-187°, faty =0 v osee ref, UL
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(doublet, J = 9 c.p.s.); 168-proton at 3.76 p.p.m. (multiplet);
3a-proton at 5.10 p.p.m.

Further elution of the column with 5% ether in benzene gave
120 mig. of the thial Va, crystallized fram hexane, m.p. 168-171°;
ATBr 5 86, 6.01, 7.40, and .70 g, etc.; R; 0.73 in system Ia, 0.70
in system IIIa.

Anal. Caled. for CoHx40.S: C, 71.95;
Found: C, 71.83; H, 9.60; R, 8.80.

Both thiols Va and Vb gave a violet-red color with sodium
nitroprusside solution and decolorized a carbon tetrachloride
solution of lodine.

Acetyvlation of Va with excess acetic anhydride in pyridine
in the usual mauner gave the acetoxy thioester VIIb, m.p. 154-
157°, identical in infrared and chromatographic properties with
VIIb prepared from IVb.

16,16« '-Dithiobis(38-hydroxy-538-pregnan-20-one) (VI).—
A solution of 400 mg. of the thiol-disu!fide mixture (Va and VI)
dissolved in 100 ml. of benzene and 50 ml. of water was treated
with a solution of iodine in benzene until a slight excess of iodine
was present. Aqueous sodium thiosulfate was ndded to destroy
the excess of lodine and the organic layer was separated, washed
with wuter, and dried over anhydrous magnesium sulfate.
Evaporation of the solvent afforded a gum which was crystal-
lized from benzene-hexane, yielding 140 mg. of disulfide, m.p.
171-178°; AEE' 5.90, 6.92, 7.40, 8.12, and 9.71 u, ete.; Rr 0.70
in system Ia, 0.18 in system IIla.

Anal. Caled. for CuHeOsSs:
Found: C, 72.27; H, 9.28; §, 9.20.

Nuclear magnetic resonance spectra: C-18 methyl at 0.60
p.p-ni.; C-19 methyl at 0.95 p.p.m.: C-21 methyl at 2.18 p.p.m.;
17a-proton at 2.71 p.p.m. (doublet, / = 8 c.p.s.); 168-proton
at 3.88 p.p.m. (multiplet); 3a-proton at 4.13 p.p.m. (broad).

33-Hydroxy-16a-mercapto-5«-pregnan-20-one (IXb).—A so-
lution of 1.0 g. of 33-hydroxy-5a-pregn-16-en-20-one in 25 ml. of
pyridine and 0.09 ml. of piperidine was alternately flushed with
nitrogen and evacuated four times. Hydrogen sulfide was
bubbled through the solution at room temperature for 2.5 hr.
(efficient stirring). The solvents were removed under vacuumn,
the solid residue was extracted with hot ethyl acetate, and the
solids remaining crystallized from 2-propanol, yielding 150 mg.
of pure IXb, m.p. 175-180 and 251-256° (Kofler); [«]|D
481.5%; AEBr2.95and 5.85 y, ete.; R 0.44 in system IIL.

Anal. Cal(-d. for C21H34OQSI C, 7196. H, 966, S, 9.15.
Found: C, 71.78; H,9.92; 8 8.80.

H, 9.66; 8, 9.15.

C, 72.16; H, 9.52; 8, 9.17.
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Nuclear magnetic resonance spectra: C-18 methyl at 0.61
p.p.m.; C-19 methyl at 0.80 p.p.m.; C-21 methyl at 2.13 p.p.m.;
17a-proton at 2.58 p.p.m. (doublet, / = 9 c.p.s.); 3a- and 168-
protons at 3.6-3.9 p.p.m. (multiplets).

16a-Acetoxy-33-hydroxy-53-pregnan-20-one (X).—A solution
of 350 mg. of 38.16a-dihyvdroxy-58-pregnan-20-one in 0.5 ml. of
dry pyridine and 0.5 ml. of dry benzene was treated with 100
wl. of acetic anhydride. After standing overnight methanol
wns added, and the solvents were removed under vacuu.
The residue obtained was crystallized from ethyl acetate—hexane,
vielding 200 mg. of 16a-monoacetate X containing traces of the
38,16a-diol by thin layer chromatography. Several recrystal-
lizations from ethyl acetate-hexane and from hexane gave the
pure sample, m.p. 86.5-92.0°, resolidifving and remelting 129.5-
130.5° (Kofler); ALY 293, 5.78, 5.84, 8.04, and 9.68 u, etc.®;
R;0.48 in system Ia, 0.26 in system IIla; see also Table I1.3

Nuclear magnetic resonance spectra: C-18 methyl at 0.65
p.p.m.; C-19 methyl at 0.97 p.p.m.; 16a-acetoxy! methyl at
2.00 p.p.m.; C-21 methyl at 2,18 p.p.m.; 17a-proton at 2.66
p.p.m. (doublet, J/ = 6 c.p.s.); 3a-proton at 4.15 p.p.m. (mul-
tiplet); 168-proton at 5.30 p.p.m. (octuplet).

Optical rotatory dispersion: [a]smw +67°, [a]ss +70°, [aluw
‘+‘1720°, [CZJ264 —18000, and [a]:w —1590°.

Acknowledgment.—The authors are grateful to
Drs. R. Edgren and C. L. Nagra of these laboratories
for the biological data reported, and to Prof. Kurt
\Mislow, New York University, for the optical rotatory
dispersion data.

(33) Hirschmann and Daus (see ref. ) report m.p. 134-135.5° and a
double melting point 89 and 137° for X, with AG3% 2.77, 5.74, 5.84, 8.06, and
9.70 u, ete. Reerystallization of onr sample showing the double melting
point from ethyl acetate-cyclohexane 1sing a seed erystal of l6a-acetoxy-
38-hydroxy-58-pregnan-20-one, m.p. 132.5-135.0° (Kofler), kindly supplied
by Dr. Hirschmann gave the second crystalline form, m.p. 130.0-131.5°,
with infrared spectra identical with that of the Hirschmann sample, AEE!
2.88, 1.82, 7.94, 8.13, and 9.68 u, etc. Chromatographic identity of the two
samples was also established.

(34) The greater mobility of the lGe-monoacetate X relative to the 38-
monoacetate (38-acetoxy-lfie-hydroxy-58-pregnan-20-one) in several solvent
svstems is the reverse of the order fonnd in the 5a-series, wliere 16a-acetoxy-
4B-hydroxy-5a-pregnan-20-one is less mobile than 58-acetoxy-16a-hydroxy-
pregnan-20-one in the Bush A and B-3 systems.)®
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Several new analogs of progesterone have been prepared in which the acetyl side chain has been replaced by

benzoyl, o-anisoyl, and propioly! groups.

They were prepared by allowing the appropriate aryl- or ethinyl-

lithium or Grignard reagent to react with corticosterone or deoxycorticosterone and subsequently cleaving the

20,21-diol with periodic acid to give the corresponding 20-ketone.

The 20-(p-anisv1)-20,21-diol underwent a

facile pinacol rearrangement under mildly acidic conditions to give a 20-(p-anisyl)-21-aldehyde derivative.

The lengthening of the acetyl side chain of 20-
ketopregnane steroids has been accomplished by the
synthesis of several types of derivatives. Among these
are the 21-alkyl,! 21-methylene,? 21-cyano,® 21-acyl,*
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21-benzilidene,® and 21-ethoxyoxalyl® derivatives.
Two groups of investigators have introduced a 20-
(e-pyridyl) group”® which i one case® afforded a 178-
picolinoylandrostane derivative by oxidative removal
of the 21-methyl group. However, there have been
no reports in the literature of 20-phenyl-21-nor-20-
ketopregnanes (178-benzoylandrostanes), and it seenied
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