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In order to discover new useful steroids in which the cyclopentanoperhydrophenanthrene system is con-
densed with various heterocyclic rings, many new compounds are continually being synthesized and tested
for physiological action. The thiazole, isothiazole, thiazoline and thiazolidine ring condensed on several posi-
tions of the steroidal skeleton, has shown great interest due to the physiological properties. Literature
coverage for this review includes publications which appear from 1946 to the 1980’s.

J. Heterocyclic Chem., 18, 1485 (1981).

Steroido[3,2-d]thiazoles.

Compounds of this class, with an H or a CH,;, C.H,,
OC,H,, NH,, NHCH,, NHCH,CH=CH, and SH
substituted at the 2', were synthesized by treatment of the
2a-bromo-3-ketosteroids (I) with thioformamide (1-5), thio-
acetamide (1-6), thiobenzamide (1), xanthogenamide (1),
thiourea (2-3, 7-10), N-phenyl- (2-3), N-allylthiourea (2-3)
and ammonium dithiocarbamate (11) in alcoholic solution.

The compounds prepared are listed in Table I.
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The characteristic specific rotary powers and ultraviolet
spectra of the above thiazoles are listed in Tables II and
I1I, respectively.

When the reaction of the 2a-bromo-3-ketosteroids (III)
with thiourea was performed in dimethylformamide the
corresponding 2'-formamidothiazolosteroids (IV) were
formed, which were converted into 2'-aminothiazolo-
steroids (V) after hydrolysis with dilute sulfuric acid or
alcoholic potassium hydroxide (12).

/N
——bHOCHNl 7/ b4

N—L \

CH3N
: =

hrad
6, R = OCOCHy

b, R = CgH,

2'-Formamidothiazolosteroids (IV) also were obtained
by the reaction of the 2'-aminothiazolosteroids (V) with di-
methylformamide at reflux temperature or with formyl

acetic anhydride at room temperature (12).

Furthermore, the 2'-formamidothiazolosteroids (IVb) on
reduction with lithium aluminium hydride produced the
2'-methylaminothiazolosteroids (VI) (12).

The 2’,3"-dihydrothiazoles have been prepared by ther-
mal rearrangement of the thiolesters, according to the
following equation (13).
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On treating the la,2a-epoxy-3-ketosteroids (VII) with
thiourea in boiling methanol, a mixture of 2"-aminothia-
zolo-1a-hydroxysteroids (VIII) and bis(3-ketosteroid-1-en-
2-yl)sulfides (IX) were obtained (14).
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Table I, continued
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Esterification of compounds belonging to reference 1 produced the acetate, propionate, butyrate, cyclopropionate and benzoate derivatives.

1487

2,345
2,3,4,5,6
2,3

2,3

10
11
11
11



1488 Reviews Vol. 18

Table 11

R R, R, R, Rs R, [a] References
H o-H H, H B-OH H +48.8° 2,3
a-CH, +33° 4
+33°, +37°, +37° 5
H o-H H, H B-OH CH, +35.6° 2,3
a-CH, +47° 4
+47°, +42°, +44° 5
H o-H H, H B-OH NH, +45° 23
o-CH;
H o-H H, H B-OH NHCH,CH=CH, +50.5° 23
aCH,
H o-H H, H B-0OH NHCH, +46° 23
o-CH,
H o-H H, H B-CH,, CH, +52.9° (¢ = 0.81, chloroform) 3
oH
H o-H H, H B-CH,, NH, +64.4° (c = 0496) 7
o-H +58.3° (¢ = 0.78, chloroform) 3
H o-H H, H B-CH,, NHCH,CH=CH, +574° (c = 1.03, chloroform) 3
o-H
H o-H H, H -3CH,, NHCH, +62.9° (c = 0.99, chloroform) 3
H o-H H, H B-OH NH, +67.8° +0.2° (1% 95% 8
oH ethanol)
H oH H, H B-OH H +91° 5
o-H
H oH H, H B-OH CH, +64° 5
o-H
H o-H H, H B0 CH, +36° 6
a-C,H;
At - H, H G-OH NH, -100 (dioxan) 9
H o-H 0 H =CHCOOCH, NH, + 150 (chloroform) 10
H o-H 0 CH, BMD SH +72° (¢ = 0.6, chloroform) 11
H o-H 0 CH, BMD H +121° (¢ = 0.5, chloroform) 11
H o-H B8-OH CH, BMD H +60° (c = 0.62, chloroform) 11
H oH 8-OH CH, 8-COCH,0H H 4+150° (¢ = 0.43, chloroform) 11

BMD = Bismethylenedioxy

of 3o-bromo-2-ketosteroids (X) with thioformamide, thio-
acetamide or thiobenzamide, in alcoholic solution [2,3-d]-
thiazoles (XI) are obtained which contain hydrogen,
A methyl or phenyl substituents in position 2’ of the thiazole

I: ring (15).
The compounds prepared are listed in Table IV.

9, Rz COCHy, R = H

b, R = OCOCH4, R = H

o n . BCHs

dOCOCH3, RI = H R1
d, R = COCH3, R, = OCOCHy
®]
Steroidof2,3-d}thiazoles. Bre B

Steroido[2,3-d]thiazoles were also obtained on the basis
of the corresponding a-haloketones. In the condensation



Dec. 1981

A?

H

H

o-H

a-H

o-H

o-H

a-H

a-H
o-H

a-H

o-H

o-H

o-H

o-H

o-H

o-H

o-H
a-H

a-H

o-H

o-H

H,

H,

H,

H,

8-OH
a-H

B-OH
o-H
H,

H,

CH,

CH,
CH,

CH,
H

H

(1) Potassium bromide. (2) Chloroform
sodium hydroxide.
BMD = Bismethylenedioxy.

Reviews
Table II1
RG
A R5
Ry ,"/S
N
) R‘Rz (Rz = Ry = H)
R, R, Amax  my (loge) € X\ max (chloroform)
(ethanol)
B-OH H 251 (3.64) 2.75, 3.00-3.05, 6.40
o-CH, 252 (3.61)
252 (3.61) 3.01, 6.47 (very short) (1)
B-OH CH, 253 (3.72) 2.76, 6.40
o-CH; 254 (3.76)
254 (3.76) 3.07 (ms), 6.39 (w) (1)
B-OH NH, 2.76, 2.86, 2.94, 6.25, 6.57
a-CH;
B-OH  NHCH,CH,=CH, 266 (3.93) 2.76, 2.90, 6.07
o-CH, 6.27, 6.49
B5-OH NHCH;, 298 (4.21) 2.76, 2.90, 3.06, 6.19, 6.48
o-CH, 6.64 (1)
BCeH,, CH, 6.12, 6.41 (1)
B3-CsH,, NH, 2.82-3.02, 6.13-6.25, 6.1,
a-H 6.53 (1)
G-C;H,, NHCH,CH=CH, 2.92, 6.07, 6.30, 6.49
o-H
B-CH,, NHCH, 2.93, 6.21, 6.50, 6.67
o-H
B8-O0H H 252 (3.69)
a-H
$8-OH CH, 254 (3.74) 3.06 (ms), 6.40 (ms) (1)
o-H
B8-OH CH, 254-256 3.71)
a-C,H, N
B-OH NH, 263 7000
o-H
8-0H NH, 264.5 7470
a-H
BMD SH 248, 327, 11200, 3-3.2, 3.7, 5.88, 6.23,
333, 13200,
246, 293 13600 (3),
20000,
10600 (4)
BMD H 271 (2) 8400 5.88, 6.1, 6.5, 9.06
BMD H 263 9680 (3) 2.75, 3, 6.1, 6.5, 9.08
$3-COCH,0H H 263 8500 (3) 3-3.1, 5.8, 6.15, 6.52
«-OH
B-CH,, NHCOH 285 (3.94) (2)
o-H
B-OCOCH, NHCOH 280 4.10)

. (3) Methanol. (4) Methanol-
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Table IV
R R, R,
H H H
COCH, H H
COC,H, H H
H A-CH, H
COCH,CH, 4CH, H
H.CH,OC -CH, H
H «-CH=CH, H
COCHJ (X'CH:CH; H
CO(CH,),CH, a-CH=CH, H
H «C,H, H
COCH,CH, «-C,H, H
H,CH,0C a-C,H, H
H H CH,
COCH, H CH,
COCH, H CH,
H a-CH, CH,
COCH,CH, aCH, CH,
H,CH,0C aCH, CH,
H a-CH=CH, CH,
H a-C,H, CH,
H H C.H,
COCH, H CH,
COCH, H CH,
H o-CH, CH;
COCH,CH, a-CH, CH,
(O-cHCH,0C «CH, CH,
H a-CH=CH, H,
H aC,H, CH,

Steroido[5,6-d]thiazoles.

Reviews

Reference
15
15
15
15

Thiazole derivatives condensed with the steroidal frame
skeleton in positions 5 and 6 were obtained by reaction of
6a-bromo-3,5-seco-4-norcholestan-5-on-3-oic acid (XII)
with thioacetamide or thiosemicarbazide in ethanol (16).

—

HOOC o HOOC

N
Br -

X1 R

XiH

@, R = CHy

b, R= NHNH,

Steroido[11,12-d]thiazoles.

The reaction of 12a-thiocyanato-11-ketosteroids (XIV)
with secondary amines in boiling dioxane leads to the

[11,12-d]thiazole derivatives (XV) (17).

SCNI o

(Ca H5)2NN7I_s

—
RO
H xiv RO ™4
R = RI = COCH3
e, R R'

OR;

Vol. 18

Refluxing 2'-diethylaminothiazolo{11,12-d}-5a-pregn-11-
ene-33,2008-diacetate with potassium carbonate in aqueous
methanol gave the corresponding dihydroxy compound

(XVb).

Steroido[12,11-d]thiazoles.

In an analogous manner to the synthesis of steroido-
[11,12-d]thiazoles the reaction of 113-thiocyanato-12-keto-
steroids (XVI) with secondary amines produced the
[12,11-d]thiazoles (XVII) (18-19).

O R
NCS.

RO

)

XVI

R
2>N
Ry S>=N R,

RO

I i

Xvil

a, R = g- =
. a COCHS, RI CH(CHS)CHZCHZCOOCH:s

b, R= a-COCHy, R

; * CH (CHa)CH2 CHZCOOCH

3

€, R = @a=COCHy R, = CH(CH3)CH,CH,COOCH

d4, R =
o, R =

9, R = a-COCH3, R,
b, R = a-COCHy R,
¢, R = a—COCH,, R,

4 R = 3-H.R

B_H ' F(I =_<OH

CHy

Chy
3 -CcocHy , R =-<
OCOCH,

= CH{CH3)CH, CH,aCOOCHy

N NH
SRy ./

= CH(CH3)CH2CH2COOC H3

Re  ~C2s

N s
~
~ Ry CaHs

CN(CHs)CHZCHz(IOOCHs

R
S

AL’
3

= <CH3 N/ N N/
= '
OH \R3 \CZHF)

CH
3 A e

o R = [B—COCH3 . R =—< N N
2"s

OCOCH+ Ry
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Steroidof17,16-d]thiazoles.

The usual method for the synthesis of the title com-
pounds involves the reaction of 16c-bromo-17-ketosteroids
(XVIII) with thioacetamide or thiourea in boiling alcohol

(12,20-23). When the reaction of XVIII with thiourea takes respectively.
place in dimethylformamide, the 2'-formamido-thiazolo-

steroids are formed (12).

Reviews

1491

Similarly 16c-bromoestra-1,3,5(10)-trien-17-one (XXIV)

2'-formamidothiazoloestra-1,3,5(10),16-tetraene

NH,

=

R
0 N=——f 72
B O
v OF wBr O‘ XXV
=(|‘_—NHCOH
S 13
R R \
Ri  Xvill Ri  XiIx RO
. . XXV
The compounds prepared are listed in Table V. RO
Saponification of 3B-acetoxythiazolosteroids (XX) eSS
followed by Oppenauer oxidation afforded thiazolo-4-en-
3-one derivatives (XXIII) (20-23), which were also obtained R = cHy R = cochy

by reaction of 16a-bromo-3,17-dione (XXII) (22) with

thioacetamide or thiourea.

CH,CO0

Compound
XIXa
XIXb
XIXe
XIXd
XIXe
XIXf
XIXg
XIXh
XIXi
XIXk
XIX1
XIXm

XX

N

XXIr

R
3-0COCH,
B-0COCH,
«-OCOCH,
H
B-0COCH,
H

6-OH
B-0COCH,
B-OH
B-0COCH,
B-OH
8-0COCH,

R = CH
R=NH2

=¢{—R o :
S wBr —  + XIX
S
o R
b.9:414

N=?—R
S

3

o, R = CHy

b, R= NHp

H

g, R= CH3
R=NH2

¢, R = NHCOCHy

Table V
N =-r Rz
S
Ry

R, R,
o-H NHCOH
B-H NHCOH
o-H NHCOH
o-H NHCOH
AS NHCOH
a-H NH,
o-H NH,
AS NH,
Al NH,
AS NHCOCH,
AS CH,
A CH,

XX|

Alternatively XXV can be obtained by trea
3-methoxy-2’-amino-4'-ethoxy-4',5'-dihydroth

N=C—R
E 7,16-d]-

|
N’? C2H5 E ! !

is converted by heating with thiourea in boiling alcohol
(24) or in dimethylformamide (12) to 2"-amino{XXV) or to

(XXVI),

o) N=(':—'NH2

XXX

tment of
iazolo[1-

estra-1,3,5(10)triene (XX VII) with aqueous sodium hydrox-
- — ide (24).

A plausible pathway for the conversion of XXVIII to

XIX is a concerted process involving ring openi

ng of the

epoxide by thiourea at C-16 with the expulsion of bromide
and the formation of an acyclic intermediate (12).

R
T XXVID
e, R = OCOCHy, R -H, R, = NHCOH
b, R=H R H, Ry = NHCOH

Steroidof20,21-dthiazoles.

The standard method for the preparation of the
2-amino- or 2"-N-substituted aminosteroido[20,21-d]thia-
zoles (XXX) involves the condensation of thiourea or its

References

N-substituted derivatives with 21l-substituted-20-keto-

12 steroids (XXIX) in several solvents, such as acetone,
12 ethanol or anhydrous dimethylformamide (12,25-30).
12

12 CHaX ?'H—S; N/Rz
12 (@] C —N \R3
12 Ry Ry LRy

12 _—

12

20,21,22 e} XXX

20,21,22 X XX

20,21,22,23

20,21,22,23 X = i, Bry J, 0S0,CHy, 050,CgH,CHy, OH
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R R,

H, OH
H, OH
H, OH
H, OH
H, OH
H, OH
H, OH
H, OH
H, OH
H, 0

H, OH
H, OH
H, OH
H, OH
H, OH
H, OH
H, OH
H, OH
H, OH
H, OH
0 OH
0 OH
0 OH
0 OH
H, H

H, H

H, H

jofi==fiecliofie=ji=ofie ol R

==

=

= = =

H
CH,

C.Hs

ooz =

(a) N,N-Dimethylformamide.

The compounds prepared and their melting points,
yields, specific rotary powers and ultraviolet spectra are

listed in Table VI.

R,

H
CH,
C.H;
C.H,
iso-C,H,
CH,
sec-C H,
C.H;
4CH,OC.H,

4C,H,0CH,

4CH,CH,

2.CH,C,H,
4-CIC,H,
2.CIC,H,
3.CIC,H,

2,3-CL,C,H,
2,5-C1,C,H,

C6H5

CeH,

(2

H
CH,

CH,

CH,

mp
(bp °C)

226
227
211
184
187.5
153.5
139
247
195

185

217
213.5
202
210
204

243

223
185

151

219

250
243
247
214

219
226

144

Yield
(%)
94.4
97.5
88.7
92.8
92.8
96.5
89.6
96.4
92.5

92.5

89.7
83.3
85.5
98.1
92

86.2

95.6
96.1

96.2

83.5

91
90

86.5

83.9
81.8

93.1

Reviews
Table VI

o>

N

R 1 Ry

[e] D (chloroform)

+61.69 (¢ = 0.2378)
+105.4 (c = 0.8126)
+102 (¢ = 0.9831)
+105.2 (¢ = 1.077)
+109.9 (c = 1.0159)
+96.4 (¢ = 1.0195)
+100.5 (c = 0.932)
+98 (c = 0.400)

+103.4 (c

0.847)

+100.2 (c

0.600)

+102.4 (c = 0.629)

+102.4 (c = 0.688)

+81.1 (¢ = 0.073) (a)
+58.1 (c = 0.206) (a)
+131.1 (¢ = 0.240) (a)

+81.8 (c = 0.397) (a)

+102.6 (¢ = 0.336) (a)
+109 (¢ = 0.785)

+114.5 (c = 1.612)

+79 (c = 0.3275)

+163.1 (c = 0.309)
+171.6 (c = 0.802)
+11.7 (c = 0.323)
+141 (¢ = 1.031)

+132.7 (c = 0.662)
+111.4 (c = 0.984)
+123.5 (¢ = 0.945)

R
\R3

X\ max (ethanol) mu

242.5 ~ 245
243.2 ~244.3
242.5~244.5

242.3 ~ 245

242.3~245
241.5 ~243.5
243.2 ~244.2

239.8 ~ 242

289 ~ 292
241.5~242.5
296
241 ~242.5
296 ~ 298

240 ~ 242
293 ~ 296
240 ~242.5
293 ~ 296
239.8~241.8
297 ~ 300
238.5~241.5
293 ~295.5
240.5~242.5
296 ~ 298
236 ~ 237
296 ~ 299

236.5 ~238.5
293.5~295.5
240.5~242.5
295
239.3 ~241.8
295 ~ 296

242 ~ 244

240.5 ~ 242
239
264

241.5
295 ~ 296
242.5
241 ~243
295 ~298
241 ~ 242
296 ~ 299

(log €)

(4.24)
(4.30)
(4.09)
4.07)
(4.29)
4.32)
(4.29)
4.21)
(4.20)
(4.28)
(4.25)
(4.24)
4.22)

4.16)
(4.25)
(4.10)
(3.87)
4.16)
4.29)
4.16)
(4.07)
(3.85)
(3.89)
(3.97)
(3.89)

(4.05)
(3.95)
{4.40)
(3.99)
(4.41)
(@.41)

(4.25)

(4.35)
(4.26)
3.77)
@37
(3.79)
4.24)
(4.16)
(3.65)
(4.51)
(3.39)

Vol. 18

References

27

27
27
27
27
27

27

27
27

27

Similarly 38, 14-dihydroxy-178{2"-amino-4"-thiazolyl)-
583,1483-androstane-3-acetate hydrochloride (XXXII) was
prepared (30).
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Cl S
NH,.HCL
O | N/>— 2

R
—o>—N<x

N OH

————

CH;COO oH {OH XX X11 - .
H  xxxt e}

XXXV XXXVI
It has been reported that the reaction of 21-bromo-33-
hydroxy-5-pregnen-20-one (XXXIII) with thiourea in re-

The compounds prepared and their melting points,
fluxing dimethylformamide yielded the 2'-formamido-

yields, specific rotary powers and ultraviolet spectra are

thiazolo[20,21-d]pregna-5,20-dien-33-0l (XXXIV) (12). listed in Table VII.
Br Compounds XXXV and XXXVI after the action of suc-
1) ‘l——S S-NHCOH cinic anhydride in pyridine yielded V- and 383-O-succinate
/N (XXXVII), while the aliphatic amino derivatives of
{ j/_j XXXVI produce 38-0,N-disuccinate (31,33).
HO R
XXX 111 XXXIV ] ,%,/>—N<R1
XXXV L unOH z
Reduction of 17a-hydroxy-17842"-alkylamino- or 2"-aryl-
amino- or 2'-N,N-alkylamino)-4'-thiazolyl)androst-4-ene-3-
one (XXXV) with sodium borohydride in dioxane or di- XXXVI/ R XXXVII
oxane-methanol (1:1) and subsequent purification by chro-
matography through acid-washed alumina yielded a sole The compounds prepared and their melting points,
product which corresponds to 3B,17a-diol (XXXVI).  yields, specific rotary powers and ultraviolet spectra are
(31-32). listed in Table VIII.
Table VII

R,
>N

U OH

HO
R, R, mp °C Yield [a]D (chloroform) X\ max (ethanol) (mg) (log €) References
H H 240.5 85 +16.69 (c = 0.1716) 259 ~ 260 (3.50) 31
H CH, 216 90.9 +10.81 (¢ = 0.248) 261 ~ 264 3.57) 31
H C,H, 222.5 95 +47.61 (c = 0.294) 264 ~ 266 (3.82) 31
H C,H, 202 70 +76.87 (c = 0.576) 265.3 ~ 266.2 (3.92) 31
H iso-C,H, 218 85 +62.76 {c = 0.415) 266 ~ 267 (3.75) 31
H CH, 161 70 +37.20 (c = 0.532) 262 ~ 265 (3.81) 31
H CH; 199 88.8 +43.74 (c = 0.901) 295.5 (4.23) 31
H —@ 212 80 39.09 (c = 0.024) 264.5 ~ 265.7 (3.76) 31
H 2-CH,CH, 192 60 +43.03 (c = 1.162) 293 ~ 294 (4.00) 31
H 4.CH,CH, 202 82.3 +18.94 (c = 1.162) 295.5 ~ 2965 (4.06) 31
H 3-CIC,H, 209 79 +79.36 (c = 0.794) 298 ~ 299 4.27) 31
254 (3.81)
C,H, CH, 214 73.3 +58.73 (c = 0.794) 260.5 (3.72) 31

295 ~298 (3.82)
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Table VIII
R
S 1
>N
wiQH 2
R
R R, R, mp °C Yield [a]D (chloroform) X max (ethanol) (my) (log ¢) References
0 COCH,CH,COOH H 217 70.5 -57.73 (c = 0.433) 242 ~ 243 (4.14) 31
a-H 2275~ 228 (4.37) 31
3-0COCH,CH,COOH COCH,CH,COOH CH, 142 61.2 +133.33 (¢ = 0.075) 235.2~235.8 4.37)
243.5 ~ 244 4.21)
275 ~276.5 (3.98)
o-H
3-0COCH,CH,COOH H 4-CH,CH, 176 65.2 +49.32 (c = 1.774) 293.5 ~ 294.5 (3.24) 31
a-H
8-OCOCH,CH,COOH H 2.CH,C.H, 182 70 +70.54 (c = 0.283) 290.5 ~ 292 (4.06) 31
The reaction of XXIX with ammonia and carbon di- EH:’ CHs
sulphide in ethanol leads to a 2"-mercaptoderivative (XX- Fi’z H'C,:HCOCONQ CIZH c OND
XVIII) (25). Br .
S SN
> — (D,
R
Ry R ‘..R‘I 9 R=R =Ry =H
XXX —— XLI b, R= OH, R = R, = H XLI1
© ¢, R= OCOCHav R' :R2=H
d, R = Rl = OCOCH3. R' = R2 =H
¢, R=R =R

Similarly 2'-hydroxy derivatives (XL) were prepared by
treatment of 21-thiocyanato-20-ketosteroids (XXXIX) with
concentrated hydrochloric acid in boiling 2-propanol (25).

XL

S
=0

XXXIX
e, R=0, A4
b, R = a-H, B-0H, A

Steroido[23,22-d]thiazoles.

The treatment of the 22-bromo-23-ketocholanic acid
piperidylamides (XLI) with thiourea in boiling alcohol
yielded 2'-amino-5'-(20-ternocholanyl)-4’-thiazole-
carboxylic acid piperidylamides (XLIIa-e) (34).

i 2 = OCOCH,
Benzylation and acetylation of XLIla and XLIId afford-
ed the corresponding N-Benzyl{XLIIIa) and N-acetoxy-de-
rivatives (XLIIIb) (34).
Furthermore, treatment of XLIIa and XLIIe with

concentrated hydrochloric or hydrobromic acid and
BuONO respectively, produced the 2-CI{XLIIIc) and 2-Br-
compounds (XLIIId) (34).

cHs

2 H j\?"—CONQ
R3
‘o ”’R1
R XL
@, R= R, = Ry, = OH, Ry = NHCH,CgHs

z RI =z OCOCH3, R2 = H, R3 b NNCOCM3

C.R=R|=R2=OH, R3=CI

* R, = R, = OCOCHy Ry = Br

Steroido[24,23-d]thiazoles.

As starting substance for the preparation of the above
thiazoles the 24-phenyl-23-bromo3e,6a-diacetoxy-583-
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cholane-24-one (XLIV) was chosen, which condensed with
thiourea in boiling ethanol (35).

Tosylation of XLVc and heating with potassium acetate
in aqueous dimethylformamide of the XLVd, yielded a
mixture of two products XLVIa and XLVIb. Acetylation of
the reaction mixture led to the 3(3-acetoxy-A*steroid
(XLVIb) which was converted into the 383-hydroxy-A*
steroid (XLVIa) (35).

o]
H
CeHs —CeHs
Br S\//N
NHR,
—
RO RO HY

O=R| OR1
XLIV XLV
Q, RI = RZ = COCH3
b, R, = COCH;, R, = H
¢, R, = H, R, = COCHy
4, R, = Ts, R, = COCHy
CeHs
NHCOCH,
RO
XLVI

a, RI N

b, R, = COCH,
Steroidal thiazoles in which the heterocyclic ring is not
condensed with the steran skeleton have been reported by
Yoneno (36). Starting with 3,3-ethylenedioxy-17-0x0-5-
androstene (XLVII) by treatment with lithium and
2-bromothiazole obtained the 3,3-ethylenedioxy-17¢-(2-
thiazolyl)}-178-hydroxy-5-androstene (XLVIII) which with
acetic acid produced the final product, 3-oxo-17¢(2-thia-
zolyl)}-173-hydroxy-4-androstene (XLIX).

o OH s

"“'<N ]

———

XLVII XLVIL

OH g

© XLiX

Mass Spectra of Aminothiazolosteroids (12).
The base peak (100%) of compound IVb occurred at
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S
m/e 126 corresponding to the ion HZN-<\~ . A metastable

peak at m/e 35.92 shows that this peak (m/e 126) arises
directly from M*, path 3. The molecular ion m/e 442, has a
medium intensity. Further fragmentation of compound
IVb is shown in Scheme 1.

(@) (8)

HaN 'S
N

IVb
Scheme |

3 ~ CgHie
427

3i5

425

- HS -«

m*442)

409
or —NHNHZ

- CHN,Sta)
366

- CgHiz

o 329
244.9

= Cz3Ha0l B s
"3s.02000%) 2 HZN_<\NI
C,H,N,S (MW 442)

The spectrum of XIXg (R = -OH, R, = «H, R, =
NH,) reveals a peak (100%) at m/e 331, which originates
by the loss of -CH, from M:, as it is shown from m* at m/e
316.65. The molecular ion at m/e 346 is rather abundant
(50% based on the base peak). The most interesting frag-
mentation peaks are shown in Scheme 2.

NH>

S Scheme 2

- CH3

=331 {(100%
'3!646533 {100%)

XIXg _—_—
M*(348)

HO %é’
4, o
4

313

- C5H7NZS

- NHp - HS

- 219

127
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C,.H,,N,08 (MW 346)
The possible pathways for the formation of the base
peak (100%) at m/e 311 of the compound XIX (R =
B-OCOCH,;, R, = A%, R, = NH,) are shown below.

Further, the ion (M?-60) 326 possibly arises from M* by the
loss of S=C=NH1, m/e 60, path 8 (Scheme 3). Further

fragmentation peaks are shown in Scheme 3.
—CH COOH

()
NH,
(a) EN$
S
~CH
CH,COO LN 314 100%)

X1Xh *356.58 Y2607

Scheme 3

‘CHSCO'

343

~ CH,COOH -cn
N 3 3
M!(386)-; 326 311
275.33 ®296.7

—CH4NZS

3i0
{a)

C,,H,,N,0,S (MW 386)

The peaks of the fragmentation of the formamidothia-
zolosteroids XIXb (R = B-OCOCH,;, R, = B-H, F, =
NHCOH), XIXc (R = o-OCOCH;, R, = oH, R, =
NHCOH, XIXd (R = H, R, = o«-H, R, = NHCOH) and
XXXIV are presented in Schemes 4-7.

HCOH
—pNHCO

(0)
(B <

CH3CO0
X1Xb

Scheme 4

—éH3 ~HCN - CH5COOH

3
—3- 401 3740100%) 314
*386.54 *348.8 7 %2636

3

\ [s]
&
.
A% 8,
i %
N
389

*36375 \\ 342 330
k)
361
m'46)
U ) = C4HgN,08 (a)
276 34
{140} (120)

_N=C-NHCOH
s
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C,.H,,N,0,S (MW 416)

N ,NHCOH
S2)

CH3COO H Scheme 5

XIXc .
Ml(416)

C,,H,,N,0,S (MW 416)

The fragmentation of this compound is similar to that of
XIX (R = B-OCOCH;, R, = o-H, R, = NHCOH), except
for the observed peak intensities. The base peak (100%) is
at m/e 401 (M:CH,).

Scheme 6
N NHCOH
=] ~CHy ~NHCO
XS - 343 100%) 287
328.62
AY
—~HCN -H’ —CHjy
2 m.* 358 331 —=330 315
H *304.2 *329 *300.7
XlXxd
-cs
314
C,,H,,N,0S (MW 358)
“(a)
S
N>' NHCOH
Scheme 7
- CH - Hy0
3 . 3ps 2. 367
¥370.6
HO
XXXIV - 40
m*(400) 382
*364.8
-co
372
ISH 367750339
.-N_Hc.o357
m/e 126 (100%), [ />-NHCOH -HCN
R
- CaHgNpS0
—_— 296

(ot}

C,,H,,N,0,S (MW 400)
Steroidal Thiazolines.
Steroido[3,2-d]thiazolines.
Condensation of 2qa-thiocyanatoandrostan-3-one (L)
with o-toluidinehydrochloride in boiling ethanol produced

a 2-androsten[3,2-dJthiazoline (37). By this method various
N-substituted derivatives (LI) were obtained.
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Omn CH 3 PhNY S”’// PhNHYS”Ir
N Illllll@ e ,\!Illllﬂd

! LX LXI
H
0 a-Aziridine (LVII) with phenylisothiocyanate produced
an unstable thiocarbamoyl aziridine (LVIII). Ring expan-
o RN R - o sion of LVIII by sodium iodide in acetone produced by
' e trans-diazial ring opening, the 2B-iodo-compound (LIX)
P T NH, Ry 2 0mCH3CeMy which cyclized to the thiazolidine (LX) or its tautomer
¢, R= NH, R = p=CHyCeH, (LXI)
9 R= MM, R = 0-CH30CEH, The vic-iodoisothiocyanates inseparable mixture (I:7)
& Rt AM R, : p-OHs0CeH, (LXII) and (LXIII) derived from 5a-androst-2-ene reacts
LR R - pecicgH, with aniline in the dark, forming compounds LXIV and

LXV in a ratio 1:6, which are separated by ple (40).

9 R=N O,R|=H

When the 2a-thiocyanatocholestan-3-one (LII) was R, PhNHT PhNH\(N
heated in dioxane containing aqueous hydrochloric acid, R N <
2

cyclization took place to give oxothiazoline (LIII) (38). LXE LXIV LXV
. LXIII
0LS R =J, Rp = NCS
NC S, HN_Hg L= RO
o L "
H (1] 2a-Bromo-cholestan-3-one (LXVI) in condensation with

ammonium dithiocarbamate formed cholestanothioxothia-
zolidine (LXVII), the dehydration of which yielded the cor-
responding cholestanothioxothiazoline (LXVIII) (41).

S LS S¢S
Y. — 7T
HNSCSNH, N~ 4 HN

HO H

Campbell and Craig (39) reported the synthesis of
2'-thiox0-283,2', 3(,3'-tetrahydro-5a-androst-2-eno[3,2-dJ-
thiazol-17-one. Starting from 3o-amino-283-chloro-5a-
androstan-17-one (LIV), which on treatment with carbon
disulfide followed by methylation afforded LVI.

O Br,

Iw
—_——r

o 3

XVt

Cl CSy H LXVI L XVl L

N *
H2 e Steroido[2,3-d]thiazolines.

e The reaction of 23,33-dihydro-5a-androst-2-eno[2,3-8}
SIS"'Ct CH3J & \"’Sct azirin-17-one ethylene acetal (LXIX) with phenylisothio-
HN N cyanate produced an unstable thiocarbamoyl aziridine
LV LVI (LXX), which was transformed by sodium iodide via the

3a-iodointermediate (LXXI) into the 23,3B3-thiazolidine

The same authors (39) describe an alternate route to the (LXXII) or its tautomer (LXXIII) (39).

synthesis of thiazolines from the o-aziridine which involv-
ed N-thioacyclation with phenylisothiocyanate.

S
CgHsNCS 1 e
o O HN Sn Mo
LXIX LXX
cs i NaJ 7
et PhN ;l‘:“ a 1 H HaNH
HNS ———# PhNHCN! Ct CeHsNHCNH CeHsNy N fﬁ N m
LVl LvI e - I
XXl
¢ I LXXI LXXIL LXX
11 N - .
PANHCNH w Treatment of the 4-chloro-A*3-ketosteroids (LXXIV)

LIX with thiourea produced compounds LXXV or LXXVI. It is
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not known whether the compounds possess {2,3-d] or
[4,5-d] structure (9).

OH
R
HaN N
—_— e or
o) s o
N
L Lxxiv Ly &
LA NH,

o R=H LXXV1
b, R=CH

3

Steroido[3,4-d]thiazolines.

Thiazolines derivatives condensed with the steroidal
skeleton in position C-3, C-4 are formed by treatment of
4¢,5¢-epoxyandrostanes (LXXVII) with thiourea or
N,N-substituted thiourea (42). Quartenary salts were ob-
tained by the action of methyliodide on LXXVIII or
LXXIX.

R
§-|R4 Rz Rl ]
Rz < Or
— - R RyN
RNJ RJ S
LXXVI o LXXVIT LXXIX
2

J@
® . R, R| = H, CHy C,Hg C3Hy, R = OHC;
R1N
1] R, = H, CHy; R =
2 » CHzi R3
RgRN

LXXX R3Rq = 0, Rg = CHy

OH; Ry =

Column chromatography for separation of the mixture
4o-thiocyanato- (LXXXI) and 4(3-thiocyanatocholestan-3-
one (LXXXII) by alumina led to the isolation of the 2'-
oxo[3,4-dthiazoline (LXXXIII) (38).

R = a~-SCN

gH Lxxxt
LXXX I

Steroido[5,6-dlthiazolines.

Passing of dry hydrogen chloride gas in a cooled
suspension of So-hydroxy-68-thiocyanato-Sa-pregnane-
3,20-dione (LXXXIV) in acetic acid produced, 2'-chloro-
thiazolino[5,6-d]-5a-pregnane-3,20-dione (LXXXV)43-44).

R = a-SCN

LXXXII

CH; CHs
o)
o)
—_—
O i [e) £)
OHgen ";"
LXXXIV Cl

[EEVAVAVIW]
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Steroido[11,9-d]thiazolines.

The 9a-thiocyanato-11-keto-steroids (LXXXVI) were
suitable starting material for the preparation of 2"-ethoxy-
or 2'-methoxythiazolino[lle,9c-d]steroids (LXXXVII).
Treatment of LXXXVI with aqueous methanolic or

ethanolic potassium carbonate produced LXXXVII
(45-46).

LXXXVI

The compounds prepared are presented in Table 1X.
Table IX

NO. R Rl Rz Rs
a. [0} At 0 CH,
b. 0 At B-COCH,OH CH,

o-H
c. 0 At BCOCH,0C0CH, CH,
o-OH
d. 0 At 0 C,H;
E. 0 At 3-OH CH,
f 0 At 0 CH,; A,
g B-OH A* B-OH CH,
o-H o-H
h. 0 o-H 0 CH,

The 2'-methoxythiazolino[l la,9a-d]steroids
(LXXXVIla-c) were isomerized to 2-methoxy-5',6"-di-
hydro-4'H-l’,3'-thiazin0[4',5’,6':5a,10,9a]steroids (LXXX-
VIII) upon refluxing in a methanolic solution or fusing at
178-182°.

LXXXVIl (g=¢c) ——*

ORy
LXXXVIIL
a4, R= Ry =0, Ry = CHy
b RO, R, BcocH,om o
a OH v3 3
¢ A= 0, R, =€ngH20COCH3' .

This rearrangement involves the rupture of the C-N
bond at C-11 of the thiazole ring and the reattachment of
the nitrogen bearing function to C-5 with the resultant for-
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mation of the dihydrothiazine ring.

This isomerization takes place in the presence of an
o, B-unsaturated keto-system. This requirement becomes
apparent by the refractoriness of 2'-methoxythiazolino-
[11,9c-d}-A*-androstene-3{,118,173-triol during prolong-
ed refluxing with methanol (46).

Isomerization of LXXXIX produced three compounds,
which were separated by chromatography on alumina pro-
ducing a major XC, and a minor product XCI as well as
the initial material (46).

LXXXIX

Steroido[17,16-d]thiazolines.

The synthesis of 2'-anilino(16a,17a)thiazolino[17,16-d)-
pregn-5-en-3(3-0l-20-one (XCIII) can be effected by the ac-
tion of phenylisothiocyanate on the 16a,17a-imino-pregn-
5-en-33-0l-20-one (XCII) (47).

e}
W NH
&
PhNCS
HO

HO
XCH

s o

S D
NS

XCLl

16¢-Bromo-3-methoxyestra-1,3,5(10)-triene-17-one
(XCIV) in condensation with ammonium dithiocarbamate
formed estratrienothiazolidine (XCV) the dehydration of
which produced the corresponding thiazoline (XCVI) (41).

- H _»S
W Br HO H 3 NT
paseNba
CH,O
XCiv XCV XCvI

Steroido[16,17-d]thiazolines.

Derivatives of [16,17-d]thiazolines were prepared by
reaction of 16a,17a-epimino-20-ketosteroids with thio-
cyanic acid (XCVII) (48) and their 20-carbethoxyhydra-
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zides (CII) with thioacetic acid (49), or thiocyanic acid (50).

The reaction of 16a,17a-epimino-20-ketosteroids with
pyridine thiocyanate in the presence of carbethoxyhydra-
zine proceeds readily at room temperature and it’s prac-
tically complete in 30 minutes to afford the 2-amino-
[l6a,l7a-d]thiazoline-20-carbethoxyhydrazone (XCVIID),
which after heating in an aqueous methanol hydrogen
chloride solution yields 20-ketone (XCIX).

An increase in the reaction time leads to the formation
of the thiazoline (XCVIIIA)HSCN salt. Because of the
high reactivity of the aminothiazoline grouping selective
acetylation of XCVIIIA and XCIXA took place in the
N-acetates CA and CIA respectively. When the reaction
time was increased, under the same conditions, the
diacetates CB and CIB were formed (48).

,...E-S‘C =NCOCHS;
N/
{ H — {

z
LSTENHCOCH,

C

B
ZS C 2 C-NH
wS~C=NH N S 2
N uva//
A Xcvin
Xcvi l 8
a, R:H C o}
zcocry WS =NH S =C-NH
{ L ——— X \\\“N 4
Z:NHNCOOC, Hy H —
XCIX
A B

o) o)
wS—C =NCOCH; wS=£-NHCOCH;

N Y
H ——
A Cl B

The reaction is realized via a number of intermediate
steps, one of which is the formation of the 16a,17a-ep-
imino-20-carbethoxy hydrazone. The latter undergoes cis-
opening with a rupture of the 17-C-N bond, the insertion
of SCN group from the a-region of the molecule, and the
cyclization of the formed addition product. The ease of
cyclization is apparently caused by the cis-arrangement of
the reacting groups.
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In contrast, the reaction of 16c,17c-epiminopregneno-
lone-3,N-diacetate with thioacetic acid yields a complex
mixture of products, since the reaction of 16c,17a-epi-
minopregnenolone-20-carbethoxyhydrazone (CII) with
thioacetic acid gave mainly two products: 2"-methylpregn-
5-en-38-01-20-one[16a,17a-djthiazoline 20-carbethoxy-
hydrazone (CIII) and 16a-acetylaminopregn-5-en-3(3-0l-20-
one 20-carbethoxyhydrazone (CIV) (49).

ZS_TCH3 Z o0

Clv

CVl

In an aqueous methanol solution the carbethoxyhydra-
zones (CIII) and (CIV) yield the ketones CV and CVII
respectively.

The reaction is sensitive to very small changes in condi-
tions.

Generally an alkaline or acidic medium during treat-
ment favors the formation of CIV. It may be assumed that
formation of both reaction products proceeds through one
and the same intermediate. The following mechanism may
be proposed to explain the observed course of the reac-
tion. The protonated form of the aziridine, under the in-
fluence of the hydrazone fragment undergoes cis-scission
with the introduction of a SCOCH, ion at the 17 position
to form a 17o-thioacetate-16a-amine. Allowing for the
tendency of systems with cis-oriented substituents to
undergo acyl migration an intermediate stage such as C,
has been postulated, that stabilizes itself by forming the
thiazoline (CIII) and the 16c-acetylamine (CIV). In confir-
mation it may be said that the formation of the C type in-
termediate both in the acid-catalyzed acyl migration of
S-acetylthioamides and in the acid hydrolysis of
thiazolines is kinetically demonstrated.

n
i { WwNHCCHs M
+ —

Vol. 18

Formation of a thiazoline in this reaction is possible on-
ly if the principle of cis-scission of the aziridine is observ-
ed; therefore, the location of the heteroatoms and the
a-configuration of the heterocyclic ring must be assigned
by analogy with the above described heterocyclizations
that occur under the same conditions (48).

20-Carbethoxyhydrazone (CVIII) reacts extremely readi-
ly with thiocyanic acid producing the 2"-aminothiazoline

(CIX) (50).

CHj CH3
NNHCOOC, Hyg =NNHCOOC,Hs5
WwNH
S ‘\\57_ NH2
3 N
{ ‘
HO
CvIIt CIX

The mechanism for the cis opening of 16c,17a-epimino-
20-ketosteroids in the préesence of a reagent for the CO
group, assumes, that the formation of 16c,17a-epimino-
steroid 20-carbethoxyhydrazones is the step preceding the
cis opening of the aziridine.

Steroidal Thiazolidines.
Steroido[3,2-d]thiazolidines.

The introduction of the thioxothiazolidine (LV and LX-
VID) and phenyliminothiazolidine (LX) groupings in the
2,3-position of cholestane (41) and androstane (39) series
has been presented in the thiazoline chapter.

O

cl SeSu,
—_—
HzN‘“ HN tupm

L1V Lv

CHs

| NHNHCOOC,Hg N-NHCOOC,Hg
C - NHNHCOOC,H e
N > NHCOC “‘“SEC\{&_H
N N H H 108
CLV: HCOCH, —2 H CH,
-S
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H
OH SYN
S
C5H5NCS | W NaJ / Qe 2
HNS CgHsNHCN,, * £
HN CXV
Lt LvII \
J HsN S,
% U — o Y 'd l or CcXo Cl\\“ S
CeHaNHCNH™ AL y

CXII CXIV

1)
I

Tuw
———

I

LIX LX
The nucleophilic action of HSCN on 23,33<(cyano-
CgHsNH imino)cholestan (CXVI) produced the 2'-imino-3'-cyano-
m thiazolidino[283,3a-d]cholestan (CXVIII), by ring closure
of the intermediate 283-(cyanoimino)-3a-thiocyanatochole-

LXI stan (CXVII) (52).

A mixture of androstanethiazolidine-2-ones (CX) and
(CXI) in a ratio 1:6.3 separated by plc were formed by

heating of the wic-isothiocyanates (LXII) and (LXIII) S
under reflux in the dark with anhydrous methanol in tetra- NCN
chloroethylene (40).
CXVI
. CN
S, O
LXXH oy O: N m NCHN HN N
LXXHI HNuwum ‘ T \@
cX CcXxl NCS" g
R, =4J, R, = NCS
d 2 CXVI CXVIIL
Ry =J, Ry = 4

Steroido[5,6-d]thiazolidines.
The 2'-chloro{5a,6a-d]thiazolidine (LXXXV) on treat-

ment with zinc dust in acetic acid was transformed into

2'-oxothiazolidine (CXIX) (43).

In the thiazoline chapter the synthesis of 2'-phenyl-

iminoandrostan[28,33-djthiazolidine (LXXII) (39) has
been presented.

S CIH3 (;H3
. co
PhNCS thHENO: 0d co
HN
LXIX LXX —_—
[e) Y o Z =
s ; ¥ 85
PhNHCNH PhN PhNH ‘I» \
— or S 0o
o Cl
CXIX
L o XX LXXXV

The preparation of 2'-oxoandrostan[28,38-d]thiazoli-
dine (CXI) was also reported above.

Steroido[2,3-d]thiazolidines having a thioxo-group at Steroido[16,17-d]thiazolidines.

2'-position were prepared by Ponsold and Preibsch (51).

Thus in the reaction of 3a-chloro-23-amino-5a-androstan- The synthesis of 20-ketosteroid[16c,17a-d)-fused to 1,3-
173-0l (CXIII) with carbon disulfide and alkali the thiazolidine was described by Kamernitskii and his co-
178-hydroxy-2'-thioxo-2',3’,4',5'a-tetrahydro-5a-andro- workers (53). Thus the treatment of 20-carbethoxyhydra-
stan-2-eno[2(3,33-d)thiazole (CXIV) was obtained. Its zone (CXXI) with hydrogen sulfide in acetone-dioxan af-
isomer 178-hydroxy-2’-thioxo-2',3',4'a,5'3-tetrahydro-5a- forded 2',2'-dimethyl-(33-hydroxy-20-ethoxycarbonyl-
androst-2-eno[2(3,3a-blthiazole (CXV) was also prepared hydrazone-5-pregneno[16c,17a-d}-1',3"-thiazolidine (CXX-
from 283,33-imino-5a-androstan-178-ol (CXII) by the same II), which is cleaved to the free carbonyl compound (CXX-
method. III) with dilute hydrochloric acid in methanol-acetone.
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NNHCOOC;Hs L NNHCOOC,Hs
NH CHs
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CXX1 CXXIL A
CXX e
(@] CH CXXVI CXXVII
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s N CH
H 3 When an alcoholic solution of 3-ketosteroids was added

CXX

Steroido[17,16-d]thiazolidines.

2'.Thioxo-estrathiazolidines (XCV) have been presented
in the thiazoline chapter.

o Br S
o\~ T
— S
CH;0
XCIv XCV
Spirothiazolidines.
Saturated 3-ketosteroids (CXXIV) reacted with

B-mercaptoethylamine in ethanol, pyridine (54) or in
benzene in the presence of p-toluenesulphonic acid (55) at
room temperature to form steroid-3,2-spirothiazolidines
(CXXYV), the acetylation of which afforded the N-acetyl-
derivatives.

The compounds prepared are listed in Table X.

R3
Rs R,
- S,
(@) v [N H
R =R1 R4 R R1
CXXIV CXXV
Table X
R R, R, R, R,  Reference
oa-H H H, CH,, H 53,54
B-H H H, oH,, H 53
o-H H H, .H,, COCH, 53,54
At OH H, OCOCH, H 53
At 0OCOCH, H, OCOCH, H 53
A’ OH H, B3-COCH, H 53
a-OH
A® H 0 COCH, H 53

Cholestan-3,2"-spirothiazolidine was also prepared by
introduction of hydrogen sulfide in an alcoholic solution
of cholestane and ethylenimine (54).

Condensation of 3-cholestanone (CXVI) with cysteine
followed by acetylation and diazomethane methylation led
to the compound CXXVII (55).

to an aqueous alcoholic solution of L(+ )-cysteine hydro-
chloride or L(+)-cysteine ethyl ester hydrochloride buf-
fered with potassium acetate, spiro[steroid-3,2"-thiazoli-
dines-4'-carboxylic acid] (CXXIX) and spiro[steroid-3,2'-
thiazolidines-4'-carboxylic acid ethyl ester] (CXXX) were
formed (56-57).

FN
/ COOH CXXIX

o \
CXXVII s
-

H
COOCHs - yxx

Treatment of spiro[cholestan-3,2"-thiazolidine-4'-
carboxylic acid ethyl ester] (CXXX) R = C,H,;) with
phenylisocyanate the N-phenylhydantoin (CXXXI) was

isolated (57).
> )(j:
N

CXX¥X
o

)
CeHs

(RzCgHyy) —

CXXXI

Spiro(steroid)thiazolidines attached to the steroidal side
chain were prepared by bringing 3-oxo-pregn-4-ene-203-
carboxaldehyde (CXXXII) to react with various amino-
thiols (58).

8.R:@,-R,2w arcop

CH3 N
€. RRyR3H RO,
dRRy= Q:n!!;coo‘j
H
N
° —@

CXXXIV

CH3 R

CXxxXI
a RzRyzRFRGH

CXXXMN
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Acetylation of CXXXIIIa produced the N-acetyl-
derivative CXXXIIId.

Spirothiazolidinones.

Cyclocondensation of Sa-cholestan-3-one (CXXXV) with
thioglycolic acid and ammonium carbonate (55) produced
two diastereoisomers CXXXVIa and CXXXVIIa of the

4-thiazolidinone.

Foo gl e gy ot

CXXXV CXXXVI CXXXVI
a R=H a, R=H

b, R= CHy b, R = CHy

¢ R= Cyhg €, R= COCHy

d, R C“H9

¢, R= CgHCH,
t, R = COCHy
9. R = COCHaCHy
b, R = COCHg

i, R= CgHg

Alkylation or acylation of CXXXVIa produced com-
pounds (XXXVIb-h) whereas the epimer CXXXVIla pro-
duced only (XXXVIIb-c) due to steric hindrance (59).

Compounds (XXXVIe and XXXVIi were also prepared
by cyclocondensation of CXXXV with thioglycolic acid
and RNH, (R = C,H,CH,, C,H,) (59).

Similarly spirothiazolidinones CXXXVIII, CXXXIX,
CXL and CXLI were prepared (60).

R

R :

CXXXVII CXXXIX
Hfo
H
oL exLi R = H, CHy GCoHg, CuHg
CeHsCHp  CgHgs  COCH3,

COCoHy, COCEH
R= H, OCOCHy .
R, = H, (CHz)CHCH,CH,

Ry = a-H, B-H
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The compounds formed, exist in two possible steric
modifications since the thiazolidine ring is at a right angle
to the plane of the steroid nucleus. Consequently an
isomer can be considered to have the sulphur atom of the
heterocyclic ring above the plane of the nucleus while the
sulphur atom of the second isomer would be below the
plane of the nucleus (57).

Spiro[cholestanethiazolidinJones CXXXVIa and CXXX-
Vlla isomerized under acidic, basic and thermal condi-
tions, whereas N-alkyl derivatives CXXXVIb-d and CXX-
XVIIb did not isomerize under basic conditions (61).

Modified Steroidal Aminothiazoles.

The attachment of an aminothiazole ring to the
modified cyclopentanoperhydrophenanthrene system was
effected by the reaction of bromoketone (CXLII) with
N-phenylthiourea producing 2'-phenylaminothiazolo-
[3,4-d}-6-aza-B-homo-5a-cholestan-7-one (CXLIII) (62).

_*NL;} ! HE-S\:H]
o N Y- sHs

Br CgHgNH

cxun CXLI CXLIv

This compound must be assigned an angular structure
CXLIII instead of the linear structure CXLIV (62).

Cyclocondensation of the bromosolasodane (CXLYV)
with ZNNHC(S)NH; [Z = cyclopentylidene, NO,C,H,CH,
(C¢Hy),C, C,H,CH=CHCH, C,H,CH=CHCCH,,
decahydronaphthylidene, ((CCH,),NCO)C H,CH,
HOC.H,CH] produced the corresponding aminothiazole
derivative (CXLVI) (63).

Wt N

c H3 [/

CH,

ZNNH

(4
(@]
x
EIIII
- S

CXLv

Reaction of CXLV with thiourea afforded the 2"-amino-
thiazolo[3,2-d]solasodane (63).

Steroidal Isothiazoles.
Steroido[17,16-d]isothiazoles.

The Beckmann rearrangement of 33-acetoxy-163-
mercapto-17a-hydroxy-5-pregnen-17-one oxime (CXLVII)
upon the action of phosphorus oxychloride gives 33-acet-
oxy-17a-hydroxy-3'-methylisothiazolino[17,16-dJandrost-5-
ene (CXLVIII) which on dehydration leads to androsteno-
[17,16-d]isothiazole derivative (CXLIX) (20,64-65), accor-
ding to the following equation.
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CXLvill CXLIX
Biological Activity of Thiazole-steroids and Their
Derivatives.

The broad spectrum of the physiological activity of
steroids in which a cyclopentanoperhydrophenanthrene
system is condensed with thiazolium or thiazoline ring has
drawn the attention of the medicinal chemists to this class
of steroids.

The study from the biological aspect of the alkaloids of
the steroid series which show interesting physiological ac-
tivity, showed that many of them, such as cardiac
glycosides interact specifically at the cardiotonic steroid
binding site of Na*, K*-AT face.

Biological tests showed that the 178-hydroxyandro-
stano[3,2-dJthiazoles (II) possessed anabolic, antigonato-
tropic and antiestrogenic activity (1). Similar structure
compounds showed anabolic, androgeno-activity (2,4-6),
lowering the blood pressure of mammals (8) and an-
tiinflammatory activity 0.5 times that of hydrocortisone
(11). Aminothiazoles of the structure VIII, have also show-
ed antiinflammatory activity (14). 2"-Aminothiazolo[3,2-d]-
5a-cholest-2-ene (V) and 2'-aminothiazolo[17,16-dJandro-
sta-5,16-dien-33-0l acetate (XX, R = NH,) were tested for
antimicrobial activity (12).

The cholestan-aminothiazole had no antimicrobial ac-
tivity against any of the organisms which were tested,
while androsten-aminothiazole showed moderate activity.
The microorganisms used and the doses for testing are
reported below.

Compound (a)

Organism v XX
(R = NH,)

Escherichia coli NI NI
Pseudomonas aeruginosa NI NI
Streptococcus ugalactiae NI 250
Streptococcus mutans NI 62.5
Streptococcus aureus NI NI
Corynebacterium sp. 1000 62.5
Norcardia asteroides NI 125
Candida albicans NI 250
Saccharomyces arevisiae NI 625

(a) NI stands for not inhibitory at 1000 mg/ml; dilutions tested (mg/ml)
1000. 500, 250, 125, 62.5, 31.25, 15.625, 7.8125.
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Compounds of the structure XI are useful as anabolic-
androgenic agents (15).

Steroido[12,11-d]thiazoles (XVII) produce antigesta-
genic activity (18).

2'-Substituted thiazolo[17,16-d]steroids of the andro-
stanes used as controlling agents for menopausal illnesses,
progesterone antagonists, and for hypergonadism control
(22-23).

The 3-methoxy-2'-aminothiazolo[17,16-d]estra-
1,3,5(10),16-tetraene has an important inhibiting action on
the hypophysis and is particularly effective for the treat-
ment of the hypophysis overloaded with FSH, caused by
castration or mencpause (24).

The 178-(2-substituted-4-thiazolyl)-4-androsten-3-one
series (XXX, XXXVIII-XXXIX) have a digitalis-like
regulating effect on cardiac arrhythmia and also have
hypotensive and pituitary-inhibitory properties (25). In op-
posite, Shaub and Weiss (26) have reported that in
173<(2-amino-4-thiazolyl)-4-androsten-3-one derivatives, no
activity of significant interest was observed.

However, Japanese workers (27-29, 31-33) have studied
the pharmacological properties of 173-{2-aklylamino- (or
2-arylamino- or 2-N,N-alkylarylamino-) thiazolyljandrost-
4-en-383,17a-diol and 178-[2-alkylamino- (or 2-arylamino-or
2-N,N-alkylarylamino)-4-thiazolyl]Jandrost-4-en-3-one
derivatives and found that some of these have digitalis-like
properties.

The analogue 173-(2"-amino-4'-thiazolyl)-53,143-andro-
stane-33,14-diol 3-acetate hydrochloride (XXXII) showed
no inotropic activity (30).

The ternorcholanylthiazoles (XLII-XLIII) are useful
because of their regulatory effect on the cardiovascular
system and their antihormonal activity. They act as anti-
hypotensive agents (34).

Steroidal thiazolines of the structure LI have showed,
anabolic activity (37).

The attempts, so far recorded, to synthesize steroido-
[3,4-d]{2"-imino-3"-substituted) thiazolines (LXXVIII) ex-
hibiting contraceptive and antilipogenic activity have met
with success, and their quaternary salts (LXXX) possessed
antibacterial activity (42).

Steroido-thiazolidine CXXXIIIb was found to possess
c-AMP phosphodiesterase inhibitory properties in a
minimum inhibitory concentration of 50 mg/ml when
tested in vitro by a maximal dose of 100 mg/ml (58).

383-Acetoxy-3'-methylisothiazolo[17,16-d]androsta-5,16-
diene (CXLI) is an anti-corpus luteum substance (65).

Transient pro-drug forms of androstane CL, 4,5-dide-
hydro CL, and 1,2,4,5-tetradehydro CL (R;, Ry = H, alkyl,
R;R, = CR,R,, R,R, = alkyl, aryl, cycloalkyl, Rs = OH,
R, = H, R;Rs = 0) were useful in alleviating inflam-
matory conditions. Compounds CL also were suitable for



Dec. 1981

COCH,0Ry

pe

1R2

CL

topical or oral administration and were efficiently metabo-
lized by the skin or by the gastrointestinal wall in a non-
toxic fashion (66).
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