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Abstract-The thiazolidine isomers obtained upon the reaction of aminoethanethiols with a&unsaturated steroidal 
ketones were found to be double bond positional isomers based on their optical rotations and ‘H and “C NMR 
spectra. The “C NMR spectra of analogous ketals, hemithioketals and a thioketal of steroidal ketones were also 
reported. and “C NMR spectroscopy was shown to be a convenient method of assigning the position of the double 
bond in the double bond isomers for all four of these derivatives. Finally, “C NMR spectroscopy was found 10 be 
useful in determining that thiazolidine formation was stereospecific to give only one C-34somer. 

In a recent report on the synthesis and topical 
antiinflammatory activity of thiazolidine prodrugs’ of 
hydrocortisone and hydrocortisone 21-acetate, *O.* we 
noted that the stereochemical consequences of the con- 
densation of hydrocortisone 2l-acetate with L-cysteine 
ethyl ester hydrochloride were complicated by the pos- 
sibilities that the amino acid could racemize during the 
course of the reaction, that two isomers could form at 
C-3 and that the double bond could stay in the 4,5- 
position or shift to the S&-position. 

The position of this double bond has biological as well 
as chemical significance because the thiazolidines were 
to be used as prodrugs.’ Hydrolysis of the 4,5-double 
bond isomer isomer would immediately regenerate the 
biologically active a,/?-unsaturated ketone. On the other 
hand, if the double bond were in the S6-position, an 
intermediate isomerization step in uioo by As-3- 
ketoisomerase3 would be necessary to regenerate the 
parent steroid. However, the exact distribution of this 
enzyme throughout the body is not known. It is certain 
that the adrenals are a particularly rich source, but other 
tissues are also known to contain significant quantities of 
this enzyme. Thus, the distribution and ultimately the 
delivery of the parent steroid from the thiazolidine would 
quite possibly depend not only on the rate of hydrolysis 
of the thiazolidine, but also of the rate of isomerization 
of the double bond if the steroid thiazolidine was the 
S&double bond isomer. Since we had shown that the 
thiazolidine derivatives were two to five times more 
active than their parent steroids and also exhibited less 
systemic toxicity. in animal studies, 2a.b it was im- 
portant to determine the position of the double bond in 
the structures of the thiazolidines to adequately interpret 
the results of the biological activity and insure that the 
steroid species that was being delivered was the active 
a&unsaturated carbonyl parent species. 

In this paper, we describe the determination of the 
structure of the thiazolidines of a&unsaturated steroi- 
dal ketones and especially those of hydrocortisone 21- 

acetate using optical rotations, ‘H and “C NMR spec- 
troscopy. In addition, in order to assure that the assign- 
ments of the olefinic carbons in the 13C NMR spectra of 
the thiazolidines were valid, the “C NMR spectra of the 
ethylene ketal and hemithioketal double bond isomers 
were obtained for comparison with those of the thi- 
azolidines. Therefore, we have also reported the salient 
features of the 13C NMR spectra of 4,5- and S&double 
bond isomers of the steroidal ethylene ketals, thioketal 
and hemithioketals. These were useful in determining the 
structure of the thiazotidines. 

Table I lists the ‘H and “C NMR data, as well as the 
optical rotations of thiazolidines of hydrocortisone 2l- 
acetate (lb, 2b),2”.** progesterone (34 3b, 4s, 4h)*’ and 
testosterone 17/3-propionate (5% 5b)*’ together with the 
ethylene ketals (6a, 6b), thioketal (8b) and hemi- 
thioketals (la, 7b) of testosterone 17&propionate. For 
each series of steroid thiazolidines, except for hydro- 
cortisone 2l-acetate, two isomers could be obtained. In 
the testosterone 17&propionate series, careful fractional 
crystallization, and in the progesterone series, a judicious 
choice of reaction conditions, afforded the two isomers 
(a, b).*= Inspection of the NMR spectra of the crude 
reaction mixtures and comparison of those spectra with 
those of the isolated products showed that the ratio of 
isomers or of isomers to starting material in the crude 
mixture were consistent with the ratio of the isomers 
actually isolated, i.e. there was no change in the com- 
position during crystallization. In each case, the crystal- 
lized isomers contained at worst 85%, but in most cases 
95%. of the major isomer based upon integration of the 
‘H NMR C&C absorptions. These ‘H NMR analyses 
were based on a comparison of the integrations of the 
broad multiplet for C&C which was assigned to one 
isomer (isomer a) to the integrations of the broad singlet 
for C&C which was assigned to the other isomer 
(isomer b). Since the thiazolidines were observed to 
decompose on UC plates and during column chromato- 
graphy, analyses of the ‘H NMR spectra of the isomers 
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Table I. Physical and spectral properties of spiro derivatives 

‘Ii NMR (6)b 1% NMR (a)b 

mp [aID” C&C C4 CS C6 C3 

la 175-1780 

2b 150-156" 

3-a 127-134" 

3P 127-134" 

4-a 167-170" 

4b 162-165" 

5a 144-1470 

5P 100-104" 

6p 203-205' 

Sp 113-114.5" 

7? 172-175" 

+103 

+154 ri 11 

+9a 

-92 

-24 

-55 

+10 

-46 

+75 

-35 

5.23 121.4 

5.27 122.4 

5.6-5.2 _-- 

5.30 123.1 

5.6-5.2 ___ 

5.23 122.9 

5.53-5.2 ___ 

5.30 122.9 

5.43-5.13 ___ 

5.21 120.2 

5.4-5.17 _-- 

7b 108-112~ +116" 5.33 

ab 160-162" +111O 5.43 

123.2 

123.1 

124.2 

"C = approximately 0.5 in CHC13 except for 5~ and 5-b which were done in ethanol. 

bRun in CDC13. shifts relative to TMS (to.05 ppm). 

149.7 --- 

146.4 --- 

140.45 122.5 

148.7 --- 

140.6 122.6 

148.9 --- 

140.7 122.4 

148.7 --- 

140.5 121.9 

151.4 --- 

139.9 122.5 

140.5 

146.1 --- 

149.1 

145.9 --- 

___ 

___ 

__- 

___ 

___ 

___ 

61.8 

61.8 

109.6 

106.4 

98.1 

94.4 

93.3 

QO.9 

___ 

was the only reliable means of determining, at least absorptions fit the structure assignment had been based on 
qualitatively, the purity of the isomers. the optical rotation data. 

In addition to the differences in their ‘H NMR spectra, 
the isomeric a and b thiazolidines showed consistent 
differences in their “C NMR spectra and optical rota- 
tions. The two olefinic carbon absorptions for the b 
isomers were found at about S 120 and 6 150, while 
those for the a isomers were found at about 6 120 and 8 
140. Similarly, the a isomers consistently exhibited a 
more negative [a Jb value than the b iosmers. 

Djerassi,’ Barton’ and Dean’have shown that the [a]o 
values for the 56double bond isomer in any steroid 
series is more negative (A[M]D=450°) than the 4,5- 
double bond isomer. Thus, the optical rotation data 
(Table 1) suggested that the a isomers were S&double 
bond thiazolidine isomers while the b isomers were the 
4,Sdouble bond thiazolidine isomers. However, only one 
isomer was available from the hydrocortisone 21-acetate 
series, and although its optical rotation was strongly 
positive, it seemed reasonable to conclude that if optical 
rotation was the only criteria for assigning the structures, 
the optical rotations of both isomers or other supporting 
data were needed. 

Conveniently, the ‘H and ‘-‘C NMR data were also 
consistent with the assignment of the b isomer to the 
4,5-double bond structure. The CH=C absorptions in the 
‘H NMR spectra of the a isomers were broad multiplets. 
Since the 6-proton in the 5,6_double bond isomer con- 
stitutes the X portion of an ABX pattern and also 
experiences allyic coupling, it should be a multiplet. On 
the other hand, the C&C absorptions of the b isomers 
were broad singlets (half-height width of about 4cps). 
Since the dproton in the 4Jdouble bond isomer 
experiences only ahylic and I$-coupling, it should be a 
broad singlet. Thus, the shape of the ‘H NMRCH=C 

The carbon absorptions in the region from 8 150 to S 
120 in the 13C NMR spectra were first established as 
being due to olefinic carbons by comparison of the “C 
NMR spectra of the isomers with the ‘jC NMR spectra 
of steroids of comparable structures. Thus, the 4.5 and 
S&double bond isomers of the ethylene ketal of testos- 
terone 17/3-propionate @a, 6b) were prepared according 
to the method of Dean and Christiansen. The 13C NMR 
spectrum of the S&double bond ethylene ketal isomer 
(6a) showed olefinic carbon absorptions at S 122 and S 
141 which corresponded to the position of the carbon 
absorptions in the a isomers. In addition, its optical 
rotation was, as expected from analogy to the ethylene 
ketal double bond isomers of testosterone 17/3-acetate,6 
more negative than the 4,Sdouble bond isomer (6b), and 
its ‘H NMR absorption due to C&C was a’ broad 
multiplet. On the other hand, the “C NMR spectrum of 
the 4,5-double bond ethylene ketal (6b) showed olefinic 
carbon absorptions at 6 120 and S 151 corresponding to 
the position of the carbon absorptions in the b isomers. 
Its H NMR absorption due to C&C was a broad 
singlet. Coupling between the 6-carbon and hydrogen in 
the a isomer series and the 4-carbon and hydrogen in the 
b isomers series obtained from off-resonance band “C 
decoupling experiments clearly established the identity 
of the 6- and Colefinic carbon absorptions in the thi- 
azolidine and the ketal a and b isomers, respectively. 

The “C NMR spectra of the S&double bond isomers 
of the hemithioketal (7a,7b) and the 4,5double bond 
isomer of the thioketal (8b) of testosterone 17/?-pro- 
pionate are also reported in Table 1. The thioketal was 
previously synthesized and assigned the 4,5-double bond 
structure. On the other hand, the pair of hemithioketal 
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CH202CCH3 

bs @P 
-H 

'H 

R 
C02C2H5 

l_b R = C02C2H5 

2b R=H 

3.a A5.6, x = 0 

3_b A4*5, x.= 0 

4-a A~*~, X = 

Q CO2C2H5 

4b A’B~, X = 

G&H; ;>H5 

X X 

R 

53 A516. R = C02C2H5. Y = S, X = NH 73 ~5.6, X = 0, Y = S 

5!b A,'t5, R = CO2C2H5, Y = S. X = NH 7_b Akv5, x = 0. Y = S 

6_a A5*6, R = H, X = y = 0 8b A4.5, X = Y = S 

6b A4v5, R = H, X = Y = 0 

double bond isomers have not been reported previously. 
They were prepared and isolated using the same methods 
that. were used for the ketal isomers.6 In each case the 
structue assignments based on the optical rotations and 
‘H NMR spectra were consistent with the structure 
assignment based on considerations of the ‘% NMR 
spectra, and each fit cleanly into either the a or b isomer 
series. Thus, in each series the “C and ‘H NMR and 
optical rotation data were consistent with the a isomer 
series being the S&double bond isomer and the b series 
being the 4.5-double bond isomer. In addition, the con- 
sistency of the data from the three sources of in- 
formation made it possible to confidently assign isomer b 
structures to thiazolidines I and 2 where only one isomer 
was isolated, to confirm the 4,Sdouble bond structure of 
the thioketal 8b and to assign the structures to the 
hemithioketal double bond isomer as shown. 

Since 4,5- and S&-double bond isomers of the ketals, 
hemithioketals and thiazolidines had been isolated in the 
testosterone 17/?-propionate series, we attempted to find 
conditions that would give us the 5,bdouble bond 
thioketal isomer (80). Prolonged (6hr) treatment of the 
thioketal (8b) with p-toluene-sulfonic acid’ (p-ts) in 

refluxing benzene failed to cause the 4.5double bond 
isomer to isomerize significantly to the 5,6double bond 
isomer; apparently decomposition of the thioketal took 
place to a greater extent than did any isomerization. 

On the other hand, the 4Sdouble bond isomer is 
probably obtained first in the formation of the other 
derivatives. The conditions used to obtain mixtures of 
the 4,5- and S&double bond ketal and hemithioketal 
isomers (about 0.03 equivalents of p-ts) required longer 
reaction times to completely convert the steroids to the 
Spiro derivatives than if larger quantities of p-ts were 
used. If the reactions were analyzed before the reactions 
were complete, the reaction mixtures were composed 
predominantly of the 4,5-double bond isomer. In ad- 
dition, it was found that by using the free bases of the 
aminoalkylthiols instead of their hydrochlorides in the 
condensation reactions the 4,Sdouble bond isomers of 
the 3-steroidal thiazolidines could be obtained instead of 
the mixture of 4,5- and S&-double bond isomers that 
were usually obtained from progesterone and testos- 
terone. These observations suggest that the 4,Sdouble 
bond isomer is obtained initially in the formation of the 
spire derivatives of a&unsaturated ketones and that 
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solid which was predominantly the 4.5double bond isomer. It 
was recrystallized-from 3 ml MeOH to give 0.30 g (m.p. I I l-l 16”, 
12% vield) of Candrostene-l7B-urooionvloxv-3-soir&’-(1’.3’- 
oxathiblane): tic, IR and ‘H NMR were ess;n&lly iientical‘with 
the 5-androstene oxathiolane except the C&C absorption in the 
‘H NMR was a broad singlet centered at 6 5.33 instead of a 
multiplet; “C NMR (CDcb) 6 123.2, 123.1 (G), 146.1, 149.1 (CJ) 
and 93.3, 90.9 (C,); [a];'+ 116” (C = 0.57, CHCI,). (Found: C, 
71.39; H, 9.08. Calc. for CXHXO~S: C, 71.24; H, 8.97%). 

The reacrion of testosterone l7/3-propionote wirh ethylene g/y- 
col. A benzene (2OOml) suspension of testosterone I’lfl-pro- 
pionate (3.0 g. 0.0087 mol) containing I4 ml ethylene glycol and 
45 mg of p-toluenesolfonic acid was heated at reflux for 5 hr 
using a Dean-Stark trap to collect the water that formed. The 
biphasic system that resulted upon cooling the mixture was 
extracted with NaHC(h (3 x 200 ml. 2N) and water (200 ml). The 
benzene soln was separated and d&d over Na&Od, treated 
with 0.25ml pyridine and concentrated in UOCYO. The NMR 
spectrum of the residue showed that about equal amounts of the 
A’.’ and A’,6-ethylene ketals were present as well as unreacted 
starting material. The residue was immediately t&rated with 
20 ml hot acetone containing one drop pyridine. The suspension 
that resulted was immediately filtered and dried to give 0.72g 
(m.p. 198-w. 21% yield) 5-andosterene-17/J-propionyloxy-3- 
Spiro-2’-(1’,3’-dioxolane). The acetone filtrate was diluted with 
30ml MeOH and allowed to crystallize further to give an ad- 
ditional 0.25g (m.p. 195-203”, 7% yield) A”6-ethylene ketal. An 
analytical sample was obtained by crystallization from acetone 
with a drop of pyridine: m.p. 203-205”. lit.,‘* m.p. 201-202”; IR 
(KBr) 173Ocm-’ (s) (C=O); ‘H NMR (CDCI,) 8 5.47-5.2 
(m, I, C&C), 4.63 (1, I, C&O&), 3.93 (s, 4. C&-O), I.05 
(s, 3, CH3-C). 0.81 (s. 3, CH3-C) and 2.8-0.8 (m, 24, CH,, CH2 and 
CH); ‘? NMR (CDCl3) a-174.7 (Co& l4O.j (CA 12i.9 (C$ and 
109.6 I&1: lal,?&YC = 0.59. CHCh). (Found: C. 73.95: H. 9.29. -,.. -- 
Cab for C2,HMOr: t?, 74.19;‘H, 9.3&j. 

The methanol-acetone filtrate was concentrated in uacuo to 
give a waxy solid which was crystallized from 40 ml hot hexane 
and a drop of pyridine to give 0.5Og (m.p. 113-l 14.5”, 15% yield) 
dandrostene-l7~-propionyloxy-3-spiro-2’-(t’J’-dioxolane): IR 
(KBr) 1730cm-’ (s) (C=O); 1670cm+ (w) (C=C), ‘H NMR 
(CDCI3) 6 5.23 (s, I,C&C); “C NMR (CDCI,) 6 174.7 (CO2), 
151.4 (CJ). 120.2 (C,) and 106.4 (C3); [&?+75.3” (C = 0.49, 

CHCI3). (Found: C. 74.39; H, 9.30. Calc. for CUHXO~: C, 74.19; 
H, 9.34%). 
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