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Steroid Derivatives of Purine-0(111)-thione (la-¢)

F. I. Carroll, Abraham Philip, Anna M. Ferguson and Monroe k. Wall

The Chemistry and Life Sciences Laboratory, Research Triangle Institute

The products obtained as a result of the alkylation of purine-6( H/)-thione, and 6-alkylthio-

purines  with  steroidal-21-(p-bromobenzencsulfonates) (1) and  3-methoxy-16a-bromoestra-

1,3,5(10)-triene-17-one (1V) is reported.  The ratio of 9-alkylated to 7-alkylated purine in the

alkylation of 6-methylthiopurine (V1) is presented. The use of the S-diphenylmethylprotecting

group in the syntheses of sensitive 9-steroidal-9l -purine-6( 11)-thiones is discussed.

The anticancer agent purine-0(1H)-thione (I, 6-mercapto-
purine) is ineffective against leukemia L1210 implanted
intracerebrally in mice (2). Since steroid molecules with
appropriate subslituents are known to penetrate to all
body areas, including the brain and other portions of the
central nervous system, it became of interest to study the
synthesis of some steroid derivatives of purine-6( LH)-thione
that might penetrate the blood-brain barrier (3,4).

0-Alkylthiopurines have usually been prepared by the
alkaline catalyzed reaction of I with the desired alkyl
halide (5). When | was treated with deoxycorticosterone
brosylate (Ila) in N,N-dimethylformamide (DMF) contain-
ing anhydrous potassium carbonate, 92% of 21-(purin-6-
ylthio)pregn-4-ene-3,20-dione (Illa), which gave one spot
on thin layer chromatograms (tlc) (), was obtained. The
infrared spectrum showed absorption at 3108 (N), 1717
(20 C=0), and 1665 em™! (3 C=0) and the ultraviolet
spectrum showed a double peak due to the purine ring
system al X\ max (methanol) 284 (e x 107" = 16.8) and
281 mu (17.2) which gave a bathochromic shift to 288 mu
and coalesced to one peak in both acid and alkaline
medinum. An absorption peak was also present at 240 mu
(18.6), which was due to the A*-3ketone function of the
steroid moiety. The nmr spectrum showed two singlets at
6 8.70 and 8.53 ppm for the purine 2- and 8-hydrogens in
addition to the typical steroid resonances. The results
obtained with other steroidal brosylates and steroidal
bromides are given in Table 1.

The alkylation of 6-alkylthiopurines would be expected
Lo give a mixture of 9-alkyl- and 7-alkyl-6-alkylthiopurines.
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TABLE I
Comparison of Ultraviolet Absorption Spectra (a,b)
Compound pH 1 pH7 pH 1]
A max ex 1073 A max ex 1073 A max ex 1073
Vlla 293 20.4 292 21.1 292 20.7
287 19.3 286 21.2 286 21.1
Vllla 315 (¢) 10.5 300 (¢) 12.2 300 (c) 12.0
303 12.9 294 13.2 294 13.0
297 12.3
Vilb 293 19.6 292 19.3 291 19.7
287 18.8 286 19.3 2860 19.8
VIlib 315 (¢) 6.7 302 (c) 119 301 (¢) 10.5
303 11.8 295 13.5 293 11.2
297 (¢) 114
9-benzyl-6-benzylthiopurine (d) 295 18.9 289 (c) 289 (c,e)
294 20.4 294 (e) 20.5
7-benzyl-6-benzylthiopurine (f) 304 13.1 298 13.8 298 13.9
9-ethyl-6-methylthiopurine (g) 286 (h) 17.7 286 17.6 296 (i) 16.5
290 (c,h) 17.4 290 (c) 17.1 222 (i) 10.6
7-ethyl-6-benzylthiopurine (f) 295 (c) 295 15.7 294 (e) 15.7
302 15.2 300 (¢) 300 (c,e)
315 (¢)

(a) Only absorption above 250 my is recorded. (b) A max given in mu. (¢) Shoulder. (d) Taken from ref. 5. (¢) Run
at pH 13. () J. A. Montgomery and K. Henson, J. Org. Chem., 26, 4469 (1961). (g) J. A. Montgomery and C. Temple,
Jr.,J. Am. Chem. Soc., 79, 5238 (1957). (h) Runin 0.1 N HCL. (i) Runin 0.1 N NaOH.

However, in general the isolation of only the 9-isomer has
been reported and no attempt has been made to determine
the ratio of isomers obtained (7,8). We found that the
alkylation of 6-methylthiopurine (VI) with lla in DMF
containing anhydrous potassium carbonate gave 80% of
21-[6-(methylthio)-9H-purin-Y-yl | pregn -4 -ene-3,20-dione
(VIla) and 13% of 21-[6-(methylthic)-7H-purine-7-yl]-
pregn-4-ene-3,20-dione (V1lla). Similarly the alkylation of
VI with Llb gave 76% of Vilb and 5% of VIilb. The
structural assignments were based mainly on a comparison
of the ultraviolet spectra of these compounds with those
of appropriate model compounds (Table III). The 9-
isomer showed higher R¢ on the chromatograms and the

nmr spectra showed singlets at higher field than the 7-
isomer for the 2- and 8-hydrogens of the purine ring
(Table 11). The alkylation of VI with IV gave 56% of a
product which showed one spot on tlec chromatograms and
analyzed correctly for C,5H;5N40,5. A comparison of
the ultraviolet and nmr spectra of this compound with
those of Vlla and VIlla indicated that this compound was
a Y-substituted purine. In the nmr spectrum the product
displays two singlets at § 1.13 and 1.25 ppm attributable
to steroid 18-CH; protons in a ratio of 28:72. On the
basis of the foregoing information the product is believed
to be a mixture of 168- and 16a-[ 0-(methylthio)-9H-purin-
9-yl ]-3-methoxyestra-1,3,5-triene-17-one (IX). Since we
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found that the l6a-bromo compound (1V) was partially
isomerized to the 168-isomer under the conditions of the
reaction, the mixture IX probably results from displace-
ment by Vla on the separate 16a- and 168-bromoketones.
Alternatively, the mixture of isomers could result by
initial formation of 16f-|6-(methylthio)-9H-purin-9-yl]-3-
methoxyestra-1,3,5-triene-17-one which partially isomerizes
to the l6a-epimer in the alkaline medium. The latter
explanation seems less likely since Hassner and Catsoulacos
found that 16a-piperidino-17-ketones were isomerized to
the 168-epimer in the presence of excess amine (9a,b).

SCH3

Vi Vi

VIH

IX

where o, R=R'=H
b, R=R'=0H

Recently Carroll and Philip reported the preparation of
21-(1,6-dihydro-6-thioxo-9H-purin-9-yl)-pregn-4-ene-3,20-
dione (XIla) by the procedure shown in Chart 1 (10).
The procedure involves the alkylation of 6-diphenylmethyl-
thiopurine (X) to give Xla which affords XIla on removal
of the diphenylmethyl (DPM) protecting group.

In a

Steroid Derivatives of Purine-6( LIf)-thione (la-c) 809

similar fashion, the alkylation of X with Lib and 1V gives
Xlb and XIII respectively (11). Treatment of X1b and X111
with refluxing trifluoroacetic acid containing a small
amount of phenol gave 97% and 80% yields respectively
of the corresponding Y-steroidal-9H-purine-6( 1LH)-thiones,
Xl1lb and X1V. In order to show that no D-homoannula-
tion (12) of Ilb, which contains an acid-labile 17a-
hydroxyl function, had occured, we treated Xllb with
methyl iodide in DMF containing potassium carbonate and
obtained VIlb. This product was identical to VIIb
obtained by the alkylation of VI with Ilb. In addition
XIb could be converted to XIIb in 60% yield by treatment
with aqueous acetic acid at room temperature. The
elemental analysis and spectral data recorded in the
experimental section are in agreement with these assign-

ments.
Chart |
SCH(CgHg)o
N7~ | "{>
N
N
CHZ
|
C=0
R
SCH{CgHs )0
N"~ K5>CO
| \> P e S S S
= DMF
N
H
X Xla, R=R'=H

b, R=R'=0H

CFzCOOH, phenol
or Aq. HOAC

Xlla, R=R'=H
b, R=R'=0H
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"}\\f/g—SCH(CGHs)Z

N
CH30

Xt

CH30

EXPERIMENTAL

Melting points were determined on a Kofler hot stage microscope
using a calibrated thermometer. Ultraviolet and visible spectra
were measured on a Cary Model 14 Spectrophotometer. Nmr
spectra were recorded on a Varian Model A-60, using tetramethyl-
silane as an internal standard. Infrared spectra were measured with
a Perkin Elmer 221 Spectrophotometer; samples were prepared in
the form of pressed potassium bromide disks. Mass spectra were
determined on a AEI MS-902 spectrometer. Microanalyses were
carried out by Micro-Tech Laboratories, Skokie, Illinois.

General Method for the Preparation of Steroid-21-(p-bromo-
benzenesulfonates) 11 (13).

To a 0.1 M solution of the steroid in freskly distilled tetra-
hydrofuran at 0° was added 1.5 equivalents of triethylamine and
1.5 equivalents of p-bromobenzenesulfonyl chloride.  After
solution was complete, the solution was allowed to stand at 5-10°
for 24-72 hours. The cold solution was evaporated to dryness
in vacuo. Chloroform and a cold saturated sodium bicarbonate
solution were added to the residue and the resulting two phase
system was shaken vigorously. The organic layer was washed
several times with cold bicarbonate solution and with cold water.
After drying over sodium sulfate, the solvent was removed in
vacuo and the residue was crystallized from a suitable solvent.
The following steroid p-bromobenzenesulfonates were obrained in
45-81% yield. Deoxycorticosterone-21{p-bromobenzenesulfonate)
(1la) recrystallized from a methylene chloride and methanol mixture
had m.p. 148-150°,

Anal. Caled. for C;7H33BrOsS: C, 59.01; H, 6.05; Br, 14.54;
S, 5.84. Found: C, 59.29; H, 6.00; Br, 14.48; S, 5.79.
Hydrocortisone-21-(p-bromobenzenesulfonate) (I1b) recrystallized
from a methylene chloride and ether mixture had m.p. 113-1 15°.

Anal. Caled. for Cy7H33Br04S: C, 55.76; H, 5.72; Br, 13.74;
S, 5.51. Found: C, 55.75; H, 5.87, Br, 13.80; S, 5.50.

Cortisone-21{p-bromobenzenesulfonate) (Ilc) was used without re-
crystallization.
3-Methyl-16a-bromoestra-1,3,5(10)-triene-17-one (1V).

3-Methoxy - 16 -bromoestra-1,3,5(10)-triene-17-one was pre-
pared from the enol acetate of estrone 3-methyl ether according to

Vol. 5

the procedure reported by ]Johnson and Johns (14), m.p. 173-
17575 v maxo(carbon tetrachloride) 1758 em”! (C=0). Lit.(14)
m.p. 176-177".

Preparation of 6-Steroidalthiopurines.

A mixture of 0.17 g. (1.0 mmole) of purine-6(1H )-thione mono-
hydrate, 0.14 g. (1.01 mmoles) of anhydrous potassium carbonate
and 1 ml. of purified N,N-dimethylformamide (DMF) was stirred
at room temperature for 15 minutes while protected by a Drierite
drying tube. With continued stirring, 1 mmole of steroidal
brosylate or steroidal bromide was added in one portion.
The stirred mixture was then heated to 60° and kept at this
temperature for 2 hours. The reaction was allowed to cool to room
temperature and poured into 20 ml. of water. The mixture was
adjusted to pH 5-6 with acetic acid. The resulting precipitate was
se%arated by filtration, washed with water and dried in vacuo at
42" and recrystallized from a methanol and methylene chloride
mixture. The results obtained with individual compounds are given
in Table 1.

Preparation of Steroidal-6-alkylthiopurines.

A mixture of the 6-alkylthiopurine, anhydrous potassium
carbonate and the steroidal brosylate or steroidal bromide (1
mmole of each) in 1 ml. of DMF was stirred at 60° for 2-4 hours
(until a tlc (6) indicated that the reaction was complete). The
reaction mixture was cooled and diluted with 20 ml. of water.
The resulting precipitate was filtered, washed with water, dried
and recrystallized to give the pure 9-isomer. The solvent used for
recrystallization along with the yield, spectral data and analytical
results for individual compounds is given in Table ll. In the cases
where 7-steroidal-6-methylthiopurines were obtained, these were
separated from the 9-isomer by preparative tle on silica gel HF
using hexane:chloroform:methanol (4:4:1) as the eluent. The two
bands were detected by UV quenching, separated and extracted
with acetone. Concentration of the extracts followed by recrystal-
lization from the appropriate solvent (Table 1) gave the pure 9-
and 7-isomer.

21-(1,6-Dihydro-6-thioxo0-9H-purin-9-yl)-118,1 7a-dihydroxypregn-
4-ene-3,20-dione (XIIb).

A solution of 0.223 g. (0.34 mmole) of XIb in 3 ml. of
trifluoroacetic acid containing 0.020 g. of phenol was refluxed for
0.25 hour, The reaction mixture was cooled, concentrated on a
rotary evaporator and triturated with ether. The solid obtained was
filtered, washed with ether, recrystallized from a methylene
chloride and methanol rcr,lixture and dried to give 0.162 g. (97%)
of XIIb, m.p. 234-237". The analytical sample prepared by
further recrystallization from the same solvent mixture had m.p.
232-2350; v max (potassium bromide) 1728 (17 C=0) 1655
(3 C=0), 1599 and 1540 (purine C=C and C=N), and 1200 em™!
(C=S); A max (methanol) in myu (e x 10_3); 323 (24.2); pH 7,
319 (22.8); pH 11, 310 (22.2). Nmr [(CD3)250] showed a
singlet at 6 0.83 (18 CH3-), a singlet at 1.42 (19-CH3), a multiplet
at 4.32 (COCH3N), a singlet at 5.63 and two singlets at 8.20 and
8.25 ppm (purine 8- and 2-H); Mass spectrum showed M* at m/e
496.2140, caled. for C,gH3,N404S: 496.2144.

Anal. Caled. for C,6H32N4048: C, 62.88; H, 6.50; N, 11.28;
S, 6.46. Found: C,62.79; H, 6.42; N, 11.15; S, 6.58.

In a separate experiment 1.5 g. (2.26 mmoles) of X(I)b was
dissolved in 8 ml. of aqueous acetic acid and stirred at 25 for 4
days. The reaction mixture was filtered and the filtrate diluted
with ether. The resulting precipitate was recrystallized from a
methylene chloride and methanol mixture to give 0.63 g. (56%) of
product, m.p. 234-237°. The infrared spectrum of this product was
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identical to XI1lb obtained above.

Preparation of 21-[6{Methylthio)}-9H-purin-9-yl]-118, | 7a-dihy drox-
ypregn-4-ene-3,20-dione (VI11b) from XIIb.

To a mixture of 0.224 g. (0.45 mmole) of XIlb and 0.069 g.
(0.5 mmole) of anhydrous potassium carbonate was added 0.064
g. (0.45 mmole) of iodomethane and the contents were stirred at
25" for 1.5 hours. The mixture was diluted with water. The
resulting solid was filtered and dried to give 0.21 g. Recrystalliza-
tion from a methanol and metha/lene chloride mixture gave 0.16 g.
(70%) of VIIb, m.p. 232-235". The infrared spectrum of this
sample was identical to the spectrum of VIlb prepared by alkyla-
ting VI with I1b.

16-(1,6-Dihydro-6-thioxo-9H -purin-9-yl }-3-methoxyestra-1,3,5-
(10)-triene-17-one (XIV).

This compound was prepared from XII in 80% yield using a
procedure similar to the procedure used to prepare )gllb. The
product recrystallized from DMF had m.p. 320-325°. v max
(potassium bromide? 1760 (C=0) 1598 and 1540 (purine C=C and
C=N)and 1202 cm™ (C=8), A max (methanol) 312 mu (e x 1073 =

22.6), 228 (19.4).
Anal. Caled. for C2aH26N4028: C, 66.36; H,5.99; N, 12.90;
S, 7.37. Found: C, 66.14; H, 6.07; N, 12.76; S, 7.13.
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