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40.4 g. (0.5S mole) of Ivydroxylamine hydrochloride, 100 nil. of 
ethanol, and 200 ml. of 20% aqueous sodium hydroxide was 
heated under reflux for 4 hr. Most of the ethanol was distilled 
under reduced pressure, water was added, and the mixture was 
acidified with hydrochloric acid. The solid was collected, giving 
67.5 g. of material, m.p. 140-143°. This was recrystallized 
several times from ethyl acetate and twice from water, yielding 
49.4 g. (56%) of crystals, m.p. 153° dec. 

Anal. Calcd. for C 8H 9N0 4 : C, 52.46; H, 4.05; X. 7.65. 
Found: C, 52.65; H,4.89; N, 7.67. 

3,4-Diacetoxy-5-methoxybenzonitrile.—A mixture of 39.S g. 
(0.218 mole) of 3,4-dihydroxy-5-methoxybenzaldoxime and 75 g. 
of acetic anhydride was heated until a vigorous reaction started. 
After the reaction subsided the mixture was again heated under 
reflux with stirring for 1 hr. The dark mixture was poured into 
ice-water, giving a dark solid, wt. 44.5 g. A sample was re-

The limited but encouraging success of certain simple 
purine derivatives and related compounds in the 
clinic 2a~d against neoplastic diseases in man has stim
ulated the synthesis and study of a considerable num
ber of potential purine antagonists in recent years. 
In our own laboratory over the past ten-year period 
approximately 1300 compounds (purines or related 
derivatives) have been prepared and evaluated under 
the auspices of the Cancer Chemotherapy National 
Service Center2e against various induced rodent tumors. 
I t is now quite possible to classify most of the active 
compounds in various groups and to make certain gen
eral statements concerning structure and antitumor 
activity. In most instances preliminary screening 
was accomplished against Adenocarcinoma 755 since 
this tumor has been shown to be especially sensitive to 
inhibition by purines.3 Adenocarcinoma 755 had 
earlier proved to be especially useful in the evaluation 
of structure-activity relationships of certain 4-amino-
pyrazolo[3,4-d]pyrimidines shown to possess antitumor 
activity in experimental mice.4 Several previous 
studies of the antitumor activity of certain purine de-

(1) The author gratefully acknowledges financial support from American 
Cancer Society Grant No. T-18IB during the course of summarizing the 
data for this manuscript. 

(2) (a) R. E. Ellison and J. H. Burchenal, Clin. Pharmacol. Therap., 1, 631 
(1960); (b) R. M. Whittington, S. L. Rivers, R. T. Doyle, and D. Kodlin, 
Cancer Chemotherapy Rept., 18, 73 (1962); (c) .1. H. Burchenal and R. R. 
Ellison, Clin. Pharmacol. Therap., 2, 523 (1901); (d) G. H. Hitchings and 
C. P. Rhoads, Ann. N. Y. Acad. Set., 60, 183 (1954); (e) The synthetic ef
fort during this period was supported in part by Contract SA-43-ph-1928 
with the Cancer Chemotherapy National Service Center, National Insti
tutes of Health. 

(3) 11. E. Skipper, J. A. Montgomery, J. R. Thomson, and F. M. Schabel, 
.lr., Cancer Res., 19, 425 (1959); ibid, (supplement), 19, part 2, 287 (1959). 

(4) H. E. Skipper, R. K. Robins, .1. R. Thomson, (!. C. Cheng, R. \Y. 
Hrockinan. and F. M. Schabel, Jr., ibid., 17, 579 (1957). 

crystallized from ethanol with the aid of Darco, giving crystals, 
m.p. 110.5 121°. 

Anal. Calcd. for Ci2Hi,X(.)s: O, 57.Si; H, 4.45: N, 5.(12. 
Found; 0,57.82; H,4.05; X, 5.80. 

Acknowledgments.—The authors wish to thank the 
following people who contributed to this work: our 
Department of Physical and Analytical Chemistry for 
analytical and spectral data; Dr. George Slomp and 
Mr. Forrest MacKellar for n.m.r. spectra, Mr. Wil
liam Yeldkamp, Dr. Margaret Greig, and associates 
for biological data, Dr. R. V. Heinzelman for guidance, 
and Mr. R. F. Tripp and Mr. A. Koning for technical 
assistance. 

rivatives against this tumor have already appeared3'5-7 

and will be referred to often in the present report. In 
addition various structural derivatives of 6-purine-
thiol have been evaluated against Sarcoma 180 in mice.8 

Although there is certainly grave danger in extrapolat
ing antitumor activity and structural relationships 
from one tumor to another, certain useful comparisons 
can be made. In the present work attention will be 
focused on functional group changes on the purine ring. 
The antitumor activity of purine nucleosides will only be 
referred to in the sense that D-ribose may be considered 
a 9-substituent. The antitumor activity of the var
ious purine nucleoside-type antibiotics and active 
compounds prepared by changes in the carbohydrate 
moiety are beyond the scope of the present study. 

From the point of view of the organic chemist the 
synthetic program was begun with the following goals. 
(1) Beginning with a lead "active" purine it was pro
posed to prepare a series of structurally related purines 
which could be evaluated to determine the maximum 
therapeutic index in experimental animals and therefore 
contribute to the careful selection of the most desirable 
derivative in a series for clinical investigation. (2) 
It was hoped to provide new purine derivatives which 
would exhibit antitumor action via different biochem
ical mechanisms. This would provide a powerful tool 
to combat the resistance often observed after prolonged 

(5) .1. A. Montgomery, ibid., 19, 447 (1959). 
(6) F. M. Schabel, Jr., J. A. Montgomery, II. E. Skipper, W. R. Luster, 

Jr., and J. R. Thomson, ibid., 21, 690 (1961). 
(7) J. A. Montgomery, T. P. Johnston, A. Gallagher, C. R. Stringfellow, 

and F. M. Schabel, Jr., J. Med. Pharm. Chem., 3, 265 (1961). 
(8) D. A. Clarke, CI. B. Elion, G. H. Hitchings, and C. C. Stock, Carina 

Res., 18, 445 (1958). 
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A study of the various purines exhibiting antitumor activity has been made with special attention given to 
those compounds prepared in the author's laboratory over the past ten years. The antitumor activity of a num
ber of purines is presented for the first time. Previously noted structure-activity relationships have been dis
cussed and extended in view of possible binding sites on the purine molecule. Certain biochemical studies on 
the mode of action of the purines and purine analogs have been reviewed and several suggestions made for future 
synthetic work. Greater specificity of drug action and further biochemical studies on mechanisms of inhibition 
are needed. 
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clinical usage of a given purine. (3) Certain purines 
were designed for synthesis specifically to test current 
biochemical theories as to the mechanism of action of 
established purine antitumor drugs. (4) It was hoped 
to design a sufficient number of compounds so that in
formation might be gained as to the "binding sites" 
of the biologically active purines on the surface of the 
purine acceptor enzymes. Since it was known that 
certain unnatural purines are biologically active, it was 
deemed worthwhile to determine what structural 
variations can be made and still retain biological ac
tivity. This involves a study of the specificity of the 
various enzymes which are concerned with the bio
chemistry of the preformed purines. Such informa
tion would be of considerable importance to the bio
chemist and could also serve as a guide for future syn
thetic work. 

The extent to which these goals have been realized is 
the major subject of the present report. 

Materials and Methods 

All testing reported in Tables I—III was performed 
under the auspices of the Cancer Chemotherapy Na
tional Service Center or at the Sloan-Kettering In
stitute for Cancer Research. Testing procedures, 
methods, and protocol are adequately described else-
where.9a'b-12 

All compounds listed in Tables I—III were prepared 
in our laboratory, and the procedures employed in their 
synthesis in most instances have been previously pub
lished. Since negative screening results will eventually 
be published in Cancer Research as part of the Cancer 
Chemotherapy Screening Data, only data on active 
compounds or compounds exhibiting tumor inhibition 
at least at one dosage are included in this report. In 
certain instances a report of antitumor activity and 
chemical structure in a series of purines and related 
compounds has already been issued from our labora
tory.4 1 3 - 1 9 Since additional data against a wider 
spectrum of tumors is now available for some of these 
active compounds, this information is included in the 
present work. 

Substitution on the Purine Ring and Antitumor 
Activity against Adenocarcinoma 755.—The results of 
Skipper, Montgomery, and co-workers3 in general have 
been confirmed with similar compounds prepared in 
our own laboratory. It is now possible to extend this 
study to include substitution at positions 1, 2, 3, 6, 7, 

(9) (a) J. Leiter, A. R. Bourke, S. A. Schepartz, and I. Wodinsky, Can
cer Res., (supplement), 20, part 2, 734 (1960); (b) J. Leiter, A. R. Bourke, 
D. B. Fitzgerald, S. A. Schepartz, and I. Wodinsky, ibid, (supplement), 22, 
part 2, 221 (1962). 

(10) See "Protocols for Screening Chemical Agents and Natural Products 
Against Animal Tumors" (Nov. 1962) available from the Drug Evaluation 
Branch of the Cancer Chemotherapy National Service Center, National 
Cancer Institute, Bethesda 14, Md. 

(11) K. Sugiura, Cancer Res., (supplement), 22, part 2, 93 (1962). 
(12) K. Sugiura and M. M. Sugiura, ibid, (supplement), 18, part 2, 246 

(1958). 
(13) C. W. Noell and R. K. Robins, J. Med. Pharm. Chem., 5, 558 (1962). 
(14) E. Y. Sutcliffe, K.-Y. Zee-Cheng, C. C. Cheng, and R. K. Robins, 

ibid., 5, 588 (1962). 
(15) C. W. Noell and R. K. Robins, ibid., 5, 1074 (1962). 
(16) L. R. Lewis, C. W. Noell, A. G. Beaman, and R. K. Robins, ibid., S, 

607 (1962). 
(17) C. W. Noell, D. W. Smith, and R. K. Robins, ibid., 5, 996 (1962). 
(18) A. C. Sartorelli, B. A. Booth, and R. K. Robins, Biochem. Pharmacol., 

11, 1017 (1962). 
(19) W. A. Bowles, F. H. Schneider, L. R. Lewis, and R. K, Robins, ,/, 

Med, Chem., 6, 471 (1963). 

3 

Purine 

8, and 9 of the purine ring and to note the corresponding 
effect on antitumor activity against Adenocarcinoma 
755. 

Substitution at Position 1.—Introduction of a 
methyl group at position 1 of 6-purinethiol gives 1-
methyl-6-purinethione (I),20 a compound which is com
pletely inactive againt Adenocarcinoma 755. 2-Amino-
l-methyl-6-purinethione (TI),17 on the other hand, 
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is apparently as active as 6-thioguanine against Adeno
carcinoma 755 and possesses a therapeutic index of 64 
as compared to 4 for 6-thioguanine against the same 
tumor.17 These data strongly suggest that 6-purine
thiol and 2-amino-6-purinethiol (6-thioguanine) do not 
necessarily act as antitumor agents via the same bio
chemical mechanism since substitution at position 1 
affects the drugs differently. Such a suggestion is 
supported by the work of Henderson and Junga21 who 
have shown potentiation of antitumor activity by a 
combination of 6-purinethiol and 2-amino-6-purinethiol. 
It is of interest that neither 1-methyladenine,22 1-
methylhypoxanthine,20 nor l-methylxanthine23a exhibit 
any significant antitumor activity. 1-Methyl-
guanine233 (Table I, 22), however, does show some in
hibition at one dosage level. 

Substitution at Position 2.—Introduction of a sub-
stituent group, other than hydrogen, amino, or sub
stituted amino, at position 2 usually results in loss of 
antitumor activity. The only known significant ex
ception is the reported antitumor activity of 2-methyl-
adenine23b which is reported to be active against Adeno
carcinoma 755. This finding is of interest since 2-
methyladenine has been reported as a natural purine 
present in soluble RNA from various sources.24 2-
Methyl-6-purinethiol25 and 6-chloro-2-methylpurine25 

are completely inactive. The presence of a 2-methyl-
thio group26 similarly renders 6-purinethiol and 6-
chloropurine inactive. 2,6-Dichloropurine27 is essen
tially inactive. Simple 2-substituted purines such as 
2-hydroxypurine,28 2-purinethiol,29 2-chloropurine,27 2-
bromopurine,30 2-fluoropurine,31 2-methylthiopurine,28 

(20) L. B. Townsend and R. K. Robins, J. Org. Chem., 27, 990 (1962). 
(21) J. F. Henderson and I. G. Junga, Biochem. Pharmacol., 5, 167 (1960). 
(22) J. W. Jones and R. K. Robins, / . Am. Chem. Soc, 85, 193 (1963). 
(23) (a) W. Traube and H. W. Dudley, Ber., 46, 3839 (1913); (b) see 

ref. 112, p. 601. 
(24) J. W. Littlefleld and D. B. Dunn, Biochem. J., 70, 642 (1958). 
(25) R. K. Robins, J. W. Jones, and H. H. Lin, J. Org. Chem., 21, 695 

(1956). 
(26) C. W. Noell and R. K. Robins, ibid., 24, 320 (1959). 
(27) A. G. Beaman and R. K. Robins, J. Appl. Chem., 12, 432 (1962). 
(28) A. Albert and D. J. Brown, / . Chem. Soc, 2060 (1954). 
(29) R. K. Robins, K. J. Dille, C. H. Willits, and B. E. Christensen, J. 

Am. Chem. Soc, 75, 263 (1953). 
(30) A. G. Beaman, J. F. Gerster, and R. K. Robins, J. Org. Chem., 27, 

986 (1962). 
(31) J. A. Montgomery and K. Hewson, ,/, Am, Chem. Soc, 79, 4559 

(1957). 
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TABLE I 

Compd. 
no. 

1 

10 

11 

12 

ANTITUMOR ACTIVITY OF VARUM 

Name 

2-Amino-6-hydroxy-8-mothy]purinc 

6-Methoxypurine 

6-Amino-S-purinol 

2-Aminopurine 
2-Aniino-6,8-purinedithiol 

2-Amino-6-chloropurine 

2,6-Diamino-9-(p-tolyl)purine hydrochloride 

2,8-l)iamino-6-purinethiol 

6-Methylthio-9-(tetrahydro-2-pyranyl)purirje 

9-(Tetrahydro-2-pyranyl)-6-purinethiol 

6-Iodo-9-(tetrahydro-2-pyranyl)purine 

6-(p-Fluorobenzylthio)-()-(tetrahydro-2-pyranyl)-
purine 

.ATEI) 1, 

Dose 
' m e . /ksr.; 

125 

0 2 . 5 

0 2 . 5 

500 

250 

250 

125 
0 2 , 5 

250 

125 

125 

0 2 . 5 

10 

25(1 

250 

125 

125 

02 

125 

02 

31 

15 

10 

5 

2 . 5 

30 

15 

/ 
3 

1.5 

125 

0 2 . 5 

31 

15 

250 

125 

125 

02 

31 

15 

250 
125 

0 2 . 5 

00 

3 1 . 2 5 

30 

15 ,02 

15 

7 5 
3 . S 

1 .9 

O S 

250 

125 

02 

31 

360 

250 

ISO 

90 

45 

2 2 . 5 

1 1 . 25 
0 

5 . 0 

lERIVATIVES 

Sur
v ivors 

0 / 1 0 

9 / 1 0 

S/10 

is/10 

7 /10 
S/10 

9 /10 

10 /10 

0 / 1 0 

7 /10 

S/10 

S/10 

10/10 

10/10 

9 / 1 0 

9 / 1 0 

S/10 

0 / 1 0 

9 / 1 0 

10 /10 

1 0 / 1 0 

0 / 1 0 

9 / 1 0 

S/10 

1 0 / 1 0 

0 / 1 0 

7 / 1 0 

9 / 1 0 

7 / 1 0 

10,1(1 

3 / 1 0 

4 / 1 0 

3 / 1 0 

10 /10 

3 / 1 0 

9 / 1 0 

9 / 1 0 

1 0 / 1 0 

10 /10 

10/10 

0 / 1 0 

9 / 1 0 

10/12 

9 /10 

12 /12 

10 /10 

11/12 

1 0 / 1 0 

10 /10 

10/10 

10/10 

S/10 

9 / 1 0 

10 /10 

9 /10 

10 /10 

0 / 1 0 

1 0 / 1 0 

9 / 1 0 
9 / 4 0 

1 0 / 1 0 

9 / 1 0 

10 /10 

10/10 

9 '10 

AGAINST A 

Amnin.1 
wt . 
difl. 

(T-C.l 

- 7 . 0 

— 1 . 0 

- 4 . 0 

- 3 . 7 

-- 2 . ; 

• - 2 ( 1 

- 2 . 0 

- 1 ,0 

- 1 0 . 0 

- 7 . 0 

- 0 . 0 

- 3 , 0 

- 0 , 0 

- 3 . 3 

- 3 , 1 

~ 2 . S 

0 ,1 

—- o . / 

~ - O . •.> 

- 1 .9 

- 7 . 3 

- 2 . 5 

— 3 . 7 

- 2 . 4 

- 4 . 2 

— 5 . 5 

- 1 . 5 

- 1 . 6 

- 0 . 9 

- 4 . 0 

- 0 . 9 

— 2 3 

- 2 . 5 

- 3 . 1 

- 4 . 0 

- 2 . 4 

- 1 . 7 

.... | s 

- 0 . 2 

- 7 . 3 

- 6 . 2 

- 5 . -1 

- 3 . 0 

- 2 . 9 

1 .9 

- 1 . 5 

- 1 0 

- 1 0 

(1.1 

- 4 , 4 

- 2 0 

- 5 . 4 

— 2 3 

- 3 . S 

- 4 . 0 
3 7 

~ 2 . f i 

- 2 . 7 
- 1. S 

- o . s 
- I , 2 

iDENOCARCINOMA 

T u m o r w t . 
( t e s t / c o n t r o l ) 

427 /1S27 

0 4 3 / 2 5 1 5 

9 0 3 / 2 5 1 3 

0 / 7 4 8 

0 / 7 4S 

90 /704 
S/74S 

1557 / I SOS 

339 /L832 

5 5 2 / 2 2 3 0 

709 /2094 

1502/209-1 

1006/2795 

8 9 4 / 1 7 0 0 

136 /1203 

276 /1420 

2 0 8 3 / 1 7 0 0 

5 9 / 1 2 2 6 

162 /1226 

736 /1226 

0 /1504 

7 3 2 / 8 5 8 

0 /1504 

370 /1504 

4 7 1 / 1 0 7 4 

5 9 / 1 2 6 3 

S77/12C3 

6 5 5 / 1 2 6 3 

0 / 9 0 0 

100 /1073 

105 /556 

1452 /1604 

0 / 1 5 7 1 

0 / 5 4 3 

7 0 / 1 3 4 8 

3 1 4 / 1 3 4 8 

5 2 5 / 1 3 4 8 

839 /134S 

4 1 / 1 0 9 9 

0 / 1 0 0 5 

7 /1550 

0 / 1 0 0 5 

12 /1550 

0 / 1 0 0 5 

7 1 / 1 0 7 7 

108 /1077 

3 1 8 / 1 0 7 7 

2 1 4 / 1 0 9 9 

1045/1270 

0 / 9 4 8 
142 /948 

3 1 3 / 9 4 8 

2 9 7 / 9 4 8 

196 /881 
11 /1286 

0 / 1 1 0 0 

0 / 9 9 0 
100/1106 

157 /1100 

5 7 0 / 1 1 6 3 

4 3 3 / 1 1 0 6 

755 

T /C 

',,; 
Toxic 

25 

.38 

0 

0 

12 

t 
so 

Toxic 

18 

24 

3.3 

71 

35 

52 

10 

19 

122 

4 

13 

00 

Toxic 

85 

0 

2-1 

Toxic 

43 

4 

(ill 

51 

Toxic 

Tox ic 

Tox ic 

90 

Toxic 
0 

5 

23 

3s 

62 

Toxic 

3 

0 

0 

0 

0 

0 

0 

10 

29 
19 

s i 

0 

14 

-J-) 

31 

Toxic 

22 

0 

0 

0 

9 

14 
49 

39 

T-teference 
to 

syn thesis 

70 

40 

71 

28 
" • > 

34 

1 ( 

73 

87 

87 

87 

87 

~2.fi
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TABLE I (Continued) 

Compd. 
no. Name 

13 6-(Benzylthio)-9-methylpurine 

14 7-Diethylamino-3-methyl-!J-triazolo[cflpyrimidine 

15 5-Amino-7-(2,4-dichlorobenzylthio )-v-triazolo [d] -
pyrimidine 

16 7-Isobutylamino-f-triazolo[rf] pyrimidine 

17 9-(6-Ethoxytetrahydro-2-pyranyl)-6-purinethiol 

18 2-Amino-6-chloro-9-/3-D-ribofuranosylpurine 

19 6-Dimethylamino-9-(tetrahydro-2-furyl )purine 

20 6-Bromopurine 

21 6-Chloro-9-(6-methoxytetrahydropyran-2-yl)purine 

22 1-Methylguanine 

23 8-(p-[Bis(2-chloroethyl)amino]phenylazo)xanthine 
hydrochloride 

24 9-Acetyl-2-acetamido-6-(benzylthio)purine 

25 2-Acetamido-6-(benzylthio)purine 

Dose 
(mg./kg.) 

3 
1.5 
0.75 

504 
252 
126 
63 
31 
15 
250 
250 
70 
35 
35 
17.5 
100 
50 
50 
75 
37.5 
37.5 
18.75 
9.38 
4.69 

600 
500 
300 
150 
100 
50 
25 
12.5 

300 
200 
150 
100 
75 
50 
25 
12.5 
6.25 
3.12 

300 
150 
75 
37.5 
18.75 
9.37 
4.68 
2.34 

75 
37.5 
18.7 

300 
200 
100 
100 
50 
25 
65 
60 
30 
20 
15 
7.5 

100 
50 

Sur
vivors 

9/10 
10/10 
8/10 
4/10 
8/10 
7/10 
8/10 
9/10 
6/10 
7/10 
8/10 
0/10 
7/10 
7/10 
9/10 
1/10 
8/10 
7/10 
0/10 
7/10 
9/10 
10/10 
8/10 
10/10 
4/10 
8/10 
10/10 
9/10 

2/10 
7/10 
10/10 
10/10 

6/10 
10/10 
10/10 
10/10 
10/10 
10/10 
10/10 
10/10 
8/10 
8/10 

1/10 
6/10 
10/10 
9/10 
10/10 
8/10 
10/10 
10/10 

1/10 
7/10 
8/10 

0/10 
2/10 
7/10 
10/10 
10/10 
10/10 

2/10 
7/10 
10/10 
7/10 
10/10 
10/10 

2/10 
7/10 

Animal 
wt. 
diff. 
(T-C) 

-0.4 
-0.8 
-0.4 
-4.2 
-3.5 
-2.8 
-3.1 
-2.7 
-1.2 
-3.2 
-2.5 

-2.9 
— 5.5 
-3.3 
-2,2 
-1.9 
-3.9 

-3.1 
-3.3 
-1.7 
-1.1 
-0.5 
-2.1 
-1.4 
-2.8 
-0.4 

-3.9 
-3.6 
-1.7 
-0.4 

-3.1 
-2.1 
-3.0 
-2.3 
-2.8 
-1.6 
-2.3 
-3.5 
-2.4 
-1.3 

-2.5 
-2.1 
-1.3 
-2.6 
-3.3 
-0.5 
-0.7 
-1.3 

-7.0 
-3.2 
-1.0 

-4.1 
-3.8 
-6.1 
-2.5 
-1.3 

-5.7 
-2.6 
-2.0 
0.8 

-0.8 
0.1 

-3.7 
-3.1 

Tumor wt. 
(test/control) 

939/1163 
710/1163 
469/1163 
0/1156 
19/1156 
11/1676 
6/728 

190/1676 
435/1676 
350/1286 
763/1106 

207/854 
78/1119 
544/1119 
450/963 
656/1378 
150/1106 

0/1380 
0/1100 
10/1100 
31/1100 
322/1100 
12/475 

329/1042 
55/475 

1047/1247 

250/881 
100/881 
760/1290 
1010/1290 

59/1108 
0/1290 
69/1108 
0/881 
68/1108 
5/1290 
0/1290 

139/1837 
681/1837 
588/1837 

0/632 
30/632 
133/1403 
278/1403 
756/1403 
735/1403 
1133/1403 

257/857 
593/864 

100/755 
58/936 
145/755 
525/936 
695/936 

0/517 
0/661 
17/661 
0/130 
28/661 
351/661 

0/412 
0/412 

T/C 

% 
80 
61 
40 

Toxic 
1 
0 
0 
11 

Toxic 
27 
68 

Toxic 
24 
6 
48 

Toxic 
47 
13 

Toxic 
0 
0 
0 
2 
29 

Toxic 
31 
11 
83 

Toxic 
11 
58 
78 

Toxic 
0 
6 
0 
6 
0 
0 
7 
37 
32 

Toxic 
Toxic 

4 
9 
19 
53 
52 
80 

Toxic 
29 
68 

Toxic 
Toxic 

6 
19 
56 
74 

Toxic 
0 
2 
0 
4 
53 

Toxic 
0 

Reference 
to 

synthesis 

162 

128 

128 

128 

87 

80 

88 

30 

87 

23 

163 

19 

19 
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TABLE I (Cnnlinvprl) 

Compd. 
Name 

2(i 2-(9-(3-])-rib()fut','iTH)sylpiirin-l!-yl:uiiino)elh;inol 
hydride 

27 N"-.\Iethylpurine-0-sulfonaniide 

2S (2-Amino-9-/3-D-i'ibofuranosylpurin-0-yl)tri methyl 
ammonium chloride 

29 TrimethyI(9-/3-D-ribofuranosylpurin-0-y])amnK>niurn 
chloride 

30 2-Ainino-O-bromopurine 

31 7-Hydroxy-?;-tri,izolo[<flpyrimidine 

32 7-Ainino-«-triaz{)lo[^]pyi'iinidine 

33 0-Ohloro-9-( tetrahydro-2-pyranyl)piiririe 

34 4-Amino-l-(2-chloroethyl)pyrazolo[3,4-i7]pyrimidine 
hydrochloride 

3f) 2-Amino-G-(methylsulfonyl)purino 

30 (>-(Allylthio)-2-aminopurine 

37 (2-Amino-P>-purinylthio)iicetonitrile 

Dusl-
one./kg.) 

25 

12.:. 

22o 

200 

100 

7") 

oO 

2.j 

22.i 

50 

10 

2.") 

20 

12. o 

10 

li.2 

3. 1 

400 

240 

120 

(id 

400 

240 

120 

60 

30 

240 

120 

GO 

30 

r.oo 
250 

1 2."> 

02.5 

<>2.5 

31 .25 

31 

250 

250 

125 

02 

00 

31 

30 

25 

12.5 

12.5 

0.2 

3. 1 

1 .5 

30 

30 

15 

7.5 

04 

32 

32 

21 

Hi 

10 

14 

.S 

s 

125 

125 

02.5 

31 .25 

Mm'-
vivots 

N'H) 

9 10 

1,-10 

7/10 

N/10 

10/10 

10/1(1 

10/10 

0/10 

9/10 

S/10 

9/10 

10/10 

9/10 

10/10 

10/10 

10/10 

S/10 

9/10 

10/10 

10/10 

7/10 

10/10 

10/10 

10/10 

10/10 

2/10 

7/10 

9/10 

10/10 

9/10 

9/10 

9/10 

0/40 

3/12 

1 1 /12 

9/10 

.s/10 

10/10 

10/4 0 

9/10 

10/10 

10/10 

10/10 

0/10 

9/10 

10/10 

9/10 

10/10 

10/10 

9/10 

9/10 

9/10 

10/10 

7/10 

7/10 

S/10 

9/10 

9/10 

9/10 

S/10 

10/10 

10/10 

S/10 

10/10 

S/10 

9/10 

4ilV. 
• T - t 'i 

1)9 

- 11 5 

- 1 1 

-2.0 

-•2 9 

-2.9 
. •) -

1 (i 

- 1 4 

-3.1) 

-0.0 

-3.4 

0.0 

- 2.4 

-0.7 

- 1 . 2 

-5.0 

- 1 0 

-> ", 
-0.9 

- 5. S 

-4.9 

— 2 2 

-0.2 

- 1 . 1 

-'•> s 

- 4.5 

-2.S 

— 3 7 

- 0.7 

-o.s 
- 1 0 

- .). 3 

-."..4 

- l.S 

- • 5 . 5 

- 1.2 

-3.3 

-3.S 

-4.0 

-2.0 

-0.0 

- l.S 

- 3.1 

-3.3 

- 1 . 5 

- 0 . 1 

— 2 0 
• > ; J 

. _ •) -) 

- 0 . 1 

- 0. 4 
;» 7 

-1.7 

-2.0 

—'} 5 

-5.1 

- 1 .0 

-2.0 

-1.7 

- 2. S 

-3.0 

- 2. 1 

•2.(1 

Tuni'.r u l. 

(test i•cinti-.il.) 

0 112 

30/ 112 

/ 11 2 

49/676 

1*3/076 

71/412 

332/070 

229/ 112 

0/045 

-15/1699 

0/045 

35/1699 

28S/G45 

344/1699 

234/045 

499/645 

10/llsS 

34S/1395 

729/1395 

1422/1 :i95 

0/975 

132/1395 

404/1395 

1533/1395 

172/975 

0/12SG 

0/12S0 

14/12S0 

271/12S0 

0/1132 

57/1132 

471,-1029 

237/1005 

S5S/1005 

2S3/556 

22/1550 

79/1099 

20/94S 

144/94S 

362/1550 

402/94S 

075/1077 

3S/411 

270/1074 

144/535 

167/535 

423/535 

179/13S3 

90/1732 

562/1732 

1413/1732 

0/1497 

203/2113 

0/4 497 

159/2370 

06/1073 

0/1497 

110/2370 

53/1673 

si/1497 

13/4391 

61/93S 

0/93S 

07/93,S 

T ( ' 

ti 

s 

To\ii 

-
->~ 
17 

19 

.">." 
Toxic 

0 

2 

0 
o 

14 

20 

36 

) t 

3 

2-1 
->•> 

101 

0 

9 

2.N 

109 

IS 

Toxic 

0 

1 

21 

0 

5 

•It) 

Toxic 

23 

N5 

50 

1 

~ 
• } 

15 

23 

42 

02 

Toxic 

;i 

25 

20 

31 

79 

12 

5 

;>•> 
M 

0 

12 

0 

0 

• ) 

0 

1 

3 

5 

0 

!/) 
0 

7 

119 

1 19 

X i 
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Compd. 
no. Name 

TABLE I (Continued) 

Dose 
(mg./kg.) 

15.62 
.81 
.9 
.95 

38 2-(2-Amino-6-purinylthio)heptanoic acid 

39 2-(9-Methyl-6-purinyliimino)et.hanol 

7. 
3 . 
1. 
1 

130 
125 
65 
32.5 
16.25 

130 
65 
65 
32.5 
16.25 

Sur
vivors 

9/10 
9/10 

10/10 
10/10 
10/10 

7/10 
4/10 

10/10 
9/10 

10/10 
7/10 
8/10 

10/10 
8/10 
9/10 

Animal 
wt. 
diff. 

(T-C) 

- 1 . 
- 1 . 
- 1 . 
- 0 . 
- 0 . 

.2 

.9 

.6 

.7 

.2 
- 5 . 2 
- 3 . 4 
- 3 . 7 
- 4 . 1 
- 2 . 0 
- 2 . 
- 3 . 
- 0 . 
- 0 . 
- 0 . 

Tumor wt. 
(test/control) 

61/1059 
44/1059 
175/1059 
405/1059 
554/873 
0/1795 
50/1212 
5/1141 

172/1795 
630/1795 
14/587 
38/1378 
40/587 
186/587 
493/587 

TABLE 

ACTIVITY OF VARIOUS PURINES AND RELATED 

I I 

DERIVATIVES 

Compd. 
Name 

8-Diazohypoxanthine 

2-Amino-9-(n-propyl)-6-purinethiol 

N-Methylpurine-6-sulfonamide 

2-Amino-6-( n-propylt hio )purine 

2-Amino-6-( methylsulf onyl )purine 

2-Amino-6-(phenethylthio)purine 

6-Bromopurine 

Dose 
(mg./kg.) 

50 
50 
15 
11 
7.5 
7.5 
5 
3.3 
1.88 

75 
50 
50 
60 
40 
40 
26 
17 
10 
6.7 
3 

60 
30 

675 
450 
450 
450 
300 
200 
500 
250 
200 
125 

and 2-methylpurine32 are all inactive as antitumor 
agents. 2-Aminopurine (Table I, 4) shows borderline 
activity; however, only one dosage is reported which is 
accompanied by a significant weight loss. This activity 
therefore awaits confirmation. It is of interest that 
2-aminopurine has been reported to be incorporated into 
Escherichia coli DNA.33 

It is noteworthy that, in most instances studied, if a 
simple 6-substituted purine exhibits good antitumor 

(32) R. N. Prasad, C. W. Noell, and R. K. Robins, J. Am. Cham. Soc, 
81, 193 (1939). 

(33) H. Ciottschling and E. Freese, Z. Natwforsch., 16b, 515 (1961). 

Sur
vivors 

6/7 
6/6 
6/6 
5/6 
5/6 
5/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
5/6 
6/6 
6/6 
6/6 
6/6 

AGAINST LEUKEMIA L-1210 

Animal 
wt. 
diff. 

(T-C) 
Survival (days) 
(test/control) 

-0 
-0, 
-2. 
-3. 
-2. 
-2.1 
- 2 . 
-1 
-2, 
-1 
0. 

-1. 
-1. 
-1. 

-1.0 
-1 
-1 
-0 
-0 
-0.6 
-1.6 
-1 
-4 
-2 
-1 
-4 
-1.9 
-2.6 
-3.6 
-2.0 
-0.9 
-1.4 

/9. 
12.0/9. 
10.0/9. 
11.4/8. 
12.6/9. 
12.6/8. 
13.0/8. 
11.1/9. 
11.6/9.5 
10.3/8.5 
12.0/9.0 
11.2/8.5 
12.5/9.2 
13.2/8.6 
13.8/9.2 
12.7/9.2 
12.8/9.2 
12.0/9.0 
11.3/9.0 
11.0/11.4 
10.5/8.8 
12.7/8.8 
10.5/8.4 
13.2/10.3 
12.2/8.8 
11.3/8.4 
11.0/8.4 
10.4/8.4 
11.2/8.9 
12.2/8.9 
11.7/9.7 
10.8/8.9 

T/C 
% 
5 
4 
16 
3S 
63 
0 

Toxic 
0 
9 
35 
2 
2 
6 
31 
S3 

T/C 
% 
113 
159 
105 
134 
138 
148 
152 
121 
122 
121 
133 
131 
135 
153 
150 
138 
139 
133 
125 
96 
119 
144 
125 
128 
138 
134 
130 
123 
125 
137 
120 
121 

Reference 
to 

synthesis 

34 

162 

Reference 
to 

synthesis 

73 

13 

16 

34 

36 

34 

30 

activity, the corresponding 2-amino-6-substituted pu
rine also possesses significant activity, although often 
of a lower order. This is the case with 6-chloropu-
rine,8'5'27 2-amino-6-chloropurine34 (see Table I, 6, 
for activity of 2-amino-6-chloropurine), 6-bromopu-
rine30 (Table I, 20), 2-amino-6-bromopurine30 (Table 
I, 30), 6-(methylsulfonyl) purine,16 35 2-amino-6-(methyl
sulf onyl) purine36 (Table I, 35), 6-alkylthiopurines,3'516 

(34) G. D. Daves, Jr., C. W. Noell, R. K. Robins, H. C. Koppel, and A. 
G. Beaman, J. Am. Chem. Soc, 82, 2633 (1960). 

(35) C. W. Noell and R. K. Robins, ibid., 81, 5997 (1959). 
(36) A. G. Beaman and R. K. Robins, synthesis unpublished, 
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TABLR II I 

ACTIVITY OF PITRINIW AHAIXST OTHER TCMORS 

Compd. 
no. 

1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

Dose 
Name Cmjj./kaO 

Dunning Ascites Leuki 

2-Amino-6,8-purinedithiol 250 
250 
125 
125 
62.5 
62.5 

2-Amino-9-(?i-propyl)-6-purinet.hiol 250 
125 
02.5 

2-Amino-0-(pentylthio)purine 125 
125 
62.5 

2-Amino-6-(isopropylthio)purine 125 
62.5 
62.5 
31.25 

2-Amino-G-(o-chlorobenzylthio)purine 125 
62.5 
62.5 
31.25 

2-(2-Amino-6-purinylthio)acetamide 250 
250 
125 
62.5 

(2-Amino-6-purmylthio)acetonitrile 125 
125 
62.5 
31,3 

l-Methyl-4-(TC-butylamino)pyrazolo[3,4-d]pyrimidme 125 
62.5 
31.25 

4-Benzylaminopyrazolo[3,4-d]pyrimidine 31.25 
16 
15.6 

Sur
vivors 

2mia 

0/6 
5/6 
6/6 
6/6 
6/6 
6/0 

4/0 
6/6 
0/0 

0/6 
6/0 
0/0 

1/0 
0/0 
0/0 
0/0 

5/6 

(5/0 
G/0 
0/0 

6/6 
6/6 
6/6 
0/0 

6/0 
0/6 
6/0 
6/0 

6/0 

o/o 
0/0 

6/6 
0/0 
0/0 

Dunning Leukemia (solid) 

6-Ethylthiopurme 100 
100 
50 
50 
25 
12.5 

2-Amino-6-(isopropylthio )purine 250 
100 
50 
50 
10 

0/0 
5/0 
0/6 
6/6 
0/6 
0/6 

6/6 
0/6 
0/0 
6/0 
0/0 

Solid Friend Virus Leukemia 

2-Amino-9-(n-propyl)-6-purinethiol 9.9 
9.9 
6.6 
4.4 
4 .4 
2.9 
1.5 

10/10 
9/10 

10/10 
10/10 
9/10 
9/10 

10/10 

Murphy-Sturm Lymphosarcoma 

2-Ammo-l-methylpurme-6-thione 7.5 
5 
2,5 

G/0 
6/0 
0/6 

Animal 
wt. 
diff. 

n'-c> 

- 24.0 
- 2 0 . 0 
- 7 . 0 

- 1 2 . 0 
- 10.0 

0 

- 2 8 . 0 
- 2 1 . 0 

- s . 0 

- 1 0 , 0 
- s. 0 
- 8 . 0 

- 1 9 . 0 
- 1 1 . 0 
- 0 . 0 
- 5 0 

- 1 1 . 0 
- 3 . 0 
- 7 . 0 
- 5 . 0 

- 2 . 0 
- 3.0 

7.0 
- 2 . 0 

- 1 7 . 0 
7.0 

- 5 . 0 
7.0 

- 1 0 . 0 
- 9 . 0 
- 1 . 0 

- 2 1 .0 
- 3 . 0 
- 8 0 

- 8 . 0 
- 1 5 . 0 

- 7 . 0 
- 9 . 0 
- 1 . 0 
- 4.0 

- 2 . 0 
- 1 0 . 0 
- 2 4 . 0 

- 8 . 0 
- 2 4 . 0 

- 2 . 4 
- 3 .3 
- 1 . 9 
- 0 . 7 
- 1 . 6 
- 0 . 8 
- 2 . 3 

4.0 
5.0 

- 2 . 0 

Tumor 
wt. or 

survival 
(days) 

(test/eoritTol) 

15.0/10.0 
14.0/S.5 
15.0/10.0 
15.5/8 .5 
15.0/10.0 
15.0/8.5 

11.5/7 .5 
10 .0 /7 .5 
9 .0 /7 .5 

12 .5 /8 .0 
11 .0 /8 .5 
10.5/8.0 

5 .0 /8 .0 
13 .0 /8 .0 
14 .5 /8 .5 
13.5/8 ,5 

y.o/s.o 
12.5 /8 .0 
14 .0 /8 .5 
11 .5 /8 ,5 

14 .0 /9 .0 
13.5/10.0 
12 .5 /9 .0 
10 .0 /9 .0 

14.0/9.0 
15.5/10.0 
13.0/9 .0 
13.5/10.0 

11.0/9.0 
11 .0 /9 .0 
10.0/9 .0 

J 2 .0 /9 .0 
8 .5 /8 ,0 

11 .5 /9 ,0 

22 .0 /14 .0 
24 .0 /15 .0 
21.0/14.0 
20 .5 /15 .0 
20 .0 /14 .0 
17.5/14.0 

17.5/13.0 
22 .5 /16 .0 
22 .0 /15 .0 
21.0/16.0 
19.5/15.0 

40/327 
22/430 
15/430 
79/327 
17/430 
63/430 

303/1076 

2 .0 /1 .9 
3 .1 /1 .9 
2 .6 /1 .9 

T/C 

% 

150 
164 
150 
182 
150 
170 

153 
133 
120 

156 
129 
131 

Toxic 
102 
170 
158 

112 
156 
164 
135 

155 
135 
138 
111 

155 
155 
144 
135 

122 
122 
111 

133 
106 
127 

157 
160 
150 
136 
142 
125 

134 
140 
146 
131 
130 

12 
5 
3 

24 
3 

14 
28 

105 
163 
136 

Ref. 
to 

synthesis 

72 

13 

34 

34 

34 

34 

34 

108 

99 

137 

34 

13 

17 
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TABLE I I I {Continued) 

Compd. 
no. 

14 

15 

16 

17 

18 

19 

20 

Compd. 
no. 

21 

22 

Name 

2-Amino-9-isobutyl-6-purine-
thiol 

6-Bromopurine 

2-Amino-9-(n-buty 1 )-6-( 2-
py ridy lmethy lthio )purine 

2-Amino-9-isobutyl-6-purine-
thiol 

6-Bromopurine 

2- Amino-9-( re-propy 1 )-6-
purinethiol 

2-Amino-9-(n-butyl)-6-(2-
py ridy lmethy lthio )purine 

Name 

Daily 
dose 

(mg./kg.) 

6 
8 

16 
16 

125 
125 
250 

15 
15 
30 

Wk. 
Re
sult 

Growth 
index Wt. change, g. 

Spontaneous Mammary Tumors 

3 
3 
3 
2 
3 
3 
3 
3 
3 
3 

± 
± 
+ 
+ 
+ 
+ 
-
+ 
± 
— 

3,4-9,10-Dibenzpy 

8 
6 
6 
3 

125 
125 

60 
30 

4 
4 
2 
2 

15 
15 
15 

2-Amino-9-(n-propyl)-6-purinethiol 

2-Amino-9-(ra-propyl)-6-purinethiol 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

+ 
+ 
+ 
± 
+ 
+ 
+ 
-
+ 
+ 
± 
— 
+ 
± 
+ 

Daily 
dose, 

mg./kg. 

25 
10 

20 
10 
7. 

1.37/1.63 
1.32/1.63 
1.18/1.61 
1.09/1.30 
1.00/1.21 
1.07/1.36 
1.38/1.36 

.92/1.29 
1.33/1.57 
1.39/1.57 

- 2 . 5 / - 3 . 0 
- 3 . 0 / - 3 . 0 
- 2 . 0 / - 4 . 5 

- 1 0 . 0 / - 1 . 5 
0 / + 1 . 0 

- 4 . 0 / - 4 . 0 
- 5 . 0 / - 4 . 0 
- 7 . 0 / + 1.0 
- 6 . 0 / + 2 . 0 
- 5 . 0 / + 2.0 

rene-Induced Fibrosarcomas 

.88/1 .3 
1.0/1.3 
.94/1.4 
1.2/1.4 
.98/1 .3 
1.0/1.3 
1.1/1.3 
1.2/1.3 
1 .0 /1 . 
.98/1.2 
1.1/1.2 
1.1/1.1 
.99/1 .3 
1.2/1.6 
.98/1 .3 

- 3 . 5 / - H . 5 
- 1 . 0 / + 3 . 5 
- 0 . 5 / + 3 . 0 
+ 3 . 0 / + 3 . 0 
- 2 . 0 / + 3 . 5 

0 / + 3 . 5 
- 0 . 5 / - r 3 . 5 
+ 1.5/ + 2.5 
- 1 . 5 / + 2 . 5 
+ 0 . 5 / + 1.0 
+ 2 . 0 / + 1 . 0 
- 0 . 5 / 0 
- 1 . 5 / + 0 . 5 
- 2 . 5 / + 3 . 0 
- 2 . 0 / + 2 . 5 

Result Wt. change, g. 

LEUKEMIA P815 

± 
+ 

- 1 . 1 / + 0 . 2 
- 0 . 5 / + 0 . 2 

Leukemia L1210 G 

5 

± 
+ 
+ 

- 0 . 9 / + 0 . 4 
- 0 . 7 / + 0 . 4 
- 0 . 9 / + 0 . 4 

Deaths 

+ 1/8 
+ 0 / 8 
+ 3/9 
+ 4 / 9 
+ 1/11 
+ 1/10 
+ 1/10 
+ 1/8 
+ 2/9 
+ 2/9 

2/10 
3/10 
2/10 
1/10 
3/10 
1/10 
1/10 
1/10 
3/10 
3/10 
1/10 
2/10 
2/10 
5/10 
2/10 

Survival 
(days) 

10.6/7 .0 
13.0/7 .0 

11.0/7 .0 
11.7/7 .0 
11.4/7 .0 

No. 
inj. 

11 
11 
11 
8 

11 
11 
11 
11 
11 
11 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Survival 

33 
i 

25 

(days) 

.3/67 
59/67 
.1 /39. 

18.9/44. 
58 
41 

.5/62. 

1 

3 
2 
1 

.7 /50.3 
37.9 /50.3 
54.3/36. 
37.7/44. 
34.4/44. 

T/C 

% 

151 
186 

157 
167 
163 

8 
2 
2 

Ret. 
to 

syn. 

13 

13 

Ref. 
to 

syn
thesis 

13 

30 

13 

13 

30 

13 

13 

and 2-amino-6-alkylthiopurines.15'34 2-Amino-6-methyl-
purine is inactive against Adenocarcinoma 755; 
however, this might have been predicted since 6-
methylpurine has shown3 only questionable activity 
against this test system. 2,6-Diaminopurine is also 
inactive3 against Adenocarcinoma 755. Acetylation of 
the 2-amino group apparently does not greatly di
minish antitumor activity. Thus, 2-amino-6-(benzyl-
thio)purine3 and 2-acetamido-6-(benzylthio)purine19 

(Table I, 25) are both active compounds. 2-Acet-
amido-9-acetyl-6-(benzylthio)purine19 (Table I, 24) is 
also a highly active compound. Perhaps deacetylation 
occurs in vivo. 

Substitution at Position 3.—Without exception sub
stitution at position 3 with a methyl group provides 
only inactive compounds. Thus, 3-methyl-6-purine-
thione37 and 3-methyl-6-methylthiopurine37'38 are 
completely inactive. 3-Methylguanine,39 3-methyl-
adenine,38 3-methylhypoxanthine,37 and 2-amino-3-
methyl-6-purinethione39 are all inactive. The anti
tumor activity of 2-amino-6-(o-chlorobenzylthio)pu-

(37) F. Bergmann, G. Leven, A. Kalmus, and H. Kwietny-Govrin, J. 
Org. Chem.. 26, 1504 (1961). 

(38) J. W. Jones and R. K. Robins, J. Am. Chem. Soc, 84, 1914 (1962). 
(39) L. B. Townsend and R. K. Robins, ibid., 84, 3008 (1962). 

rine15 was completely eliminated by introduction of a 
3-methyl substituent to give 2-amino-6-(o-chlorobenzyl-
thio) -3-methylpurine.3 9 

Substitution at Position 6.—A number of 6-substi-
tuted purines have exhibited significant activity in the 
Adenocarcinoma 755 test system. Noteworthy are 
6-purinethiol,3'6'6 2-amino-6-purinethiol,3'M0'41 various 
6-alkylthiopurines,35-716'41'42 and 6-chloropurine.3'6-6 

6-Hydrazinopurine,343 6-methylpurine,3 and purine44 

itself show340 reproducible inhibition against Adeno
carcinoma 755 with a therapeutic index of approxi
mately 2.6 Purine-6-sulfonamide,16'45 N-alkylpu-
rine-6-sulfonamides16 (Table I, 27J, and 6-alkylsul-
fonylpurines16'36 all show good inhibition at various 
dosage levels. In general, however, the 6-alkylsul-
fonylpurines are more toxic than the corresponding 6-
alkylthiopurines. Of considerable interest is the ac-

(40) D. P. Griswold, W. R. Laster, Jr., M. Y. Snow, F. M. Schabel, Jr., 
and H. E. Skipper, Cancer Res. (supplement), 23, part 2, 271 (1963). 

(41) A. Goldin and J. M. Venditti, ibid, (supplement), 21, part 2, 617 
(1961). 

(42) M Semonsky, A. Cerny, and V. Jelinek, Collection Czech. Chem. 
Commun., 25, 1091 (1960); ibid., 27, 57 (1962). 

(43) J. A. Montgomery and L. B. Holum, J. Am. Chem. Soc, 79, 2185 
(1957). 

(44) A. Bendich, P. J. Russell, Jr., and J. J. Fox, ibid., 76, 6073 (1954). 
(4.5) A. G. Beaman and R. K. Robins, ibid., 83, 4038 (1961). 
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tivity of (i-bromopui'ine30 (Table I, 20) which has a 
therapeutic index of 65 as compared to 15 for G-chloro-
purine in the same test system.3 G-Methoxypurine46 

(Table I, 2) has shown activity at 250 and 125 mg./kg. 
This activity is essentially lost with 6-ethoxypurine. 
Purine-6-isothiocyanate has been reported47 to be ac
tive against Adenocarcinoma 755. 

The size of substituent permitted at the G-position is 
ti'iily I'emarkable. A uumbei' of 2-amino-6-pyrimi-
dinylthiopurines48 have shown excellent activity45* 
against Adenocarcinoma 755. ?Elion, Bieber, and 
Hitchings49 have studied the activity of 2-amino-G-
(l-methyl-4-nitro-5-imidazolylthio)purine which was 
shown49 to possess a therapeutic index against Adeno
carcinoma 755 superior to that of 2-amino-0-purine-
thiol when administered intraperitoneally or orally. 
Purine-G-thioglucoside6051 has also shown excellent 
activity against Adenocarcinoma 755. It appeal's 
quite probable49"53 that with these large substituents 
attached to the (i-thio group these compounds are 
metabolized in vivo to the active form of the drug, G-
purinethiol or 2-amino-6-purinethioI. The use of 
2-amino-6-(l-methyl-4-nitro-5-imidazolylthio)-purine 
would seem to have no particular advantage over 2-
amino-G-purinethiol in clinical trial.54-515 

The activity of various 1-aziridinylpurines against 
Adenocarcinoma 755 has recently been reported.57 N-
(G-I'urinylj-L-glutamic acid58 is another example of an 
unusual G-substituted purine active against Adeno
carcinoma 755. The selective toxicity of "G-purinyl-
histamine" against carcinoma cells in vitro has been 
reported.59"61 S-Ethyl G-aminopurine-9(or 7)-carbo-
thioate has shown activity against Adenocarcinoma 755 
at least at one dosage level.62 

Substitution at Position 7.—No purine substituted 
with an alkyl group at position 7 has been found to 
exhibit significant antitumor activity in experimental 
animals. Thus, 7-methyl-G-purinethiol,63 G-chloro-7-
methylpurine,63 7-methyladenine,6:! and 2-amino-7-
metbyl-O-puiinethiol63 are all negative against Adeno
carcinoma 755. 7-Butyl-6-purinethiol has been re
ported61 to be inhibitory in tissue culture but has not 
yet been found active against a solid tumor in vivo. 

(46) G. I l u b e r , Chem. Her., 90 , 698 (1(137). 
(47) W. T. B r a d n e r and 1). A. C la rke , Cancer Res., 18, 299 (1958). 
(48) I I . C. Koppe l , I t . I I . Spr inger , R. K. Rubins , and ( ' . ( ' . C h e n s , •/• 

Med. I'harm. Chem., 5, 639 (1962). 
(49) (1 . B. El ion , 3 . Bieber , a n d G. IJ. Hi tchings , Cancer Chemotlterap;/ 

Jtept.,8, 36 (1960). 
(50) S. Bieber and I . G o o d m a n , Proc. Am. Assoc. Cancer lies., 2, 280 

(1958). 
(fll) I. G o o d m a n , Science, 130, 450 (1959). 
(52) G. B. El ion, S. W. Ca l l ahan , G. II . Hi tch ings , and II . W. H a n d l e s , 

Cancer Chemotherapy liept., 8, 47 (1960). 

(53) G. H. H i t ch ings , J . R . F o n t s , F . S. Phil l ips , and S. S. S t e r n b e r g 
I'me. Am. Assoc. Cancer Res., 2, 307 (1958). 

(54) O. S. Se lawry . el al., Cancer Chemolhcrann Relit., 8, i>li ( I960} . 
(55) I t . R . Ellison and T. C. Ton , ibid., 8, 61 ( I960) . 
(56) I t . W. I t und le s , T . E. Fu lmer , R, T. Doyle , and T. W. Gore , ibid.. 

8, 66 (1960). 
(57) J. A. M o n t g o m e r y , K. I lewson, and ('. Temple , J r . , ,/. Med. I'harm. 

Chem., 6, 15 (1962). 
(58) D. N . W a r d , .1. W a d e , E. V. W a l b o r g , J r . , and T. S. Osdene , ./. Org. 

Chem., 26, 5000 (1HH1). 
(59) H . Let tnS a n d H. Ballweg, Xaturvtssenschaften, 48, 364 (1958). 
(60) H. Le t t rd . H . Ballweg, a n d A. Schleich, ibid., 44, 634 (1957). 
(61) H. L e t t r e , H. Bal lweg, H. Endo , A. Sehleich, and W. Siebs, Bio-

* » , I'harmacd., 1, 137 (1958). 
(62) E. Dyer , J . M . Rei tz , and H. I'.'. Earr is , J r . . ./. Med. Clicm., 6, 289 

(1.963). 
i63) R. N\ P r a s a d ami H. K. Rob ins , •/. Am. Chem. Soc, 79, 6101 (1957). 
(64) G. G. Kelley, G. P. Wheeler , and J. A. M o n t g o m e r y , Canre, lt,t.. 

22, 329 (1962). 

A new method of synthesis of 7-substituted purines 
has recently been reported.65 Since a number of 7-a-
i)-ribofuranosylpurines have been isolated from natural 
sources66-693 as degradation products of pseiidovitamin 
B12 derivatives, it is quite possible that derivatives of 
this type may exhibit antitumor properties. In this 
regard the synthesis of 7-a-i)-ribofuranosyladenine has 
recently been reported.691' 

Substitution at Position 8.—The introduction of ;i 
substituent group at position 8 gives varied results. 
None of the monosubstituted derivatives such as 8-
purinetliiol.-8 8-aminopurine,-s 8-hydroxypurinc,-s 8-
methylthiopui'ine.-s 8-methoxypurine,69r 8-chloro-
purine,-7 8-bromopurine,30 or 8-methylpurine32 are ac
tive against Adenocarcinoma 755. 2-Amino-8-methyi-
G-purinethiol.;i' 8-methyi-G-purinethiol,7" G-chloro-8-
methylpurine,7" and 8-methyladenine7" are essentially 
inactive. 2-Amino-G-hydroxy-8-inethylpurinc7n (Table 
I, I), howevei'. does show inhibition at 02.5 mg./kg. 

The introduction of a hydroxyl group at position 8 
renders G-purinethiol inactive. G-Amino-8-purinol71 

(Table 1, 3) shows activity, but the accompanying 
weight loss makes these results of questionable value. 
The introduction of an 8-m.ercapto group into 2-amino-
fi-pui'inethiol (G-thioguanine) gives 2-amino-0,8-pu-
rinedithiol7- (Table I. 5) which does show activity at 
rather high dosages. Similarly, 2,8-diamino-G-puriiie-
thiol73 (Table I. 8), although rather toxic, is quite 
inhibitory. Introduction of a halogen into position 8 
of various active purines results in loss of activity. 
(i,8-Dichloropui'ine,71 8-chloro-0-purinethiol,71 8-anhno-
(i-purinethiol,71 and G,8-purinedithiol71 are all inac
tive. 8-Chloroadenine71 is also inert. None of the 
2,8-disLibstituted purines such as 2-amino-8-purine-
thiol.7' 2-anhno-8-hydroxypurine,75 2,8-purinedithiol,3" 
2-chloro-8-hydroxypurine,7! 2-liydroxy-8-purinethiol,;i 

2,8-dichloropui'iue,-' and 2,8-diaminopurine74 exhibited 
any activity against Adenocarcinoma 755. 

Although the usual effect of an 8-substituent is to 
decrease the activity of an otherwise active compound, 
it does appear that the judicious choice of an 8-sub
stituent could lead to various purines and purine nucleo
sides of significant biological importance. 

Substitution at Position 9.—One may vary the sub
stituent at position 9 within wide limits and still retain 
antitumor activity. The substitution of phenyl76 at 
position 9, however, completely eliminated the anti
tumor activity of G-purinethiol and G-chloropurine. 
2-Amino-9-pheny]-G-purinethiol77 is inactive against 
Adenocarcinoma 755, while 2-amino-9-benzyl-6-purinc-
thiol77 is active.:s G-t l-Aziridinyl)-9-benzylpurine57 in-

i.l)5l J. A. Montgomery and K. I lewson, ./. Dry. Chem., 26, 4469 (19611. 
iMS> W. I ' r iedr ich and K. B e r n h a u e r , Z. physio}. Chem.. 317, 116 (1959). 
(67) W. Eriedrich and K. Bernhauer , Cltem. Ber., 90, 465 (.1957). 
(68) K. Bernhauer , O. Miiller, and G. Midler , Biochem. Z., 33S, 37 (1961) . 
(69) la) R. Barchiel l i , ("'.. Bore t t i , et al.. Biochem. ./., 74, 382 ( I 9 6 0 ) : 

(b) J. A. M o n t g o m e r y and II. J. T h o m a s , J. Am. Chem. Soc, 8 5 , 2672 (1963) : 
(<•) 1). J . B rown and S. I''. Mason , ,/. Chem. Soc., 682 (1957), 

(70) II . C. Koppe l anil It. K. Robins , J. Org. Chem.. 23 , 1457 (1958). 
(71) R. K. Robins , ./. Am. Chem. Soc, 80, 6671 (1958). 
(72) G. B. Elion, I. G o o d m a n , W. Lange, and G. If. H i t c h i n g ! , ibid., 8 1 , 

1898 (1959). 
(73) J . W. Jones and R. K. Robins , ibid., 82, 3773 (1960). 
(7 t ) A. F . Lewis, A. G. Beaman , and R . K. Robins , Can. ./. Chem.. 4 1 , 

1S07 i 19631. 
75( II. .(. B r o u n . .1. .!)//)(. Chem., 9, 203 .1059) . 
76) S. M . Greenberg , 1,. O. Ross, anil R. K. Robins , •/• On/. Clam.. 24, 

131 I ( 1959). 
;77l II. G. Koppel . D, E. O 'Br ien , and H. K. Robins , ./. Am. Chem. Soc.. 

8 1 , 3046 i.1959). 
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hibits Adenocarcinoma 755. The only known 9-
phenylpurine derivative exhibiting antitumor activity 
is 2,6-diamino-9-(p-tolyl)purine77 (Table I, 7). I t is 
quite possible that this compound showed inhibition 
due to its structural similarity to aminopterin and is 
therefore acting as an inhibitor of folic acid. At
tempts to improve the activity of this latter type of 
compound were unsuccessful. 

Skipper, Montgomery, et al.,z have shown that such 
compounds as 9-ethyl-6-purinethiol and 9-butyl-6-
purinethiol are highly active compounds against Adeno
carcinoma 755. A recent study78 employing sulfur-
labeled 9-butyl- and 9-ethyl-6-purinethiol has shown 
that no dealkylation occurred in vivo in the rat. A 
similar experiment79 has shown that 9-ethyl-6-purine-
thiol and 9-(n-butyl)-6-purinethiol are apparently not 
dealkylated in humans. The original postulation3 

that the 9-alkyl-6-substituted purines owe their activity 
to in vivo dealkylation is open to question. A case 
worthy of note is that of 6- (2-hydroxyethyl) amino-
purine which is totally inactive against Adenocarcinoma 
755, while the corresponding 9-substituted derivatives, 
2-(9-/3-D-ribofuranosylpurin-6-ylamino)ethanol80 (Table 
I, 26) and 2-(9-methyl-6-purinylamino)ethanol (Table 
I, 39), are definitely active. 

6-Fluoro-9-methylpurine81 is totally inactive against 
Adenocarcinoma 755, possibly because the fluoro group 
is readily hydrolyzed at room temperature in aqueous 
solution81 and thus may be rapidly changed in vivo. 
9-Ethyl-6-purinethiol has shown activity against 
chronic adult human leukemia.82-84 9-(n-Hexyl)-6-
purinethiol appears to be the most effective inhibitor82 

of a number of 9-alkyl-6-purinethiols tested against 
6-purinethiol-resistant Adenocarcinoma 755 cells82 in 
tissue culture. Various 9-cycloalkyl-6-purinethiols64i8B 

are active against 6-purinethiol-resistant lines of H. Ep. 
No. 2 in tissue culture studies. 9-Alkyl derivatives of 2-
amino-6-purinethiol have been shown to be especially ac
tive against Adenocarcinoma 755.13 9-Methyl-86 through 
9-(n-pentyl)-2-amino-6-purinethiol13 all show excellent 
activity. Longer alkyl chains such as 9-octyl86 render 
2-amino-6-purinethiol inactive.13 It is of interest that 
2-amino-9-cyclohexyl-5-purinethiol13 is inactive while 
2-amino-9-cyclopentyl-6-purinethiol is very active.13 

Such activity of the 9-cyclopentyl derivative suggested 
that these compounds might be acting as nucleosides 
with the cyclopentyl ring occupying approximately the 
same steric configuration as the /3-D-ribofuranose ring. 
This deduction led to the synthesis of a number of 
purines possessing a 9-tetrahydropyran87 and a 9-
tetrahydrofuran1988 ring. These compounds have 

(78) H. J. Hansen, W. G. Giles, and S. B. Nadler, Cancer Res., 22, 761 
(1962). 

(79) H. J. Hansen, W. G. Giles, and S. B. Nadler, Proc. Soc. Exptl. Biol. 
Med., 113, 163 (1963). 

(SO) J. F. Gerster, J. W. Jones, and R. K. Robins, J. Org. Chem., 28, 945 
(1963). 

(81) A. G. Beaman and R. K. Robins, J. Med. Pharm. Chem., 5, 1067 
(1962). 

(82) C. Temple, Jr., C. L. Kussner, and J. A. Montgomery, ibid., 5, 866 
(1962). 

(83) C. B. Johnson, W. B. Frommeyer, W. J. Hammack, and C. E. 
Butterworth, Cancer Chemotherapy Rept., 20, 137 (1962). 

(84) J. A. Wolff, C. L. Brubaker, M. L. Murphy, M. I. Pierce, and N. 
Severo, Proc. Am. Assoc. Cancer Res., 4, 73 (1963). 

(85) G. J. Dixon, F. M. Schabel, Jr., H. E. Skipper, E. A. Dulmadge, and 
B. Duncan, Cancer Res., 21, 535 (1961). 

(86) H. C. Koppel and R. K. Robins, J. Am. Chem. Soc, 80, 2751 (1958). 
(87) R. K. Robins, E. F. Godefroi, E. C. Taylor, L. R. Lewis, and A. 

Jackson, ibid., 83, 2574 (1961). 

shown19 remarkable activity against Adenocarcinoma 
755. 9-(Tetrahydro-2-furyl)-6-purinethiol19 exhibits 
a therapeutic index of approximately 200 as compared 
to 30 for 6-purinethiol against the same tumor.19 I t is 
clear that the tetrahydro-2-furyl moiety is making a 
substantial contribution to the activity of these deriva
tives since 9-(tetrahydro-2-furyl) adenine is confirmed 
as active against Adenocarcinoma 755.19 Although 
many 9-(tetrahydro-2-pyranyl) purines87 are definitely 
active (Table I, 9-12, 17, 21, 33), in every case the 
corresponding 9-(tetrahydro-2-furyl) purines are sub
stantially superior. The requirement for activity 
must involve more than just a five-membered ring 
since the corresponding 9-(tetrahydro-2-thienyl) pu
rines88 were entirely devoid of any antitumor activity. 
The 9-(tetrahydro-2-furyl) derivative of 6-thioguanine19 

is a potent inhibitor19 of Adenocarcinoma 755. 
It is becoming increasingly clear that the 9-alkyl-2-

amino-6-purinethiols do not exert their activity by mere 
dealkylation to the parent purine. 2-Amino-9-methyl-
6-purinethiol has been found89 to be inhibitory to a 
6-thioguanine-resistant cell line of ascites cells. Kim
ball and LePage90 have shown that 2-amino-9-(n-
butyl)-6-purinethiol is neither dealkylated nor in
corporated into nucleic acid in the mouse. More recent 
studies by Kimball and LePage91 suggest that 2-amino-
9-(n-butyl)-6-purinethiol may exert its antitumor ac
tivity by interference of utilization of preformed ade
nine for DNA synthesis. This is in sharp contrast to 
the parent compound, 2-amino-6-purinethiol (6-thio
guanine), whose antitumor activity can be correlated 
with its incorporation into nucleic acids.92-94 

The purine nucleosides may be considered as purines 
possessing a special substituent at position 9. 9-/3-D-
Ribofuranosyl-6-purinethiol (6-mercaptopurine ribo-
nucleoside) has been shown36 to possess the highest 
therapeutic index of any purine derivative studied for 
antitumor activity against Adenocarcinoma 755. It 
should be pointed out however that against a wide spec
trum of tumors 6-MP riboside has been found to be 
much less effective95 than 6-MP. The synthesis of a 
number of 6-alkylthio-9-/3-D-ribofuranosylpurines has 
been reported96; however, none of these ribosides were 
significantly more effective against Adenocarcinoma 
755 than the corresponding simple 6-alkylthiopurine.96 

In a study of the antitumor effect of various 6-alkyl-
thio-2-amino-9-0-D-ribofuranosylpurines15 against 
Adenocarcinoma 755 it was noted that the antitumor 
activity of the parent purine was generally retained, 
and in several instances the ribosides were slightly more 
active than the corresponding 6-alkylthio-2-amino-
purine.15 LePage and Junga97 have recently shown 
that in ascites tumor cells 2-amino-9-/3-D-ribofuranosyl-
6-purinethiol (6-thioguanine riboside) is cleaved rather 
rapidly to 2-amino-6-purinethiol (6-thioguanine). This 

(88) L. R. Lewis, F. H. Schneider, and R. K. Robins, J. Org. Chem., 26, 
3837 (1961). 

(89) G. A. LePage and M. Jones, Cancer Res., 21, 642 (1961). 
(90) A. P. Kimball and G. A. LePage, ibid., 22, 1301 (1962). 
(91) A. P. Kimball and G. A. LePage, Proc. Am. Assoc. Cancer Res., 4, 

34 (1963). 
(92) G. A. LePage, Cancer Res., 20, 403 (1960). 
(93) G. A. LePage, ibid., 21, 1590 (1961). 
(94) G. A. LePage and N. Howard, ibid., 23, 622 (1963). 
(95) K. Sugiura, Progr. Exptl. Turner Res., 2, 332 (1961). 
(96) J. A. Montgomery, T. P. Johnston, A. Gallagher, C. R. Stringfellow, 

and F. M. Schabel, Jr., J. Med. Pharm. Chem., 3, 265 (1961). 
(97) G. A. LePage and I. G. Junga, Cancer Res., 23, 739 (1963). 
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type of enzymatic cleavage could well account for the 
general results observed in Adenocarcinoma 755 with 
the ribonucleosides of the derivatives of 6-purinethiol 
and 2-amino-6-purinethiol. It is of considerable in
terest in this regard that 2-amino-9-methyl-6-purine-
thiol86 acts in ascites cell tumors to inhibit the enzy
matic cleavage of 6-thioguanosine.97 The feedback 
inhibition by a purine analog which does not form a 
nucleotide has been noted.9* Henderson98 in a study 
of compounds active against Adenocarcinoma 755 
studied the ability of various active purines to form 
nucleotides. No correlation between feedback in
hibitory activity and nucleotide formation was noted. 
Most compounds which did exert feedback inhibition, 
however, were carcinostatic, but many of the carcino-
static purines did not exert feedback inhibition. Thus, 
the use of more than one purine derivative simulta
neously could well be rewarding in the clinic. Such a 
proposal has previously been made131519 on the basis 
of preliminary animal testing. 

A study of the potentiation of the antitumor activity 
of 6-purinethiol, 6-chloropurine, and various 6-alkyl-
thiopurines against Adenocarcinoma 755 by the hy-
poxanthine analog, 4-hydroxypyrazolo[3,4-<i]pyrimi-
dine," has recently been made.100 Hitchings and 
co-workers100 found that 4-hydroxypyrazolo [3,4-rI]-
pyrimidine inhibited the degradation of 6-purinethiol 
by xanthine oxidase and thus resulted in increased effec
tiveness of the drug in both the mouse and man. Hen
derson101 has shown that the therapeutic effectiveness 
of 2-amino-6-purinethiol or 6-purinethiol could be in
creased by simultaneous administration of 4-amino-
pyrazolo[3,4-d]pyrimidine to mice with Ehrlich Ascites 
Carcinoma. Recently the potentiation of the bac
teriostatic action of the purine nucleoside antibiotic, 
psicofuraniiie, by other purine nucleosides has been 
reported.102 

Although the riboside of 2-amino-6-chloropurine 
(Table I, 18) is active against Adenocarcinoma 755 as 
is the parent purine, 2-amino-6-chloropurine (Table I, 
6), the riboside of the highly active compound 6-bromo-
purine (Table I, 20), 6-bromo-9-/3-D-ribofuranosyl-
purine,80 is totally inactive. The riboside of trimethyl-
purin-O-ylammonium chloride80 (Table I, 29) is active 
against Adenocarcinoma 755 as is the parent com
pound.103 The use of trimethylpurin-6-ylammoniuni 
chloride has been reported104 to result in solid tumor 
regression in certain cases in clinical trials. This is one 
of the few instances where purine antagonists have been 
successfully employed against solid neoplasms in the 
clinic. 

In summary of the structure-activity relationships 
of various purines against Adenocarcinoma 755, it 
can be stated that in order to possess significant anti
tumor activity the molecule should not be substituted 
with large substituents at positions 2, 7, or 8. Sub
stitution at position 2 is essentially limited to amino or 

(98) .!. V. Hender son , Bxochem. Pharmacol., 12, M l (1963). 
(99) R . K. Robins , J. Am. Chem. Soc, 78, 784 (1956). 
(100) G. B . El ion , S. Ca l lahan , H. N a t h a n , S. Bieber, R. W. R u n d l e s , and 

C H. Hi tch ings , Biochem. Pharmacol.. 12, 8ft (1963). 
(101) .1. F . Hende r son , ibid., 7, 187 (1961). 
(102) R. J. Suhado ln ik and G. W e i n b a u m . Bioclum. Bto)il//j». h'f*. 

Commun., 12, 83 (1963). 
(103) J. P . Horwi tz and V. K. Va i tkev i r ius , F.xpenentia, 17, ",.12 (1961), 
(104) V. K. Va i tkev i r ius , M . L. Reed, R, L. Fox, and R. \V. Tal ley. 

Cancer Chemotherapy Rfpt., 27, 55 (1963). 

alkylamino. Substitution at position 1 with a small 
alkyl group is permissible if a 2-amino group is present. 
Substitution at position 3 results only in inactive com
pounds. The greatest allowable freedom as far as size 
and kind of functional group change is concerned is 
that which can be made at position 6. The substitution 
of various alkyl, cycloalkyl, tetrahydrofuryl, tetra-
liydropyranvl, and carbohydrate substituents can be 
made at position 9 often with an increase in antitumor 
activity. 

Structure and Antitumor Activity of Compounds of 
Related Ring Systems. Antitumor Activity of the 

" K R 
Purine Pyrazolo[3,4-t/]pyrimidine 

Pyrazolo[3,4-<i]pyrimidines.—A detailed study of struc
ture and antitumor activity of various derivatives of 
4-aminopyrazolo[3,4-d]pyrimidines against Adenocar
cinoma 755 has been reported.105106 The similarities 
of the allowable positions for substitution in the py-
razolo[3,4-d]pyrimidine ring and those in purine are 
most striking. The active parent compound in this 
series is 4-aminopyrazolo[3,4-<i]pyrimidine.99 Substi
tution of certain alkyl groups at position 1 (correspond
ing to position 9 in purine) provided active com
pounds.105106 The presence of a tetrahydropyranyl 
or tetrahydrofuryl group at position 1 also retained 
antitumor activity.100 Substitution of alkyl groups 
on the amino function at position 4 (corresponding to 
position (i in purine) provided compounds less toxic 
and possessing a therapeutic index superior to that 
of the parent compound.106'107 Substitution at both 
the 1- and 4-position simultaneously106'108109 in many 
instances diminished antitumor activity105106 only 
slightly. The introduction of a phenyl group108 at 
position 1 resulted in loss of activity. The preparation 
of 6-amino-4-hydroxypyrazolo [3,4-t? ]pyrimidine'10 

provided an active compound.10r' The presence of an 
amino substituent at position 6 (corresponding to 
position 2 in the purines) is therefore permissible. 
Thus, the general geometric requirements found in the 
simple purines appear to carry over to the pyrazolo-
[3,4-u'jpyrimidme ring system very well. It is note
worthy however that the compounds pyrazolo[3,4~rf]-
pyrimidine-4-thiol99 and 0-aininopyrazolo [3,4-</]pyri-
midine-4-thiol,11" the corresponding analogs of 6-
purinethiol and 2-amino-G-purinethiol, are without 
activity against Adenocarcinoma 755. Thus, stent-
requirements alone are not sufficient for activity. The 
fact that 4-ai)iiiH)pyrazolo[:>,4-tf]pyrimidine is not 
cioss-resistant35 to a 6-MP-resistant strain of Adeno
carcinoma 755 and must therefore possess a different 
mechanism of act on lias stimulated further studies 
with this compound. 4-Amiiiopyrazolo[3,I-d]pyrinn-
dine and 4-amino-l-ii"ietliylpyrazolo[3,4-ci]pyi,imidine 

• 10")) II. I-:. Skipper , U. K. Robins , J . R. T h o m s o n , C. C. C h e n s , R . W. 
Rroekmaji , and F. M. Sehabel , J r . , Cancer lies., 17, 579 (1957). 

i 106) E. Y. Sutrliffe. K . -Y. Zee-Cheng, ("'. C. Cheng , and R, K. R o b i n s . 
J. Med. 1'linrm. Chem., 5, 588 (1962). 

(107) 1". H. Whi te , Cancer Chemo'herapu Kept., 3 , 26 (1959). 
(108) C. C. Cheng and R . K. Robins , J. Org. Chem., 2 1 , 1240 (1950). 
O09) C. W. Noell and R. K. Robins , ibid., 23 , 1547 (1958). 

(110) R. K. Rob ins . J. Am. Chem. Soc, 79, 6407 (1957). 
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have shown activity against spontaneous mammary 
adenocarcinoma.111 The 4-alkylaminopyrazolo[3,4-d]-
pyrimidines exhibit significant inhibition3 of solid 
Leukemia 5178 and definitely prolong the life span of 
mice given intraperitoneal inoculations of L5178 or 
L1210 leukemic cells.3 An L1210/8-azaguanine-re-
sistant strain has been found to be cross resistant with 
6-purinethiol3 but not cross resistant to 4-amino-
pyrazolo [3,4-d]pyrimidine. 4-Aminopyrazolo [3,4-d]-
pyrimidine has been shown to be active against a wide 
spectrum of tumors.12112 l-Methyl-4-(n-butylamino)-
pyrazolo[3,4-d]pyrimidine108 and 4-benzylaminopyr-
azolo[3,4-d]pyrimidine" have been found active against 
Dunning Ascites Leukemia (Table III, 8 and 9). 

Henderson and co-workers101'113'114 have shown that 
simultaneous administration of 4-aminopyrazolo [3,4-d]-
pyrimidine and 6-purinethiol or 2-amino-6-purinethiol 
showed definite potentiation in experimental animals 
with Ehrlich Ascites Carcinoma, Sarcoma 180, and 
6C3HED Lymphosarcoma. Although 4-amino
pyrazolo [3,4-d]pyrimidine is incorporated readily into 
nucleic acids116 of normal and neoplastic tissue, it 
probably exerts its antitumor effect at the acid-soluble 
nucleotide level.116 There is good evidence that the 
de novo pathway to nucleotide purines is inhib
ited116'117 probably by a feedback mechanism. Recent 
clinical successs118 of 4-(n-propylamino)pyrazolo [3,4-d]-
pyrimidine" against myeloblastic leukemia has stim
ulated renewed interest in this group of compounds. 

Antitumor Activity of w-Triazolo[c?Jpyrimidines.—5-

3 4 

Amino-7-hydroxy-y-triazolo [d]pyrimidine (8-azagua
nine) was one of the first purine analogs to be pre
pared119 and studied for antitumor properties.120121 

This compound has been shown3 to exhibit excellent 
activity against Adenocarcinoma 755 and a 6-MP-
resistant strain of Adenocarcinoma 755. The incorpora
tion of 8-azaguanine into nucleic acids has been 
noted,122-124 and a review of the action of this com
pound has appeared.126 Recently 8-azaguanosine tri
phosphate has been shown to inhibit adenylosuc-
cinic synthetase.126 7-Hydroxy-v-triazolo[d]pyrimi-

(111) J. Scholler and J. J. Bittner, Cancer Res., 18, 464 (1958). 
(112) E. Hirschberg, ibid, (supplement), 23, part 2, 521 (1963). 
(113) J. F. Henderson and I. G. Junga, ibid., 20, 1618 (1960). 
(114) J. F. Henderson and I. G. Junga, ibid, (supplement), 21, part 2, 7 

(1961). 
(115) J. F. Henderson and I. G. Junga, ibid., 21, 118 (1961). 
(116) B. A. Booth and A. C. Sartorelli, J. Biol. Chem., 236, 203 (1961). 
(117) L. L. Bennett, Jr., D. Smithers, C. Teague, H. T. Baker, and P. 

Stutts, Biochem. Pharmacol., 11, 81 (1962). 
(118) J. L. Scott and L. V. Foye, Jr., Cancer Chemotherapy Rept., 20, 73 

(1962). 
(119) R. O. Roblin, Jr., J. O. Lampen, Q. P. Cole, and J. R. Vaughn, Jr., 

J. Am. Chem. Soc, 67, 290 (1945). 
(120) G. W. Kidder, V. C. Dewey, R. E. Parks, Jr., and G. L. Woodside, 

Science, 109, 511 (1949). 
(121) K. Sugiura, G. H. Hitchings, L. F. Cavalieri, and C. C. Stock, 

Cancer Res., 10, 178 (1950). 
(122) J. H. Mitchell, Jr., H. E. Skipper, and L. L. Bennett, Jr., ibid., 10, 

647 (1950). 
(123) H. G. Mandel, P. E. Carlo, and P. K. Smith, / . Biol. Chem., 206, 

181 (1954). 
(124) I. Lasnitzki, R. E. F. Matthews, and J. D. Smith, Nature, 173, 346 

(1954). 
(125) H. G. Mandel, Pharmacol. Rev., 11, 743 (1959). 

dine119 (Table I, 31) is definitely active against Adeno
carcinoma 755,3 but 7-amino-y-triazolo[d]pyrimidine119 

(Table I, 32) is only weakly active.3 Although 5-
amino-3-ethyl-7-hy droxy-f-triazolo [d ] pyrimidine (9-
ethyl-8-azaguanine) is devoid of activity,127 7-diethyl-
amino-3-methyl-t'-triazolo[d]pyrimidine128 (Table I, 14) 
has shown a low order of activity against Adenocar
cinoma at least at two dosage levels. 7-Isobutyl-
amino-v-triazolo[d]pyrimidine129 (Table I, 16) is also 
active against Adenocarcinoma 755. This activity is 
typical of the type observed with the pyrazolo[3,4-d]-
pyrimidines. Another compound of interest in this 
series is 5-amino-7-(2,4-dichlorobenzylthio)-v-triazolo-
[rf]pyrimidine128 (Table I, 15) which is also active. 
This compound is of interest since it resembles in struc
ture the compound 2-amino-6-(o-chlorobenzylthio)-
purine34 which is very active16 in the purine series. 
Although the ribonucleoside and ribonucleotide of 
6-purinethiol show the same order of effectiveness130 

as 6-purinethiol in inhibiting Adenocarcinoma 755, the 
ribonucleoside and ribonucleotide of 5-amino-7-hy-
droxy-y-triazolo[d]pyrimidine were only slightly ac
tive.130 Thus, the i'-triazolo[d]pyrimidines also show 
many of the same type of structure-activity relation
ships characteristic of both the active purines and 
pyrazolo[3,4-d]pyrimidines, although the activity is of 
somewhat lower order. 

Activity of Purine Derivatives against Animal 
Tumors Other than Adenocarcinoma 755.—A study of 
various purines related to 6-purinethiol and their ac
tivity against Sarcoma 180 has previously been re
ported.8'131 In general, it can be said that usually the 
6-thiopurine derivatives most active against Adeno
carcinoma 755 also exhibit significant activity131519131 

against Sarcoma 180. Many purines exhibiting anti
tumor activity against Adenocarcinoma 755 were found 
to be inactive against Sarcoma 180. This is to be 
expected since Sarcoma 180 is known to be much more 
resistant to inhibition by purine antagonists. I t is 
interesting to note that all purines which exert good 
activity against Sarcoma 180 are also active against 
Adenocarcinoma 755. The same type of structural 
modifications which produced active purines against 
Adenocarcinoma 755 often result in derivatives active 
against Sarcoma 180; however, a higher dosage sched
ule is usually required for activity132 in Sarcoma 180. 
The highly active compound 2-amino-9-(n-propyl)-6-
purinethiol13 is also active13 against Sarcoma 180. 
The 9-(tetrahydro-2-furyl) derivative of 2-amino-6-
purinethiol19 is significantly active against Sarcoma 180. 
Bis(2-amino-6-purinyl) disulfide133 is a more potent 
inhibitor of Sarcoma 180 than 2-amino-6-purinethiol 
itself. It is quite possible that the disulfide is grad-

(126) L. H. Cohen and R. E. Parks, Jr., Can. J. Biochem. Physiol., 41, 
1495 (1963). 

(127) R. W. Brockman, M. C. Spars, D. J. Hutchison, and H. E. Skipper, 
Cancer Res., 19, 177 (1959). 

(128) R. Weiss, R. K. Robins, and C. W. Noell, J. Org. Chem., 25, 765 
(1960). 

(129) This compound is erroneously listed in ref. 128 (Table II) as the 
t-butylamino derivative. 

(130) J. A. Montgomery, F. M. Schabel, Jr., and H. E. Skipper, Cancer 
Res., 22, 504 (1962). 

(131) C. C. Stock, D. A. Clarke, F. S. Philips, and R. K. Barclay, ibid. 
(supplement), IS, part 2, 49 (1958). 

(132) Compare for example the activity of 2-araino-6-isopentylthiopurine 
against Adenocarcinoma 755 and Sarcoma 180 (ref. 14). 

(133) I. L. Doerr, I. Wempen, D. A. Clarke, and J. J. Fox, J. Org. Chem., 
26, 3401 (1961). 
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ually converted to the active antimetabolite in vivo. 
Purine itself is active131 against Sarcoma 180. 

Many of the purines which exhibit activity against 
Adenocarcinoma 755 are also active against Leukemia 
L-1210. o-Amino-7-hydroxy-i.'-triazolo[<2]pyrimidine 
(8-azaguanine) exhibits good activity134 against 
Leukemia L-1210. 6-Purinethiol,3 2-amino-G-purine-
thiol,135 and the riboside3 of 6-MP are all active against 
Leukemia L-1210. Purine-6-sulfonamide,16 2-amino-G-
isopropylthiopurine,1S 2-amino-l-methyl-G-purinethi-
one,'7 2-amino-9-(tetrahydro-2'-furyl)-G-purinethiol,u' 
and G-bromopurine30 (Table II, 7) are all examples of 
purines active against Leukemia L-1210 as well as 
Adenocarcinoma 755. 2-Amino-(>(«-propylthio)purine 
(Table II, 4) and X-AIethylpurine-6-sulfonamide16 

(Table II, 3) are also active. 8-Diazohypoxanthine.'3 

a compound of borderline activity in Adenocarcinoma 
755, is active (unconfirmed) as shown in one test (Table 
II, 1). G-(2,2-Dimethylhydrazino)purine has been 
reported136 to be 6% as active as amethopterin against 
Leukemia L-1210. G-Purinethiol (6-MP) is 34% as 
active as amethopterin in the same system,13" while 2-
(2-aminopurin-6-ylthio) valeric acid34 shows'35 53 % 
of the activity of amethopterin against Leukemia L-
1210. 

It is quite likely that many of the other purines active 
against Adenocarcinoma 755 are also active against 
Leukemia L-1210, but in the majority of instances 
these tests have not been run. 

A number of selected purines active against Adeno
carcinoma 755 have been submitted for random screen
ing against other neoplasms. These results for some 
of the active compounds are tabulated in Table III. 
It is abundantly clear from inspection of this table that 
these purine derivatives possess a wide spectrum of 
activity against a large variety of experimental neo
plasms. The 6-alkylthio-2-aminopurines34 and 6-alkyl-
thiopurines137 show good activity against Dunning 
Solid and Dunning Ascites Leukemia (Table III). 

The activity of G-bromopurine30 against spontaneous 
mammary tumors (Table III) is noteworthy. (3-
Bromopurine and G-iodopurine have been shown to 
enhance the carcinostatic activity of azaserine against 
ascites cell forms of Sarcoma 180 and Ehrlich Carcinoma 
m vivo.1* 2-Amino-9-isobutyl-6-purinethiol13 and 2-
amino-9-(n-butyl)-G-(2-pyridylmethylthio)purine13 are 
active against 3,4-9,10-dibenzpyrene-induced fibro
sarcomas (Table III). 

Mautner and co-workers have prepared G-seleno-
purine138 and 2-amino-6-seleiiopurine139 and studied the 
antitumor properties of these compounds. As an 
inhibitor of Leukemia L-1210, G-selenopurine was essen
tially as good as G-purinethiol (G-MP).'40 The inhibi
tion of an Ehrlich ascites tumor cell system by G-
selenopurine has been studied.141 2-Amino-G-seleno-
purine exhibits a better therapeutic index139142 than 

fl34) L. W . Law, Cancer lies.. 10, 186 (1950). 
1.133) V. U. Brown and II . (',. M a n d e l , ibid., 18, par t 2, 281 (1958). 
(136) A. Goldin , J . M . Vendi t t i , and I. Kl ine , ibid, ( supp l emen t ) , 22, 

p a r t 2, 749 (1962). 
(137) H . C. Koppe l , I ) . E . O 'Br ien , and It. K. Rob ins , J. Org. Cham.. 24, 

259 (1959). 
(138) I I . G. .Mautner , J. Am. Chem. Hoc, 78 , 5292 (1956). 
(139) II . G. M a u t n e r , S. II . Cliti, J. J. Juffe, and A. C. Sar torel l i , J. Med. 

Chem., 6, 36 (1963). 
(140) H. G. M a u t n e r and .1. .1. J tiffc, Cann, A'ts., 18, 291 (1958). 
(111) II. G. M a u t n e r , Riocliem. 1'hu.rmaeul., 1, 109 (1958). 
(112) I I . G. M a u t n e r a n d J . J . Jaffe, ibid., 5, 313 (1961). 

2-amino-G-purinethiol on ascites cells of Sarcoma 180 
and against Lymphomas L-1210 and L-51784. The 
activity of 9-(2-chloroethyl)adenine against Cmu ex
perimental tumor has been reported.143 It is interest
ing to note that G-purinethiol has shown activity against 
75 out of 120 different experimental animal tumors.11-' 
2-Amino-G-purinethiol was active in 19 out of 32 cases, 
and 5-amino-7-hydroxy-y-triazolo [djpyrimidine (8-aza
guanine) showed activity against 34 out of 75 different 
tumors tested.112 

The interesting purine mustard 9-(3-[bis(2-chloro-
ethyl)amino]propyl)hypoxanthine144 has been shown to 
be active against Ehrlich Ascites GC3HED and several 
other neoplasms.145 This compound, however, has 
shown activity only against alkylating-agent sensitive 
tumors.145 Burckhalter and Bariana146 have recently 
found that the compound X6-(a-[bis(2-ehloroethyl)-
amino|-4-ethoxy-/H-tolyl)adenine is active against Leu
kemia L-1210 and Dunning Solid Leukemia. If is 
interesting to note that these two examples of active' 
purine nitrogen mustards contain the mustard function 
at either position G or 9, the positions of greatest allow
able versatility with regard to size and type of sub-
stituent. 

To date only a relatively few purines have been 
tested against Dunning Ascites Leukemia. Table HI 
lists a number of purines, prepared in our laboratory, 
which are active against this neoplasm. 6-I'urinethiol 
exhibits a T C of approximately 1.4 against Dunning 
Ascites Leukemia. 2-Amino-6,8-purinedithiol exhibits 
a T C of about 1.7 and 2-amino-G-(isopropylthio)-
purine34 a T,V of l.G (see Table III, 1, 4). Other G-
alkylthio-2-aminopurines are also active (Table III), 
but too few purines have been screened to draw any 
general structure -activity correlations. G-Ethylthio-
pui'ine137 and 2-amino-6-(isopropylthio)purine:i4 are 
examples of purines active against Dunning Solid 
Leukemia (Table III, 10, 11). The excellent thera
peutic index of 2-amino-9-(/<-propyl)-G-purinethiol 
against Adenocarcinoma Too13 and the wide spectrum 
of antitumor activity make this compound a promising 
candidate for clinical trial. 2-Amino-9-(«-propyl)-G-
puriuethiol,13 besides exhibiting activity13 against 
Adenocarcinoma 755 and Sarcoma 180, is also active 
against Leukemia L-1210 (Table II, 2), Solid Friend 
Virus Leukemia (Table III, 12), Dunning Ascites 
Leukemia (Table III, 2), 3,4-9,10-dibenzpyrene-induced 
fibrosarcomas (Table III, 19), Leukemia P815 (Table 
III, 21), and Leukemia L1210 G (Table III, 22). A re
lated compound, 2-amino-9-isobutyl-6-purinethiol,l;i is 
active against spontaneous mammary tumors (Table III, 
14). 2-Ammo-9-(H-propyl)-G-purinethiol has not been 
tested against this latter tumor. The activity of G-
bromopurine3" against spontaneous mammary tumors 
(Table III, 15) and 3,4-9,10-dibenzpyrene-induced 
fibrosarcomas (Table III, 18) is noteworthy. Thus, 
with the limited testing data presently available? on 
purines tested against tumors other than Adenocar
cinoma 755. it would appear that the purines which 
are highly active against this tumor do possess sig
nificant activity against a variety of other animal tu

tu;!) S. S. Epstein and G. M. Timmis, ibid., 11, 743 (1962). 
i 1 14) II. II . Liu and G. C Priee, ./. Org. Clam., 26, 108, 261 tl'.Mil i. 

G45) H. .1. Hutru.-i.lL, I-'. S. Lewis, S. Bi.ie.kuer, ( ' . G. Priee, I-'. Ue.nell.vn. 

and I-:. Owens, I'tutrtr His. ( supp l emen t ) , 22, p a r t 2, 559 M!Ki2). 

G l t i l .1. H. BureKlialter and 1). S. Bar i ana . p r iva te i-iiiiiiiiiuiieatniii. 

Hutru.-i.lL
Bi.ie.kuer
Ue.nell.vn


March, 1964 ANTITUMOR ACTIVITY AND STRUCTURE IN PURINES 199 

mors, in many cases surpassing the activity of 6-purine-
thiol. 

General Summary 

Many different metabolic effects have been observed 
with the active purines and purine analogs, and in
hibition has been shown to occur at various sites in the 
biochemical sequence of nucleic acid biosynthe-
sjSii8.89-94.98.ii6-ii7,i47-i64 Undoubtedly, numerous dif
ferent enzyme systems are involved. It is quite 
possible, however, that the enzymes which accept pre
formed purines and purine nucleosides require certain 
structural features. Although the binding sites for the 
natural purines may not be identical, it seems likely 
that these sites would be restricted. In order for a 
purine analog to exert significant biological activity, 
it must become attached to some purine-accepting 
enzyme system. In view of the number and type of 
compounds studied, it is tempting to speculate as to 
the positions of the purine molecule which might 
be involved in enzyme attachment. 

In the purine series positions 3 and/or 7 appear to be 
the most likely to bond to receptor sites. It is possible 
that with adenine and adenine analogs, such as the 4-
aminopyrazolo[3,4-d]pyrimidines, position 5 (purine 
position 1) is also important. Studies155 of the pK* 
of the active 4-substituted pyrazolo[3,4-d]pyrimidines 
would tend to support this view. It is of interest that 
even with the pyrazolo[3,4-d]pyrimidines a close 
steric fit is required at position 3 (purine position 7), 
since 4-amino-3-methylpyrazolo [3,4-d ]pyrimidine108 

was found entirely devoid of antitumor properties. 
LePage and co-workers9497 have suggested the 

synthesis and study of purine 2'-deoxynucleoside de
rivatives as more proximal precursors for incorpora
tion into DXA. Such compounds might exert a more 
selective action on tumor since it has been shown that 
the carcinostatic properties of 2-amino-6-purinethiol 
can best be correlated with its incorporation into 
DNA.92"9497 Munch-Peterson156 has shown that 2'-
deoxyadenosine can be converted to the nucleotide in 
Ehrlich ascites cells, and Maley and Maley157 have 

(147) A. C. Sartorelli and B. A. Booth, Biockem. Pharmacol., 6, 245 (1960). 
(148) A. C. Sartorelli and B. A. Booth, Arch. Biochem. Biophys., 89, 118 

(1960). 
(149) L. Slechta, Biochem. Biophys. Res. Commun., 3, 596 (1960). 
(150) L. Slechta, Biochem. Pharmacol, 6, 96 (1960). 
(151) A. C. Sartorelli and B. A. Booth, Biochim. Biophys. Acta, 55, 214 

(1962). 
(152) D. Nathans and A. Neidle, Nature, 1076 (1963). 
(153) J. D. Davidson, Cancer Res., 20, 225 (1960). 
(154) W. E. Magee and F. S. Eberts, Jr., ibid., 21, 611 (1961). 
(155) B. M. Lynch, R. K. Robins, and C. C. Cheng, J. Chem. Soc, 2973 

(1958). 
(156) A. Munch-Peterson, Biochem. Biophys. Res. Commun., 3, 392 (1960). 
(157) G. F. Maley and F. Maley, Arch. Biochem. Biophys., 101, 342 

(1963). 

noted the enzymatic synthesis of 2'-deoxyribonucleo-
tides from 2'-deoxyribonucleosides via a phosphotrans
ferase reaction. This extension of the present work 
does appear to be worthy of investigation, especially 
since 2'-deoxyadenosine has been observed to be an 
inhibitor of DNA synthesis,153 and 2'-deoxyadenosine 
and 2'-deoxyguanosine have been shown to inhibit the 
reproduction of mammalian cells in culture,159-161 pre
sumably by a type of feedback mechanism which 
prevents conversion of certain ribonucleotides to 2'-
deoxyribonucleotides. 

Although there have been relatively few purine de
rivatives evaluated in the clinic to date, this is prob
ably due in part to the toxicity of certain purine deriva
tives and the unwarranted assumption that all purines 
and related derivatives would probably behave simi
larly in human trial. Recent renewed interest in the 
future clinical possibilities of purines has been stim
ulated by the work of Adams and Bowman161 who have 
shown that 2-amino-6-purinethiol (6-thioguanine) pro
duced striking regression of established Sarcoma 180 
and Adenocarcinoma 755 tumors. 

In the search for compounds of greater specificity 
against neoplasms and lesser toxicity in man, it would 
now appear that the animal testing data presently avail
able provide many compounds worthy of further in
vestigation. Much has been learned concerning the 
desirable structural variations on the purine ring which 
are most likely to result in selective biological activity. 
Further refinements in the structure and improvements 
in the activity of these important compounds and the 
study of their biochemical relationship to the precursors 
of nucleic acid and vital coenzymes is a most exciting 
challenge. It is already abundantly clear from present 
biochemical studies that the purines and purine nucleo
sides are capable of highly specific action and represent 
an area which has only begun to be investigated in 
cancer chemotherapy.162163 
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