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40.4 g. (0.58 mole) of hydroxylamine hydrochloride, 100 ml. «f
ethanol, and 200 ml. of 20, aqueous sodium hydroxide was
heated under reflux for 4 hr. Most of the ethabal 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, vielding
49.4 g. (569,) of crystals, m.p. 153° dec.

Anal. Caled. for CsHeNO,: C, 52.46; H, 4.95; N,
Found: C, 52.65; H, 4.89; N, 7.67.

3,4-Diacetoxy-5-methoxybenzonitrile.—A mixture of 39.8 g.
(0.218 mole) of 3,4-dihydroxy-5-methoxyvbenzaldoxime and 75 g.
of acetic anhvdride 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 inta
ice-water, giving a dark solid, wt. 44.5 g. A sample wus re-

7.65.

Vol. 7

ervstallized fram ethanol with the aid of Darco, giving crystals,
nep. 1H5-121°,

Auwal. Caled, Tor CaHpNOg: ) 57.83;
Found: G, 57.82; H, 4.05; N, 5.80.

t, 445 N, na2
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A study of the various purines exhibiting antitumor activity bas been made with special attention given to

those compounds prepared in the author's laboratory over the past ten yvears.

ber of purines is presented for the first time.

The antitumor activity of a num-

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 hiochemical studies on mechanisms of inhibition

are needed.

The limited but encouraging success of certain simple
purine derivatives and related compounds in the
clinie?—1 against neoplastic diseases in man has stim-
ulated the synthesis and study of a considerable nuni-
ber of potential purine antagonists iu recent yveais.
Iu our owu laboratory over the past ten-year period
approximately 1300 compounds (purines or ielated
derivatives) Liave been prepared and evaluated under
the auspices of the Cancer Cliemotherapy National
Service Center?e against various induced rodeiit tumors.
It 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.® 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.? Several previous
studies of the antitumor activity of certain purine de-

(1) The authior gratefully acknowledges financial support fron: American
Cancer Society (Grant No. T-181B during the course of swinnarizing tle
ilata for this manuscript.

(2) (2) R. E. Ellison and J. H. Burchenal, Clin. Pharmacol. Therap., 1, 631
(1960); (b) R. M. Whittington, 8. L. Rivers, R. T. Doyle, and D. Kodlin,
Canecer Chemotherapy Rept.. 18, 73 (1962); (c) J. H. Burchenal and R. R.
Ilison, Clin. Pharmacol. Therap., 2, 523 (1v61); (d) G. H. Hitchings and
C. 1'. Rhoads, Ann. N. Y. Acad. Sct.. 60, 183 (1954): (e) The synthetic ef-
fort luring this period was supported in part by Contract SA-43-phi-1928
with thie Cancer Chemotherapy National Service Center, National lusti-
tutes of Health.

(3) H. E, Skipper, J. A, Montgomery, J. R. Thouson, and I, M. Schiabl,
Jr., Cancer Res., 19, 425 (1959); <bid. (supplenient), 19, part 2, 287 (1059).

(4) H. Ii. Skipper. R. K. Robins, J. R. Thomson, (. (. C‘hieng, R. W,
Brockuan, aml I¥. M. Schiabel, Jr., tbid., 17, 579 (1957).

rivatives against this tumor have already appeared®*—
and will be referred to often in the preseut report. In
addition various structural derivatives of 6-purine-
thiol have been evaluated against Sarcoma 180 i mice.®
Although tlere is certainly grave danger in extrapolat-
ing antitumor activity and structural relatiouships
from one tumor to another, certain useful comparisons
can be made. In the present work attention will be
focused on funectioual group changes on the purine ring.
The antitumor activity of purine nucleosides will only be
referred to in the sense that n-ribose may be cousidered
a Y-substituent. The antitumor activity of the vai-
ious purine nucleoside-type antibiotics and active
compounds prepared by changes in the carbohydrate
nioiety are beyond the scope of the present study.

I'rom the point of view of the organic chemist the
syuthetic program was begun with the following goals.
(1) Begiuning 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 whicli
would exhibit antitumor action »ia different biochem-
ical mechanisms. This would provide a powerful tool
to combat the resistance often observed after prolonged

(5 1. A. Montgomery, wbid., 19, 447 (1959).

(6) F. M. Schabel, Jr., J. A. Moutgoniery, 11. E. Skipper, W. 13. Laster,
Jr., and J. R. Thomsou, ibid., 21, 690 (1961).

{(7) J. A. Montgomery, T. P. Johnston, A. Gallagher, C. R. Stringfellaw,
aml . M. Schabel, Jr., J. Med. Pharm. Chem., 8, 265 (1961).

{8) Tr. A. Clarke, (. B. Elion, 3. H. Hitehings, and (', (. Stouk, Canres
Fles,, 18, 445 (1958).
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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 autitumor 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 9.0 —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.+13—1% 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-workers?® 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, 8. 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, ¢bid. (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, ¢bid. (supplement), 18, part 2, 246
(1958).

(13) C. W. Noell and R, K. Robins, J. Med. Pharm. Chem., 8§, 558 (1962).

(14) E. Y. Sutcliffe, K.~Y, Zee-Cheng, C. C. Cheng, and R. K. Robins,
ibid., B, 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., 5,
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. X. Rohins, Binchem. Pharmacol.,
11, 1017 (1962).

(19) W. A, Bowles, I. H, Sehneider, L. R. Lewis, anid R. K. Robins, J.
Med. Chem.. 6, 471 (1963),
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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),% a compound which is com-
pletely inactive againt Adenocarcinoma 755. 2-Amino-
l-methyl-6-purinethione (II)," on the other hand,

S H S H
CHS—Nk)t' Ny cH—N o
SN HN-k AN
I II

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.”” 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 Junga?! who
have shown potentiation of antitumor activity by a
combination of 6-purinethiol and 2-amino-6-purinethiol.
It is of interest that neither l-methyladenine,?? 1-
methylhypoxanthine,® nor 1-methylxanthine?? exhibit
any significant  antitumor  activity. 1-Methyl-
guanine®* (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, amiio, 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-
adenine?® 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.?* 2-
Methyl-6-purinethiol® and 6-chloro-2-methylpurine®
are completely inactive. The presence of a 2-methyl-
thio group® similarly renders 6-purinethiol and 6-
chloropurine inactive. 2,6-Dichloropurine? is essen-
tially inactive. Simple 2-substituted purines such as
2-hydroxypurine,?® 2-purinethiol,2® 2-chloropurine,® 2-
bromopurine,® 2-fluoropurine,?! 2-methylthiopurine,?

¢20) L. B. Townsend and R. K. Robins, J. Org. Chem., 27, 990 (1962).

(21) J. F. Henderson and I. G. Junga, Biochem. Pharmacol., B, 167 (1960).

(22) J. W. Jones and R. K. Robins, J. 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, Littlefield 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, J. Chem. Soc., 2060 (1954).

(29) R. K. Robins, K. J. Dille, C. H. Willits, and B. E. Christensen, J.
Am. Chem. Soc.. 78, 263 (1953).

(30) A. Ci. Beaman, J. F. Gerster, and R. K. Robins, J. Org. Chem., 27,
986 (1962).

@31) J. A. Montgomery and K. Hewson, J. Am. (hem. Soc., 19, 4559
(1957).
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Compd.
no.

1

"

6

10

11

12

R. K. Ropins

Tasne §
ANTITUMOR ACTIVITY OF VARIOUS PURINES AN RELATED DERIVATIVER AGAINST ADENOCARCINOMA TH5

Animal

wt.
Inse Sur- WJiff. T'amor wt. T/C
Naine e, Sy vivors Ty (test/coutrol) »
2-Anvno-6-hydroxy-8-iethylpurnne 125 2710 -7.0 427 /1827 Toxie
(12,5 a0 —--1.1) 0643 /2515 25
625 8/10 —1.0 063 /2513 BN
6-Methoxypurine 500 R/10 3.7 0/745 0
250 A0 =27 0/74s )
250 ~/10 =20 90/704 12
125 0/10 -2.0 SFTAS 1
62,5 10/10 — 1.0 1557 /71808 86
(-Amino-S-punnal 250 010 Toxic
125 TA0 =100 1%
125 ~/10 70 21
G2.5 S/10 —G.0 700 /2004 g
LG 10,710 3.0 15062 /2004 71
2-Aminopurnine 250 10710 -—6.0 100672705 35
2-Amino-6,3-purmedithiol 250 9710 —3.3 S04,/1706 H2
125 a:10 -1 136,/1265 10
125 S/10 2N 2706 /1420 1)
G2 0/10 (1.1 2083 /1706 122
2-Anmno-6-chloropurine 125 0710 -3, 7 571226 4
(G2 10/10 5.4 162/1226 13
31 10/10 -1.0 736/1226 60
15 G/10 -7.3 0/1504 Toxie
10 910 ~2.5 T32/838 85
3 s8/10 —-3.7 6/1504 0
2.5 10/10 -2k 370/1504 24
2,6-Diamino-9-(p-tolyl)purine hydrochloride A0 0/10 Toxie
15 7/10 —4.? 471/1074 EN
7 9/10 —-5.5 H0/1263 4
3 T/10 —~1.5 8T7/1263 69
) 10/10 ~1.6 6553/1265 51
2,8-Diamino-6-purinethiol 125 a0 —06.9 0/900 Toxic
62.5 4/10 —4.0 106/1073  'Toxie
51 3710 —-0.9 105/556 Toxic
15 10/10 —2.3 145271604 00
6-Methylthio-9-(tetrabydro-2-pyrany]l)purime 250 3710 2.5 0/1571 Toxie
125 /10 3.1 O/H43 0
125 a/10 —~4.0 T0/13548 3
(G2 10410 -2 4 314/1348 23
3 10,/10 —1.7 525/1348 3N
1o 10/10 (I {30/1248 (62
9-(Tetrahydro-2-pyranyl)-6-purinethiol 250 /10 Toxie
125 0/10 —0.9 41/1009 ]
62,5 10/12 ~7.3 0/1005 0
60 9710 —6.2 7/1650 0
SE25 0 12/12 54 0/1003 0
50 10,410 -3.6 12/1550 0
15,62 11712 —2.9 0/1005 0
15 10/10 - 1.9 7171077 G
7oA 10,10 —1.5 108/1077 1o
g8 10,10 -1.0 S1R/1077 20
[ 10/10 - 1.6 21471099 1G
0.8 S/10 0.1 104571276 N
6-Iodo-9-(tetrahydro-2-pyranyl)purine 250 0/10 —4.4 0/9:4% 0
125 10/10 N ¢ 142 /948 14
(2 910 -4 313/948 B
3 10/10 —a2n 207 /048 51
6-(p-Fluorobenzylthio)-O-(tetrabydro-2-pyranyl)- 360 0/10 Toxre
purne 250 10/10 —3.% 196/881 22
180 0,10 —4.6 11/1286 0
90 /10 -3.7 0/1106 0
45 10/10 —2.6 0./906 0
; /10 —-2.7 100,/1106 0
10/10 — 1.5 157 /1106 14
10/10 (). 8 570/1163 40
5.6 G —1.2 435/1106 39
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Conipd.
no.

13

14

16

17

18

19

20

21

22

23

24

25

TaBLE I (Continued)

Name

6-(Benzylthio)-9-methylpurine

7-Diethylamino-3-methyl-v-triazolo[d]pyrimidine

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

7-Isobutylamino-p~triazolo [d]pyrimidine

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

2-Amino-6-chloro-9--p-ribofuranosylpurine

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

6-Bromopurine

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

1-Methylguanine

8-(p-[Bis(2-chloroethyl)aminolphenylazo)xanthine
hydrochloride

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

2-Acetamido-6-(benzylthio)purine

Dose

(mg./kg.)

3

1

0
504
252
126
63
31
15
250
250
70
35
35

17.;

100
50
50
75

37.
37.
18.

600
500
300
150
100

50

25

12.

300
200
150
100
75
50
25

12.

300
150
75

37.
18.

75

37.
18.

300
200
100
100
50
25
65
60
30
20
15

100
50

.73

St

-Gb;‘ao\l:)lov
© W O

75
.37
.68
.34

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

wt.

diff.

Animal

(T-C)

—0.
—-0.
—-0.
—4.
-3.
—-2.
-3.
—-2.

-1

—-3.
—-2.

-2,
—=5.

-3
-2

—1.
—3.

—-3.

-3
-1

—-1.
-0.

-2
-1

—-2.
-0.

-3

—-3.
—-1.
—0.

-3
-2
-3

—-2.
—-2.
—-1.
-2,
—3.
—-2.
—1.
—-2.

-2
-1

-2,
—-3.
-0.
-0.

-1
-7

-3.
—-1.

—4.

-3

—6.
-2,
—1.
—5.
-2,
-2,

0.
—0.

0.
-3.
—3.
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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
63/1108
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
%
K0
61
40

Toxic

1
0
0
11

Toxic
27
68

Toxic
24

6
48
Toxice

Toxic
31
11
83

Toxic

Toxic

189

Reference
to
synthesis

162

128

128

128

87

80

88

30

87

23

163

19

19
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Compi.
no.

206

kg

24

30

31

32

36

37

R. k. Ropixs

Tasre 1 (Continued)

Name

2-(O-g-p~riboHirnosyviparin-G-ylaninoethanol
hvdrate

N-Methylpurine-G-sulfonamide

(2-Amino-9-g-p-ribofuranosyvipumn-G-vhtrimethyl
ammonium chloride

Trimethyl(9-8-p-ribofuranosylpurin-6-vDammonium

chloride

2-Amino-6-bromopurine

7-Hydroxy-s~triazolo[djpyrimidine

7-Amino-s-triazolojd}pyrimidine

6-Chloro-9-(tetrahydro-2-pyranyhpnrine

4-Amino-1-(2-chloroethyl)pyrazolo[3,4-dipyrimidine
bydrochloride

2-Amino-6-(methylsulfony!)purine

G-(Allylthio)-2-aminopurne

(2-Amino-6-pnrinylthio)acetonitrile

IR

imng./ kg

25

il

204
200
100
]
S0
25
925
50
40

400
240
120
60
460
240
120
60
30
240
120
GO
50
400
250

125

627

M2 1S e~ 2

Kl 0o LI

[ RS SN

Sur-

VIVOLES
N0
010
1710
710
N0
10,/10
H0/10
10710
0/10
a/10
S0
9710
10,/10
9/10
10,/10
10,10
10/10
SAH0
9710
10411)
10/ 10
740
10/10
10/10
10/10
10/10
210
7210
9/10
10,/10
a/10
a9/10
010
010
B2
12
/0
SO0
10/10
1O/ 10
9510
10/10
10/10
10210
010
a9/10
1010
09/10
10710
10410
U0
0/10
0410
10710
/10
/10
N/10
9/10
a,/10
9/10
S/A10
10/10
10/10
N0
1010
=40
9,10

Vaimal

X3

di

«
It

11

)

[

o+ I

AR RN Y A

-— T Ll

Po=b e — 12 L

'

el &

~ Y s PRI A

—_

Tamor wi.
ftent, crmtral)

0412
R
JHE2
19/676
IN3/GTG
VA2

220/ 112

07645
4571609
0/645
35/1699
IRN /045
KRS
234/645
OG-S
1O/ LIS
S48 /1505H
TM/1505
142271305
0,075
132/1705
205
1303
172 /075
071280
01286
14 /1286
27141286
071132
ST/II2

4711020

23771005
K58/ 1005
D83 /530
9 /157
70/1009
20 /048
144 /045
36271500
02048

67571077

RSN
270/1074
144535

263/2113
071407
1592370
66/1673
071497
11052370
53/1677
SL/1407
13/1501
61 /938
(/035

(1
=

.l"'x;l‘

/
27
17
i1

55

Toxie

V]

vy

0
)

109
AN

’l'uxi('

0
1
21
0
,A)

40

Toxie

Vyer

25
N
S0

|

i
)

)
25
4

2

(v

Taxhe

26

\'()l. 7

Beferenee
Y
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N0

16

S0

N0

1

R
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TasLE I (Continued)

Animal
wt. Reference
Compd. Dose Sur- diff. Tumor wt. T/C to
no. Name (mg./kg.) vivors (T-C) (test/control) % synthesis
15.62 9/10 —1.2 61/1059 5
7.81 9/10 —1.9 44/1059 4
3.9 10/10 —1.6 175/1059 16
1.95 10/10 -0.7 405/1059 38
1 10/10 —-0.2 554 /873 63
38 2-(2-Amino-6-purinvlthio))heptanoic acid 130 7/10 —5.2 0/1795 0 34
125 4/10 —3.4 50/1212 Toxic
65 10/10 —-3.7 5/1141 0
32.5 9/10 —4.1 172/1795 9
16.25 10/10 —2.0 630/1795 35
39 2-(9-Methyl-6-purinylamino)ethanol 130 7/10 —2.3 14/587 2 162
65 8/10 —3.8 38/1378 2
65 10/10 -0.7 40/587 6
32.5 &8/10 —0.4 186/587 31
16.25 9/10 —0.8 493 /587 ]R3
Tasre II
AcmiviTy oF VARIOUS PURINES AND RELATED DERIVATIVES AGAINST LLEUREM1A 1~1210
Animal
wt. Reference
Compd. Dose Sur- diff. Survival (days) T/C to
no. Name (mg./kg.) vivors (T-C) (test/control) %% synthesis
1 8-Diazohypoxanthine 50 6/7 —-0.1 /9.4 113 73
50 6/6 —-0.1 12.0/9.4 159
2 2-Amino-9-(n-propyl)-6-purinethiol 15 6/6 —-2.5 10.0/9.5 105 13
11 5/6 —3.2 11.4/8.5 134
7.5 5/6 -2.1 12.6/9.1 138
7.5 5/6 —-2.1 12.6/8.5 148
5 6/6 —2.6 13.0/8.5 152
3.3 6/6 —-1.0 11.1/9.1 121
1.88 6/6 —-2.2 11.6/9.5 122
3 N-Methylpurine-6-sulfonamide 75 6/6 —1.3 10.3/8.5 121 16
50 6/6 0.3 12.0/9.0 133
50 6/6 -1.7 11.2/8.5 131
4 2-Amino-6-(n-propylthio)purine 60 6/6 —-1.3 12.5/9.2 135 34
40 6/6 —1.2 13.2/8.6 153
40 6/6 —1.0 13.8/9.2 150
26 6/6 -1.7 12.7/9.2 138
17 6/6 —1.1 12.8/9.2 139
10 6/6 —-0.4 12.0/9.0 133
6.7 6/6 —0.4 11.3/9.0 125
3 6/6 —0.6 11.0/11.4 96
5 2-Amino-6-( methylsulfonyl)purine 60 6/6 —1.6 10.5/8.8 119 36
30 6/6 —-1.5 12.7/8.8 144
6 2-Amino-6-(phenethylthio)purine 675 6/6 —4.5 10.5/8.4 125 34
450 6/6 —-2.7 13.2/10.3 128
450 6/6 —-1.9 12.2/8.8 138
450 6/6 —4.0 11.3/8.4 134
300 6/6 —1.9 11.0/8.4 130
200 5/6 —2.6 10.4/8 .4 123
7 6-Bromopurine 500 6/6 —3.6 11.2/8.9 125 30
250 6/6 —2.0 12.2/8.9 137
200 6/6 —-0.9 11.7/9.7 120
125 6/6 —-1.4 10.8/8.9 121

and 2-methylpurine®® 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 mmcorporated into
Escherichia coli DNA.3°

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. Chem. Soc.,

81, 193 (1959).
(33) H. Gottschling and E. I'reese, Z. Naturforsch., 16b, 515 (1961).

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,**% 2-amino-6-chloropurine3* (see Table I, 6,
for activity of 2-amino-6-chloropurine), 6-bromopu-
rine®* (Table I, 20), 2-amino-6-bromopurine® (Table
1, 30), 6-(methylsulfonyl)purine, ® 3 2-amino-6-(methyl-
sulfonyl)purine®* (Table I, 35), 6-alkylthiopurines,?35.16

(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, ¢bid., 81, 5997 (1959).

(36) A. G. Beaman and R. K. Robins, synthesis unpublished.
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Compd.
na.,

N

11

12

13

Naine

2-Amino-6,8-purinedithiol

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

2-Amino-6-(pentylthio)purine

2-Amino-6-(isopropylthio)purine

2-Amino-6-(o-chlorobenzylthio)purine

2-(2-Amino-6-purinylthio)acetamide

(2-Amino-6-purinylthio)acetonitrile

1-Methyl-4-(n-butylamino)pyrazolo[3,4~d| pyrimidine

4-Benzylaminopyrazolo[3,4-d]pyrimidine

6-Lithylthiopurine

2-Amino-6-(isopropylthio)purine

2-Amino-9-(n-propy1)-6-purinethiol

2-Amino-1-methylpurine-6-thione

R. K. RoBixNs
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G/6
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Dunning Leukemia (solid)
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100
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25
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6/6
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G/0
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Solid Friend Virus Leukemin

Y

9

T OO

10/10
9/10
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Murphy-Sturm Lymphosarcoma
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5.0/10.0
14.0/8.5
15.0/10.0
15.5/8.5
15.0/10.0
15.0/8.5
11.5/7.5
10.0/7.5
0.0/7.5
12.5/5.0
11,0/5.5
10.5/8.0
5.0/5.0
3.0/8.0
14.5/8.5
13.5/8.5
9.0/8.0
12.5/8.0
14.0/8.5
11.5/38.5
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
3.5/10.0
11.0/9.0
11.0/9.0
10.0/9.0
12.0/9.0
N.5/8.0
11.5/0.0

22.0/14.0
24.0/15.0
21.0/14.0
20.5/15.0
20.0/14.0
17.5/14.0
7.5/13.0
2.5/16.0
2.0/15.0

1.0/16.0
19.5/15.0

10/327
22/430
15,/430
79/327
17/430
63/430
303/1076

T/C
¥

150
164
150
182
150
176
153
133
120
156
120
131
Toxie
162
170
158
112
156
164
135
155
135
138
111
155
155
144
135
122
122
111
133
106
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157
160
150
136
142
125
134
140
146
131
130
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TaBLE III (Continued)
Ref.
Daily to
Compd. dose Re- Growth No. Survival syn-
no. Name (mg./kg.) Wk, sult index Wt. change. g. Deaths inj. (days) thesis
Spontaneous Mammary Tumors
14 2-Amino-9-isobutyl-6-purine- 6 3 + 1.37/1.63 —2.5/-3.0 +1/8 11 33.3/67 13
thiol 8 3 =+ 1.32/1.63 —3.0/-3.0 +0/8 11 59/67
16 3 -+ 1.18/1.61 —2.0/—4.5 +3/9 11 25.1/39.3
16 2 + 1.09/1.30 —10.0/—1.5 +4/9 8 18.9/44.2
15 6-Bromopurine 125 3 + 1.00/1.21 0/+1.0 +1/11 11 58.5/62.1 30
125 3 + 1.07/1.36 —4.0/—4.0 +1/10 11 41.7/50.3
250 3 - 1.38/1.36 -5.0/—4.0 +1/10 11 37.9/50.3
16 2-Amino-9-(n-butyl)-6-(2- 15 3 + .92/1.29 —7.0/+1.0 +1/8 11 54.3/36.8 13
pyridylmethylthio)purine 15 3 =+ 1.33/1.57 —6.0/+2.0 +2/9 11 37.7/44.2
30 3 - 1.39/1.57 —-5.0/+2.0 +2/9 11 34.4/44.2
3,4-9,10-Dibenzpyrene-Induced Fibrosarcomas
17 2-Amino-9-isobutyl-6-purine- 8 2 + .88/1.3 —3.5/+4.5 2/10 10 13
thiol 6 2 + 1.0/1.3 —1.0/43.5 3/10 10
6 2 + .94/1.4 —0.5/+3.0 2/10 10
3 2 =+ 1.2/1.4 +3.0/+3.0 1/10 10
18 6-Bromopurine 125 2 + .98/1.3 —2.0/+3.5 3/10 10 30
125 2 + 1.0/1.3 0/+3.5 1/10 10
60 2 + 1.1/1.3 —0.5/+3.5 1/10 10
30 2 - 1.2/1.3 +1.5/+2.5 1/10 10
19 2-Amino-9-(n-propy1)-6- 4 2 + 1.0/1. —1.5/4+2.5 3/10 10 13
purinethiol 4 2 + .98/1.2 +0.5/+1.0 3/10 10
2 2 =+ 1.1/1.2 +2.0/+1.0 1/10 10
2 2 - 1.1/1.1 —0.5/0 2/10 10
20 2-Amino-9-(n-butyl)-6-(2- 15 2 + .99/1.3 —1.5/4+0.5 2/10 10 13
pyridylmethylthio)purine 15 2 + 1.2/1.6 —2.5/+3.0 5/10 10
15 2 + .98/1.3 —2.0/+2.5 2/10 10
Daily Ref.
Compd. dose, Survival T/C to
no. Name mg./kg. Result Wt. change, g. (days) %% syn.
Leukemia P815
21 2-Amino-9-(n-propyl)-6-purinethiol 25 =+ —1.1/+0.2 10.6/7.0 151 13
10 + —-0.5/+0.2 13.0/7.0 186
Leukemia 11210 G
22 2-Amino-9-(n-propy! )-6-purinethiol 20 =+ —0.9/40.4 11.0/7.0 157 13
10 + —0.7/+0.4 11.7/7.0 167
7.5 + —0.9/+0.4 11.4/7.0 163

and 2-amino-6-alkylthiopurines.!®3* 2-Amino-6-methyl-
purine is inactive against Adenocarcinoma 755;
however, this might have been predicted since 6-
methylpurine has shown?® only questionable activity
against this test system. 2,6-Diaminopurine is also
inactive® against Adenocarcinoma 755. Acetylation of
the 2-amino group apparently does not greatly di-
minish antitumor activity. Thus, 2-amino-6-(benzyl-
thio)purine? and 2-acetamido-6-(benzylthio)purine?®
(Table I, 25) are both active compounds. 2-Acet-
amido-9-acetyl-6-(benzylthio)purine!® (Table I, 24) is
also a highly active compound. Perhaps deacetylation
oceurs 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-
thione® and 3-methyl-6-methylthiopurine®.3 are
completely inactive. 3-Methylguanine,®® 3-methyl-
adenine,*® 3-methylhypoxanthine,¥ and 2-amino-3-
methyl-6-purinethione®® 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.
Ory. 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).

rine’® was completely eliminated by introduction of a
3-methyl substituent to give 2-amino-6-(o-chlorobenzyl-
thio)-3-methylpurine.?®
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,®%® 2-amino-6-purinethiol, %41 various
6-alkylthiopurines,35—7164142  and  6-chloropurine.?5¢
6-Hydrazinopurine,®** 6-methylpurine,® and purine*
itself show®# reproducible inhibition against Adeno-
carcinoma 755 with a therapeutic index of approxi-
mately 2.5 Purine-6-sulfonamide,®%  N-alkylpu-
rine-6-sulfonamides’® (Table I, 27), and 6-alkylsul-
fonylpurines!®® all show good inhibition at wvarious
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), 28, 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., 26, 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, 1bid., 76, 6073 (1954).

(45) A. G. Beaman and R. K. Robins, tbid., 83, 4038 (1961).
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tivity of 6-bromopurine® (Table I, 20) which has a
therapeutic index of 65 as compaied to 15 for 6-chloro-
purine in the same test systeni.® 6-Methoxypurine®
(lLable I, 2) has shown activity at 250 and 125 mg. /kg.
This activity is essentially lost with 6-ethoxyvpurine.
PPurine-6-isothiocyanate has been reported* to he ac-
tive against Adenocarcinoma 7535.

"The size of substituent permitted at the G-position is
truly remarkable. A number of 2-amino-6-pyrimi-
dinylthiopurines* have shown excellent activity®
against Adenocarcinoma 755. MElion, Bieber, and
Hitehiugs*® liave studied the activity of 2-amino-6-
(I-methiyl-4-uitro-5-imidazolylthio)purine  which was
shown* to possess a therapeutic index agaiust Adeio-
carciitoma 755 superior to that of 2-amino-G-purine-
thiol when administered intraperitoneally or orally.
Purine-6-thioglucoside®*’ has also shown excellent
activity agaiust Adenocarcinoma 755. [t appears
quite probable**=>* that with these large substituents
attached to the 6-thio group these coupounds arve
metabolized in vire to thie active form of the diug, 6-
purinethiol or 2-amino-6-purinethiol. 'The use of
2-amino-6-(1-methyl-4-nitro-s-imidazolylthio)-puriie
would seem to have no particular advantage over 2-
amino-6-purinethiol in clinieal trial.®-%

The activity of various l-aziridinylpurines against
Adenocarcinoma 735 has recently been reported.” N-
(6-Purinyl)-1~glutainic acid® is another exaumple of an
unasual G-substituted purine active against Adeno-
carcinoma 755, The selective toxicity of "“G-purinyl-
liustamine’ against carcinoma cclls in vitro has been
reported.? =% S-Etliyl 6-aminopurine-9(or 7)-carbo-
tlioate has shown activity against Adenocarcinoma 755
at least at one dosage level.5?

Substitution at Position 7.—No purine substituted
with an alkyl group at position 7 has been found to
exluibit siguificant antitumor activity i experimental
ammals.  Thus, 7-methyl-6-purinetliiol,** 6-clhiloro-7-
niethylpurine,®  7-miethyladenine,” and 2-amino-7-
methyl-G-purinethiol® are all negative against Adeno-
carcinoma 755, 7-Butyl-6-purinethiol has been re-
ported® to be inhibitory in tissue culture but has not
vet been found active against a solid tunior in 2o

(46) G, lluber, Chem. Ber., 90, 698 (1957,

(47) W, T, Braduer and . A, Clarke, Canervr Fes., 18, 299 (143538).

i48) 1I. C. Koppel, R. . Springer, R. K. Robivs, aml . . Cheny, /.
red. Phavm, Chem., 5, 63Y (1962).

149) (4. B. Elion, S. Bieber, and . 1J. Mirclhings, Cencer Chemotherapy
Rept., 8, 36 (1960).

(50) 8. Bieber and I. Guodman, /'voc. A Assor. Cuncer Res., 2, 280
{1958).

(51) 1. Coodman, Science, 180, 450 (1951,

(52) G. B, Elion, 8. W. Calluban, G. H. lithings, aml R. W. Rundles,
Caneer Chemotherapy Rept., 8, 47 {1960).

(53) (. H. Hitehings, I. R. Fours, F. S Phillips, aml 8. & Sternbiore,
P Am. Assoe. Canrer Res., 2, 307 (1958).

o543 O 8, Seluwry, et al., Canrer Chemotherapy Rept., 8, 56 {1960y,

(55) R. R. Elison aud 1. C. Ton, ibid.. 8, 61 {19601,

(68) R. W, Rundles, T. 1i. Fulier, R. T. Doyle, aml 1. W, Gore, ihid.,
8, 66 (1960).

(67) 1. A. Montgontery, 15, Hewsou, anid €. Tewple, Jr., J. Vel Pharm,
Chem., 8, 15 (1962).

(58) D NL Wanl, ). Winle, 1. V. Walboeg, Je, amd V.8, Osileme, . O,
Cheni., 26, 5000 (1U60),

(5%) H. Lettré and H. Ballweg, Naluruissensvhafien, 46, 364 (1458).

(6() H. Lettré, H. Ballweg, and A. Schleich, ibid., 44, 634 (1977).

(61) ((, lectré, H. Ballweg, H. Emdo. V. Sebleirh, aml W. Siebs, Bio-
rhem, [harmarel., 1, 137 (1958).

G2y 3. Dyeer, Jo M. Reitze aml RS Faeris, Jrea, o, el Cheon, 8, 289
(1063;.

63y R.ND Praswd and R K. Rolans, . 0ne Chon. Soe,, T8, 610) (19575

64y i, CG. Kelley, Go v Wheeler, awl I V. Moutguery, Caveer Rog..
22, 129 (19a62),

Vol.7

A new method of syuthesis of 7-substituted parines
has recently been reported.®  Since a nunber of 7-¢-
v-ribofuranosylpurines have been isolated from natuial
sources®® e ax degradation products of psendovitainin
BB;: derivatives. it is quite possible that derivatives ol
this type may exhibit autitunior properties. In this
regard the synthesis of 7-a-p-ribofuranosyladenine has
recently been reported.®™

Substitution at Position 8.—The mtrodurtion of o
substituent group at position 8 gives varied results,
None of the monosubstituted derivatives such as 8-
purinethiol.* S-aminopurine,” S-hydroxypurine,® 8-
methylthiopuriie,®  8-methoxypuriue,®”  8-chloro-
purine, ¥ 8-broniopuring,™ or 8-methylpurine®? are ac-
tive agamst Adenocarcinonia 755, 2-Aniino-8-tiethyl-
G-purinethiol**  8-nethyl-6-purinethiol,™  G-chloro-8-
wethylpurine,™ and 8-methyladenine™ are essentially
mactive.  2-Amino-6-hydroxy-8-uethylpurine™ (lallc
1, 1), however. does show inhibition at 62.5 my. ‘ky.

I'he intr tion of a hyvdroxyl wr at position

I'he introduct f a hydroxyl group at position 8
renders  t-purtnethiol inactive.  6-Aunnio-8-purinol’
(Table I, 3) shows activity, but the accompailying
weight toss makes these resalts of questionable value.
The mtroduction of an 8-inercapto group mto 2-amino-
(-purinethiol  (6-thioguanine) gives 2-anino-6,8-pu-
rinedithiol™ ("Pable 1. 5) which does show activity at
rather high dosages.  Shuilarly, 2 8-dianiino-6-pnrine-
thiol™ (Table . 8), although rather toxic, s quite
mhibitory. lutrodaction of a halogen into position 8
of various active parines results in loss of activity.
(1.8-Diclhiloropurine,™ 8-chloro-6-purinethiol,” 8-ainino-
G-purinethiol.”™ and 6,8-purinedithiol™ arc all inac-
tive.  8-Chloroadenine™ is also inert. Noue of the
2 8-disubstituted purnes such as 2-ainino-8-purine-
thiol.™' 2-ammo-8-hvdroxypuriie,™ 2 8-purinedithiol,*
2-chloro-8-hydroxypurine,”  2-hydroxy-8-purinethio]
2 8-dichloropurine,” and 2,8-diawinopurine’™ exhibited
aiy activity against Adenocarcinoma 755.

Although the usual effect nf an 8-substituent s 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 aud still retain
antitwmor activity.  The substitution of plienyl™ at
position ¢, however, coinpletely eliminated tlic anti-
tunior activity of G-purinethiol and 6-cliloropurine.
2-Amino-9-phieuyl-G-purinethiol™ is inactive against
Adenocarcinoma 755, while 2-aniino-9-benzyl-6-purine-
thiol™ is active. ™ G-(1-Azbidinyl)-9-benzylpurine® in-

650 0 Vo Alinnsoimery amt Ko Meswson, S Org. Chem., 26, 1469 (141611,

GG W Fehalrieh amd K. Berahauer, 2. vliysiol. Chem., 317, 116 (14591,

(671 W. Friedrivh aml X. Bernbauer, Chem, Ber., 90, 465 (1957).

687 K. Bernbuuwer, O, Miiller, aml G Maller, Biocken. Z., 885, 37 (1961 ;.

(Gl (ar R, Bavelielli, Go Bovetti, e al., Biovhen, J., T4, 382 (1))
{6y J. v Aontgomwery amd Y11 Thomas, J. . Chem. Soc., 88, 2672 (196:1):
o) L. J. Brown amd 8, ¥, Masoun, J. Chemn. Soc., 682 (1957},

(70) 1I. C. Koppel aml R, K. Robius, J. Org. Chem,, 28, 1457 {1938).

(711 R. K. Robins, J. .On. Chem. Sov., 80, 6671 (1938).

72y L B. Elinn, I Gooodinan, W, Labge, aml Go H, itehings, ibid., 81,
1808 (19511,

(73 J. W. Joves and R. K. Rolins, bal., 82, 3773 (1960).

Fi AL (L Lewis, V. 4 Beaman, amdl R, K. Robins, Car. J. Chene, 41,
IROT i106ns,

TR0 Beownn Jo D pols Chemy, 80 200 {105y,

TGy =02 Goreeeplaeeg, 1o O Qoss, aind R WL Robins, J. G, Chewy,, 24,
ikl aysl.

70 L CL Koppe) Dbl O Briee, aaed RN, Robtas, 0 o, Chow, S,
81, 3ild CUIHN).
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hibits Adenocarcinoma 755. The only known 9-
phenylpurine derivative exhibiting antitumor activity
is 2,6-diamino-9-(p-tolyl)purine™ (Table I, 7). It 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.,* 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 study™ employing sulfur-
labeled 9-butyl- and 9-ethyl-6-purinethiol has shown
that no dealkylation occurred in wvivo in the rat. A
similar experiment’® has shown that 9-ethyl-6-purine-
thiol and 9-(n-butyl)-6-purinethiol are apparently not
dealkylated in humans. The original postulation?
that the 9-alkyl-6-substituted purines owe their activity
to in wiwvo 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-B-p-ribofuranosylpurin-6-ylamino)ethanol® (Table
I, 26) and 2-(9-methyl-6-purinylamino)ethanol (Table
1, 39), are definitely active.

6-Fluoro-9-metliyipurine®! is totally inactive against
Adenocarcinoma 755, possibly because the fluoro group
is readily hydrolyzed at room temperature in aqueous
solution®! and thus may be rapidly changed n wivo.
9-Ethyl-6-purinethiol has shown activity against
chronic adult human leukemia.’?—% 9-(n-Hexyl)-6-
purinethiol appears to be the most effective inhibitor®?
of a number of 9-alkyl-6-purinethiols tested against
6-purinethiol-resistant Adenocarcinoma 755 cells®? in
tissue culture. Various 9-cycloalkyl-6-purinethiolg®4%
are active against 6-purinethiol-resistant lines of H. Ep.
No. 2in tissue culture studies. 9-Alkyl derivatives of 2-
amino-6-purinethiol have been shown to be especially ac-
tive against Adenocarcinoma 753.13 9-Methyl-¥ through
9-(n-pentyl)-2-amino-6-purinethiol’® all show excellent
activity. Longer alkyl chains such as 9-octyl® render
2-amino-6-purinethiol inactive.’® It is of interest that
2-amino-9-cyclohexyl-3-purinethiol!® is inactive while
2-amino-9-cyclopentyl-6-purinethiol is very active.?
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 8-p-ribofuranose ring.
This deduction led to the synthesis of a number of
purines possessing a 9-tetrahydropyran® and a 9-
tetrahydrofurani®® ring. These compounds have

(78) H. J. Hansen, W. G. Giles, and S. B. Nadler, Cancer Res., 23, 761
(1962).

(79) H.J. Hansen, W. G, Giles, and 8. B. Nadler, Proc. Soc. Ezrtl. Biol.
Med., 113, 163 (1963).

(80) 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. Tewple, Jr., C. L. Kussner, and J. A. Montgomery, ¢bid., 5, 866
(14962).

(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.
Scevero, Proc. Am. Assoc. Cancer Res., 4, 73 (1963).

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

(86) H. C. Koppel and R. K. Robins, J. 4m. 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).
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shown!® remarkable activity against Adenocarcinoma
755.  9-(Tetrahydro-2-furyl)-6-purinethiol?®  exhibits
a therapeutic index of approximately 200 as compared
to 30 for 6-purinethiol against the same tumor.!® It 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 755.1% Although
many 9-(tetrahydro-2-pyranyl)purines¥ 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-
rines® were entirely devoid of any antitumor activity.
The 9-(tetrahydro-2-furyl) derivative of 6-thioguanine!®
is a potent inhibitor?!® 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 found?® to be inhibitory to a
6-thioguanine-resistant cell line of ascites cells. Kim-
ball and LePage® 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 LePage®! 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—

The purine nucleosides may be considered as purines
possessing a special substituent at position 9. 9-8-p-
Ribofuranosyl-6-purinethiol (6-mercaptopurine ribo-
nucleoside) has been shown3® 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 effective® than 6-MP. The syuthesis of a
number of 6-alkylthio-9-8-p-ribofuranosylpurines has
been reported®; however, none of these ribosides were
significantly more effective against Adenocarcinoma
755 than the corresponding simple 6-alkylthiopurine.®
In a study of the antitumor effect of various 6-alkyl-
thio-2-amino-9-8-p-ribofuranosylpurines!s 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.’®* LePage and Junga® have recently shown
that in ascites tumor cells 2-amino-9-8-p-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, tbid., 322, 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., 31, 1590 (1961).

(94) G. A. LePage and N. Howard, ibid.. 28, 622 (1963).

(95) K. Sugiura, Progr. Ezptl. Tumecr Res., 3, 332 (1961).

(96) J. A. Montgomery, 1. P, Johnston, A. Gallagher. C. R. Stringfellow,
and F. M. Schabel, Jr.. J. Med. Pharm. Chem., 8, 265 (1961).

(97) G. A, LePage and 1. G. Junga. Cancer Res., 28, 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-aniino-9-methyl-6-purine-
thiol®® acts in ascites cell tumors to inhibit the enzy-
matic cleavage of 6-thioguanosine.” The feedback
inhibition by a purine analog which does not form a
nucleotide has been noted.*® Henderson® iu 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,
liowever, 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 clinie. Such a
proposal has previously been made!®?%1% 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-d]pyrini-
dine,®® has recently been made.)® Hitchings and
co-workers!® found that 4-hydroxypyvrazolo[3,4-d]-
pyrimidine inhibited the degradation of 6-purinethiol
by xanthine oxidase and thus resulted in increased effec-
tiveness of the drug in both the niouse anid man. Hen-
derson!®! has shown tliat the therapeutic effectiveness
of 2-amino-6-purinethiol or G-purinethiol could be in-
creased by simultaneous administration of 4-amino-
pyrazolo [3,4-d]pyriniidine to mice with Ehilich Ascites
Carcinoma. Recently the potentiation of the bac-
teriostatic action of the purine nucleoside antibiotic,
psicofuranine, by othier purine nucleosides has been
reported.®?

Although the riboside of 2-amino-6-chloropurine
(Table I, 18) is active against Adenocarcinioma 755 as
is the parent puriie, 2-amino-6-chloropurine (Table I,
6), the riboside of the highly active compound 6-bromo-
purine (Table I, 20), 6-bronio-9-8-np-ribofuranosyl-
purine,® is totally inactive. The riboside of trimethyl-
purin-¢-ylammonium chloride® (Table I, 29) is active
against Adenocarcinoma 755 as is the parent con-
pound.'®® The use of trimethylpurin-6-ylaninioniui
chloride has been reported'®* to result in solid tumor
regression i1l certain cases in clinical trials. This is one
of the few instances where purine antagonists have been
successfully employed against solid neoplasms in the
clinie,

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

Ry J. ¥. Renderson, Brochem. Pharmarol., 12, 551 (1063).

(49) R. K. Rolins, J. Am. Chem. Sor., T8, T84 (1456).

(100) G. B. Elion, 8. Callahan. . Nathan, 8 Bieher, R. W. Rundles, and
G. H. Hitchings, Biochkem. Pharmacol.. 12, 81 (11163).

(101) ). I, Henderson, ihid.. T, 187 ((961).

(102) R. J. Suhadolnik aml . Weinbaaut, Binvhinn
Commun., 12, 83 (1963).

(103) J. . Horwitz and V. K. Vaitkevirius, Lrperienita, 17, 552 (1961},

(104) V. K. Vaitkeviciusg, M. L. Reed, R. L. Fox, and R. W. Talley.
Cancer Chemotherapy Rept.. 37, 55 (1963).
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alkylamino. Substitution at position 1 with a small
alkyl group is permissible if a 2-amino group is presernt.
Substitution at position 3 results only in inactive com-
pounds. The greatest allowable freedom as far as size
and kind of functional group cliauge is concerned is
that which cau be made at position 6. 'The substitution
of various alkyl, cycloalkyl, tetrahydrofuryl, tetra-
hydropyranyl, and carbohydrate substituents can be
made at position 9 often with an increase in autituimor
activity.

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

NEY <N
}—-7\. b
1 N ,
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])urme Pyrazolo[3,4-d]pyrimidine
Pyrazolo[3,4-d |pyrimidines.—A dctailed study of struc-
ture and autitumor activity of various derivatives of
4-aminopyrazolo [3,4-d Jpyrimidines against Adenocai-
cinoma 755 lias been reported.’%31% The similarities
of the allowable positions for substitution iu the py-
razolo [3,4-d Jpyriniidinie ring and those in purine are
most striking. The active parent compound in this
series is 4-aminopyrazolo[3,4-dpyrimidine.?® Substi-
tutiou of certain alkyl gioups at position 1 (correspond-
ing to position 9 in purine) provided active com-
pounds.™1% I'he presence of a tetrahydropyranyl
or tetrahydrofuryl group at position 1 also retained
antitumor  aectivity.'®  Substitution of alkyl groups
on the amino function at position 4 (corresponding to
positionn 6 in purine) provided conipounds less toxic
and possessiig a therapeutic index superior to that
of tlie parent conipound.®7 Substitution at both
the 1- aud 4-position simultaneously 9610509 iy many
instances diminished antitumor activity'%© only
slightly.  The introduction of a phenyl group!® at
position 1 resulted iu loss of activity. 'T'he preparation
of §-amino-4-hydroxypyiazolo[3,4-d ]pyrimidine’™
provided an active compound.?” 'The presence of an
auiino substituent at position i (corresponding to
positionn 2 in thie purines) is therefore permissible.
"Thus, the general geonietric requirements found in the
simmple purines appear to earry over to the pyrazoto-
[3.4-d Jpyrunidine ring systenn verv well. It is note-
worthy however that the compounds pyrazolo[3.4-d |-
pyriniidine-4-thiol® and G-aninopyrazolo [3,4-d Jpyvi-
midine-4-thiol,'™ the corresponding analogs of 6-
purinethial and 2-anino-6-purinethiol, are without
activity against Adenocarcinonma 755, Thug, steric
requirements alone ace not sufficient for activity.  The
fact that d-aminopyrazolo [3,4-d Jpyriniidine  is  not
cross-resistant®® to a G-MP-resistant strain of Adeno-
carcinoma 755 and must therefore possess a different
mechanisni of act on has stimalated forther studies
with this compound. 4-Aminopyrazolo[3,4-d ]pyrimi-
dine and -l-amino-l-methylpyrazolo[3,4-d Jpyrimidine

(05 1. K, Skipper, R, X, Rohins, J. R, Thouzon, ¢ C. Ching, R, W,
Brackad, sml I°. M. Suhabel, Jr., Cancer livs., 17, 579 (19373

A06) Y. Suteliffe. (8.-Y. Zee-Clhieng, 7. C. Cheng, and R. K. Robiux.
1. Aled. Phorm. Clem., B, 588 ((462),

{107) Y. IR, White, Cancer Chemotherapy Ilept., 8, 26 (195D).

£10%) C. (L Cheng and R. K. Robing, J. Org. Chem., 21, 1240 (19563,

2109) C. W, Nuell and R. K. Rotins, ibid., 28, 1547 (1058).
f110) R. K. Robius. J. Am. Chem. Soc., 19, 6407 (1957).
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have shown activity against spontaneous mammary
adenocarcinoma.!!! The 4-alkylaminopyrazolo[3,4-d]-
pyrimidines exhibit significant inhibition® of solid
Leukemia 5178 and definitely prolong the life span of
mice given intraperitoneal inoculations of L5178 or
L1210 leukemic cells.* An L1210/8-azaguanine-re-
sistant strain has been found to be cross resistant with
6-purinethiol® 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.2112  1-Methyl-4-(n-butylamino)-
pyrazolo[3,4-d pyrimidine!® and 4-benzylaminopyr-
azolo[3,4-d]pyrimidine®® have been found active against
Dunning Ascites Leukemia (Table ITI, 8 and 9).
Henderson and co-workers!®.113.11¢ hayve 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 Jpyrimidine is incorporated readily into
nucleic acids!?® of normal and neoplastic tissue, it
probably exerts its antitumor effect at the acid-soluble
nucleotide level.1’® There is good evidence that the
de mnovo pathway to nucleotide purines is inhib-
ited 8117 probably by a feedback mechanism. Recent
clinical successs'®® 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 »-Triazolo|d Jpyrimidines.—5-
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Amino-7-hydroxy-v-triazolo [d Jpyrimidine  (8-azagua-

nine) was one of the first purine analogs to be pre-
pared'’® and studied for antitumor properties.120.12:
This compound has been shown? 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,!??~1%* and a review of the action of this com-
pound has appeared.!? Recently S-azaguanosine tri-
phosphate has been shown to inhibit adenylosuc-
cinic synthetase.l?® 7-Hydroxy-v-triazolo[d [pyrimi-

(111) J. Scholler and J. J. Bittner, Cancer Res., 18, 464 (1958).

(112) E. Hirschberg, ¢bid. (supplement), 28, part 2. 521 (1963).

(113) J. F. Henderson and I. G. Junga, sbid., 20, 1618 (1960).

(114) J. F. Henderson and I. G. Junga, t¢bid. (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, J. 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).
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dine?® (Table I, 31) is definitely active against Adeno-
carcinoma 755,% but 7-amino-v-triazolo |d ]pyrimidine!!®
(Table I, 32) is only weakly active.? Although 5-
amino-3-ethyl-7-hydroxy-v-triazolo [d |pyrimidine (9-
ethyl-8-azaguanine) is devoid of activity,'¥ 7-diethyl-
amino-3-methyl-v-triazolo [d Jpyrimidine!?® (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 Jpyrimidine!?® (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 J-amino-7-(2,4-dichlorobenzylthio)-v-triazolo-
[d]pyrimidine!® (Table I, 15) which is also active.
This compound is of interest since it resembles in struec-
ture the compound 2-amino-6-(o-chlorobenzylthio)-
purine® which is very active! in the purine series.
Although the ribonucleoside and ribonucleotide of
6-purinethiol show the same order of effectiveness!®
as 6-purinethiol in inhibiting Adenocarcinoma 753, the
ribonucleoside and ribonucleotide of 5-amino-7-hy-
droxy-v-triazolo [d Jpyrimidine were only slightly ac-
tive.!® Thus, the v-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.®1¥! In general, it can be said that usually the
6-thiopurine derivatives most active against Adeno-
carcinoma 755 also exhibit significant activity!31516.131
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. It 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 activity!®? in Sarcoma 180.
The highly active compound 2-amino-9-(n-propyl)-6-
purinethiol!® is also active!® against Sarcoma 180.
The 9-(tetrahydro-2-furyl) derivative of 2-amino-6-
purinethiol® is significantly active against Sarcoma 180.
Bis(2-amino-6-purinyl) disulfide!®® 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.. 28, 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, IV, S. Philips, and R. K. Barclay. tbid.
(supplement). 18, part 2, 49 (1958).

(132) Compare for example the activity of 2-amino-8-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 n zivo.
Puriie itself is active!’! against Sarcoma 180.

Aany of the purines which exhibit activity against
Adenocarcinoma 755 are also active against Leukemia
L-1210. 5-Amino-7-hydroxy-i-triazolo [d]pyriniidine
(8-azaguanine) exhibits good activity'®* against
Leukemia L-1210. 6-Purinethiol,® 2-amiio-6-purine-
thiol,'*® and the riboside?® of 6-M D> are all active against
Leukemia 1.-1210. Purine-6-sulfonamide,*® 2-aimino--
isopropylthiopuriiie,’*  2-amino-I-inethyl-G6-purinethi-
one,’”  2-amino-9-(tetrahydro-2’-furyl)-6-purinethiol, '
and G-bromopurine® (Table II, 7) are all exainples of
purines active against Leukemia [.-1210 as well as
Adenocarcinonia 753, 2-Amino-6-(n-propylthio)purine
(Table 1I, 4) and N-Methylpurine-6-sulfonamide’s
(Table Il, 8) are also active. 8-Diazohypoxanthine,™
a compound of borderline activity in Adeunocarcinoma
755, 18 active (unconfirined) as shown in one test (Lable
1I, 1). 6-(2,2-Dimethylhydrazino)purine has been
reported!® to be 69 as active as amethopterin against
Leukemia L-1210. 6-Purinethiol (6-MDP) is 349, as
active as amethopterin in the spme system, '™ while 2-
(2-aminopurin-G-ylthio)valeric acid® shows!¥ 53¢
of the activity of ametliopterin against Leukemia L-
1210.

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

A number of selected purines active against Adeno-
carcinoma 753 have been submitted for randoni sereen-
ing against other uneoplasms. 'These results for some
of the active compounuds are tabulated in Table III.
It is abundantly clear from inspection of this table that
these purine derivatives possess a wide spectium of
activity against a large variety of experimental neo-
plasms. The 6-alkylthio-2-aminopuvines®* and 6-alkyl-
thiopurines!’® show good activity against Dunning
Solid and Dunning Ascites Leukemia (Table III).

The activity of G-bromopurine® against spontaiieous
maimmary tumors (Table III) is uoteworthy. 6-
Bromopurine aund 6-iodopurine have been sliown to
enhance the carcinostatic activity of azaseriue against
ascites cell forms of Sarcoma 180 and Elrlich Carciniolua
ino vive®  2-Antino-9-isobutyl-G-purinethiol® and 2-
amino-9-(n-butyl)-6-(2-pyridylimethylthio) purine!® are
active against 3,4-9,10-dibenzpyrenc-induced  fibro-
sarcomas (Table 1IT).

Mautuer and co-workers have prepared 6G-seleno-
purine!® and 2-amino-6-selenopuriiie’® and studied the
antitunior properties of these compounds. As an
inhibitor of Leukeniia 1.-1210, 6-selenopurine was essen-
tially ax good as 6-purinethiol (6-MI?).*#  'T'he inhibi-
tion of an Ehrlich ascites tunior cell system by 6-
selenopuriiic has been studied.’*'  2-Amino-6-seleno-
purine exhibits a better therapeutic index!®?2#* than

(134) L. W. Law, Cancer Res.. 10, 185 (1950).

(1353) ¥. U. Brown and 11. G, Malel, ibid., 18, part 2, 284 (18383,

(136) A, Cioldin, J. M. Veundisti, aml 1. Kline, ¢/id. (suppleiemn1), 22,
part 2, 744 (1062).
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Cheni, 6, 36 (1063).

(1103 . i, Mautner aml J. J. Jalfe, Ciouer Kes., 18, 245 (1U58).

(111) M. ¢ Mautuer, Bivehem. Hharmaenl., 1, 160 (1158).
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2-amino-6-purinethiol on ascites cells of Sarconia 180
and against Lymphomas L-1210 and L-51784. The
activity of 9-(2-chloroethyljadenine against Ciy ox-
perimental tunior has been reported.'*? It is interest-
u1g to note that G-purinethiol hag shiown activity agast
75 out of 120 differeut experimental animal tumors. !
2-Aununo-6-purinethiol was aetive in 19 out of 32 cases,
aud S-amino-7-hydroxy-r-triagzolo [d Jpyrimidine (8-az:i-
guanine) showed activity against 34 out of 75 different
tuiors tested. '

The interesting purine mustard 9-(3-[bis{2-chloro-
etliyhainiuo Jpropy)hypoxanthine'** has heen shown to
be active against Ehrlich Ascites 6C3HED and several
other neoplasnig.'®  This compound, however, linas
sliown activity only against alkylating-agent sensitive
tuniors.!®  Burckhalter and Bariana#® have vecently
found that the compound N°b-(a-[bis(2-chlorocthyl)-
ainino -t-ethoxy-m-tolyl)adenine is active against Leu-
kemia 1.-1210 and Dunning Solid Leukemia. 1t is
interesting to note that these two exaumples of active
purine mitrogen mustards contain tliec mustard function
at either position 6 or 9, the positions of greatest allow-
able versatility with regard to size and type of sab-
stituent.

To date only a relatively few purmes have beeu
tested against Duuning Ascites Leukewia. Table 11T
lists & number of purines, prepared in our laboratory,
which are active against this neoplasui.  6-Purinethiol
exhibits a T/C of approximately 1.4 against Dunning
Ascites Leukeinia,  2-Amino-6,8-purinedithiol exhibits
a 1" of about 1.7 and 2-amino-6-(isopropylthin-
purine®* a 'T,C of 1.6 (see Table TII, 1, 4). Other 6-
alkylthio-2-aminopurines ave also active (Table I11),
but too few purines have been screcued to draw any
general  structurc-activity correlations.  6-Iithylthio-
purine and 2-anuno-6-(isopropylthio)purine®  are
exanmples of purines active against Dunuing Solid
Leukemia (Table 111, 10, 11). The cxcelleut thera-
peutic index ol 2-ainiuo-9-(n-propvl)-6-purinethiol
against Adenocarcinoma 755 and the wide speetruin
of antitunior activity make this compound a promising
candidate for clinical trial.  2-Amino-9-(n-propyl)-ti-
purinethiol,®  besides  exhibiting  activity ' against
Adenoecarcinoma 705 and Sarcoma 180, is also active
against Leukemia [~1210 {Table II, 2), Solid Iriend
Virus Leukemia (Table III, 12), Dunning .Ascites
Leukemia (Table 111, 2), 3,4-9,10-dibenzpy renc-induced
fibrosarcomas ('Table III, 19), Leukenua P’815 (Table
111, 21), and Leukemia L1210 G (Table III, 22). A re-
lated compound, 2-amino-9-isobutyl-6-purinethiol,'® 1is
active against spontancous inannnary tuuiors (Table 111,
14).  2-Amiuo-Y-(-propyl)-6-purinethiol has not been
tested against this latter tumnr.  The activity of 6-
browopuriiie™ agamst spontancous maminary fumors
(Table III, 15) and 3,4-9,10-dibenzpyrene-induced
fibrosarcomas ('Fable I1I, 18) is noteworthy. 'Thux,
with the limited testing data preseutly available on
puriiies 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-
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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-
SiS.18'89—94'98'”5—”7'147—154 Undoubtedly) numerous dlf_
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
compoulds studied, it is tempting to speculate as to
the positious 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. Studies® 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),
sirice 4-amino-3-methylpyrazolo[3,4-d]pyrimidine!®
was fouund entirely devoid of antitumor properties.

LePage and co-workers®*¥ have suggested the
synthesis and study of purine 2’-deoxynucleoside de-
rivatives as more proximal precursors for incorpora-
tion into DNA. Such compounds might exert a more
selective action on tumor since i1t has been shown that
the carcinostatic properties of 2-amino-6-purinethiol
cann best be correlated with its incorporation into
DXNA2-99  Alunch-Peterson!® has shown that 2'-
deoxyadenosine can be converted to the nucleotide in
Ehrlich ascites cells, and Maley and Maley!™ have
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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,®® and 2’-deoxyadenosine
and 2’-deoxyguanosine have been shown to inhibit the
reproduction of mammalian cells in culture,?°—1! pre-
sumably by a type of feedback mechanism which
prevents couversion 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 Bowman!®! 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 iu-
vestigation. Much has been learned concerning the
desirable struetural variations on the purine ring which
are most likely to result in selective biological activity.
Irurther 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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