1.0, and Raney nickel W2 (from c¢u. 1.5 g al Ni-Al alloy) was
added Tollowing which hydrogenation was carried aut us in
nmiethod n. After removal of eatalyst 1 equiv of HCL was added
and the solution wus extracted (CHCL) ta remwove traces of
starting material.  The aqueous Inver was evaporated on veero
ta small valime and the amine hydrochloride precipitated with
acetane. To remove the ixopropylidene group a solution of 0.5 g
al this produet in 25 ml of HCL (pH 2) was hented for 1 hir a¢
T0-80°.  After remaval af most af the Hy,0O the hydrochlaride was
precipicated with acetinie.  Reprecipicadin  vielded 300 mg
(H9¢, fram the abave hydrachlaride), mp 217°  Aaal. (Ciyl-
N:O,-HCHH.0) C 1, N
2'.3'-0-Isopropylidene-3,5'-cycloinosine (9).~A suspensian of
5 (1 g) in 5 ml af cancentrated NHiOH was stirred for 24 hr.
The ervstalline produet (0.59 g, 80.5" ) was filtered and washed
(11,01 npan ehronmatography in svstemis A, B, aud C it showed
andy aue spot.  Reervstallizatian (5tOH) gave white plates:
mp 2668° dee: at pll 4, Ay 203 mp (e 3430); at pH 1L A,
236 miu (e 84307, nal. (CuHNQO,- 1057 GO, N Halmes
:a1d Robins! alsa onbtained a monahydrate.
5'-0-(p-Nitrobenzenesulfonyl)-2',3'-O-isopropylideneinosine
(11).- -p-Nitrobenzenesulfouyl chloride (850 mg) was added to a
=uspension af dry 2',3'-O-isapropylidencinosine (10) (800 mg) in
6 il al anhyvdrous pyridine cooled inice.  The mixture was shaken
util the 2°,3'-O-1sopropylideneinasine dissolved (15 min) and
scet aside Tar 10 hr at 2°0 Pyvridine was removed yr #aro and the
residnal gum was dissalved at 2° with 80 ml af CHCly aud the
salution was extracted it 2° with 0.01 N HCT (twn) 30-ml portions 1.
The CHCl: solucdan was dried (Na,SOy) and enncentraced »»
yacno (o e, 20ml. Callg (15 mil) and Me.CO (15 ml) were added
and the valume was reduced tn vueno 1o 10-13 1l to give 0.77 g
G0 of white erystals, mp 181° dee. The praducc gave only
oie uv-ahisorbing spot on paper chramatography (solvents A and
Ciand tle an siliea gel in CHCL-CHOH (93:771 (R 0.473). 1n
11,0 (pl 4) or CHsOH, Apax was 248 mu. A pH 4, e was 13,900
this high valiue is presumahly due ta eoutribution fram 1he
p-nitrahenzenesulfanoxy graup, since mechyl p-uitrabenzenc-
sulfunate in KO has Ay 250 g (e 11,2000.1 Crystallizadan
<\lo (0 ()) Bave needles, mp IR1°. Aral (Cruldw N0 C, H, N

. Narhel, Ed. “Organic Electronie Speciral
New York, N. Y., 1938 n
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The present work i1s a continuation of a study of
aeylation of purines®® which involves the preparation
of dertvatives of possible value in cancer chemotherapy.
Included in the current work are carboxylate deriva-
tives of 2-aminopurine-6-thione and of 2-amino-0-
chloropurine, both of which in the free state have
tumor-inhibitory properties

The 2-amino group in purines is known to reaet with
both aliphatic and aromatic anhydrides®—* to yield the

1) (&) This investigation was snpported hy the Public Health Service
Research Grant No. CA-03477 Irom the National Cancer Institnte. (G)
Alistracts from the Ph.D. thesis of C'. 1. M. (1968), University of Delaware.

(2) K. Dyer and H. Bender, J. Med, Chem., T, 10 (1964).

(3) E. Dyer, J. M. Reitz, and R, E. Farris, Jr., 1bid., 6, 289 (1963).

) ). A. Clarke, . B. Elign, (i, H. Hitehings, and C. C. Stock, Cuirver
Lex., 18, 145 (1958).

(3) R. K. Rolins, /. Med. Caemil, T, 186 (1964).

61 W, AL Bowles, F. 11 Sebhneider, L. R, Lewis, und R. K. Rolins, .,
6, 171 (196:).

7Y R.OHL [wameto, AL AcCan, andd L. Goodman, @i, 6, 684 (1463,

i8) 1. Davoll and B, AL Lowy, J. . Chem. Nor., T8, 1650 (1U31).

i) B. R. Baker, X, Hewsen, 11, 1. Thipas, and J. AL Johnsen, J. Oy
Chem., 22, 454 (1957,
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corresponding acylimido dertvatives and. when the
work-up does not prevent izolation, the purine ring is
alzo neylated . This s stmilar ta the reaetivity aof
the G-aminto group of adenime. ' Howcever, the (i-
amino graup af adenine 1w unreactive toward cihivl
chlaroformate 1 agueous base: aevlation oceurs nn
the puriire nucleus.?

The enrrent results show that the 2-amino group
also s unreactive toward alkyl chlorofornuites under
Schotten-Baumann conditions. A number of 2-umina-
(-halo- and 2-unima-6-alkylthiopurines yielded mano-
acyl derivatives (Table Iy when treated with
cthyl or ntethyl chloroformate and the stte af aeviian
wax shown to be the imidazole ring.

[EANGE

X X

N 20H NN

> + 2CICO,R H—* )\ | >

H.N \1\ SNNN
: H

COR

2, X = SCIL (/an. K= Colls 5, N = CL Il = Cll,
8, X = SCHjy; (/,11 9, X = SCly; It = Cl
10, X = SCH,Cs 113. R = Cll 11, X = Br: Il = Cull,
12,X = Br: it = Cl, 13, X = Cl; It = Cll,

The 2-amino group was excluded as the site of acyla-
tion by an independent synthesis based on the known
2-aeetamido-G-benzylthiopurine® (3), since the renction
of ethyl chloroformate with 3 gave the sume compound
4 ax did the reaction of Aec.() with ethyl 2-amino-G-
benzylthiopurine-9-carboxylate (2) (Scheme I).

SCHEME ]

SCH,C;H SCH,C:H,
NN e AN
ek e
a . O .
H.N ho  HN-TN "\
CO.CH,
1 2
1LACO Ae
lz‘ NaOH-1,0 ) «..ol
SCH.CH. SCH,C.H.
N7
QCo,C M,
JI > \IaOH )\/& >
H,0 AcNH
CO_C_H:.
3 4

The prepauration of curbethoxy derivatives of 2-
aminopurine-6-thione and 2-amino-G-selenopurine was
accomplished by the action of thiourea and selenourea
on 5. Although these reagents have been widely used
with G-chloropurine and its derivatives,”—'" little use
of this reagent has been made with 2-umino-6-chloro-
purine.?

In the current work the reaction of thiourea with 5
in refluxing EtOH gnve 2-(2-amino-9-carbethoxypurii-

(10) .\, Kossel, Z. Paysiol. Chem., 12, 246 (1888).

i11) L. Birkofer, Chem. Ber., T6B, 769 (1943).

(12) A. H. Schein. J. Med. FPhurm. Chem., 5, 302 (1062).

113) A. Bendich. F. .J. Russell, Jr., and J. .J. Fox, J. . Chem. Sor., T6,
4073 (1954).

(14) E.F Melnerney and 150 J. Knpehik, J. Med. Chem.. 10, 711 i 10G7).

13) M. G. Manner, J, Am. Chem. Sor., T8, 5292 (1956).

i16) M. J. Schaeffer and L. Odin, J. e, Chem., 9, 376 (bt

(171 A recem. excepriun isahe work ol J. F. Gerster, B. (", linshaw, R. KX
Relins, and 1. B, Tiwnsend, J. Org. Chem,, 83, 1070 (1968,
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TasLE I
CARBOXYLATE DERIVATIVES OF 2-AMINO-6-HALO- AND 2-AMINO-6-ALKYLTHIOPURINES

X
N
jo e
HN” N IT
CO,—R
Yield,? €max X
No X R Method* % Mp, °C dec Formula Analyses® Amax, Inu 10-3
2 SCH,CeH: C:H; A 75 186-188 Ci:Hi;N:0.8 C HN 314 12.9
4d SCHngHa CzH:, AA 90 166—168 Cl7H17N5038 C, H, N 313 23 . -_)
5 cl C,H; A 90 200-201 CsH;CIN;0, C,N; H 312 6.67
6 SC(==NH)NH,-HCl C.H; B 77 225-227 CgH1,CIN70.8 C HN,S 339 12.8
I SeH C,H; B 47 184-185 CsHoN;0:8e C, HN 373 19.7
8 SCH; C.H A 68 172-174 CoHnN;0.8 C HN 314 10.4
9 SCH, CH, A 57 154-156 CsH N:0.8 C,HN 312 10.7
10 SCH,CeH; CH; A 75 180-181 CrHN;0,.8 C, HN 312 10.7
11 Br C.H; A 79 191-193 CsHsBrN;0, C, HN 313 7.37
12 Br CH, A 81 168-170 C;HgBrN;0, C HN 316 7.22
13 Cl CH, A 69 166-167 C;H(CIN;0. N, H;Cr 312 7.12

+ Geueral methods are described in the Experimental Section. ? Crude vield. All compounds described were recrystallized from
EtOH, with the exception of 6 and 7 which were analytically pure as obtained. ¢ Analytical results were within 20.49 of the theoretical
values except as indicated. ¢ 2-Acetamido. ¢ H: caled, 3.33; found, 3.79. 7/ Drawn in the selenol form for convemence 7 C: caled,
36.93; found, 37.44.

6-yh-2-thiopseudourea hydrochloride (6) (Scheme II) tion of purine-6-thione and 2-aminopurine-6-thione
probably as a result of the +R effect of the 2-amino  which showed the site of reaction to be the 9 position.

group, since the reaction of ethyl 6-chloropurine-9- Pharmacological tests (Table II) indicate that the
carboxylate has recently been shown to yield ethyl

purine-6-thione-9-carboxylate.’® However, the reac- TasLe 11

tion of selenourea with 5 gave ethyl 2-amino-6-seleno- ScREENING TEsts BY CANCER CHEMOTHERAPY
purine-9-carboxylate (7) without isolation of the pseu- NarioNaL SErvICE CENTER

doselenourea hydrochloride. The pseudothiouronium X

salt (6) was easily broken down and alkylated by
the action of benzyl bromide and 2 equiv of triethyl-

amine to yield 2. /kN N>

ScHEME 11 COzch5
H,NC==NHHCl Survival (days)®
Test” Dose, Sur-  or tumor wt (g)¢ T/C,
Cl X Y Host* system mg/kg vivors Test Control A
Cl NH: 02 LE 400 4/4 11.0 9.0 122
> NH,CSNH, N/ > 200 4/4 9.0 9.0 100
100 4/4 9.5 9.0 105
H, N)\N N Bron 100 6/6 10.3 8.5 121
50 4/4 9.3 9.0 103
CO LC:Hs colcsz 51 WM 100 6/6 5.3 8.8 60
6 SCH, NH, 02 LE 400 3/4 11.0 9.0 122
Se 200 4/4 9.0 9.0 100
NH N, e 100 4/4 8.8 9.0 97
EtOH 100 6/6 10.3 8.5 121
50 4/4 9.3 9.0 103
SCHC:Hs 51 WM 100 6/6 81 8.8 92
N7 N\ Cle H 02 LE 500 0/6
)\ | > 400 6/6 10.3 9.3 110
HN- XN 250  6/6 12.2 8.8 138
' 250 476 13.0 9.0 144
CO.C,H; CO.C.H; 200 6/6 9.3 8.8 105
7 2 200 6/6 9.1 9.3 102
100 6/6 10.2 9.3 109
Although the independent synthesis based on the 50 WAL 200 2/6 2.5 9.0 Toxic
known 2-acetamido-6-benzylthiopurine® (3) demon- 100 6/6 3.7 9.3 39
strated that acylation had occurred on the purine ring, 90 KB W/ Slope = —0.62
not the 2-amino group, assignment to the 9 position EDso = 36 ug/ml
was made by analogy to previous work?! on the acyla- ¢ Host: 02, BDFy; 50, random-bred albino rat; 51, Fischer 344

rat; 90, cell culture. ? LE, L1210 lymphoid lenkemia; WM,

Walker carcinosarcoma 256; KB, human epidermoid earcinama.

(18) E. Dyer, R. E. Farris, Jr., C. E. Minnier, and M. Tokizawa, submitted ¢ For LE tests. ¢ For WM tests. ¢ Prepal’ation of this compound
Tor puldication. in ref 18. 7 Once a day, 105 level.
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Y-carbethoxy  dertvatives ol 2-amina-G-chloropurine
aiedof  Z2-amino-6-methylthiopurine lack  significant
activity toward L1210 lymphoid leukemin or Walker
earcinosarconia 256, The cthyl 6-chloropurine-9-car-
baxylate showed some nhibition of 11210 aund of
Walker carcinosarcom: 236 ; the substance was hnactive
toward K3 cell culture. None of these cammpounds
was as active an anticancer agent ax 2-mninopurine-G-
thione,* 2-amino-6-chloropurine,” ar G6-chloropurine. ™

Experimental Section®

Procedure A. Ethyl 2-Amino-6-chioropurine-9-carboxylate
i5). T stirred salutian of 2-amina-6-chlaropurine (8.0 g, 48
mnries) and NaOH (4.0 g, 100 mumales) in 300 ml af H.O was
added ethy] chloroformate (10.8 go 100 mmoles). The mixtire
wis s(irred Tar 1 hre, the pH was adjusted 7 with glacial HHOA«¢,
and che preeipitate was filtered and dried yn vacuo ta vield 10.5
¢ (D09 al praducc e (ODMSO-d, 8 141 (0039, 432 (q, 2 H),
S0 (s, T

Procedure B. Ethyl 2-Amino-6-selenopurine-9-carboxylate
170 Tna refluxing solutinm of selenonrea (0.102 g, .85 mmnle)
in 20 ml af anhyvdrans E«OTL was added in one partian etliyt
2-amino-G-chilaropurine-9-carbaxylate (0.2 g, 0.83 mmeale). 'The
soludrm turned yellow and o precipitate appeared in 13-2)
v, The salutinon was refluxed [or 45 uin move and cooled 0
ronnn teriperacure, ad the precipitate was filtered, washed with
12O, and dried Yrowcno o vield 011 g (479 of analytieally
pire praduet.

Ethyl 2-Acetamido-6-benzylthiopurine-9-carboxylate (4) by
Acetylation of 2.——A =olution af 2 (0.14 g, 0.43 nimole) and Ac,O
(P mly in 4 ml of dry tolnene was heated under reflux far 1.3 hu.
Upon conling and seratehing, a precipitate of enlarless erv=cls
deprsited which was washed with a simall amount af cold 1510
and dried in vuoro ta yvield 0.09 g (A7 1 al produet: nmr (M-
RO-dy), 5 1.35 0¢, #), 204 G 4, 407 {q, 20, 170 (s 2), 742 G,
DR D) A mixture melting poine wich 4 obained by aevlu-
G ol 2-neetamidn-G-hienzylchinpurine (33 widi ethyl ehlarn-
tormate iy procedure A shnwed no depiressinn and their iv specan
were superimprisable.

Independent Synthesis of Ethyl 2-Amino-6-benzylthiopurine-
9-carboxylate (2) by Alkylation of 2-(2-Amino-9-carbethoxy-
purin-6-yl)-2-thiopseudourea Hydrochloride (6}.---Benzyl bro-
ntide (0,171 g, 1.0 minale) was added o sdrred solition 1t 6
(0517 g, 1.00 mmale) and LN (D202 g 2.00 mmoles) i 10 ml
of anhydvous DM, The salution was stirred frr 3.5 e and
prinred inta A0 ml ol ice water and che pH was adjusted to 7 with
ghieial HOAe, The preeipitace was filtered and dried in racio
(n vield 017 g (527, ) ol produec. Alcer reerysallizatinon from
LA OH, a mixture welting paint with 2 jeepaved Iy procedure A
was  undepressed and their v speetra were =uperimposalile;
it (DMSO-dgt 6 142 (¢ 70 448 (g, 2y 4.00 s, 20, 740 (1,

D), R3S (8, 1),

1y 10 M. Schabwel, dr., o AL Momgpmery, H. 1 Skipper, W, R. Laster,
Trooand 1L R Themson, Cuncer Res., 210 690 (149G,

1200 Melting laints, determined wm a Pisher-Jobns apparatus, were cor-
remrer. Uv specira were oldained on a Perkin-Ihmer 202 spectruplholom-
eler sarl nmr spectra on a Varian A-80-.\ instroement.

T'he Hepatocarcinogenicity of Some Disubstituted
4-Dimethylaminoazobenzenes
lZnes V. Broaws

ChennisOy Depurtaent, Urorversdy of Kenlbveley,
Leoyngton, Kenbweky 40506

Neceed Snly 1, 1968

Many of the disubstituted dimethylaminoazobei-
zenes (DAB) (Table I) have been tested for rat hepato-
carcinagente activity. 1 With the exception of the

1 LA Maller and XL O, 3Miller, dldvan, Cuneer Resoo 10 339 118541,
v AL AL, B O A iter, wnd Gl Ol Finger, Cuncer Res., 1T, 387 (1047

Notks

Val 1t

Toars I Senstrrere 1 =D vy LAMINGAZODLENZEN LS

Yiell,

Cranga! My, e rronle 7 Iramala Vb aes
200 Me, DA 120 121 i) ChrallaNG 1N
BA-MeDAR e 2
DA-IGDAB N2 8 25 Ciallaa N (11, N
2H-CLDAB 208220 5 CllCLN, ¢, N
3LA-CLDAB £a0 - 160 a5 C LN, ¢ N

~J0 P Lambory o Ao Chere, Sor., T1L 4736 (19400,

fluora derivatives none of the methyl- or halogen-=ui -
stituted entmpaunds has been more active than DAR it-
self.  In fuct preliminary work indieated that disub-
stituted conpounds with the exception af 'yDAB have
zevra activity on the Miller seale.'  Later work? shawed
nild caretnogenie activity for 3°4-MeyDAB and we
have stiree verttied this activity, We have naw =hawn
that 273 Me.DAB is extremely active,  Since 4'-11-
DAB shaws greater activity than DA itself 2 we
have extended aur work to o related disubstituted cam-
pound, 3" 4'-IIDAB, and it has been found to be fairhy
active,  Netther 27,3'-CL nor 3/, 4-CLDAB was found
ta have any activity under aur testing conditions,

Experimental Section

All melung poius were determined on a Fisher-Johns apparatus
and ave carrected.  The C, H, N analyses were perfarmed iu (his
department ain an B oand M Madel 187 analyzer by Mr. Daryl
Sharp.  Where analyses are indicated anly by syvmbals of che
elements analytical results ohcained far those elemeuts were
within 204", of che theoreticul values.

N,N-Dimethyl-p-(3-0-xylylazo)aniline. -2,3-Diniethylaniline
hydrachlaride (EFastman Kodak) (31 g) was dissolved in a mix-
ture of 8O ml af cancentraterdd HCL and 200 mil of 1,0 and di-
azotized at (1° nusing 14 g of NaNQO.,  One-half hour after the final
addition a salutim af 24 g af CellyNMey, 200 ml of 12t0H, 120
il af HeO, and 72 g of NaOAc¢ was added, and the solution was
stirred far another 30 min and made basie with NI,OH, Filwa-
tion, washing, and drying aiforded e erude azo camponnd.
The athers were made in the same way. Crystullization fram
IO and 1 same eases chiramatagraphy an aluning fram Cells
guve the pure materials.

Biological Properties.— Young male rats of the Sprague
Dawley strain, approxiiiately 8 weeks old and weighing 150-200
g, were discritmred as equally as passible i nitial bhady weight
inta groups of ten animals each. ach graup was fed a diet,
patterned after the “lnw protein, law ribaflavin® diet of Miller?
(1 whichh had been added one nf the azn compaunds at a level
ol L0647, The eomposition af die baxal diet per kilagram wuas a=
Tollows: wmde caxein, 120 g7 cevelnse, 770 g3 Osbmme and
Mendel =alt mixture, 40 g corn nil, 50 g; Vitah (rice bran eon-
renrate, (btained fvom Charles Bawman (o)), 20 g; ribaflavin,
0.0 mg: vitamin A palmitate, 67.500 TT.

A granp rereived DAB ac the 0.067 while the capteol groap
vereived anly die basal diew.  All die ratx were kept individually
i sereen-batiomed rages and were allered Toad and water ad
Dbstune.  Laparataniies were performed n¢ (he indicated dmes
aud micrnseople exumipations were nude whenever an auimal
died e a1 die endd af the experimenc.

Results and Discussion

DA gave tunrar meidences af 6710 at 4 months and
and 910 at 0 maonths, 37 4°-Me,DADB gave 0,10
at 2 months, 8710 at 6 months, and 10,10 gross tumars
at 8 months,  On the other hand, 27,3’-Me,DAB gave
10/10 in 1 month with gross tumors in rats surviving to
2 months, 3’ 4-Ft,DAB gave 0/9 tumors in 4 months,

iy KL Susnire, ML Cresslev, and 000 Kensler, J. Nl Cuvver Tost,
16, 67 11954).
d1p LV Brawn and AL AL Hamdan, b, 27, 663 (1695 G



