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Experimental Section

Isebutyl N-Chleroethylcarbamate.—FEthyvlenimine (7 g) in dry
chloroform (20 1) was added during 2 hr to a stirred solution of
isobutyl chloroformate (21.5 g) in chloroform (150 ml) kept at
(0-2°. The solution was then warmed to 30° and kept at this
temperature for 3 hr.  After removing the solvent nunder reduced
pressure at 30° the residual oil was extracted with two 23t)-ml
portions of petrolenm ether (bp 30-40°). Distillation of the
material contained i this extract atforded an oil, bp 76° (0.04
mm), vield 20 g.

Anagl. Caled for C:HLCINO,: C, 46.8; H, 7.9; Cl}, 19.7;
N, 7.8. Found: C, 46.8; H, 7.9; Cl, 19.2; N, 7.9.

Isobutyl N-Chloroethyl-N-nitrosocarbamate.—Sodium nitrite
(20 g) in water (125 ml) was added during 1 hr to a stirred solu-
tion of the above carbamate (18 g) in formie acid (125 ml) keeping
the temprature below 5°. After standing for 4 hr at 5°, the
solution was diluted with water (125 ml) and extracted with two
250-ml portions of petroleum ether (bp 60-80°). On concentrat-
ing and distilling the dried (CaCls) solution, an oil, bp 74°
(0.02 mm), was obtained, vield 15 g. It showed strong absorption
at 1400 em ™~ (NO).

Anal. Caled for C;HpCINOs: C, 40.3; H, 6.3; Cl, 17.0;
N, 13.4. Found: C,40.4; H, 6.6; Cl, 17.3; N, 13.0.
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Purine derivatives are the most promising immuno-
suppressive agents tested to date.? Their activity
has been ascribed to the purine moiety which is capable
of blocking the interconversion of nucleotides, particu-
larly from inosinic acid to adenylic acid, thus interfering
with the synthesis of nucleic acids.® Although many
studies on Immunosuppressive activity have been
carried out with 6-mercaptopurine (6-MP) and its
S-substituted derivatives, 2-amino-6-mercaptopurine
(TG) seems to be the only ring substituted 6-MP re-
ported.2e=¢  The present investigation details the syn-
thesis of 2-amino-6-mercapto-8-phenylpurine (8-PTG)
and the experimental data on the immunosuppressive
studies of 8PTG and of 6-mercapto-8-phenylpurine
(8-PMP) which we synthesized previously.*

2,4-Diamino-6-hydroxy-5-benzamidopyrimidine,
which was prepared by benzoylation of 2,4 5-triamino-
6-hydroxypyrimidine in alkaline solution,® was dehydro-
cyclized with polyphosphoric acid* to the hydroxy-
purine. Treatment of the hydroxypurine with phos-
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phorus oxychloride in the presence of N,N-diethyl-
aniline afforded 2-amino-6-chloro-8-phenylpurine. Sub-
sequent thiation of the chloro compound with thiourea
in absolute ethanol gave a nearly quantitative yield of
8-PTG.

Modification of the mercapto group of 6-MP pro-
duced 6-alkyl-, 6-aryl-, 6-purinyl-, and 6-imidazolyl
mercaptopurines® which retained or, in some cases,
showed an enhancement of the immunosuppressive
activity.?*=e% The only ring-substituted compound
tested, TG, was found to be as potent as 6-MP but was
more toxic.?ed7 The 8-phenyl substituted 6-MP and
TG in our present studies showed no immunosup-
pressive property as measured by the inhibition of anti-
body production in mice. The activity of the S-
substituted 6-MP is considered to be unsheathed only
after 7n vivo hydrolysis or reduction with liberation of
the free mercapto group.® By this hypothesis, 8-PMP
and 8-PTG should retain at least some of the activity
because of the intact free mercapto group. The in-
activity of 8-PMP and 8-PTG seems to show that a free
8 position is also essential for immunosuppressive
activity.

All the active immune suppressors are also antitumor
agents even though the reverse is not always true.*
This indicates a certain duality of action which is dis-
played by some of the chemical agents, including 6-MP
and TG. Various 8-substituted purines showed some
degree of inhibition toward experimental animal tumors
although most of them are only moderately active,5?
Our present observation of the abolition of immuno-
suppressive activity of 6-MP and TG by 8-phenyl
substitution is noteworthy. However, both &-PMP
and 8-PTG showed moderate inhibitory activity in the
KB-line cell culture, IDj at 30 and 20 pg/ml, respec-
tively.!® These details will be reported with other
antineoplastic data elsewhere. Substitutions on dif-
ferent positions in the 6-MP nucleus would be of in-
terest for studies on the chemical structure-biological
activity relationship and the pharmacodynamics of
the Immunosuppressive processes. Judicious choice
of substitutions could also lead to derivatives of 6-MP
and other purines, some of which might be of significant
biological importance,

Experimental Section!!

2-Amino-6-hydroxy-8-phenylpurine.—To a mixture of 3 g of
dry 2,4-diamino-6-hydroxy-5-benzamidopyrimidinet and 25 g of
P»0s, cooled to 0°, was added 18 ml of 8597 H;PO,. The mixture
was then heated to 160-170° and stirred for 1.5 hr. By this time,
the slowly dissolving amidopyrimidine had gone into solution.
After cooling to room temperature, the thick syrup was poured
with vigorous stirring onto crushed ice. The precipitate was
allowed to stand at 4° for 18 hr and was then filtered and washed
thoroughly with water and ether. The crude product was
recrystallized from 2.7 1. of 2 N HCI to give 2.7 g (649;) of orange
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crystals: mp >3350°: ALIVECY 238 2668, 305 mu (Emex 13,000,
10,000, 15,000); A ¥ 226, 274 (sh), 305 my (Faex 13,550,
11,100, 16,300); AN OT 937 318 1y (Basy 18,660, 17,200,

Anal. Caled for CidlaN,O 05100 -HCE O 4840 1L 40
N, 2570 CL B Fowd: C) 4820 11 4000 NUo26.20 ¢ 12T,

2-Amino-6-mercapto-9-phenylpurine.- 1o 5t 1l of POCL,
cordaindng 5 mlb of N,N-diethylwiline, was ndded 2.4 g of 2«
amino-6-hvdroxy-s-phenyvipurine, il the mixture was heated
nuder reflux for 5 hr. The POCL was then vemoved in vacuo,
and the residue was pored over erished ice with vigorons stirring,
The mixture was made strongly alkahne with 10 N KOLlL,
allowed o stand for 20 min, and then shaken with two 100-ml
portions of ether to remmove the diethylaniline. The aqueons
solntion was acidified to pH 1 with concentrated HCI and cooled
{o 4%, The resulting precipitate was filtered and wushed with
water and acetone to give 2 g of produet. The product was
extracted from the erude material with 200 ml of absolute ethanol
in a Noxhlet extractor for 24 hr.  The ethanol solution was con-
centrated to about 30 ml, from which 1 g of light vellow solid, mp
>350°, was obtained upon dilutiore with 120 ml of water. ‘The
2-amino-G-chlaro-8-phenylpurine was thiated withont further
parifieation.

To 50 ml of absolute ethanol, containing 2 g «f thiourea, was
added 1 g of 2-amino-6-chloro-8-phenylpurine, and the mixture
wi= heuted under reflux for 1 hr with stirring, The reaction
mixture which became a clear salutione ut the ewd of that tine
wis cooled 1o 4°. The crystalline prodnet was isolated by filtra-
tion awd washed with etluniol to give 1 g of vellow =olid.  ‘The
erude product was reervstatlized from 300 mlb of 1N HCL o
give 0.0 g (91C7) of vellow ervstals: up >350°0 A% THC 258,
275 (sh), 366 mu (Eax 14,650, 12,300, 16,000): ARINH 246 264,
340 Mg (B 18,150, 17,150, 20,200).

Anal. Caled for CoHeNS: C, 043, H, 3.7 N, 288008, 152
Found: €, 54.1; H, 3.9, N, 28.4; 8, 13.3.

Biological Data.—A/JAX feniale mice weighing 18-20 g were
used.  The animals in groups of uine or tei, were sensitized mid
tested for antibody prodnetion by o modification of the method
of Nuthan, et al.®* Sheep red blood vcells stored i Alsever's
solution were washed three times with 0.15 ) pll 7.2 buffered
saline solution and a 309 cell suspension was made.  Euach moase
was given 10.25 ml of the snspension intravenonsly. Thirteen
dayvs larer, the mice were bled from the ophthalmic venous plexas
and the sera were pooled for each gronp.

G-MP and TG, fcdosges of 75 and 2 mg/kg, respectively, were
n=ed ns standards.  The dose levels for &PMP and 8-PTC
ranged from 2 tec 150 and 2 to 75 mig/kg, respectively. All four
purine derivatives, both as suspensions in Tween 80 and as soli-
tions in physiological saline achieved by the addition of minimim
mmomnts of 0.1 X NaOH, were administered daily by intraperi-

Tapre |
ErricT oF MERCAPTOPURINES ON ANTIBODY PRODUCTION

Dose, Antibody

Comnpd g kg Vehicle® Texieity? index
None N A 1/% .97
None A 2/10 0. 80
6-MP 73 A 3/49 0.63
6-MP 75 B S/80 .25
B-"TC 2 A 4710 1. D)
G-TCx 2 B a/10 (.05
R-PMP 2 A 1/ 1.39
8-PAP 11 A 3/ 1.31
S-PMP 75 B 3/10 1).83
R-PALP 150 B 2/10 (.83
S-PALP 150 A 1/10 0.580
S-PTG 2 A 1/10 1.45
S-PPG 1) A 1/10 0.97
S-PT(G; 10 B N/ ¢

S-PTG 20 A 2/10 1.12
R-PTG 25 A 2/9 0.86
S-PTG a0 13 770 1.00
S-PTG 75 B 8/9 ¢

CA = 139 Tween 80 in physiological saline. B = About 1

ml of 0.1 N NaOH was used to dissolve the purines in 6.5 ml of
physiological saline. The final pH was 8.5-9.0. ®* Number of
mice dead during experimeut/nnmber of mice uxed, ¢ Isaf-
ficient quantity of sernm for measurement.
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toneal injection for the first 4 days of the =eusitizaiion perisnl,

Before titration far antibody content, the monse antisern were
heated at 56° for 30 min to inactivate the complemend. Seein)
twofold ditations of autizera were made ficdilnued vormal vlibin
seruun 100 winh hufYered salive ¢ Fo eacke 105 ml of dilated
wnseran was whded .05 mlb of washed sheep red eolls 390 an
buffered =l The antigen-antibody  saspersione was o
oaghly mixed and allowed to stand at roo temperatnre for 1 o
and then refrigerated for 18 hr. The heamagglutination iiter
wis determined aceording to the method of Stavitsky.2 The
Santibeddy tedex™ was ealeulated as deseribed by Nathan, ef al#
For each experimena, o group of aninjected mice was iveluded as
ateadditicmal contral. Their sera were always unifornuly negative.
sheep cell injected mice not receiving the pnrine devivatives woere
the positive conrrols from which the antibody elices were oh-
tiined. The resalts are listed hTable L

1y AL DL Siavilzky, S Dremennd ., T3, 360 (19547,

Heterocyeles Containing

(8-Hydroxy-3-methyl-7-quinolyl)vinyl Groups'
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The reactions of 7-formyl-5-methyl-8-guinolinol with
various N-methylated pyridines, quinolines, and re-
Lited heteroeyeles having an active methyl group
adjacent to the nitrogen vielded the compounds re-
ported in Table I.  As merocyanines, they are strongly
colored and show considerable changes of color as a
function of solvent as well as a tendency toward sol-
rationn.  They were prepared as model rompounds
of the open form of some photochromic chelating
agents,? but are themselves only =olvatochromic chelat-
ing agents.?

As compared to a scriex of similar dertvatives of 5-
formyl-8-quinolinol,* thege compounds were similarly
rather toxic in cell culture tests, but only one showed
any activity in the routine antitumor screen; this was
compound 10 of Table T against Sarcom: 180.

The results of Cancer Chemotherapy Nattonal
Service Center tests are given in Table IT for those
compounds that were most toxire.,

Experimental Section

7-Formyl-5-methyl-S-quinolinol  was prepared by Tliedler’s
method; the appropriate heterocycles for reaction with it were
N-methylated, nsnally with methyl iodide, by standard proce-
dnres.

The geueral preparation of the compounds in Table T consisted
in refluxing, for 4 hr, 0.01 molar quantities of 7-formyl-5-inethyl-S-
quinolinol with the appropriate N-inethyl eompound in 60 ml of
absolite methanol containing 0.8 ml of piperidine. After cool-
ing the solution, the precipitated product was filtered, washed
with ether, dried, and recrystallized from methanol or ethanol.

Tt general, the lower the basicity of the heterocycle the higher
the yield, and for compounds 4 and 5, piperidine as a catalyst was
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