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A number of purine sulfonamides have been synthesized mostly b}' the reaction of a chloropuriue with sodium 
sulfanilamide. The compounds exhibit little or no chemotherapeutic activity. 

Despite the widespread use of several pyrimidine 
sulfonamide drugs, information on analogous com­
pounds carrying a purine nucleus is scanty and con­
tradictory. Since both purines and pyrimidines occur 
in living cells, it appeared logical to attach a purine 
moiety to a sulfa drug in the hope of obtaining sulfon­
amides with desirable properties. The synthesis of 
these compounds is the subject of the present communi­
cation. 

A few sulfonamide derivatives of the methylated 
xanthines have been described1 and the rather am­
biguous "sulfanilyl nucleic acid" has been claimed in 
a patent.2 Of more interest is IV-6-purinyisulfanil-
amide (I). Several workers3 have reported the syn­
thesis of I from adenine and p-acetylaminobenzene-
sulfonyl chloride or p-nitrobenzenesulfonyl chloride 
followed by hydrolysis or reduction, respectively. 
The compound obtained from reduction of the nitro 
derivative is described by Berlin and Sjogren38, as 
melting at 258-259° dec and as being difficulty soluble 
in dilute sodium hydroxide. Lack of solubility in 
dilute base, however, would not be expected for a sub­
stance possessing structure I. It is interesting to note 
that in a patent3b Sjogren claims that the product 
obtained from adenine and p-acetylaminobenzenesul-
fonyl chloride, upon heating with 10% NaOH, gave 
"sulfanilyladenine" which gave a correct analysis 
for sulfur, while in an article311 Berlin and Sjogren state 
that upon hydrolysis of 6-acetylsulfanilamidopurine 
with 10% sodium hydroxide, "a product was obtained 
which did not contain sulfur but which had the same 
melting point as purine." (Could purine be a mis­
print for 6-aminopurine or adenine?) Jensen and 
Falkenberg4 note that the product from adenine and p-
acetylaminobenzenesulfonyl chloride is split with hot 
NaOH to adenine and acetylsulfanilic acid and suggest 
that the initial product is 6-amino-7- (or 9-) acetyl-
sulfanilylpurine, while the compound with mp 258-

(1) (a) I. Satoda, T. Fukui, Y. Matsuo, and H. Okumura, Yakugaku 
Kenkyu, 28,|621 (1956); Chem. Abstr., 51, 164949 (1957); (b) H. Morishita, 
S. Nakano, I. Satoda, N. Yoshida, T. Fukui, Y. Matsuo, and H. Okumura, 
Japanese Patent 535 (1959); Chem. Abstr., 54, 67676 (1960); (c) P. Pon, 
Belgian Patent 451,086 (1943); Chem. Abstr., 42, 215e (1948). 

(2) S. L. Ruskin, U. S. Patent 2,407,686 (1946); Chem. Abstr., 41, 13936 
(1947). 

(3) (a) E. Berlin and B. Sjogren, Svensk. Kern. Tidskr., 53, 457 (1941) 
Chem. Abstr., 37, 3744' (1943); (b) B. Sjogren, Swedish Patent 106,964 
(1943); Chem. Zentr., II, 2253 (1943); (c) A. R. Frisk, Acta Med. Scand. 
Suvpl., 142, 1 (1943); Chem. Abstr., 38, 4692= (1944); (d) R. Plasseraud 
French Patent 872,799 (1942); Chem. Zentr., II, 1319 (1943); (e) K 
Ganapathi, Current Sci. (India), 9, 457 (1940); Brit. Chem. Physiol. Abstr. 
A2, 109 (1941). 

(4) K. A. Jensen and P. Falkenberg, Dansk Tidsskr. Farm., 16, 141 (1942) 
Chem. Zentr., I, 626 (1943). 

259° dec obtained by reduction of the corresponding 
nitro compound,3a is 6-amino-7- (or 9-) sulfanilyl-
purine (II). 
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We have shed a new light on the problem by the un­
ambiguous synthesis of I from 6-chloropurine and so­
dium sulfanilamide. The N^e-purinylsulfanilamide 
so obtained melts at 363-364° dec and is readily soluble 
in dilute sodium hydroxide. It is therefore not iden­
tical with the product of mp 258-259°. 

The presence of methoxy groups and halogen in 
some of the active pyrimidine sulfonamides5 suggested 
their incorporation into the purine analogs. I t was 
also felt that introduction of methyl groups in the 7 or 
9 position and avoidance of free hydroxy groups or 
combinations of hydroxy and amino groups, which 
tend to decrease solubility6 of the purines, would be 
beneficial. 

From 2,6-dichloro-9-methylpurine7 (III), N'-(2-
chloro-9-methyl-6-purinyl) sulfanilamide (IV) was 
readily obtained by heating with sodium sulfanilamide 
in dimethylformamide. The structure of IV was 
proven by hydrogenation to N1-(9-methyl-6-purinyl)-
sulfanilamide (V) prepared independently from 6-
chloro-9-methylpurine8 (VI) and sodium sulfanilamide 
(Scheme I). Replacement of the more reactive 6-
chlorine atom in 2,6-dichloro-9-methylpurine was to 
be expected from the work of Fischer.9 Similarly 2,6-
dichloro-7-methylpurine10 (VII) gave N1-(2-chloro-7-
methyl-6-purinyl)sulfanilamide (VIII) which was hy-
drogenated to N1-(7-methyl-6-purinyl) sulfanilamide 
(IX) and also converted to N1-(2-methoxy-7-methyl-6-

(5) For example; N1-(2,4-dimethoxy-6-pyrimidinyl)sulfanilainide, Madri-
bon®, N1-(2-methyl-4-methoxy-6-pyrimidinyl) sulfanilamide, N1-(4-meth-
oxy-6-pyrimidinyl) sulfanilamide, and N1-(5-methoxy-2-pyrimidinyl) sul­
fanilamide (see L. Neipp in "Experimental Chemotherapy," Vol. II, R. J. 
Schnitzer and F. Hawking, Ed., Academic Press Inc., New York, N. Y., 
1964, p 179) and N!-(5-bromo-4,6-dimethyl-2-pyrimidinyl)sulfanilamide 
(see the "Merck Index," 7th ed, Merck and Co., Inc., Railway, N. J., 1960, 
p 992). 

(6) The solubilities of many purines are given by A. Albert and D. J. 
Brown, J. Chem. Soc., 2060 (1954). 

(7) A. G. Beaman and R. K. Robins, J. Org. Chem., 28, 2310 (1963). 
(8) R. K. Robins and H. H. Lin, J. Am. Chem. Soc, 79, 490 (1957). 
(9) E. Fischer, Ber., 30, 2227 (1897). 
(10) G. Y. Uretskaya, E. I. Rybkina, and G. P. Menshikov, Zh. Obshch. 

Khim., 30, 327 (1960). 
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purinyl)sulfanilamide (X) by treatment with meth­
anols NaOCH3 at 110°. 

Treatment of 9-methyl-2,6,8-trichIoropurinen (XI) 
with sodium sulfanilamide gave X1-(2,6-dichloro-9-
methyl-8-purinyl) sulfanilamide (XII) the structure of 
which was proven by hydrogenation to X1-(9-methyl-
8-purinyl) sulfanilamide (XIII) which was synthesized 
independently from 8-chloro-9-methylpurine7 (XIV) 
and sodium sulfanilamide. Xucleophilic substitution 
of 7- or 9-methyl-2,6,8-trichloropurine usually occurs 
first at position 8. However, some of the 6 isomer is 
generally formed as well. This was first observed by 
Fischer12 and recently confirmed b\r Sutcliffe and 
Robins.11 The formation of isomers may explain the 
low yield of pure XII. Upon treatment with meth­
anols sodium methoxide at 110° XII gave X1-(2,6-
dimethoxy-9-methyl-8-purinyl) sulfanilamide (XV), 
whereas at room temperature X1-(2-chloro-G-methoxy-
9-methyl-8-purinyl)sulfanilamide (XVI) was formed 
(Scheme II). The structure of XVI is assumed on the 
basis of the greater activity of a chlorine atom at posi­
tion 0 as compared to position 2 in purines.9 Similarly 
XJ-[2-chloro-6-(/3-methoxyethoxy)-9-methyl-8-purinyl ]-
sulfanilamide (XX) was formed from XII and a solu­
tion of sodium in 0-methoxyethanol at room tempera­
ture. From 2-chloro-9-methylpurine7 (XVII) and 
sodium sulfanilamide only a very small yield of X1-
(9-methyl-2-purinyl)sulfanilamide (XVIII) was ob­
tained. Thus a better route to XVIII was sought. 
Partial hydrogenation of nonalkylated polychloro-
purines has been described.13 We have applied 

i l l ) K. Y . Sutcliffe and R. K. Robins , ./. Org. Chem., 28 , 1662 (1963). 
(12) (a) E. Fischer , Ber.. 28 , 2490 (1895); !b) ihid.. 30, 1846 (1897); 

(el ibid., 3 1 , 104 (1898): (d) ibid., 32, 267 (1899). 
l l 3 ) (a) S. R . Bresheers , S. S. Want ' , S. G. Bech to l t . and H. K. C.'hristen-

si'ii, . / . Am. Chem. Sue.., 8 1 , 3789 (19.01*.); (bl H . Ballweg, Ann., 649, 111 

this method to 2,(>-dichIoro-9-methylpuriiie7 (III) 
which gave 2-chloro-9-methylpuriue (XVII). identical 
with (he compound previously obtained by methyla-
lion of 2-chloropurine.7 This constitutes a more con­
venient route to XVII. Although several attempts 
lo convert. 2-chloropurines to 2-aminopurines even 
under drastic conditions have failed,1'1 treatment of 
XVII with methanolic ammonia containing XH4CI15 

at 125° gave 2-aniino-9-methylpurine (XIX). Treat­
ment of XIX with p-aeetylaminobenzenesuJfonyl 
chloride followed by hydrolysis gave X1-(9-methyl-2-
purinyl)sulfanilamide (XVIII). The ultraviolet ab-
sportion spectra and pK& values of several purine sul­
fonamides are given in Table I. 

Chemotherapy. Materials and Methods.—The bac-
teriostatic effect in vitro was determined by the con­
ventional technique of the serial-dilution test in the 
semisynthetic medium of Adams and Roe.16 The 
inoculum consisted of 0.05 ml of a 10~3 diluted over­
night broth culture except in the case of streptococci 
and pneumococci where the same volume of a 10 ' 
diluted culture was employed. The drugs were dis­
solved or suspended in water. The results were read 
after 24 hr, incubated, and verified by subculture on 
appropriate solid media if necessary. 

For determination of acute toxicity mice weighing 
18 -20 g received a single dose of the purine sulfon­
amide under test. After a 72-hr observation period 
the LD;,o values were calculated by the method of 
Reed and Muench.17 

All experiments to determine antibacterial activity 
in vivo were carried out in white mice of 18-20 g. 
The animals were infected intraabdominally with 100-
1000 minimal lethal doses of the bacterial strain to 
be tested and treated either subcutaneously or orally 
according to procedures previously described.18'19 

The 50% end point (CD60) based on survivors and/or 
negative cultures was calculated according to the 
method of Reed and Muench. 

Results.—The data in Table II indicate that all 
purine sulfonamide derivatives tested were well toler­
ated by the subcutaneous, oral and/or intraperitoneal 
routes. The data 011 the bacteriostatic activity in 
vitro, which are given in Table III showed that little or 
no effect was exhibited by the purine sulfonamides 
tested against Streptococcus hemolyticus, Staphylococcus 
aureus, and Diplococcus pneumoniae. Against Esche­
richia coli and Salmonella typhi marked activit3" was 
noted with V. Moderate activity was noted when IV 
was tested against E. coli. The remaining substances 
showed only slight or no effect. 

Four of the purine sulfonamides were studied for 
their capacity of reversal by p-aminobenzoic acid 

(1961): (o) 11. Bredercck, 11. 1 lerlinger, a n d 1. ( i r audu ra s , Chem. Ber., 95 , 
54 (1962). 

(14) (a) 11. K. Adams and V. <'. W h i t m o r e , ./. Am. Chem. Soe., 67, 1271 
(1945); (b) .1. A. M o n t g o m e r y and L. B. I l o lum, ibid., 79 , 2185 (1957); 
(r) ihid... 80, 404 (1958). 

(15) T h e role of a m m o n i u m chloride in ca ta lyz ing the r e p l a c e m e n t of 
halogen by a m m o n i a is discussed by G. Spielberger in H o u b e n - W e y l , 
" M e t h o d e n der Organisehon C h e m i e , " Vol. 1 1 / 1 , Eugen Mtiller, Ed . , 4 th ed, 
Georg T h i e m e Verlag. S t u t U a r t , 195", pp 3 0 - 3 1 . 

(16) M . H . A d a m s a n d A. S. Roe. J. Bacterid, 49, 401 (1945). 
: )7) L. J. Reed and J . Muench , Am. J. Hug., 27, 493 (1938). 
M8) E. Grunberg , 1.. O. Randal l , and R. J . Schni tzer , J. Pharmacol. 

Ei-ptl. Therap., 95, 336 i lWUb. 
G9) W. F. DeLoronxo and K. Grunbe rg in "Ant imic rob ia l Agen t s and 

C h e m o t h e r a p y —1903, ' ' .1. ( \ Sylvester , l id. . Braun-Brumf ie ld , Inc . , Ann 
Arbor , Mich . , 1964, pp 550 -551 . 
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(PABA). From Table IV it may be noted that a 
significant reversal of activity by PABA was seen with 
V, the only substance which showed marked activity 
in vitro. The remaining three substances tested for 
this effect were antagonized to a lesser extent. 

None of the substances, except XVIII, showed any 
effect against the S. hemolyticus No. 4, S. aureus 
Smith, E. coli, Proteus vulgaris, Pseudomonas aeruginosa, 
and S. typhi infections of mice. This compound showed 
slight activity against S. typhi, the CD50 being 250 mg/ 
kg po. 

Pharmacology.—Compounds IV, V, VIII, IX, and 
XX were tested as blood sugar lowering agents. Blood 
sugar determinations were made on blood samples 
taken at 2 and 4 hr from the tail and analyzed by the 
Autotechnicon method. They were inactive in modi­
fying the blood sugar of rats when administered orally 
in doses of 100-200 mg/kg to groups of five fasted rats. 

Experimental Section20 

N'-B-Purinylsulfanilamide (I).—To a stirred suspension of 
15.5 g (0.08 mole) of sodium sulfanilamide in 75 ml of dimethyl-
formamide (DMF) which was heated to 95° there was added 10 

(20) The purity of the compounds was checked by thin layer chromatog­
raphy with silica gel and mixtures of chloroform or benzene and methanol 
or acetone. All melting points were taken on a Thomas-Hoover melting 
point apparatus and are uncorrected. 

g (0.065 mole) of 6-chloropurine.21 The solids dissolved. The 
mixture was stirred at 93-102° for 2 hr, cooled to 9°, diluted with 
150 ml of cold water and acidified to pH 3.822 by addition of 60 ml 
of 1 N HCl. After refrigeration overnight a brown gelatinous 
solid (2.2 g) was removed by filtration. The filtrate was evapo­
rated, and the solid residue was slurried with 150 ml of acetone, 
filtered, and washed with two 25-ml portions of acetone. The 
product (16.8 g) was powdered finely, slurried with 1.2 1. of 
water and dissolved by addition of 95 ml of 1 A" NaOH. After 
treatment with 3.5 g of Norit A the solution was acidified to pH 
3.5 with 93 ml of 1 N HCl. The precipitated solid was dried and 
leached with 100 ml of boiling ethanol to give 9.0 g (48%) of I, 
mp 363-364° dec. 

Anal. Calcdfor CnHi0N6O2S: C, 45.50: H, 3.47; N, 28.95; 
S, 11.04. Found: C, 45.61; H, 3.60; N, 28.91; S, 10.72. 

Nl-(2-Chloro-9-methyl-6-purinyl)suIfanilamide (IV).—To a 
stirred suspension of 76 g (0.392 mole) of sodium sulfanilamide 
in 428 ml of D M F which was heated to 75° there was added 61.1 
g (0.301 mole) of 2,6-dichloro-9-methylpurine.7 The resulting 
solution was stirred at 83-87° for 1.5 hr, cooled to 8°, diluted 
with 850 g of a water-ice mixture, and acidified to pH 2.7 with 
215 ml of 1 Ar HCl. The product which precipitated was dis­
solved in 800 ml of acetone. After removal of a little insoluble 
material by filtration, the solution was evaporated to 50 ml to 
give 46.8 g of crystals (washed with a little cold acetone). Upon 
addition of 2.5 1. of water to the original reaction mixture an 
additional 14.6 g of product was obtained. The combined crude 

(21) (a) A. Bendich, P. Russell, Jr., and J. Fox, J. Am. Chem. Soc, 76, 
6073 (1954); (b) A. G. Beaman and R. K. Robins, J. Appl. Chem.. 12, 432 
(1962). 

(22) The acidification should be done without delay, or the product cannot 
be isolated. 
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T V B L E I 

U L T H W I O L E T A B S O U P T I O X AND pA";l V u . r f . s OF S O M E P I I : J \ K S I W O N AMID*;: 

No. 

I 

VIII 

IX 

X 

1\' 

\' 

XII 

XIII 

XVI 

XV 

XYII1 

2 

11 

01 

II 

OCH3 

01 
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01 

II 

01 

0 0 11;, 

Sul 

Sul" 
Sul 

Sul 

Sul 

Sul 

Sul 

01 

II 

(X. ' I l j 

OOlls 

II 

XX 01 

II 

I I 

II 

II 

II 

Sul 

II 

ooiioOir.ooii;, Sui 

i i 
Oil;, 

Oil:, 

0 I I ' 3 
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21):! 
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2112 

2SI 

2 s 7 

:SU2 
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2s6 
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2 2 . S 0 0 

7, 11)11 
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15,701) 

24,1)011 

2 s . si KI 

2 2 , 5 0 0 

2 s , i li 10 

.'!00 
256 
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256 
2S7 

252 
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2 5 s 
2s!) 

256 260 ' 
2s l 
25S 
512 
25s 

207 
260 

" Sul = p - H 2 N C 6 H i S 0 2 N H . '' D e t e r m i n e d by t r i tva t ion in watei 
lion in 4 8 % D M S O in w a t e r . ' Shou lde r . 

2 3 0 - 2 4 1 ' 11,500 254 

2S7 2:;, ooo 2 s s 
2 2 8 - 2 3 5 ' i s , 500 227 
2 5 6 - 2 6 5 ' D.S00 255 

291-306 ' 
2x7 2s, ; i( in 261 

202 

1 ) e t enn ined -poo l ropho tnmot r i ea l lv 

32,300 

15,200 

22,000 

17.S00 

24,400 

17,000 

22,000 

16,000 

25.S00 

IS,700 

2S,5O0 

10,300 

21 .:!()() 

io.:;oo 
10,500 

20,600 

24,500 

22,000 

20,000 

27.SOU 
IO.SOO 

7,600 

20,700 

24.000 

'' JJeO'iini 

0 . 4 ' 

Ap])i'ox 

o . oo 
5 , 4'' 

-\:x 

ied b\- lit va-

T A B I . E I I 

A C T T E T O X I C I T Y O F P U P J X E S U L F O X A M I D E S IX M I C E 

Compel 

IX 
X 
IV 
V 

XII 

XI I I 

Se 

>500 
>500 
>500 

>")()() 

Ll),„, mg. k g -

J'n 

>1000 

>500 
>2000 

>2000 
1682 

>500 

li> 

>1000 

>•")()() 

>2000 
>2000 

1:520 
>500 

T A B L E I I I 

In Vilro A N T I B A C T E R I A L A C T I V I T Y O F P C U I X E S U E F O X A M I D E S 

Min inhil) comm (^g'ml) in Adams and Roe broth against 

Compel 

PABA 
IX 
X 
IV 
V 
XII 
XI I I 

.S\ 

In molfjtirus 

>1000 

>5000 
2500 
2500 

>500() 
>5000 
>5000 

D. -pneu­
moniae-

>100() 
>5000 

2500 
2500 

>()()()() 
2500 

>5000 

X', 

aureus 

>10()0 
1250 
625 

1250 

625 
1250 
625 

/•:. 
ml, 

>I0O() 

156 
312.5 

39,0 
9.75 

>5000 
625 

A'. 

tuvl'i 

>100() 

625 
>5000 
312,5 

9.75 

>5000 
>5000 

m a t e r i a l was recrys ta l l ized from 9 1. of boil ing e t h a n o l to give 
51.0 g (509;,) of p r o d u c t (needles) , m p 254 .5 -255° dec. 

Anal. Ca lcd for C i 2 I T „ C l N 6 0 , S : C, 42 .54 ; H , 3 .23; X", 
24 .81 . F o u n d : C, 43 .13 ; H , 3 .68; X', 24.50. 

NM9-Methyl-6-purinyl)sulfani larrude (V) . A.—A solut ion of 
12.0 g (35.4 m m o l e s ) of V - ( 2 - c h l o r o - 9 - m e t h y l - 6 - p u r i n y l ) s u l f a n i l -
a m i d e ( I V ) in 165 ml of dist i l led w a t e r a n d 72 ml of i X XTaOH 
was h y d r o g e n a t e d in a P a r r a p p a r a t u s u n d e r 4.22 k g / c m 2 p re s su re 
in t h e presence of 3.0 g of 1 0 % P d - C ca t a ly s i . H y d r o g e n u p t a k e 

T A B L E IV 

Oo.Ul>AMM>X OF THE III Vitro ANTIBACTERIAL ACTIVITY OF P t d i l X E 

S C L F O X A M I D E S ix A D A M S AND I"!OK B I I O T I I W I T H \ X D 

W I T H O U T P A B A 

Min inhib conrn (/ig nil) in A d a m s and Hoe brotli 
- -Wit!,0111 PAHA Conta in ing 1000 Mg 'ml of l ' A B \ 
x. ;;. x. s. /;. x. 

C o m p d aurcu* •:r/'l tuplu aur.ju-i cull />ll>!>> 

I X 625 1250 2500 2500 
X 625 3 1 2 , 5 5000 2500 
IV 7x 3 1 2 . 5 625 1250 
V 3 . 9 1 5 . 6 > 5 0 0 > 5 0 0 

ceased a l t e r 15-20 min . After r e m o v a l of the catalyst , t he solu­
t ion was acidified t o p l l 3 wi th 1 .V I IC1 (abou t 40 m l ) ani l r e ­
fr igerated to yield 8.60 g ( 8 0 % ) of crys ta ls , m p 2 5 4 - 2 5 5 ° . A 
sample was recrvs ta l l ized vapid.lv f rom 100 p a r t s of w a t e r . 

Anal. Calcd"for C , I . 1 T I , X T 6 0 2 S : C, 47.36; 1 1 , 3 . 9 7 : N , 27.62. 
F o u n d : 0 , 47.75; H , 4 .33 ; X , 27.28. 

B .—A s lu r ry of 0.64 g (3.3 m m o l e s ) of sod ium .sulfanilamide in 
15 ml of D V I F was s t i r red a t 95° w i t h 0.50 g (3.0 m m o l e s ) of 
6-chlovo-9-methylpuvine s for 2 hr . T h e solid o b t a i n e d b y e v a p o ­
ra t ion of t h e reac t ion m i x t u r e was t r i t u r a t e d w i t h a b o u t 4 ml of 
wa te r . A solid, m p 159-162° , was r e m o v e d b y fi l t rat ion. 
G r a d u a l a d d i t i o n of 20 ml of ace tone to t h e filtrate gave crys ta ls 
wh ich were filtered a n d dissolved in a smal l v o l u m e of wa te r . 
Acidification to p H 0 wi th HC1 gave m a t e r i a l : m p 2 4 7 - 2 4 8 ° ; 
X^"x' 287 m,u; r a t io of opt ica l densi t ies , 287 m^i/240 m/j. = 4 .95 ; 
Xf",1'2 2 5 6 - 2 6 0 mp ( sh) , 281 m M : ra t io of op t ica l densi t ies 281 
m/ j /260 mp. = 1.44, in a g r e e m e n t w i th t h e s p e c t r u m of V ( T a b l e 
I ) p r e p a r e d b y A. 

N1-(2-Chioro-7-methyI-6-purinyI)sulfanilamide ( V I I I ) . - 2 , 0 
1 ) i ch lo ro -7 -me thy lpu r ine w (86 g, 0.424 mole) was t r e a t e d w i th 
sod ium sul fani lamide (123 g, 0.634 mole) in D M F (430 ml ) a t 
90 -95° (2.75 h r ) . After cooling a solid (no u l t r av io le t a b s o r p ­
t ion) was r e m o v e d and t h e fi l t rate was e v a p o r a t e d in vacuo to 

vapid.lv
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a paste. This was stirred with 11. of acetone for 1 hr and filtered. 
The acetone-insoluble solid was stirred with 2.5 1. of water for 1 
hr and filtered (solid discarded), and the filtrate was acidified to 
pH 2.5 with 1 N HC1 to give 60 g (42%) of crude product. 
This was dissolved in 2.5 1. of water containing 165 ml of 1 N 
NaOH and reprecipitated by slow acidification (pH 2.4) with 1 
Ar HC1 to give 51 g of purified material. A sample was re-
crystallized from 300 parts of water (charcoal). 

Anal. Calcd for C,2HnClN602S: C, 42.54: H, 3.23; N, 
24.81. Found: C, 42.22; H, 3.38; N, 24.79. 

NM7-Methyl-6-purinylSulfanilamide (IX).—N»-(2-Chloro-7-
methyl-6-purinyl)sulfanilamide (VIII, 12 g, 35.4 mmoles) was 
hydrogenated as described for IV for 3 hr, and the product was 
isolated as previously described to give 8.4 g (78%) of nearly 
white solid. Recrystallization from 8.5 parts of water gave an 
8 1 % recovery of crystals, mp 232-233.5°. 

Anal. Calcd for C,2Hi2N602S: C, 47.36; H, 3.97; N, 27.62. 
Found: C, 47.79; H, 4.26; N, 27.63. 

Nl-(2-Methoxy-7-methyl-6-purinyl)sulfaniIamide (X).—A 
mixture of 4.00 g (11.8 mmoles) of N1-(2-chloro-7-methyl-6-
purinylSulfanilamide (VIII), 100 ml of absolute methanol, 
and 20 ml of a 2 5 % solution of NaOCH3 in methanol was heated 
at 110° in a rocking autoclave for 6 hr. After cooling, a small 
amount of insoluble material was removed by filtration, the 
filtrate was evaporated to dryness, and the residue was dissolved 
in 175 ml of water. The pH of the filtrate was adjusted to 3.8 
with HC1 and the gummy solid which precipitated was recrystal-
lized three times from methanol to give 1.42 g (36%) of crystals, 
mp 205-206°. 

Anal. Calcd for C13H,4N603S: C, 46.70; H, 4.22; N, 25.14. 
Found: C, 46.68; H, 4.40; N, 25.21. 

N1-(2,6-Dichloro-9-methyl-8-purinyl)suIfanilamide (XII).— 
To a stirred suspension of 75 g (0.386 mole) of sodium sulfanil­
amide in 750 ml of D M F which was heated to 55°, there was 
added 75 g (0.316 mole) of 9-methyl-2,6,8-trichloropurine.u 

The mixture was stirred at 62-65° for 1.5 hr, cooled, and filtered. 
To the stirred filtrate was added a mixture of 800 ml of water and 
ice and 137 ml of 1 A7 HC1. Stirring was continued for 30 min, 
and the solid which formed was collected. I t was washed with 
water, slurried with 500 ml of acetone, filtered, and washed with 
acetone. It was dissolved in 5.5 1. of water containing 150 ml 
of 1 N NaOH and treated with 15 g of Norit A. To the filtrate 
was added 1 N HC1 (35-40 ml) until a permanent haze formed. 
The hazy solid was filtered and the stirred filtrate was acidified 
(pH 3.5) by the slow addition of about 110 ml of 1 A7 HC1 to 
give 42.4 g of crude product. This was recrystallized twice from 
200 parts of toluene (Norit A) to give colorless needles, mp 239.5-
240° dec, which were dried at 100° (0.3 mm) to remove toluene of 
crystallization; yield, 20.2 g (17%). 

Anal. Calcd for Ci2H10Cl2N6O2S: C, 38.62; H, 2.70; CI, 
19.00. Found: C, 38.89; H, 2.92; CI, 18.92. 

NM9-Methyl-8-purinyl)sulfanilamide (XIII). A.—A solu­
tion of 6.0 g (16 mmoles) of thoroughly purified N1-(2,6-dichloro-
9-methyl-8-purinyl)sulfanilamide (XII ) in 152 ml of water and 
48 ml of 1 N NaOH was hydrogenated in a Parr apparatus (3.52 
kg/cm2 of hydrogen, 2.3 g of 10% Pd-C) . The reaction was 
complete after 13 min. The catalyst was filtered, and the 
filtrate was acidified with 1 A7 HC1 to pH 3.5 and cooled. The 
colorless crystalline solid was collected, washed with water, and 
dried; mp 250-251°, yield 4.12 g (85%) of analytically pure 
product. 

Anal. Calcd for Ci2H12N602S: C, 47.37; H, 3.98; N, 27.62; 
0 , 10.52; S, 10.54. Found: C, 47.43; H, 4.13; N, 27.68; O, 
10.89; S, 10.56. 

B.—A mixture of 25 ml of D M F , 0.69 g (3.6 mmoles) of sodium 
sulfanilamide, and 0.50 g (3.0 mmoles) of 8-chloro-9-methyl-
purine7 was stirred at 86-93° for 2 hr. The reaction mixture 
was cooled to 5°, and a mixture of 50 ml of water and ice, plus 
2 ml of 1 AT HC1 was added (pH 4). Evaporation of the solution 
gave a sticky solid which was leached with 40 ml of acetone. 
The filtrate was evaporated to 5 ml to give a product still con­
taminated with some sulfanilamide. Recrystallization from 25 
ml of ethanol gave nearly colorless needles, mp 247-248°, showing 
no depression when mixed with material prepared by A. Samples 
prepared by A and B also gave identical ultraviolet and infrared 
spectra and Rt values on tic developed with CHCh-methanol 
(80:20). 

N1-(2,6-Dimethoxy-9-methyl-8-purinyl)sulfanilamide (XV).— 
A solution of 1.00 g (2.68 mmoles) of analytically pure N1-
(2,6-dichloro-9-methyl-8-purinylSulfanilamide (XII) and 1.43 

g of NaOCH3 in 100 ml of absolute methanol was autoclaved for 
6 hr at 110° under nitrogen. The residue obtained upon evapo­
ration of the solvent was dissolved in 50 ml of water, and the 
solution was neutralized to pH 7.0 with dilute HC1 to give 0.49 g 
(50% crude yield) of tan solid. This was recrystallized twice 
from methanol to give colorless crystals, mp 281° dec. 

Anal. Calcd for C14H,6N604S: C, 46.55; H, 4.93; OCH3, 
17.03. Found: C, 45.93; H, 4.83; OCH3, 16.89. 

N1-(2-Chloro-6-methoxy-9-methjI-8-purinyl)sulfanilamide 
(XVI).—One gram (2.68 mmoles) of thoroughly purified N'-(2,6-
dichloro-9-methyl-8-purinyl)sulfanilamide (XII) was dissolved 
in 55 ml of absolute methanol containing 8.05 mmoles of NaOCHs. 
The solution, after standing at room temperature for 24 hr, was 
acidified to pH 3.2 by gradual addition of 65 ml of 0.1 N HC1. 
The resulting crystalline solid was collected, washed with water, 
and dried to yield 0.75 g of product. Recrystallization from 75 
ml of ethanol gave (in two crops) 0.47 g (48%) of material, mp 
270° dec. 

Anal. Calcd for C13H13C1N603S: C, 42.34; H, 3.55; CI, 
9.61. Found: C, 42.54; H, 3.93; CI, 9.73. 

2-ChIoro-9-methyIpurine (XVII).—A solution of 2,6-dichloro-9-
methylpurine7 (18.4 g, 90.7 mmoles) in 1.26 1. of ethanol was 
mixed with a solution of 27.5 g of sodium acetate trihydrate in 
450 ml of water. This was hydrogenated at atmospheric pres­
sure in the presence of 3.3 g of 10% Pd-C catalyst. In 10 min 
2.32 1. STP (1 mole + 10%) of hydrogen was absorbed. The 
filtrate from the catalyst was evaporated in vacuo. The resulting 
solid was slurried with 50 ml of distilled water at room tempera­
ture, filtered, and washed with 10 ml of water to give 13.3 g 
(87%) of crude XVII, mp 120-130°. (The crude material which 
was difficult to purify completely could be aminated directly to 
the much more readily purified 2-amino-9-methylpurine.) A 
portion was recrystallized from benzene until the melting point 
was raised to 132°. I t was identical with an authentic sample7 

of 2-chloro-9-methylpurine as judged by melting point, mixture 
melting point, and ultraviolet and infrared spectra. 

2-Amino-9-methyIpurine (XIX).—Crude 2-ehloro-9-methyl-
purine (13.3 g, 79 mmoles) was dissolved in 1.2 1. of 4 A7 NH3 in 
methanol and 30.2 g of NH4C1 was added. The mixture was 
heated at 125-130° in a rocking autoclave for 20 hr under nitrogen 
(28.12 kg/cm2). The filtrate was evaporated, and the resulting 
yellow solid was crystallized from 140 ml of water to give 4.79 g 
(41%) of needles, mp 242-243°. For the analysis a portion was 
sublimed (0.2 mm, 140-150°) to give a product: mp 242-
243°; \fj 248, 314 mM («• 3600, 4000); A ^ 2 242, 302 m.u (e 
5500, 8000). 

Anal. Calcd for CSH,N6: C, 48.31; H, 4.73; N, 46.96. 
Found: C, 48.48; H, 4.56: N, 47.22. 

N1-(9-Methyl-2-purinyI)sulfanilamide (XVIII). A.—To a 
solution of 2-amino-9-methylpurine (XIX, 4.79 g, 32.1 mmoles) 
in 250 ml of pyridine at 75° was added 15.1 g (64.6 mmoles) of 
freshly recrystallized p-acetylaminobenzenesulfonyl chloride. 
After heating at 70-72° for 1 hr, the pyridine was removed 
in vacuo to give a syrup which was slurried three times with 
water, and the water was removed in vacuo each time. The 
resulting yellow solid was triturated with 100 ml of water to 
give 7.41 g of the acetylated XVIII . I t was hydrolyzed by heat­
ing at 100° with 34 ml of 2 A7 HC1 for 30 min. The filtered 
solution was adjusted to pH 5 by addition of aqueous NH3 and 
cooled to give 5.45 g of crude XVIII . Two crystallizations from 
1:1 ethanol water (charcoal) gave 2.64 g (27%) of nearly color­
less crystals, mp 270-271°. 

Anal. Calcd for C12H12N„02S: C, 47.37; H, 3.98; N, 27.62; 
S, 10.54. Found: C, 47.73; H, 4.14; N, 27.31; S, 10.52. 

B.—A stirred mixture of 20 ml of D M F , 2.23 g (12 mmoles) of 
sodium sulfanilamide, and 1.04 g (6 mmoles) of pure 2-chloro-9-
methylpurine was refluxed for 3 hr, cooled to 10°, and acidified to 
pH o by addition of a mixture of 40 ml of water and 8 ml of 1 A7 

HC1. The solution was evaporated at room temperature to a 
gum which was triturated with 10 ml of acetone and filtered. 
The filtrate was diluted with 30 ml of ethanol. After removal of 
tarry material by filtration, the solution was evaporated to 4 or 
5 ml to give about 0.2 g of yellow solid. Recrystallization from 
ethanol gave an off-white solid, mp 270-271°, which had the 
same infrared and ultraviolet spectra as the material prepared 
by A. 

N1-[2-ChIoro-6-(/3-methoxyethoxy)-9-methyl-8-purinyl]snIf-
anilamide (XX).—Throughly purified N1-(2,6-dichloro-9-methyl-
8-purinyl)sulfanilamide (XII , 1.50 g, 4.02 mmoles) was added to 
a cooled solution of 0.28 g (12.06 mg-atoms) of Na in 50 ml of 
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2-methoxyethanol. After 19 hr at room temperature, the solu­
tion was diluted to about 300 ml with water and acidified to pH 
2.9 by gradual addition of 1 Ar HC1. After cooling, the solid 
was collected and washed with water, to yield 1.26 g {76%) of 
XX, mp 232-236° dec. A sample was recrystallized from ethanol 
to give pale yellow flakelets, mp 228-229° dec. 

Anal. Calcd for C15HnClN60;S: C, 43.04; II, 4.15; Cl. 
S.r>9; X. 20.36. Found; C, 43.57: II, 4.44; Cl, 8.66; X. 
20.47. 
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Synthet ic Schistosomicides. M I L IV-Mono- and 
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Several hundred X-mono- and N,N-dialkyl-X'-(4-arylazo-l-naphthyI)alkylenediamines ( I I I ) were synthesized 
by (1) coupling a diazotized arylamine with the appropriate l-(aminoalkyl)naphthylarnine, (2) animation of a 
X-(w-haloalkyl)-4-(arylazo)-l-naphthylamine, and (3) hydrolysis of X-(aminoalkyl)-X-[4-(arylazo)-l-naphthyl]-
2,2,2-trifluoroacetamides or formamides. Schistosomicidal activity among the X,X-dialkyl-N'-(4-arylazo-l-
naphthyl)alkylenediamines is widespread, and twenty-nine compounds cured Schistosoma mansoni infections 
in mice at doses ranging from 78 to 734 mg/kg per day for 14 days. Six compounds were evaluated against <S. 
mansoni infections in rhesus monkeys and each showed significant antischistosomal activity in this host. Struc­
ture-activity relationships are discussed. 

During the course of continuing efforts in these 
laboratories to develop novel schistosomicidal agents, 
it was discovered t ha t various [4-(dialkylaminoalkyl-
amino)-l-naphthylazo]heterocyelic compounds (I) pos­
sess strong therapeutic activity against Schistosoma 

l-diethylamino-3-(l-naphthylamino)-2-propanol was re­
ported.9 

Three major routes (Chart I) were utilized in the 
preparation of the N-mono- and N,N-dialkyl-N'-
(4-arylazo-l-naphthyl)alkylenediamines (III) (Tables 

NHYNR.R, 

N = N — H e t 

I 

mansoni in experimental animals.'2,3 We have been 
actively engaged in extending this work to other 
sci'ies1'4^8 and now wish to report the synthesis 
of a group of N-mono- and X,X-dialkyl-X'-(4-arylazo-
l-naphthyl)alkylenediamines ( I I I , where R, Ri, and 
II2 represent a hydrogen atom or an alkyl group, Y 
an alkylene radical, X a hydrogen or halogen atom or a 
hydroxy or alkoxy group, and Ar a phenyl or naphthyl 
radical), many of which exhibit remarkable schis­
tosomicidal activity in mice. After the completion 
of this work, the synthesis of several azo derivatives of 
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NYNRiRa 
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II 
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NY—Hal 

NYNR,R2 

R3CO. 

N = N A r 

III 

C|OH"orH"' 

NYXR.R, 

X = X A r 

I - Y ) : (1) coupling a diazotized arylamine with the 
appropriate 1-(ami no alkyl) naphthylamine (II)1 0 (route 
A) (procedures I - I V ) ; (2) animation of a N-(w-
haloalkyl)-4-(arylazo)-l-naphthylamine (IV) with the 
appropriate amine (route B) (procedure VI ) ; and (3) 
hydrolysis of an XT-(aminoalkyl)-N- [4-(arylazo)-l-naph-

(9) K. M a t s u i , T . Sunaga , and K. Kasa i , Yuki Gosei Kagaku Kyokai Shi. 
20, 453 (1962); Chem. Abstr., 57, 6069t (1962). 
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