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4-lIydroxy-0-phenylpyrazolo[3,4-<:i]pyrimidines with m-fluorosulfonylbenzamido (14) or -/j-fhiorosulfonyl-
benzamido (16) groups on the meta position are active-site-directed irreversible inhibitors of xanthine oxidase; 
in contrast, the j/i-fluorosiilfonylbenzamido substitiient on the para position (17) does not give an irreversible 
inhibitor. Replacement of the 4-hydroxy group of 14 or 16 by amino (11, 12) gives no loss of reversible inhibi
tion, but irreversible inhibition is eradicated. Similarly, these fluorosulfonylbenzamido groups on the meta or 
para position of 8-phenyladenine (8-10) afford better reversible inhibitors, but irreversible inhibition is again 
lost. The seven types of active-site-directed irreversible inhibitors of xanthine oxidase found to date are com
pared in efficiency. 

Two classes of active-site-directed irreversible inhib
itors'' of xanthine oxidase4 that are derived from purines 
bearing a terminal sulfonyl fluoride'1 have been found; 
the first type was derived from 9-phenylguanine with 
a /^-fluorosulfonylbenzamido substitiient (2)6 and the 

OH 

SO, F NHC0(O)s°2F 

NH, 

IOIOMS 
VN N ^^ 

H 

second type2 was derived from S-bcnzylthioadenine 
(1) and 8-benzylthiohypoxanthine. Since 8-phenyl-
adenines of type 3 were found to be excellent reversi-

(1) This work was generously supported by Grant CA-08695 from the 
National Cancer Institute, U. S. Public Health Service. 

(2) For the previous paper of this series see B. R. Baker and J. A. Kozma, 
,/. Med. Chem., 11, 652 (1968). 

(3) B. -R. Baker, "Design of Aetive-Site-Directed Irreversible Enzyme 
inhibitors. The Organic Chemistry of the Enzymic Active-Site," John 
Wiley and Sons, Inc., New York, N. Y., 1907. 

(-1) For the chemotherapeutic utility of a tissue-specific blockade of this 
enzyme see B. R. Baker and J. L. Hendriekson, ,/. Pharm. Sci., 56, 955 
(1907), paper XCII of this series. 

(5) (a) The use of the terminal sulfonyl fluoride group for active-site-
directed irreversible inhibitors of the exo type was first described for di-
hydrofolic reductase by B. R. Baker and G. J. Lourens, ./. Med. Chem., 10, 
1113 (1967), paper CV of this series; (b) phenylmethanesulfonyl fluoride, 
an endo-type irreversible inhibitor of ebymotrypsin, was described earlier 
by D. E. Fahrney and A. M. Gold, ./. Am. Chem. Roc, 86, 997 (1963). 

(8) B. R. Baker and W. F. Wood, J. Med. Chem., 11, 650 (1908). paper 
CXXIII of ttiis series. 

ble inhibitors' of xanthine oxidase that complexed much 
better to the enzyme than the substrate, hvpoxanthine, 
candidate irreversible inhibitors of the sulfonyl fluoride 
type derived from 3 were considered worthy of explora
tion. Furthermore, 4-mercapto-C)-phenylpyrazolo [3,4-
f/]pyrimidines of type 4 were also good reversible 
inhibitors8 of xanthine oxidase; therefore, candidate 
irreversible inhibitors derived from G-phenylpyrazolo-
[3,4-r/]pyrimidines and bearing a terminal sulfonyl 
fluoride group such as 5 and 6 were also considered. 
The synthesis and enzymic evaluation of these sulfonyl 
fluoride type irreversible inhibitors derived from 2, 5, 
and 6 are the subjects of this paper. 

Enzymic Evaluation.—The sulfonyl fluoride (1) de
rived from 8-benzylthioadenine was previously found 
to be both a good reversible and irreversible inhibitor2 

of xanthine oxidase; 1 was complexed 19-fold better 
than the substrate, hvpoxanthine, and at 0.4 y,M 
showed rapid inactivation of xanthine oxidase with a 
half-life of 2 min (Table I). Removal of the sulfur 
atom from 1 to give a sulfonyl fluoride derived from 
S-benzyladenine (7) led to an S3-fold loss in reversible 
inhibition; even though 7 could still inactivate xanthine 
oxidase at 70 p.M, it was considerably slower than l.'J 

The derivatives of 8-phenyladenine (8-10) (Table I) 
were excellent reversible inhibitors of xanthine oxidase 
being complexed 24-, 400-, and 300-fold better, respec
tively, to the enzyme than the substrate. Unfortu
nately, at 2-5I5o

9 none showed irreversible inhibition 
of xanthine oxidase. The fact that the /)-fluorosulfonj-]-
benzamido group on the para position of 9-phenyl
guanine (2)6 showed irreversible inhibition of xanthine 
oxidase, but this same group on the para position of 
8-phenyladenine (10) does not, shows that 2 and 10 are 
not complexed in a fashion that positions their sulfonyl 
fluoride in the same place within their enzyme-inhibitor 
complexes; this difference will be considered in more 
detail in the following paper.7 

Three sulfonyl fluorides (11-13) (Table II) derived 
from 4-amino-(i-phenylpyrazolo [3,4-c/]pyrimidine bear-

(7) 11. R. Baker, W. F. Wood, and .1. A, Kozma, ibid., 11, 061 (1968), 
paper CXXVI of this series. 

(8) B. R. Baker, ,/. 1'hiirm. Set., 66, 959 (1967), paper XCI1I of this series. 
(9) (a) It should be noted in comparing two active-site-directed irrevers

ible inhibitors that the rate of inactivation is dependent upon the amount of 
(EI) complex and not directly on [I]; in this paper, the compounds are 
sometimes compared as a function of I&•>. the concentration for 50% inhibi
tion, (b) See ref 3, Chaplcr VIII, for (he kinetics of irreversible inhibition. 
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No. 

V 
7 
8 
9 

10 

TABLE I 

INHIBITION" OF XANTHINE OXIDASE BY 

NH2 

W^ 

SCH2C6H4(NHCOC6H4S02F-m)-ro 
CH2C6H4(NHCOC6H4S02F-p)-m 
C6H4(NHCOC6H4S02F-29)-m 
C6H4(NHCOC6H4S02F-m)-p 
C6H4(NHCOC6H4S02F-p)-p 

Iso,d 

0.42 
35 

0.33 
0.020 
0.027 

N 
H 

-Reversible''-

( [S] / [ I ]ks e 

19 
0.23 

24 
400 
300 

Inhib 
concn, tiM 

0.42 
70 

0.55 
0.10 
0.17 

-Irreversiblec 

Time, 
min 

2,15, 35 
12,60 

60 
60 
60 

% inactn 

50, 88, 88^ 
50, 79" 

0 
0 
0 

° The technical assistance of Pepper Caseria and Maureen Baker with these assays is acknowledged. b Commercial xanthine oxidase 
from bovine milk was assayed with 8.1 y.M hypoxanthine in Tris buffer (pH 7.4) containing 10% DMSO as previously described.4 

Inactivation of xanthine oxidase was performed at 37° in pH 7.4 Tris buffer containing 5% DIVISO as previously described, 
itration necessary for 

inhibition, / Data from ref 2. " From time study; see ref 16 
the zero point was determined by removal of an aliquot prior to addition of the inhibitor.5" d Concentration necessary for 50% 

16 except 
in

hibition. ' Ratio of concentration of substrate to inhibitor for 50(/ 
and 5a. 

N o . 

11 
12 
13 
14 

15 
16 

17 
18 

-"See 

Hi 

NH2 

N H . 
NH 2 

OH 

OH 
OH 

OH 
OH 

INHIBITION0 

R2 

rn-NHCOC6H4S02F-TO 
m-NHCOCeHiSOjF-p 
m-NHC0NHC6H4S02F-m 
m-NHCOC6H4S02F-m 

m-NHC0NHC6H4S02F-m 
TO-NHC0C6H4S02F-p 

p-NHCOC6H4S02F-m 
m-NHC0C6H3-CH3-4-S02F-3 

~Rf 

corresponding footnotes in Table I. f From time 

TABLE II 

OF XANTHINE OXIDASE BY 

H 

. Ri 

itM 

7.0 
2.3 
0.75 

13 

0.68 
15 

0.018 
12 

study; see 

3versible • 

( [ S ] / [ I ] k » « 

1.1 
3.5 

11 
0.62 

12 
0.54 

450 
0.67 

ref 16 and 5a. 

I n h i b 
concn, fiM 

14 
5.0 
3.8 

13 
4.0 
3.4 

20 
10 
0.060 

10 
4.0 

—•—Irreversiblec 

Time , 
min 

60 
60 
60 

4, 30, 60 
22, 60 
16,60 
8,60 

30,60 
60 

18, 30, 60 
30,60 

. 

% inactn 
0 

~ 0 
0 

50, 97, 100/ 
50, 60/ 
50, 57/ 
50, 90/ 
50, 50/ 

0 
50, 63, 76/ •» 

6 3 , 7 3 / " 
" Inactivation still taking place. 

ing a fluorosulfonyl substituent on the meta position 
were synthesized and evaluated. Although 10-13 
were reasonably good reversible inhibitors of xanthine 
oxidase that were eomplexed 1.1-, 3.5-, and 11-fold 
better than the substrate, at 2-oIso9 none of the three 
showed irreversible inhibition of xanthine oxidase; 
fortunately, better results were obtained with candidate 
irreversible inhibitors derived from 4-hydroxy-6-phenyl-
pyrazolo [3,4-rf]pyrimidine. 

The hydroxy analog (14) of 11 changed only twofold 
in reversible inhibition, but was dramatically different 
in irreversible inhibition. At an I60 concentration 14 
completely inactivated xanthine oxidase with a half-life 
of 4 min. However, when the concentration of 14 was 
reduced to 0.3I5o, inactivation was incomplete; such 
kinetics have been previously shown to be due to the 
competition of two reactions within the enzyme-
inhibitor complex, namely, (a) covalent bond forma
tion with resultant inactivation,3 and (b) enzyme-
catalyzed hydrolysis of the sulfonyl fluoride group.10 

(10) (a) B. R. Baker and J. A. Hurlbut, J. Med. Chem., 11, 233 (1968), 
paper CXIII of this series; (b) B. R. Baker and E. H. Erickson, ibid., 11, 
245 (1968), paper CXV of this series. 

When the sulfonyl fluoride group of 14 was changed 
to the para position (16), reversible inhibition did not 
change; however, the rate of irreversible inhibition of 
16 was only about one-half that of 14. Replacement 
of the carboxamide bridge of 14 by urea (15) led to a 
20-fold better reversible inhibitor; however, 15 was not 
as good an irreversible inhibitor since at 5I6o, 15 showed 
only 57% inactivation of xanthine oxidase before the 
enzyme had destroyed the inhibitor by catalytic 
hydrolysis.10 When the m-fluorosulfonylbenzamido 
group of 14 was moved to the para position (17), a 
much better reversible inhibitor resulted; 17 was 
reversibly eomplexed to xanthine oxidase 450-fold 
better than hypoxanthine and 730-fold better than 14. 
Unfortunately, 17 at 3IM failed to show any irreversible 
inhibition of the enzyme. 

Substitution of an o-methyl group on 14 to give 18 
resulted in no change in reversible inhibition; how
ever, two effects were seen on irreversible inhibition. 
At near I50 concentration, 14 inactivated xanthine 
oxidase about five times faster than 18; however, at 
O.3I50, 18 gave more inactivation thanl 4, indicating 
that the ratio of the rate of inactivation to enzyme 
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catalyzed hvdrolvsis1" was more favorable with 18 
than'14.1 1 

To date seven different types of active-site-directed 
irreversible inhibitors3 of xanthine oxidase have been 
found. In addition to type 6 in Table I I and types 1-
iind 2/ ' other types found were bromoacetamides 
derived from cS-benzylthiohypoxanthine (19)ir' and 
!J-phenylguanine (20)17 and two types of sulfonyl 
fluorides derived from 8-benzylthiohypoxanthine (21) 
and 2-benzylthiohypoxanthine (22). In order to com
pare the efficiency of active-site-directed irreversible 

i_r I __ H NHCOCH2Br 

19 

H lu I H 

^ H NH 

^ < Q > C 0 0 C < ^ ) S 0 2 F F02i 

21 22 

inhibitors or in order to state whether such an inhibitor 
is sufficiently effective to be considered for chemother
apy in animals, the following parameters should be 
considered.511 

(a) The enzyme should be inactivated by 10^7-10~~sl 

.1/ inhibitor since the lower the effective concentration 
the more selective the inhibitor is apt to be with respect 
to other enzymes; secondly, this concentration range 
would be suitable for in vivo dosage. The concentra
tion of inhibitor required for inactivation is in turn 
dependent upon the reversible dissociation constant, 
A'i, of the enzyme-inhibitor complex and the concentra
tion of the inhibitor.3 

(b) The inhibitor should preferably inactivate the 
enzyme with a half-life of less than 10 min; inhibitors 
might still be effective in vivo at longer half-life, but 
metabolism and /or excretion of the drug then become 
more important factors. 

(c) The inhibitor should give no significant amount 
of irreversible a t tack of serum proteins by a random 
bimolecular reaction;"1' such random at tack would place 
a haptenic determinate on the protein(s) tha t would 
lead to antibody formation and subsequent allergic 

i l l ) T h a t s t ibyti t t ients on one of t he two benzene r in^s of an inhibi toi 
such as 18 can influence the ra t io of the ra tes of these two reac t ions wi th in 
the1 reversible complex was observed previous ly in th is l a b o r a t o r y wi th a 
n u m b e r of o the r e n z y m e sys tems, such as dihydrofolic reductase , 1 * ' 1 3 c h y m o -
t r y p s i n , u and t r y p s i n . u 

(12) H. R. Baker a n d A. J. I .ourens. J. Med. Chun., 11 , 677 (1968), pape r 
C X X I X of this series. 

(B>) B. R. Bake r a n d -V M. J. Venneu len , unpubl i shed . 
(14) B. R. Haker and J . A. l l m i b u t , unpub l i shed . 
( lo) IS. R . Baker a n d E. I I . Mrickson, unpub l i shed . 
(16) li. R. Bake r a n d J . Kozma, ./. Med. Chem., 10, 1582 (11)67), pape r 

X( A' of th is series. 
(17) l i . H. Baker and \\ . I-'. Wood, ibid.. 10, 11(16 I'l'JU"), paper ( ' I I I 

of this series. 

reaction. I s The sulfonyl fluorides appear to be consid
erably superior to bromoacetamides in (heir low random 
attack of proteins.511'11"1 

(d) The inhibitor should be able to penetrate cell 
membranes. The types of compounds under discussion 
should be able to penetrate by passive diffusion since 
(hey are relatively nonpolar.1!l 

(e) The inhibitor should inactivate the target 
enzyme in the target cell with minimal attack of (he 
target enzyme in host tissues.20 

(f) The inhibitor should be able to inactivate the 
target enzyme at a concentration < A p if a greater 
concentration is required, then selectivity may be lost 
due to high reversible inhibition of the target' enzyme 
in all tissues. Since hypoxanthine was used at S.I 
ixM and its K, = S.5 ixM P as a first approximation 
I.-,(i ~ '̂ K\\ therefore, in the case of xanthine oxidase, 
near complete irreversible inhibition at the l.-l(, concen
tration of inhibitor would be necessary. 

At this stage only parameters a c and f need be 
considered since parameter e has not yet been deter
mined for this enzyme and the assumption in parameter 
d is most efficiently checked by tissue culture studies af
ter parameter e has been established. It is apparent 
that none of the seven types yet meet all the parameters 
of a-c and f. 

The bromoacetamides (19, 20) require 1.5 and 5 
11M for complexing 50% of the enzyme and thus do no! 
meet parameter a: furthermore, these two compounds 
do not meet parameter c, as discussed previously, nor 
do they meet parameter b. Therefore, the best 
chance of success would probably be with sulfonyl 
fluorides, which rapidly inactivate when they are 
irreversible inhibitors and which give less, if any, ran
dom attack on serum proteins. 

The sulfonyl fluorides derived from N-benzylthio-
adenine (1) and S-benzylthiohypoxanthine (21) come 
close to meeting the four parameters under discussion. 
Both show SO--909< inactivation in less than 10 min at 
an l.-,u >-- A'; concentration; however, the A'j's are just 
outside the range of 10'"' M by a factor of 4. To obtain 
a 4-10-fold increment in binding by simple substituents 
on one or the other of the benzene rings has not been loo 
difficult to achieve in other enzyme systems. A 
similar shortcoming exists with 2 which might be over
come in the same manner. 

In contrast to 21, the 2-benzylthiohypoxanthine 
derivative (22) is a good reversible inhibitor with A"; 
^ 10""7 .1/ but does not give sufficient inactivation at 
a A; concentration. Since 22 can inactivate >N0(

 f at 
tiA'j, it is probable that the ratio of rate of inactivation 
by 22 to the rate of enzyme-catalyzed hydrolysis of 22 
is unfavorable;1" it is not unlikely that this ratio can 
be changed favorably by substitution on one of the 
benzene rings as noted with 14 vs. 1 8 . u 

The derivatives of fi-phenylpyrazolo [:->,4-(/]pyi'imi-
dine (14,18) suffer from being insufficiently good enough 
reversible inhibitors by a factor of about 120-fold; 

( IS) See ref ;i. pp I .">:>- I.V.. 
i 10) See ref :!. pp 2l>:i-266. 
120) Iuae l iva t ion of the diiiydrofoho reduc tase from a t u m o r with mi in ma i 

effect on the Nime e n / y m e from the liver of the s ame an imal has been Ji-
sei'\ ed v\ilh a p p r o p r i a t e i rreversible inh ib i to r s . ' u - -

(21) I!. K. Baker and U. 1!. Meyer . Jr . . ./. Mid. Chun... 11 , IS!) PHIS). 
paper ( ' X I X of this series. 

1122) B. l i . Baker and P. ( '. Iltiana', ''hid... 11 , •tU"> llllOHj, paper ( ' X X of 
this series. 

L»:i) .1. P.. U b n a a a t t c n . ./. Ilml. Chun.. 224, I.V! iBi .o ' ) . 



July 1968 IRREVERSIBLE ENZYME INHIBITORS. CXXV 659 

whether or not a 120-fold increment in binding by 
appropriate substitution on this type of compound can 
be achieved is highly questionable. Since 17 is the 
best reversible inhibitor in Table II, but shows no 
irreversible inhibition, further studies should be made 
in variation of the para substituent on the benzene ring. 
Therefore, future work for parameter e, selective irre
versible inhibition4 of a tumor enzyme compared to a 
liver enzyme, would be best studied with compounds 
related in structure to 1, 2, 21, and 22, and perhaps 17. 

Chemistry.—A number of methods have been de
scribed for conversion of aminopyrazoles such as 23 
and 24 to pyrazolo[3,4-d]pyrimidines with 6 substitu-
ents. Acylation of 23 with aliphatic anhydrides fol
lowed by alkaline ring closure afforded 6-alkylpyraz ole
ics,4-r/]pyrimidines;24 this method proceeded poorly 
in this laboratory with aromatic acid derivatives. 
Since other methods have operational difficulties,25 a 
new method for synthesis of 6-phenylpyrazolo[3,4-dJ-
pyrimidines was devised that was based on the following 
observations. 

(a) Condensation of guanidine with 23 afforded 
4,6-diaminopyrazolo[3,4-a']pyrimidiiie,26 and (b) fusion 

SCHEME I 

NH,COi 

24 

NO, 

25 26, meta 
27, para 

0O» 
NHo 

28 29, meta 
30, para 

of 4,5-diaminopyrimidines with amidines afforded S-
substituted purines.27 Therefore fusion of 23 or 24 
with substituted benzamidines to form 6-phenyl-
pyrazolo[3,4-<i]pyrimidines of types 25-27 was investi
gated (Scheme I). This reaction proceeded smoothly 
at 200° and the products were readily purified. The 
method appeared to be quite general since benzamidines 

(24) (a) C. C. Cheng and R. K. Robins, / . Org. Chem., 23, 191 (19S8); 
(b) S. Irone, H. Nagaro, E. A. Nodiff, and A. J. Saggimo, J. Med. Chem., 7, 
816 (1964). 

(25) (a) P. S. Schmidt. K. Eichenberger, and M. Wilhelm, Angew. Chem.. 
73, 15 (1961); (b) P. S. Schmidt, K. Eichenberger, and M. Wilhelm, Heir. 
Cliim. Acta, 48, 1620 (1962); (c) E. C. Taylor and A. L. Borror, J. Org. 
Chem., 26, 4967 (1961); (d) E. C. Taylor and J. A. Zolteu'iez, J. Am. Chem. 
Soc, 83, 248 (1961). 

(26) J. Danal and K. A. Kerrldge, / . Chem. Soc, 2589 (1961). 
(27) (a) F. Bergmann, M. Rashi, M. Kleiner, and R. Knafo, ibid., 12.54 

(1967); (b) ]•'. Bergmann and I I . Tamari, ibid., 4468 (1961). 

substituted with either the electron-withdrawing nitro 
group or the electron-donating hydroxyl group could be 
used. 

The nitro group of 25-27 was catalytically reduced to 
give the amines (28-30) using a Pd catalyst. The 
various candidate irreversible inhibitors in Table II 
were then prepared from 28-30 by reaction with m-
fluorosulfonylphenyl isocyanate or the appropriate 
fluorosulfonylbenzoyl chloride in Dl\IF-Et3X by the 
previously described method.2 

Acylation of 4,5,6-triaminopyrimidine (31) with the 
appropriate acid chloride in aqueous X'aOH28,29 afforded 
5-acylamidopyrimidines (32-37) in 15-60% yield of 
analytically pure material (Scheme II). Cyclization 

SCHEME II 

NH, NH, 

31 

1 
NH2 

N ^ l N H C O R 

& 
~N 

34, R = C6H4N02-m 
35,R = C6H4N02-p 
36,R = CH,C(iH4NO;;-m 
37,R=CH=CHC6H4NO,-m 

NH2 

H NO, H 

40, meta 

41, para 

I 

38, ortho 
39, para 

H L N02 

42 

NH2 

H NH2 

NH2 

H 

43, meta 

44, para 
H NH2 

45 

of 34-36 to 40-42 proceeded smoothly with polyphos-
phoric acid,2!U0 but this reagent decomposed 32, 33, 
and 37; attempted cyclization of 37 with aqueous 
X'aOH'28 was also unsuccessful. Attempted cyclization 
of 32 or 33 to the corresponding purines with aqueous 
XTaOH led to rearrangement followed by cleavage; 
the products had an empirical formula in agreement 
with 38 and 39 but a rigorous structure proof was not 
attempted. The formation of 38 and 39 is envisioned as 

(28) B. R. Baker and D. V. Santi, J. Heterocyd. Chem., 4, 216 (1967), 
paper XCIV of this series. 

(29) G. B. Elion, E. Burgi, and G. H. Hitehings, / . Am. Chem. Soc, 73, 
5235 (1951). 

(30) S.-C. ,1. Fu, E. Chinoporos, and H. Terzian, ./. Org. Chem., 30, 1916 
(1965). 



<><)() R. 11. BAKER A M I JAXOS A. KOZMA Vol. 11 

TAHI.E 111 

PHYSICAL Pl iOPBK' l ' lKs 

IV 

N I L 

1) 

12 

13 

14 

15 

10 

17 

IS 

25 

2(1 

27 
2s 
2!) 

:!() 
40 

47 
4S 

4!) 

•• 

, T, 

Hi 

X I I , 

X I I , 

X I I , 

on 
on 
on 
on 
on 

Ml, 

on 
on 
X I I , 

on 
on 
N i l . 

on 
on 
X I I , 

Spect ra 

iU 

w-xnco(;,iii4so,F-w 
„t-XIICOC6II4SO,F-p 
»I-NI1COXIIC 9 H 4 S() 3 F-

;»-Nncoc6n4Ho2F-H( 
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;t concerted neighboring group reaction where the (>-
amino group displaces the nitro-activated alkoxy group 
of 32 or 33 followed by base cleavage of the resultant 
labile giycolic amide. 

The candidate irreversible inhibitors (7-10) were 
then prepared by catalytic reduction to the amines 
(43-45) followed by reaction with the appropriate 
fluorosulfonylbenzoyl chloride in DMF-Et3N.2 

Experimental Section31 

4-Amino-6-phenyIpyrazolol3,4-r/]pyrimidine (46) (Method A). 
-A mixture of 1.00 g (0.2 mmoles) of 23, 2.02 g (13 mmoles) of 

benzamidine hydrochloride, and 1.47 g (18 mmoles) of XaOAc 
were well mixed, then heated in a bath at 200° until gas evolution 

III 11 All ana ly t ica l sample* move,! as a single spot on tic with l l r i n k m a n n 
silica eel ( I F in n t O AC ' - M e O f 1; each hail ir anil uv spect ra in a g r e e m e n t 
wi th their assigned s t r u c t u r e s anil g a v e combus t ion va lues within 0.4'>£ of 
theore l ica l unless o therwise ind ica ted . Mel t ing po in t s were t aken in capil
lary tulies on a M e l - T e m p Mock a n d those below 230° a re cor rec ted ; the uv 
spec t ra! da t a a re given since they are more reliable than mel t ing points for 
1 hesc c o m p o u n d s . 

(Xfhi) essentially ceased. The cooled melt was dissolved in hot 
3 X IIC1. The solution was clarified with carbon, then ad
justed to about pl l 4 with 3 A" XaOII. The product was 
collected on a filler and washed with 11,0. Itecrystallization 
from MeOII gave white crystals, mp 277-27S0, lit.25" mp 275 
277°. See Table I I I for additional data and other compounds 
prepai-ed by this method. 

4-Hydroxy-6-phenylpyrazolo[3,4-ci]pyrimidine (47) (Method 
IJ). - -A mixture of 1.00 g (9.2 mmoles) of 24, 2.02 g (43 mmoles) ol' 
benzamidine hydrochloride, and 2.40 g (31 mmoles) of XaOAe 
was well mixed then heated in a bath at 200° until gas evolution 
(XT Is) was essentially complete. The melt was dissolved in hot 
2 .V X'aOII. The solution was clarified with carbon, (hen acidi
fied with IIOAc. The product was collected on a filter and 
washed with II,<). Itecrystallization from I ) M F - I I , 0 gave 
white crystals, mp 33S-3390. See Table I I I for additional data 
and other compounds prepared by this method. 

4-Amino-6-(w-aminophenyl)pyrazolo[3,4-d]pyrimidine (28) 
(Method C). A mixture of 490 mg (1.87 mmoles) of 25, 100 ml 
of MeOH, and 100 mg of \0'"c Pd-C was shaken with II, tit 2 3 
atm until reduction was complete. The filtered solution was 
evaporated in raaio. Itecrystallization from MeOII gave nearly 
white crystals, mp 275-277°. See Table I I I for additional data 
and Tables III and V for additional compounds prepared by this 
method. 
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No. R Method 

7 CH2C6H4(NHCOC6H4S02F-p)-m F" 
8 C6H4(XHCOC6H4S02F-p)-m F6 

9 C6H4(XHCOC6H4S02F-TO)-p ¥b 

10 C,H4(NHCOC6H4S02F-p)-p F" 
40 CH4NO2-TO E 
41 C6H4N02-p E 
42 CH2C6H4N02-m E 
43 C6H4NH2-m C 
44 C6H4NH2-p C 
45 CHjC»H4NH rm C 

N oo 

TABLE V 

PHYSICAL PROPERTIES OF 

NH2 

,N 

_ > — R 

H 
% 

yield Mp, °Cdec Formula Analyses 

62' 250-252 C10Hi3FN6OsS-H2O C, H, N 
58c >340 ClsH13FX6O3S-0.5H2O C, H, N 
59° >340 Ci8H,3FX6O3S-0.5H2O C, H, N 
65« >340 Ci8H13FN603S-H20 C, H; F ' 
78= >350 C„H8N602 C, H, N 
47= >350 CUHSN602 C. H, N 
70= 307-309 Ci2HwN602 C, H, N 
85" >340 CnHioNe-O.oHjO C, H, N 
76c >340 C , I H I 0 N B - 0 . 2 O H 2 O C, H, X 

53" 242-245 d 2 H 1 2 X 6 -H 2 0 C, H 

' "" "max 1 1 
pH 1 

270 
226, 294 
320 
322 
224, 288 
247, 265, 326 
266 
226, 294 
226, 295 
267 

pH 13 

272 
237/305 
252 /323 
251 /325 
237, 304 
259, 369 
272 
239 /306 
254, 318 
276 

° In 10% EtOH. b See method A, ref 2. ' Recrvstallized from MeOEtOH-H 2 0. 
1 F : calcd, 4.42; found, 3.86. « Recrvstallized from DMSO-H 2 0. 

d Inflection. e Recrvstallized from E tOH-H 2 0 . 

4,6-Diamino-5-(ra-nitrobenzamido)pyrimidine (34) (Method 
D).—To a stirred mixture of 4.82 g (20 mmoles) of 31 sulfate 
on 40 ml of 1 AT XaOH cooled in an ice bath was added dropwise a 
solution of 3.70 g (20 mmoles) of m-nitrobenzoyl chloride in 5 
ml of dioxane over a period of 1 hr. The pH was maintained 
at 10-11 by addition of 1 N XaOH as needed. After being stirred 
for an additional 4 hr, the mixture was filtered and the product 
was washed with H 2 0. Recrystallization from D M F - H 2 0 gave 
1.75 g (32%) of pure product, mp >350°. See Table IV for 
additional data and other compounds prepared by this method. 

8-(m-NitrophenyI)adenine (40) (Method E).—To a mixture of 
1.20 g of 34 and 12.5 g of P205 cooled in an ice bath was added 9 
ml of 85% H3P04 . The mixture was heated in a bath at 165-
170° for 1.5 hr, then cooled and poured into 20 ml of iced H 2 0 
with stirring. The solution was adjusted to pH 8-9 with 4 A" 
XaOH. The product was collected on a filter and washed with 
H20, then MeOH. Recrystallization from D M F - H , 0 gave 
0.60 g (55%) of pure product, mp >350°. See Table V for 
additional data and other compounds prepared by this method. 

4-5-Diamino-6-(o-nitroanilino)pyrimidine (38).—A mixture of 
500 mg (1.65 mmoles) of 32, and 15 ml of 4 Ar XaOH was re-
fluxed for 10 hr. The cooled suspension was filtered and the 
product was washed with H 20. The solid was dissolved in 3 Ar 

H2S04, then spin evaporated to a syrup in vacuo. The sulfate 
salt was collected on a filter and washed with E t 2 0 ; yield 410 mg, 
mp 225-226°, that moved as a single spot on tic. The salt was 
dissolved in H 2 0 and the free base precipitated by addition of 
2 AT XaOH. The product was collected on a filter and thoroughly 
washed with H20, then MeOH, and finally E t 2 0 ; vield 260 mg 
(67%); mp 249-252° dec; Xma, (mM) pH 1, 267, 401; pH 13, 280 
(inn), 409. Anal. (C,»H10X6O2) C, H, X. 

The para isomer (39) was prepared similarly except that the 
sulfate salt was insoluble in cold 3 N H2S04. The sulfate salt was 
collected by filtration and recrvstallized from D M F - E t 2 0 ; 
yield 270 mg (93%), mp 303-305°"dec. Anal. (C10H10X6O2-0.5-
H2S04) C, H. The free base was recrvstallized from MeOEt-
OH-H 2 0 ; yield 156 mg (64%); mp 328-331° dec; Xma, (mM) 
pH 1,261, 368; pH 13, 256, 382. Anal. (Ci0H10X6O2) C, H; X: 
calcd, 34.1; found, 33.5. 
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Oxidase by Phenyl Subs t i tuents on Purines and Pyrazolo[3,4-d]pyrimidines 
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A hydrophobic bonding region exists on xanthine oxidase just adjacent to the active site that can complex aryl 
groups attached to purines and pyrazolo[3,4-d]pyrimidines. Inhibition by 57 purines and pyrazolo[3,4-d]-
pyrimidines bearing polar groups or both polar and hydrophobic bonding groups was measured; no unifying 
theory emerged on the mode of binding of these heterocycles to xanthine oxidase, although it was established by 
several parameters that the heterocycles could bind in one of a number of rotomeric configurations depending 
upon the positions of polar and phenyl groups on the heterocycle. The three best reversible inhibitors of xan
thine oxidase found in this study were 8-phenylhypoxanthine (8), 8-(m-nitrophenyl)adenine (15), and 6-(m-
nitrophenyl)pyrazolo[3,4-d]pyrimidine (42), which were complexed 100-500-fold better than the substrate 
hypoxanthine (5) and 12-54-fold better than 4-hydroxypyrazolo[3,4-d]pyrimidine. 

The Bergmann school has made extensive studies on 
the influence of substituents on the xanthine oxidase 
catalyzed oxidation of purines in order to elucidate the 
mode of binding of purines and the mechanism of action 
of the enzyme.3 From their studies it was apparent 

(1) This work was generously supported by Grant CA-08695 from the 
National Cancer Institute, TJ. S. Public Health Service. 

(2) For the previous paper of this series see B. R. Baker and J. A. Kozma, 
J. Med. Chem., 11, 656 (1968). 

that there were multiple modes of binding of purines to 
the enzyme depending upon the purine substituents. 
For example, hypoxanthine and 8-hydroxypurine were 
oxidized at the 2 position but 2-hydroxypurine was 
oxidized at the 8 position; in contrast, adenine was 
oxidized at the 8 position, but 2-amino- and 8-amino-

(3) F. Bergmann, G. Levin, H. Kwietny-Gorvin, and H. Ungar, Biochim. 
Biophys. Acta, 47, 1 (1961), and references therein. 


