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Inhibitors of Xanthine Oxidase Derived from Arylpurines and

Irreversible Enzyme Inhibitors. Active-Site-Directed Ilrreversible

Pyrazolo[3,4-d]pyrimidines Bearing a Terminal Sulfonyl Fluoride
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4-Hydroxy-6-phenylpyrazolo[3,4-dlpyrimidines  with me-flnorosulfonylbenzamido  (14) or p-flnorosalfonyl-
benzamido (16) gronps on the meta position are active-site-directed irreversible inhibitors of xanthine oxidase;
in contrast, the m-fluorosnlfonylbenzamido substitnent 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 flnorosulfonylbenzamido gronps 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 foind to date are comn-

pared in efficiency.

Two classes of active-site-directed irreversible inhib-
itors" of xanthine oxidase* that are derived from purines
hearing a terminal sulfony] fluoride® have been found;
the first type was derived from 9-phenylguanine with
2 p-fluorosulfonvlbenzamido substituent (2)% and the
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sceond type? was derived from S-benzylthioadenine
(1) and S-benzylthiohypoxanthine. Since S-phenyl-
adenines of type 3 were found to be excellent reversi-

(1) This work was wenerously supported Ly Grant CA-08695 from the
National Cancer Institute, U. 8. Public Health Service.

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

(3 13, R. DBaker, "Design of Active-Site-Directed lrreversible Enzyme
Inhibitors. The Organic Cliemistry of ibe Enzymic Active-Site,"" Joln
Wiley and Sous, Ine., New York, N. Y., 1967,

() LIor the chemotlierapentic mility of a tissie-specific blockade of this
snzvine see 13, R. Baker and J. L. Hendrickson, J. Phacem. Sci., 56, 935
(1967), paper XCII of this series.

() (a) The nse of the termiinal sulfonyl fluoride gronp for active-site-
directed irreversible inhibitors of the exo type was first described for di-
hydrofolic rednetase by 3. R. Baker and G. J. Lourens, J. Med. Chem., 10,
1113 (1967), paper C'V of this serles; (1) plienylniethauesulfonyl fluoritle,
an endo-type irreversible inhibitor of ¢hymotrypsin, was described earlicr
by D, B. Falirney and A. M. Gold, J. Am. Chem. Soc., 88, 997 (1963).

(6) B. R. Baker and W. 1. Wood, J. Med. Chem., 11, 650 (1968), paper
CXXI1I1 of this series.

ble inhibitors® of xanthine oxidase that complexed much
better to the enzyme than the substrate, hypoxanthine,
eandidate irreversible inhibitors of the sulfonyl fluoride
tvpe derived from 3 were considered worthy of explora-
tion. Furthermore, 4-mercapto-6-phenylpyrazolo[3,4-
d]pyrimidines of tyvpe 4 were also good reversible
inhibitors® of xanthine oxidase; therefore, candidate
irreversible inhibitors derived from 6-phenylpyrazolo-
[3,4-d]pyrimidines :and bearing a terminal sulfonyl
fluoride group such as § 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-beuzylthioadenine was previously found
to be both a good reversible and irreversible inhibitor?
of xanthine oxidase; 1 was complexed 19-fold better
than the substrate, hypoxanthine, and at 0.4 wp.l/
showed rapid inactivation of xanthine oxidase with a
half-life of 2 min (Table I). Remwoval of the sulfur
atom from 1 to give a sulfonyl fluoride derived from
S-henzyladenine (7) led to an 83-fold loss in reversible
inhibition; even though 7 could still inactivate xanthine
oxidase at 70 pd/, it was considerably slower than 1.°

The derivatives of 8-phenyladenine (8-10) (Table I)
were excellent reversible inhibitors of xanthine oxidase
heing complexed 24-, 400-, and 300-fold better, respece-
tively, to the enzyme than the substrate.  Unfortu-
nately, at 2-5I;°* none showed irreversible inhibition
of xanthine oxidnse.  The faet that the p-fluorosulfonyl-
benzamido group on the para position of 9-phenyl-
guanine (2)® showed irreversible inhibition of xanthine
oxidase, but this same group on the para position of
S-phenyladenine (10) does not, shows that 2 and 10 are
not complexed in afashion that positions their sulfonyl
fluoride in the saine place within their enzyme-inhibitor
complexes; this difference will be considered in niore
detail in the following paper.’

Three sulfonyl fluorides (11-13) (Table II) derived
from $-amino-6-phenylpyrazolo[3,4-d Jpyrimidine bear-

(71 15 R, DBakers W T Woorl, awd 3. A, Kozina, 1hid., 11, G861 (1U681,
paper CXXVI of this series,

(8) B. R. Baker, .J. FFlucem, Sei., 66, 059 (1067), paper NC111 of this series.

{91 (a)l 1t should lve noted in comparing two active-site-directed irrevers-
sble inbibitors that thie rate of inactivation is :lependent npon the amonnt of
(D) complex amnd nut sirectly on {I}; in this paper, the componnds are
somnetimes compare! as a function of Isy, the concentration for 507, inbibi-
tion. (1) 8ee ref 3. Clajaer VITL, for the kineties of irreversible inhibition.
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IRREVERSIBLE ENZYME INHIBITORS.

TasLE I
INHIBITION? OF XANTHINE OXIDASE BY

NH,

QO

~——Reversible”

Lo.®
No. R udl
1/ SCHLCH,(NHCOCH SO0, F-m)-m 0.42
7 CHZC6H4(N HCOCGH4SOZF-p)-m 35
8 CsHi(NHCOCHS0,F-p)-m 0.33
9 CsHi(NHCOCH S0, F-m)-p 0.020
10 CsH (NHCOCH,SO,F-p)-p 0.027

@ The technical assistance of Pepper Caseria and Maureen Baker with these assays is acknowledged.
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Irreversiblef———————
Inhil Time,
({S1/{1Do.s° conen, uM min % inactn
19 0.42 2,15,35 50, 88, 8&¢
0.23 70 12, 60 50, 79¢
24 0.55 60 0
400 0.10 60 0
300 0.17 60 0

b Commercial xanthine oxidase

from bovine milk was assayed with 8.1 p3 hypoxanthine in Tris buffer (pH 7.4) containing 109, DMSO as previously described.*
¢ Inactivation of xanthine oxidase was performed at 37° in pH 7.4 Tris buffer containing 5% DMSO as previonsly described, ! except

the zero point was determined by removal of an aliquot prior to addition of the inhibitor.5

4 Concentration necessary for 509 in-

hibition. ¢ Ratio of concentration of substrate to inhibitor for 50 inhibition. / Data from ref 2. ¢ From time study; see ref 16
and ja.
TasLe II
INHIBITION® OF XANTHINE OXIDASE BY
R
N
@@@N
R, H
~~-——Reversible? Irreversiblef—— —
Lo 4 Inhib Time,
No. Ri R2 uM (181/{1Do.5* concn, uM min % inactn
12 NH, m-NHCOC:H,SO,F-p 2.3 3.5 5.0 60 ~0
13 NH, m-NHCONHCH,SO.F-m 0.75 11 3.8 60 0
14 OH m-NHCOCsH SO F-m 13 0.62 13 4, 30, 60 20, 97, 100/
4.0 22,60 50, 60/
15 OH m-NHCONHCH,SO,F-m 0.68 12 3.4 16, 60 20, 57/
16 OH m-NHCOCH.SO.F-p 15 0.54 20 8, 60 50, 90/
10 30, 60 50, 50/
17 OH p-NHCOCH S0, F-m 0.018 450 0.060 60 0
18 OH m-NHCOC¢H;-CH;-4-S0.F-3 12 0.67 10 18, 30, 60 50,63, 76/
4.0 30, 60 63, 7379

s—¢ See corresponding footnotes in Table I.

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 complexed 1.1-, 3.5-, and 11-fold
better than the substrate, at 2-515° 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-d]pyrimidine.

The hydroxy analog (14) of 11 changed only twofold
in reversible inhibition, but was dramatically different
in irreversible inhibition. At an I concentration 14
completely inactivated xanthine oxidase with a half-life
of 4 min. However, when the concentration of 14 was
reduced to 0.3, 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,® and (b) enzyme-
catalyzed hydrolysis of the sulfonyl fluoride group.

(10y (a) B. R. Baker and J. A. Hurlhut, J. Med. Chem., 11, 233 (1968).
paper CXI1II of this series; (b) B. R. Baker and E. H. Erickson, i{bid., 11,
245 (1968), paper (!XV of this series.

/ From time study; see ref 16 and 3a.

¢ Inactivation still taking place.

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 515, 15 showed
only 579% inactivation of xanthine oxidase before the
enzyme had destroyed the inhibitor by catalytic
hydrolysis.’® When the m-fluorosulfonylbenzamido
group of 14 was moved to the para position (17), a
much better reversible inhibitor resulted; 17 was
reversibly complexed to xanthine oxidase 450-fold
better than hypoxanthine and 730-fold better thau 14.
TUnfortunately, 17 at 3I;, 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 Is concentration, 14 inactivated xanthine
oxidase about five times faster than 18; however, at
0.315, 18 gave more inactivation thanl 4, indicating
that the ratio of the rate of inactivation to enzyme



608 B. R. BAgER axp Javos A Kozua

eatalyzed hyvdrolysis! was more favorable with 18
than 149!

To date seven different types of active-site-directed
irreversible inhibitors? of xanthine oxidase have been
found. In addition to type 6 i Table IT and types 1*
and 2% other types found were bromoacetamides
derived from S-benzylthiohypoxanthine (19)* and
O-phenylguanine (20)77 and two types of sulfonyl
fluorides derived from S-benzylthiohypoxanthine (21)
and 2-benzylithiohypoxanthine (22). In order to com-
pare the efficieney of active-site-dirceted irreversible
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inhibitors o1 in order to state whether such an inhibitor
is sufficiently effective to be considered for chemother-
apy in aunimals, the following parameters should be
considered.’

(a) The enzyme should be inactivated by 10-7-10~*
M1 inhibitor sinee the lower the effeetive concentration
the more selective the inhibitor is apt to be with respeet
to other enzymes; secondly, this concentration range
would be suitable for e vive dosage. The concentra-
tion of inhibitor required for inactivation is in turn
dependent upon the reversible dissociation constant,
I, of the engyme-inhibitor complex and the concentra-
tion of the inhibitor.*

(b) The inhibitor should preferably inactivate the
cuzyme 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.

(¢) The inhibitor should give no significant amount
of irreversible attack of scrum proteins by a random
bimolecular reaction; such random attack would place
a haptenie determinate on the protein(s) that would
lead to antibody formation and subsequent allergic

11} That substituents on oie of the 1wo benzene rings of an inhibitor
=uch as 18 can influence the ratio of the rates of these two reactions within
the reversible complex was observed previously in this laboratory with a
ninmber of other enzyine systews, siuch as dihydrofolic redilctase, 1293 ¢hy moe-
tiypsint aed Crypsin?s

12y 13, R. Bakeraud A. J. Lonrens, J. Med. Chen., 11, 677 (1068), paper
(X XIX of this series.

(114) 13, R, Baker anil N. 3. J. Verwenlen, sinpublished.

14y 1A R, Paker ainel J. AL Folbat, nnpublished.

15 . R. Baker and E. II. Tlrsekson, nnpnblishedd.

(16 B. R. Baker aund J. Nozma, J. Med, Chem., 10, 682 (1067), pajier
NV of this series.

(17 1L R, Baker and W, 10

of Chis series,

Wood, eid.. 10, 1106 QYGETI, ypaper 111

Vol 11

reaction.™  "The snlfony] fluorides appear to be consid-
erably superior to bromonectamides in their low random
attacek of proteins, s

() The inhibitor should he uble (o penctrute cell
membrancs, The types of compounds under dizcission
should he able to penetrate by passive diffusion sinec
they are relatively nonpolar.t?

() The inhibitor should inaetivate the target
cuzyme in the target cell with ninimal attack of the
target enzyme in host tissnes, %

(f)  The inhibitor should be able to inactivate the
target cnzyme at o concentration <Ki; if ogreater
concentration is required, then seleetivity may be last
due to high reversible inlibition of the target enzyme
i all tiss=ues. Since hypoxanthine was used at S,
wM oand itz K, o= S5 p17,2% axoa first approximation
Lo >~ Ki; therefore, in the case of xanthine oxidasc.
near complete wrreversible inhibition at the e coneen-
tration of inhibitor would be necessary.

At this stage only parameters a-¢ and [ need be
conzidered since paramcter ¢ lis not vet been deter-
mined for this cuzyme and the assumption i parvameter
d i= most ethiciently checked by tiszue endture studies af-
ter patameter ¢ hns been established. It 1= apparent
that nonc of the zeven types vet meet all the paranieters
of a~¢ and 1.

The bromoacetanides (19, 20) require 1.5 and 5
wl Tor complexing 509 of the enzynie and thus do not
meet parameter 1 fwrthermore, these two compounds
do not meet paruneter ¢, as discussed previously. nor
do they meet parameter b, Therefore. the hest
chanee of =uceess would probably be with sulfonyl
fluorides, which rapidly inactivate when they are
irreversible inhibitors nud which give less, i any, ran-
dom attack on serum proteins,

The sulfonyl fluorides derived from S-henzyithio-
adenine (1) snd S-beuzylthiohypoxanthine (21) come
close to meeting the four pavameters under discussion.
Both show ~0-90%: wactivation in less than 10 min at
an L ™ A concentration; however, the A= are just
outside the range of 1077 17 by actor of . To obtain
a 4-10-fold increuient i binding by simple substituents
otrone or the other of the henzene rings has not heen too
difficult to :chieve 1 other enzyvime =yvsteis, A\
similar shorteoming exist= with 2 whicli might be over-
comie 11 the sanic mauner,

In contraxt w 21, the 2-henzylthiohypoxauthine
derivative (22) i= @ good reversible inhibitor with A
~ 107 3/ but docs not give sufficient mnactivation a
a K coneentration.  Since 22 eau innctivate >80% at
OA, it 1= probuble that the ratio of rate of inactivation
by 22 to the rate of enzyvime-catalvzed hydrolvsis of 22
15 anfavorable;™ it is not unlikely that this ratio can
be ehanged fuvorably by substitution on one of the
benzene rings as noted with 14 ¢s. 181

The derivatives of  G-phenylpyrazolo 3.4/ Jpyrimi-
dine (14, 18) suffer from being insufficiently good enough
reversible inhibitors by o factor of about 120-fold;

(181 Nee rel

191 Nee ref 3, e 262266,

201 Tnaevition of the divgdrofolie redaeras=e from a Uivoy witl prinisad
Aeel ob The sapee enzanie front 1he Bvee of 1he sawe abitpal hos leen e

Cpp 15155

served wille apprupriate reversible inbylotor=
211 1 R Dakee omd R 10 Never, D 0 Vedo Chese 11, 180 i1vdGSa,
Japer CONIN of This series,
1221 14, RL Dieker and 1O

Iuanz, dwd, 11, 0D (Y9687, 1apey CXN ol

st bl Wanmno etenn L Bod, Fheee., 224, 157 T1aAT
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whether or not a 120-fold increment in binding by
appropriate substitution on this type of compouud 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 inhibition* 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-
seribed 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-alkylpyrazolo-
[3,4-d]pyrimidines;?* this method proceeded poorly
in this laboratory with aromatic acid derivatives.
Since other methods have operational difficulties,® a
uew method for synthesis of 6-phenvlpyrazolo[3,4-d]-
pyrimidines was devised that was based on the following
observations.

(a) Condensation of guanidine with 23 afforded
4,6-diaminopyrazolo [3,4-d ]pyrimidine,? and (b) fusion

ScneMe 1

NC(\ NHZCO(\
H 24

l 1
@I@@ @f/@

26 meta
27, para

l
o b ot

28 29 meta
30,para

of 4,5-diaminopyrimidines with amidines afforded 8-
substituted purines.” Therefore fusion of 23 or 24
with substituted benzamidines to form 6-phenyl-
pyrazolo[3,4-d Jpyrimidines of tvpes 25-27 was investi-
guted (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. Clieng and R. K. Robins, J. Org. Chem., 28, 191 (1958);
() 8. lrone, H. Nagaro, E. A, Nodiff, and A. J. Saggimo, J. Med. Chem., 7,
816 (1964).

(25) (a) P. 8. Schmidt, K. Eichenberger, and M. Wilhelm, 4ngew. Ckem.,
78. 15 (1961); (1) P. 8. 8chmidt, K. Eiclhienberger, and M. Wilhelm, Helr,
Chim. Actu, 45, 1620 (1962); (c¢) E. C. Tavlor and A. L. Borror, J. Ovg.
Chem., 26, 4967 (1961); (d) E. C. Taylor and J. A, Zoltewicz, J. Am. Chem.
Soc., 83, 248 (1961).

(26) J. Danal and K. A. Kerridge, J. Chem. Soc., 2589 (1U61).

(27 1a) F. Berwmann, M. Rashi, M. Kleiner, and R. Knafo, ibid., 1254
(18 (L) I. Verginann and M. Tamari, (bid., 1468 (1661).

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

The nitro group of 25-27 was catalvtically 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 DMIF-Et;N by the
previously described method.?

Acylation of 4,5,6-triaminopyrimidine (31) with the
appropriate acid chloride in aqueous NaOH?*.2 afforded
d-acylamidopyrimidines (32-37) in 15-609; vield of

analytically pure material (Scheme II). Cyclization
ScuemE I
NH, NH,
NH
@NHZ ol h
k NH, & CH
NoW—H ]
31 & 0
H D)
) NO,
NH,
32, ortho
N HCOR 33, para
N |
34, R = C;H,NO,-m |
35, R= C6H4N02'p NHZ

36, R =CH,C,H,NO.~m

37, R=CH=CH CH.NO.-m Néjl\ H, NOZ
i e
NH, 38, ortho

N N 39, para
00

NO, Nﬁ:N
40, meta Z kCND <N>>CH2©

41, para H NO,
l 42

T@?—% {g@ CHZ@

43, meta H NH,

44, para
45

of 34-36 to 40-42 proceeded smoothly with polyphos-
phoric acid,®® but this reagent decomposed 32, 33,
and 37; attemipted cyclization of 37 with aqueous
NaOH?# was also unsuccessful.  Attempted cyelization
of 32 or 33 to the corresponding purines with aqueous
NaOH 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. 8anti, J. Helerocycl. Chem., 4, 216 (1967),
paper XC1V of this series.

(29) G. B. Elion, E. Burgi, and G. H. Hitebings, J. Am. Chem. Soc., 78,
5235 (1951).

(30) S.-C. J. Fu, E. Clinoporos, and H. Terzian, ./. Ovg. Chem ., 80, 1016
(1963).
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N Ry R Mool vield AMp, 7O Iarmala Vioilyses 1111 pll s
11 NIHL w=-NHCOCH LSO -0 e 700 205-205 dee Cul NGO Gy HL B 247, 271, 2004 277, s02¢
12 N1k m-NHCOCHLRO-p Jo 715 207-300 dee U1l NO58 Gy 01, 1 228, 278 232, 280, 3104
15 N1 p-NHCONHCH SO 0 G s7v 0 Indet CRIT N0 COTL 232,260, 202 255, “()/
14 OH m-NTICOCH SO F - Fe Aot B-31s dee G N;OS oI 229,279 2449275
15 Ol m-NHCONHCHSOF-0 Gr S50 >350 CrH B FNGO CoIL F 221,261, 300 204, 3104
16 011 w-NHCOCH,SOF-p I 340 >850 CuEN;O CoOH, o229, 278 243, 2784
17 Ol p-NIHCOCH SO -m I 370 2058-300 dee CihHFN;048 Gy B o220, 302 REG
15 0Ol m=-NHCOC11,-4-CHs- Jrho 7T 285286 dee Gl FNLOS-OSTLO - C) 1L 10 254,277,282 271

ESON0
95 NIL m-NO. A 306 3145315 CoENOL L2510 C, 1L N 280, 269 245, 270, 518!
260 Ol 11=-Na B 6y >560 CiEN-O; O, LN 265 242,270
20 Ol p-NO, 3 270 >30H0 ChnHENLO; ¢, LN 249,510 283, 3507
Us  NIL m=-N1l ¢ 2k 275277 (.””““.“ O, “, N 2:3N, 275 QTN,’I 310
29 O w-NlkL & NOe o u30-341 ConllNLO €, H, N 231,280 D44 30N
30 O p-NIL ¢ 720 >800 ChnHuNLO Oy 0L, N 253, 284 236
46 NI, 11 A 420 277278 ChlLLN; ¢, 1, N 245, 27K, B1ov
47 O 11 13 020 SBR=330 CiaNLO Cy Gy N2, 236, 276, 5OS
48 Ol p-Ol B 300 >360 ChnlLNLO, ( I, N 260,297 317
44 NI, p-Oll A AN >3350 CnlLNO LN 264,77 501 200, 320
+ Speetra taken in 109 OIL ¢ See method A, vef 20 ¢ Reervstallized from DM ~II:(). * Tufleetion,  © See method B, vel 2.

£ The veguired Huorosulfonylbenzoylt chloride was synthesized in this labaratory by R B. Mever, Jdr.,
CTACHRE i 2752770,

from dilute NaO1l with IHOAe. * Reerystallized from MeOHH.

Tanne

npitblished.  » Reprecipituted

IV

Puysteal Prorernres ay

N NHCOR
@ NH.
N
N Avvrine mp"

No. R wvield My, TC e {vrpiula ! pll 1
32 CHWOCHENOy-0 15 242-244 Chral B NoOy 262, 532 273,556
3 C1LOCHLNOw-p 44 260-268 CralheNyO; _1)4, .>0.> 276, 314
BE! CellyN O 25 >300 CiThyNyOs 266 270

35 CelLiNO-p 35 >1550 Cid NGOy 265 276

36 CHLClLN Oy 60 UNT-2N3 Crad 1 NGOz 265 272

37 CH=CITC LN O RES B00-311 Cialle NGOy 265 270

* Compamuds prepared by method D), recrystallized from DME-1LO, and analyzed for C, 11, N,

a concerted neighboring group reaction where the 6-
amino group displaces the nitro-activated alkoxy group
of 32 or 33 followed by base cleavage of the resultant
labile glveolic amide.

The candidate irreversible inhibitors (7-10) were
then prepared by catalytic reduetion to the anines
(43-45) followed by reaction with the appropriate
fluorosulfonylbenzoyl chloride in DMI-Lty N2

Experimental Section®!

4-Amino-6-phenylpyrazolo|3,4-d])pyrimidine (46) (Method A).
A mixture of 1.00 g (9.2 mmoles) of 28, 2.02 g (13 mmoles) of
benzumidine hydrochloride, aud L47 g (18 mmoles) of NaOAe
were well mixed, then heated in a bath at 200° until gas evolution

Gy A analyiical saviples ploved] as g single spoC o 1le willy Rrinkpiann
stliea el GIN in TtOAC=3eOH: each had ir and av spectra in agreenient
witle 1elr gssigned striretuyres and gave combustion values within 0.4%% of
hieoreleal nnless otherwise indicatel.  Melting points were (aken in eapit-
fary inbes on a Mel-Tewp block and those below 230° ure eorrecied; the nv
speetral da e are siven sinee Lhey are more relinlide than melisng poines fur

These compuninds,

Mt 1040 EGO1L.

(N L) essentinlly ceased. The cooled melt was dissolyal in hot
3NV HCL The =altion was clarified with earbon, then ad-
justed to about pll 4 with 3 NV NaOH. The product was
eolleeted on o filter and washed with 11,0, Recrystallization
from MeOH grve white crystals, mp 277-278°, Ht.% mp 275
277°, See Table IIT for additional data aud other componnds
prepared by this method.

4-Hydroxy-6-phenylpyrazolo[3,4-d|pyrimidine (47) (Method
B).--A mixture of 1.60 g (9.2 mmoles) of 24, 2.02 g (13 mmoles) ol
brnzamidine hydrochloride, wnd 2,40 g (31 mmoles) of NaOAe
was well mixed then heated in a bath ut 200° until gax vvolution
(N1 wax essentally complete.  The melt was dissolved i hot
2 V' NaOIl.  The solntion was clarified with carbon, then acidi-
fied with 1HOAc. The product wax collecied on 2 filter and
washed with 11,0, Reerystallization from DMF-H.O guve
white rry=tals, inp 338-330° See Table III for additional data
and other compounds prepared by this method.

4-Amino-6-(;:-aminophenyl)pyrazolo[3,4-d] pyrimidine (28)

(Method C).—~A mixture of 400 mg (1.87 mmoles) of 25, 100 ml
of MeOH, and 100 mg of 107 Pd-C was shaken with Tl at 2-3
atim until reduetion was complete. The filtered solntion wax
evaporated in racno.  Reevystallization from MeOH gave nearly
white erystals, mp 275-277°. See Tuble TIT for additional data
and Tables TH and V for additional componnds prepared by this
method.
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TaBLE V
PuysicarL PROPERTIES OF
N,
N N
QIO
N™ N
H
T Maxe mu®
No. R Method yield Mp,°Cdec Forinula Analyses pH 1 pH 13
7 CH,CsH((NHCOCHSOF-p)-m F® 62¢  250-252  CyyH;5FN60s8- 0.0 C, H, N 270 272
8  CsH(NHCOCH.SO,F-p)-m F* 5%  >340  CHuFN:OsS-05H:0 C H N 226,204 237,7305
9 CsH.(NHCOCHSO:F-m)-p I 59¢ >340 CisHi3FNe0:8-0.0H,0 C, H, N 320 252,3323
10 C6H4(I\ HCOC6H4SOZF-p)-p Fb 658 >340 ClsHlsFNgoxs . HzO C, H, Ff 322 251,d 325
40 CeH N Qp-m E 78¢ >350 CiHsN4O: C H N 224, 288 237,304
41 CeH:NOz-p E 47¢ >350 CuHsNgO: C.H N 247,265,326 259, 369
42 CH2C6H4N02—771 I 70¢ 307-309 CuHmNeOz C, H, N 266 272
43 CeHNHy-m C 859 >340 CuHiNs-0.0H0 C, H N 226, 294 239,4 306
44 CoH.NHyp C  76¢°  >340  CuHyuNe-0.25H,0 C,H, N 226,295 254, 318
45 CH2C6H4NH2-7YZ C 534 242-245 CmleNe'I{zO C, H 267 276

2 In 109, EtOH.
/ F: caled, 4.42; found, 3.86.

b See method A, ref 2.

4,6-Diamino-5-(m-nitrobenzamido)pyrimidine (34) (Method
D).—To a stirred mixture of 4.82 g (20 mmoles) of 31 sulfate
on 40 ml of 1 & NaOH cooled in an ice bath was added dropwise a
solution of 3.70 g (20 mmoles) of m-nitrobenzoy! chloride in 5
ml of dioxane over a period of 1 hr. The pH was maintained
at 10-11 by addition of 1 & NaOH as needed. After being stirred
for an additional 4 hr, the mixture was filtered and the product
was washed with HyO. Reecrystallization frtom DMF-H.O gave
1.75 g (329%) of pure product, mp >350°. See Table IV for
additional data and other compounds prepared by this method.

8-(m~-Nitrophenyl)adenine (40) (Method E).—To a mixtire of
1.20 g of 34 and 12.5 g of P:O; cooled in an ice bath was added 9
ml of 859, H;PO:. The mixture was heated in a bath at 165-
170° for 1.5 hr, then cooled and poured into 20 ml of iced H.O
with stirring. The solution was adjusted to pH 8-9 with 4 N
NaOH. The product was collected on a filter and washed with
H;0, then MeOH. Recrystallization from DMF-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.

¢ Recrystallized from MeOEtOH-H,0.
7 Recrystallized from DMSO-H,0.

4 Inflection. ¢ Recrystallized froin EtOH-H,0.

4-5-Diamino-6-(o-nitroanilino)pyrimidine (38).—A mixture of
500 mg (1.65 mmoles) of 32, and 15 ml of 4 &' NaOH was re-
fluxed for 10 hr. The cooled suspension was filtered and the
product was washed with HyO. The solid was dissolved in 3 N
H,;S0,, then spin evaporated to a syrup in vacuo. The sulfate
salt was collected on a filter and washed with Et,0; yield 410 mg,
mp 225-226°, that moved as a single spot on tle. The salt was
dissolved in H.O and the free base precipitated by addition of
2 AN NaOH. The product was collected on a filter and thoroughly
washed with H.O, then MeOH, and finally Et.O; yield 260 mg
(67%); mp 249-252° dec; Amex (mu) pH 1, 267, 401; pH 13, 280
(infl), 409. Anal. (CisHiNeO:) C, H, N.

The para isomer (39) was prepared similarly except that the
sulfate salt was insoluble in cold 3 ¥ H;SO,. The sulfate salt was
collected by filtration and recrystallized from DMF-Et,0;
vield 270 mg (939%), mp 303-303° dec. Anal. (CiyHiyNgO,-0.5-
H;S0,) C, H. The free base was recrystallized from MeOEt-
OH-H,0; yield 156 mg (649 ); mp 328-331° dec; Amax (mu)
pH 1, 261, 368, pH 13, 256, 382. Anal (CmHmNqu) C, H, N
caled, 34.1; found, 33.5.
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Hydrocarbon Interaction with Xanthine

Oxidase by Phenyl Substituents on Purines and Pyrazolo[3,4-d]pyrimidines

B. R. BAkER, WiLLiam F. Woop, anp Janos A, Kozma

Department of Chemistry, University of California at Santa Barbara, Santa Barbara, California 93106

Recewed February 26, 1968

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 polat 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-nitrophenyladenine (15), and 6-(m-
nitrophenyl)pyrazolo[3,4-d]lpyrimidine (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.® From their studies it was apparent

(1) This work was generously supported by Grant CA-08695 from the
National Cancer lnstitute, U. 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, 4T, 1 (1961), and references therein,



