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Q- p- (p-Fhnorosnlfonyibenzamido )phenyllgnanine

rreversible inhibitor of xanthine oxidase, cavsing 85¢; inactivatian m 1 min at 57

(2) ar 0.7 X 108 3/ was an excellent aetive-site-directed

°and 977 in 24 min;

contrast, 2 fails to inactivate gnanine deaminase at 21 X 1076 3/, When the fhmrosnlfonylbenzamido maoiety
was moved to the meta position (3, 4), better reversible inhibitors emerged, but 3and 4 shawed no irreversible in-

hibition of cither xanthine oxidase or gnanine deaminasc.
£

g-Phenylguanine is a good inhibitor of both guanine
deaminase** and xanthine oxidase™ The 9-phenyl
gromp is hydrophobically bonded” to the enzyme, being
28 and 140 times more effective as an inhibitor, respee-
tivelv, than 9-mecthylguanine. Insertion of the p-
bromoacetamido group to give 1 resulted in an active-
site-direeted irreversible inhibitor® of xanthine oxidase,
but 1 failed to inactivate guanine deaminase:® thus
the bromomethyl group of 1 was properly juxtaposed to
an appropriate nucleophilic group on the enzyme sur-
faee of xanthine oxidase that allowed covalent bond for-
mation by neighboring-group reaction, but such was
not the case with guanine deaminase.  There are three
major reasons why a candidate irreversible inhibitor
such ax 1 may have failed to inactivate guanine de-
aminase: (a) the leaving group of the inhibitor may lie
in a hyvdrophobic honding region of the enzvme; (h)
the juxtaposed nucleophilie group on the enzyme may
not have the chemical ability to interact with the leav-
ing group on the inhibitor; and (¢} the leaving group
may 1ot he in econtact with the enzyme surface.

A study was performed on the dimensions of the
hyvdrophobie bonding region of guanine deaminase;
the ability of substituted 9-phenylguanines to bind to
the enzyme was used for mapping purposes.  The same
compounds could be used for mapping the livdrophobie
honding region of xanthine oxidase.® The striking
similarity of the hydrophobic bonding region of these
two enzymes was remarkable and may have signifieancee
in the evolution and coding of these two enzymes.
The faet that the bromomethyl group of 1 did not reside
it a hydrophobie bonding region of either enzvme sug-
gested that a different leaving group on the inhibitor be
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investigated.  The recent successes with terminal <ul-
fonyl fluorides tor inactivation of dihydrofolic reduc-
tase, ' chymotrypsin,'' and trypsin!? by the active-site-
direeted mechanism® encouraged the study of 9-phenyl-
guanines bearing a terminal sulfonyl fluoride as can-
didate irreversible inhibitors of guanine deaminase and
xanthine oxidase.  The results with four such sulfonyl
fluorides (2~5) are the subject of this paper.

Enzyme Results.—As a result of the earlier studies oy
the hydrophobic regions of the two enzymes,” 1-5 werc
probably not complexed to the enzyme in the confor-
mations indicated in Iidgure 1. No evidence was
available on whether the guanine complexed with the
pyrimidine moicty to the left, as indicated, or the right
by a “flipped over” purine; however, strong evidenee
was accumulated to show that the 9-phenyl group was
coplanar to the guanine when complexed to the two
cnzymes.  PFurther evidence was presented that the
sulfonyl fluoride groups of 2-5 would not be in a hyvdro-
phobic bonding region when complexed to the enzyme
and therefore were good candidates for active-site-
directed irreversible inhibitors,

The  p-fluorosulfouylbenzamido group (2) on the
para position of 9-phenylguanine (6) led to little change
in reversible binding to the two enzymes; that this
lack of echange was due to a repulsion of the carboxamide
group with a compensating polar binding of the fluoro-
sulfonylphenyl  groups  was  previously  discussed.*
When 2 at its Iy concentration (0.7 x3/) was incubated
with xanthine oxidase at 37° and pH 7.4, rapid inacti-
vation oecurred: S59 inactivation oceurred in 1 min
and 979 in 24 min (Table 1), That this inactivation
proceeded through a reversible complex by the active-
site-directed mechanism® was supported by the obser-
vation that p-acetamidobenzencsulfonyl fluoride
70 wM failed to show any inactivation of xanthine
oxidase in 60 min at 37°. In contrast to the results
with xanthine oxidase, 2 at 21 p/ failed to inactivate
guanine deaminase. These results again show that
two enzymes that are closely related in their ability to
bind reversible inhibitors ean he readily inhibited
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‘1968), paper CXIN 1 f this series; (d) Ii. R, Baker and I, C. Ilnung, i6dd..
11, 435 71968), papec (XX of 1his serjes.
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InHIBITION® OF XANTHINE OXIDASE AND GUANINE DEAMINASE BY
0
HN l N\>
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R
— Xanthine oxida Guanine deaminasg-————————
~—Reversibleb———  —— Irreversiblet—-——— ——=~Reversibled——— ~———Irreversible®———
150,/ Conen, Time, A Iso./ Concn, Time, A
No. R nM S/ Do.s? uwM min inactn uM (t81/11 Do.s? ul min inac(n
1* p-NHCOCHgBr 1.9 4.20 5 40 5077 13 1.0 16 120 0
5 120 95
2 p-NHCOCH, SO, F-p 0.70 12 0.7 1,24 85,977 18 0.74 21 120 0
3 m-NHCOC:HS0.F-p 0.051 160 0.12 60 0 0.092 140 0.20 90 0
4 m-NHCOCHS0,F-m 0.11 74 0.50 60 0 0.12 110 0.60 60 0
3 m-NHCONHCH,SO.F-m 1.8 4.5 9.0 60 0 0.10 120 0.50 60 0
6 H 0.41* 20 10* 1.3

@ The technical assistance of Pepper Caseria and Maureen Baker with these assays is acknowledged. ® Commercial xanthine oxidase
from bovine milk was assayed with 8.1 uM hypoxanthine in Tris buffer (pH 7.4) containing 109, DMSO as previously described.$
¢ Inactivation of xanthine oxidase was performed in pH 7.4 Tris buffer containing 5% DMSO at 37° as previously described by B. R.

Baker and J. Kozma, J. Med. Chem., 10, 682 (1967 ).

4 Commercial guanine deaminase from rabbit liver was assayed with 13.3 pdf

gnanine in pH 7.4 Tris buffer containing 39 DMSO as previously described by B. R. Baker, #bid., 10, 59 (1967). ¢ Inactivation of

gnanine deaminase in pH 7.4 Tris buffer containing 59 DMSO at 37° was performed as previously described.®
sary for 509 inhibition. ¢ Ratio of concentration of snbstrate to inhibitor required for 309 reversible inhibition.

i [alf-time of reaction. 7 From time study plot.
differentially by appropriate irreversible inhibitors.?

The sulfonyl fluorides (3, 4) derived by meta substitu-
tion on 9-phenylguanine (6) were much better reversible
inhibitors than 1, 2, and 6 primarily due to donor-
acceptor binding of the carboxamide oxygen.? For
reasons previously discussed,? 5 was a poorer reversible
inhibitor of xanthine oxidase than 6. However, 3-5
failed to show irreversible inhibitors of either enzyme.
These negative results are not too surprising in view of
the fact that the ability of a sulfonyl fluoride for inacti-
vating other enzymes such as dihydrofolic reductase'
is extremely position sensitive; for example, moving of
a sulfonyl fluoride group from meta to para on a benzene
ring was sufficient to give an all or nothing effect on
irreversible inhibition.’ As a result of these studies
and the earlier studies? on the mapping of the hydro-
phobic bonding region of guanine deaminase,? there are
numerous other possibilities for candidate irreversible
inhibitors of this enzyvme; such studies are being vigor-
ously pursued to further differentiate guanine deaminase
and xanthine oxidase as well as to differentially inhibit
each of these enzymes from different sources such as
tumor and liver of the same animal,

Chemistry.—Two routes were investigated for the
synthesis of 9-phenylguanine bearing a terminal sul-
fonyl fluoride group. Although the sulfonyl fluoride
group is reasonably stable to boiling water and alcohol, 3
the sulfonyl fluoride group did not withstand the rigors
of a total synthesis from 2-amino-6-chloro-5-phenylazo-
4-pyrimidinol and the appropriate arylamine;’-!* such
a sequence involves a zinc—formic acid reduction and a
formamide—formic acid ring closure at the boiling point.’?

The candidate irreversible inhibitors of type 9 were
synthesized from the appropriate 9-(aminophenyl)-

(13) For a discussion of the chemistry of sulfony! fluorides see ref 10a.

(14) (a) H. C. Koppel, D. E. O'Brien, and R. K. Robins, J. Am. Chem.
Soc., 81, 3046 (1939); (h) C. W. Noea and R. K. Robins J. Med. Phurm.
Chem B, 558 (1962).

7 Concentration neces-
h Data from ref 9.
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Figure 1.—Binding conformations of candidate irreversible
inhibitors when complexed to guanine deaminase and xanthine
oxidase.

guanine (7) by acylation with m- or p-fluorosulfonyl-
benzoyl chloride in DMF in the presence of Et;N asan
acid acceptor. The urea-linked sulfonyl fluoride (5)
was synthesized from 7 by reaction with m-fluorosul-
fonylphenyl isocyanate in DMF,
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5. R=m-NHCH,SO,F'm
9, R=CH,SO;F

Experimental Section®

9. [m-(m-Fluorosulfonylphenylureido)phenyl]guanine (5)—To
a solution of 100 mg (0.41 mmole) of 77 in 5 ml of DMF was
added 92 mg (0.45 mmole) of m-fluorosulfonylphenyl isocyanate.
After being stirred 1 hr at ambient temperature, the mixture wns
added to 50 ml of 0.2 ¥ HCl. The product was collected on a

(15) AUl analytical samples gave combustion values within 0.39, of
theoretical; eael movel as a single spot pn tie with EtOH-CHCy (3:5)
ou Brinkmann silica gel GF when detected under uv light and each had ir
and uv spectra compatible with their assigned strnetures. None showed a
melting point below 300°.
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filter nud washed with 11,00, Two recrystalizations from MeO1%-
OH-11.0 gave nearly white ervstals with a vegutive Bratton
Marshall tesi for womatie amine:®  vield 50 mg (25970 M
(m) pll 1 260 pll 13, 208 Anal. (ColhLEN;O2) ¢ 0L 17

9| p=(p=Fluorosulfonylbenzamido )phenyl|guanine (2). 'I'o o
solntion of 8 HCI® (0.36 wmole) in 5 ml of DMEF contain-
mg 3 omg (0.72 mmoh) of BN wax added D myg (0,54
mmole) of p-thioromlfonyibenzoyl chloride,  After heing stirmed
P he at ambient temperainre, the solntion guve a vegativee Brat-
ton=-Marsball text for swvomatie amie. ™ The mix(re was added
to A0 mlof 1O contwdning GF mg (0.72 mmdde) of NollCO. The
proditet was volleeted ad washed with water, then dissolved 5y
Soml of warm DMI. Addition of TLO gave T0 mg (459 oi
prochiet ax a nearly white powder: At pll | 228, 2820 pll
ta, 2720 hnels (CLHTBENOS) G UL N

9-[in=(p-Fluorosulfonylbenzamido )phenyl]guanine (3) was pre-
pared in 4497 vield as deservibed for 2: N (ng) pll 1) 230, 280:
pll B3, 271 el (CLNLENGOS) ) T, N,

9-[m~(m-Fluorosulfonylbenzamido )phenyllguanine (4) wnx

preparved in 2007 vield as deseribed for 2 exeept the product was
recrystallized frono MeOItOH =110, A (mg) plT 1, 267 pll
13, 270, laels cCOHGINOR 005100 C) 1 1

(16) B, R. Baker, b, V. sami Jo Ko Coweand, 1L S0 Sbades, amlb 4o N
durdaen, S Heteryepel. Chene, 3, 425 Q1D50),
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Twelve candidate irreversible inhibitors of xanthine oxidase have been synthesized and evalnated that bear a

terminal sulfonyl flnoride for covalent bond formation within the inhibitor-enzyme conplex.

Four eandidates

were derived from 2-benzylthiohypoxanthine, five from 8-benzylthiohypoxanthine, and tlee from S-benzyl-
thioadenine where the sulfouyl flnoride was bridged to the phenyl molety with a benzamido or phenylireido

nioiety.
of xanthine oxidase and five showed uone.

benzamido )benzylthiolhypoxanthine (14) and 8-[m-(m-fluorosnlfonylbenzamido )henzylthioladenne (16).
14 and 16 were reversibly complexed to xanthine oxidase about 20-fold better than the substrate.

Of these twelve candidate irreversible inhibitors seven showed varving degrees of irreversible inhibition
The two best irreversible inhibitors were 8-[m-(p-finorosnlfonyl-

Both
At 4 X 1077

M, 16 inactivated 88¢7 of the enzyme in 13 min with a half-life of 2 min; at the same coneentration, 14 was fonr-
fuld slower sinee it inactivated xanthine oxidase with a half-life uf ¥ min.

In a previous paper of this series, 2-benzylthiohvpo-
xanthine (1) and its 8 isomer (2) were shown to be good
reversible inhibitors of xanthine oxidase, being com-
plexed tenfold and eightfold bhetter, respectively, than
the substrate, hypoxanthine.®* Of the four candidate
active-site-directed irreversible inhibitors* (3, 7, 9, 13),
bearing & bromoacetamido group that were prepared in
a subsequent study,® only 13 showed irreversible
inhibition of xanthine oxidase; at a concentration of
1.5 uM (2I%), 13 inactivated xanthine oxidase with a
half-life of 50 min. With a related problem in this
laboratory, it was discovered that the terminal sulfonyl
fluoride group was much superior to the bromoaceta-

(I) This work was generously supported by Grant (‘A-08695 from the
National Cancer Institute, U, 8. Pubiie Health Service.

(2) For the previous paper of this series see 3. R. Baker and W. F. Wood,
J. Med. Chem., 11, 650 (1968).

(3) B. R. Baker and . L. Hendrickson, J. I'haem, Sei., 86, 935 (1967),
paper X (11 of this series. 1n this paper is also discussed the chemotherapen-
tie utility for tissne-specific inhibitors of xanthine oxidase.

(4) B. R. Baker, “Design of Active-Site-Directed Irreversible Enzyme
Inhibitors, The Organic Chemistry of the Enzymic Active-Site,'' lobn
Wiley anil 8ons, Inc., New York, N. Y., 1967,

(5) B. R. Baker and J. Kozma, J. Med, Chem., 10, 682 (1967), paper NCV
of this series.
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L, R =1 2, R =11
3, R = ¢-NHCOCIL,Br 9, R = o-NHCOCIL.Br
7, B = m-NHCOCH,Br 13, B = m-NHCOCH,Br
8, R = m-NIHCOCHSOI-p 14, R = m-NHCOC1 LSO -p

mido group for effective active-site-directed irreversible
inhibitors operating by the exo mechanism.® Ior
example, 4,6-diamino-1,2-dihydro-1-phenyl-s-triazines
bridged from the phenyl to a terminal sulfonyl fluoride

{6) The exo mechanism is defined as formation of a covaleni bond within
an inhibitor-enzyme complex that oecurs gutside the active site; in con-
trast, the endy mechanism is defined as covalent boud formation within ilbe
active site.™ The aclive site, in tnrn, is defined as containing those amino
acid residnes responsible for complex formation with the subslrate and those
amino acid residnes responsilde for 1the eatalytin conversion of swastrate
profiet.®

iT) See ref 3, Cnapter 1.

(8) Seercf 5, p IS8,



