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Farly studies by IKato, Chiesara, and Vassanelli,'
have suggested that while 1 produces a profound in-
hibitory effect acutely it may stimulate microsomal
hydroxylation when given chronically. This pos-
sibility was further investigated in the present study.
It was found that rats receiving 1 at a level of 22 mg/
kg/day for 6 days demethylated butynamine about 2.5
times faster than normal (Table VIII). \licrosomes
from these rats also metabolized butynamine faster
than control in the in vitro system. In a second ex-

(18) R. Kato, E. Chiesara, and P. Vassanelli, Med. Ezp., 6, 254 (1962).
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periment in which rats received 22 mg/kg/day for 12
days no increase in the in vivo demethylation of di-
phenamid® occurred although an increase in the rate
of the ¢n vitro demethylation of propoxyphene was ob-
served. Phenobarbital, a widely used agent for stim-
ulation of the microsomal system was very effective
in increasing both the ¢n vivo rate of demethylation of
diphenamid and butynamide as well as the in vitro
dealkylation of propoxyphene and butynamine. The
results of these studies suggest that while 1 can stimu-
late microsomal oxygenases when given chronically
its activity is only marginal.
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Twenty candidate active-site-directed irreversible inhibitors of xanthine oxidase have been synthesized and
evaluated. These were derived from m- or p-amino-9-phenylguanine attached to benzenesulfonyl fluoride by a

sulfonamide, carboxamide, or urea bridge.

Three excellent irreversible inhibitors emerged that at a concen-

tration of 10~ to 10-7 M gave total inactivation of xanthine oxidase with a half-life of 1 min or less; these were
9-phenylguanines substituted by a p-(p-fluorosulfonylbenzamido) (2), p-(m-fluorosilfonylbenzamido) (7), or

m-(p-fliorosulfonylbenzenesulfonamido) (21) moiety.

9-Phenylguanine (1) is a good reversible inhibitor of
0O

HN |N>
NHZKN N

= p-NHCOCH,S0,F-p

= m-NHCOC:H,SO,F-p
=m-NHCOC:H,SO,F-m

= m-NHCONHCH,SO,F-m
= p-O(CH,),NH~SO,F-m

xanthine oxidase*® with the 9-phenyl group inter-
acting with the enzyme by hydrophobic bonding.® A
study of the nature and dimensions of this hydrophobic
bonding region on the enzyme was performed to
determine where the hydrophobic bonding region
ended. Then a leaving group could be properly

(1) This work was generously sapported by Grant CA-08695 from the
National Cancer Institate, U. 8. Pablic Health Service,

(2) For the previoas paper in this series see B. R. Baker and J. A. Hurlbut,
J. Med. Chem., 12, 118 (1969).

(8) For the previous paper on this enzyme see B. R. Baker, W. F. Wood,
and J. A Kozma, ibid., 11, 661 (1968), paper CXXVI of the series.

(4) B. R. Baker, J. Pharm. Sct., §6, 959 (1967), paper X CIII of this series.

(5) See B. R. Baker and J. L. Hendrickson, ibid., 56, 955 (1967), for the
possible chemotherapeutic atility of tissue-selective irreversible inhibitors of
xanthine oxidase; paper XCII of this series.

(6) B. R. Baker and W. F. Wood, J. Med., Chem., 10, 1101 (1967), paper
CI1 of this series.

positioned on the inhibitor to form a covalent bond
in a polar region of the enzyme surface.” As a result
of this study, 2-5 were designed as irreversible in-
hibitors of xanthine oxidase; 2 was found to be a rapid
irreversible inhibitor, but three related compounds
(3-5) were not.® Studies of compounds related to
2-5 have now been extended and are the subject of
this paper; sulfonyl fluorides bridged with an ether
group (6) are the subject of the paper that follows.®

Enzyme Results.—An additional 20 analogs of 1
have been synthesized and evaluated as summarized in
TableI. The three best of the 25 irreversible inhibitors
were the parent 2 and its analogs 7 and 21, all of which
gave essentially total inactivation of xanthine oxidase
when incubated at an Ij concentration of compound.t®
All three at an I concentration showed a half-life of
inactivation of 1 min or less. Since 2, 7, and 21 dif-
fered less than threefold as reversible inhibitors, no
one could be considered the best.

It can be calculated that the xanthine oxidase con-
centration in the incubation is about 0.08 pM when
assayed by the uric acid method'® and 0.02 pM when
assayed by the indophenol method; this calculation is
based on an OD change of 0.01/min when the incuba-
tion mixture is diluted tenfold, on the molecular weight

(7) B. R. Baker and W. F. Wood, bid., 11, 644 (1968), paper CXXII of
this series,

(8) B. R. Baker and W. F. Wood, ibid., 11, 630 (1968), paper CXXIII of
this series.

(9) B. R. Baker and W. F. Wood, tbid., 12, 214 (1969), paper CXI,VII of
this series.

(10) B. R. Baker and J. A. Rozma, ibid., 10, 682 (1967), paper XCV of
this series,
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HN

No. 1 Liw,” Ay
2 p=-NHCOC S0, p 0. 70
7 p-NHCOCH SO F-m 0.25
8 m-N1ICOCel [5-4-Me-3-SO-F 0.092
9 m=-NHCOCsH3-2-C1-5-80,F 0.070

10 m-N HCONHCsH;-4-Me-3-S0,F 0.018

11 m-NHCONHCsH;3-2-0Me-5-80.F 0.016

12 m-NHCONHCH,SO,F-p 0.024

13 m-NIHCON HCH;-2-Cl-5-80.F 0.033

14 m-NHCONHCH;-3-Cl-4-S0,F 0.033
15 m-NHCOCH,CsHS0,F-p 0.015
16 m~N HCO(CH,):CeHSO0:F-p 0.026
17 =N ECO(CH)LCel LSO I-p 0.010
18 m-NTCOCILO G SOLF-p 0. 10
19 p=-NITSO,CeH SO F-p 2.5

20 2-NHSO,GHLS0, - 0.94

21 m~NHSO0,CsH SO, F-p 0.72

22 n1-N HSO2Ce T80, TP 1.3

23 p-OMe--NHCO Cel 180 F-me 4.0

24 p-OMe-m-NHCOCH,S0,F-p 4.1

25 p-0Me-m-NHCONTIC1LSO:F-m 5.6

26 p-0Me-m-NHCON HCsHSO.F-p 4.5

= The technical assistaice of Maureen Baker, Julie Leseman, and Jean Reeder is acknowledged.
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inhibition whei commercial xanthine oxidase from bovine milk was assayed with 8.1 g3/ hypoxanthine in Tris buffer (pH 7.4) containing

104, DMSO as previously described.?

¢ Inactivation of xanthine oxidase was performed in pH 7.4 Tris buffer containing 5, 1 MSO at

37° then assayed by uric acid formation as previously described, or by the dichlorophenolindophenol (DCPI) assay in the Experimental

* Data frow ref 4. ¢ From time stidy plot.

Section.

of 290,000, and on the turnover number of 0.33 unit/mg
per protein (1 unit = 1 mole of product/min). In
order to check the sensitivity of the incubation assay,
the inhibitor concentration of 21 was lowered by
factors of three.  With the uric acid assay using about
0.08 ud enzyme, 0.24, 0.08, and 0.027 p3/ inhibitor
gave 89, 36, and 09 inactivation, respectively; thus
this assay should detect an irreversible inhibitor down
to ubout 0.1 p3/. With the more sensitive indophenol
assay,'! the inhibitor concentration in the ineubation
could be reduced to about 0.01 w3 thus 0.0S and
0.009 w3 of 21 gave 100 and 309 inuctivation, re-
speetively.  The limitation on incubation concentra-
tion is the Lw; that is, 5L can be nsed in the incubation
sinee itois dilnted tenfold for assoy, but higher con-
centrnlions eammot be nsed sinee the amount of ve-

(1ty 1. Fetzelson, J. Biol, Chem., 197, 843 (1052).

versible inhibition of the incubation aliquot becomes
too high. Those compounds (8-17) with potent Lu's
in the range of 0.01-0.07 u) were veassayed by the
indophenol method, but none were irreversible in-
hibitors,

The following conclusions regarding irreversible
inhibition of xanthine oxidase by 9-phenylguanines
bridged with nn amide to a sulfonyl fluoride are per-
tinent. (1) None of the m-carboxamide-bridged com-
pounds (9-18) were irreversible inhibitors. (b) In
contrast, the m-sulfonamide-bridged compound (21)
was an  excellent irreversible inhibitor. This dif-
ference between 21 und the corresponding m-carbox-
amide (3) is probably due to the difference in the bond
angle between CO-NH and SO,-NH and the proba-
hility that the carboxamide oxygen is complexed to
the enzyme,” but the sulfonamide oxygen is not. ()
The p-enrhoxamide-bridgell componnds (1, 7) nre good
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PuysicAn PROPERTIES OF
O
HNN N>
NH, NN
R
No. R Method* @, yield Mp, °C dech Formulia®
7 p-NHCOCsHSOqF-m A 45 300 ClsHlsFNsOASd
8 m-NHCOCGHa—‘L-;\Ie-g-SOzF A 45 300 ClgH15FNsO4S
D] Tn-NHCOCgHs-Q-Cl-S-SOzFe A 49 300 C15H12C1FN604S 0. 5H)O
10 ’m-NHCONHC5H3-4-L\IB-3—SOZF/ C 48 300 CIBHISFN7OAS
11 m-NHCONHCH;-2-OMe-5-S0,F/ C 20 290 CioH16FN+(;8 0. 5CH;0CH,CH,OH?
12 m-IN HCONHCGI‘LSOzF-p C 67 300 C15H14FN704S . CHsOCthCHzOI‘Ig
13 WZ-NHCONHC5H3-2-C1-5-SOQFf C 35 250 C15H13C1FN7OAS . 2CH30CH)CI{2()H‘7
14 m~-NHCONHCsH;-3-Cl-4-SQ,F/ C 38 235 CsHy;;CIFN 0.8 - CH;O0CH.CH,OHY
15 m—NHCOCHngHSOzF-ph A 17 300 C|9H15FNGOAS
16 m-NHCO(CH2)2CsH4SOZF-p As 33 300 CQQHI:FN604S . HZO
17 m-NHCO(CH,),CsH,SO,F-p* Al 10 265-2677 CHaFNO.S
18 ﬁl-NHCOCHzOCsH4SOZF-pk A 20 195 C19H15FN605S . HCl
19 p-NHSOngH.;SOzF-p D 15 300 C17H13FN60582
20 p-NHSOzCGHSOy_F-m D 47 300 CuHmFNsO,aSz
21 m-NHS0,C:H,SO.F-p D 12 300 CrrHsFN 058,
22 m-NHS0,CsH.SOF-m D 18 285 CrrHisFNGO;S,
23 p-0Me-m-NHCOCH,SOF-m A 5 300 CigH1:FNGO;8
24 p-OMe-m-NHCOCH,SO:F-p A 16 300 CioH i, FNO;S - H,O
25 p-OMe-m-NHCONHCH,SOF-m/ C 53 290 C1eH1eFN;0;58
26 p-O;\'Ie-m-NHCONHCqustF-pf C 15 287 C1gH15FN70aS ' HzO

a For method A see the preparation of 2;8 for method B see the preparation of 5.8

by pyridine dried with molecular sieves.
indicated. ¢ Analyzed for C, H, N.

activated with EtOCOC] in DMF-Et;N.
SO.F was para, as would be expected.

irreversible inhibitors; in contrast, the p-sulfonamido-
bridged inhibitors show poor (20) to no (19) irreversible
inhibition. (d) Attempts to change the binding con-
formation of the m-~-carboxamide-bridged inhibitors
by introduction of an adjacent OMe group (22-26) led
to large losses in reversible inhibition and no emergence
of irreversible inhibition.

Chemistry.—The candidate irreversible inhibitors
with an amide linkage (7-9, 15-24) were prepared by
acylation of the appropriate 9-(aminophenyl)guanine®
with the appropriate acid chloride® or mixed anhy-
dride. The urea-linked candidate irreversible inhib-
itors (10-14, 25, 26) were prepared from the same
guanines by reaction with the appropriate O-(p-nitro-
phenyl)-N-phenylcarbamate.'? The requisite acids'® and
O-(p-nitrophenyl)urethans!? were prepared by litera-
ture methods!® as indicated in Table II. Since fluoro-
sulfonation of hydrocinnamic acid resulted in ring
closure to l-indanone,'** the corresponding methyl
ester was fluorosulfonated, then hydrolyzed with
aqueous acid to the desired p-fluorosulfonylhydrocin-
namic acid (27).

(12) (a) B. R. Baker and N, M. J. Vermeulen, J. Med. Chem., 12, 74
(1969), paper CXXXIV of this series; (b) ibid., 12, 79 (1969), paper CXXXV
of this series.

(13) (a) W. Baker, G. E. Coate, and F. Glocking, J. Chem. Soc., 1736
(1951); (b) Gevaent Photo-Producten N.V., Belgian Patent 586,694 (July 19,
1060); Chem. Abstr., 5T, 15301d (1962); (¢) B. R. Baker and R, B, Meyer,
dr., Jo Med, Clem., 12, 104 (1969), paper CXLII of tlds series.

b Temperature at which decomposition starts.
¢ For intermediate acid see ref 13c.
¢ Solvate confirmed by 1050 cm~! C-O-C band in the ir absent in other compounds.
7 Actual melting point.

Method D was the same as A with Et;N replaced
¢ Analyzed for C, H, and F unless otherwise
7 For the intermediate O-nitrophenylurethan see ref 12.
k For intermediate acid see ref 13a. ¢ Carboxyl
k See ref 13b for preparation of intermediate acid; nmr showed the

Experimental Section

Melting points were taken in capillary tubes on a Mel-Temp
block and are uncorrected. All analytical samples moved as a
single spot on tlc with Brinkmann silica gel GF, gave appropriate
ir spectra, and gave combustion analyses for C, H, and N or F
within 0.4 of theory.

9-[m-(p-Fluorosulfonylphenylureido)phenyl] guanine (12)
(Method C).—To a solution of 242 mg (1 mmole) of 9-(m-amino-
phenyl)guanine® in 10 ml of DMF was added 374 mg (1.1 mmoles)
of  O-(p-nitrophenyl) N-(p-fluorosulfonylphenyl)carbamate.!?
After 1 hr at ambient temperature, the mixture was diluted
with 50 ml of H;O. The product was collected on a filter,
washed (H;0), then twice recrystallized from MeO(CH;),OH-
H,0; yield, 350 mg (679,) of nearly white crystals that gradually
decomposed over 300° and gave a negative Bratton-Marshall
test for aromatic amine.?* See Table II for additional data.

p-Fluorosulfonylhydrocinnamic Acid (27).—To 40 ml of FSO;H
in a polyethylene container was added portionwise 16.4 g (0.1
mole) of methyl hydrocinnamate with cooling at such a rate that
the temperature was 20-25°.  After 3 hr at ambient temperature,
the solution was poured into 300 g of ice and extracted with three
50-ml portions of CHCl;. The combined extracts were washed
with two 100-ml portions of 59, NaHCO;, then HyO. Dried with
MgS0O,, the CHC; solution was evaporated in vacuo. The
residual oil was refluxed with a mixture of 50 ml of HOAc and
25 ml of 6 N HCI for 15 min, then diluted with 400 ml of H,O.
The product was collected on a filter and washed (H,0). Two
recrystallizations from H.O gave 5.5 g (249;) of white needles,
mp 155-156°, that were uniform on tle in 5:3 EtOH-CHCls;
the presence of a p-SO.F group was confirmed by ir and its posi-
tion by nmr. Anal. (C;H,FO8)C H, F.

(14) B. R. Baker, D. V. Santi, J. K. Coward, ™. S. Shapiro and J. H.
Jordaan, J. Heterorycl., Chem., 8, 425 (1966).



214 B. R, Baxer annp Winiaw IV

9-(3-Amino-4-methoxyphenyl)guanine hydrochloride (28) was
prepared in 317, vield from 3-acetamido-i-methoxyauiline ax
deseribed for 9=(p-aminophenyvguanine;®  wwp  >300°0 X .
(pH 1) 252, 260 (infl), (pH 135) 247, 268 ww (infl).  Inal. (Cpe-
HaCINgO.- 11,00 ¢, H, N. PTor further transfornunicns,  the
hivdrachloride was converted firsi to the free base.s

O-{p-Nitrophenyl) N-(3-fluorosulfonyi-4-methylphenyl)car-

bamate (29) was prepared in 62°7 vield, mp 162-164°, by the
previonsly described general method®? from 2-methyl=3-amino-
benzenesulfouvl fluoride® aud  p-nitrophenyt  cldorvformate.
Anal (CulTpFNO8) C 1L F

Enzyme Assays.—-The assay of the ivactivation of xanthine
oxidase by measuremeut of the vite of couversion of 8.1 g M
hiypoxauthine or uric aeid has been previously dexcribed.™
Assay of the enzyie with 2,8-dichlorophenolindophennt (DCPT)
wis performed as follows.

Bovine milk xauthine oxidase (40 nnits; mil; 1 unie converts |
wmole of xanthine or urie acid in | min) was purchased. Buller
wix 0.05 M Tris (pH 7.4). Bulk euzyme was diluted 1:400

(15) B. R. Baker aud G. ). Lowens. J. Yol Chent., 11, BT7 (1968), paper
CNNXIX of (kin series.
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with buffer for assay.  DCPT wax dissolved in H.O a0 gl
I atnbe labeled Lycowere placed 0.00 md of ditined euzyine awd
0.90 il of budfer, then 045 wl was retoved o each of three
tubex Labeled 1o, Cuiaod Cae The Cuoand 1y tabes were placed
s iee bathe nnnil veady for axsay. 1o the Ciy ide was added
S0l o DIMSO aud 1o the L tube was added 50 gl of DAIRO
coutaining inhibitor: these were tnendaed s 572 for 4 ey then
cooled rcan tee hatimnit veady Tor assay,

I o Lol glass envenie were placed 0.75 il of buller, 50 gl
of 320 pM hypoxanthine Tenvelte concemraticmr = 16 g/,
and 100 gl of DCPL A Dase Hine was run gt 800 g then 109
ul of Ceo v Ly aliquar was added and the decrease in O1) wax
chizerved on o Gilford recording specirophotcaneter.  Foo the
Cy iube, 30 gl of DMRO was added priov ta assayv: sinilarly,
0wl of DMSO conraining inhibitor was added to the Iy tube
just before assayv.  The ' tube nnder these conditions shows nn
O elunge of 0.01-0.015 nnit/mmin. The O ¢hange is Huear
with enzyine concemration and therefore snitable for determining
the exrent of fetivation of the enzyie.  For a tie stndy, o
larger volime of Te solution ix prepared aund aliquols are with-
drawn ar appropriate lntervals, then guenched i an ice bath
amtil ready for assay.
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Twelve candidate irreversible inhibitors of xanthine oxidase were synthesized from 9-(p-aminoethoxypheuyl)-
guanine (23a) and 9-(p-aminopropoxyphenyi)guaunine (23b) by connection to a benzenesulfonyl fluoride with an

amide (24) or urea (25) bridge.

Reversible inhibition results indicated the beuzenesulfonyl fluoride moiety vf

the inhibitors was i contact with the enzyme surface withiu the enzyme-iuhibitor complex; nevertheless, none of

the twelve compouuds was b irreversible inhibitor.

9-(p-Ethoxyphenyl)guanine (1) is an excellent re-
versible inhibitor of xanthine oxidase, being com-
plexed 16-fold better than the substrate, hypoxanthine;
the phenyl group interacts with the enzyme by hydro-
phobic bonding.* As a result of a study on the nature
and dimensions of the hydrophobic bondlug region,?
i was shown that the phenoxypropyl derivative (2)

0

Vi >

R
1, R=0CH;
2, R=O(CH.)CeH.
3 R =O(CH,),NHCORSO.F
4, R=NHCOCH SO.F-p

(1) I'bis work was generoasly sapported by Grant (C(A-08695 from the
National Cancer Institute, U. 8. Public Health Service.

(2) For the previoas paper of tlds series see B. R. Baker und W, F. Wood,
J. Med. Chem., 12, 211 (1969).

(3) B. R. Baker and W. F. Wood, thid., 10, 1101 (1967), paper CII of thix
serios.

(4) B. i, Buker «nd W. T. Wood, ibid., 11, 644 (1068), paper CNXNI11 )
1hix seties,

was a8 good an inhibitor as the ethoxy derivative (1),
indicating a bulk tolerance for large groups on the
ethoxy moiety. TFurthermore, the active-site-directed
irreversible inhibitor®® of xanthine oxidase® (4)% was
believed to complex to the enzyme in a different man-
ner than 1 and 2.4 Therefore, a series of candidate ir-
reversible hibitors of type 3 was synthesized for
evaluation on xanthine oxidase. The results are the
subject of this paper.

Enzyme Results.—The results with the twelve
candidate irreversible inhibitors are collated in Table I
Since the Iy's varied between 0.067 and 1 x but 1 h: ul
Ly = 0.11 pld,* it is clear that the acylamido moiety
on the para side chain was in contact with the enzyme.
Nevertheless, none of the compounds was an irrevers-
ible inhibitor of xanthine oxidase, most likely beecause
the SO,F moiety was not juxtaposed to an appropriate
nucleophile on the enzyme surface such as a serine
hydroxyl.

Chemistry. -The irreversible inhibitors in Table
can be divided into two types. The carboxamides
{24) were made by acylation of 23 with the appropriate

(3 ta) B. R. Baker, "Design of Active-Site-Directed Irreversible Fozyioe
Inlibitors. The Organie (hemistry of the Enzymic Active-Site,”" John Wiley
and Sons, Inc., New York, N. Y., 1967; (b) for the chemotberapedtic atliy
of such inhibitors see B. R. Baker and J. L. Heudrickson, J. Pharm. Secl., 56,
05h (1967), paper XCII of this series.

(6) B, R. Baker and W. I, Wood, .J. Yol Chem., 11, 8351} [1068), papee
CNXTIT of thds series,



