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9-(3-Amino-4-methoxyphenyl)guanine hydrochloride (28) was
preparced in 319 yield from 3-acetnmidu-4-methoxyaniline ax
deseribed for 9=(p-aminophenyvDgiemine®  wmp >300°0 A
(pIT 1) 282, 260 Ginfly, (pH (3) 247, 268 me (il leel (Co-
THCINGOL-HaO) G T, N Por further trwnsformaaions,  the
bydrochloride was converted fir<1 (o the free base.s

O-(p-Nitropheny!) N-(3-fluorosulfonyl-4-methylphenyt)car-

bamate (29) wux prepared in 6290 vield, mp 162-1G4°, hy rhe
previonsly described generad method!* from 2-methyl-3-amnine-
benzenesutfonyl  flnoride®  and  p-nitrophenyt  ehloroformete,
Anal {CullFNLO) C HL F

Enzyme Assays.—'The assay of the inactivation of xanthine
oxidase hy mewsnrement of the rate of conversion of S.U wW
hypoxunthine ar nrie aeid has been previonsty dexcribed.®
Assay of the enzyme with 2,6-dichlorophenolindophenat ¢DCPT)
wix performed us follows.

Bovine mitk xanthine axidase (40 unit=-ml; I nnit conver(s 1
wumole of xanthine or urie acid in 1 min) was purchased. Bufler
was .07 M Tris (pH 7.4). Bulk cuzyme wus dilited 1:400

(151 B. R. Baker amw!l G. ). Loorens. J. Med, Chepe, 11, 677 (19G8), paper
CNNIX of iz series.
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with buffer for wssay. DCPT was dizsolved in H.O 01008 g ml
In n tnbe labeled L were placed 0.90 ml of diluted enzyme and
0.90 mb of hotfer, thien 043 mb was removed into each of three
tubes Libeled Lo, Paond Ca The Coand Ly tihes were phaced
s dee bath ot ready for =y, Po the Cas tnbe wasadded
S0 pl of DARSD and 1o the T tibe was added 50wl o DNRD
contsdimng mtnbitor: these were inenbsired ot 379 Tor 1oy, then
cooted nan ee bathinnil ready forissuy .

booo T-md glass enverre were phiced 0275 ml of bhuller, 5t ul
af 320 M hypoxuanthine Zenvette concentration = Hi wM
and 100 &b of DCPL A buase Hine wies vunat 600 mg then 109
pl of Ci or L aligpion wix added and the decresse in O1) wix
observed on n Gilford recording spectrophotometer. For the
Cy inbe, 30 pl of DMRO wax added prior (o assayv: similarly,
S0 ub of DASO conraining inhibitor was added to the Iy tnbe
izt before assay.  The Cy tuhe nnder these conditions shows nn
OD clinge of D.OF-0.015 nnit/min. The OD change is linenr
with enzyuie coneentration and therefore snitable for determining
the extent of imwetivinion of the enzyme.  For a time study, o
Lirger volinme of L sohition i prepared and alignots are with-
deawn nt approprinte intervals, then gquenchied in an ive bath
antil rendy for assay.
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Twelve candidate irreversible inhibitors of xanthine oxidase were synthesized from Y-(p-aminoethoxyphenyli-
guanine (23a) and 9-(p-aminoprapoxyphenylguanine (23b) by connection to a benzenesulfonyl fluoride with an

amide (24) or urea (25) bridge.

Reversible inhibition resulls indicated the benzenesulfonyl fluoride moiety of

the inhibitors was in contact with the enzyme surface within the enzyme-inhibitar camplex; nevertheless, none of

the twelve campounds was an trreversible 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 bonding region,?
it was shown that the phenoxypropyl derivative (2)

(0]

LS
NHSN-SN

R
1, R=0CH;
2, R =0(CH,),C.H;
3, R=0(CH,),NHCORSO.F
4, R=NHCOCH,30.F-p

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

(2) For the previous paper of tlis series see B. R. Baker and W, F. Woad,
J. Med. Chem., 12, 211 (1969).

(3) B. R. Baker and W. F. Woad, ikid., 10, 1101 (1967), paper CIT of «bix
ROTIN,

(4) B. R. Buker ool W. T Waoud, bird,, 11, 644 (T068), paper CNNX1L o1

1lis sories,

was as good an inhibitor as the ethoxy derivative (1),
indicating a bulk tolerance for large groups on the
ethoxy moiety. Furthermore, the active-site-directed
irreversible inhibitor®® of xanthine oxidase® (4)%6 was
believed to complex to the enzyme in a different man-
ner than 1 and 2. Therefore, a series of candidate ir-
reversible inhibitors 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 eollated in Table I.
Since the I5’s varied between 0.067 and 1 w3 but 1 had
I = 0.11 w1t 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 because
the SO,I" moicty was not juxtaposed to an appropriate
nucleophile on the enzyme surface such as a serine
hydroxyl.

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

(51 ial B. R. Baker, " Design of Active-Site-Directed Irreversible Fuzynie
Inhibitors. The Organie Clemistry of the Enzymic Active-Site," Johu Wiley
and Sons, Inc., New York, N. Y., 1967; (b} for the chemotberapeutic utility
of such inhibitors see B. R. Baker and J. L. Hendrickson, J. Pharwm. Sei., 56,
155 (1967), paper XCII of this series.

(6) B, R. Baker and W. F. Wonl, ./. Yo, Chem., 11, 650 (19GR), papec
CNXTTI of this series,
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acid chloride” in DMF. The phenylureas (25) were
made by condensation of 23 with the appropriate O-
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trophenyl) carbamate,® or m-fluorosulfonylphenyl iso-
cyanate in DMSO or DMF. The requisite amines

phenyl N-(fluorosulfonylphenyl)carbamate,® O-(p-ni- (23) were made from 17 (Scheme I). Reaction of 17
T with hexamethylenetetramine followed by acid hy-
ABLE 1 . . ! .
] . . drolysis by the Delepine synthesis gave 18 which was
INRIBITION® OF XANTHINE OX1DASE® BY converted to 19 with acetic anhydride. Catalytic
Q reduction to 20 followed by condensation with 2-
HNJ\/][N> amino-6-chloro-5-phenylazo-4-pyrimidinol®® afforded
NHJKN N ScHEME
NO, NH,
—_— —_—
O(CH,),NHCOR
No n R T50.° uM
5 2 CHSO.F-m 0.53 O(CHy),R O(CHy),NHA¢
6 2 CsHSO,F-p 0.69 17,R=Br 20
7 2 CsH;-4-Me-3-SO,F 0.49 18, R=NH,
8 2 NHCH.SO,F-m 0.18 19, R=NHAc
9 2 NHCH,SO:F-p 0.33 OH OH
10 2 NHCH;-2-Cl-5-S0,F 0.092
11 2 NHC;Hy4-Me-3-SO5F 0.12 N/ N=NCH, NAY N
12 2 NHC:H;-2-MeO-5-SO.F 0.067 NH, - Nm@ >
13 3 CsH.SO,F-m 0.63 N” “NH NN
14 3 CsH.SO:F-p 1.0
15 3 NHC:H,SO.F-m 0.40
16 3 NHC:HSOF-p 0.67
@ The technical assistance of Julie Leseman and Maureen Baker
with these assays is acknowledged. ?» Xanthine oxidase was a O(CH,),NHAc O(CH,)»NHR
commercial preparation from bovine milk that was assayed with 21 22. R = Ac
8.1 pM hypoxanthine and O, in 0.05 M Tris buffer (pH 7.4) con- 23 R=H
taining 109, DMSO as previously described.s® Assays for irre- 24, R=COArSO,F
versible inhibition were performed by either the uric acid assay 25' R =NHCOA;SO F
or the 2,6-dichlorophenolindophenol assay or both?; the indo- ' 2
phenol assay was utilized when I, was <0.1 pM.? ¢I; = concen- a,n=2
tration for 509 inhibition. b,n=3
TasLE II
Puysicar PROPERTIES OF
0]
HN)jiN>
H.N SN N
O(CH,),NHCOR
No. n R Method® % yield? Mp, °C¢ Formula?
5 2 C@H4SOzF-m A 62 260 C20H17FNeOaS . 0 . 5H20
6 2 CeH4SOzF-p A 51 250 CZOHUFNsOaS -0. 5H20
7 2 CeH;-4-Me-3-SO,F A 27 250 CuH1:FN:O;S
8 2 NHCeHgSOzF-’m C 45 250 ConmFN:OaS . HzO
9 2 NHC@H4SOzF-p B 53 220 C20H13FN7058 . HzO
10 2 NHCH;-2-Cl-5-SO,F D 33 250 CxHy,CIFN,0;S8-0.5CH;0CH,CH,OH*
11 2 NHCeHa-‘i-l\’f[ e—3—SOzF D 46 235 ClezoFN705S
12 2 NHC:H;-2-Me0-5-SO.F D 52 240 CoHyFN-06S
13 3 CeH;SOzF-m AA 3)5 245 C21H19FN5058
14 3 CsH4SOzF'p A 37 270 C21H19FN605S
15 3 NHC6H4SOZF"”L D 20 215 Cz[HzoFN70aS
16 3 NHCGH4SOZF'p B 12 190 C21H20FN705S

@ Methods: A, from the appropriate acid chloride” plus amine in DMF containing EtsN?; B, reaction of amine with O-phenyl N-(m-
fluorosulfonylphenyl)carbamate® in DMSO; C, amine plus m-fluorosulfonylphenyl isocyanate in DMF;# D, amine plus appropriate

O-(p-nitrophenyl) carbamate?:# in DMF.
indicated. 4 Analyzed for C, H, F.

(7) B. R. Baker and R. B. Meyer, Jr..J. Med. Chem., 12, 104 (1969), paper
GXLII of this series.

(8) B. R. Baker and G. J. Lourens, tbid., 11, 666 (1968), paper CXXVII
of this series.

b Recrystallized from MeOEtOH-H-0.
¢ Contained 1050-cm~! C-O-C band not present in other compounds in Table II.

¢ Wide decomposition range starting at temperature

(9) B. R. Baker and N. M. J. Vermeulen, tbid., 12, 74 (1969), paper
CXXXIV of this series; 12, 79 (1969), paper CXXXV of this series.

(10) H. C. Koppel, D. E. O'Brien, and R. K. Robins, J. Am, Chem. Soc.,
81, 3046 (1959); C. W. Noell and R. K. Robins, J. Med. Pharm. Chem., 5,
558 (1962),
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21. Reductive formylation of the uzo linkage fal-
lowed by ring closure in formamide-formic acid® gave
the substituted 9-phenylguanive (22).  Acid hydroly-
sis removed the acetyl blocking group with generation

of 23.

Experimental Section

Melting points were {nken in capillary tubes on a Mel-Temp
hlack and are uncorrected. Ench analyrical samiple showed
proper uv and ir speetra, moved as a single spot an tle on Brink-
mann silica gel GF, aud gave combustion analysis for C, H,
and N or F within 0.495 of theory. The physical properties of 5~
16 are listed in Table II.

Acetamidoethy! p-Nitropheny! Ether (19a). A.—To a salution
of 4.92 g (20 mmoles) of 17a!! in 40 ml of CHCl; was added 3.1 ¢

22 mmoles) of hexamethylenetetramine. The mixture was re-
fluxed with stirring for 100 hr, dnring when the intermediate
heximonium bromide separated. The latter was collected on
a tilter, washed (CHCYL), dried, and added ta a mixtnre of 8 ml of
11,0, 40 ml of EtOH, aud 10 ml of 12 N HCL  After 24 hr the
mixtnre was filtered from the separated NHyCl, then evaporated
in vacuo. The residual, erude 18a- HC1 was dissolved in 50 ml
of CHCY; and 8.1 g of Et;N.  To the hot solution was added 4.1 g
of Ac:0 over a period of about 10 min.  The cooled solution wis
washed with three 100-mml portions of H.0, then dried (MgS0,),
and evaporated ipn vacuo. Recrystallization from CeHe gave
2.0 g (4597) of crystals, mp 121-122° Anal. (CpHN.Oy)
¢, I, N,

(1) B. R. Baker auct (0. 1, Lourens, J. Med, Chem. 11, 20 (1968), paper
CIX of this series.

Val, 12

B.--"1'v # snspension of 10 g (35 mmoles) ol p-nitrophenyl
phthalimideethyl ether!? in 100 1l of refluxing HOH was added
B.77 g (0.1 mole) of 8579 hydrazine hydeate. Solniion was eon-
plete in 2 min amd o precipitole sepaonted in 13 mio. Alrer
nototad of 20 i, the bot mixture was 1reated with 200 ml of
5N HCL  After 10 min, the mixture wis cooled aund the phthal-
hydrazide was removed Ly filtvation.  The filtrate was eviaparated
n vacuo nnd the residuat 18a-TICT 4 NoH,-HC was aeetylated
as above. Reervstallization from e gave 40 g 55,00 of
eryvstals, mp 120-121%, tlet were identical with preparation
Al

Acetamidopropy! p-nitrophenyl ether (19b) wus prepared from
17b1t and hexumethylenctetramine az described Yor 17a; vield
4655, mp 117-118° Anal.  (CnHeN04) C, H, N,

p=Aminopheny! Acetamidoethyl Ether (20a).--A solntion nf
112 g {5 mmoles) of 19a in 100 il of 14DH was shaken with Il
at 2-3 atm in the presence of 50 g of PtO, nntil reduetion of the
NDa grongt was complete.  The filtered solution was evapornied
inraciwo.  Reervstallization of the vestdie from tolnene gave 0.85
g (8770 of white ervstals, mp 95940 dudd (CulTgNyDL €
1T, N.

Similarly, 20b was prepaved in 70V, vield, mp 790807,
((.H]Hlf.NzOz) (,‘, 1{, N.

9-(p-Aminoethoxyphenyl)guanine (23a) was prepoed from
20a via 21a nx described for 9-(p-aminophenylgnanhie,® exeen
the free hase was releazed at pIl 10 with NHOH; vield 227
mp >300%; Awwxc (pH 10 270 (ufl), (P 13) 270 n.  lnal
(CialT1aNeO2) €, T, N.

Similarly, 23b was prepared in 4047 vield as white erysials thak
were unifornr ou tle in 3:5 EtOH-CHCL, hnt gave erratic com-
busCionn yahies,

aeal,

(12) 1. N, Asbley, R. T Colling, M. Davis, amd N E, Sirett, J. Chent, Soe,
3880 (1950).
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Thirty-eight candidate irreversible inhibitors of guanine deaminase dertved from 9-phenylgnauine with a termi-
nal sulfonyl fluoride bridged to the meta or para position of the phenyl molety by nn amide or ether linkage were

evalnated with the enzyme from Walker 216 rat tumor.

Three of the compounds (6, 7, 9) were excellent irre-

versible inhibitors of this enzyme, but also showed no isozynie specificity since these could also inactivate the rat

liver enzyme.

Of the 13 compounds showing moderate irreversible inhibition af the Walker 256 enzyme, four

(5, 28, 30, 31) showed isozyme specificity with no inactivation of the rat liver enzyme.

The design, synthesis, and evaluation of active-site-
directed irreversible inhibitors? of guanine deaminase®
has been a project in this laboratory. 9-Phenylguanine
(1) was found to be a good reversible inhibitor of the
enzyme, being complexed slightly better than the sub-
strate.® It wuas then established that the 28-fold
increment in binding by the phenyl group of 1 was duc

(1) I'his work was generously supported by Grant CA-08695 from the
National (‘ancer Institute, U. 8. Public Health Service.

(2) For thie previous paper in this series sce B. R. Baker and W. I, Wood,
J. Med. Chem., 12, 214 (1969).

(31 For tle previous paper on this enzyme see B. R. Baker and W. I,
Wood, bid., 11, 650 (1968), paper CXXIII of this series.

(4) B. R. Baker, "Design of Active-Site-Directed Irreversible Enzvme
Inhibitors. The Organic Cliemistry of the Enzymie Aetive-Site,”’ John Wiley
and Sons, Ime., New York, N. Y., 1967.

(3) For tbe chemotherapeutic utility of a tumor-specific inhibitor o1
roanine (leaminase see B. R. Baker, J. Med. Chem., 10, 39 11067), paper
LX XIIT of this series.

(6) B. . Baker mul . V. Santi, @hid., 10, 62 (1467), paper LX XUV oI 1his

secies,

to a hydrocarbon interaction with the enzyme.”  From
a study of the nature and dimensions of this hydro-
phobic bonding region,® compounds of types 2 and 3
were considered likely candidates as irreversible in-
hibitors of guanine deaminase that operate by the

0
. N
s
B NN
LR=H
R 2, R=m-NHCORSO,F
3. R = p-O(CH,),NHCORSO,F

(71 B R Baker wol WO B Woodl, (601, 10, 1101 (1U6T), papser CLE of 1his

Lhis s,



