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TABLE I 
INHIBITIOP OF XAXTHIXE OXIDASE BY 

--ReyerSibleb-- 7--Irreversiblec----- 

No. I t 1  H? p M  ([S]:[Il),, be concn, P-U min inactn 
I5O.d In iiib Time, % 

1' OII 2-SCH?C6lIa 0.75 11 
%I O H  8-SCHzCsHi 2 . 8  2 . 9  
3 " OH 2-SCHzC6H4NHCOCHzBr-o 0.024 340 0.025 120 0 
4 OH ~-SCH&GH~(NHCOC~H~SO~F-~)-O 30 0.27 46 60 27 
5 OH 2-SCH?CGH4( NHCOC~H~SO~F-VL)-O 77 0.11 SO 60 30 
6 OH 2-SCHzCsH4( IL'HCONHC~H~SO~F-VZ)-O 16 0.51 16 60 0 
7 8  OH 2-SCHzC6H4NHCOCHzBr-m 0.68 12 1 .0  120 0 
8 OH 2-SCHzCsH4( PI;HCOC~H~SO?F-~)-TTL 0.092 88 0.46 20 83 

Y V  OH 8-SCHzCsH4NHCOCH2Br-o 0.11 74 0.10 120 0 
10 OH S-SCHZC~H~( XHCOCsH4SOzF-p)-O 40 0.20 so 60 0 
11 0 H 8-SCH,CGH4( SHCOC~H~SO~F-WL)-O 50 0.16 160 20,60 50, 84" 
12 O R  S-SC€f?C6H4( NHCONIIC~H~SOIF-)I~)-O 16 0.51 16 BO 0 

14 O €1 %SCH?C6H,( N H C O C ~ H ~ S O ? F - ~ ) - ~ T L  0 .46  18 0.92 60 90 

15 OH ~ - S C H ? C ~ H ~ ( N H C O C ~ H ~ S O I F - ~ ) - W Z  0.16 51 0.70 GO 100 

16 SHz S-SCH~C~H~(KHCOC~H~SO?F-~)-WI 0 .42  19 2 .1  60 100 

17 NHz S-SCHZC~H~( NHCOXHC~H~SOZF-VZ)-WZ 0.79 10 4 . 0  60 0 
1s KH* S-SCHQC~H~( N H C O C ~ H ~ S O ~ F - ~ ) - V L  0.75 11 3.8 60 0 
19i AcNHC,sH,SO?F-p 70 60 0 

0.092 5 ,  8, 60 50, 5S, 58" 

138 OH 8-SCH2CsHah'HCOCHzBr-,n 0.77 11 1 . 5  50, 120 50, YOh 

0.46 7,16,30 50, 68, 81 

0.16 8, 30 25,27h 

0 .42  2 ,15 ,35  50, 88, 88h 

a The technical assistance of Pepper Caseria and Maureen Baker wit,h these assays is acknowledged. Commercial xanthine oxidase 
from bovine milk was assayed with 8.1 p J I  hypoxanthine in Tris buffer (pI1 7.4) cont'aining 10% DMSO as previously described.3 

Inactivation of xanthine oxidase was performed a t  37" in pH 7.4 Tris buffer containing 5% 1)hISO as previously de~cr ibed ,~  except 
the zero point was determined by removal of an aliquot prior to addition of the inhibitor.$ Concentration necessary for 50% inhibi- 
tion. * From time plot; 
see ref 5 and 9. 

e Ratio of concentration of substrate to  inhibitor for 50% inhibition. f Data from ref 3. 8 Data from ref 5 .  
Data from ref 2. 

rapidly inactivate dihydrofolic reductase;gflo by proper 
positioning of the sulfonyl fluoride, species specificg!" 
and tissue specific12,13 irreversible inhibitors of dihydro- 
folic reductase were found. Therefore, nine benzylthio- 
hypoxanthines, such as 8 and 14, and three benzylthio- 
adenines bearing a terminal sulfonyl fluoride were 
synthesized and evaluated as irreversible inhibitors of 
xanthine oxidase; the results are the subject of this 
paper. 

Enzyme Results.-It was previously observed that 
introduction of an o-bromoacetamido group (3) on 2- 
benzylthiohypoxanthine (1) gave a 30-fold increment in 
reversible binding; however, 3 failed to show irre- 
versible inhibition5 (Table I). This increment in 
reversible binding by 3 was subsequently suggested to 
be due to hydrophobic bonding by the bromomethyl 
group to xanthine oxidase.14 When the larger benza- 
mido (4, 5 )  or phenylureido (6) groups bearing a sulfonyl 

(9) B. R. Baker and G. J. Lourens, J .  .Wed. Chem., 10, 1113 (19671, paper 
CV of this series. 

(10) D. E. Fahrney and A. A I .  Gold, J. A m .  Chem. Soc., 85, 997 (1963), 
had observed earlier tha t  phenylmethanesulfonyl fluoride was a n  excellent 
irreversible inhibitor of chymotrypsin tha t  operated b y  the  endo mechanism. 

(11) B. R. Baker and G. J. Lourens, J .  .Wed. Chem., 11, 39 (19681, paper 
CXII  of this series. 

(12) B. R. Baker and R .  €3. Meyer, J r . ,  tbtd., 11, 489 (1968), paper CXIX 
of this series. 

(13) B. R. Baker and  P. C. Huanp, zbtd. ,  11, 495 (1968), paper C X X  of 
this series. 

(14) 13. R. Baker and  W. F. Wood, tbid.. 10, 1106 (1967), paper CIII of 
this series. 

fluoride were introduced, a 700-3000-fold loss in reversi- 
ble binding occurred compared to 3, indicating that 
these larger groups were not tolerated by the contour of 
the enzyme surface within the enzyme-inhibitor 
reversible complex. A similar loss in binding was ob- 
served with these ortho substituents (10-12) on S- 
benzylthiohypoxanthine compared to the o-bromoacet- 
amido group of 9. 

Of these six sulfonyl fluorides derived from ortho 
substitution on the berizyl group of 1 and 2, three 
(6, 10, 12) showed no irreversible inhibition when 
incubated at a concentration of I & ~ I ~ o  with the 
enzyme; two (4, 5) showed only a poor amount of 
irreversible inhibition and one (11) was good, showing 
a half-life of inactivation of 20 min and 54% inactiva- 
tion in 60 min. These three sulfonyl fluorides showing 
irreversible inhibition were considered to be too poor 
as reversible inhibitors to be worthy of further study. 
It should be noted that the rate of active-site-directed 
irreversible inhibition is directly dependent upon the 
amount of enzyme reversibly complexed, [E. . .I], 
which in turn is related to K ,  and 150;  thus a compound 
with a poor 1 6 0  requires too high a concentration to give 
an effective amount of [E. . .I] .15 Furthermore, note 
that 70 p31 p-acetamidobenzenesulfonyl fluoride (19) 
does not inactivate xanthine oxidase, indicating that a 
reversible enzyme-inhibitor complex is an essential 

(15) For a discussion of the  kinetics of irreversible inhibition, see ref 4, 
Chapter VIII.  
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TABLE I1 
PHYSICAL PROPERTIES OF 

R, 

7c --Amaxl wa-- 
10 R I  Rz Method \ield Alp, OC Formula tnalsses pH 1 pH 13 

4 OTI ~ - S C I I ~ C ~ H ~ ( X H C O C ~ H ~ S O ~ F - ~ ) - O  Ah 27 Iiidef C14H14FN,04S? 0.5H20 C, H, K 266 275 
3 OH 2-SCIT2Cg€11(~U'TTCOc~~~~~OzF-m)-o & 67 1W-193 CIqH14FS,O&.O 5H20 C, H ,  F 266 274 
6 0 1 1  ~--SCII~C~TT~(NIICONIICGTI,SO~F-~~I)-O Br 50 251-283 C I ~ T ~ I ~ F N ~ O & %  c, Ir; N '  254, 261 

281d 
S OH 2-SCI12CsH~(KI1COCsH~SOaF-p)-n~ & 43 222-224 CloHl~FN,04Sa.0.5H30 C, H, N 271 275 

10 011 ~-SCHLC~H~(NIICOC~H?SO*F-~)-O A 4 ~  80 210-213 CiqHidFN604Sa C, H ;  Ng 277 281 
11 011 X-SCHLC~H~(K~IICO~H~SO~F-~)-O .@ 45 140-143 CigHi4FNr,OaSa C, 13, K 276 281 
12 011 8-SCH2CsH4(KHCO?;HC~H~SOzF-m)-o Be 53 184-185 C I ~ H ~ , F N ~ O ~ S Z . I I Z O  C, H, N 255, 257, 

283d 281d 
14 OH 8-SCH,C6H,(NHCOCsH,SO2F-p)-m & 74 238-242 C19H14FNo0& C, H, N 280 282 
13 OH ~-SCHZC~H~(XHCOCF,H~SO~F-VL)-T~ & 37 Indef C19H14FNaO4S2.0.5Hz0 C, H.  N 280 284 
10 NH, ~ - S C H ~ C ~ H ~ ( S H C O C ~ H ~ S O ~ F - ~ ) - V L  As 74 Indef C19HljFN603S2 C, H, F 288 288 
17 NH, 8-SCH,C6H1(NHCOSHCGH4S02F-m)-m Be 78 165-167 ClsH16FNdhSz C H, F 261, 253, 

287 287 
18 xir2 ~ - S C H ~ C ~ H ~ ( N H C O C ~ H ~ S O ~ F - ~ ) - ~ L  A" 51 Indef C I ~ H I J W ~ O ~ S ~  C, H, F 289 289 
n 111 1 0 5  EtOH. h I'lecr>qtalllzed flom I>LIF-H20. Recrystallized from lIeOEtOH-HzO. Inflection. e Recrystallized from 

EtOII-II,O f N calcd, 17 0, found, 16 4. N. calcd, 15.2 found, 14 5.  

:3G ml of 1 A' SaOH was ptirred for 2 hr a t  amhient temperature. 
The filtercd solution was acidified with HOAr. The product was 
collected on a filter, waqhed with HiO, and recrvtallized from 
I)lIF-H20; yield 3.92 g (72yc), mp 288-290" dec. Anal. 
jC,>Hini\;fiOiS) C. H. N. 
8-(in-Aminobenzylthio)adenine (22).-A solution of 2.00 g 

(6 .7 mmoles) of 21 in 200 ml of LIeOEtOH was shaken with H? 
at 2-3 atm in the presence of 1.0 g of 10% Pd-C for 12 hr when 
reduction was complete. The filtered solution was evaporated 
in vacuo and the rezidue was recrystallized from lIeOEtOH-H*O; 
yield 1.0.i g (XC,) ,  mp 268-270" dec. Anal. (C&12N&) C, H, 
s . 

8- [vi-(m-Fluorosulfonylbenzamido)benzylthio] adenine (16) 
(Method A).-To a magnetically stirred mixture of 200 mg 
(0 i 3  mmolc) of 22, 3 ml of IIXIF, and 73 mg (0.73 mmole) 
of E t ,K  rooled i i i  ail ice bath wa. added 163 mg (0.73 mmole) of 

nz-fluorosulfonylhenzoyl chloride in 1 ml of DLIF. After 20 min, 
the mixture was diluted with several volumes of H20. The 
product waq collected on a filter and washed with HlO. Recrystal- 
lization from EtOH-H,O gave 250 mg (747,) of white powder with 
no definite melting point. See Table I1 for additional data and 
other compounds prepared by this method. 

8- [m-(m-Fluorosulfonylphenylureido)benzylthio] adenine (17) 
(Method B).-To a stirred suspension of 200 mg (0.73 mmole) of 
22 in 3 ml of DMF protected from moisture was added a solution 
of 161 mg (0.80 mmole) of m-fluorosulfonylphenyl isocyanate in 
1 ml of DRIF. After 12 hr tlc in EtOAc shon-ed the reaction was 
complete. The solution nas  diluted with several volumes of HzO. 
The product was collected on a filter, washed with HzO, then 
recrystallized from EtOH-H*O, yield 270 mg (78%), mp 165- 
167". See Table I1 for additional data and other compound3 
prepared by this method. 


