


M a y  1967 IRREVERSIBLE EXZYJIE INHIBITORS. LXXX 317 

TABLE J 
INHIBITIO?; OF THYXIDIKE PHOJPHQRYL\RE" BY 

0 

R S 5 R j  
O A , ,  R,, 

Coinpd 

I 
I1 
I11 
I T  
1- 
1-1 
TI1 
TI11 
I S  

s 

S I  

S I 1  

XI11 
S I V  
XY 
SI? 
S V I I  
SI?II 
S I X  
SS 
X S I  
1 x 1 1  
1x111  
XXIY 
S S Y  
SXJ-1 
XXTII 
SXVIII  
S X I X  
S X X  
SXXIa 
XXXIb 

H6 
H 
H 
H 
so, 
Br 
H 
TO? 
S O ?  
so2 
s o l N a  

3.3 
S O . S S  

S S S  +- 

XGS +- 

H 
Br 
n r  
Br 
II 
I 
Br 
Br 
H 
Br 
Br 
H 
Br 
Br 
Br 
Br 
H 
H 

CcHjCH=CH 

Ra 
H 
H 
H 
H 
H 
H 
H 
II 
H 

H 

H 

H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

XCCH2 
v ~ - S O ? C ~ H ~ C H ~  

H 
H 

n1.ll 
concn 

1 . .j 
0.090 
0,013 
0.0I)O 
0.1s 
1 . 0  
0. 051 
0 ,063 
0.2.7 

2 .  O f  

0 .  13' 

1 . .i 

1) , .; 
O , . i i  
0 .24  
0.14 
I) . 91 0 
0.66 
0.2.5f 
0.024 
0. 23 
0 .19  
0.4.5 
0.067 
0.01 1 
0.13 
0.60, 
0.40j  
l1.30f 
0 .  l.jh 
0.88 
0. l i  

v c  
inhib 

50 
50 
<50 
50 
50 
30 
50 
3 0 
30 

13 

31 

s 9 

32 
0 

.io 
r, 0 
50 
50 
0 

30 
j 0  
-50 
50 
50 
.i0 
50 
30 
30 
11 
0 

50 
.i0 

( [I 1; [SI) u 2 
3 .9c  
0 . 2 2 d  
0 .  932d 
0.22' 
0 . m  
2 . 5 d  
0.13 
0.1se 
0 .62  

6 ,  O e  

0.58 

3 , 0 

3.0 
>. je jQ 

0 ,  BOd 
0, i3.j 
0. 02.5 
1 .7  

> g ,  j d , a  

0.060 
0.57 
0.47 
1 . l d  
0.17 
0,028 
0.37d 
3 . 5  
2 . 3  

>l. 30 
2 . 2  
0.42 

-10 

a Thymidine phosphorylase was a 45-905 ammonium sulfate fraction from E. coli B prepared and assayed with 0.4 mM 2'-deo\)--5- 
fluorouridine in succinate-arrenate buffer (pH 5.9) in the presence of 19% dimethyl sulfoxide; the same results Kith I11 and XYIII \ m e  
obtained without DMSO. b The 
ratio of concentration of inhibitor to 0.4 mM substrate giving 50% inhibition. c Data previously reported: B. R. Baker and 11. Kanazu, 
J .  M e d .  Chem., 10, 392 (1967): paper LXXYI of this series. e Data previously reported.2 1\Iaximuni 
concentration allowing full light transmission. Q Since 20Yc inhibition is readily detected, the concentration for 507, inhibition I ?  a t  
leaqt four times the concentration measured. 

The technical assistance of Barbara Baine, Maureen Baker, and Pepper Caseria is acknowledged. 

d Data previously reported.4 

h Maximum solubility. 

If the binding of the benzyl group of XXIS' \vas in- 
deed lost, then the nitrobenzyl group could not assume 
the proper conformation for binding. One possible 
explanation is that  the electronegative nitrobenzyl 
group is repulsed by the electronegative bromo group, 
thus not allowing the nitrobenzyl group to approach 
the 3-bromo closely in space. If maximum binding by 
the nitrobenzyl group requires a conformation of the 
phenyl approaching the 5 position of the uracil, then 
niaximum binding would not be achieved. Further 
support for this explanation mas then sought. 

(1) Reduction of the nitro group of Z-bromo-B-(p- 
nitrobenzy1)uracil (XXIV) to amino (XXV) gave an 
inhibitor just as effective as 5-bromo-6-benzyluracil 
(XSrII), indicating that the electron-withdraIving 
nitro group of XXIV was detrimental to binding. 
(2) Introduction of the electron-withdrawing sulfonyl 

chloride (XXVII) or sulfonamide (XXVIII) group5 on 
6-bromo-8benzyluracil (XVII) were also severely 
detrimental to binding. (3) Although the binding uf 
6-benzyluracil (11) could be increased by the electron- 
withdrawing p-nitro group (111) , 4  binding by the benzyl 
group mas completely lost when the electron-ivithdraw- 
ing sulfonyl chloride group was introduced as in 
X X X I a ;  the corresponding sulfonitniide (XXXIb) 
was riot better than 6-benzyluracil (11). Thus, the 
effect of the p-nitro group of I11 cannot be explained by 
its electronegativity alone. Perhaps steric or even 
direct binding by the p-group is involved, but the cur- 
rent studies do not shed sufficient light on the mode of 
binding of 111. 

In  a previous paper, evidence was presented that the 
3-hydrogen of uracil was complexed to thymidine 
phosphorylase. This observation was confirmed with 
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Experimental Section'l' 
5-Bromo-6-1 p-nitrobenzy1)uracil ( X X I Y )  (Method A j.- 'Tit : I  

mixture of 1.24 g (5 nlmolesj of 1 1 1 4  and 25 ml of acetic: ticit1 : t i  
dded 0.88 g (5.5 mmoler) of bromine with misi~ig. .I 
iuii  mon formed which then deposited white crystal-. 

.ifter 2 hr at room temperature, the mixture was filtered and tlie 
I)rocliicrt xva>hed with 101. Kecrystallizat ion f i w  t 

:iqiieou.i dioxniie gave 1.36 g ) of white prisms: Inp 2TO-- 
271' de(!: 1300, 1830 (XOd, S70, S X  
( ~ i 1 - l  (p-CtjI14 1. See Table I1 for additional data for conipotiiiil- 
prepared by t l i i i  method. 111 some cases the acetic :wid 7v:i- 
diluted with water t o  isolate the solrtble product. 

5-Amino-6-phenethyluracil (XXXII) Hydrochloride (Method 
(').--Ai suspeii-ioii of 2.60 g (10 mmole.) of IS5 i i i  2i)O ml rri 
g1:icial ayetic :uid was shaken with hydriigen at 2-3 at111 ir i  i l l ?  

]we,qeiic.e of 100 nig uf €'toy; 40 niIridea of h-drugeii a-ere xl i-  
sorbed withiii 1 hr, theii reductioii practically ceased. Tht~ 
filtered sulutioii K:W spin evapcirated i'7z z~ucuo. The oily residtrt. 
was diswlved iii 1 0  nil uf 1% .V tzqueotis 11 , then the solution K:L> 

spin evaporated I' l l / "xo .  Recrystnlliz: 111 of the iesidiie f r m - ,  
ethanol gave l.(.;O g ( 6 4 5 1  of white plat : 11111 23-2*X0 : I' 

i,CJI:j. 

v:),,,, 1700, 1BSO ( t i l  

See T:ible I1 for additiorial datu. 
hlethod B \!-:is :I v:~ria~lt  of meth(i(1 C' rvheie 71)' , :t(iiiwiri.- 

1,9, Conver s~on  u i  diazonium salt. to a D i i i f u i i > - i  cLloride w i t h  SO> i n  ~ , , I I ( . -  

oils HCI has been silccessful in other  cases; cf, 13. R.  Baker, B.-T. ITo. ,I. J \ .  
Coward, and  D. \-, Santi ,  ,I. Pi r m .  S c i . ,  55, 302 (1966); 
Il i t tniar,  R .  Gbller, I<. I lafner,  , AIr~iacli, a n d  0.  Steinfort, C h r m .  Der., 99, 
841 ( 1 9 5 i ) .  

'(10) Melting p c i i n c .  were dererniine(1 9 it11 it I'islier-Johns apuaratii? ani1 
those below 250' are corrected. Infrared spectra uere  run in K13r pe l le t  
with a Perkin-Elmer IXTB or :337 spectrophotometer. Ultrariolet e r x c t r a  
Tr-ere ruii in ivates 1 unless otherwise indicated) a i r l i  a Perkin-Elmer 2 0 2  
eTiectropliotometer. Thin layer chromatograms (tlr'a were run on 13rinkrnanti 
Tilica gel GF a n , l  h p o t s  were de tmted  I,? v i ~ i i a l  rsaminatinn under iil:ro- 
viillet light. 

11. 1leerweir1, G 
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TABLE I1 

0 
PHYSICAL CONSTANTS OF 5,6-DlSUBSTITI-TEn UR.\CILs 

Compd" Rs 
SYIc  Br 
S \ - I Ic  Br 
S \ T I I c  Br 
X S I c  BI 
) ;XIc Br 
SXIS7c Br 
S S Y c  Br 

SXVII  Br 
SXVIII  Br 
ss I 
VI1 NO2 
I S  KO* 

XI SO>r;=> 

S I 1  s o > x z  

SI11 -+s=x 
S X X I a  II 
S S X I b  H 
S X S I I  XH2.HCI 

% Alp, -- Calcd, % -- -- Found, 

60 221-222d 36.1 3.89 34.3e 35.9 3.79 

75 276-2780 4 j . 0  2.64 10.5h 45.1 2.73 
82 281-282i 2 7 . l i  9.49 27 . l f  
78 205-20id 50.6 4.24 9.06k 50.8 4.26 
83 270-271' 40.5 2.47 12.9l 40.8 2.6.5 
90 >330ilm 39.7 3 .33  12.6 40.0 3 .45 

C H  iY yieldb ' C  C H  

244-24sd,f 

c- 
C? 

K 

34.4" 

10. 4h 
9.40 
9.20 

12.6 
12.40 

63 242-244d 38.6" 3.45 6.00 38.8 3.38 6.33 
53 271-272' 36.8 2.81 11.7 36.8 3.08 12.0 
63 240-241d 40.3 2.76 8 54 40.3 2.79 8.54 
66 226-227' 42.2 4.55 21.1 41.9 4.36 20.9 

3 12- 3 16O 

81 323-324 56.5 5 .30  11.6P 56.6 5.49 11.4 

- Amax, w -- 
p H 6  pH 13 

280 290 
282 302 
290 313 
280 290 
280 290 
280 290 
278 292 

269 268 
280 302 
278 298 
273 254, 365 

290-330 280 

318 313 

CsHjlCH?)? 11 85 304-305 56.2 5.82 11 6 56.0 5.70 11.7 274 284 

CsH;(CH2)? ,J 83 >200n 59.5 4.16 23.1 59.3 4.26 22.9  303 258,316 
~ - C H ? C G H ~ S O ~ C ~  E 25 236-237d 43.9 3.02 9.31 43.6 3.16 8.93 263 286 
p-CH&sH,SOrSHn F 31 247-248 47.0 3.92 14.9 46.8 4.03 14.7 263 286 
C6Hjl CH?;? C 64 254-2.56' 53.8 5.27 13.7 53.7 5.40 15.9 29? 292 

-411 compounds were uniform on tlc and had infrared spectra in agreement with their assigned structures. Yield of analytically pure 
material; no effort was made to rework mother liquors. e Br analysis. 
f Lit., mp 235'. 0 Recrystallized from acetone+thyl acetate. h Anal. Calcd: Br, 29.9. Found: Br, 30.1. Recrystallized from 
aqueous dioxane. j Br. -4nal. Calcd: Br, 25.8. Found: Br, 26.0. dnal.  Calcd: Br, 24.3. Found: Br, 24.8. Free base 
had mp 250-231' dec. n With 1 mole of dioxane of crystallization. -4nal. Calcd: S, 6.86. Found: S, 7.12. Lit.5 mp 316". 
1' dnal.  Calcd: S, 8.87. Found: S, 8.63. Gradually decomposes over 200"; not recrystallized due to instability in solution. 

c See ref 4 for sttarting material. Recrystallized from dioxane. 

Recrystallized from ethanol. At pH 1, A,,, 265 mp. 

methanol containing excess HC1 was employed as solvent and 
5:; Pd-C was employed as catalyst. 

Method D was a variant of method C where methanol was 
the solvent and 57, Pd-C was the catalyst. 

5-Bromo-6-( p-chIorosulfonylbenzy1)uracil (XXVII) (Method E). 
-To 4.5 g of chlorosulfonic acid stirred in an ice bath was added 
ill portions 1.40 g ( 5  mmoles) of XVI16 at, such a rate that the 
temperature did not exceed 10". ilfter 5 hr at ambient tempera- 
ture, the solution was poured into excess ice. The product was 
collected on a filter, washed with water, and dried in vacuo. 
Recrystallization from dioxane gave 1.2 g (637,) of white prisms: 
nip 242-244'; vmax 1700, 1650 (uracil), 1350, 1170 (SO2), 850 
em-' (p-CsH4). See Table I1 for additional data. 

5-Bromo-6-( p-sulfamoylbenzy1)uraciI (XXVIII) (Method F).- 
A solution of 1.00 g (2.64 mmoles),of XXTII  in 50 ml of concen- 
trated SH3 water was allowed to stand about 18 hr, then spin 
evaporated in vacuo to about 0.25 volume. The solution was 
acidified with 10% HCl. The product was collected by filtra- 
tion and washed with water. Recrystallization from aqueous 
dioxane gave 0.50 g (537,) of white prisms: mp 271-272 dec; 
Am,, (EtOH), 280 mp; (pH 13j, 302 mp; vmax 3200 (NH), 
1730, 1680-1660, 1620 (uracil, C=C), 1325, 1150 cm-l (SO2YH). 

5-Iodo-6-benzyluracil (XX)  (Method G).-To a stirred solution 
of 202 mg (1 mmole) of 6-benzpluracil (11)4 in 25 ml of 1 N 
aqueous NaOH was added 254 mg (1 mmole) of iodine. After 5 
hr at  ambient temperature, the solution was acidified with acetic 
acid. The product was collected on a filter, then washed with 
water and alcohol. Recrystallization from dioxane gave 205 mg 
(63%j of white prisms: mp 240-241'; vmax 1710, 1620 (uracil), 
730, 710 cm-l ((%He). 
5-Nitro-6-(n-propyI)uraciI (VII) (Method H).-Nitration of 

6-(n-propyl)uracil (VI),8 as described for the preparation of 6- 
(p-nitrobenzy1)uracil (111),4 gave a crude product that  was re- 
crystallized from aqueous dioxane; yield, 66% of light yellow 
needles; mp 226-227"; vmax 3400 ( S H ) ,  1710, 1680 (uracil), 
1520. 1350 cm-l (KO?). 

See Table I1 for additional data. 

See Table I1 for additional data. 

6-Styryluracil-5-sulfonylpiperidide (XI) (Method I).-A mix- 
ture of 1.36 g (5  mmoles) of 6-methyluracil-5-sulfonplpiperidide 
(X), 5 ml of dioxane, 5 ml of piperidine, and 5 ml of benzaldehyde 
was heated on a steam bath under a reflux condenser for 7 hr 
during which time light yellow crystals separated. The cooled 
mixture was filtered and the product was washed with ethanol; 
yield, 2.5 g of the piperidinium salt; mp 205". The salt was 
dissolved in water and the solution was acidified with 10% HCl. 
The product was collected on a filter, then washed with water 
and ethanol. Recrystallization from dioxane gave 1.45 g (81%) 
of colorless prisms: mp 323-324'; umax 1700, 1680, 1630 (uracil, 
C=C), 1415, 1340, 1168 (so2s), 748, 690 cm-I (C6H5). See 
Table I1 for additional data. 
5-Diazo-6-phenethyluracil (Method J).-To a solution of 2.68 g 

(10 mmoles) of XXXII.HC1 in 100 ml of water cooled in an ice 
bath was added with stirring a solution of 0.76 g (11 mmoles) of 
S a N 0 2  as a concentrated aquews solution; the addition was at  a 
rate that did not raise the temperature above 10". During the 
addition, the product began to separate. After being stirred an 
additional hour with the ice bath removed, the mixture was 
filtered, and the product was washed with ice water, then T H F  
and ether; yield, 2.0 g (837,) of slightly yellow needles that had 
no definite melting point, but gradually decomposed over 200" : 
vmax 3150 (NH),  2150 (+SEN), 1700-1650 (uracil), 740, 700 
cm-' (CsH5). See Table I1 for additional data. 
6-Benzyl-5-bromo-3-cyanomethyIuracil (XXIX).-A mixture of 

2.8 g (10 mmoles) of 6-benzyl-5-bromouracil (XTII),6 25 ml of 
DMSO, 0.76 g (10 mmoles) of chloroacetonitrile, and 1.37 g 
(10 mmoles) of anhydrous K2C03 was stirred at  75-80" for 3 hr, 
then poured into 50 ml of water and extracted several times with 
CHC13. The combined extracts were dried (MgSOI), then spin 
evaporated in uacuo. The residue on tlc showed the presence of 
starting material, 1-cyanomethyl derivative, 3-cyanomethyl 
derivative, and the 1,3-bis(cyanomethyl) derivative. This 
mixture was separated by preparative tlc as described previously 
for related alkylation mixtures.8 Elution of the proper zone gave 




