
Experimental Section 
;I11 analytical samples had proper uv and ir spectra; each 

moved as a single spot on Brinkman silica gel GF and gave corn- 
bustion values for C, H, and N or F within 0.4cG of theoretical. 
Alelting points were taken in capillary tubes on a Mel-Temp 
block and are uncorrected. The physical properties of pome 
compounds are given in Tables I1 and 111. 

4-Cyano-3-methylphenol.-A mixture of 3.53  g (0.25 mole) of 
4-chloro-3-methylpheno1, 31.3 g (0.35 mole) of CuCS,'* and 100 
1111 of dry K-met,hylpyrrolidone \vas refluxed with stirring for 1 q  
hr. The inistiire was conceiitrated in z'ncuo t o  iiear drynrs,>, 
theri stirred with 30 nil of warn1 6 h' IICl for 30 m i i i .  -1fter the 
addition of a solution of 1.00 g of FeCls.01Td) in  100 nil of H&, 
the mixtiire was heated on a steam bath for 1 hr. The cooled 
~ ~~~ ~~ ~ - 

(18) €1. J. Barber, J .  Chern. Soc., 79 (1943). 

niixt,ure was extravied with Et2() ifoiir 'LOO-iiil portions). Thc 
combined extract,.; were rvashed with € 1 2 0 ,  then evaporated I o  
a residue which w a y  crystallized from 25 nil I J f  cH,cI,. Onr 
recrystallization from HzO and three from C6H, gave 15 g i 
of pr(odr~cl, nip 1 :',4-136" (lit.I9 nip 13-1:<6' from a11 alternatc 

proceis has been previoiwly eniployetl for other 

4-Cyano-2-methoxyphenol w:is syiil liesized iii h 
Si--89", accordiiig t o  the general method of vaii 1 
s+$IO' from ail :tlterii:ite met,hod. 
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The title compound (1) is an active-site-directed irreversible inhibitor of the dihydrofolic reductase from 1,1210 
mouse leukemia that also showed specificity by its failure to inactivate thi,: enzyme from three normal niouse 
tissues. Hoaever, 1 still had two shortcomings; its Ki = 0.06 p M  was considered too large to  be effective in  vivo 
and it  showed poor transport through the L1210 cell wall. Thirty variants of the bridge betaeen the pyrimidine 
and benzenesulfonyl fluoride moieties have now been investigat,ed, such as (1) replacement of the oxymethyl 
groiip by thiomethyl, <CH2)z,, or (CH,),, (2) substituent effects on the phenoxy group, (3) variation of the CH?NII 
moiety by N H  and (CH2)2KH, and (4) variation of the amide linkage by COSI1, XI-ICOSII, and SOzNH in the 
t.hree previoiis classes. Sixteen of the compounds showed a predict,ablc decrease in 16,, = 6Ki 5 0 . 1  $31, but 
specificity was decreased 01' lost. The best five compounds showed inhibition uf 1,1210 cell culture in the 0.5-1 
pJf range; t,his range is several magnitudes higher than that shown by the ,>t antiard compound, 2,4-diamino-S- 
(3,4-dichlorophen~d)-6-methylpyrimidine (35). 

One of t,he types of active-site-directed irreversible 
inhibitors4 that can inactivate dihydrofolic reductase 
from L1210 mouse leukemia with no inactivation of the 
enzyme from normal mouse liver, spleen, or intestine5 is 
1.6 The latter with its Ij0 = 6 K i  = 0.4 p M  was not, 
considered a sufficiently good reversible inhibitor for 
iti vivo activity5 since too high an intracellular conceri- 
tration of 1 would be required to form 50% reversible 
enzyme complex, the rate-determining species for ac- 
tive-site-directed irreversible inhibition.' Furt,her- 
more, 1 required the relatively high concentration of 4 
p X  for 50yo inhibition (EDs0) of LE10 cell culture,' 
showing insufficient cell wall penetration. Several 
types of studies, such as 2-4, have been performed to 
t 1.y to iricrease the effectiveness of reversible inhibition 
\\ . i thut# loss of irreversible specificity; compounds with 
I>, = G K i  as good as 0.03 p*;71 were obtained, but either 
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(4) E. I<. Baker. "Design of Active-Site-Directed Irreversible Enzyme 

( 5 )  15. I<. Haker, G .  J. Lourens, K. B. Afeyer, Jr., and N. M. .J. Vermeulerr, 

(6) 11. 17. Baker and P. C .  Huang. ib id . ,  11, 495 (1968), gaper <If 

( 7 )  See ref .I, pp 122-129, for the kiuetico of irreversible inhibition. 
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titis series. 

1. €4 = O :  R,=CH,NHCOC,,H,SO?F-/n 
2. R, = CH,; R- = CH,NHCOC,H,SO,F-m 
3. RL = NHS02C,,H,SO?F-m 
4. R, = CH,; R? = NHCOC6H,S0,F-m 

irreversible inhibition or selectivity was decreased. 2,y-10 

Since specificity is most apt to be obtained by bridgc 
m o d i f i c a t i ~ n , ~ , ~ ~  t,he following types of compounds 
have tiow been made: (1) the Ks group of 1 and 2 was 
moved to  the meta position, ( 2 )  analogs of 3 were madc? 
with substituents on the phenyl bearing Ra, (3) thc 
oxygen bridge was replaced by sulfur or -(CHZ)3-, and 
(4) the Rz bridge of 1 was extended to -(CH%),-. The 
results are the subject of this paper. 

Assay Results.--Of the compounds of type 1 in Table 

(8) 13. R. Baker and I .  Vermeulen, .J. 3fed. Chem., 12, 86 (1969), 

(9) 13.  K. Baker and S. 11. J. Vermeulen, ih id . ,  12, X9 11!)69). paper 

(IO) B. R. Baker and S. 1f. J. Termeulen, ihid., 12, 82 (196Y), i l swr  

(11) See ref 4, pp 172-18.1, f u r  discussion of tho bridge prinoiple of rpt:cific- 
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TABLE 1 
INHIBITION" OF DIHYDROFOLIC REDUC,TASE B Y  

NO. 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Enzyme 
Source 

L1210/DF8 
Liver 
L1210/DF8 
Liver 
L1210/L)F8 
Liver 

L1210/DF8 
Liver 
L1210/DF8 
Liver 

L1210/DF8 
Liver 
L1210/DF8 
Liver 
L1210/DF8 
Liver 
L12 1 O/DF8 
Liver 
L1210/DF8 
Liver 
L1210/DF8 
Liver 
L1210/DF8 
Liver 
L1210/DF8 
Liver 

7 
CH,NHR, 

I60 ,b  

P M  

0,057 
0.066 

0 UOR 

0.083 

0,054 

0.33 

0.11 

0.056 

0.042 

0.084 

0.080 

0.060 

0.056 

Inhib, 
+v 

0.11 
0 11 
0.13 
0.13 
0,068 
0.34 
0.14 
0.17 
0.17 
0.11 
0.16 
0.75 
0.66 
1 . 2  
0 22 
0.22 
0.12 
0 12 
0.084 
0.13 
0.084 
0.25 
0.16 
0.24 
0.11 
0.18 
0.11 
0.17 

Time, 
min 

60 
60 
GO 
GO 
GO 
60 
60 
60 
GO 
GO 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
GO 
GO 
60 
60 
60 
GO 
60 
60 

70 
inactvnC 

88 
46 
8 3 
72 
93 
88 
34 
95 
68 
93 
7 

74 
97 
93 
22 
25 
54 

17-41e 
98 
82 
98 
93 
100 
92 
83 
69 
84 
73 

EDmd 
P.W 

G 

0 . .5 

0 . 6  

3 

1 

6 

2 

6 

4 

0.G 

2 

1 

3 

EDm/ 
150 

100 

8 

9 

40 

20 

20 

20 

100 

100 

7 

30 

90 

60 

a The technical assistance of Diane Shea and Sharon Lafler with these assays is acknowledged. 
tion when measured with 6 p M  dihydrofolate and 0.15 M KC1 a t  pH 7.4 as previously described.5 
hibitor a t  37" in pH 7.4 Tris buffer containing 60 p M  TPNH, then the remaining enzyme was assayed as previously de~cr ibed .~  
centration for 50y0 inhibition of L1210 cell culture. 

I,,, = concentration for 3OcL inhibi- 
c Enzyme wa3 incubated with in- 

Con- 
e Difficulty was encountered in determining the zero-time point.5 

I, ten (5, 6-9, 13-17) showed the desired 150 = 6 K i  I 
0.1 pi44 and gave good irreversible inhibition of the di- 
hydrofolic reductase from L1210. Unfortunately, none 
showed complete specificity by failure to inactivate the 
mouse liver enzyme; the greatest selectivity was shown 
by 9. When measured for their ability to inhibit L1210 
cells in culture,I2 the best EDSO's (0.5-1 p i M )  were 
shown by 6, 7, and 9, although the range in the whole 
table was only about tenfold. 

Of the compounds of types 2-4 in Table 11, six (22, 
25-29) showed the desired I,, = 6 K i  I 0.1 134 as ex- 
pected and gave good irreversible inhibition of the 
L1210 enzyme; however, all six also showed extensive 
inactivation of the mouse liver enzyme. The best 
compounds for inhibition of L1210 cell culture were 25, 
27, and 29, which showed EDso's in the range of 0.5-0.7 
pM. Since this range is several magnitudes less effec- 
tive than 35 with EDso = 2 x 10-5 pM,13 the com- 
pounds in Tables I and I1 are transported too ineffi- 
ciently through the L1210 cell wall to be effective. ?\To 

(12) We wish to thank Dr. Florence White of the CCNSC for these data 

(13) B. R. Baker and R. B. Meyer, Jr., J .  Med. Chem., 12, 668 (1969), 
obtained by Dr. Philip Himmelfarb of Arthur D. Little, Inc. 

paper CLIV of this series. 

35 

generalizations on the best structures for transport were 
apparent from the data in Tables I and 11. 

Studies of other bridge modifications on t,he 6 posi- 
tion of the pyrimidine ring are continuing to see if ir- 
reversible inhibit'ors wit,h good specificity and good 
L1210 cell wall transport can be obtained. 

Chemistry.-Alkylation of 3614 with m-cyanophenol 
in DMF in the presence of K2C031j afforded 37 (Scheme 
I). Hydrogenation of 37 in acid solution with Adams 
catalyst gave 39.9 Reaction of 39 with the appropriate 
acid chlorideg or 0-(p-nitropheny1)-N-phenylure- 
thanl59'6 gave irreversible inhibitors of type 42 (5-12 in 

(14) B. R. Baker, P.  C. Huang, and R. B. hfeyer, Jr., ibid., 11, 475 (1968), 

(15) B. R. Baker and N. M. J. Vermeulen, ibid.. 12, 74 (1969). paper 

(16) B. R. Baker and N. M. J. Vermeulen, ibid., 12, 79 (1969), paper 

paper CXVI of this series. 

CXXXIV of this series. 

CXXXV of this series. 
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H 

I1 

I1 

I1 

11 

II 

2-Cl 

3-hIe 

11 

2-Cl 

:!-Ne 

11 

II 

I1 

I1 

11 

II 

r-I 

i 

Table I). By a similar route employing p-hydroxy- 
phenylacetonitrile and 36 via 46 and 47, inhibitors of 
type 48 (29-34 in Table 11) were prepared. 

When 36 was alkylated with a 4-nitrophenol bearing 
cither a 2-C1 or 3-Ne group, 38 was obtained,fi*ln re- 
duction of 38 to 40 was followed by conversion to  in- 
hibitors of type 41 (24-28 in Table 11). Similarly. 
:dl;ylation of 36 with p-acetamidothiophenol afforded 
43 which ~ 5 ~ 5  hydrolyzed to 44 with base, then con- 
vcrtcd to 45 = 19 with n~-fluorosulfonylpher~yl iso- 
cynriat e. 

Wittig condensation of 49l" with p-nitrocinnamalde- 
hyde" in DlIF in the presence of DBX (l,&diazabi- 
cyclo [4.3.0]nonene) l8 afforded 509 (Scheme 11). Hy- 
drogenationg to 52 was followed by conversion to in- 
hibitors of type 53 (20, 21 in Table 11). Similarly, 
Wittig condensation of 49 with m-cyanobenzaldehyde 

(17) l3. K Baker and J 11. Jordaan, J .Med Chem.. 8 ,  35 (1965) 
(18) H Oediger, lf Kahbe, F. Xoller, and E;. Citer, Chem. Ber  , 99, 2012 

iltl66). 

:lff'orded 51 which was reduced to 54 uiid converted t o  
inhibitors of type 55 (13-17 in Table I). 

Experimental Section 
.-\I1 : tiidyl i i d  xuiiples had pruper iiv aiid ii, hpei't i ~ i ;  (w.11 

moved a b  a Fiiigle spot 011 tlc with B1,illknrann hilica gel (iF a i t i l  

iit"i for C ,  IT, :tnd ?UT or F withill 0.4'  I of 
'ng points were taken iii capillary tiihes oil  :I 

1 we uiicorrected. The phyqiral pi.opertiw 
re li>t,ed in Tables IIi--V. 

6-(p-Acetamidophenylthiomethyl)-2,4-diamino-5-( 3,4-di- 
chloropheny1)pyrimidine (43) Hydrochloride.--A mixture of 1.7 1 
g ( 5  mmolea) of 36,'4 0.90 g (3.4 rnmoles) of p-acetamidothio- 
pheiiol, 0.69 g ( 3  nirndes) of K2C03, and 20 nil of IIJIF W:LY 

stirred at amhieill lemper:ttilre fur 14 hr. The mixture w:i; 
diluted with >everal volumes uf the solid was collected (in t i  
filter, wa,hed (€LO)> dried, an d v e d  in TTJF. The hi i l i i -  

i the product rraq rollected 
EtOH gave 1.2 K 

ornposed over '. 

6 4  p -  Aminophenylt hiomethyl)-2,4-diamino-5-( 3,4-dichloro- 
pheny1)pyrimidine (44) Dihydroch1oride.--4 mixture of 0.53 g 
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TABLE 111: PHYSICAL PROPERTIES OF 

c1 
I 

Analyses Formula NO. R1 R1 Method'" yield l l p  oc 

39 CHzO m-CHzNHz.2HCl C 57 Indef. C18Hi~ClzN60~ 2HC1 
37 CHZO m-CN A 62b 191-193 Ci8H13ClzN60 '7 

46 CHzO p-CHzCN A 55 176-1 78 C I ~ H I S C ~ Z N ~ O  c J  

47 CHzO p-(CHz)zNH2'2EtS03H C 95 Indefc C1gH1gClzN50 2CzHsS03H 
50 (CH=CH)z p-NOz B 71b >172d CmHi5ClzN,Oz 

52 (CH2)4 p-NH2.2EtS03H C 93 Indefc CmHziClzN6. 2C2HsS03H 
54 (CHz)z m-CHzNHz.2HCl C 65 Indefc C I S H I ~ C ~ Z N S . ~ H C I  

51 CH=CH m-CN B 526 279-284 CigH1aClzN5 C, HI N 

a Method A: see method A in ref 15; B: for Wittig conditions see ref 9;  C: for hydrogenation conditions see ref 9 and 2. b Re- 
d Gradually decomposes starting a t  this tempera- crystallized from EtOH-THF. 

ture. 6 Recrystallized from MeOEtOH. 
One spot on tlc in EtOH, but solvation varied. 

TABLE IV: PHYSICAL PROPERTIES OF 
c1 
I 

\ 
CHzNHR2 

No. Ri Ra Method'" yield Mp, 'C, deob FormulaC 

) 0 COCeH4SOzF-wz D 28d 127 CzaHmCl~FN50rS .0.5HzSo, 
6 0 COC~HISOZF-p D 27d 150 C~HmClzFN6OrS~ 0.5HzSO4 
7 0 CONHC~HISOZF-vz E 36d 210 CzsHziCl~FNeOB~ 0.5HzSo4 
8 0 CONHC~HISO~F-p E 17d 213 C25HziCIzFNeO4S * 0.5HzSO4 
9 0 CONHCeHa-4-hIe-3-SOzF E 51d 236 C Z ~ H ~ ~ C ~ Z F N ~ O ~ .  0.5HzS04 

10 0 CONHC6Ha-2-Cl-5-SO2F E 26 156 CzaHzoClsFNeOi. 0 5HzS04 
11 0 SOZC~HISOZF-))I. F 39d 125 CzrHzaClzFNsOsSz 0.5Hzso4 
12 0 SOzCeH4SOzF-p F 45* 127 Cz4HmClzFN50sSz.O. 5HzSO4 
13 CHz COCeH4SOzF-p D 36d 130 CzsH&lzFN6O3S. 0 .  5Has04 * RZeOEtOH 
14 CH, CONHCeH4SOzF-p E 42d 170 Cz6HzaClzFNeO3S. 0 .  5HBO4 
15 CHz CONHC~H~SOZF-WZ E 25" 182 CzeHzaClzFNe03S. 0 .  5HzSOi 
16 CHz SOzCeH4SOzF-p F 328 165 CzsHzzClzFN504Sz~ 0.5HB04 
17 CHz SOzCeH4SO?F-m F 20" 163 C Z ~ H Z ~ C ~ Z F N ~ O ~ S Z ~  0.5HzsOt 
= AIethod I>: the same as method C in ref 6;  E :  the same as method E in ref 15; F :  the same as method C in ref 15. Decom- 

Anal. C, HI F. d Recrystallized from hleO- position gradually occurred over a wide range starting a t  the temperature indicated. 
EtOH-H,O. 8 Recrystallized from EtOH. 

TABLE V:  PHYSICAL PROPERTIES OF 

N U  

19 
20 
21 
24 
2 3 
27 
28 
29 
30 
31 
32 
33 
34 

R2 

NHCONHC~H~SOIF-RL 
NHCOC~HISO~F-m 
XHCOCeH4SOzF-p 
NHSOZC~H~SOZF-))I. 
NHSOZC~H~SOZF-WZ 
NKSOzCsH4SOzF-p 
NHSOZC~HISOZF-p 
( CH&NHCOC~H~SOZF-VZ 
(CH,)zNHCOCeH4SOzF-p 
( CH~)~NHCONHC~H~SOZF-))I. 
(CHz)zNHCONHCeH4SOzF-p 
( CHZ)~NHSOZCBHISOZF-~ 
(CHz)z?JHSOzCaHBOzF-p 

Ra Methodn '36 yield 

H E 364 
H D 5Se 
H D 496 

3-Me F 30e 

3-Me F 2 2 ~  
H D 258 
H D 27e 
H E 616 
H E 52e 
H F 33e 
H F 31" 

2-C1 F 33" 

2-C1 F 16* 

Mp, oc 
deob 

198 
140 
181 
159 
153 
186 
171 
150 
167 
165 
174 
115 
130 

a-c See coriesponding footnotes in Table IP. Recrystallized once from EtOH-THF and once from hIeOEtOH-H20. e Recrystal- 
lized from MeOEtOH-HsO. 



36 

I 
37 

I 

49 

1 
50 

1 

I 

R, 
40. R,= H 
41. R, = R,SO,F 

I 
CH,?;HRS02F 

42 
54 .R=H 
55. R = RSO?F 

C1 (1.1 ninioles) of 43, 10 1111 (if EtOH, 2 rill of I€&, aiid 2.3 1111 uf 
queoua SaOH was refliixed with stirring for 4 hr. N o a t  of 
lveiit was removed in z'ucuo and the residue wax stirred 

with 15 ml of H20. The solid was collected on a filter, dissolved 
in  THF, and treated xith HCI gas. The plodiict was collected 
oti a filter a i d  washed with THF,  yielding 0.48 g (95%) which 
showed one >pot on tic> i n  1:9 EtOII-CHC13 and gave a positive 
Bratton-Marshall test fur aromatic arni~ie: '~  satisfactorv ana- 

CH,K 

43. I i  = A c  
44 ,R=H 
45. R = RSO-F 

lytical resirlts were not obtained due to variable solvation. 
.. . ~ ~ ~~ 

46. R = C N  
47. R = CH>NH2 
48. R=CH,KHRSOZF 

1~19)  13. It. Ilakar. 1). V. Sanli. J .  li. Canard, i f .  S. iilmpiru. i i i id  .I. 11. 
Jordaan, J .  H e t e r o c g d  C h c m . ,  3, 125 (1$lti6), 


