
wit>h 3 and 6."3 Thus, the 3,4-dichlorophenoxyacetyl 
group is equivalent to the N-tosyl-L-phenylalanyl group 
for reversible arid irreversible inhibition of a-chymo- 
trypsin, but the latter seems less effectiw for inhibition 
of complement. 

The two most efiective compounds in Tables I and I1 
were 3 arid 4;  however, these were less effective than 1.3 
llIatiy questioris are raised by these initial studies that 
should be answered. (1) Can substituent effectp on  thc 
C6Hi moiety of 21 arid 22, as well as additional sub- 
stituent studies related to 24-29, lead to enhanced activ- 
ity'? ( 2 )  What is the optimum number of methylenes 
twtwecri the amid(> :itid pyridyl moieties of  3 and 6:' 
With two or niore methylene.: the 2- x id  4-pyridyl iso- 
I W I ~ ~  can also be synthesized for evaluation, siiice these 
iwmers of 3 and 6 cannot be synthesized due to iristabil- 
i t  y.'" ( : 3 )  Could other bridges between the pyridiniuni S 
arid the phenylsulfonyl fluoride moiety lead to rnhanced 
wtivity? (4) Would a study of hubqtituent effects o1i 

the  phenylsulfonyl fluoride moiety be rewarding? (5) 
\Vould substitution on the amide S be benefici:rl? 

Studies to answer some of these yuestioris are cur- 
rently proceeding in this laboratory. 

Chemistry.-- The iyrithehis of compouiids iii Table I 
I1:ivc been dricribed previousl> ; l o  those i i i  Table I1 
~ w r v  i11:~de by t h e  w n e  genernl rout(' 11iu 33 b> yuater- 
iiieatiori with 34.IL 

v34 
35 

The physical properties of 36-45 and 20-22 and 24 -31 
are given in Tables I11 and IV, r e s p e c t i ~ e l y . ~ ~  

(12) E. R. Raker and G .  .T. I.ourens, .J. Md. Cliem., 11, 866 (18681, ~a i ic ' r  
CXXVII of this series. 

(13) Melting points w i r e  taken in capillary tubes on a .\Iel-Tenip block 
and are uncorrected. Each analytiral sample had the approririate ir spec- 
t rum,  moved as a single spiit tin t lc  o n  Ilrinkmann silica gel GF (Tahlr 111) 
or polyamide &IN (Tahlr I\'), ant1 gai-c rumbustion valurn for i', I I .  a n d  
S or F within 0.4r/0 of tlieory. 

Irreversible Enzyme Inhibitors. CLVII.1'2 Effeet of Bridge Modification on the 
Selective Irreversible Inhibition of Dihydrofolic Reductase from L1210 Mouse 

Leukemia and Liver by 2,4-Diamino-5-(3,4-dichlorophenyl)-6- 
[p-( m-fluorosulfonylbenzamidomethyl)phenoxymethyl]pyrimidine. I 

The title compound (1) i h  an act'ive-site-directed irreversible inhibitor of the dihydrofolic reductase from 1,1210 
mouse leukemia that shows specificity by not inactivating this enzyme from normal mouse liver; however, 1 had 
I<i = 0.06 p.21 which was considered too large for in vivo effectiveness. Tweiity-eight related compounds with 
and without subst,ituenta on one of the two 6-phenyl moieties have now been investigated; six compounds had Ki 
< 0.01 p M  and showed good irreversible inhibition of the 1,1210 enzyme, hut specificity was decreased or lost. 
The ability of these 29 compounds to  inhibit L1210 cell culttire (EDao) waa iiivestigated. When ED50/150 was 
used as an approximate estimation of transport through the cell wall, the best compound was 2,4-diamino-5-(3,4- 
dichlorophen~~l)-6-[4-(m-fluorosulfonylphenylureido)-3-methylphenoxymethyl]pyrimidine (16) with ED50 = 0.05 
p M  and EDBO/ILO = 2. However, 16 was still two to three magnitudes less effective than 2,4-diamino-5-(3,4-di- 
chlorophenyl)-6-methylpyrimidine with ED,, = 2 X 10-bpuM and ED;,o/Ir,o = 0.002. From the differences ill 
EDSO/IbO ratios, substitution of a 2-Me0 or 3-Me groiip in the phenoxy moiety enhanced transport in half the 
cases; in most cases the compounds with a urea bridge showed better transport, than the corresponding compounds 
with an amide bridge. 

Scvcral types of active-site-directed irreversible in- 
I i ib i tor~ ,~  bearing a terminal SOZF moiety, have been 
found for dihydrofolic reductase that can inactivate the 
enzyme from L1210 mouse leukemia with no inactiva- 

(1) This work was generously supported by Grant '2.4-08695 from the 

(2) For t h e  previous paper of this wries see R. R. Raker and J. A. Hurlbut, 

( 3 )  N. M. J. V. wishes t o  thank the  Council for Scientific and Industrial 

(1) 13. €1. Baker, "Design of Active-Site-Directed Irreversible Enr;\-m! 

Xational Cancer Institute, U. S. Public Health Service. 

./. . U P , / .  C' l tem. ,  12, 677 (lY68). 

Ittwearch, Republic of South Africa, for a tuition fellowship. 

Iiiiiibitors," John TViley and Sons. Inc.. New Pork,  N. l-., 1967. 

tion of this enzyme from normal mouse liver.; -i ( ) I I ( ~  

of these isozyme-specific irreversible inhibitors \v:L\ 
1.' However, 1 failed to meet the three critcriii' 

( 5 )  (a) B. R. Baker and R. B. Neyer ,  Jr., J .  M e d .  Chem., 11, .%8Y ( l ! l 6 8 1 ,  
paper CXIX of this series; (b) B. R. Baker and R. B. Meyer, .Jr.. ib id . .  12, 
108 (1969), paper CXLII I  of this series; ( c )  B. R. Baker and I t .  13. 3Ieyrr. 
Jr.,  ibid., IS, 224 (19691, paper CLI of this series. 

(6) R. R. Baker and G. J. Tmlrpns, i b i d . ,  12, 45 (1968), paper i :Xr ,  (if t h i .  
series. 

( 7 )  R. R.  Baker and I-'. < ~ .  1Iuang. ii,Ld., 11, 485 (1968), paper C'XX ,,E tlii- 
aeries. 

( 8 )  1%. It. Baker. G .  J. Lourenn, I t .  I $ .  XIeyer, ,Jr,, and 4. 51. . I .  V c r ~ ~ ~ c ~ u l v r ~ .  
iW., 12, 67 (1969). paper C X X S I I I  of this serien. 
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NHrO-6 CHPO CH,NHCO dF 
Rl it, 

l ,R1=Rz =_H 

3,R1# H;$=H 
2,Rj =H;R,#H 

for in vivo testing; with its IsO = 6Ki = 0.4 pJ16*7,9 it  
was not a sufficiently good reversible inhibitor, that is, 
too high a concentration of 1 is necessary to form a 50% 
reversible complex with the enzyme, the rate-deter- 
mining species for active-site-directed irreversible in- 
hibition.'O A study was then made9 where the amide 
linkage or the position of the SOzF moiety was varied 
and where Rz was a small substituent other than H (2) 
in order to try to increase the effectiveness of reversible 
inhibition; although inhibitors in this series with 1 5 0  as 
good as 0.03 p M  were obtained, specificity was lost. A 
similar study has now been made where a substituent 
(R1) was placed on the bridge to give structures related 
to 2; the results are the subject of this paper. Other 
variants of the bridge are presented in papers to 
follow. ll. 

Enzyme Results.-A number of the compounds in 
Table I (4, 5, 9, 10, 16, and 17) had 150 = 6Ki I 0.05 
, d I ,  which is in the desired range, and showed good 
irreversible inhibition of the dihydrofolic reductase 
from L1210; unfortunately, the liver enzyme was also 
inactivated, specificity being lost compared to 1. 

The best compounds in cell culture were 12, 14, 16, 
and 20 with ED,, = 0.5, 0.2, 0.05, and 0.2 p X ,  respec- 
tively; the ED50/150 'v 2 for all four compounds com- 
pares them when the I,, is normalized. The following 
generalizations appear to be valid on the effect of struc- 
ture on transport, as measured by EDjO/ISO. 

There is no correlation as to whether or not a 
1%- or a p-SOZF group was superior. ( 2 )  Comparison 
of urea us. amide bridges showed four out of eight cases 
where the urea was better (5 us. 15, 6 us. 16, 10 us. 20, 
and 11 us. 21). I n  no case was the amide bridge better, 
but in four out of eight cases the amide and urea were 
equal. Therefore a urea bridge in general is preferred 
to an amide for transport. (3) I n  three out of six 
cases the 2-1IeO group gave better transport (4 us. 1, 14 
us. 13, and 20 us. 19), and in three out of six cases 2-llIeO 
was equal to H. (4) Little change in transport was 
seen with the 2-C1 group in comparing six pairs. (5 )  
I n  three out of six cases the 3-Me group was beneficial 
to transport (12 us. 9, 16 us. 13, and 22 us. 19), and in the 
remaining three out of six cases transport was essen- 
tially equal. (6) I n  four out of five cases substitution 
on the CsH,SOzF moiety gave unchanged transport and 
in one out of five cases transport was less effective. 

From these correlations one can conclude that a 
urea bridge to  a m- or p-benzenesulfonyl fluoride and a 
2-OMe or 3-Me group on the inside phenyl should give 
the best transport. Such a molecule was 16 which was 

(1) 

(9) R R. Raker and N. A I  T Yermeulen J Wed Chem., 12, 86 (196!4), 

(10) See ref 4, pp 122-129, for the kinetics of irreversible inhibition 
(11) B. R. Baker and N M. J Vermeulen, J M e d .  Chem , 12, 684 ( l e s s ) ,  

(12) B. R. Baker and N. M. J. Vermeulen, unpublished. 

pager C l X i \  I1 of this series 

paper CLVIII of this series. 

the best in Table I with ED,, = 0.05 p M  and ED,&, 
= 2 ;  however, these values were still two to three 
magnitudes higher than 32 with ED,, = 2 X p M  
and EDSO/150 = 0.002.13 Furthermore, 16 showed poor 
specificity. 

32 
3 3  

Further studies on modification of the bridge a t  the 
6 position to overcome these difficulties are continuing. 
The specificity and reversible inhibition difficulties 
have been overcome with 3312 which shows rapid in- 
activation of the L1210 enzyme with no inactivation of 
the liver enzyme and has an acceptable IsO = 6 K i  = 
0.04 pM; 33 still transports insufficiently with an EDSO 
= 0.6 pLM and EDSO/ISO = 15. 

Chemistry.-The compounds in Table I were syn- 
thesized by appropriate modification of the route used 
for 17r9; these compounds can be generalized by struc- 

34 35 

36 R1 
37 

1 
NHz 
I 

38 

ture 38. Condensation of 3414 with the appropriate 
cyanophenol (35) in DhlF in the presence of Ii2C03 
gave 36.9 Catalyt.ic hydrogenation of 36 with a PtOz 
catalyst in the presence of acid afforded a salt of 379 
that was not purified but convert'ed t,o 38 with the ap- 
propriate acid ~hloride~n'~ or 0- (p-nit'rophenyl)-S- 
arylurethan. l6,I7 

(13) B .  R. Baker and R. B hleyer, Jr.. J .  Med. Chem., 11, 668 (1969) 

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

(15) B. R .  Raker and R .  R. Meyer, Jr., ihid., la ,  10.1 (IOfiH), paper CXLII 

(16) B. R. Baker and S. At .  J. Vermeulen, ibid., la, 74 (1969), paper 

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

paper CLIV of this series. 

paper CXVI of this series. 

of this series. 

CXXXIV of this series. 

CXXXV of this series. 
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No. Rib R2 

TABLE I (Continued) 
Enzyme 160,~ Inhib, Time, 70 EDbo,e EDkO/ 

Bource PM NM min inactvnd all.i 1 KO 

31 3-3fe SOZC6H4802F-p L1210/DF8 0.22 60 98 4 40 

5 The technical assistance of Diane Shea and Sharon Lafler with these assays is acknowledged. Numbered from phenoxy oxygen. 
I:o = concentration for 507, inhibition when measured with 6 pPf dihydrofolate and 0.15 If KC1 at  pH 7.4 as previously described.8 
Enzyme incubated with inhibitor a t  37O in pH 7.4 Tris buffer containing 60 p M  TPNH, then the remaining enzyme was assayed as 

We wish to thank Dr. Florence White of the CCNSC 
9 From a six-point time study.8 

Liver 0.11 0.33 60 94 

previously described.8 
and Dr. Philip HimmelEarb of Arthur D. Little, Inc., for these data. 
* Difficulty was encountered with the zero-time poinL8 

e Concentration for 50% inhibition of L1210 cell culture. 
f Enzyme data from ref 9. 

TABLE I1 
PHYSICAL PROPERTIES OF 

I 

Ri 
N O .  Rla RZ Methodb 'j& yield MP, O C  Formula '4nalyses 

36a 2-CP CN A 83d 200-203 Ci8HizC4N~0 C, H, N 
36b 2-OXIe CN A 60n 216-218 Ci9HisClzN~02 C, H, Tu' 
36c 3-Me CN A 666 199-201 Ci9HisClzX~sO C, HI  1; 
37a 2-c1 CHzNH,. HC1 B 5 O f  Indef C18Hi4C131JbO. 2HC1 
37b 2-0Ne CHaNH2. H C1 B 88f Indef CigHi?Cl2Nr,Oz. 2HC1 
37c 3-Me CHzNH, * H C1 B 46f Indef CigH17ClzNs0 .2HC1 
a Numbered from CH20 group. 6 See ref 9 for method A. Method Bg was modified by conversion of the EtS03H salt to the free 

For starting phenol see S. S. Berg and J. Newbery, J .  Chem. SOC., 
f Uniform on tlc in EtOH, but contained variable aol- 

base, then conversion to the HC1 salt with dry HCl in EtOH-THF. 
642 (1949). d Recrystallized from EtOH-THF. e Recrystallized from EtOH. 
vation. 

TABLE I11 
PHYSICAL PROPERTIES OF 

No. R1' 
4 2-0Me 
0 2-C1 
6 3-Me 
7 2-C1 
8 2-C1 

10 2-0Me 
11 2-c1 
12 3-Me 
14 2-0hIe 
1.5 2-C1 
16 3-Me 
17 2-Cl 
18 2-C1 
20 2-0Me 
21 2-C1 
22 3-Me 
23 2-c1 
25 2-0Me 
26 2-C1 
27 3-Me 
29 2-ORfe 
30 2-c1 
31 3-Me 

bIethodb 

C 
C 
C 
C 
C 
C 
C 
C 
D 
D 
D 
D 
D 
D 
D 
D 
I) 
E 
E 
E 
E 
E 
E 

Ri 
Yo yield 

19e 
33e 
47f 
348 
579 
49e 
304 
490 
39e.g 
47. 
41h 
47i 
4 8 ~  
5 8" 
2 l e  

37h 
408 
221 
292 
206 

330 
21e 

2 3 , ~  

ivp ,  o c c  

161 
160 
178 
152 
163 
178 
172 
182 
189 
186 
169 
165 
172 
237 
220 
181 
179 
164 
167 
163 
177 
167 
165 

a Numbered from phenoxy oxygen. Methods C and E have been previously described.' Method D was the same as method E in 
ref 16. d Anal. C, HI F. 
e Recrystallized from MeOEtOH-H20. f Recrystallized from EtOH-THF. Q Recrystallized from HOAc-H20. h Recrystallized from 
HOAc. 9 Recrystallized from i-PrOH. 9 C: calcd, 42.1; found, 43.1. 

Decomposition gradually occurred over a wide temperature range starting a t  the temperature indicated. 



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. 

Irreversible Enzyme Inhibitors. CLVIII.1,2 Effect of Bridge Modification on Lhc 
Selective Irreversible Inhibition of Dihydrofolic Reductase from L1210 Mouse 

Leukemia and Liver by 2,4-Diamino-5-(3,4-dichlorophenyl)-6- 
[p-( m-fluorosulfonylbenzamidomethyl)phenoxy me thyllpyrimidine. I1 

U. li. BAKER -4s~ KICOLAAS _\I. J. T v ~ ~ ~ ~ ~ ~ ~ ~ ? ; 3  

Depurtrnent of Cherrkzsfrl), unaversity of C'alzfornzn, Snnta Hat brir a,  Culzfornia 9J106 

Recezvecl riprzl 1 ,  1969 

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 

(1) This wurk was generously supported by Grant Ch-08695 from the 

12)  For  the previous paper in this series, see B. R. Baker and N. A I .  J. 

(3) S. 11. .I. V. wishes to  thank the Council of Scientific and Industrial 

(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. 

Sat ional  Cancer Institute, U. S. Public Health Service. 

\-ermeulen, J. .\fed. Chem., 12, 680 (1969). 

I<esearrh, Republic of Soutli Africa, for a tuition fellowship. 

lni~il)it(>rs," John Wiley and Sons, Inc., New York, 1. Y . ,  1967. 

J .  M e d .  Chem., 12, 67 (1869), paper CXXXII I  of this series. 

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- 

imper C X S X V I I  of this series. 

C Y X S V I I I  of this seried. 

CXXXVI of this series. 

ity. 


