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10 

1 1  

12 

13 

14 

1 5 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2 .5 

RI  
C1 

11 

C1 

c1 

CI 

C1 

CI 

CI 

C1 

CI 

CI 

c1 

CI 

c1 
C1 

CI 

c1 

c1 

C1 

C1 

C1 

c1 
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3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 

2 

4 

4 

4 

4 

Mouse 
tissue 

.L1210/DFX 

.L1210,'0 
Liver 
L1210/DF8 
.Liver 
L 12 10 / I )FS 

Liver 

L1210/0 
L1210/DF8 
Liver 
L 12 10: DFS 
Liver 
L1210/DFS 
Liver 
L1210,/DF8 
Liver 
L1210/DF8 
Liver 
L1210/DFS 
Liver 
L1210/0 
L1210/DF8 
Liver 

L1210/DF8 
Liver 
L1210/DF8 

Liver 
L1210,!0 
L1210/DFX 
Liver 
L1210/DFS 
Liver 
L1210jDF8 
Liver 
L1210jDFS 
Liver 
L1210jDF8 
Liver 
L12lO/DF8 
Liver 
L1210/DF8 
Liver 

L121O/DFS 
Liver 
L1210/DF8 
Liver 
L1210/DFS 
Liver 

1 6 Q , b  

# .vf 
0.053 

0.045 
0,030 
n.021 

0.013 

0.024 
0.046 

0.023 

0,048 
0,0088 
0.018 

0,047 

0,057 

0.043 

0.040 
0.0095 

0.075 

0.041 

0,037 

0.036 
0.015 
0.036 
0.020 

0.034 

0,039 
0.022 

Inhib, 
p AI 

0.10 
0.10 
0.10 
0.24 
0.24 
0.10 
0.042 
0.10 
0.042 
0.048 
0.048 
0.12 
0,092 
0,092 
0.069 
0,069 
0.048 
0.096 
0,050 
0.050 
0.094 
0.14 
0.095 
0.095 
0 .38  
0.19 
0.090 
0.16 
0.12 
0.040 
0.12 
0.066 
0.072 
0.16 
0.12 
0.18 
0.082 
0.082 
0.074 
0.074 
0.072 
0,072 
0.072 
0.11 
0.050 
0.31 
0.060 
0.068 
0.10 
0.078 
0.12 
0,050 
0 .24  
0,050 

Time, 
min 

2 ,  30 
60 
60 
60 
60 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

2, 30 
60 
60 
60 
60 
60 
60 
60 

2,  4, 30 
60 
60 
60 

2, 30 
60 
60 
60 

2,  s 

70 
inactivnC 

80, s7e 
Y2 
2 3 
23 

0 
93, 93e 

87 
3 0 
23 
60 
72  
18 
69 
47 
98 
69 
97 
73 
87 
44 

94, 946 
42 
84 
97 
64 
30 
84 
39 

57, 64, 64e 
19 
0 

86 
86, 866 

18 
37 

9 
2, 4, 30 65, 7 5 ,  758 

60 25 
60 46 
60 24 
60 52 
60 27 

2,  30 90, 90e 
60 33 
60 98 
60 75 
60 50 

2, 30 81, 988 
60 83 
60 96 
60 67 
60 100 
60 86 
60 37 

E D S Q , ~  
p 21 

0 . 3 7  

7 0  

0.55 

1.1 

1 . 0  

0 !I3 

0.039 

0.54 

0.008 

4.3 

6 0  

0 0032 

1.1 

1.2 

5.4 

5.4 

0.093 

0 059 

0.15 

1.1 

1 . 5  

EDsoI 
160 

11 

150 

26 

8 5 

44 

I 0 

4 . 5  

11 

0 . 1  

95 

150 

0.36 

1 5 

30 

150 

150 

6.3 

3 .0  

4.4 

29 

68 

a The technical assistance of Diane Shea and Sharon Lafler with these assays is acknowledged. Concentration for 50cb inhibition 
when assayed with 6 p M  dihydrofolate in 0.05 M Tris buffer (pH 7.4) containing 0.15 Jf KC1 as previously described.6 Incubated 
a t  37" in 0.05 M Tris buffer (pH 7.4) containing 60 pM TPNH, then the remaining enzyme was assayed with 12 p l l l  dihydrofolate and 
0.1.5 11.1 KCI as previously de~cribed.~ Concentration for 50% inhibition of L1210 cell culture. e From a six-point time study.5 

inhibition of L1210 enzyme, but 21 was more effective 
on the liver enzyme than 16. 

The two phenylureas (22, 23) and two benzamides 
(24, 25) with a butylene bridge were excellent irrevers- 

ible inhibitors of L1210 dihydrofolic reductase; un- 
fortunately irreversible inhibition of the liver enzyme 
was enhanced compared to 3 or 6. 

I n  summary, 3, 6, 9-14, 16, and 21-25 were good to 



c~xcelleni iri evrrsible inhibitory of L1210 dihydrofolic 
iw1rict:iv -ho\viiig >SOTc inactivatioii ;it 21,". Of t h e v  
11 compouiids iioiic 4iowed complete hpecificity by 
gi~.iiig I I O  innctiv:itioii of the 111 er cnzynw :it 2--3Ia0, 
oiily 3, 6. arid 16 diowed <25co inrictivatioii uf the livcii, 
cwzynic :~r i t i  TT ~ r c  therefore the. 1w.t c~)mpounds 111 

Table I .  
Cell Culture Assays.8 --\Vith L1210 cell culture the  

coiicc~iitratioii of inhibitor (EX),,) for 50% cell kill cnii 

lw im~:i~ured. 'The compound- c:i:i be divided into 
thrcv g r o u p :  (1) 11, 13, 16. arid 21-23 n i t h  EII,, = 
0.0OX 0 1,; 1.1.11; (2) 3, 6, 7, 9, 10, 12, 17, 18, 24, :md 25 
u i t h  I~:D,,, = 0 .5-1.3 p ' l l ;  : I I ~  ( 3 )  4, 14, 15, 19, and 20 

i t  h I<l13(i = 1-7 p X ,  :I total spread of about 2000-fold 
'Thcl of i i r i  inhibitor is dependent upoil w c h  factor< 
:is c ~ i l l  wall trxn*port, eff cctiveiie-i oil the target rccep- 
tor I I I  t h t ,  vel], a i i d  rate of metabolihm of the irihibitois i t 1  

t lw c(a11 c*omp:ired to r:itc. of inactivation of the t:irgct 
rcccpror tjy the irihibitor. \Yith :L iwwiible irihihitoi. 
t h c  I:ittcir factor rcducci to rate of metnholism :ii thew 
ii no ~iitlctiiwtio~i of the tarpci crizynie. Hirice tl iv 
compoii i i t l~  i i i  Table 1 :ire 'uch potent inhibitors oi 
tlihydiwfolic. rcducatasc>, it i- improb:iblc that 1,1210 cell 
dwtli is due t o  irihibitioii ot < o m &  other erizyiiie; tlie 
b l o c l d e  of dihydrofolic rcductav will in turn lead to :i 

midylatrh \yrithcta.e to  operatc. in the ab.;encr of 
dihytlrofohc rcdiict:ise I n  Jletaholism of the. inhibitor 

block of TISX .yi1tlie due to thc inability of thy- 

1 8 )  \\ t l  ni-11 t o  tliririk DI t l o i e n t e  \\hiLe of the C 

(91 1) Kotierts and I. Ilodinsks, Cancer I l c a .  28, 19% (IYb8) 
1101 T H J u k w  a n d  11 P Rrocluist In 3Ictalwlic Inliiliitoru." It .\I 

for these a ~ a \  i 

[irrfuriried I i r  Llr I' Ii immelfarh l r t i i u r  L) Little Inc 

11 Qiia\rrl, I < I  Icademic 1'rP-i In<  'YPV \ iirh Z J , 
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TABLE I11 
PHYSICAL CONSTANTS OF 

No. 
30b 
31a 
31b 
31c 
31d 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

R9 
c1 
c1 
c1 
c1 
H 
c1 
c1 
c1 
c1 
c1 
c1  
c1 
c1 
H 
c1 
e1 
c1 
c1 
c1 
c1 
e1 
e1 
c1 
c1 
c1 
c1 
c1 

n 

3 
2 
3 
4 
3 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 

Method“ 

A 
C 
B 
D 
C 
F 
E m  

G 
G 
GQ 
GQ 
Ed 
F 
F 
Em 
G 
G 
GQ 
GQ 
Ei 
E 
Ei 
Gq 
F 
Em 
G 
G 

% 
yield 

37b 
36c 
99 
49d 
2Sd 
72e 
73f 
746 
69 
92h 
8 8 h  
44j 
371 
74b 
74* 
71b 
jge.0 
63h 
83h 
54e 
7 6 ~  
56f 
30e 
6Sb 
32 
146 
55b4 

MP, ‘C 
85-86 

226-227 
208d 

162-163 
134-135 
168-170 
194-197 
178-180 
200-202 
143-145 
146-147 

Amorphousk 
160-161 
162-163 
147-148 
129-131 
160-165 
125-126 
125-1 26 
147-150 
206-208 
161-163 

Amorphousk 
163-165 
175-177 
82-84 

115-1 16 
0 Additional methods: E, from the appropriate 0-phenylurethan and amine as described for compound 32 in ref 16; F, from m- 

fluorosulfonylphenyl isocyanate and the appropriate amine as described for compound 31 in ref 16; G, from the appropriate acid chloride 
and amine as described for compound 43 in ref 16; all compounds were analyzed for C, H, N. Recrystallized from EtOH. c Re- 
crystallized from EtOH-THF. o Recrystallized from i-PrOH-petroleum ether (bp 30-60’). 
f Recrystallized from i-PrOH. 0 Reaction run in THF. i R e  
crystallized from EtOAc. k Amorphous product not obtained analytically pure. Recrystallized from EtOH-HzO. m See ref 16 
for starting sulfonyl fluoride. n Recrystallized from EtOH-petroleum ether (bp 30-60’). 0 Used for further transformation, but 
showed several spots on tlc; analytical sample was obtained by preparative tlc. See B. R. 
Baker and R. B. Meyer, Jr., J. Med. Chem., 12, 104 (1969), for starting sulfonyl fluoride. 

d Recrystallized from E t O H - E t 0  
Recrystallized from C6H6. See ref 7 for starting sulfonyl fluoride. 

* Recrystallized from i-PrOH-EtOAc. 

although the greater effectiveness of 3 is probably due 
to its potency as an irreversible inhibitor, in contrast to 
4 which is not, this deduction is equivocal until it  can be 
established whether or not the C1 atom of 3 has en- 
hanced the transport. 

Finally, it  should be emphasized that the compounds 
in group 1 with EDs,,’s in the range of 0.003-0.15 p M  
are still considerably less potent than the reversible 
inhibitor 26 with its ED50 = 2 X p M .  With 27,3 

c1 
I 

c1 
I 

26 27 

u 
28 

an ED60 = 0.003 pM has now been observed; thus the 
replacement of the NHCONH moiety of 6 by -0- 

increases potency about 200-fold. Potency is further 
increased with the completely hydrocarbon bridge of 
28, which is a potent irreversible inhibitor of L1210 
dihydrofolic reductase;12 28 has an EDs0 of 2 X 
p M ,  and ratio of 0.009, and has the most 
potency yet observed in L1210 cell culture with an 
irreversible inhibitor of dihydrofolic reductase. 

The modification of molecules such as 27 and 28 is 
being vigorously pursued in order to impart isozyme 
specific irreversible inhibition to these classes of com- 
pounds that  show such good cell wall transport. 

Chemistry.-The irreversible inhibitors in Table I, 
except for 4, can be generalized by structures 34-36 
(Scheme I ) ;  these were made from the appropriate 
arylamines (32) by condensation with cyanoguanidine 
and acetone.13 The arylamines were made by the 
following sequence. The amino function of an W- 

bromoalkylamine was blocked by reaction with carbo- 
benzoxy chloride;14 the resultant 29 was used to 

(12) E. E. Janson, M.S. Thesis, University of California a t  Santa Barbara, 

(13) E. J. Modest. J .  O w .  Chem., 91, 1 (1956). 
(14) (a) E. Katchalski and D. Ben-Ishai, ibid.. 16, 1067 (1950); (b) 

B. R. Baker and  J. K. Coward, J .  Heterocycl. Chem., 4, 202 (1967), paper 
XCI of this series. 

Dee 1968; t o  be published. 
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C'I 
I 

A 

29 30. R = CRZ 
31. R = H 

33 

I< 
C1 
I 

I 
O(CH,),NHR,C,,H,SO,F - 

32 

T;.JHTEtSO,H c1 1 
R, 

34, R, = CONH 
35, R, = CO 
36, Ri = SO- 

a , n = 2 , b , n = 3  c n = 4  

alkylate 2-chloro-4-nitrophenol to give to ethers (30). 
The CBZ protecting group of 30 way then removed with 
HBr-H0..lci5 to give 31; for 11 = 4, the phthalyl block- 
ing group was employed. llenction of 31 with the 
:tppropriate 0-phenylurethan, l6 acid chloride, or 5u1- 
fonyl chloride gave 33 with Rl = COSH, CO, arid SO?, 
respectively. Reduction of the SO2 group of 33 to 32 
without hydrogenolysis of the C1 atom mas achieved 
with I'tOn c a t a l y ~ t ; ~  the amines (32) were converted 
dirrctly to 34-36 without purificatioii. 

Experimental Section 
Ilelttng point5 \%ere taken in  (:q)illai\ tiil)e- o n  :I ;\[el-Temp 

( l j )  I )  Hen-Islial, J O i g  C l i e m ,  19, 02 (1') i4) 
( l h )  1$ R IJakeranil (; I I uulrn- I l l v l  C I f m  , 11, 6bG (1'168) pdge1 

( \ \ \  11 of  t t w  Gems 


