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stirring to 100 ml of Ac2() at 100-120°. After the exothermic 
reaction subsided, the dark reaction mixture was stirred and 
refluxed for 0.5-1.0 hr. EtOH was cautiously added until the 
excess A<••>() was converted to EtOAc and AcOII. The resultant 
solutions were coned by flash evaporation to dark oils except in 
those cases where they were suspected of being highly volatile. 
The reaction mixture was then cooled and neutralized with 
KHCOa solution. The organic layer was extracted with CHCI3, 
dried (\IgSO4), and distd in vacuo. Some of the acetates (Hid. 
Hie, I l l i ) crystallized on standing and were reerystd from 
petroleum ether or EtOH. 

Substituted 2-Pyridylmethanols (IVa i). A. -Coned HC1 
(50 ml) was added to 0.1 mole of a substituted 2-pyridylmethanol 
acetate and refluxed for 1 hr. The solution was evapd to dryness 
hi vacuo to give the H O salt of the substituted 2-pyridylmethanol. 
Some of the HC1 salts were neutralized with KHOO3 solution and 
the organic material was extracted with CHCI3, dried (MgSOO, 
and distilled. In some cases the free base crystallized on standing 
(IVd and IVe). Some of the H O salts were neutralized without 
further purification and utilized in the oxidn reaction (C). 

B. XaOH (1.2 equiv wt) and a substituted 2-pyridylmethanol 
acetate (1.0 equiv wt) were added to II>0 and refluxed for 1 hr. 
The substituted methanol solidified on cooling and was filtered 
and dried or (if it did not solidify) extracted with CTIO:,, dried 
(MgSO,), and distd. 

The design of enzyme inhibitors as possible chemo-
therapeutic agents has the advantage that direct 
answers on inhibition of the target can be obtained by 
assay with the isolated enzyme. With this approach 
complications such as transport through membranes 
and metabolism are avoided in order to gain insight on 
selectivity of attack of the target enzyme.6 Concepts 
emerged over a period of 10 years7 that allowed design 
of enzyme inhibitors so highly specific that they could 
differentiate between isozymes8 or even the same 
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Substituted 2-FormyIpyridines ( V a i l . C. To a substituted 
2-pyridydmethanol dissolved in CHC13 was added 2 to 8 times 
its wt of active Mn02 . The reaction mixture was allowed to stir 
and reflux for 2 hr and then filtered, and the Mn(>2 cake washed well 
with boiling OHOla. The CHO3 extracts were combined, dried 
(\IgSO4), and distd to furnish the aldehydes. In the cases where 
the aldehydes were solids after evaporation of the CIIO3, the\ 
were crystallized from petroleum ether. IVj was oxidized with 
Mn()2 in i'-PrOH because of its poor solubility in CTIO.;. 

D. -Pb(OAc).) fl.l equiv wt) was adtled portionwise to the 
2-pyridylmethanol (1.0 equiv wt ) dissolved in dry (TIO ; ) . The 
yellow solution was allowed to stand 3 days at room temp, 
then treated with excess KHO) : , solution, and tillered. The 
organic layer was sepd from the aq layer, dried ( MgS( )4). and distd 
to give the pure aldehyde. 
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enzyme (such as dihvdrofolic reductase) from two or 
more different tissues in the same animal." 

Once this specificity at the isolated enzyme level had 
been achieved,1(l it was time to return to assay of these 
inhibitors in whole animals bearing a tumor; if these 
highly specific enzyme inhibitors failed to work /';; 
vivo, there was some assurance that the difficulty was 
not in failure to attack the target enzyme, but was duo 
to the other in vivo factors such as transport and me
tabolism that had been deliberately avoided to this 
point. The first studies on these dihvdrofolic re
ductase inhibitors were done with L1210 mouse leu
kemia;11 although significant life extensions were 

(9) (a) For a summary of this approach to highly selective inhibitors of 
dihydrofolic reductase see B. R. Baker, Accounts Chem. Res., 2, 129 (1969). 
(b) The tissue selectivity with these crude enzyme preparations could be 
due to selective irreversible inhibition of isozymes or to the rapid destruc
tion of the irreversible inhibitor in normal tissue or both. 

(10) (a) B. R. Baker and R. B. Meyer, Jr., J. Med. Chem., 11, 488 (1968), 
paper CXIX; (b) B. R. Baker and P. C. Huang, ibid,, 11, 495 (1968), 
paper CXX. 

(11) B. R. Baker, O. .). Lourens, R. B. Meyer, Jr., and N. M. ,1. Vermeu-
len, I7.II/., 12, 67 (1969), paper CX X XIII. 
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B. R. BAKER,4" XICOLAAS M. .1. VERMEULEN,41* WALLACE T. ASHTON, AND ADRIAN J. RYAN* 

Department of Clicmislri/, ('niverxitij of California at Santa Barbara, Santa liarbara, California UolOll 

Received June ~>, 1!J?0 

Nine active-site directed irreversible inhibitors and seven potent reversible inhibitors of dihydrofolic reductase 
were assayed against Walker 2.">6 ascites, Dunning leukemia ascites, and intramuscular Walker 256 in the rat. 
Some of the irreversible and reversible inhibitors were remarkably effective in promoting cures of the 2 ascitic 
tumors; however, there was no correlation between tissue specificity of irreversible inhibition and in vivo activity, 
indicating that other unknown factors were playing important roles in these cures. The best compounds against 
Walker 256 ascites were the l-phenvl-4,6-diamino-l,2-dihydro-2,2-dimethvl-s-triazines substituted on the Ph 
group with p-(CH2)2CONHC6H3-3-Me-4-S02F (1), m-(CH,),C6H4S02F-p, (7), p-(CH2)2CONHC«H4-3-Me (15), 
; J - C 1 - 4 - 0 ( C H 2 ) 3 O C 6 H 5 (16), 3-Cl-4-(CH2)2C6H6 (18), or p-(CHs)*C6HB (19) moieties. The best compounds 
against the Dunning leukemia ascites were 18, 19, and the phenyltriazine substituted by the 3-01-4-(CHs)sC«H,r 
S02F-p (9) and 3-Cl-4-OCH2CONHC6H5 (17) moieties. 
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TABLE I 

In Vitro INHIBITION" OF DIHYDROFOLIC REDUCTASE WITH 

No. R 

4-(('H,)2CONH<^QJ)s02F 

;>" :)-CI-4-0(CH.,).,()<f )>S02F 

6'' 3-Cl-4-(XCH,)2NHCO 

F0 2 S<^>NH 

WCH2) (<^>S02F 

8" 
3-Cl-4-OCH2CONH < T j ) SO, 

9" 3-Cl-4<CH,)2(((j)s02F 

10o 
4-(OH2)4/Q»S02 

11" 
n-C!-4-(CH2).CONH (Tj) S02F 

12)'.' 3,4-Cl2 

N ^ v 

H 2 N k N . 

Rat 
tissue 

W250 
DL* 
Liver 
Spleen 
Kidney 
Intestine 

W250 
DL* 
Liver 
Spleen 
Kidney 
Intestine 

W250 
DL* 
Liver 
Spleen 
Kidney 
Intestine 

W256 
DL* 
Liver 
Spleen 
Kidney 
Intestine 

W256 
DL* 
Liver 
Spleen 
Kidney 
Intestine 

W256 
DU 
Liver 
Spleen 
Kidney 
Intestine 

W256 
DL* 
Liver 
Spleen 
Kidney 
Intestine 

W256 
DL* 
Liver 
Spleen 
Kidney 
Intestine 

W256 
Liver 

t\^y 
(CH3)2 

Iso,6 

„>/ 
0.013 

0.012 

0.057 

0.052 

0.012 

0.014 

0.014 

0.018 

0.025 

0.027 

0.008 

0.018 

0.014 

0.022 

0.015 

0.015 

0.0029 
0.010 

Inhib, 
U.M 

0.065 
0.065 
0.065 
0.065 
0.065 
0.065 

0.18 
0.18 
0.18 
0.18 
0.18 
0.18 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.074 
0.074 
0.11 
0.11 
0.11 
0.11 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.050 
0.050 
0.060 
0.060 
0.060 
0.060 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

Time, 
min 

60 
20 
00 
20 
20 
20 

00 
20 
00 
20 
20 
20 

60 
20 
60 
20 
20 
20 

60 
20 
60 
20 
20 
20 

60 
20 
60 
20 
20 
20 

60 
20 
60 
20 
20 
20 

60 
20 
60 
20 
20 
20 

60 
20 
60 
20 
20 
20 

% 
inactvnr 

100 
78 
28 
27 

7 
53 

04 

98 
52 
66 
38 
70 

77 
56 

0 
8 

16 
28 

85 
21 
95 

7 
15 
0 

64 
72 
50 
79 
11 
65 

86 
34 
86 
61 
43 

9 

62 
5 

12 
36 

8 
5 

86 
70 
16 
36 
25 

8 

ED50,<i 

„.V 
0.001 

0.003 

0.003 

0.0002 

0.4 

0.03 

0.2 

0.001 

0.0002 

Rating' 

8 + 

5 + 

7 + 

8 + 

2 + 

6 + 

4 + 

8 + 

0 

" The technical assistance of Diane Shea with the enzyme assays is acknowledged. ° Iso = concn for 50% inhibn when assayed with 
6 iiM dihydrofolate in pH 7.4 Tris buffer contg 0.15 M KC1 as previously described.11 ' A 45-90% (NHO2SO4 fraction of enzyme in
cubated with inhibitor at 37° in pH 7.4 Tris buffer contg 60 pM TPNH, then the remaining enzyme assayed as previously described;11 

the 20-min runs were done at 24° due to the thermal instab lity of the enzyme. d Concn for 50% inhibn of growth of L1210 cell cul
ture. * Arbitrary rating for selectivity of enzyme inhibn. Irreversible inhibn of W256 enzyme: 5 + , 85-100; 3 + , 70-84; 1 + , 60-69. 
Specificity: 1 + for each normal tissue showing < 3 0 % irreversible inhibn. ^ Synthesis.23a "Synthesis.2313 ''Synthesis.121' ' Syn the 
sis.120 > NSC-3077 obtd from CCNSC, National Cancer Institute. * DL = Dunning leukemia was grown as a solid tumor and sup
plied by Dr. Florence White. A 45-90% (NrL^SCh fraction was prepd and assayed by the usual methods.11 ' Data from B. R. Baker, 
/ . Med. Chem., 11, 483 (1968). 
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No. R 

13/ CH,OC,hVm-CH,NH 

FSO, 

TABLE II 

In Vitro INHIBITION" OF DIHYDROFOLIC REDUCTASE WITH 

NH, C l 

iwjiQ 

Rat 
tissue 

VV256 
Liver 
Spleen 
Kidney 
Intestine 

ho." 

/<>' 
o.o.ss 
11.046 

hil.il>, 

„../ 
0.11 
0.11 
0.11 
0.11 
0.11 

Time, 
luin 

60 
60 
20 
20 
20 

% 
inac! vnr 

6S 
33 
46 

1) 
46 

Er>M.J 

*U 

6 

Rating' 

2 4-

14" CII3 0.010'- 0.00002 0 

"""See corresponding footnotes in Table I. / Synthesis.12" » NSC-19404 from CCNSC, Xational Cancer Institute. '' Pigeon livei 
eiiiivme. 

TABLE III 

In Vivo INHIBITION OF WALKER 250 ASCITES BY 

NH, 

R 

4-(CHACONH <^Q) SOsF 

CH, 

m-4V(CH„XO(Cj) SOJF 

3-C1-4-CXCHANHCO 

MCHJ.^^SOjF 

H 

Test 
group0 

A« 
A 
A 
A 
B« 
B 
B 
C> 
C 

c 
c 
A« 
A 
(> 
G 
] ) * 

1) 
1) 
1) 
I.) 

A« 
A 
A 
G< 
G 
E* 
E 
E 
E 
E 

A« 
G» 
G 
G 
E* 
E 
E 
E 

N N^S 
^ N ^ C F i , ) ; 

mg/kg 
per day' 

200 
100 
50 
25 
12.5 
6.25 
3.13 
1.56 
0.7S 
0.39 
0.19 

50 
25 
12.5 
6.25 
3.13 
1.56 
0.7S 
0.39 
0. 19 

100 
50 
25 
12.5 
6.25 
3.13 
1.56 
0.78 
0.39 
0.19 

25 
12.5 
6.25 
3.13 
1.56 
0.78 
0.39 
0.19 

f / 

r—, 
Day 30 

Toxic 
3/6-^ 
6 /6 ' 
6/6/ 
4/6 
4/6 
4/6 
1/6 
2/6 
1/6 
0/6" 

Toxic 
1/6 
3/6 
2/6 
4/6 
4/6 
6 0 
3 6 
2-6 

Toxic 
5/6/ 
4/6/ 
4/6 
4/6 
3/6 
5/6 
4/6 
2/6 
3/6 

Toxic 
6/6 
5/6 
5/6 
4/6 
5/6 
6/6 
3 /6 

—Survivors-
Day 60 

3/6 
4/6 
3/6 
1/6 
2/6 
1 0 

2/6 
2/6 
4/6 
1 /6 
3/6 
1/6 
lITi 

2/6 
3/6 
3/6 
4/6 
2/6 
1/6 
2 '6 

5/6 
5/6 
5/6 
4/6 
3/6 
4/6 
2./0 

Day 80 

3/6 
3/6 
3/6 

1/6 
2 0 

2/6 
3/6 

5/6 
5/6 
5/6 

Chemother 
indexc 

16 
Rating' 

8 + 

64 

32 8 + 

hil.il
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TABLE III (Continued) 

3.CW-0CHC0NH (C% S02F 

.l-OM-fCHi); k©80,V 

10 
WCH2),^^S02F 

11 
3-Cl-4-(Cry2C0NH a Q ) S02F 

12 3,4-Cl2 

Test 
group" 

A' 
A 
G« 
G 
E* 
E 
E 
E 

A-
A 
A 
G' 
G 
E* 
E 
E 
E 
E 

A« 
A 
G« 
G 
G 
E" 
E 
E 
E 

A« 
G' 
G 

F> 
F 
F 
F 
F 

G< 
G 
G 
G 
D* 
D 
D 
D 

mg/kg 
per day6 

50 
25 
12,5 
0,25 
3,13 
1,56 
0,78 
0,39 

100 
50 
25 
12,5 
6,25 
3,13 
1,56 
0,78 
0,39 
0.19 

50 
25 
12,5 
6,25 
3.13 
1,56 
0,78 
0,39 
0,19 

25 
12,5 
6.25 
3.13 
1.56 
0,78 
0.39 
0.19 

25 
12.5 
6.25 
3.13 
1.56 
0.78 
0.39 
0.19 

, 
Day 30 

Toxic 
2/6/ 
5/6 
3/6 
6/0 
5/0 
5/0 
0/0' 

Toxic 
3/6/ 
1/6/ 
3/6 
5/6 
6/6 
3/6 
2/6 
2/6 
2/6 

Toxic 
3/6/ 
5/6 
2/6 
3/6 
3/6 
3/6 
4/6 
0/6' 

Toxic 
5/6 
3/6 

6/6 
5/6 
5/6 
3/6 
4/6 

0/6 
2/6 
0/6 
2/6 
3/6 
3/6 
0/6 
2/6 

—Survivors— 
Day 60 

3/6 
3/6 
4/0 
1 /f) 

3/6 

1/6 
1/6 
4/6 
1/6 
2/6 
2/6 
2/6 

5/6 
2/6 
0/6 
1/6 
2/6 
1/6 

4/6 
2/6 

3/6 
5/6 
4/6 
2/6 
1/6 

0/6 
0/6 
2/6 
2/6 
3/6 
0/6 
2/6 

—̂  
Day 80 

1/0 
3/6 

1/6 
1/6 
4/6 

5/6 
2/6 

3/6 
2/6 

Chemother 
indexc 

16 

2 

1 

>64 

0 

Rating' ' 

2 + 

6 + 

4 + 

8 + 

0 

" Test group indicates which compds were run simultaneously with the same control group. b Single ip doses on days 1-9 after in
jection of 105 ascites cells on day 0.16a c The chemotherapeutic index was arbitrarily selected as the dose range giving 4/6 30-day survi
vors. d In vitro rating of selectivity of enzyme inhibn from Table I. ' Controls survived a median of 8 days. / Animals sacrificed 
after 30 days and longer survival data not obtd. « Median survival time was 13.5 days; T/C — 170. h Controls survived median of 
7.5 days. * Median survival time was 14 days; T/C = 186. ' Median survival time was 12.5 days; T/C = 166. 

achieved, the results with some of the more selective 
compounds indicated that an insufficient amount of the 
inhibitor was reaching the target enzyme. Part of the 
difficulty was traced to poor transport through the 
L1210 cell membrane by use of L1210 cell culture.11 

This difficulty was soon overcome by use of appropriate 
structures that allowed good transport.12 

A second complication was found by Folsch and 
Bertino.13 They observed that irreversible inhibitors 

(12) (a) B. R. Baker and R. B. Meyer, Jr., ibid., 12, 668 (1969), paper 
CLIV. (b) B. R. Baker and E. E. Janson, ibid., 12, 672 (1969), paper CLV. 
(c) B. R. Baker and N. M. J. Vermeulen, ibid., 12, 680, 68? (1969), papers 
CLVII, CLVIII. (d) B. R. Baker and W. T. Ashton, ibid., 12, 894 (1969), 
paper CLIX. (e) B. R. Baker, E. E. Janson, and N. M. J. Vermeulen, 
ibid., 12, 898 (1969), paper CLX. (f) B. R. Baker and N. M. J. Vermeulen, 
ibid., 13,S2 (1970), paper CLXVI. 

(13) E. Folsch and J. R. Bertino, Mol. Pharmacol., 6, 93 (1970). 

of dihydrofolic reductase of the sulfonyl fluoride type, 
such as 1 and 3, were rapidly converted by mouse 

NH2 9 H s 

N N O)(CH2)2C0NH—(Q)s02X 
T L / / ITT \ \ —' ^ ' H2NkNJ(CH3)2 

NH2 

1,X = F 
2,X = OH 

N J ^ ( C H 2 ) 3 0 - ^ R ) N H C O — ( C % 

H 2 N ^ J N H 2
 V - / ^—( 

„ „ „ so,x 
3,X = F 
4,X = 0H 
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T A B U : IV 

In Vivo IXHFHJI TON OF WAI-KIOK 2~iti ASCITI.S in 

\ ' . l . 

i:s 
ii 

CH OC'„Hrra-CH,NH 

<P'<> 
1 

KSO, 

CI I., 

lYsi 

X 
A 
A 
A 
A 

c, 
1 1 

l > " 

I) 
I) 
I) 
1) 

iiiK-'ku 

per IIM.V'' 

2011' 

100 

.".(! 
• > _ - , 

12.."> 

(i.2,"> 

: i. 12 

25 

12. ."> 

.'!. 115 
1 .5(i 

0 .7S 

o.:so 
0 . Hi 

~uryivoiv 
.lay 311 

.". (1 

I (1 

."> ( i 

2 ( i 

< 'hemot 
Index 

" ' ' S a m e as corresponding footnotes in Table III. •' In vitro rating of selectivity 
vived an average of S days."'"1 •' Higher dose levels were not run. " Cont rols survived 

II 11 

0 (1 

0 (i 

(' 1) 

0 0 
0 (i 

0 (i 

0 (i 

0 (i 

of enzyme 
an aver age 

12:. 
1 11! 

IK! 

1 "'(I 

14(5 

l(i(i 

114 

114 

100 

107 
inhibn 
of 7.5 d 

from 1 
ays.1 6" 

> b l 

2 1 

' ( ' on t ro l s sii i-

T A H I . K V 

In Vivo F M I I I I I T I O N O F \V U.KKH 250 A S C I T E S nv D K I . A Y K D T in : \ T M K N T W I T H 

NH, 

N < i . 

I 
• H C H J ; C ' < ) N H / Q N S O . K 

12 :-s,4-CMa 

N N^G 
H'lNV(CH,T 

Test. 
y roup" 

,/' 

.1 
p' 
i 

i 

i 

i 

t 
mg 'kg 

per day' ' 

.")() 
2.") 

1 2 . •". 

.".() 
2o 
12. r> 

: ; .12 

i . :>(i 

I )ay :«) 

2 •(> 

4 Ii 

0 (> 
2 Ii 

.") (i 

:> (i 

1 (i 
0 (i 

"iMirvi vors 
Day oO 

2.0 
4 (i 

2 •(> 

5 , 0 

.", (i 

1 l> 

Hay 80 

2 (1 

1 11 

" Test group indicates which compounds were run simultaneously with the same control group. '' Single ip dose on days .">- \'.\ after 
injection with 105 ascites cells on day 0; dose selected as optimum range from Table III. '' (-ontrols survived a median of 7 days."'" 
'' Cont rols survived a median of 8 days.161' 

scrum into metabolic products which were most prob
ably the corresponding sulfonic acids, 2 and 4, re
spectively; this metabolic conversion was much less 
in rat serum and unobservable with human serum. 
Since it was clear from their results that the mouse was 
tut unsatisfactory test animal, we turned to the rat 
bearing Walker 256 in the ascites form in the peritoneal 
cavity. Eight irreversible inhibitors of dihydrofolic 
reductase of the dihydro-s-triazine type such as 1 were 
.selected for test only on the basis that they showed good 
to fair transport characteristics; one 2,4-diamino-
pyrimidine was also selected even though transport was 
less effective. The results are the subject of this paper. 

In Vitro Assays.—Assay of the 8 dihydro-s-triazines 
with the dihydrofolic reductase from Walker 256 rat 
tumor and 4 normal tissues are collated in Table I. 
The F-D.50 in L1210 cell culture14 represents a first ap
proximation of the ability of the compound to penetrate 

(14) We wish to t h a n k Dr. Florence W hi t e 
obt ained by t ) r s . I1- S. T h a y e r and I \ 1 t immelfa 

>f the O O N S C for these d a t a 
h of A r t h u r R Little, Inc . 

the 1-1210 cell membrane; a more exact approximation 
can be obtained by taking into account both the re
versible and irreversible effect of the compounds on the 
target inside the cell, namely, dihydrofolic reductase.'-
The reversible I5„'s of the S compounds with the Walker 
256 enzyme differed only sevenfold from 9 to 5. .Most 
of these inhibitors showed little difference in reversible 
inhibition of Walker 256 vs. liver enzyme, the maximum 
rpread for a single compound being twofold. Ir-
seversible inhibition of the tumor enzyme varied from 
100%, for 1 down to 62% for 10. A potent reversitle 
inhibitor (12) is included for comparison; 12 is the most 
potent compound in Table I as a reversible inhibitor 
of the Walker 250 enzyme and as an inhibitor of 1.1201 
cell culture. 

In order to try to correlate enzyme activity in Table 
1 with the effect of the compounds on Walker 256 
ascites /// vivo (Table III), each compound was as
signed a rating for selectivity by their effectiveness of 

file:///tmknt
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TABLE VI 

In Vivo INHIBITION OF WALKER 256 ASCITES BY REVERSIBLE INHIBITORS 

No. 

15 4-(CH2)2CONHC6rL.CH3-m 

1(1 3-Cl-4-0(CH2)3OC«Hli 

17 3-Cl-4-OCH2CONHC6H5 

18 3-Cl-4-(CH2)2C6H5 

19 4-(CH2)4C,H„ 

NH2 
,R 

Rat 
tissue 

W2.56 
Liver 

W256 
Liver 

W256 
Liver 

W256 
Liver 

W256 
Liver 

Iso a 

nit 
0.022 
0.039 

0.04S 
0.043 

0.026 
0.048 

0.0086 
0.021 

0.0078 
0.0086 

3> 

ED50 h 

M-V' 

0.01 

0.0004 

0.6 

0.003 

0.01 

Test 
groupc 

K> 
K 
K 
K 
K 

K' 
K 
K 
K 
K 

F< 
F 
F 
F 
F 
V 
L 
L 

F« 
F 
F 
F 
F 
\J 
L 
L 
L 
L 

p . 

F 
F 
F 
F 
L/ 
L 
L 
L 
L 

• Jn 
mg/kg 

per dayd 

50 
25 
12.5 
6.25 
3.12 

50 
25 
12.5 
6.25 
3.12 

100 
50 
2.5 
12.5 
6.25 
3.12 
1.56 
0.78 

2.5 
12.5 
6.25 
3.12 
1.56 
6.25 
3.12 
1.56 
0.78 
0.39 

25 
12.5 
6.25 
3.13 
1.56 
6.25 
3.12 
1.56 
0.78 
0.39 

, Survn 
Day 30 

6/6 
6/6 
5/6 
6/6 
4/0 

2/6 
5/6 
6/6 
4 /6 
4/6 

Toxic 
4/6 
5/6 
5/6 
4/6 
4/6 
1/6 
0/6 

Toxic 
4/6 
5/6 
3/6 
4/6 
3/6 
4/6 
3/6 
4/6 
1/6 

Toxic 
4/6 
6/6 
5/6 
5/6 
2/6 
2/6 
2/6 
2/6 
2/6 

Day 50 

2/6 
2/6 
1/6 
1/6 

4/6 
4/6 
3/6 
2/6 
3/6 
3/6 
3/6 
4/6 
0/6 

1/6 
6/6 
3/6 
4/6 
2/6 
1/6 
2/6 
1/6 
2/6 

" The technical assistance of Diane Shea with the enzyme assays is acknowledged. I50 = concn for 50% inhibn of dihydrofolic re
ductase when assayed with 6 pM dihydrofolate in pH 7.4 Tris buffer contg 0.15 M KC1 as previously described." h Concn for 50% 
inhibn of growth of L1210 cell culture. c Test group indicates which compds were run simultaneously with the same control group. 
d Single ip dose on days 1-9 after injection of 106 ascites cells on day 0. e Median survival of controls = 8 days.16-1 ' Median survival 
of controls = 8days.16b 

irreversible inhibition on the tumor enzyme and lack of 
effectiveness on the enzyme from 4 normal tissues. 
This rating system varied from 0 to 9 + as described 
in footnote e of Table I. The compounds with the 
highest rating (8 + ) were 1, 7, and 11; the irreversible 
inhibitors with lowest rating were 8 (2 + ) and 10 (4+) . 
Of course, a reversible inhibitor such as 12 would have a 
rating of zero since 12 has no selectivity in inhibition 
at the target level. 

Corresponding data with a reversible and an ir
reversible inhibitor of the 2,4-diaminopyrimidine type 
are shown in Table II. 

In Vivo Inhibition of Walker 256 Ascites.—When the 

compounds in Tables I and II were assayed against 
peritoneal Walker 256 ascites in the rat ip,15 all showed 
some cures except the potent reversible inhibitor 14 
(Tables III and IV).16a The irreversible inhibitors 
were clearly more effective in vivo than the reversible 
inhibitors, 12 and 14, even though the latter 2 com
pounds were more potent in vitro against L1210 cell 
culture. The further superiority of one irreversible 
inhibitor (1) over the excellent reversible inhibitor (12) 

(15) CCNSC, Cancer Chemother. Rep., 25, 1 (1962). 
(16) We wish to thank Dr. Florence White of the CCNSC for these data 

obtained by (a) I. Wodinsky of Arthur D. Little, Inc. (h) Ann Smith of 
Southern Research Institute, (c) Hazelton Laboratories, 
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10 

1.") 

Hi 

18 

10 

TABLE VII 

In Vivo INHIBITION OF WALKER 256 ASCITES BY DELAYED TREATMENT WITH 

NH. 

™V(CIU 

R 

.'i.rM.aoHs),o/Q)soF 

.1-Cl-4(CH,)/Q>SOaF 

4- ( rH ; ) 4 /Q)s0 jF 

4-(Cri,),COX[K;,H4CIT:,-m 

;5-01-4-OfCn,)sOCflHi 

3-Cl-4-(CH,),C6Hr, 

4-(CH2)4Cr,H.-> 

Test 
gruup" 

M' 
.M 
\! 

X J 

X 
X 

N " 
X 
X 

X J 

X 
X 

M< 
M 
M 
M 

Mr 

.A I 

M 

X 
N 
X 

X J 

X 
X 

mg/ks 
per day'* 

25 
12,5 
li.25 

12.5 
0.25 
3.12 

0.25 
3.12 
1 .50 

12.5 
6.25 
1.50 

100 
50 
li;"i 

12 .5 

25 
1 2 . 5 

6 . 2 5 

1 2 . 5 

(1.25 

3 . 1 2 

12 .5 

6 . 2 5 

3 . 1 2 

-Survivors . 
Ni.. Day 

1 0 00 

0 0 00 

1.0 00 

5 •() 5(1 

O.li 50 

1) 0 5(1 

2 0 50 

1 0 50 

1 0 50 

1 /0 50 

1/0 50 

1 '(i 50 

(Mi (SO 

3. (i 00 

2 0 (10 

1 (1 00 

3 ti (id 

2 •<) 00 

0 (i 00 

3 . 0 50 

3 0 50 

1,0 50 

2 (i 50 

3 (i 50 

3 0 50 

T C 

205 
211 
224 

509 
104 
12S 

2X9 
181 
187 

215 
185 
202 

147 
497 
•'•).") 2 

215 

484 
383 
182 

418 
382 
201 

204 
340 
335 

'' See Table V. c Controls survived median of 8 days.18'1 d Controls survived median of 9 days.16" 

was clearly demonstrated by delay of treatment until 2 
days before death (Table V) ;16a'b a number of cures by 
1 were still obtained, demonstrating the remarkable 
activity of 1 in this test system. 

Attempts to correlate the chemotherapeutic indices 
with the in vitro ratings of the irreversible inhibitors in 
Table III were poor; other arbitrary assignments for 
the chemotherapeutic index and in vitro rating gave 
even poorer correlation. This lack of correlation in
dicated that one or more other unknown factors than 
those presented in Tables I and III were playing a role 
in the selectivity. 

This lack of correlation between the irreversible in
hibitors also cast some doubt on the conclusion that ir
reversible inhibitors such as 1 were more effective than 
any reversible inhibitor; for example, it was possible— 
though seemingly improbable—that the irreversible 
inhibitors, 1 and 5-11, were more effective than the 
reversible inhibitor 12 due to the more complex side 
chains of the irreversible inhibitors. Therefore, 5 
reversible inhibitors (15-19) having the structure of 1, 
5, 8, 9, and 10 (Table III), respectively, where only 
the SO2F group was removed, were synthesized for in 
vivo evaluation. Both in vitro and in vivo data are pre
sented in Table VI.I6b Comparisons of some of the 
reversible and irreversible inhibitors in delayed treat
ment are collated in Table VII; l6b a number of the 
compounds were remarkably effective, particularly the 

reversible inhibitors. As could be expected, the com
pounds were less effective by ip injection against Walker 
2of) in the leg muscle, but still showed a positive re
sponse (Table VIII). 

The Dunning leukemia in ascites form is responsive 
to amethopterin treatment, 60-70% extension of life 
being observed, but there were no 30-day survivors 
(Table IX). Several of the reversible and irreversible 
inhibitors were far more effective than amethopterin. 
the most effective being the reversible inhibitors 17-19. 

Discussion 

A series of 9 active-site-directed irreversible 
inhibitors of dihydrofolic reductase were selected 
for extensive evaluation in the rat against Walker 
256 ascites. This selection was based mainly on the 
ability of the compounds to be transported through 
a mammalian cell wall as approximated by inhibi
tion of L1210 cell culture, regardless of whether a 
compound showed good tissue specificit}- in inhibition 
of dihydrofolic reductase (Tables I and II). Some of 
these irreversible inhibitors were remarkably effective 
in curing the Walker 256 ascites (Table III) even when 
treatment was delaved to 2 davs before death (Table 
V). 

The fact that irreversible inhibitors such as 1 and 
5- 11 were much more effective in vivo than the potent 
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TABLE VIII 

In Vivo INHIBITION OF INTRAMUSCULAR WALKER 256 BY 

No. 

1 

15 

19 

R 

4<CH2)2CONH<X[))sO,F 

CH3 

S-CU-OiCH^O (Cj) S02F 

b 3-Cl-4.0(CH!)!NHCO 

eosaj)—NH 

7 3-(CH2),((3)SO2F 

8 3«4-OCH2CONH{Q)SO,F 

9 3-CI-4-( '•(CHA<O)S02F 

10 4-(CH2)1/Q)sO,F 

11 3-Cl-4-(CH2)2CONH <^Q)> S02F 

4- (CH2 )2CONHC6H4CH3-m 

4-(CH2)4C6H5 

R 

H2NLJ 

Test 
group0 

p 
p 
p 
Q 
Q 
Q 

R 
R 
R 
S 
S 
S 

R 
R 
S 
S 

s 
It 
li 
s 
s 
s 
R 
R 
R 
S 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
R 
R 
s 
s 
s 

nig/kg 
day6 

100 
50 
25 
25 
12 
6 

5 
25 

100 
50 
25 
25 
12.5 
6.25 

100 
50 
50 
25 
12.5 

50 
25 
25 
12.5 
6.25 

100 
50 
25 
25 
12. 
6. 25 

50 
25 
12. 

25 
12. 
6. 

o 
25 

12.5 
6.25 
3.13 

100 
50 
25 

25 
12.5 
12.5 
6.25 
3.13 

Survivors 

3/6 
5/6 
6/6 
6/6 
6/6 
6/6 

0/6 
6/6 
6/6 
6/6 
6/6 
6/6 

6/6 
6/6 
6/6 
6/6 

4/6 
6/6 
6/6 
6/6 
6/6 

6/6 
6/6 
6/6 
6/6 
6/6 
6/6 

6/6 
6/6 
6/6 

6/6 
6/6 
6/6 

6/6 
6/6 
6/6 

6/6 
6/6 
6/6 

6/6 
6/6 
6/6 
6/6 
6/6 

Animal 
wt 

change0 

- 2 3 
- 2 9 
- 2 2 
- 2 
- 1 
+ 5 

- 2 6 
- 1 0 

- 9 
- 3 
- 1 

- 1 9 
- 6 
- 9 
- 8 
+ 2 

- 1 9 
- 3 
— 5 

0 
+ 2 

- 3 0 
- 1 5 

- 2 
0 

+3 
+ 1 

- 1 6 
- 4 
- 1 

- 3 
1 
0 

- 1 9 
- 7 
- 2 

- 2 
- 4 
- 4 

- 1 4 
— 5 
- 7 
+ 1 
+4 

Test 

0.9 

1.2 
2.0 
2.6 
3.7 
4.7 

0.9 
1.6 
1.3 
2.5 
3.5 

0.7 
1.4 
1.7 
2.9 
3.5 

1.0 

0.6 
1.9 
2.1 

0.1 
1.7 
2.6 

1.1 
3.3 
1.3 
2.9 
4 .8 

-Tumor wt— 
Control 

8.5 
8.5 
8.5 
7.2 
7.2 
7.2 

3.9 
3.9 
4.9 
4.9 
4.9 

3.9 
3.9 
4.9 
4.9 
4.9 

3.9 
3.9 
4.9 
4.9 
4.9 

4.9 
4.9 
4.0 

4.9 
4.9 
4.9 

4.9 
4.9 
4.9 

3.9 
3.9 
4.9 
4.9 
4.9 

a Test group indicates which compds were run simultaneously with the same control group.16c b Single ip dose on days 3-6. 
controls. d Day 7. 

T/C 
10 
5 

18 
61 
77 

30 
51 
53 
75 
95 

23 
41 
26 
51 
71 

17 
35 
34 
59 
71 

30 
53 
64 
65 
57 
63 

8 
18 
57 

20 
38 
65 

12 
38 
42 

2 
34 
53 

28 
84 
26 
59 
97 
c From 

reversible inhibitors (Tables III and IV) with a 3,4-
dichlorophenyl side chain (12, 14) was initially ex
citing since it supported our concept that good ir
reversible inhibitors should be better agents than re
versible inhibitors;7 this concept was later formalized 
in the bridge principle of specificity.8'17 However, it 

(17) Reference 6, pp 173-184. 

was disturbing that good correlation of in vitro ir
reversible specificity (Table I) with in vivo cures was 
not seen; therefore a series of reversible inhibitors 
(15-19) differing only from the irreversible inhibitors 
by replacement of the SO2F group with H were syn
thesized for comparison. 

The reversible inhibitors (15-19) with more complex 
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TAHLI-J I X : In Vivo INHIJUTICIN OF DUNNING LI/UKI;MIA ASCI 

No, 

1 

10 

17 

IS" 

lO* 

20 

•HCH.,),CONH (Cj) S0,F 

CHj 

3-CI-4-0(CH,)3OU7)SO-F 

3-Cl-4-(J(CH2>,NHC'U 

F O ^ O - N H 

:i-((-'H.)((X7>S0kF 

3-C1-1-0CII.C0NIL (Tj) SOzF 

W/M-lClU, ( Q ) S°2F 

4-(CH.)/lQ> SO.K 

3-OHUWONH (Tj) SOsF 

3-Cl-4-OCHsCUXHC,Ho 

,-Cl-4-(CH2)2(.'6ll;, 

4-(CH2)<C6H3 

[Amethopterin] 

Test 
group" 

T 
T 
T 
T 
T 
T 

V 

V 

V 

u 
i; 
1! 
w 
u 
u 
u 
i; 
w 

u 
u 
u 
w 
w 

V 

V 

\v 
w 
w 

u 
u 
u 
u 
w 

u 
u 
u 
w 
w 

u 
u 
L" 

T 
T 
T 
T 

[Cytoxan] W 
" Test group indicates which eompds wore run simultaneously with the same control 

11V 

NH, 

N ^ N — < (c% 
H - ^ N A C H ^ 

niK/kg 
per da,\^ 

2:> 
12,o 
6.2:> 
3.13 
l. :>6 
0.78 

2."> 

I2.."> 

(5. 2 o 

3 . 1 3 

l..")6 

0 . 7S 

2.") 

12.", 

6 . 2o 

3 . 1 3 

1.56 
0.7S 

12.."> 
0.2.") 
3.13 

12..1 
6.2.") 
3. 13 
1.56 

.")(( 
2."> 

12..". 

6 . 2."> 

3 . 1 3 

2.") 

12..") 

6 . 2 5 

15.13 

1 .56 

12.5 
6.25 
3.13 
1 .56 
0.7S 

50 
25 
12.5 
6.25 
:S. 13 

12.5 
6.25 
3. 13 
1 .56 
0.78 

12.5 
6.25 
3.13 

1.5 
0.75 
0.38 
0.19 
5 

group.16 '' Single 

^urvivur.-
.lay 3.5 

I) 6 
0/6 
0 6 
0 6 
0,6 
1) 6 

1,6 
2,6 
1,6 
0, 6 
0/6 
0/0 

0/6 
0/6 
0 6 
0/6 
0 6 
0 6 

2 (i 
4 6 
0/6 

2/6 
0/6 
0 6 
0 6 

0/6 
3/0 
2/6 
4 6 
0 ••'(> 

3 6 
2:6 
0/6 
3 6 
0 6 

0,6 
1 0 
3 ;6 
2/6 
0/6 

5/6 
4/6 
3 6 
3,6 
0,6 

4,6 
2/6 
5 6 
2,6 
0/6 

4,6 
5/6 
3/6 

0,6 
0/6 
0/6 
0/6 
2,6 

ip dose • on days 
0.0076 nM with Dunning leukemia dihydrofolic reductase. '' I,l0 = 0.0066 y.M with Dunning leukemia dihydrofolie reducta; 
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side chains were much more effective in vivo (Table VI) 
than the 3,4-dichlorophenyl analog 12, even though the 
latter was more effective as a reversible enzyme in
hibitor and in inhibition of L1210 cell culture (Table I). 
When the reversible inhibitor—irreversible inhibitor 
pairs (1 vs. 15, 5 vs. 16, 8 vs. 17, 9 vs. 18, and 10 vs. 19) 
were compared in vivo against Walker 256 ascites 
(Tables III, VI, VII) the reversible inhibitors were not 
only as effective cures, but in some cases were better 
than the corresponding irreversible inhibitors. 

That a potent reversible inhibitor of dihydrofolic 
reductase could be effective against Walker 256 was 
anticipated;18 Walker 256 cells are dependent upon folic 
acid-folic reductase for growth, but are deficient in the 
active transport of folic acid19 and therefore would be 
inhibited by a reversible inhibitor that enters the cell by 
passive diffusion.15 However, this borderline folic 
acid deficiency would not explain the difference in 
•in vivo activity between the simpler reversible in
hibitors (12, 14) and the more complex reversible 
inhibitors (15-19). 

Some of the compounds were then assayed by ip in
jection against Walker 256 in the leg muscle (Table 
VIII). A number showed inhibition, but were much 
less effective than ip treatment of peritoneal Walker 
256 ascites as might be expected; first, the local ip con
centration would be much higher initially than the con
centration achievable in the leg by ip injection and, 
second, a compound would have to go through the blood 
stream from the ip cavity to the leg with the possibility 
for destruction of the compound. Again the reversible 
inhibitors were as good as the corresponding irreversible 
inhibitors. 

Since Walker 256 cells are on the verge of folic acid 
deficiency due to impaired transport a folic acid, Walker 
256 does not respond to amethopterin which presumably 
must enter a cell by the folic acid transport mecha
nism.1819 Therefore a rat tumor with an adequate 
active transport system for folic acid that was respon
sive to amethopterin—namely the Dunning leukemia 
ascites—was selected for evaluation of the folic reduc
tase inhibitors (Table IX). There was no correlation 
between irreversible inhibition of the Dunning leukemia 
dihydrofolic reductase (Table I) and in vivo activity; in 
fact some of the poorest irreversible inhibitors (9, 10) 
were the most effective. Surprisingly, reversible inhib
itors were definitely more effective than the corre
sponding irreversible inhibitors. 

Even though some of these inhibitors are sufficiently 
active in vivo to warrant pharmacologic studies prior to 
study in man, the lack of correlation of in vivo and in 
vitro data is indeed disconcerting for a so-called program 
in rational design of enzyme inhibitors for cancer chemo
therapy. Therefore, an ancillary study on the meta
bolic fate of 1 was undertaken.20 The only metabolic 
product detectable in the urine and feces was the sul
fonic acid 2 which accounted for 77% of the radioac
tivity injected; no sulfonyl fluoride (1) was excreted. 
Since rabbit liver, kidney, intestine, and plasma contain 

(18) B. R. Baker, D. V. Santi, P. I. Almaula, and W. C. Werkheiser, 
J. Med. Chem., 7, 24 (1964). 

(19) (a) W. C. Werkheiser, Proc. Amer. Ass. Cancer Res., 3, 371 (1962). 
(b) W, C. Werkheiser, L. W. Law, R. A. Roosa, and C. A. Nichol, ibid., i, 
71 (1963). 

(20) A. J. Ryan, N. M. J. Vermeulen, and B. R. Baker, J. Med. Chem., 
13, 1140(1970), paper CLXXIV. 

an enzyme that can hydrolyze DTP to diisopropyl hy
drogen phosphate21 and since mouse serum contains an 
enzyme that can hydrolyze 1 to the sulfonic acid 2,13 

rat liver and serum were investigated for hydrolysis of 
1 to 2. Hydrolysis by rat serum was slow,13 requiring 
3 hr for 65% completion. Hydrolysis by a rat liver ex
tract (either 0-45% or 45-90% (XH^SC^ fractions) 
was nearly complete in 1 hr; it was clear that 1 was being 
rapidly detoxified to 2.20 Although 2 was a good reversi
ble inhibitor, this zwitterion penetrated the membrane 
cell wall very poorly (ED50 = 18 nM; compare 1) and 
was therefore a detoxification product. 

The occurrence of this "fluoridase" in liver brought 
up the possibility that the tissue specificity of inactiva-
tion of dihydrofolic reductase by a number of inhibitors 
was not due to differences in enzyme structure from tis
sue to tissue, but was due to the relative rate of hydrol
ysis of sulfonyl fluorides by this "fluoridase." In an
other ancillary study, dihydrofolic reductase from 
mouse and rat liver was purified by an affinity column, 
then the irreversible inhibition reinvestigated.22 All of 
the tumor specific dihydrofolic reductase inhibitors now 
showed good irreversible inhibition of the purified liver 
enzyme. 

Even though these sulfonyl fluorides effective on 
L1210 or Walker 256 dihydrofolic reductase were inef
fective on the liver enzyme due to the presence of the 
"fluoridase" in liver, the tissue specificity is still real and 
still should be usable in chemotherapy in the same man
ner as isozyme specificity, a possibility previously dem
onstrated.8 With this new insight on a major biochem
ical difference between at least some tumors and a nor
mal tissue such as liver—namely, the presence of the 
detoxifying "fluoridase" in liver and its absence in 
several tumors—further investigations on irreversible 
enzyme inhibitors of the sulfonyl fluoride type will be on 
a firmer basis. It is now less likely that tumor and liver 
dihydrofolic reductase are isozymes, since no isozyme 
specificity has been seen with at least 100 active-site-
directed irreversible inhibitors of the sulfonyl fluoride 
type. However, it is still possible that other enzymes 
will have isozyme forms—particularly those of large 
molecular weight that are dissociable into subunits; se
lective irreversible inhibition of lactic dehydrogenase, 
which has 2 different subunits, was achieved early in 
this program.8 With enzymes of lower molecular 
weight such as dihydrofolic reductase (20,000), or even 
dissociable enzymes of higher molecular weight, the 
desired tumor specificity for chemotherapy still may be 
achievable by use of selective detoxification of sulfonyl 
fluorides by "sulfonyl fluoridase" in normal tissue. 

Finally, the question can be asked why are the more 
complex reversible inhibitors (15-19) more effective 
against Walker 256 in vivo than the simpler reversible 
inhibitor 12; if and when this question is answered, per
haps another new and usable concept for specificity will 
arise. 

Experimental Section 

The reversible inhibitors (15-19) in Table VI were synthe
sized by the same routes used for the corresponding irreversible 

(21) A. Mazur, J. Biol. Chem.. 164, 271 (1946). 
(22) B. R. Baker and N. M. J. Vermeulen, J. Med. Chem., IS, 1143 (1970), 

paper CLXXV. 
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N o . " 

15 
16' 
17 
18 
19' 

T.\m,i. X 

PHYSICAL I ' l i n l ' L l t T l F s Oh 

XH, 

^TV<ciu R 

4-(CH2)2CONHC6H»CH3-» t 

3-Cl-4-0(CH2)30C6H6 

3-Cl-4-OCH2COXHC6H; 
3-Cl-4-(CH2)2C6Ho 
4-(CH2)4C6Ho 

• e l d / ' 

'; 
49* 
20* 
•2b'1 

;,24 

44" 

M j ; . ' ( ' 
dec 

210-211 
200-204 
200-203 
205-207 
199-200 

Formula^ 

VnllsiSiOS 
O22H,10ClX6O6S 
U21H2,C1X60;)S 
C21HMClNi,03fcS 
CjjHsaNsOjS 

"Synthesized by method D.23b 'Yield of anal, pure material from nitro intermediate. c Analyzed for C, H, N. d Recrystd from 
t'-PrOH-HjO. • Bee ref 23b for N 0 2 intermediate. ' The synthesis of the HC1 salt was previously described by B. R. Baker, B. T. 
Ho, and G. J. Lourens, / . Pharm. Sci., 56, 737 (1967). « Recrystd from i'-PrOH. 

T.MU.K XI 

PHYSICAL PHOPLKTIKS OF INTLKMKDIATLS 

No. C o m p o u n d Yield.11 c,'c M p , n C F o r m u l a ' 

21' iu-N02C6H4CH=CHCONHC6H4CH3-;/j 61 170-173-' C 1 6 H H X , 0 3 

22 4-N02-2-ClC6H3OCH2CONHC6H6 43 ' - ' 157-158 C H H U C I X J O , 
23 4-X02-2-ClC6H3CH=CHC6H5 72"'• 105-108' 

" Yield of anal, pure material. b Anal. C, H, X. "See method A in B. l i . Baker and G. J. Lourens, J. Med. ('hem., 11, 672 (1968). 
d Recrystd from E t O H - T H F . e Recrystd from CHCl3-EtOH. ' Prepd from a-chloroacetanilide according to method A in ref 23b. 
"Prepd from 2-chloro-4-nitrobenzaldehyde according to method A in vef 12e. * Recrystd from ElOH-H-O. ' Lit. mp 111-112° pre
pared by an alternate route; see L. Chardonnens and P. Heinrich, Helv. ('him. Acta, 23, 292 (1940). 

inhibitors;12,23 properties are listed in Table X and intermediates 
in Table XL Melting points were taken in capillary tubes on a 

(2(3) (a) B . H. B a k e r a n d O. J . Lourens , J. Med. Chem., 
(b) B . R . Bake r a n d G . J . Lourens , ibid., 1 2 , 9 5 (1969). 

1 1 , 67 

Mel-Temp block and are uncorrected. All analytical samples 
had proper uv and ir spectra and moved as a single spot on tic 
with Brinkman silica gel G F ; each gave combustion values for 
C, II, and X within 0.4% of theoretical. 

Irreversible Enzyme Inhibitors . C L X X I W 2 Metabol i sm of 

4 - [p- (4 ,6 -Diamino- l ,2 -d ihydro-2 ,2 -d imethyl - s - tr iaz in- l -y l )hydroc innamido] -o -

to luenesul fonyl Fluoride (NSC-113423), an Aet ive-Site-Direeted 

Irreversible Inhibitor of Dihydrofolic Reductase 

ADRIAN J. RYAN,3 NICOLAAS M. J. VKHMEULEN,4" AND li. It. BAKKK41' 

Departntcnl of Chemistry, University of California at Simla liarbara, Santa Barbara, California nJlOfi 

Received Jiiiu '), l'.tiO 

The 14C-labeled title compound (1) was synthesized from ll4C')cyanoguanidine, acetone, and p-(p-aminohydro-
cinnamido)-o-toluenesulfonyl fluoride (4). The sulfonic acid 2 corresponding to hydrolysis of the S02F group was 
the only radioactive excretion product, 20% of the radioactivity appearing in the urine and 58% in the feces. In
vestigation of serum and liver extract of the rat showed that the liver contained a "sulfonyl fluoridase" thai 
rapidly converted 1 into 2; hydrolysis by serum was much slower, but complete in 20 hr at 37 °. 

In the previous paper of this series,2 9 active-site-di
rected irreversible inhibitors of dihydrofolic reductase of 
the S02F type were tested against Walker 256 ascites 
and Dunning leukemia ascites in the rat; although cures 
could be achieved, no correlation between tissue speci
ficity of irreversible inhibition of the enzyme and in vivo 
effectiveness was apparent. Furthermore, 5 reversible 
inhibitors—where the SO2F group had been replaced 

(1) T h i s work was generously s u p p o r t e d by G r a n t N o . CA-08695 from 
t h e N a t i o n a l C a n c e r I n s t i t u t e , U. S. Publ ic H e a l t h Service . 

(2) F o r t h e prev ious pape r in th is series see B . R . Bake r , N . M . J . Ver-
meulen, W. A. Ash ton , a n d A. J . R y a n , J. Med. Chem.,13, 1130 (1970). 

CS) On sabba t i ca l leave from t h e Unive r s i ty of Sydney , Aus t r a l i a . 
11) (a) N . M . J. Vermeu len wishes t o t h a n k t he Counci l of Scientific a n d 

Indus t r i a l Resea rch , Repub l i c of S o u t h Africa, for a t u i t i on fellowship. 
(b) T o whom cor respondence should be addressed . 

by H—were as effective in vivo as the irreversible inhib
itors. These results indicated that other factors such 
as transport and metabolism might be playing a role 
which negated correlation. Therefore one of the com
pounds (1) was labeled with 14C in the triazine ring and 
subjected to a metabolic study in the rat. The results 
are the subject of this paper. 

Chemistry.—The 14C-labeled 1 was synthesized by 
condensation of [14C]cyanoguanidine, the arylamine 
precursor 4,5 and acetone according to the general 
method of Modest.6 Two obvious possibilities for met
abolic change of the side chain of 1 were hydrolysis of 

(5) B . U. Baker and Ci. J. Lourens, ./. Med. Chem.. 11 , 077 (1968). paper 
( X X I X . 

16) K. J. Modes t , J. Org. Chem... 2 1 , 1 ll9.">(i). 


