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l-(2-Chloro-5-nitrophenoxy)-2-(4-fluorosuli'onylphenoxy)-
ethane (29a) (Method B).—To 1.08 g'((i.() mmoles) of 25a were 
added 1.06 g (6.0 mmoles) of 26, 0.83 g (0.0 mmoles) of K»C< h. 
and 0 ml of DMF. The suspension was stirred at !)5 100° for 
22 hr, then processed as described in method A. The residual 
solid was recrystallized from KtOH : yield 082 nig (30' , ) of light 
yellow crystals, nip 126-127° (tic in ('6H,o. Ann!. i ( 'NH„( ' l -
FN06S) C, II, X. 

For additional compounds prepared bv this method see Tal)le 
111. 

«-(2-Chloro-4-nitrophenoxy)-«'vij-fluorosulfonylphenoxy)-/)-
xylene (27g) (Method C).—A stirred mixture of 1.61 g (4.5 
mmoles) of 23g, 0.79 g (4.5 mmoles) of 26, and 0.62 g (4.5 mmoles > 
of K 2 00 3 in 5 ml of DMF was kept at room temperature for 24 
hr. Addition to 100 ml of H 2 0 caused the product to separate 
us a gummy oil which gradually solidified. The, product was 
collected on a filter and washed with Il2(). Recrystallization 
once from f-PrOH and then twice from CHCl3-MeOH yielded 
1.15 g (57 ' , ) of white crystals, mp 12S-12i)° (tic in C'JI,-,). 
Anal. (OioH,.-,ClFX08S) V, H, X. 

For additional compounds prepared bvthis method see Table 

in. 
p-Chlorophenyl /j-[4-(2-ChIoro-4-nitrophenoxy)butoxy]ben-

zenesulfonate (32) (Method D). A mixture of 505 mg (1.25 
mmoles) of 27c and 205 mg (1.80 mmoles > of Nn p-chlorophen-
oxide in 2 ml of DMF was stirred at room temperature for 4 hr 
and then added to 50 ml of H 20. The initially gummy precipitate 

It was demonstrated in a previous paper in this 
scries3 that 1 and 2 were excellent active-site-directed 
irreversible inhibitors'' of the dihydrofolate reductase 

NH-. 

1, R = m-(CH2)4CfiH4S02F-p 
2, R = 3-Cl-4-(CH2)4C6H4S02F-p 
3, R = m-(CH2)4C6H4S02F-m 

(1) Tiiis work was generously s u p p o r t e d liv G r a n t CA-08695 from the 
Na t iona l Cance r I n s t i t u t e , IT. S. Puli l ie Heal th Service. 

(2) Fo r t he p rev ious pape r of this series see B. R. Baker and \V. T . 
Ashton , ,/. Med. Chem., 13 , 1149 (1970). 

(3) For t h e previous paper on th is subject see B. R. Baker , K. F,. J anson , 
a n d N . M . J . Vermeulen , ilnd., 12, 898 (1969), p a p e r C I . X of th is series. 

(4) N . M . J. V. wishes t o t h a n k t h e Counci l of Scientific and Indus t r i a l 
Research , Repub l i c of Sou th Africa, for a tu i t ion fellowship. 

(")) B. R. Baker, "OesisJtn of Aet.ive-Site-l t i rected I r revers ib le l'.u/.\ me 
Inh ib i t o r s , " Wiley, N e w York, X. V., 1907. 

solidified rapidly upon Mantling. The crude product was col­
lected on a filter and washed with IFO. Uecrystallization from 
MeOEtOII H.,() with aid of charcoal yielded 452 mg (70'',' 1 of 

i' nearly while crv.-lals, mp 18:-! 184° (tic in (MI,.j. . 1 not. \V-II .-
I C1..X()7S) (', U. X. 
t (r(//<.—l,4-Bis(bromomethyl)cyclohexane (22h). In a 8-necked 

flask equipped with mechanical stirrer, condenser with drying 
tube, and addition funnel was placed 180 g (500 mmoles) of 
PHi'n. The reaction vessel was cooled in ice as a solution of 72.1 
g (500 mmole.-j of /m/i.x-l.l-cyclohexanedimethanol in 40 ml of 
pyridine and 40 ml of ('MC'l.-i was added dropwise with stirring 

> to the Flit:, over a period of 2 hr. The mixture was then Mined 
at 55-00° for an additional IS hr, then filleted twice to remove 

I precipitated pyridine sabs which were washed with (\JIi . 
Additional C%Hr, was added to the filtrate lo bring the total volume 
to 500 ml. The (\;H,-, solution wa- washed successively with 750 

i m l o f 5 ' f [KM, 750 ml of .V , XaOII. and 1 1. of 114). After being 
1 dried i.\IgS()4i, the solution was spin-evaporated in raeno giving 

a residual oil which solidified upon cooling and standing. l!e-
crystalli/.alioii front MeOII gave 80.5 g (00',' ! of colorless cry--
1 a 1-. mp 58 55° die in pet-roleum ether), lit.11 nip 55°. 

' Acknowledgment. The technical assistance ol' Diane 
Shea. Janel Wood, and Julie l.eseman with tlie enzyme 
assays is acknowledged. 

from L1210 mouse leukemia and Walker 23(5 rat tumor. 
Furthermore, 1 and 2 showed good cell wall transport 
presumably by passive diffusion-- since the compounds 
had ED6() 2 X 10~10 M and 9 X 10~~UM/, respectively, 
against L1210 in cell culture. However, 1 and 2 
showed little tissue specificity since they could also in­
activate the crude enzyme prepared from mouse or rat 
liver; even so, 1 was highly effective in vivo against 
Walker 256 ascites in the rat.6 Although 3 was as good 
a reversible inhibitor of L1210 dihydrofolate reductase 
as 1, this simple structural change made 3 far less effec­
tive than 1 against L1210 cell culture,3 indicating that 
diffusion through the cell wall was sensitive to struc­
tural change. More recently we have observed7 that 
the tissue specificity for irreversible inhibition of dihy­
drofolate reductase is due to a "sulfonyl fluoridase" in 

(6) B . R. Baker , N . M . ,1. Vermeulen, W . T . Ash ton , a n d A. J . R\ai>, 
./, Mtd Chem.,13, 11.it) (1971)), p a p e r C L X X I 1 I of th i s series. 

(7) 11. R. Baker a n d N. M . ,1. Vermeulen, ibid., 13 , 1 1-1:1 (1970) , paper 
i I .XX V of this serie.-. 
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Twenty-eight, analogs of the title compound bearing a terminal S02F group were investigated as irreversible 
inhibitors of dihydrofolate reductase from Walkei' 250 rat tumor, L1210 mouse leukemia, mouse liver, aud several 
normal rat tissues. Only 4 of the irreversible inhibitors showed tissue specificity in the rat by giving good in­
activation of the Walker 256 enzyme and poor inactivation of the crude rat liver enzyme, namely, the 1-phenyl-
.s-triazines with the following sub'stiluents on Ph: p-f.OIIs^CnH^OoF-jt) (5), 3-Cl-4-((:H;!)2C6II:!-4-Cl-2-SO;!F (8), 
p-fCHahOCefiVSOoF-p (13), and p-(CH2)6C6H4S02F-p (14); this tissue-specificity of inactivation was due to 
the rapid hydrolysis of the S02F group to S03H by a liver "sulfonyl fluoridase." Similarly the tissue specificity 
in enzyme inactivation of L1210 vs. mouse liver with 6 compounds (4-7, 11, 14) was due to the action of the 
"sulfonyl fluoridase." In contrast 6 other tissue specific irreversible inhibitors of L1210 dihydrofolic reductase 
owed their specificity lo differences in the structure of the enzyme from L1210 and mouse liver; these were 
//(-(CH.,)4CJl4S(>.F-))i (3), :j-Cl-4-(GH..),C6H3-4-Cl-2-S()2F (8;, 3-Cl-4-(CH2)4C6II4-3-S02F (17), 3-Cl-4-(CH2),-
c:6H:r4-Cl-:-5-S04F (18), :;-(CI.2>CJI:r2-Cl-4-ri02F (25), aud3-(CII2)4CJLr4-Cl-3-S02F (28). 
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normal tissue that can rapidly convert the S02F group 
to S03H; this "fluoridase" is apparently absent in 
Walker 256 and L1210 cells. WTe therefore embarked 
on design and synthesis of analogs of 1 and 2 in a search 
for more tissue-specific irreversible inhibitors that still 
would show7 good cell wall transport ;3'8,9 these inhibitors 
were measured for inactivation of both crude and puri­
fied dihydrofolate reductase in order to determine 
whether the specificity was due to a structural difference 
in the enzyme or due to rapid hydrolysis of the SO2F 
group by the "sulfonyl fluoridase." The results are the 
subject of this paper. 

Biological Results.—The compounds in Table I can 
be divided into 4 subclasses, namely, analogs of the 4-
phenylbutyl series (5, 12-14), analogs of the 3-chloro-4-
phenylbutyl series (2, 15-22), analogs of the 3-chloro-4-
phenethyl series (4, 6-11), and analogs of the m-
phenylbutyl series (1,23-28). 

The parent p-phenylbutylphenyl-s-triazine with a 
terminal S02F group on the para position (5) was pre­
viously shown to be a good active-site-directed irrever­
sible inhibitor of the dihydrofolate reductase from 
L1210 mouse leukemia3 and a fair inhibitor of this en­
zyme from Walker 256 rat tumor;6 it was also active in 
vivo.6 Tissue specificity was shown with crude enzyme 
from mouse liver3 and several rat tissues;6 this poor in­
hibition of the enzyme from normal tissues was shown 
to be due to rapid hydrolysis of the S02F group of 5 to 
SO3H.7 Introduction of 2-C1 (12) on the benzenesul-
fonyl fluoride moiety resulted in loss of tissue specificity, 
i.e., 12 was an excellent irreversible inhibitor of the 
crude enzyme from both tumor and liver. 

When the bridge was changed from Bu (5) to BuO 
(13) in order to increase the conformational flexibility 
of the terminal phenyl group, irreversible inhibition of 
the Walker 256 enzyme was not changed; however, the 
effectiveness of 13 as an irreversible inhibitor on the 
L1210 enzyme was considerably impaired. Good tissue 
specificity was seen with 13 between Walker 256 and rat 
liver or intestine; in the case of the rat liver enzyme the 
specificity was due to the action of the "fluoridase" as 
shown by the good inactivation of purified rat liver di­
hydrofolate reductase. The conformational flexibility 
of 13 compared with 5 apparently aided transport 
through the L1210 cell wall since 13 was 200-times as 
effective as 5 against L1210 cell culture by comparison 
of ED50/I50 ratios.9 When the bridge of 5 was increased 
from Bu to Hex (14), little change in irreversible in­
hibition, specificity, or inhibition of L1210 cell culture 
occurred. 

The parent 3-chloro-4-phenylbutylphenyl-s-triazine 
(2) showed excellent irreversible inhibition of the dihy­
drofolate reductase from both L1210 and Walker 256, 
but tissue specificity was poor to fair. Insertion of a 
2-C1 group (15) on the benzenesulfonyl moiety of 2 led 
to decreased selectivity between mouse tissues, but 
little apparent change in specificity between rat tissues. 
A 3-C1 group (16) wTas detrimental to irreversible in­
hibition of the enzyme from the two tumors. 

When the S02F moiety of 2 was moved to the 3 posi­
tion, the resultant 17 still showed strong inactivation of 
the enzyme from Walker 256, rat liver, and L1210, and 

(8) B. R. Baker, G. J. Lourens, R. B. Meyer, Jr., and N. M. J. Vermeulen, 
J. Med. Chem., 12, 67 (1969), paper CXXXIII of thiB series. 

(9) B. R. Baker and R. B. Meyer, Jr., ibid., 12, 068 (1969), paper CLIV 
of this series. 
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35% inactivation of the crude mouse liver enzyme. 
With purified mouse liver enzyme, the inactivation was 
about the same, 23%; thus 17 is not attacked by the 
"sulfonyl fluoridase" and 17 still shows a difference be­
tween inactivation of the L1210 and purified mouse 
liver enzyme—indicating that the enzymes from these 
two tissues are structurally different. Similar results 
were observed when a 4-C1 atom (18) was introduced on 
17; 17 is considered superior to 18 since 17 is 10-times 
as effective against LI210 cell culture, indicating better 
transport of 17. 

Wxhen the S02F group of 2 was moved to the 2 posi­
tion, the resultant 19 was a poor irreversible inhibitor of 
the enzyme from Walker 256 or L1210. Introduction 
of a 5-C1 (20) or 4-C1 (22) atom gave compounds with 
excellent irreversible inhibition of the enzyme from 
Walker 256 and L1210; unfortunately tissue specificity 
was poor. In contrast, introduction of a 3-C1 gave a 
compound (21) that was even less effective than 19. 

The parent 3-chloro-4-phenethylphenyl-s-triazine (4) 
was an excellent irreversible inhibitor of the enzyme 
from Walker 2566 and L1210.3 There was poor tissue 
specificity in the rat,6 but good tissue specificity be­
tween L1210 and mouse liver;3 the latter was due to the 
action of the "sulfonyl fluoridase" as shown by excellent 
irreversible inhibition of the purified mouse liver en­
zyme.7 In addition, 4 showyed in vivo cures of Walker 
256 ascites.6 Introduction of a 2-C1 (6) or 3-C1 (7) did 
not change the specificity pattern; 7 was about as effec­
tive as 4 against L1210 cell culture, but 6 had greatly 
impaired cell wTall transport. 

When the S02F moiety of 4 was moved to the 2 posi­
tion and a 4-C1 (8) or 5-C1 (9) substituent placed on the 
benzenesulfonyl fluoride moiety, the inactivation of the 
enzyme from Walker 256 or L1210 was somewhat im­
paired. However, the 4-Cl-2-S02F (8) showed an in­
teresting irreversible inhibition pattern. Whereas the 
parent 4 showed no tissue specificity between Walker 
256 and rat liver enzymes, 8 did; that this tissue specifi­
city was due to the action of the liver "sulfonyl fluo­
ridase" was shown by the extensive inactivation of the 
purified rat liver enzyme by 8. In contrast, the tissue 
specificity between L1210 and mouse liver seen with 8 
was unchanged when the purified mouse liver enzyme 
was inactivated by 8; thus 8 apparently is not attacked 
by the "sulfonyl fluoridase" and the results indicate a 
difference in the primary structure of dihydrofolate re­
ductase from L1210 and mouse liver. Unfortunately 8 
was 35-fold less effective than 4 against L1210 cell cul­
ture. 

The 4-Cl-3-S02F analog (11) of 4 showed tissue speci­
ficity between L1210 and mouse liver, the specificity 
being due to the hydrolysis of 11 by the "sulfonyl fluo­
ridase." 

In the fourth subclass, the parent m-pheiiylbutyl-s-
triazine (1) showed good irreversible inhibition of the 
enzyme from L1210 and Walker 256 with poor tissue 
specificity (Table I); 1 was effective in vivo against 
Walker 256." Introduction of 4-C1 on the inside Ph 
(23) on 1 practically destroyed the irreversible inhibi­
tion. However, introduction of 2-C1 on the benzene­
sulfonyl fluoride moiety gave 25 Avhich still showed ex­
cellent irreversible inhibition of the L1210 and Walker 
256 enzymes. Although 25 showed no enzyme specifi­
city between Walker 256 and rat liver, 25 did show good 



luurnut of Midiciiuil Ckcmixlry, U)?0, Vol. 11, No. H . U M I . I I . I . N 

nt-iCiizhCelUSOiF-p 

3-Cl-4-(CH2)4C6H4S02F- /, 

m-i.ClhWdUMhl'-m 

3-Cl-4-(Cll2)2C6ll4S02F-Ju 

p-iClhWellSOtY-p 

3-C1-4- (CI hhOdl 3-2-Cl-4-S02 F 

3-Cl-4-(CH2)2C6H3-3-CI-4-8j02F 

3-C1-4- (CI12 )2C6I l3-4-Cl-2-St \Y 

3-Cl-4-(CH2)2C6H3-5-Cl-2-S02F 

3-Cl-4-(;0H2),C6H3-3-CL-2-SO2F 

' I ' M i 1 

N 1 1 1 I I 1 T K I X " 111' 1 ) l l l V l l l i O K ) l . \ I ' l . 

M I 
1 

H.xkNJ, 

Enzyme sourcec 

L 1 2 1 0 / D F 8 (A)" 

M o u s e l iver (A)" 

W256 (A)» 

H a t l iver (A)» 

R a t sp leen (A)'-

H a t k i d n e y (A)'1 

Hat k i d n e y (C)' 

Hat i n t e s t i ne (A r'1 

L1210 O F 8 (A)" 

M o u s e l iver (A)" 

W 2 5 6 (A)" 

Ha t l iver (A)" 

Hat k i d n e y (AJ 

Mat k i d n e y ( 0 ) 

IJ at i n t e s t i n e (Ai 

L 1 2 1 0 / D F 8 (A)« 

M o u s e l iver (A)" 

M o u s e liver ( ( ' ) 

W 2 5 0 (A)« 

Hal liver (A)" 

L1210 D F 8 (A)" 

M o u s e liver (A)" 

M o u s e liver (C) ' 

W 2 5 6 ( A ; 4 

H a t liver (A)'1 

Hal in tes t ine (A) ' ' 

L1210 , , I )F8 (A)» 

M o u s e l iver (Ai« 

M o u s e liver ( 0 / 

W 2 5 6 ( A ) " 

H a t l iver (A) ' ' 

Hat l iver ( C ) ' 

Hat k i d n e y (A)'1 

Hat k i d n e y ( C ) ' 

Hat in t e s t ine (A.)'' 

L1210, I J F 8 (A; 

M o u s e l iver (A) 

M o u s e l iver (C) 

W 2 5 6 (A) 

H a t l iver (A) 

L 1 2 1 0 / D F 8 (A) 

M o u s e l iver (A) 

M o u s e liver (C) 

W256 (A) 

Hat l iver (A) 

Hat. in tes t ine (A) 

L1210, D F 8 (A) 

M o u s e l iver (A) 

M o u s e l iver (C) 

W 2 5 6 (A) 

H a t l iver ('A) 

E a t l iver (C) 

H a t i n t e s t i ne (A) 

L 1 2 1 0 / D F 8 (A) 

W 2 5 6 (A) 

L 1 2 1 0 / D F 8 (A) 

W 2 5 6 (A) 

:CH,)_ 

l.sO.'V.t/ 

0 . 0 0 8 0 

0 . 0 1 4 

( M i l s 

0 . 0 0 7 2 

0 . 0 0 8 0 

0 .014 

0 .0080 

0 . 0 1 8 

0 . 0 2 0 

0 . 0 1 4 

0 .022 

0 .0047 

0 . 0 1 4 

O.O(M) 

0 . 0 1 4 

0 .0050 

HIMii I T \si 

K 

l l . b i h , 

M-W 

0 . 0 6 0 

0 . 0 6 0 

0 . 0 5 0 

O.05O 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 .050 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0.05H 

0 . 0 5 0 

0 .050 

0 , 0 5 0 

0 . 0 5 0 

0 ,070 

0 . 0 7 0 

0 . 0 7 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

II. 10 

0 . 10 

I). 10 

0 .050 

0 . 0 6 0 

O.OtiO 

0 . 0 6 0 

0 . 0 0 0 

0 . 0 6 0 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

It. 05 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 . 0 5 

0 , 0 5 

0 . 0 5 

0 . 0 5 
0 . 0 5 

•. H V 

Time, 
min 

00 

60 

00 

60 

20 

20 

20 

20 

tiO 

60 

60 

60 

20 

20 

20 

60 

60 

00 

(it) 

tiO 

60 

60 

00 

00 

00 

20 

00 

00 

00 

60 

(iO 

00 

20 

20 

20 

00 

00 

60 

00 

00 

00 

60 

60 

60 

0(1 

20 

00 

00 

60 

60 

60 

60 

20 

60 

00 

00 

00 

inartvn'' 

86 

54 

!)5 

05 

7 

15 

94 

0 

100 

41 

!)5 

97 

0 

04 

15 

04 
•)", 

11 

70 

80 

03 

17 

02 

86 

80 

9 

75 

27 

70 

62 

12 

8S 

8 

77 

5 

76 
9 

52 

62 

46 

83 

11 

62 

88 

01 

43 

05 

0 

15 

81 

15 

79 

20 

31 

51 

0 

13 

KD.-,v' n.U 

0 .0002 

0 .0009 

0 . 3 5 

0 . 0 3 

0 . 1 8 

0 . 4 5 

0 . 0 5 

0 . 6 

0 . 8 

2 . 4 

K P i ' j (,• 

0 . 0 3 

0 . 1 

40 

') 

9 

100 

4 

70 

60 

500 
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TABLE I {Continued) 

No. R6 

11 3-Cl-4-(CH2)2C6H3-4-Cl-3-S02F 

12 p-(CH2)4C6H3-2-Cl-4-S02F 

13 p-(CH2)40C6H4S02F-p 

14 p-(CH2)6C6H4S02F-p 

15 3-Cl-4-(CH2),C6H3-2-Cl-S02F 

16 3-Cl-4-(CH2),C6H3-3-Cl-4-S02F 

17 3-Cl-4-(CH2),C6H4-3-S02F 

18 3-Cl-4-(CH2)4C6H3-4-Cl-3-S02F 

19 3-Cl-4-(CH2)4C6H4-2-S02F 

20 3-C1-4- (CH2 )4C6H3-5-Cl-2-S02F 

21 3-Cl-4-(CH2)1C6H3-3-Cl-2-S02F 

22 3-Cl-4-(CH2)4C6H3-4-Cl-2-S02F 

23 4-Cl-3-(CH2)2C6H,S02F-?) 

Enzyme sourcec 

L1210/DF8 (A) 
Mouse liver (A) 
Mouse liver (C) 
W256 (A) 
Rat liver (A) 
Rat intestine (A) 

L1210/DF8 (A) 
Mouse liver (A) 
W256 (A) 
Rat liver (A) 
Rat intestine (A) 

L1210/DF8 (A) 
Mouse liver (A) 
W256 (A) 
Rat liver (A) 
Rat liver (C) 
Rat intestine (A) 

L1210/DF8 (A) 
Mouse liver (A) 
Mouse liver (C) 
W256 (A) 
Rat liver (A) 
Ra t liver (C) 

L1210/DF8 (A) 
Mouse liver (A) 
W256 (A) 
Rat liver (A) 
Ra t spleen (A) 
Rat intestine (A) 

L1210/DF8 (A) 
W256 (A) 

L1210/DF8 (A) 
Mouse liver (A) 
Mouse liver (C) 
W256 (A) 
Rat liver (A) 
Rat spleen (A) 
Rat intestine (A) 

L1210/DF8 (A) 
Mouse liver (A) 
Mouse liver (C) 
W256 (A) 
Rat liver (A) 
Rat intestine (A) 

L1210/DF8 (A) 
W256 (A) 

L1210/DF8 (A) 
Mouse liver (A) 
W256 (A) 
Rat liver (A) 
Rat intestine (A) 

L1210/DF8 (A) 
W256 (A) 

L1210/DF8 (A) 
Mouse liver (A) 
W256 (A) 
Rat liver (A) 
Rat spleen (A) 
Rat intestine (A) 

L1210/DF8 (A) 
W256 (A) 

liM 

0.0054 

0.011 

0.0073 

0.075 

0.017 

0.020 

0.0094 

0.0078 

0.017 

0.088 

0.0063 

0.015 

1.5 

Inhib, 
liM 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.050 
0.050 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.050 
0.050 

0.18 
0.18 
0.18 
0.18 
0.18 

0.05 
0.05 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

3.1 
3.1 

Time, 
min 

60 
60 
60 
60 
60 
20 

60 
60 
60 
60 
20 

20 
20 
60 
60 
60 
20 

60 
60 
60 
60 
60 
60 

60 
60 
60 
60 
20 
20 

60 
60 

60 
60 
60 
60 
60 
20 
20 

60 
60 
60 
60 
60 
20 

60 
60 

60 
60 
60 
60 
20 

60 
60 

60 
60 
60 
60 
20 
20 

60 
60 

% 
inactvn6 

76 
5 
60 
94 
53 
38 

69 
98 
93 
99 
60 

45 
0 
66 
0 
79 
4 

66 
10 
84 
84 
23 
83 

94 
95 
97 
100 
5 
22 

35 
31 

100 
35 
23 
96 
97 
25 
0 

97 
37 
33 
94 
98 
46 

46 
27 

99 
41 
100 
82 
85 

0 
30 

93 
56 
100 
97 
7 
0 

13 

ED«/ 

0.16 
E D M / I K 

30 

0.4 

0.0003 

40 

0.04 

0.1 

0.01 0.6 

0.007 

0.02 

0.4 

20 

0.0004 

0.001 

0.02 

0.01 

0.0003 0.05 
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N'o. R'' 

24 4-(,l-;i-((.'H;.)4C6ll4y(),F-jU 

25 3-(CIh,)4C6ll3-2-Cl-4-S()2F 

2« :i- (Cll. )<(:«I I 3 - ; J - U - 4 - S ( >2 F 

27 ;j-(CII2)4C6H3-VC'l-2-S()1.K 

2,s ;'>-((;ii,)4t'6ii!i-4-Cl-;j-S( I ,F 

T A I I L I ; 

KIIZ.I me 

suum>' 

1.1210, I t F s (A) 

W250 (A) 

L I 2 I 0 •l)I<\S (A) 

M o u s e liver (A) 

M o u s e liver ( ( ' i 

W250 (A) 

l iat l iver (A) 

Rat in t e s t ine (A) 

LI2KI 1)FS (A) 

W 2 5 6 (A) 

1.1210 D F s (A) 

W256 !A) 

1,1210, D F S (A) 

M o u s e live!1 (A) 

M o u s e liver ((.'i 

W256 (A) 

l iat l iver i.A) 

l ia t i n t e s t ine (A) 

I {('oillilltKll, 

! s» . " 

„.U 
n. 17 

0 . 0 1 0 

(J. 020 

0 .01 1 

0 .004; ! 

1 

I I I I I M I , 

».w 
(i.:!4 

().:J4 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 . 0 5 0 

0 .050 

0 . 0 5 0 

i ' lJItO. 
mi l l 

00 
00 

00 

00 

00 

00 

00 

20 

00 

00 

00 
00 

00 

00 

00 

00 

00 

20 

m a r t ' 

33 

:)2 

100 

:;i 

2:; 

01 

00 

4;; 

; i ; i 

•52 

Hi 
35 

100 

33 

45 

01 

70 

;so 

I-: i u . 

0.02 

0.02 

0. 1 

•10 

" The technical assistance of Diane Shea, Janet Wood, and Julie Leseman with these assays is acknowledged. ' 'Numbered from 
triazine junction. '' W256 = Walker 256 rat tumor; L1210/DF8 = mouse leukemia resistant to methotrexate; A, 45-00' ' r (NIUljSOi 
fraction;8 C, enzyme purified by affinity column.7 d Concn for HWj'c reversible inhibition when assayed with 6 iiM dihydrofolate and 
0.15 M KC1 in pH 7.4 Tris buffer as previously described.8 ' Incubated with enzyme in pH 7.4 Tris buffer containing 60 n'M TPNT1, 
then the remaining enzyme assayed as previously described;8 20-minincubations were run at 24° andOO-min incubations at 37°. •' Concn 
for 50''J inhibition of L1210 cell culture. » Data from ref 3. '• Data from ref 0. ' Data from ref 7. 

TAHI.I; II 

P H Y S I C A L P U O P K K T I K S o r 

No." 1! 

30a 3-Cl-4-S()2F 
:;ob 2-Cl-4-so2F 
30c 4-Cl-3-S02F 
:!0d 4-Cl-2-S02F 
30e 3-Cl-2-S02F 
30f 5-Cl-2-S()2F 
;S0g 2-S02F 

. C - „ H , ) . ( P C H a < ( ^ 

\'iulil, ' ' 

<>;. 
00' ' 

7 0 ' 

57' ' 

45' ' 

52' ' 

52' ' 

5S'< 

" C o m p o u n d s p r e p a r e d by 
p u r e ma te r i a l . '' i \.nal., O, 
' l i e c ry s td from E t O I I - I I 3 ( ) 
resolidifies at 165°, 

Br U 

M I L " ( ' 

2 6 8 - 2 7 0 

103-105 

2 6 1 - 2 6 3 dec 

2 2 2 - 2 2 4 

2 2 2 - 2 2 5 dec" 

264-2(56 

228-230 dec 

method A. '' 
I I . '' Kec iys t 

. -' Anal., C, 
then remelts. '' Solvate 

C2,II2()BrClF()2P.S 
C.JIioBrClFOoPS'' 
CMHMBVCIFOOPS 

C2.,H20BrClFO,PS 
C,:,H2„BrClF02PS' 
C2,H,„BrClF02PlS 
C2iH21BrF02PS 

Yield of analvticallv 

specificity between J.1210 and mouse liver; this specifi­
city was apparently due to a difference in enzyme struc­
ture, since the purified liver enzyme was inactivated by 
25 about the .same extent as the crude preparation. 
Xote that 25 was transported through the L1210 cell 
wall much less effectively than 1, but still sufficient. 

Introduction of 3-CI (26) was detrimental to inacti-
vation of the enzyme from L1210 and Walker 256. 
Similarly, when the S02F group was shifted to the ortho 
position, the resultant 27 was a very poor irreversible in­
hibitor. When the p-S02F group of 1 was moved to the 
meta position (3),3 inactivation specificity between 
LI 210 and mouse liver was seen that was apparently due 
to the difference in structure of the enzyme since the 
purified mouse liver enzyme was not inactivated ap­
preciably more. Unfortunately 3 is transported about. 
1000-fold less effectively than 1. Introduction of 4-C1 
on 3 gave 28 with about the same specificity and trans­
port pattern. 

Discussion 

Of (he 2cS compounds in Table I, only 4 (5, 8. 
13, 14) showed specificity in inactivation between the 
crude enzyme from Walker 256 and rat liver; in all 
4 cases inactivation of the purified livei' enzyme7 was ex­
tensive, indicating that the specificity was due to rapid 
hydrolysis of S02F to R()3H by "sulfonyl fluoridase" in 
liver.10 In the case of L1210 mouse leukemia and 
mouse liver, 12 compounds (3-8, 11, 14, 17, 18, 25, 28) 
showed good specificity of irreversible inhibition; in 6 
cases (4-7, 11, 14) the specificity was due to hydrolysis 
of S02F by the "sulfonyl fluoridase" and the remaining 
(> were apparently due to differences in the structure 
of dihydrofolate reductase from L1210 and mouse liver. 

Folsch and Bertino11 have observed that several of 
our irreversible inhibitors of dihydrofolate reductase of 
the S02F type are rapidly bydrolyzed to the sulfonic 
acids by mouse serum, slowly by rat serum,1" and neg­
ligibly by human serum. They suggested that this de­
struction of the irreversible inhibitors by this "sulfonyl 
fluoridase" could account for the poor in vivo response 
of L1210 mouse leukemia to these inhibitors and sug­
gested that the compounds be tested against rat tumors; 
this suggestion was followed with success.6 The fact 
that 6 of the irreversible inhibitors (3, 8, 17, 18, 25, 28) 
in Table I are not destroyed by the mouse liver "sul­
fonyl fluoridase" suggests that these 6 compounds 
might be effective on L1210 mouse leukemia in vivo, 
particularly if neither the mouse liver nor mouse serum 
"sulfonyl fluoridase" can destroy these 6 compounds. 
Furthermore, the 6 compounds have a sufficiently good 
ED60 (0.02-0.4 nM) against L1210 in cell culture that 
cell wall transport should not be a serious problem. 

Chemistry.- All of the new compounds (6-28) in 

(10) A. J. R y a n , N . .VI. J. Vermeulen, a n d B. IS. Baker , ./. , 1 W . Chi i 
13, 1140 (1970) , pape r C L X ' X I V of th is series. 

i l l ) V.. Folsi-h and .!. R. l ier t ino, .Wo!, 1'hurmucol., 2, Si:j (11)70). 
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TABLE I I I : PHYSICAL PROPERTIES OF 

0,N 
(CH=CH)„ 

No." 

32a 
32b 
32c 
32d 
32e 
32f 
32g 
32h 
32i 
3-'j 
32k 
321 
32m 
32n 
32o 
32p 
32q 
32r 
32s 
32t 
32u 
32v 
All a. 

Hi'' 

3-C1 
3-C1 
3-C1 
3-C1 
3-C1 
3-C1 
H 
II 
3-C1 
3-C1 
3-C1 
3-C1 
3-C1 
3-C1 
3-C1 
3-C1 
4-C1 
4-C1 
H 
H 
H 
H 

mpounds prepa 

H 

1 
1 
1 
1 
1 
1 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 

•ed by methi 

Position'' of 
(CH=CH)„ 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 

)d A in ref 14. 

RV 

2-Cl-4-S02F 
3-Cl-4-S02F 
4-CI-2-SO2F 
5-CI-2-SO2F 
3-Cl-2-S02F 
4-Cl-3-S02F 
2-CI-4-SO2F* 
4-S02F™» 
2-Cl-4-S02F° 
3-Cl-4-S02F« 
3-S02F°." 
4-Cl-3-S02F« 
2-S02F» 
5-Cl-2-S02F« 
3-Cl-2-S02F« 
4-Cl-2-S02F° 
4-S02F» 
4-S02F» 
2-Cl-4-S02F* 
3-Cl-4-S02F" 
5-Cl-2-S02F* 
4-Cl-3-S02F* 

h Numbered from 1-N02 

Yield,d 

% Mp, °C 

61/ 133-136 
72".'' 136-138 
05»,* 149-155 
62'• ' 119-122 
31' ' 112-155-' 
56»'' 150-156 
54/ 223-224 
42"/ 157-160 
36/ 274-276 dec 
60/ 240-243 
o.V 208-210 
42/ 224-230 
oft-' 216-218 
55/ 228-230 
41* 212-214 
48/ 245-247 
77" •/ 190-191 
67/ 158-196' 
39/ 175-180 
33/ 201-205 
oof 218-220 
30/ 184-186 

Formula0 

Ci4HsCl2FN04S 
C14H8CI2FN04iS 
C14H8C12FN04S 
C„H8C12FN04S 
G4H8C12FN0,S 
C14H8C12FN04S 
C16HUC1FN04S' 
CI8H14FN04iS 
Ci6H10Cl2FNO4S' 
C16Hi„Cl2FN04S 
C16HnClFN04S' 
C16Hi„Cl2FN04S 
Ci6HnClFN04S 
Ci6Hi„Cl2FN04S 
C16Hi0Cl2FNO4S 
Ci6H10Cl2FNO4S 
C14H9C1FN04S 
C 1 6 H I I C 1 F N 0 4 S 

C I 6 H , I C 1 F N O , S 

C16HUC1FN04S 
Ci6HnClFN04S 
C16HnClFN04S 

. " Numbered from 1-vinyl group. d Analytically pure 
material. eAnal. , C, H, N unless otherwise indicated. / llecrystd from E t O H - T H F . " 
from EtOH. ' Recrystd from E t O H - T H F - H 2 0 . ' Two spots of cis-trans mixture on tic. 
Her., 18, 720 (1885). ' Anal., C, H, F . •» For starting aldehyde see ref 19. " For the startinj 
aldehyde see ref 3. '' For the starting Wittig reagent see ref 3. 

Pvecrystd from E tOH-H 2 0 . " h Recrystd 
For starting aldehyde see C. F. Gohring, 

Wittig reagent see ref 12. ° For starting 

No." 

6 
7 
8 
9 

10 
11 
12 
13/ 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

HX 

EtS0 3 H 
EtSO sH 
EtS0 3 H 
EtS0 3 H 
EtS0 3 H 
EtS0 2H 
EtS0 3 H 
HC1 
EtS0 3 H 
EtS0 3 H 
EtS0 3 H 
EtS0 3 H 
EtS0 3 H 
EtS0 3 H 
EtS0 3H 
EtSOaH 
EtS0 3 H 
HC1 
EtS0 3 H 
EtS0 3 H 
EtS0 3 H 
HC1 
EtS0 3 H 

3-C1-4-
3-C1-4-
3-C1-4-
3-C1-4-
3-C1-4-
3-C1-4-
4-(CH2 

4-(CH2 

p-(CH2 

3-C1-4 
3-C1-4-I 
3-C1-4-
3-C1-4-
3-C1-4-
3-C1-4-
3-C1-4-
3-C1-4-
4-C1-3-
4-C1-3-
3-(CH2 

3-(CH2 

3-(CH2 

3-(CH2 

" Prepared by catalytic reduction of compounds in Table I I I in MeOEtOH 
followed by condensation with cyanoguanidine,3 unless otherwise indicated, 
pure material recrystallized from i-PrOH-H 20, unless otherwise indicated. 
C, H, N. / Reduction performed with Raney Ni catalyst, then HC1 added, 
and twice from Me2CO. 

TABLE IV: PHYSICAL PROPERTIES 

NH2 

N ^ \ N 

H2N k N J 

R" 

CH2)2C6H3-2-Cl-4-S02F 
CH2)2C6H3-3-Cl-4-S02F 
CH2)2C6H3-4-Cl-2-S02F 
CH2)2C6H3-5-Cl-2-S02F 
CH2)2C6H3-3-Cl-2-S02F 
CH2)2C6H3-4-Cl-3-S02F 
)4C6H3-2-Cl-4-S02F 
)4OC6H4S02F-p 
)6C6H4S02F-p 
CH2)4C6H3-2-Cl-4-S02F 
CH2)4C6Hs-3-Cl-4-S02F 
C£i2)4G6ri4-3-o02r 

CH2)4C6H3-4-Cl-3-S02F 
CH2)4C6H4-2-S02F 
CH2)4C6H3-5-Cl-2-S02F 
CH2)4C6H3-3-Cl-2-S02F 
CH2)4C6H3-4-Cl-2-S02F 
CH2)2C6H4-4-S02F 
CH2)4C6H4-4-S02F 
4C6H3-2-Cl-4-S02F 
!C6H3-3-Cl-4-S02F 
4C6H3-5-Cl-2-S02F 
4C6H3-4-Cl-3-S02F 

•HX 

(CH;;)2 

Yield," 

% 
52 
42 
44 
52 
40 
52 
32 
39 
34 
49 
44 
34 
44 
42 
45 
21 
29 
37 
24 
32 
43 
16" 
28* 

O F 

Mp, °C dec 

226-229 
216-219 
209-211 
210-212 
224-226 
215-216 
204-205 
223-225 
205-207 
201-203 
214-215 
185-187 
198-200 
194-197 
193-194 

>215 
200-202 
218-220 
205-206 
168-170 
185-187 
190-192 
176-178 

Formula** 
C, .HjoC^FNiOjS • EtS0 3H 
Ci!,H2oCl2FN502S • EtS03H« 
CVjHjoChFNAiS • EtS0 3H 
Ci9H2oCl2FN502S-EtS03H 
Ci9H20Cl2FN ;O2S'EtSO3H 
C19H20Cl2FN,O2S-EtSO3H 
C2 ,H2 5ClFN502S'EtS03H 
C2iH26FN503S-HCl 
C23H3oFN.502S-EtS03H 
C2,H24C12FN502S • EtS0 3 H 
C2iH24Cl2FN502S • EtS0 3H 
C2iH25ClFN502S-EtS03H 
C21H24C12FN502S • EtSO„H 
C21H25C1FN502S • EtS0 3 H 
C21H24C12FN502S • EtS0 3H 
C2iH24Cl2FN502S-EtS03H 
C2iH24Cl2FN502S • EtS0 3 H 
Ci3H21ClFN02S-HCl 
C2IH2SC1FN502S • EtS0 3 H 
C2 iH2 iClFN,02S-EtS03H 
C21H25C1FN.AS • EtS0 3 H 
C2iH2,ClFN502S-HCl 
C21H25ClFNs02S-EtS03H 

with a P t 0 2 catalyst in the presence of 1 equiv of HX, 
b Numbered from triazine at position 1. e Analytically 

d Anal., C, H, F unless otherwise indicated. ' Anal., 
» Recrystd from Me2CO. '' Recrystd once from EtOH 
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CI) ( C I ) 

N ^ ( C H = C H ) „ C H O 

(CI) 

(),N 

(C,;HS);PCH: 

Br 

C H = C H ) „ + 1
N ^ = ^ S 0 2 i ; 

32 

30 

H.,N 

SO..I-' 

(CI) 

B r C H , < ( ^ 

KtSO.H 

(CH,t'H_,)„+! 

33 

NSO 

31 

(CI) 

•SO,F 

0 z N \ O ) ( C H - ) , C 0 C 1 

34 

I 
I 

NH,-EtSOsH 

N N _ < Sf 
H,NkNJ ( C HY^(CHXH2 

(CI) 

S0,F 

35 

0 2 N ^ ^ ( C H 2 ) 4 O H - * 0 , N < Q ) ( C H , ) 4 B r 

36 37 

H 0 ( Q ) S 0 , F 0 2 N < ( Q ) ( C H 2 ) 4 0 < Q > S 0 2 F 

38 

Table I, except 13, were prepared by the previously 
described general methods used for 1-5.3'12-14 The 
appropriate fluorosulfonylbenzyl bromide (31) was 
converted into the Wittig reagents (30) with Ph3P; the 
chloro derivatives of 30 were available from another 
study.15 Wittig condensation of 29 and 30 afforded 
32; these were catalytically reduced in the presence of 
EtS03H and Pt0 2 to 33 which were condensed with 
cyanoguanidine and acetone by the method of [Modest111 

to give the requisite dihydro-s-triazines (35). 
Reduction of 7;-nitrophenylbutyryl chloride (34) to 

t he alcohol 36 was accomplished with XaBH4 in dioxane. 
Conversion of 36 into 37 with PBr3, then alkylation of 
/j-hydroxybenzenesulfonyl fluoride17 afforded 39; the 
latter was converted into 13 by reduction, then con­
densation with cyanoguanidine. 

Experimental Section 

Melting points were taken in capillary tubes on a Mel-Temp 
block and are uncorrected. All analytical samples had proper ir 
spectra and moved as a single spot on tic; Brinkmann silica gel 
OF was used for all compounds except 35 where Brinkmann 

II 2) IS. R. Baker a n d G. J . Lourens , ./. Med. Chern., 11 , 666 (1968), pape r 
C 'XXVII of this series. 

!i:S) IS. K. Baker a n d G. J . Louresns, ihid., 12, 95 (1969), p a p e r C X I , of 
this series. 

(14) B. R. B a k e r a n d N . i t . J . Vermeulen, ibid., IS , 89 (1969), p a p e r 
C X X X V I 1 I of this series. 

(15) IS. R . B a k e r a n d J . A. H u r l b u t , ibid., 12, 902 (1969), pape r C L X I 
of th is series. 

(16) K. J . Modes t , ./. Org. Chem., 2 1 , 1 (1956). 
(17) IS. R. B a k e r a n d N . -M. J . Vermeulen , J. Med. Chem.. 13, 82 (1970), 

pape r C L X V I of th i s series. 

39 

polyamide MX was employed. All analytical samples gave com­
bustion values for C, H, N, or F within 0.4% of theoretical. 

2-Chloro-5-nitrocinnamaldehyde (29a).—Condensation of 2-
chloro-5-nitrobenzaldehyde18 with MeCHO, as described19 for 
the condensation of 4-nitrocinnamaldehyde with MeCHO, gave 
a crude product that was recrystd from CeHe; yield, 40% of 
analvtically pure material, mp 141-143°. Anal (CiH6ClNO:i) 
V, H, N. 

3-Chloro-4-fluorosulfonylbenzyltriphenylphosphonium Bro­
mide (30a). Method A.—A soln of 2.0 g (7 mmoles) of 3-chloro-
4-fluorosulfonylbenzyl bromide (31a) ls and 1.9 g (7.3 mmoles) 
of Ph3P in 100 ml of C6H6 was refluxed 16 hr; during this time 
the product separated. The cooled reaction mixture was filtered; 
the solid was washed with Cell 6 and recrystd from EtOH-C'eHs 
to give white crystals, mp 268-270°. See Table II for additional 
data and other compounds prepared by this method. 

4-(p-NitrophenyIbutoxy)benzenesuIfonyI Fluoride (39). -Re­
duction of the crude acid chloride (34) prepared from 6.3 g 
(60 mmoles) of p-nitrophenylbutyrie acid with NaBH4 in di­
oxane20 gave 5.3 g (45%) of 36 which was converted into 3721 with 
PBr3 in CCh. in 7 5 % yield. A mixture of 2.58 g (10 mmoles) of 
37, 1.93 g (11 mmoles) of 38,22 1.38 g (10 mmoles) of K2C03 , and 
25 ml of D M F was stirred in a bath at 80° for 14 hr.17 The 
cooled reaction mixture was dild with 50 ml of HjO and extracted 
with CHCI3 (three 50-ml portions). The combined extracts 
were washed successively with 25 ml of 10% Na»C03 and 25 ml 
of H2O, then dried (MgSOO- Evapn in vacuo gave 3.4 g (97% ) 
of an oil which showed one major spot and one trace component 
on tic with 4:1 CHCVpetroleum ether (bp 60-110°). The 
compound had an appropriate ir spectrum and was used without 
further purification for conversion into 13; see Table IV. 

(18) B . R. Baker , B . T . Ho, a n d G. J. Lourens , J. Pharm. Sri., 86, 7:-i7 
(1967), p a p e r L X X X V I of th is series. 

(19) B . R . B a k e r a n d J. H. J o r d a a n , J. Med. Chem., 8, 35 (1965). 
(20) E . Wa l ton , A. F . Wagner , F . W. Bachelor , L. H . Pe te r son , V. W. 

Holley, a n d K . Folkers , J. Amer. Chem. Son., 77 , 5144 (1955). 
(21) B. E lpe rn , L. N . Ga rdne r , a n d L. G r u m b a c h , ibid., 79, 1951 {,1957 
(22) W. Steinkopf, J. Prnkt. Chem., 117, 1 (1927). 


