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1-(2-Chloro-5-nitrophenoxy )-2-(4-fluorosulionylphenoxy i-
ethane (29a) (Method B)..—To 1.68 g (6.0 nunoles) of 25a werc
added 1.06 g (6.0 mmoles) of 26, 0.83 g (6.0 mmolest off KaCly,
and 6l of DMIEF.  The suspension was stirred at 95-100° for
22 hr, then processed as deseribed in method A, The residnal
solid was reerys(allized fronn KGO yield 682 mg (3047 ) of light
vellow crystals, mp 126-127° (e in Cellg. cbale (CH)Cl
IFNOe8) €, I, N.

FFor additional componnds prepuared by this method see Table
1.

«-(2~-Chloro-4-nitrophenoxy )-« ‘- p-fluorosuifonyiphenoxy )-y-
xylene (27g) (Method C).-~A stirred mixture of 1.61 g (4.5
mmoles) of 23g, 0.70 g (4.5 mmolex) of 26, nud 0.62 g (4.5 nunnles:
ol K005 1n & mi of DMFEF was kep( al room (emperatnre for 24
hr.  Addition ta 100 ml of HyO cansed the product o separate
a1 gnnuny oil which gradnally solidified.  The product was
collected an a filter and washed with a0,  Recrys(allization
once from +PrOH aud then twice from CHCL-MeOTT vielded
115 g (5790 of white crystals, mp 128-120° ale o Cilla).
Anals (Caol :CIFNOgS) () H, N,

For additional compounds prepared by (his method see Fable
1.

p-Chlorophenyl  p-[4-(2-Chloro-4-nitrophenoxy jbutoxy|ben-
zenesulfonate (32) (Method D).-- A mixture of 305 mg (1.25
nunoles) of 27¢ aud 205 myg (1.36 mmoles1 of Na p-chlorophen-
oxide in 2 mlb of DMF was stirred at room (emperatnre for 4 hr
and then added o H0 mi of HyO. The initially gmnmy precipitate
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~olidified rapidly npon stinding. The ermde prodne) was vol-
leeted on a filter and washed with 11,0, Reeryvstallizaton (rom
MeOEOIT HaO with aid of charcoal yvielded 452 mg (70071 of
nearly white ervatals, mp 133 034° o(e in Cellai fund (Oull -
CLNO:S1C, 1, N

tiraux-1,4-Bisibromomethyl )eyclohexane (22h1 - 1n a 3-uecked
tlask cqmpped with mwechanical stirrer, condenser with drying
mbe, and addition mmuel was placed 136 g 1500 mmoles) of
PBre.  The reaction vessel wax conled mlee as a solnton of 721
e H00 moles 3 of frops-14=evelohexanedimetlianol m 40 ml of
pyridine and 40 md of CHCL was added dropwise with =trring
to the PBry over a period of 2 hr. The mixture was (hen =tirred
At 55-60° for an additional I8 hr, then filtered (wice 1o renove
precipitated  pyviidine =i which were washed with Celie.
Additional Cyllgwias added 1o the Altrate jo bring he votal vohume
to H00 ml. The CiHe solnGon wias washed =necessively with 750
mlof 5 HCL 730 mbof 3¢ NaOIT, and | L of 11O, After being
dried ¢ MgROg, the sadntion was =pin-evaporated /i cacea giving
a residnal oif which solidified npon cooling and standing.  Be-
crv=tallizatione (vom NMeOTT gave 805 g (60071 of codorless eryvs-
Lal~, mp 53 557 e in petrolemn ether), e mp 557,
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Twenty-eight analogs of the title componnd bearing a ternminal SO gronp were investigated s irreversible
inhibitors of dihydrofolate redunctase from Walker 256 rat tmunor, L1210 monsc lenkemia, monse hiver, and several

norinal rat (issnesx.

Only 4 of the irreversible inhibitors showed (issue specilicity in the rat by giving good in-

activation of the Walker 256 enzyme and poor inactivation of the erude rat liver euzyme, namely, (he 1-phenyl-
s=(riazines with the following substitnents on Ph: p-{CHaWCoITSO0F-p (5), 3-Cl-4-1 CHa ) CsH1-4-CI-2-80.F {8),
p-(CH)0CH SO F-p (13), and p-(CHa)sCsHSO:F-p (14); (hix tissne-specificity of inactivation was dne (o

the rapid hydrolysix of the SOF gronp 10 SOH by u liver “snlfouyl fluoridase.”

Shuilarly the rissue specificity

i enzyme inactivativn of L1210 ps. monse liver with 6 compoiunds (4-7, 11, 14) was due (o the action of the

“sulfouyl flnoridase.”

In contrax( 6 other tissue specific irreversible inhibitars of L1210 dihydrofolic reduerasce

pwed their specificity (o ditferences in the strneture of (he enzyme from L1210 and mouse liver; these were
- {CH2 s CoHS0aFon (3%, 3-Cled-{ CHy1:CeH i 4-Cl-2-80.F (83, 5-Cl-4-(CH)Col1+3-80,F (171, 3-Cl-4-(Clla)-
Collrd-Cl-3-80,F (18), 3-(CHa 1 Col 1r2-Cl-4-830,F 1251, and 3-(CH),Call-4-CI-3-80.F (281

It was demonstrated in o previous paper in this
series? that 1 and 2 were exeellent active-site-directed
irreversible inhibitors® of the dihvdrofolate reductase

NH,

NZ N
H_.NKN) (CHy),

1, R = m«CH,),C;H,SO,F-p
2, R =3-Cl-4-(CH,),CH,SO,F-p
3, R=m-(CH,),C;H,SO,F-m

R

(1) This work was generously snpported hy Grant CA-08695 from the
National Cancer Inscitute, U. 8, Public Health Service.

12) For the previons paper of this series see B, I}, Baker and W. T.
Ashton, J. Med, Chem., 13, 1149 (1970),

(3) Yor the previous paper on tlds subject see B, R. Baker, ¥. E. Janson,
awd N. M. J, Vermeulen, thid., 12, 898 (1989), paper CLX of this series.

(4) N. M. J. V. wishes to thank the Council of Scientific and Industrial
Research, Republic of Soath Africa, for a tuition fellowsbip.

(5) 1. R. Baker, "Desizn of Active-Sice-Dirveted Irrevorsible Lnzyuvuwe

Inhbibitors," Wilex, New York, N. Y., 1967,

from L1210 mousce leukemia and Walker 256 rat tumor.
I'urthermore, 1 and 2 showed good eell wall transport-
presumably by passive diffusion---=ince the compounds
had EDs 2 X 101 3/ and 9 X 107137, respeetively,
against 1,1210 in eell culture. However, 1 and 2
shiowed little tissue speeifieity sinece they could also in-
activate the crude enzyme prepared from niouse or rat
liver; even so, 1 was highly effective in eiva against
Walker 256 ascites in the rat.  Although 3 was us good
a reversible inhibitor of L1210 dihydrofolate reductiase
as 1, this simple structural change made 3 far less effec-
tive than 1 against L1210 cell culture,® indicating that
diffusion through the cell wall was sensitive to strue-
tural change.  More recently we have observed’ that
the tissue specificity for irreversible inhibition of dihy-
drofolate reductase is due to a “sulfonyl fluoridase” in

(6) B. R. Baker, N. M. J. Vermeulen, W. T. Ashton, and A. J. Ryan,
J. Med Chem, 18, 1130 {1070), paper CLXX11) of this series.

(D) B, R. Baker and N. M. l. Vermeulen, ibid., 18, 114:} 11470), puper
1'LXXY of this series.
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normal tissue that can rapidly convert the SO.F group
to SO;H; this “fluoridase” is apparently absent in
Walker 256 and 1.1210 cells. We therefore embarked
on design and synthesis of analogs of 1 and 2 in a search
for more tissue-specific irreversible inhibitors that still
would show good cell wall transport ;*#:® 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 SO.F
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-
pheuylbutyl 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-
phenvibutyl series (1, 23-28).

The parent p-phenylbutylphenyl-s-triazine with a
terminal SOzl 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 leukemia?® aud a fair inhibitor of this en-
zyme from Walker 256 rat tumor;® it was also active in
vivo.% Tissue specificity was shown with crude enzyme
from mouse liver® and several rat tissues;® this poor in-
hibition of the enzyme from normal tissues was shown
to be due to rapid hydrolysis of the SO.F group of 5 to
SO;H." Introduction of 2-Cl (12) on the benzeunesul-
fonyl fluoride moiety resulted in loss of tissue specificity,
t.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 couformational flexibility
of the terminal phenyl group, irreversible inhibition of
the Walker 256 enzyme was not changed; however, the
effectiveness of 13 as an irreversible iuhibitor on the
11210 enzyme was cousiderably impaired. Good tissue
specificity was seet with 13 between Waller 266 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 § apparently aided transport
through the L1210 cell wall since 13 was 200-times as
effective as 5 against L1210 cell culture by comparison
of ED;o/Is ratios.® 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 pareut 3-chloro-4-phenylbutylphenyl-s-triaziue
(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-Cl 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-Cl group (16) was detrimental to irreversible in-
hibition of the enzyme from the two tumors.

When the SO,F 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 1.1210, and

(8) B. R. Baker, G.J. Lourens, R. B. Meyer, Jr,, and N. M. J. Vermeulen,
J. Med. Chem., 13, 67 (1969), paper CXXX111 of this series.

(9) B. R. Baker and R, B. Meyer, Jr., ibid., 12, 668 (1969), paper CL1V
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, 239 ; 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-Cl atom (18) was introduced on
17; 17 is considered superior to 18 siuce 17 is 10-times
as effective against 1.1210 cell culture, indicating better
transport of 17,

When the SO,F 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-Cl (20) or 4-Cl (22) atom gave compounds with
excellent irreversible inhibition of the enzyme from
Walker 256 and 1.1210; unfortunately tissue specificity
was poor. In contrast, introduction of a 3-Cl 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 256° and 1.1210.> There was poor tissue
specificity in the rat,® but good tissue specificity be-
tween L1210 and mouse liver;® the latter was due to the
action of the “sulfonyl fluoridase” as shown by excellent
irreversible inhibition of the purified mouse liver en-
zyme.” In addition, 4 showed i vivo cures of Walker
256 ascites.® Introduction of a 2-Cl (6) or 3-Cl (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 wall transport.

When the SO,F moiety of 4 was moved to the 2 posi-
tion and a 4-Cl (8) or 5-C1 (9) substituent placed on the
benzenesulfonyl fluoride moiety, the inactivation of the
enzyme from Walker 256 or 1.1210 was somewhat im-
paired. However, the 4-Cl-2-80,F (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 11210 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 1.1210 and mouse liver. Unfortunately 8
was 35-fold less effective than 4 against 1.1210 cell cul-
ture.

The 4-Cl1-3-S0," analog (11) of 4 showed tissue speci-
ficity between 1.1210 and mouse liver, the specificity
being due to the hydrolysis of 11 by the “sulfonyl fluo-
ridase.”

In the fourth subclass, the parent m-phenylbutyl-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-Cl on the inside Ph
(23) on 1 practically destroyed the irreversible inhibi-
tion. However, introduction of 2-Cl on the benzene-
sulfonyl fluoride moiety gave 25 which still showed ex-
cellent irreversible inhibition of the 1.1210 and Walker
256 enzymes. Although 25 showed no enzyme specifi-
city between Walker 256 and rat liver, 25 did show good
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Tulily, True, Ty
No. R Linzyme souree® 15,9 u M wM win huteovn” blya/ i LD 1y
1 Pi-(CHs )y Cs SO F-p L1210/,DF8 (Ay 0. 0080 0,060 50 86 0. 0002 0.03
Mouse liver (AW 0. 066 G0 o4
W256 (A)y 0,014 0,050 60 05
Rat liver (A ¥ 0.018 0,050 G0 U5
Hat spleen (A)*4 0.050 20 7
at kidney (A)* 0,050 20) 15
2at kidney {Cf 0,050 20 04
Rat intestine (A)* 0,050 20 0
2 3-Cl-4-(CHy ) Ce H SO K-y L1210/ DFES (A 0,0072 1.050 G0 100 0. 0009 0.1
Mouse liver (Ay 0,030 50 41
W256 (Aw 0, 050 (i1} 95
Rat liver (Ay 0,050 60 07
Rat kiduey (A} 0.050 20) 0
Rat kiduey (C) 0.050 20 e
Rat intestine (A1 (1,050 20 15
3 = (CH )Gl 13O, 1 - LI21I0/DFS (Aw 0. 0080 0,050 GO 04 0.55 40
Monse hiver (A 0. 050 ) 25
Monse liver () 0.050 G0 A1
W256 (Ap (. 050 60 70
Rat hver (Aw (). 050 (i S0
4 3-Cl-4-(CHy 2 Co SO F-p L1210, DFR (A 0,014 0.070 GO 0 0.03 4
Mouse liver (A 0.070 (0 17
Mounse liver (Cv 1,070 [$0] 02
W256 (A4 0. 0080 (. 050 ;0 K6
Rat liver (A 0.018 (). 050 G0 K6
Rat intestine (A)* (). 050 20) 9
5 p-(CI2 )i Cel LSO -p L1210, DF8 (Ay 0,020 0. 10 (50 5 0.18 9
Mouze liver (A 0,10 GO 97
Mouse fiver (C) 0. 10 60 wH
W26 (A)* 0.014 0,050 GO (52
Rat liver (A)* 0.022 (), 060 G0 12
Rat liver (C) 0,060 G0 S8
Rat kidney (A)k 0. 060 20) S
Rat kidney (C) 0. 060 ) s
2 incestine (A (. 060 20 5
i} 3-Cl-d-(CI ) C T 3-2-C1-4 -850 I L1210 1DFS (A) 0.0047 0.05 50 76 0.45 00
Monse liver (A) 0.05 60 0
Mouse liver (C) 0.05 60 52
W256 (A) 0.05 60 62
Rat liver (A) 0.0 60 46
7 3-Cl-4-(CH; ),CsH;-3-Cl-4-80.F L1210;DF8 (A} 0.014 .05 60 83 0.0> 4
Aonse Iiver (A) 0.05 (0 1}
Monse liver (C) 0,05 61) (G2
W256 (A) 0.0H 650 &8
dat liver (A) 005 G0 61
dal Intestine (A) 0.05 20 43
S 3-Cl-4-(Cl1, o Csl1-4-Cl-2-80, 1 L1210 DFs (A) 0. 0059 0.0 (0 (1%} 0.6 70
Alouse liver (A) 1).05 60 i}
Mouse liver (C) (.05 60 1H
W256 (A) 0.05 G0 St
Rat liver (A) 0.05 G0 15
Rat liver (C) 0.0 60 ]
Rat intestine (A) 0.05 20 20
9 3-Cl-4-(CHy »,CsH5-5-ClI-2-80,F L1210,DF8 (A) 0.014 0.0 60 31 0.8 60
W256 (A) 0.0 60 51
10 3-Cl-4-(CHa)oCelH3-3-Cl-2-804F L1210/ DEFS (Al 0, D0H (.05 G0 0 2.4 H00

W256 (A) 0,05 Gl 13
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11

12

13

14

16

17

18

20

21

22

RY
3-Cled-(CHy ) CoH-4-CI-3-SO.F

’p—(CH-z)4()5H3—2—Cl—4—SO2F

p-(CH2),OCeH,SO,F-p

p-(CHz)sCeH,SO.F-p

3-Cl-4-(CH:)(CsHs-2-CI-SO.F

3-Cl-4-(CH,),CsH;3-3-C1-4-SO,F

3-Cl—4—(CH2)ACsH4-3—802F

3-Cl-4-(CH,),CsHs-4-Cl-3-SO.F

3-Cl-4-(CH,)CsH-2-SO.F

3-Ci-4- (CH,),CsHs-5-CL-2-SO,F

3-Cl-4-(CH:)4CeH;5-3-CI-2-SO.F

3-Cl-4-(CH,).CsH;-4-CI-2-SO,F

4-Cl1-3-(CHy):CsH.SO.F-p

CLXXVII
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TasLe I (Continued)

Enzyme source®
L1210/DF8 (A)
Mouse liver (A)
Mouse liver (C)
W256 (A)

Rat liver (A)
Rat intestine (A)

L1210/DFS (A)
Mouse liver (A)
W256 (A)

Rat liver (A)
Rat intestine (A)

L1210/DF8 (A)
Mouse liver (A)
W236 (A)

Rat liver (A)
Rat liver (C)
Rat intestine (A)

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

Rat liver (A)
Rat liver (C)

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

Rat liver (A)
Rat 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/DFS8 (A)
W236 (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)

1002
uM

0.0054

0.011

0.0073

0.075

0.017

0.020

0.0094

0.0078

0.017

0.088

0.0063

0.015

Inhib,

0

.05
.05
.05
.05

05
05
05
05

.05
.05
.05

05
05

.05
.05
.05
.05

.15
15
.15
.15
.15

15

.050

050

.050
.050
.050
.050

050

.050

.050
.050
.050
.050
.050
.050
.050

050

L0530
.050

050
050
050

.050
.050

.18
.18
.18
.18
.18

05

.05

030
050
050
050
050

.050

—

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

%
inactvn®
76
5
60
94
33
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
8

EDw./
M

0.16

0.0003

0.007

0.0004

0.001

0.0003

1157

EDw/In

30

40

0.04

0.6

0.4

20

0.02

0.01

0.05
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No. R* suooee

24 4-C13-(CLT Ce TS8OI -p L1210, DI'S (A3
W256 (A

25 3-(ClaCyl1-2-Clad- RO, 1 L1210 DS (A)
Monse liver (A)
Monse liver ((')
W256 (A1
Rat liver 1A)
e mtestne (A)

206 3-(CEL ) Cll 3-3-Cl4- SO, 1 L1210 DFS (A)
W256 (A1)

27 e (CH ) C-Lp-5-Cl-2-8 001 L1210 DIFS (A)
W256 1A)

25 B C L Cal Lpm4-Clab -8 0, 1 Li210 DS (An
Mouse liver (A)
Monse liver 1C)
W250 (A)
Rat Hiver (A)
Rat intextine (A)

0,4 Luki., Tioe. "‘ w0,
wlf w M ot a1y’ n LDin L

017 0534 60 B e >0
0.5 51) 32

0.010 0.0 GO 1ou 0.07 7
(. 050 G0 3
0,050 GO oy
0,050 11 91
0,050 Gl 96
0. 050 20 45

0,020 0. 0H0 60 N .02 I
0.050 G0 52

0.011 0,050 G0 16 0.02 2
0,050 60 0o

00043 0,050 GO 100 0.1 R
0,050 60 R
0,050 60 45
0,050 [H! 9§
0,030 G0 706
0,050 20 30

“The echnical assistance of Diasne Shea, Janet Wood, aud Julic Leseman with (hese assayvs is acknowledged.  * Numbered from
(riazine junction. * W256 = Walker 236 rat tumor; L1210/DF8 = monse lenkemin resistunt (o methotrexate; A, 45-90%¢ (N11.580),
fraction;? C, enzyme purified by affinity columi? ¢ Conen for 5045 reversible inhibition when assayed with 6 wM dihydrofolate and
0.15 3 KCI it pH 7.4 Tris buffer as previonsly described® ¢ Inienbated with enzyme in pH 7.4 Tris buffer containing 60 pAf TPNII,

o

then the remaining ensyme assayed as previously described® 20-min incubations were rnn at24° and 60-min inenbations ar 37°. / Conen
for 504 mhibition of L1210 cell enitare. # Data from ref 3. * Data from ref 6. 7 Data from ref 7.

Tapne 11

Puysican Proreurries or

(G H)PCH,

€
Br R
Yield,*
Noof 13 4 Mp, “C Forarula'
300 3-Cl-4-80, 1 00 268-270 CaallyBrCIFO,PR
S0h 0 2-Cl-4-S0y 1 70° 1995-195 CaHaBrCIFO,PRe

30e¢ 4-Cl-3-8OuF YR 261-263 dec CoHuBrCIFO.PR
J0d - 4-Cl-2-80,F 4o 2 CaHpBrCIFO,PS
30¢ 3-Cl-2-80u1 H2 decy CaTaBrCIFO, PR e
301 5=Cl-2-80,1¢ St Sl Ly BrCIFO,PS
Mg 2-80.F S8 228-230 dee CauHayBrEO,PS

« Cotpounds prepared by method A, ¢ Yield of analytically
pure maferial. v Anal, C, 1. Recry=(d from BEtOQH-Cgt,.
“Reerystd from 1OI-1LO, 7 Aual,, C, M, F. ¢ Mp 120°,
resolidifies a€ 165°, (hen remeltz. X Rolvated with 0.5 CeHi.

Y

speeificity between L1210 and mouse liver; this specifi-
city was apparently due to a difference in enzyme struc-
ture, since the purified liver cuzyme was inactivated by
25 about the same extent as the erude preparation.
Note that 25 was transported through the 1.1210 cell
wall mueh less effectively than 1, but still sufficient.,

Introduction of 3-CI (26) was detrimental to inacti-
vation of the enzyme from 1,1210 and Walker 236,
Similarly, when the SO, group was shifted to the ortho
positioi, the resultant 27 was a very poor irreversible in-
hibitor.  When the p-SO.F group of 1 was moved to the
meta position (3),° inactivation specificity between
1.1210 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 etfectively than 1. Introduction of 4-C|
on 3 gave 28 with about the same specificity and trans-
port pattern.

Discussion

Of the 28 compounds 1 Table 1, only 4 (5, 8.
13, 14) showed specifieity in inactivation between the
erude enzyme from Walker 256 and rat liver; in all
4 cases Inactivation of the purified liver enzyme® was cox-
tensive, indicating that the speeificity was due to rapid
hyvdrolysis of SO to SOH by “sulfony] fluoridase’ in
Liver.™ In the case of 11210 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 hiydrolysis
of SO by the “sulfonyl fluoridase’ aud the remaining
G were apparently due to differences in the strueture
of dihydrofolate reductase from 1,1210 and mouse liver.

I'olseh and Bertino!' have observed that several of
our irreversible inhibitors of dihydrofolate reductase of
the SO,IT type are rapidly hydrolyzed to the sulfonic
acids by mouse serum, slowly by rat serum, and neg-
ligibly by human serum. They suggested that this de-
struction of the irreversible inhibitors by this ¢sulfony!
fluoridase” could aecount for the poor #n eivo respousc
of 11210 mouse leukemia to these inhibitors and sug-
gested that the compounds be tested against rat tumors:
this suggestion was followed with suceess.® The faet
that 6 of the Iiveversible inhibitors (3, 8, 17, 18, 25, 28)
1 Table I are not destroved by the mouse liver “sul-
fouyl fluoridase” suggests that these 6 conmpounds
might be cffective on 1,1210 mouse leukemin in viva,
particularly if neither the mouse liver nor mouse serum
“sulfony] fluoridase” can destroy these 6 compounds.
FFurthermore, thie 6 compounds have a sufficiently good
LD;, (0.02-0.4 M) against 1.1210 in cell culture that
cell wall transport <hould 1ot be a serious problem.

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

£10) A, J. Ryan, N. M. J. Vermeulen, and B. R. Baker. JJ. Med. ("hne.
13, 1140 (1970), paper CLXXI1V of this series.
{11 I3, Folseb and ), R. Bertivo, Mol, Pharmucel., 2, 13 Q4T0.
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TapLe III: PHysical Properriss oF
R, R,
5O O
(CH==CH),
Position® of Yield,?
No.# R’ " (CH=CH),, R % Mp, °C Formula®
32a 3-Cl 1 4 2-Cl-4-SO.F 61/ 133-136 C HyCLEN O
32b 3-Cl 1 4 3-Cl-4-SO,.F 720 136-138 C1 HsCLFNO,S
32¢ 3-CI 1 4 4-CI-2-SO,F 639> 149-155 C HsCLFNOS
32d 3-Cl 1 4 5-CI-2-SO.F 62¢./ 119-122 CuHsCLLFNO,S
32e 3-Cl 1 4 3-Cl-2-S0,F 314 112-155¢ C HsClL,FNOS
32f 3-Ci 1 4 4-CI-3-S0,:F Hoe e 150-156 CuHCLFNOS
328 H 2 4 2-Cl-4-SO,F* Hars 223-224 CH,,CIFNO,S'
32h H 3 4 4-SO,Fm.» 424.1 157-160 CsH\,FNOS
321 3-Cl 2 4 2-Cl-4-80,F° 367 274-276 dec CisH1oCLLEN O35t
32 3-Cl 2 4 3-Cl-4-SO,F¢ 60/ 240-243 CieH1cCLFNOS
32k 3-ClI 2 4 3-80;Fe.» 357 208-210 CieH,,CIFNO,S8!
321 3-Cl 2 4 4-CI-3-80,F° 42/ 224-230 CisH ClILFNOGS
32m 3-Cl 2 4 2-S0,;F° 561 S 216-218 CH),/CIFNOS
321 3-ClI 2 4 1-)-01-2-8021*‘0 557 228-230 C]ﬁH]oCl2FNO4S
320 3-Cl 2 4 3-Cl-2-S0,Fe 41* 212-214 CisHioCI,FNOS
32p 3-Cl 2 4 4-CI-2-SO,Fe 487 245-247 CisH1oCLFN O3
32q 4-Ci 1 3 4-S0,F» 7707 190-191 CuHCIFNO,S
32r 4-CI 2 3 4-80,F* 67/ 158-196¢ CsHi CIFNO.S
323 H 2 3 2-Cl-4-S0,F* 39/ 175-180 CieH/CIFNOS
321 H 2 3 3-Ci-4-S0,F* 337 201-205H CsH), ) CIFNO8
32u H 2 3 5-Cl-2-80,F* by 218-220 CeH,,CIFNO,S
32v H 2 3 4-CI-3-SO,.F* 30/ 184-186 CeH),CIFNOS

< All compounds prepared by method A in ref 14. > Numbered from 1-NO;. ¢Numbered from 1-vinyl gronp. ¢ Analyticaily pure
material. ¢ Anal., C, H, N unless otherwise indicated. 7/ Recrystd from EtOH-THF. ¢ Recrystd from EtOH-H,0. * Recrystd
from EtOH, * Recrvstd from EtOH-THF-H;0. 7 Two spots of cis—trans mixture ou tie. * For starting aldehyde see C. F. Gohring,
Ber., 18,720 (1885). ¢ Anal., C, H, F. ™ For starting aldehyde see ref 19. ~ For the starting Wittig reagent see ref 12. ¢ For starting
aldehyde see ref 3. # For the starting Wittig reagent see ref 3.

TasLe IV: PrysicaL Prorerrins or

NH,HX
-G
H:N KN) (CH:;)‘.’ R
Yield,©

No.* HX R® % Mp, °C dec Formula?

6 EtSO;H 3-Cl-4-(CH,),CsH3-2-Cl-4-80,F 52 226-229 CiyHaoCLFN;O5 - EtSOsH

7 EtSO:H 3-Cl-4-(CH,;),CeH;3-3-Ci-4-SO,F 42 216-219 C1yHyoCLFN;0,8 - EtSO,H*

8 EtSO;H 3-Cl-4-(CH,):C¢H-4-ClI-2-SO.F 44 209-211 C19HaCLFN ;0,8 - EtSO;H

9 ETSO;jH 3'Cl-4-(CH2)2CsH3'5'Cl'2’SOzF w—)2 210—212 C] gHzoCleN;OgS N Etb‘o;;H
10 EtSO;H 3-Cl-4-(CH;).CsH;-3-C1-2-SO.F 40 224-226 CiyHyCLFN;0.S8 - E(SO;H
11 EtSO.H 3-Cl-4-(CH;),CeH3-4-CI-3-SO, F 52 215-216 C,9HaCLFN,0,8 - EtSO;H
12 EtSO;H 4-(CH,)4CsH;-2-C1-4-SO.F 32 204-205 Ca1H2:CIFN;0.8 - EtSOsH
13/ HCI 4-(CH,),0CsHSO:F-p 39 223-225 Co1Hy6FN;058 - HCI
14 EtSO;H p~-(CH,)sCsHSO,F-p 34 205-207 C2H3FN;0.8 - EtSO;H
15 EtSO;H 3—C1—4-(CHz);CsHa—Q—Cl-‘l—SOzF 49 201-203 Cy HaoCLLFN;O,S - EtSO;H
16 EtSO;H 3-Cl-4-(CH,),CsH;-3-ClI-4-SO,F 44 214-215 CoHoCLLFN ;0.8 - EtSO;H
17 EtSO;H 3-Cl-4-(CH2)4CsH-3-S0:F 34 185-187 CaHasCIFN;0:8 - EtSOsH
18 EtSO;H 3-Ci-4-(CH;):CsH5-4-CI-3-SO.F 44 198-200 CaiHaCLFN ;0,8 - EtSO:H
19 EtSO;H 3-Cl-4-(CH,)4CsHy-2-SO:F 42 194-197 CuHy:CIFN;0.8 - EtSO:H
20 EtSO;H 3-Cl-4-(CH;),CsH;-5-C1-2-80,F 45 193-194 C2)H2CLFN ;0.8 - EtSO;H
21 EtSO;H 3-Cl-4-(CH,),CeH;-3-CI-2-80,F 21 >215H C2HaCLFN ;0,8 - EtSO;H
22 EtSO;H 3-Cl-4-(CH, )4CsH;-4-C1-2-SO,F 29 200-202 CoHaCLFN ;0.8 - EtSOsH
23 HCI 4-CI-3-(CH2):CsH4-SO.F 37 218-220 CioHo CIFNO,S - HCI
24 EtSO:H 4-CI-3-(CH;){CeH-4-SO.F 24 205-206 C2HysCIFN:O,S - EtSO;H
25 EtSO:H 3-(CH.)4CeH;-2-C1-4-80.F 32 168-170 C2 Ha:CIFN;: 0.8 - EtSOsH
26 EtSOzH 3-(CH;)«Ce¢H;-3-Ci-4-SO.F 43 185-187 CaH2 CIFN;0,.8 - EtSOsH
27 HCI 3-(CH2)sCsH;-53-CI-2-SO,F 16¢ 190-192 CaHa;CIFN;0,8 - HCI
28 EtSO;H 3-(CH2).C¢H3-4-CI-3-80.F 28* 176-178 C2 Ha;CIFN;0.8 - EtSOsH

¢ Prepared by catalytic reduction of compounds in Table IIT in MeOEtOH with a PtO, catalyst in the presence of 1 equiv of HX,
followed by condensation with cyanoguanidine,® unless otherwise indicated. ® Numbered from triazine at position 1. ¢ Analytically

pire material recrystallized from {-PrOH-H,0O, unless otherwise indicated.
C, H, N. ' Reduction performed with Raney Ni catalyst, then HCI added.
and twice from MepCO.

4 Anal., C, H, F unless otherwise indicated. ¢ Anal.,
s Recrystd from Me.CO. * Recrystd ouce from EtOH
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Tuble I, except 13, were prepared by the previously
described general methods used for 1-53:12-1% The
appropriate fluorosulfonylbenzyl bromide (31) was
converted into the Wittig reagents (30) with PhsP; the
chloro derivatives of 30 were available from another
study. ' Wittig condeusation of 29 and 30 afforded
32; these were catalytically reduced i the presence of
[5tSO:H and PtO, to 33 whieh were condensed with
¢vanoguanidine aud acetoue by the method of Modest™®
to give the requisite dihydro-s-triazines (35).

Reduction of p-nitrophenylbutyryl chlorvide (34) to
the aleohol 36 was accomplished with NaBH, in dioxanc.
Conversion of 36 into 37 with PBry, then alkylation of
p-hydroxybenzenesulfonyl fluoride!™ afforded 39; the
latter was converted into 13 by reduetion, then con-
densation with evanoguanidine.

Experimental Section

Melting poiuts were takeu in capillary tnbes on a Mel-Temp
block and are uncorrected.  All analytical samples had proper ir
=pectra and moved as a single spot on tle; Brinkmann silica gel
GF was nsed for all componnds except 35 where Brinkmann

td) 8. R. Baker and G, J. Lourens, /. Med. Chem., 11, 666 (1968), paper
CNXXVI11 of this series.,

1:3) B. R. Baker and G. J. Loaresns, 14id., 12, 95 (1960), paper CXL of
this seriex.

114) 3. R. Baker and N. M, J, Vermeulen, thid., 12, 89 (1969), paper
CXXNXVIII of this series.

(15) B. R. Baker and J. A. Hurlbut, thid., 12, 902 (1969), paper CLX1
of this series.

«16) E.J. Modest, /. Org. Chem., 21, 1 (1956).

(17) 1. R. Baker and N, M. J. Vermealen, JJ. 3ed. Chem., 18, 82 (19701,
paper CLXVI of this series.

37

O!N©(CH2)4O< (O)sor

39

polyamide MN was emiployed. All analytical samples gave com-
bustion values for C, H, N, or F within 0.4 of theoretical.

2-Chlioro-5-nitrocinnamaldehyde (29a).—Condensation of 2-
chloro-5-nitrobenzaldehyde'® with MeCHO, as described®® for
vhe condensation of 4-nitrocinnamaldehyde with MeCHOQ), gave
a crude product that was recrvstd from CeHe; yield, 40¢; of
nnalytically pure material, mp 141-143°.  Anal. (CyHeCINO,)
¢, H, N.

3-Chioro-4-fluorosuifonyibenzyitriphenyiphosphonium  Bro-
mide (30a). Method A.-—A solu of 2.0 g (7 nunoles) of 3-chloro-
{-fluorosulfouylbenzyl bromide (31a)® and 1.0 g (7.3 mmolex)
of PhsP in 100 ml of C¢Hg was refluxed 16 hr; during this time
the product separated. The cooled reaction mixture was filtered;
the solid was washed with CsHes and recrysid from EtOH-CgH,
(0 give white crystals, mp 268-270°.  See Table II for additional
data and other compounds prepared by this method.

4-(p-Nitrophenyibutoxy )benzenesuifonyl Fiuoride (39). -Re-
duction of the crude acid chloride (34) prepared from 6.3 g
(60 mmoles) of p-nitrophenylbutyric acid with NaBHs in di-
oxane?® gave H5.3 g (439;) of 36 which was converted into 372! with
PBr; in CCL in 75%, 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 K,CO;, and
25 ml of DMF was stirred in a bath at 80° for 14 hr." The
cooled reaction mixture was dild with 30 nil of H»O and extracied
with CHCl; (three 50-ml portions). The combined extracis
were washed successively with 25 ml of 106, Na,CO; and 25 nil
of H,O, then dried (MgS0:). Evapn in vacuo gave 3.4 g (97%¢)
of an oil which showed one major spot and one trace coniponent
on tle with 4:1 CHCl;-petroleum ether (bp 60-110°). The
compound had an appropriate ir specirum and was used withont
further purification for conversion into 13; see Table IV.

(18) B. R, Baker, B. T. Ho, and G. J. Lourens, J. Pharm. Sct., §6, 737
11967), paper LXXXVI of this series.

(10) B. R. Baker and J. H. Jordaan, J. Med. Chem., 8, 35 (1965).

(20) E. Walton, A, F. Wagner, F. W, Bachelor, L. H, Peterson, I". .
Holley, and K. Folkers, J. Amer. Chem. Soe,, T7, 5144 (1955),

i21) B. Elpern, .. N. Gardner, and L. Grumbach, ébid., T9, 1951 {1057

(22) W, Steinkopf, J. Frokt, Chem., 117, 1 (1927).



