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The wm-fluorosnlfonylbenzovl dertvative {1) of the title compound was previonsly shown to be au active-site-
directed irreversible inhibitor of the dihydrofolie reductase from the L1210/FR&, 1L1210/DF8, aud L1210,0
straius of monse lenkenta at a councentration of 1077 M; good specificity was seen since 1 at 1078 A/ failed to

mactivate the enzyme from mouse liver.

Sinee 1 showed good specificity, but probably required too high a con-

centration to be n=eful in vivo, 13 analogs were synthesized where the benzoyl moiety was varied to determine if

more potent compounds with a ~imilar specificity eould be found.

Some of the variants showed more poteney

sieh as the p-finorosulfonylbenzoyl (2) and the 4-chloro-3-fluorosulfonylbenzoyl (4) derivatives, b specifietty
was lost since the dihydrofolie rednetase from mouse liver could also be inactivated by 2 or 4.

As a result of u search for active-site-directed irre-
versible inhibitors? of dihydrofolie reductase derived
from 6-substituted 2,4-diamino-3-arylpyrinndines*—5
the sulfonyl fluoride 1 emerged; 1 could irreversibly in-
hibit the enzyme from 1.1210/I'RS mouse leukemia, but
not mouse liver. This compound (1) was also shown to

SO.F

be an irreversible inhibitor of dihydrofolic reductase
from the 1.1210/DFS and L1210/0 strains.” Al-
though 1 showed good tissue specificity, it did not meet
the desired criteria arbitrarily set for animal evaluation,
namely, (1) the compound should have a reversible
Lo >~ 6K; of <0.1 pd, (2) the compound should give
greater than 709 inactivation of the enzyme at a
K; =~ I;/6 concentration, and (3) at 2L the com-
pound should show less than 209 inactivation of the
enzyme from liver® Compound 1 failed to meet the
first criterion by a factor of about 4 (Table I). Al-
though it was not anticipated to be too difficult to
tighten reversible binding by a factor of 4-10 by a va-
riety of suitable simple structural modifications, such
minor structural changes might be detrimental to the

(1 This work was venerpusly supported hy Grant CA-08695 from tlie
National Cancer Institute, U. ¥, Public Realtll Service.

(2) Yor the previous paper oi this series see B. R. Baker and N. M. .
Vermeulen, J. .Med. Chem., 13, 82 (1964).

(3) B. R. Baker, **Design vl Active-Site-Directed Irreversible I'nzyine
Inhibitors.,  Tlhe Organie Chemistry n{ the Enzymic Active-Site,”" John
Wiley and Sons, Ine., New Yurk, N. Y., 1967,

(4) (a) B. R. Baker anl J. 11. Jorduan, J. Heterocyel, Chem., 4, 31 (19671,
paper LXXXII11 uf this series; (1) B, R. Baker and J. 1{. Jordaan, J. Pharm.
Sei., 86, 660 (1967), paper LXXXVI1] uf this series.

(31 (a) B. R. Baker, P. C. Huang, and A. L. Pogolotti, Jr., J. Med. Chem.,
10. 1134 (19671, paper CVI11 of this sertes: (b) B. R. Baker, P. . Huang,
and R. B Meyer, e, (bl 11, 475 (1U68), pater CX V] of (iis series,
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{87 For amore Jdetailed discussion of these criteria, sce rvel 7.

second or third criteria or both."*Y  Some six ap-
proaches were investigated, one of which 1s described in
this paper and one in the paper that follows. In this
paper is deseribed the effect on isozyme speciticity of
modification of the m-fluorosulfonylbenzoyl moiety of 1.

Enzyme Results.—When the sulfonyl fluoride moiety
of 1 was shifted to the para positian to give 2, the Iy
was improved five- to tenfold, thus meeting the first
criterion.  Unfortunately, 2 was now not only less
cffective than 1 on the L1210 enzyme, but also quite
effective on the liver enzyme. Insertion of o methyl
group (3) ortho to the SO.I" moiety of 1 gave little change
it L, but speecificity was lost. A similar hreversible
inhibition pattern was observed by insertion of an o-Cl
group (4) although the I; wax improved four- to eight-
fold. Inmsertion of an o-i-Pr group (5) did not change
the Tz compared to the parent 1, but the irreversible
inhibition pattern was dramatically changed.  The en-
zymes from 1121070 and L1210/DES were xtill inac-
tivated, but in contrast to 1, 5 could also inactivate the
liver enzviae,

Similar results were scen by insertion of a methyl (6)
or chlorine (7) on 1 where little change i Iy occurred,
but the seleetivity scen with 1 was destroyed; that is,
the liver enzvime eould now be inactivated by 6 or 7.

When the carboxamido bridge of 1 was replaced by
sulfonanido (8), reversible inhibition was enhanced
fourfold; however, 8 was a considerably less effective
irreversible inhibitor than 1 at an cqual amount of
enzyme-inhibitor reversible complex.  With the sul-
fonamido bridge bearing a p-SO.l” molety (9), the L,
was changed little compared to 1; unfortunately, speci-
ficity was lost since 9 eould now inactivate the liver
enzyme.

C'hain lengthening of the carboxaido bridge of 1 and
2 to ureido (10 and 11) gave little change in reversible
inhibition; however, speeifieity with 10 and 11 was lost
since the liver enzyme could also be inactivated. No
additional speeifieity was seen when a methyl or ¢chloro
group was inserted (12-14) on the benzoyl moiety of 10
or 11.

studiex on 2d-dianino-5-(3.4=dichlorophenyl)py -
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IRREVERSIBLE ExzYME INHIBITORS.

TaBLE I

INHIBITION? OF DIHYDROFOLIC REDUCTASE BY

NH,
N
lly

Enzyme
source

11210/FRS&¢

L1210/0i
L1210/DF8i

Livers
L1210/FR8
11210/0
L1210/DF8

Liver
L1210/FR8
1.1210/0

L1210/DF8

Liver
L1210/FR8
11210/0

L1210/DF8

Liver
L.1210/DF8
1.1210/0
Liver
L.1210/DF8
L.1210/0
Liver
L1210/DF8
L1210/
Liver
L1210/DF8
1.1210/0
L1210/DF8
112100
Liver
L1210/DFS8
11210/0
Liver
L1210/FRS8

112100
L1210/DF8
Liver
L1210/DF8
L1210/0
Liver
L1210/DFS
1.1210,0
Liver

Reversibled

0

0.

0.

Cl

Tso ¢
uM
.70

24

37

.29

.062
055
.035
.018

.35
.16

095
.060
.047

.030
.14

.32

096

.060

17

.20

.10

Cl

Ko uM
0.

0.

1

04

.06

.01

.009

.006

.003
.06
.03

.02

.01

.03

.03

.02

07
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Irreversible”

Inhib,
uM

.70

12

.24
04

70
.12

32
062
.12
055
12
060
12
.35
70
16
16
030
30
.093
.18
060
.18
.047
010
060
.28
28
28
32
64
64
19
19
.10
12
12
30
.30
.30
.30
.30
.30
.17
b
20
20
.20
.20
.20
.20
43
.86
.86

T
ElY
87
50

87
50
96
88
66
99
95
97
87
93
87
95
91
98
87
97
87

87
95
87
97
87
59
89

87

89

39

89

89

87
50
87

87

Time,

min
2, 60
8, 60
60
60
60
60
60
60
2, 60
60
60
4,60
60
2, 60
60
60
60
4, 60
60
2, 60
60
60
60
2,60
60
2, 60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
23, 60
60
2,16, 60
60
60
60
60
60
60
60
60

%
mactvn
50, 97~
50, 90
88:
83¢
23¢
100
88
75
12, 12#
0~
>05
67,67
82
57,57k
96
65
56
70, 70%
77
33, 53k
95¢
O
87:
90, 100
87
64, 64"
100
71
20
63¢
85
85¢
70¢
84
90!
80¢
90
83
Bt
o1t
52t
857
85!
73
100
94
88¢
o0, 7Yh
0~
54, 70, 76*
85
73¢
81¢
95¢
74i
100
76
93¢
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= Reversible® - -

linzyuoe ls-,')
No. R splree p Ny opll
14 CONHCeH;3-3-CH,-4-80,F L1210/DFS 0.4 0.7

112100
Liver

Vol 12
= - =lrreversilde™
1ulil,, ‘y Tiue, -
wll rf win Dre v
04 6l 7l
1186 il Na
(1. 86 Qa6

* The technical assistance of Sharon Lafler, Diane Shea, and Carolyn Wade with these assavs ix acknowledged. * Assayved with 6
M dihydrofolate and 30 M TPNH in pH 7.4 Tris butfer containing 0.15 M KCI as previvusly described.’ ¢ Incubated at 37° in pli
7.4 Tris buffer in the presence of 60 u} TPNH ax previously described.” 4 Ly = concentration for 50¢; inhibition. ¢ Estimated from
K; = Kyl[Li] /IS which is valid since [S] = 6K, = 6 uM dihvdrofolate: see vef 3, p 202, 7 Caleulated from [EI} = |10 + K, I
where [EI] is the amount of the total enzyme (k) reversibly complexed; see ref 3, Chapter 8.« Data from vef 6. * From time =tudy

plot.® 4 Zero point determined by adding inhibitvr to cuvette.r 7 Data from ref 7.
T 11
PHysteal Proverries or
NH, Cl
N cl
o
B CH,0 H,NHR
i Mp, °C
No. R Metliad” yielll dec” Tormrula
2 COCHS0.F-p A g 170 CarHauCLEN 08 - C; O H -0 51H.0¢
3 COCsHs-4-Me-3-80,F A 264 1553 CrHuCLENOS-0. 5HS0,
4 COCsH3-4-Cl-3-50.F A 23k 154 CxHuChFN;08 - HoS0,
) COCeHy-4-1p-3-80.F A 20 162 CrHasCLEN O 0.5 HuS 0,
6 COCeH;3-2-Me-5-80.F A 424 155 CrHuCLEN;O8 0. 5HSO,
7 COCsH;-2-Cl-5-8O,F A 2 148 CuHCLEN;O48 -0, 5HR0, - HuO
~ S()QCEH(SOQ}"'})L A 11 950 C-uH-_:oCleN 5058y 0. 51180,
{1 S( ):CGH4SO‘_§F-7J A I8 IS1 (7-;41'1‘_«0()1:1*'}'3();,.\'-;‘(). SHN0,
la CONHCHSOF-m B A8 185 CrHaCLENO&R 0.5 H.S0,
H CONHGCHSO.F-p B 12 19 CuHa CLENGO.8 - 0. 5HaS0,
12 CONHCsH,-4-Me-3-80,F 13/ BHE 196 CuaHpCLENO8S -0. 5Ha 0,
13 CONHCH,-2-Cl-5-30.F B 40 185 CoHyCLENOS - 0. 5HaS80,
14 CONHCeH;-3-Me-4-80.F B Sie 200 CrHuClLENOS -0, 5 HS0,-0.5H0

“ Method A was the same as method C previously described.®  Method B was the saute as method E previonsly described, ' ¢xcept
2 equiv of Kty N was added to nentralize the 2EtSO;H salt of 15. > Recrystallized from EtOH--petroleum ether (bp 60-110°).  + p-Toin-
enesnlfonnate. ¥ Recrystallized from MeOEtOH-H,O. ¢ Recrystallized from MeOEtOH. ¢ Intermediate p-nitrophenyl carbamate
prepared by W. F. Wood in thix laboratory, unpublished. ¢ Melting gradually oceurred over a wide range starting at the temperatnre
indieated,  * All compounds were analyzed for C, H, F.

chloride of 15 was previonsly deseribed, hut it has now been foand
that rednction of the cvano precrusor® proeeeded more smoothly
e the presence of EASO,H. Reaction of 15 with the appro-
priate benzoyl chloride or sulfonyl chloride it DM with EtaN us
an acid acceptor gave 2-9. The trreversible tuhibitors with a
nrea bridge (10-14) were svuthesized from 15 by reaction af i
appropriately substituted O-(p-nitrophenyl)-N-phenvhrethant?
in DAMF i the presence of 2 eguiv of EtyN.

All analyvtical samples had ir aud uv spectra in agreement with
their assignied strnctiires.  Each moved ag a siugle spot ou tle on
Brinkmann silieca gel GF and gave conibustion values for €, 11,
and F withire 0,497 of theoretical. Melting points were taken
in eapillary tubes on a Mel-Temp block and are mworrected.
The physical properties fra 2-14 ure listed in Table 11

rimidines bridged to a sulfonyl fluoride at the 6 position,
in order to find compounds showing at low concentra-
tion a specifie inactivation of [L1210 dihydrofolic re-
ductase, are eontinuing.  One of the approaches is de-
seribed in paper CXXXVIILY

Experimental Section

The candidate irreversible inhibitors in Table 1 were synthe-
sized from the key intermediate 15; the preparation of dihydro-

(1 B, R. Baker aud N. M. 1. Vermealen, Jo Mol Cheoe, 12, 84
106, paper CNXXNVI of tiis series,
(12) B. R. Baker aud N. 3. J. Verweulen, /.. 12,

15 CNXNXI1V ol chis series.

T C1U6Y), paper



