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The dihydrofolic reductase from three different strains of L1210 mouse leukemia was ivactivated by the itle
compound (1) by the active-site-directed mechanism. However, 1 also showed appreciable irreversible inhibition
of the mouse liver enzyme; furthermore, 1 was too poor a reversible inhibitor by a factor of 5 -15-fold.  Therefore,
thirteen derivatives of 1 coutaining a methyl, alkoxy, or chloro substituent on ove or both of the benzene rings of

the 6 side chain were synthesized for enzyimic evaluation.
This ecompound (8) had a good K; ~ 107% M and showed excel-

with a 3-methyl group on the phenoxy moiety.

The best compound (3) in the series was substituted

lent irreversible inhibition of the L1210 enzyme from the three strains at 6 X 1078 M ~ 6K concentration; thix
latter concentration gave only 169 irreversible inhibition nf mouse liver dihvdiofolic reductase.

In an earlier paper of this series,® the synthesis of 1
and its irreversible inhibition of the dihydrofolic re-
ductase from 11210/FRS mouse leukemia and mouse
liver were deseribed; although 1 could inactivate the
[.1210/1'RS enzyme, it also inactivated the liver enzyine

somewhat less effectively (Table I).  Since this earlier
NH, Cl
N Cl SO,F
il
CH, NHCONH
R( R‘l
LR, =R,=H

2, R, or R,#H

study, a new development has shifted the main empha-
sis from 1L1210/FR8% to two other strains of this mouse
leukemia, nanmiely 1.1210/DF'S which is resistant to am-
ethopterin due to a high dihydrofolic reductase level,®
and 1,1210/0 which is the parent wild strain of this
leukemia. This development was the current unavail-
ability of L1210,/FRS leukemia for whole animal test-
ing.” It has now been observed that 1 could also in-
activate the dihydrofolic reductase from the 1.1210/0
and 1,1210/DIS strains (Table I). Therefore, a study
of the effect of substitution on one or both benzene rings
in the 6 side chain (2) on the selectivity of irneversible
inhibition of the dihydrofolic reductases from mouse

(1) This work was generously supported by Grant CA-08695 from ihe
National Cancer Institute, U. 8. Public Health Service.

(2) Tor earlier papers on this type of irreversible inhibitor see B. R. Baker,
. ('. Nuang, and A. L. Pogolotti, J. Med. Chem., 10, 1134 (1967), and ref
3.

131(a) B. R. Baker and P. C. Huang, ibid., 11, 495 (1968), paper CXX of
1liis series; (b) B. R. Baker, P, C. Huang, and R. B. Meyer, Jr., tbid., 11,
475 (1968), paper CXV1 of this series,

1) 1 the previpns paper on dilisilrofolie reductase see B. R. Baker,
.1 Loarens, R. B. Meyer, Jr., and N. M. J. Vermeulen, 4bid., 12, 67
(1969), paper CXXXTI11 of this series.

(3) M. Friedkin, E. Crawford, $. R. Humphreys, and A. Goldin, Cuncer
Hex., 22, 600 (1962),

(6) L1210/DF8 ix a slrain ot L1210 resistant to ameitliopterin dne to
JO-0ld bierease m diliydroyolic reductase Qinl was isolaled in thie laharaory
o) Dro A, Goldin, National Cancer lustitute.

(71 Private eonnnunicativn from Dr. Florence Wlhite, CONSC, Navinnal
Cancer Insiiinne.

hver. 1L.1210/DES. and 1.1210,0 have been made; the
results are the subject of this paper.

Enzyme Results.-—The following criteria have been
arbitrarily sett to establish whether or not a candidate
irreversible inhibitor is worthy of studies with tuwor-
bearing animals: (1) the I, >~ 6K; should be <10
M3 (2) greater than 7097 inactivation of the tumor
enzyme should be =een at a K; = I;/6 concentra-
tion;!* " and (3) the liver enzyine should be inactivated
<209, with the inhibitor at a 1215 = 6-12K; con-
centration, !

These eriteria arce partially based on the animal
studies® with the dihydro-s-triazine irreversible type of
inhibitor 16.>*  Of the three criteriu for an irreversible

NHZ

NZ N—-—<~ :>(CH2)2COVH©SOF

it

CH3
16

inhibitor, 16 could only meet (1); 16 had L;p = 1 X 10
M with the dihydrofolic reductase from 1.1210/0 or
mouse liver, but showed effective irreversible inhibition
of 1.1210/0 only at 5I; = 30K;. At this concentration,
less irreversible inhibition of the mouse liver enzyme
was seen, but the amount of inactivation was an ap-
preciable 389{. Nevertheless, at optimum dosage,
16 gave a 709, life extension over 1.1210/0 controls in
the mouse; however, the optimum dose range was
fairly nwrrow.#  Therefore, more specific compounds
are needed that meet the above criteria.

(8) B. R. Baker, “'Design ol Active-Site-Directed lrriversible linzyiu:
1nhibitors. Tle Organic Chemistry of the Enzymic Active-Sie,”" lohn
Wiley and Sons, Ine., New York, N. Y., 1967, pp 246-252.

9) B. R. Baker and J1. H. Jordaan, J. Heterocycl. Ckem., 4, 31 i1957,
paper LXXX111 of this series.

(10) (a) See ref 8, C'hapter 8, for the kinetics of irreversilile inhibirinu; (b}
B. R. Baker. W. W. Lee, and E. Tong, J. T'heorel. Biol.. 8, 459 (1962).

111) Two reactions can ocenr within the enzyme—inhibitor reversilile com-
plex with the SOsI* type of irreversible inhibitor; rapid covalent homl farna-
tion can take place, or the euzyme can catalyze the bydrolysis nf the ¥0.l°
group. or both reactions can occur. See B. R. Baker and J. A. Rurlbut, J.
Med. Chem., 11, 233 (1968), paper CX111 of this series, fur experimental cvi-
dence and mare de)ailed disenssion. 15 Lpyh reacdions ocenr, w consideralily
gzreater than A conconralion of (ie inhibitor will be neediml 1o show gacd
irreversible inlybiciun.

112) B. R. Baker and G0 Lourens, J. Med, Chem., 10, 1115 (1467 puper
CV ouf this serivs,
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The parent compound (1) in this study also ouly met
one of the three criteria: 0.27 uM 1 gave 859, inactiva-~
tion of the 1.L1210/DF8 enzyme, this concentration (K;)
being sufficient to complex 509, of the enzyme. How-
ever, the compound failed the other criteria, that is, the
I; was at least 16-fold too great, and the liver enzyme
showed appreciable inactivation with 1. Therefore,
structural variants of 1 were synthesized for investiga-
tion with the hope a compound could be found in this
series that would give better reversible inhibition of the
tumor enzyme and less irreversible inhibition of the
liver enzyme.

It cannot necessarily be assumed that a synthetic
would emerge that would meet all three criteria without
additional studies; therefore, the legistics of assaying
one compound on three sources of enzyme becomes
monumental. A protocol was developed that required
less assays, but involved some calculated risks.

(1) Ouly one source of enzyme was measured for re-
versible inhibition, usually L1210/DFS; the Ij for a
given compound seldom varied more than threefold for
the enzyme from 1.1210/DY¥8, L1210/0, and mouse
liver? (Table 1).

(2) The extent of inactivation of the L1210/DFS8 by
21 = 12K; of the candidate compound in 60 min at
37° was measured; similarly, inactivation of L1210/0
was measured with the same concentration of inhibitor.
If the compound showed >709, inactivation of either
enzyme, it was advanced to step 3; if the compound
showed <709, inactivation of both I.1210 enzymes,
studies were discontinued since previous experience
showed that poor inactivation would occur at a K; con-
centration of inhibitor.!!

(3) The extent of inactivation of liver enzyme by a
215 concentration of inhibitor was measured. If >409,
inactivation occurred, studies were discontinued; if
<409, inactivation occurred then the compound was
advanced to step 4.

(4) Higher and lower concentrations were then in-
vestigated for the extent of inactivation of the L1210
and mouse liver enzymes.

The first group of structural changes (3-6, Table I)
had a chlorine or methyl group placed on the phenoxy
molety of 1. The 3-methyl group of 3 gave n 17-fold
increment in reversible binding to 1.1210/DF8 dihydro-
folic reductase and an eightfold increment to the
1.1210/0 enzyme; thus 3 meets the first criterion above
by having an I, < 10=7 M. Excellent inactivation of
the dihydrofolic reductase from all three L1210 straius
was seen with 0.06 p34 inhibitor which was sufficient to
complex about 909 of the enzyme; unfortunately,
0.31 pM 3 showed 389, inactivation of the mouse liver
enzyme. At 6 X 1072 M, irreversible inhibition of the
1.1210/DFS enzymes was still good, in contrast to liver
enzyme which showed only 169, inactivation.

Introduction of a 3-chloro atom (4) on 1 gave a five-
fold increment in reversible binding to the L1210/DF8
enzyme. A near K; concentration (6 X 1078 M) of 4
showed good irreversible inhibition of the L.1210/DFS8
and 1.1210/0 enzymes. The inactivation of the liver
enzyme by this concentration was only 229, but in-
creased to 549, when the concentration was increased
tenfold. Iurthermore, 4 was just outside the desired
range of 1,0 < 1077 A/; thus 4 is just outside the limits of
two of the criteria and is not as good a compound as 3.
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Introduction of a 2-chloro atom (5) had little
influence on the Iy ; unfortunately, the I of 5 was still
14-fold less as a reversible inhibitor than required by
the criteria. However, 5 showed good inactivation of
the 1.1210 enzymes at 0.23 uM, a K; concentration; at
twice this concentration, only 199, inactivation of the
liver enzyme was seen. Thus 5 comes close to meeting
two of the three criteria. Introduction of the 2,6-
dimethyl groups (6) on 1 not only caused a twofold loss
in reversible binding, but considerably impaired ir-
reversible inhibition in the enzyme from both L1210/
DF8 and 1.1210/0.

The second group of structural changes (7-10) con-
sisted of changes on the benzene ringbearing the sulfonyl
fluoride group. Introduction of a 4-OCH;, 4-OEt, 6-
OMe, or 6-Cl gave at best only a threefold increment in
reversible binding; thus 7-10 failed to meet the first
criterion of Iyy < 1077 M by a factor of 2-5. Unfor-
tunately, introduction of a 4-OMe (7), 6-OMe (9), or
6-Cl (10) on 1 enhanced irreversible inhibition of the
liver enzyme. Introduction of a 4-OEt (8) group de-
creased irreversible inhibition of the L.1210 enzymes to
an unacceptable level.

The third class of structural changes consisted of a
3-chloro or 3-methyl group on the phenoxy moiety with
a further substitution on the benzenesulfonyl fluoride
moiety (11-15). In all five cases, the irreversible in-
hibition of the mouse liver enzyme was increased to the
point where little differential irreversible inhibition was
seen.

The best compound in Table I is 3; it has a satis-
factory I and at 6 X 1078 M (6K; concentration)
shows 75-809, inactivation of the L1210 enzymes with
only 169 inactivation of the liver enzyme. Although
this compound does not meet two of the three criteria,
it comes close enough that animal studies may be war-
ranted.

Chemistry.—All of the compounds in Table I can be
generalized by structure 20 and were synthesized by
the route previously described for 1 (= 20a,f).* The
appropriate nitrophenol was condensed with 17% in
DM in the presence of K;COj; at 70° to 18 (Scheme I).
The nitro group of 18 was reduced catalytically with
PtO, catalyst. Commercially available m-fluorosul-
fonylphenyl isocyanate (21f) was condensed with the
arylamines (19b-e) in DMI to give the candidate ir-
reversible inhibitors 3—-6.

The - second class of irreversible inhibitors (7-15,
Table I) had an extra substituent on the benzeunesul-
fonyl moiety. The mixed urea synthesis of Crosby,!?
which involves the condensation of an O-phenylurethan
such as 24! with an aliphatic amine, proceeded poorly
with arylamines such as 19. Therefore, the more highly
activated O-(p-nitrophenyl)urethans (23) were em-
ployed. Condensation of 23 with 19 proceeded
smoothly in DMI at room temperature to give the de-
sired irreversible inhibitors (20).

Experimental Section

All analytical samples had proper uv and ir spectra; each
moved as a single spot on tle on Brinkmann silica gel GF and gave

{13) (a) D. G. Crosby aml C. Niemann, J. Am. Chem. Soc., T8, 1438
(1954); (1) B. R. Baker and R. P. Patel, J. Pharm. Sci., 52, 927 (1963).

(14) B. R. Baker and G. J. Lourens, J. Med. Chem., 11, 666 (1968), paper
CXXVI11 of this series.
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TaBLE I (Continued)

———Reversible®
Enzyme Estd K; X 1rreversible® N
No. Ry Ry source 1, M7 108 M9 1 uM %% E1* Time, min % inactyn
14 3-Cl 6-Cl L1210/DF8 0.67 0.11 1.3 97 60 100
1.1210/0 1.3 60 86
Liver 1.3 60 95
15 3-Me 6-Cl L1210/FRS8 0.13 0.021 0.67 97 60 100
L1210/0 0.27 60 94
L1210/DFS8 0.27 60 100
Liver 0.27 60 97k

a The technical assistaice of Sharon Lafler, Diane Shea, and Carolyn Wade with these assays is acknowledged. * Numbered from
ether linkage at the 1 position. ¢ Numbered from ureido linkage at the 1 position »ia 3-SO.F. ¢ Assayed with 6 u} dihydrofolate and
30 uM TPNH in pH 7.4 Tris buffer containing 0.15 M KCI as previously described.412 ¢ Incubated at 37° in pH 7.4 Tris buffer
in the presence of 60 uM TPNH as previously described;*!? the inhibitor was added to the zero-time aliquot at 0° unless otherwise
indicated. 7 I = concentration for H09 inhibition. ¢ Estimated from Ki = Ku[Is]/[S] which is valid since [S] = 6K, = 6 ud;
see ref 8 p 202. * Estimated from [EI] = [E. /(1 + K;/{I}) where [EI] is the amount of total enzyme (E) reversibly complexed.®
! Data from ref 4. 7 From time study plot; see ref 12. * Zero point modified by addition of inhibitor to cuvette.4.12

SeneEMe I g (8.6 mmoles) of 17,% 1.24 g (9.0 mmoles) of K,CO; 1.36 g

NH Cl (9 mmoles) of 3-chloro-4-nitrophenol,’® and 20 ml of DMF was

Cl 2 stirred in a bath at 70° for 2 hr when a test for activated halogen1®

was negative and tle showed the reaction was complete. The

Cl — NO cl —_ mixture was diluted with 50 ml of H:0, then the product was

NHZKN collected on a filter and washed with H,O. Two recrystallizations

CH,O NO, from EtOH-THF gave 2.0 g (53%) of light yellow crystals, mp

CH,Br 207-209°. See Table II for additional data and other com-
pounds made by this method.

17
18 R,
TasLe II

NH, Cl Puysican. PROPERTIES OF
Cl —

j NH Cl

N 2

Nszg\P NO cl
CH,0 NH, NE,Q

R
19 !

%

NH, o No. Ri Re  Method yield AMp, °C Formula®
N Cl SO F 18b 3-;\16 4—1\:02 91 194-196 ClsHlsclsto:;
Q 2 18¢ 3-Cl 4-NO, 53 207-209 CyHpCLN;Os
NE\g 18d 2-CI  4-NO, 72 208-209 CrHuCLNO;
CHZO@ NHCONH 18e 2,6-1\161 4-\102 90 22 1-224 CmHnClQNaO;;

19b  3-Me 4-NH2 830 ClanClzNaO
Rl R2 19¢ 3-Cl 4'NH2 960 Cl7H14CI3N5O
19d 2-Cl 4-NH, 96° CrHi,CLN;O
20 19 2,6-Me, 4-NI, 900 C1oH16CLN;0
@ All compouuds analyzed for C, H, and N unless otherwise
indicated. ® Not further purified nor analyzed, but uniform on
OCN <— NH, — tle and positive Bratton—Marshall test for aromatic amine.?

jesBiesilve i ve s e e S

SO.F SO,F

R, R, 6-(4-Amino-3-chlorophenoxymethyl)- 2,4 -diamino -5-(3,4-di-
21 22 chlorophenyl)pyrimidine (19¢) (Method B).—A mixture of 1.8 g
(4.1 mmoles) of 18¢, 50 ml of EtOH, 50 ml of MeOEtOH, and
R @()CONH SO,F 69 mg of PtO, was shaken with H; at 2-3 atm for 2 hr when reduc-
tion was complete. The filtered solution wag evaporated to
dryness in vacuo leaving 1.63 g (969 ) of product as an amorphous
2 solid that was not further purified. The compound gave a
23, R=NO, positive Bratton-Marshall test for aromatic amine!® and moved
24 R=H as a single spot on tle with 1:9 EtOH-CHCl;,. For additional
_ ‘ amines prepared by this method see Table II.
a, R,=H f, R,=H p-Nitrophenyl N-(3-Fluorosulfonylphenyl)carbamate (23f)
b, R,=3Me g, R,=40Me (Method C).—A mixture of 1.1 g (5.2 mmoles) of 22f-HCI, 1.1 g
¢, R,=3Cl h, R,=4-OEt (5.5 mmoles) of p-nitrophenyl chloroformate,’” and 25 ml of CsHs
d R, =2 i R,=6-0M was refluxed with magnetic stirring for 4 hr when no more HCI
1 G € was evolved. The mixture was cooled, then the produet was col-
e, R, =2,6-Me, j, R,=6-Cl lected on a filter and washed with CeHs. Recrystallization from
CH,Cl,, then CsHs, gave 1.1 g of white crystals, mp 139-142°.
combustion values for C, H, and N or F within 0.49, of theoreti- T o 1 -
. : P . . , - 8 (15) H. E. Ungnade and 1. Ortega, J. Org. Chem., 17, 1475 (1952).
f)%llé.ck ;Tétzilzfrﬁ;?rzg:;aken in capillary tubes on a Mel-Temp (16) B. R. Baker, D. V. Santi. J. K. Coward, H. 3. Shapiro, and J. H.
A g 3 Jordaan, J. Heterocycl. Chem., 8, 425 (1966).
6-(3-Chloro-4-nitrophenoxymethyl)-2,4-diamino-5-(3,4-di- (17) G. W. Anderson and A. C. McGregor, J. Am. Chem. Soc., 79, 6180
chlorophenyl)pyrimidine (18¢) (Method A).—A mixture of 3.00 (1957).
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See Table III for additional data and other compounds prepared
by this route; in some cases the free amine was used in the same
manner.

2,4-Diamino-5-(3,4-dichlorophenyl)-6-/2-chloro-4-(3-fluoro-
sulfonylphenylureido)phenoxymethyl}pyrimidine (5) Hemisulfate
(Method D).—To a stirred solution of 300 mg (0.7) mmole) of
19d in 1.1 ml of DMF cooled in an ice bath was added 150 mg
(0.75 mmole) of 21f (Aldrich Chemieal Co.). After being stirred
for 5 min, the solution was removed from the ice bath and stirred
an additional 35 min. The solution was diluted with 10 ml uf
H,O then the base was collected on a filter and washed with Hs().
The crude base was dissolved in 2 ml of MeOEtOH and added
6 mlof 2 ¥ HySOs.  The salt was collected on a filter and washied
with Hy0. Two recrystallizations from Me EtOH-EtOH gave
110 mg (21¢7) of white crystals, mp 245° dec. See Table IV
for additional compounds prepared by this method.

Method E was the same as method D with the following
changes: (a) the p-nitrophenylurethans (23) dissolved in DMF
were employed in place of 21, (b) the reaction was run at ambient
temperature for 2 hr, and (¢) the salfate salt was isolated directly
from the reaction mixture by addition to 4 vol of 2 N H,80,.

B. R. Bakkr aAND NicoLaas M. J. VERMEULEN
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Tapun 111
PuysicaL PROPERTIES OF

R
NOE©OCONH
SO,F
o Ref to
Nu.” RP vield awmine Mp, °C "omnula Analyses
26 I 620 o 130-142 CulllFN,O88 ¢ I N
23g  4-OMe g2 162-164 CLH,FN:O8  C, H, ¥
23h 4-0Et 815 [ 134-155
231 6-OMe 92¢ g 160-162 C HWFN,O:8 C I F
23i 6-Cl 67 g 168-1T1 C,HCIFN,O8 G, H, N

+ All compounds were prepared by method C. * Position with
reference to 3-80.F. * Recrystallized from CHyCl.. ¢ Reervstal-
lized from CeHs. ¢ Aldrich Chemical Co. 7 Prepared in thix
laboratory by I5. I1. Erickson; to be published. ¢ A. . deCat
and R. K. van Poucke, J. Org. Chem., 28, 3426 (1963).

TapLe IV

Puysical PROPERTIES OF

Cl

NH,
N o SO,F
S
CH,O NHCONH
R, R,
Mp, °C
No. Ra Rz Method 5 yield dec? Tormula?
3 3-Me it D 342 200 Co HpnCLENGOS 0. 5HaS0, - 0. 5 H.LO)
4 3-Cl1 H 1o ot 198 Cz4ngCI3FNeO4S -0, -'-)HQSO(
5 2-Cl H D 210 245 CaHisCLFNGO,S-0.5H.80,-0. 5E10H
0 2,6-;\'182 I 14 DY 220 CgeHzaCleNeOAS 0. 5H-zSO4
7 H 4-OMe B 25¢ 210 Co; HaCLEN40:8 - 0. 5H.S0,
S H 4-0OEt E 25° 202 Cstz;;CleNeOaS 0. 5HQSO4
3] H 6-OMe E 23 219 CQ5H21CIZFNGO5S 0. 5}12504
10 H 6-Cl Es 22 212 CyHisCLEFNOS
11 3-Cl 4-OMe I 278 205 CaHaCLFNO;8- 0. 5180,
12 3-Cl 6-OMle B 48 190 CosHooCLENGO;3 - 0. 5H,80,
13 3-Me 6-OMe I 364 214 C26H23CIQFNGO5S . HQSO4
14 3-CI 6-Cl Lié 48 205 Cz4I{17Cl4FNeO4S
15 3-Me 6-Cl E 20)¢ 195 CuHaoyCLFNO48 - 0. 5H,80,
« Recrystallized from MeOEtOH-H.O. ° Recrystallized from MeOEtOH-EtOH. ¢ Recrystallized from MeOLEtOH. #1180,
7 Recrystallized from EtOH-MeOKiOH-petroletim ether (bp 60-110°). ¢ Melt-

viitted in procedure. ¢ Recrystallized from EtOH.

ing gradually occurred over a wide range starting at the temperature indicated.

& All compounds were analyzed for C, H, I,



