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vield 3.00 g (439.), mp 139-140°.  Anel. (Cidlal'NaOg3)
I, N. See Tuble IIl for other compomnds prepared by ihix
method.

N -(4 -Fluorosulfonyl -3-methyipheny!)-N’-(4-nitrobenzyl)urea
(12¢) (Method B).—To a stirred mixtnre of 0.95 g (5 mmaoles;
of 14-HCLY 1,535 g (3 mmolex) of Ile (Table 111}, and 4 ml
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of DM was added 0.51 g (5 mmedes) of ItN. After 17 e the
mixture wis dihrted with 13 ml of 11,0, The prodnet wis col-
lected on s filter, washed with 300, MeO1l, then recrystallized
from MeOLOI-11,0; vield 1.47 ¢ (8090, mp 205-206°;  tle
m 1 TEIOAe petroletsn ether showed ome spot. See Table TV
for additiemat componnds prepared by this methad.

Further Studies on Active-Site-Directed

Irreversible Inhibitors of Dihydrofolic Reductase Derived from

5-(p-Aminophenoxypropyl)-2,4,6-triaminopyrimidine

Bearing a Terminal Sulfonyl Fluoride

B. R. Baker axp RicH B, Mever, Jr.

Depactment of Chenustey, Univeesdy of Califocnia ul Sante Buebacw, Sunta Bacluwea, CodJocnia

Mo TUR

Receed Jaly 24, 19658

3+ p-Gn-Flhiorosulfonylbenzamido)phenoxypropyl]-2,4,6-triaminopyrimidine (1) at a K concentration is an
active-site-directed irreversible inhibitor of the dihydrofolic reductase from three strains of L1210 moise lenkemia;

furthermore, 1 at 40K; concentration showed no irreversible inhibition of enzynie from monse liver.
effective in wivo action of 1 has been attributed to its relatively high K ~ 1 g3/,

The lack of
The maximum enhancement

I reversible binding that conld be achieved by substitution of chloro, methyl, or isopropyl on one of the two ben-
zene rings was ouly about twofold, as seen with the 2-chlorophenoxy analog (9) of 1: this was <till insufficient for

effective in vivo activity.
sented and discussed.

The 5-phenoxypropylpyrimidine 1 was obscrved?®*
to be an active-site-directed irreversible inhibitor® of
dihydrofolic reductase from Waller 256 rat tumor as
well ax three strains of 11210 niouse leukeniia; fur-
thermore, 1 showed good tissue specificity since it
failed to naetivate the enzyme from rat liver or mouse

liver. However, 1 failed to show activity against
NH, R, R,
NH2©NH2
SO,F
1, RR=R,=H
2, Rior R, #H
NH,
Oeme@ e
NH, 7 CHq
SO.F

3

1.1210 in vive:* the failure of 1 to work i vive could be
attributed to a combination of poor solubility of the
<ulfate salt of 1 used i the assay and the relatively
poor reversible complexing of 1 to dihydrofolic ve-
ductaxe.  The latter is an important factor since the
rate of active-site-directed irreversible inhibition of an
enzyne is dependent upon the coucentration of the
reversible enzyme—inhibitor complex which in turn

¢1) This work was generously supperted by Grant CA-08695 (rom the
National C'ancer Institute, U. 8. Pullic Health Service.

«2) Torilie previous paper af 1liis series see B. R. Baker and G. J. Lourens,
J. Med. Chem., 12, 101 (1964).

(3} B. R. Baker and R. B. Meyer, Jr., tbid., 11, 489 (1968), paper CXIX
of this series.

(4) B. R. Baker, (i..]. Lourens, s{. B, Meyer, Jr., amsl N, M. J. Vermeulen,
1., 12, 67 (1869), paper CNNXXIII of this series.

(3) B. R. Baker, “"Design o7 Active-Site-Directed lrreversilile lonzyie
Inhilitors. The Organit Chemi=try of the Enzymie detive-Rite,” Jolin Wiley
ail Rons, Ine,, Noew Yark, N Y., 1967

The =pecificity patterns of imreversible inhibition with the foinr analogs of 1 are pre-

1s dependent upon the binding eonstant (K;) and the
conecentration of inhibitor;® that is, the lower the K,
the less inhibitor is needed to couvert 509, of the
enzyme to the rate-limiting reversible complex. l'ur-
thermore, the lower the Kj the less soluble n com-
pound must be to be cffective.  Therefore two ap-
proaches were nvestigated to seck compounds with o
better e &~ 6K;.  In this paper is deseribed the effect
of substitution (2) on the benzene rings of 1 on the
L;o; i1 the paper that follows? is deseribed the synthesis
of 3 which would be expected to show a 10-150-fold
in¢rement in reversible binding,® but may or niay uot
still be an irreversible inhibitor.

Enzyme Results.—3-Phenoxypropyl-2.4,6-trinanino-
pyrimidine (4) was synthesized and evaluated us o
reversible inhibitor of the dilivdrofolie reduetase from
[.L1210/0 in order to establish a base line.  Note that
4 had Ize = 311/ (Table I) which is about tenfold less
than the parent irreversible inhibitor 1 (Table I1):
this when the m-fluorosulfouylbenzamido moiety (1)
is attached ta 4 about a teufold inerenient in bind-
ing cmerged. The positions open for study on the
phenoxy ring of 1in order to inerease binding were 2. 3,
5. and 6,

Isertion of a 2-chiloro (8) or 3-chloro (6) atom gave
a twotold nerement in binding over the parent 1.
When a 3-chloro atom wax inserted on 2-chlorophenoxy
group of 5§ to give 7. another twofold gain in binding
was observed indicating that the effect of the 2- and
3-eliloro ntoms was additive. No change in binding
oceurred when a 5-chloro atoni (8) was inserted on 5.
Whether or not 2,6-dichloro substituents would have
given better binding was not investigated.

il For ihe kineties o irreversible inhibition =ee ta) rel 5, Chapuer 8, 1o
B. R. Baker, W. W, Lee, ansl IX. Tong, J. T'heoret. Binl., 8, 459 (1462).

177 B. R. Baker and R. B. Meyer, Jr.. J. Me/d. Chem.. 12, 108 (1984), puyper
CNLIT I 1his series,

% 1B, R. Baker, BT, Hao,
[T

el DLV San, S0 Pharm, Sed, 54, 1100



January 1969

TasLe I
INH1BITION®'® OF D1HYDROFOLIC LEDUCTASE BY
NH,
N mw@
Nsz(N) NH, R
No. R Lso, uM
4 H 31
3 2-Cl 13
6 3-Cl 18
7 2,3-Cl, 5.5
8 2,5-Cl, 12

« The technical assistance of Diane Shea with these assays is
acknowledged. ? Assayed with 6 wf dihydrofolate in pH 7.4 Tris
buffer containing 0.15 M KCI and 109, DMF as previously de-
seribed ;* dihydrofolic reductase was a 45-90¢¢, (NH,).80, fraction
from 1L1210/0.¢

These results indicate a weak hydrophobic inter-
action on only one side of the phenoxy ring as shown
in 13. Position 4 is not likely in a hydrophobic area

NH, ;
i 23

N CHZ—}-CHZCH204
NHQQ NH, 1 P

13

since the polar earboxamide function of 1 can reside in
this area. Position 5 is not in a hydrophobic area
sinece 8 gives no increment in binding over 5. Whether
or not position 6 should be included in the hydrophobie
region i not known. The second two methylenes and
the phenoxy oxygen were previously shown to reside
in a hydrophobic area on the enzyme.?

When a chloro atom was inserted (9) on the parent
irreversible inhibitor (1), a twofold increment in binding
to the dihydrofolic reductase from L1210/0, L1210/
DI'S, and liver was noted (Table II); a fivefold incre-
ment to the enzyme from LL1210/FR8 was observed.?
The irreversible inhibition pattern with 9 was similar
to 1. Good inactivation of dihydrofolic reductase
from the three 1.1210 strains was seen with 9 at a K;
concentration;® neither 1 nor 9 at >20K; concentration
showed inactivation of the mouse liver enzyme,

When 9 was assayed in viwo against 1.L1210/DFS in
the mouse,!? it showed toxicity at 250 mg/kg and no
life extension at 125 or 62.5 mg/kg. Among the factors
which could account for this lack of in vive activity,
the nmiost lilkely is the poor I3, which requires too high a
dose of 9 to be effective; a second factor is the toxicity
noted with 1 that is not reversed with citrovorum
factor and may be due to some other toxicity of the
2,4,6-triaminopyrimidine system.* For comparison,
note that amethopterin has Iy, ~ 0.001 /13 and is
effective against 1.1210/0 at a dose of 1 mg/kg; thus
it can be calculated that a dose of 1400 mg/kg of 9

(9) L1210/0is the parent wild strain of mouse leukemia; 1.1210/FR8 and
1.1210/DF8!! gre relatively stable mutants of 1.1210/0 resistant to ameth-
opterin.

(10) E. R. Kashket, E. J. Crawford, M. Friedkin, J. R. Humphreys, and
A. Goldin, Biochemistry, 8, 1928 (1964).

(11) This strain was isolated in tlie lalioratory of Dr. A. Goldin, National
Cancer Institute.

(12) We wish to thank Dr. Florence White of the CCNSC, National Can-
cer Institute, for expediting these assays.

(13) B. R. Baker and J. 11. Jordaan, J. Phurm. Sci., 54, 1740 (1465).
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would be required if it were as effective as amethopterin
in blocking dihydrofolic reductase.

The possibility of obtaining better reversible in-
hibition by substitution on the benzenesulfonyl fluoride
moiety of 1 was then investigated. Insertion of a
4-methyl (10), 6-methyl (11), or 4-isopropyl group
(12) on 1 gave little change in reversible binding, ex-
cept for 12 which gave a two- to threefold inerement.
The effects of these substitutions on the pattern of ir-
reversible inhibition compared to 1 was investigated.
All three compounds still failed to show inactivation
of the mouse liver dihydrofolic reductase. The 4-
methyl derivative (10) was about as effective as 1 at a
6K; concentration on the L1210 enzymes. In contrast,
the 4-isopropyl derivative (12) was less effective on the
1L1210 enzymes.

Since the substitutions on the irreversible inhibitor
(1) listed in Table IT failed to give a sufficiently good
Iy for consideration of #n wivo testing, three other
structural changes were considered for more effective
reversible inhibition.® Based on previous studies3 '
replacement of the phenoxy oxygen of 1 by CH, could
be expected to give a 30-80-fold increment in reversible
binding; however, such a structural change might lead
to loss of irreversible inhibition!® or loss in specificity
of irreversible inhibition.’® A second approach would
be to replace the phenoxy oxygen of 1 by sulfur. Since
sulfur is more hydrophobic than oxygen and since a
—CH,S- moiety has the same freedom to rotate as the
—CH,0- moiety, in contrast to the -CH,CHy— moiety,
it could be expected that such an isosteric replace-
ment would still give a selective irreversible iithibitor
with a pattern similar to 1, but perhaps with better
reversible inhibition. The third approach would be to
replace the 6-amino group of 1 by a methyl (3) which
would be expected to give a 10-130-fold increment in
reversible binding,® but perhaps with little change in
the specificity pattern; the results of this third approach
are presented in the paper that follows.”

Chemistry.—The substituted 5-phenoxypropyl-2,4,6-
triaminopyriniidines (16) needed for this enzyme study
were prepared by the general route described earlier.?
The appropriate phenol (14) was alkylated with 1,3-di-
bromopropane to 15, then condensed with malononitrile
in DMSO-NaH to 17 (Scheme I). Reaction of 17
with guanidine afforded the required 2,4,6-triamino-
pyrimidines (16).

The irreversible inhibitors described in Table 11 can
be generalized by 20 and 21. Those of structure 20
were prepared by acylation of 187 with the appropriate
m-fluorosulfonylbenzoyl chloride in DMF;? 21 (= 9)
was prepared similarly from 19.

The required derivatives of m-fluorosulfonylbenzoic
acid (24) were prepared by chlorosulfonation of the
appropriate benzoic acid (22) to 23 followed by treat-
ment with KI' in dioxane.!® That the sulfonyl group

(14) B. R. Baker, B.-T. Ho, and G. B. Chheda, J. Heterocycl. Chem., 1, 88
(1964).

(15) B. R. Baker and G. J. Lourens, J. Med. Chem., 11, 666 (1968), paper
CXXVII of this series.

(16) B. R. Baker and N. M. J. Vermeulen, tbid., 12, 89 (1969), paper
CXXXVIII of this series.

(17) (a) B. R. Baker and D. V. Santi, J. Pharm. Sci., §6, 380 (1967), paper
LX1X of this series; (b) B. R. Baker and D. V. Santi, 1bid., 54, 1252 (1965).

(18) G.B.Jackman, V. Petrow, O. Stephenson, and A. M. Wild, J. Pharm.
Pharmacol., 14, 679 (1962).

(1) A. H. deCatl and R. I, van Poucke, J. Org. Chem., 28, 3426 (1963).
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INHIBITION' OF DIHYDROFDLIC REDLCTASE BY

NH.

N (CHp);0
NH.

NH, N
uzy e
N Ry R sollrce
I H COCH SO0, F-m L1210 /FRS
112100

L1210, DEFS
Liver

L1210,/ FRS
L1210,0

9 2-Ci COCH SO, F-m

1.1210/DF8
Liver
Npleen
Intestine
L1210,FRS
1.1210/0
L1210 /DES8
Liver
L1210 DFS
1L1210,0
Liver
L1210/DFES
112100

10 H COCeH;-3-50,F-4-CH;

COCal [-2-ClLp=5-80, 1

COCH-3-50,F-4-CH (CHa)s

Liver

@ The technical assistance of Diane Shea and Sharon Lafler with these assays is acknowledged.
and 30 uM TPNH in pH 7.4 Tris buffer containing 0.15 3/ KCl as previously described.*
4 I, = concentration for 5007 inhibition.

the presence of 60 M TPNH as previously described.*

which is valid since [8] = 6Kn = 6 M dihydrofolate; see ref 5, Chapter 10.
¢ Data from ref 4.
i Zero point determined by adding inhibitor to assay cuvette.t

is the amount of total enzyme (E;) reversibly complexed.¢
Lourens, J. Med. Chem., 10, 1113 (1967).

TasLe 111
Prvsican PROVERTIES OF

R
HOOC
SO,F
0

Non R* vield” Mp, °C Torniula¥
24a 4-Me 61 173-175 CsH,FO&
24b 4-CyHr-1 37 197-200 CuwHuFO.S
24c 4-Cl 60 193-197¢ C/H,CIFOS
24d 2-Me 56 134--156 CsH;FOR
24e 2-Cl 51 147-150 C;H,CIFO&

2 Position nimbered from COOH at L. ® By method A {from
intermediate sulfonyl chlorides prepared by the method in ref 18;
vield is for pure material recrystallized from EtOH-H;0. Each
compound showed an S-F band at 770-795 cm~!. < Gavaert
Photo-Producten N.V. [Belgian Patent 634,665 (1964)] reported
mp 196°. ¢ All compounds except 24¢ were analyzed for C, H.

had entered para to Ry or ortho to Re wus verified by
their nmr spectra. Tor reaction with the amines (20
and 21), the benzoic acids (24) were converted to the
acid chlorides with SOCL,.

NHR.

R,

-+ Reversihleh. . - BT ~-Irreversible -~ - -

Lot Fad Ky X Inhib, % Time, i
uM 107 M* uM )0l &4 niin inae(yvn
6.0 11 1.3 30 2,60 50, 964
2.7 0.45 1.3 71 60 03
0.4 48 0 N
3.1 051 1.3 71 060 100
0.4 44 60 07
HN) 1), 60 2.5 08 060 20
1.3 67 60 10
1.2 .20 0.2 0 4, 60 30, 90"
1.4 .23 2.4 91 60 X
0.23 a0 51 70
1.2 0.20 0.2 a0 60 a6
1.5 0.25 6.0 0% 64 g
2.Q GO 1
2.0 20 M
1.4 (1.2 b4 b X, 60 50, 06"
2.0 0,33 2.0 KT 10, 30, 60 30, 51, 626
1.2 0.5 0.4 30 6U N7
5.0 0.8 G 11 N7 60 1
3.0 0.As 7.0 a2 G a
. (0 ase
7.0 GO 0
0.85 0.11 L7 92 GO Ol
1.2 0.20 b7 b} 60 DR
(.20 ol 60 a
6. 60 0

P Assayed with 6 M dihydrofolate
¢ Incubated at 37° in pH 7.4 Tris buffer in
e Estimated from Ky = Kun[Lal /(8]
/ Estimated from [EI] = [E¢/(1 + K;/[I]) where [EI]|
B From a six-point time stidy; see B. R. Baker and (x. J.

TapLe IV

Piysical Propririss or

NH.
\O (CH,),0
NE
N"NH,
P
No. R viell® AMp, °C Formula?
1 1 ¢ 146-151 CrHEN;O-2HOAe
3 2-C1 47 179-180 CiHisCIN;O
6 3-Cl ¢ 253-257 CisHiCINGO 0. 51804 11,0/
7 2,3-Cls 11° 209-211 g :
] 2.3-CL 1 202-274 dee N3O 0. 5180,
1a  2~Cl-4-N0s 215 2314-236

7 Over-all vield of pnre material for three steps from 14 pre-
pared by methods in ref 17. * Over-all yield from R-phenoxy-
propyl bromide. ¢ Recrystallized from 109 HOAc in ILO.
4 Recrystallized from CiHs. ¢ Recrystallized from MeOItOH -
11,0. 7 H: ealed, 5.31; found, H 4.73. ¢ All compsnds were
analyzed for C, , N.

Experimental Section

All analytical samples had nv and ir spectra compatible with
their assigned structures; each moved as a single spot on tle on
Brinkmaun silica gel GF and gave combustion analyses for C,
H, and N or F within 0.4%; of theoretical. Melting points were
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ScHEME I
R R NC R
14 15 NC
17
NH
Jj(CH»a @ Néj(CH»sO@ NH, —
NH, NH, Ny~ NH
18, R=H
19, R=Cl
NH, R R
N (CH,),0 @ NHCO
NH, @ NH,
SO,F
20, R=H

21, R=Cl R"=H

HOOC @Rz — HOOC @ R. — HOOC @

S0,CI SO, F
23 24
a, RR=H; R,=CH, d R,=CHj; R,=H
b R,=H; R,=iCH; e R=C R,=H

¢ Ri=H; R,=0Cl
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TaBLE V

PuysicaL PROPERTIES OF

O (CHy)0 NHCO
NHQ N
SO,F
%
No. Ri* R yield® Mp, °C Formula?
9 2-Cl H 509 158-170 CaH«CIFNO4S-EtSOsH
10 H 4-Me 46° 211-218 CuHuFN¢OsS:0.5H2804:2H20
11 H 2.Me 39¢ f CaH2sFN¢Q4S -0, 5H2804-2. 5H:0
12 H 4-CsHz-¢  33° 203-207 CuHaFNe04S:0.5HaS0¢ 2H0

@ Numbering from phenoxy oxygen at 1. ? Numbering from
amide at 1. ¢ Prepared by method deseribed for 1;* compound
moved as a single spot on tle with 1:4 EtOH-CHClL. ¢ Recrystal-
lized from EtOH-1,0. e Recrystallized from MeOEtOH-H,0.
7 Gradually decomposes over 150°. ¢ All compounds were
analyzed for C, H, F

taken in capillary tubes on a Mel-Temp block and are uncor-
rected.

3-Fluorosulfonyl-4-methylbenzoic Acid (24a) (Method A).—
To a stirred solution of 28.2 g (0.12 mole) of 23a™® in 40 ml of
dioxane heated to reflux was added a solution of 10.4 g (0.18
mole) of KF in 11 ml of Hy;O. After belng refluxed with stirring
for 40 min, the mixture was cooled and diluted with 200 ml of
H,0. The product was collected on a filter and washed with
H;0. Recrystallization from EtOH-~H,O gave 16 g (619%) of
white needles, mp 173-175° See Table III for additional data
and compounds prepared by this method.

5-(4-Amino-2-chlorophenoxypropyl)-2,4,6-triaminopyrimidine

(19).—A mixture of 3.5 g (10 mmoles) of 16a (Table IV), 200
ml of 859, MeOEtOH-H,0, and 0.14 g of PtO, was shaken with
hydrogen at 2-3 atm for about 2 hr when reduction was complete.
The filtered solution was evaporated in vacuo. Recrystallization
from MeOEtOH-H,0 gave 2.5 g (78%) of nearly white ciystals,
mp 193-194°.  Anai. (CisHi;CIN0) C, H, N.

The physical properties of 9-12 are given in Table V.


C21Hi.FN6O1S-O.5H2SO4.2H2O
CziH2jFN6O1S-O.5H2SOi-2.5H2O

