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Nix eandidate irreversible inhibitors derived from the title compound were syuthesized and evalnated with the

dihydrofolic rednctase from Li210/DF8 and L1210/0 mouse lenkemias and from mouse liver.

The six com-

pounds at <6 X 1078 M were good irreversible inhibitors of the enzyme from the three sources, but no specificity

in rreversible inhibition of the enzyme from the three sources was seen.

In eontrast, 2,4-diamino-5-(3,4-di-

chloraphenyl)-6-[p-(m-fluarosulfonylbenzamidomethyl)phenoxymethyl]pyrimidine (1) showed excellent selec-
tivity, being able to inactivate the L1210 mouse lenkemia enzyme, but not the mouse liver enzyme;’ however,
the concentration of 1 required for irreversible inhibition was too high. The difference in selectivity with 1 and
and its phenethyl aunalog (2) is believed to be due to the relatively fixed ground-state conformation of the 6 side

chain of 2.

One of the major objectives of this laboratory has
been the design, synthesis, and enzymic evaluation of
candidate active-site-directed irreversible inhibitors? of
dihydrofolic reductase which might show sufficient se-
lectivity to inactivate the enzyme from a tumor, but
not normal tissues. That 1 could irreversibly inhibit
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the dihydrofolic reductase from Li1210/FRS, L1210/
DFS, and the parent L.1210/0 line of mouse leukemia
with no irreversible inhibition of the dihydrofolic re-
ductase from mouse liver has been reported.*® Al-
though 1 showed this high tissue specificity,® it did not
meet the arbitrary criteria® set for a compound to be a
likely candidate for effective in vivo chemotherapy of
1.1210. Since 1 had I;; = 0.37 u3{ on the enzyme from
1.1210/DFS, it did not meet the first criterion; how-
ever, 1 did meet the second and third ecriteria. Al-
though it is fairly easy to increase reversible binding by
a factor of 4-10 by simple substitution, such substitu-
tion might lead to loss of irreversible inhibition or loss
of specificity of irreversible inhibition.”

Two approaches were initially investigated to in-
crease binding. The first approach was substitution
on one or both benzene rings on the 6 side chain; al-
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though a good I was achieved, specificity was lost.?
The second approach was based on the observation
that replacement of the phenoxy oxygen of a4 compound
related to 1 by CH, gave a satisfactory increase in
reversible binding.® Therefore, 2 and some related
compounds were synthesized for enzymic evaluation;
the results are the subject of this paper.

Enzyme Results.—Evaluation of 2 (Table I) on the
dihydrofolic reductase from L1210/DF8 showed that
2 was a 15-fold better reversible inhibitor than 1; fur-
thermore, at 2Is, 2 was an excellent irreversible in-
hibitor. In contrast to 1, specificity was lost since 2
was now au excellent irreversible inhibitor of the enzyme
from mouse liver. The position of the sulfonyl fluoride
moiety (3) and the bridge between the benzenesulfonyl
fluoride and phenyl moieties (4, 5) were then modified.
All three compounds (3-5) showed good I5’s and could
inactivate dihydrofolic reductase; unfortunately, no
specificity was observed, the liver enzyme also being
inactivated.

Introduction of a chlorine atom (6) para to the SO,
moiety of 2 or a CH; (7) ortho to this SO,I" moiety of
2 gave little change in I5. Purthermore, these changes
failed to increase the specificity of 2, both L1210 en-
zymes and the mouse liver enzyme still being inacti-
vated by 6 and 7.

Discussion

The fact that specificity is lost when the phenoxy
oxygen of 1 is replaced by CH, (2) would at first glance
seem incongruous. The difference in the number of
allowable ground-state conformations between 1 and
2 is immense; to achieve rotation of the -CH.CH,—
moiety of 2 requires up to 2 keal/mole due to proton
interaction, whereas the —-CH,O— moiety is free to
rotate. Thus one might anticipate that 2 would have
more specificity than 1 since there is considerably less
freedom to rotate with 2; therefore 1 might be expected
to rotate easily to juxtapose the SO.I' moiety with the
attacking nucleophilic group on the enzyme surface.
However, the free rotation of the -CH,O— moiety of 1
has a second consequence. If the benzenesulfonyl

(8) B. R. Baker, I'. C. Hnang, and R. B. Meyer, Jr., ibid., 11, 475 (1008),
paper CXVI of this series.
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7 Assayved wih G

uwM dihydrofolate and 30 w3/ TPNH in pH 7.4 Tris buffer containing 0.15 M KCl as previausly described.? » Iucubated at 37° in pH

7.4 Tris buffer in the presence of 60 uM TPNH as previously deseribed.?
K; = Ku[I0] /(8] which is valid since [8] = 6K, = 6 uM dihydrofolate; see vef 3, p 202.
where [EI] is the amount of total enzyme (E;) reversibly complexed; see rvef 3, Chapter R.

4 I = cancentration far 207 inhibition.  © Estimated {ram
J Estimated from [RI] = {E /(1 + K {ID)
¢ Data from ref 3. # Zera pahnt obtalued

by adding inhibitor ta assay cuvetie prior ta addition of enzyme alignat.?

moiety is reversibly complexed to the enzyme, then a
freely rotating moiety such as the -CHy,O- of 1 will
adopt the ground-state conformation that gives maxi-
mum reversible binding to the enzyme; this conforma-
tion for maximum reversible binding could reniove
the SO,I" group from proper justaposition to an enzymie
nucleophilic group, thus giving more specificity than
could be obtained with 2.

That an oxymethylene bridge with free rotation can
eradicate irreversible inhibition when it replaces an
ethylene bridge was previously =een in several cases.>%)¢
It follows that if the number of allowable ground-state
canformations were limited, then an irreversible in-
hibitor might emerge; such a prediction wus reduced to
practice.!!

A secoud mujor point has solidified from the data in
Table I. Introduction of CH; (7) or Cl (6) on the
henzenesulfonyl fluoride moiety did not lead to spec-
ificity; in fact such changes on 1 led to a loss of spec-
ificity.? Therefore, the data on about 50 candidate

(4) B. R. Baker and G. J. Lourens, J. Med. Chem., 10, 1113 (1967), paper
'V ol this series.

110) B. R. Baker and (¢, J. Lonrens, ihid., 11, G66 (19G8), paper CNXXV11
ol this series.

i11) B. R. Baker snd G J. Loarens, thid., 12, 95 (1969), paper CNX1 o1

this series.

irreversible inhibitors for dihydrofolic reductase with
a substituent on the benzenesulfonyl moiety were
reexamined. > =% Tn ouly four cases was the spec-
ificity for the tumor enzyme over liver enzyme bene-
fictal,'** a rather low return but worthwhile if ather
approaches fail.  In the other cases, either specifieity
was lost or the irreversible effect on the enzyme was
decreased. The only reason left for substitution on
the benzensulfonyl moiety resides in the initial =carch
for the first active-site-direeted irreversible inhtbitor of
a given enzyme. A compound falling to show -
reversible inhibition may show irreversible inhibitian
when the benzenesulfonyl fluoride ring is substituted;
in the case of the seareh for the first irreversible in-
hibitor for an cnzyme, seleetivity is not the considera-
tion of import.
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(14) B. R. Baker and (i, 1. Lonrens, ibnd., 11, 677 (1068), paper CNXNIN
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January 1969

From these considerations, it would appear at this
time that the best chance for design of specificity
would be in modification of the bridge between the
benzenesulfonyl fluoride moiety and the pyrimidine
portion of the inhibitor. Such studies with 6-sub-
stituted 2,4~-diamino-5-(3,4-dichlorophenyl)pyrimidines
related to 1 and 2 and 1-phenyl-1,2-dihydrotriazines
are continuing.

Chemistry.—The new candidate irreversible in-
hibitors in Table I can be generalized by structure 14;
the key intermediate was therefore the aliphatic amine
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13. Wittig condensation of 10 with p-cyanobenz-
aldehyde (11) in DMFE in the presence of 1 equiv of _—
1,5-diazabicyclo[4,3,0 Jnonene®® afforded a 529, yield
of pure 12 (Scheme I). Hydrogenation of 12 with a CI'I@CN
PtO, catalyst in the presence of 2 equiv of EtSO;H gave
13 as an amorphous powder which was uniform on tle, 12
but could not be further purified.
Compounds 2, 3, 6, 7 were prepared from 13 by ¢l
acylation with the appropriate benzoyl chloride in
DMFE in the presence of 3 equiv of Et;N.12  Compounds Ci —
4 and 5 were prepared by reaction of 13 with the ap-
propriate O-(p-nitrophenyl)urethan’ in the presence of CHy), @CH;;NH:’QE'LSO;H
Et;N to remove the EtSO;H from 13. 3
Experimental Section NH, %
All anal}'ti(:al samples had proper uv and ir spectra; each N a
moved as a single spot on tle on Brinkmann silica gel GF and O
gave combustion values for C, H, and N or F within 0.4 of NHQK\I .
theoretical. Melting points were taken in capillary tubes on a : <CH?)2@CH'~’NHCOR
Mel-Temp block and are uncorrected. The physical properties
of 2-7 are listed in Table IT. 14
TasLe IT
PuysicAL PROPERTIES OF
NH, Cl
N Cl
w0
B (CH2)2©CH9NHR-O.5H2804
% Mp, °C

No. R Method® yield® dec? Formula®

2 COCGH4SOQF—WL A 47 180 CstngleNsOaS . 0 . 5H2804 . 0 . -.)I’T,)()

3 COCH,SO.F-p A 46 192 CasHnCLEN;038-0. 5H.S0,

4 CONHCH,S0.F-p B 56 206 CosHogCLFNO;3S-0. 5H,S0,

3 CONHCH,SO.F-m B 42 200 CosHasCLFN 0,8 -0. 5H,80,

6 COC¢H-2-Cl-5-S0,F Ac 67 157 CoeHaClsFN;0;8 0. 5H,80, - H.O

7 COC¢Hs-4-Me-3-SO.F Ac 59 170 CyHCLFN;0,8-0. 5H,S0,

a Method A was the same as method C previously deseribed. 4
equiv of Et;N was added to neutralize the EtSO;H salt of 13.
quisite fluorosuifonylbenzoic acid see ref 16.
compounds showed corrected analyses for C, H, F.

6-(p-Cyanostyryl)-2,4-diamino-5-(3,4-dichlorophenyl)pyrimi-
dine (12).—To a stirred solution of 3.05 g (5 mmoles) of 1012 and
0.66 g (5 moles) of 11 in 20 ml of DMF cooled in an ice bath
and protected from moisture was added 0.62 g (5 mmoles) of
1,5-diazabicyclo[4,3,0]nonene.’®  After being stirred for 20 hr at
ambient temperature, the mixture was diluted with 20 ml of H,O.
The product was collected on a filter, washed (H;0), and recrys-

(18) H. Oediger, H. Kabbe, F. Méoller, and K. Eiter, Chem. Ber., 99, 2012
(1966).

Method B was the same as method E previously described,” except 2
b Yield after recrystallization from MeOEtOH-H,O0.
¢ Melting gradually occurred over a wide range at the temperature indicated.

¢ For the re-
e All

tallized from EtOH-THF; yield 1.00 g (529), mp 264-268° dec
(block preheated to 230°).  Anal. (CsHsCLN;) C, H, N.

6-(p-Aminomethylphenethyl)-2,4-diamino-5-(3,4-dichloro-
phenyl)pyrimidine Bisethanesulfonate (13).—A mixture of 2.32
g (6.1 mmoles) of 12, 100 ml of MeOEtOH, 1.37 g (13 mmoles)
of EtSO3H, and 0.12 g of PtO, was shaken with H; at 2-3 atm
for 3 hr when reduction was complete. The filtered solution
was evaporated ¢n vacuo leaving 3.20 g (859) of 138 as an amor-
phous solid that moved as a single spot on tie in 1:1 EtOH-
CHCly; A2} 275 mu, A25"® 290 mg.



