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2,4-Diamino-5-{p-(m-fluorosulfonylbenzamidoiphenoxyprapyi]-6-methylpyrimidine (2) and thiree variants in

the benzamido moiety have been syuthexized via the mtermediate 2-amino-6-methyl-5-(p-nitraphenoxypropyl)-

4-pyrimidinol and 5-(p-aminophenoxypropyl)-2,4-diamino-6- melh\lpxlimidiue (6); the key reaction was azide
displacement of the chloro atom of )—acetamldo—sl—chlmo—b—meth\ 1-5-(p- ul(mpheu()\\ pl(;p\l)p\xmudme &) fol-
lowed by reduction of the azidopyrimidine (7) to the 4-aminopyrimidine since the usual ammonia displacement
caused cleavage of the nitrophenoxy side chain. Evaluated as an irreversible inhibitor of dihydrofolic reductase,
2 met all the criteria needed for in vivo evaluation; 2 had K; = 0.003 w3}, showed goud irreversible inhibition of
1.1210 dihydrofolic reductase at a 2K, coneentration, and showed 10 significant irveversible inhibition of dihydro-
folie reductase from normal mouse liver, spleen, or testine at a concentration of >70K;. However, 2 showed
poor penetration of the L1210 cell wall in culture and hence wax biactive /n rivo.  In contrast, N-[p-(4,6-diamnino-
2, )-dimethyl-1,2-dihydro-s-triazin-1-yhhydrocinnamoyl]sulfanilyl luoride (12; shawed good penetration of the
L1210 cell wall in culture and good ¢n vive activity, but 12 wax not a selective hreversible inhibitor of L1210 di-
hydrofolic reductase since it also nactivated the enzynie fram manise liver, spleen, and intestine.  Futire stidiex

Active-Site-Directed lrreversible

12

to combiite the selectivity of 2 with the in vivo effectiveness af 12 are dizcu=sed.

The triaminopyrimidine bearing a terminal sulfonyl
fluoride (1) was the first active-site-directed irreversible
inhibitor® of dihydrofolic reductase* that could in-
activate the enzyme from 1.1210 niouse lenkemia with

d(CHmO@NHCO @
NH

SO.F
1.R=NH

2. R= CH‘;

little inactivation of the euzynie from mouse liver,
spleen, or intestine.” Siuce the failure of 1 to show
i vivo activity® may have been due in part to its poor
solubility or its relatively high K; (=~0.5 pM), two
approaches were investigated to obtain irreversible
inhibitors related to 1 with better reversible binding.
The first approach was the study of the effects of sub-
stitution on the two beuzene rings of 1 to inerease
binding, which was deseribed in the preceding paper.?
The second approach was to replace the 6-amino group
of 1 by a 6-methyl (2) which could be expected to cu-
hance binding 10-150-fold.* The synthesis and en-
zymie evaluation of 2, as well 1 some of its congeners,
i~ the subject of this paper.

A two-step synthesis of the 4-pyrimidinol (3) has
been previously deseribed.” The 2-amino group of 3
wis then acetylated in 789 vield 1o 4 in order to nid

(1) This work was generonsly supporied by Grant CCA-08695 irom 1he
National Cancer Institute, U. 8. Pullic Health Service.

(2) For the previons paper oi this series xee B. R. Baker and R. B. Meyer.
dr., J. Med. Chem., 12, 104 (1969).

(3) B. R. Baker, "Design ol Active-Siie-Direcied Irreversible Enzyme
Inhibitors. The Organic Chemistry of 1he Enzyinic Active-Shie," John Wiley
and Sons, Inc.. New York, N. Y., 1967.

(+) B.R. Bakerand R. B. Meyer,.dr.. J.
('X1X of this series.

(5) B. R. Baker. G.J. Lourens, R. B. Meyer, Jr.. and N. M. .l. Vermenlen.
Whid,, 12, 67 (1969), paper CXXXI111 of this series.

() B. R. Baker, B.-T. lHa, and D. V. Santi, J. Phlarm, Se1. 54, 1412
(1965).

(7) B. K. Bakerand 1. V. Sanii, 171/, 86, 380 {1967}, naner LNIN ol 1his
series.

Med. Chem., 11, 489 {1968), paper

in the replacement of the 4-hydroxy! of the pyrimidinol
by 4-chloro (5)* (Scheme I); this was accomplished
with POCL at 75° in 499, vield of pure material.
Treatment of § with methanolic ammounia at 150°
under the usual conditions®® led to cleavage of the
side chain to p-nitroauiline, a not unexpected result
with u substituted 4-uitroanisole systenr; under cou-
ditions sufficiently mild to avoid eleavage of tlie nitro-
pheny! group. the +-Cl group failed to dixplace.
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2,R=CH,SO,F-m 8
9,R = C;H,SO.F-p

10,R = C¢H,-4-Me-3-SO.F

11, R = NHC:H4-Me-3-S0O,F

It was previously observed that ammonia and amines
rapidly deacetylated 2-acetamido-4-chloropyrimidines
and the resultunt 2-amino-4-chloropyrimidines were

(8) B. R. Baker. (. IJ. Marreal, and B.-T. Ho, J. Med. Clhem.. &, 58

11963).
193 B. R. Raker and B.-T. 1a, J. 'haym, Sei., B3, 1427 1084,
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then much less reactive toward a neutral nucleophile
such as thiourea.® Therefore it was essential that a
neutral nitrogen nucleophile be used with 5 under
aprotic conditions so that the N-acetyl group would not
be cleaved with resultant deactivation of the 4-chloro
group; such a nuecleophile is azide ion. When 5 was
heated with NaN; in DMSO at 85-90°, reaction was
complete in 2 hr as shown by tle. A crystalline azide
(7) was isolated in 839 yield, but showed two spots on
tle that had identical uv spectra; whether or not these
two spots were due to equilibration with the isomeric
tetrazole (8)¥ was not ascertained, since both 7 and 8
would be reducible to the same amine (6). The crude
azide (7) was catalytically reduced with a Raney Ni
catalyst to 2,4-diaminopyrimidine (6) which was
isolated as its sulfate in 619 yield.

Due to its insolubility, attempts to convert the
sulfate salt of 6 to 2 with m-fluorosulfonylbenzoyl
chloride in DMF or DMSO in the presence of Et;N
were unsuccessful. The sulfate salt of 6 was converted
to the nonerystalline base with aqueous NaOH, which
was isolated by CHCI; extraction. Acylation then
proceeded in DMF when the 2,4-diaminopyrimidine
moiety of 6 was allowed to act as the acid acceptor; the
yield of pure 2 from the sulfate salt was only 149,. It
was found more convenient to treat the more soluble
hydrochloride salt of 6 with acid chlorides where
1,5-diazabicyelo[4.3.0]non-5-ene (DBN) was used as
the acid acceptor; this method was used for preparation
of 9 and 10. The urea derivative (11) was prepared
similarly from 6 -HCI by reaction with p-nitrophenyl
N-(3-fluorosulfonyl-4-methylphenyl)carbamate. !

Experimental Section

Melting points were taken in capillary tubes on a Mel-Temp
block and are uncorrected. Each analytical sample moved as a
single spot on tle on Brinkmann silica gel GF, and had ir and uv
spectra in agreement with their assigned structures; each gave
combustion values for C, H, and N or F within 0.49; of theoreti-
cal.

2-Acetamido-6-methyl-5-(p-nitrophenoxypropyl )4 -pyrimidi-
nol (4)—A stirred mixture of 3.50 g (11.5 mmoles) of 37 and
40 ml of Ac,O was heated at 80-85° for 4 hr, solution not taking
place. The mixture was spin evaporated in vacuo. The residue
was suspended in 30 ml of EtOH and the evaporation was re-
peated; the evaporation was repeated with two 30-ml portions
of EtOH. Recrystallization from MeOEtOH gave 3.10 g (789;)
of product, mp 232-233°. Anal (Ci\sHisN:O;) C, H, N.

2.Acetamido-4-chloro-6-methyl-5-( p-nitrophenoxypropyl)py-
rimidine (5).—A stirred mixture of 5.0 g (14.5 mmoles) of 4
and 25 ml of POCl; was protected from moisture in a bath
at 75° for 1 hr, solution being complete in 15 min. The cooled
solution was poured into 200 ml of petroleum ether (bp 60-110°),
then allowed to stand until the solution was no longer turbid
(1 hr). The petroleum ether was decanted from the gum; the
latter was washed with an additional 100 ml of petroleum ether
(bp 60-110°). To the residual gum was added a mixture of 50
g of ice and 250 ml of 109, aqueous NaOAec. The mixture was
stirred for 30 min when the gum had changed to a solid. The
latter was collected on a filter and washed with H,O. Recrystal-
lization from MeOEtOH-H.O gave 2.7 g (499) of off-white
crystals, mp 173°.  Anal. (C,:H,7CIN,Os) C, H, N.

2-Acetamido-4-azido-6-methyl-5-( p-nitrophenoxypropyl )py-
rimidine (7),—A stirred mixture of 5.0 g (13.7 mmoles) of 5,
3.5 g (54 mmoles) of NaNj3, and 30 ml of reagent grade DMSO was

(10) (a) C. Temple, Jr., and J. A. Montgomery, J. Org. Chem., 30, 826
(1965); (b) C. Temple, Jr., R. L. McKee. and J. A. Montgomery, 7hid., 30,
829 (1965).

(11) B. R. Baker and N. M. .l. Vermenlen, J. Med. Ckem., 12, 74 (1969),
paner CXNNXI1V of this series.
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heated in a bath at 85-90° for 2 hr when tle showed 5 had been
consumed. The cooled reaction mixture was diluted with 100
ml of H,O and 200 ml of CHCl;. The separated CHCI; layer was
washed with 100 ml of H,0, then dried with MgSO, and evapo-
rated ¢n vacuo to about 20 ml. Petroleum ether was added to
turbidity, when the mixture was chilled at 5°. The crystalline
product was collected on a filter and washed with petroleum ether;
yield 4.1 g (83%); mp 141-144° dec; »XZr 1680 (amide I), 2100
(N3), 1520, 1350 em ! (NO,); this was suitable for the next step.
Tle in EtOAc showed two major spots and one minor spot.
A small-scale tle separation of two major spots showed they had
identical uv spectra: Amax 236, 314 mu (pH 1); 300 mu (pH 13).
Since the minor product may have resulted from deacetylation,
but is also convertible to 6, no further purification was con-
sidered necessary.
5-(p-Aminophenoxypropyl)-2,4-diamino-6-methylpyrimidine
(6) Sesquisulfate.—A solution of 1.3 g (3.5 mmoles) of
crude 7 in 200 ml of MeOEtOH was shaken with H, at 2-3 atm
in the presence of 1 g of Raney Nifor 1 hr. To the filtered solu-
tion was added 20 ml of 6 N HCI, then the solution was heated on
a steam bath for 30 min to remove the N-acetyl group, which was
shown by the shift in Amax at pH 1 from 26410273 mu. Evapora-
tion to dryness ¢n vacuo gave a glassy hyvdrochloride that could
be precipitated as a white powder from a small volume of hot
H,0 by addition of +~PrOH to turbidity; yield 87% (calculated
as 3HC1), mp >200° dec, sufficiently pure for further transforma-
tion. For analysis a sample was dissolved in 20 ml of hot 2 V
H,80,, then the solution was clarified with carbou. The hot
solution was diluted with ~PrOH to turbidity, then cooled;
yield 61%, mp >250° dec. ‘471,(1[. (CQ4H2]N4013HQSO4) C, H,
N. Preparatively, it was more convenient to use the HCI salt
of 6 for further transformation.
2,4-Diamino-5-[p - (m - fluorosulfonylbenzamido)phenoxypro-
pyl]-6-methylpyrimidine (2) Ethanesulfonate,—A mixture of
0.90 g (2.1 mmoles) of 6 sulfate, 30 ml of CHCl;, and 100 ml of
1 N NaOH was vigorously shaken until solution was complete.
The separated H,O layer was extracted with three 30-ml portions
of CHCl;. The combined extracts were dried with MgSOy, then
evaporated in vacuo leaving 0.50 g (859,) of 6 base as a gum. The
latter (1.8 mmoles) was dissolved in a mixture of 3 ml of DMF,
5 ml of CHCls, and 200 mg (2 mmoles) of Et;N. To this solution
cooled in an ice-salt bath and protected from moisture was added
0.33 g (1.5 mmoles) of m-fluorosulfonylbenzoyl chloride. After
being stirred 15 min, the solution was treated with 0.60 g (5
mmoles) of EtSO;H, then the CHCI; was removed by evaporation
in wvacuo. The evaporation was repeated with three 20-ml
portions of o-PrOH. The residual DMF solution was diluted
with about 30 ml of 50, aqueous #-PrOH, then cooled. The
product that separated on standing was collected on a filter and
washed with 509, aqueous -PrOH; yield 0.12 g (149 based
on the acid chloride) of white needles, which gradually softened
over 145°, but showed no definite melting point. .4nal. (CoHo.-
FN504SCQH¢SO:;H) C, H, F
2,4-Diamino.5-(p-(p-fluorosulfonylbenzamido )phenoxypropyl] -
6-methylpyrimidine (9).—To a stirred mixture of 250 mg (0.65
mmole) of 6:3HCI and 145 mg (0.65 mmole) of p-florosulfonyl-
benzoyl chloride in 2 ml of DMF protected from moisture and
cooled in an ice bath was added 200 mg (1.6 mmoles) of 1,5~
diazabicyclo[4.3.0]non-5-ene (DBN). After 30 min the solution
was poured into 50 ml of saturated aqueous NaHCOD; The
product was collected on a filter and washed with H,O. Re-
crystallization from EtOH-H,0 gave 100 mz (33%,) of white crys-
tals, mp 229-231°, that moved as a single spot on tlein 1:4 EtOH-
CHCL. Anal. (CoHxFN;0.8) C, H, F.
2,4-Diamino-5-[p-(3-fluorosulfonyl-4.-methylbenzamido)phe-
noxypropyl] -6.-methylpyrimidine (10) Hemisulfate.—Reaction of
400 mg (1.04 mmoles) of 6-3HCI with the acid chloride from 240
mg (1 mmole) of 3-flucrosulfonyl-4-methylbenzoic acid? for 1
hr as described for 9 gave a solution that was poured into 20 ml
of 1 N H,S04. The product was collected on a filter, washed wit’1
H,0, then recrystallized three times from EtOH-H,O when it
moved as one spot on tle; vield 60 mg (119%) of white needles,
mp >180° dec. ,‘17“1]. (Cz‘zH24FN504S‘0.3H2SO4'H~JO) (‘, I{,
F.
2,4.Diamino-5-(p-(3.fluorosulfonyl-4-methylphenylureido)-
phenoxypropyl] -6-methylpyrimidine (11 ) Hemisulfate.—Eeaction
of 250 mg (0.65 mmole) of 6-3HCI] with 220 mg (0.62 mmole)
of p-nitrophenyl N-(3-fluorosulfonyl-4-methylphenyl)carbamate™
for 1 hr as described for 9 gave a sohition that was powed into a
stirred mixture of 20 ml of 1 ¥ H,80; and 20 ml of CHCL,.
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The product was collected on a filter and recrystallized three times
from MeOEtOH-H,O when it moved as single spot on tle; vield
90 mg (26%), mp >194° dec. Anal. (CooHasFNO48:0.5H80, -
11,0)C, H, F.

Enzyme Results and Discussion

The following arbitrary criteria had been chosen to
determine whether a candidate irreversible inhibitor
of dihydrofolic reductase is worthy of n vivo assay:
the compound (a) should have I, ~ 6K; < 0.1 pi/,
(b) should give >709, mactivation of the tumor en-
zyme at a K; eoncentration, and (¢) should give <2097
inactivation of liver enzyme at > 12K, coucentration.”
Compound 2 meets two of the three eriteria but shows
only 50-659, inaectivation of the tumor euzyme at a
concentration of 0.016 pd (about 6K;) and 109, in-
activation at 0.005 w3/ (about 2K;) coucentration.

When the SO,I° group of 2 wax moved to the para
position, the resultant 9 was not as good an irreversible
inhibitor as 2; a concentration of 3Ly of 9 showed only
28¢ inactivation of the 1.1210/DI'S euzynie compared
to a 315 coneentration of 2 which gave 10097 inactiva-
tion. This difference can be rationalized on the basis
that the relative rate of euzyme-catalyzed hydrolysis
of the SO.I° group! to rate of inactivation by 9 is
higher than with 2. Slight, but perhaps insignificant,
irreversible inhibition of the liver enzyme was noted
with 9.

Insertion of a Me ortho to the SO.0" of 2 gave 10
that showed little change in reversible binding or
specifieity of irreversible inhibition. When the CONH
bridge of 10 was lengthened to NHCONH (11),'? re-
versible inhibition of dihydrofolic reductase did not
change; however, 11 was both u less effective und less
selective irreversible inhibitor than 10, sinee 11 showed
some irreversible inhibition of the mouse liver enzyme,

The best compounds in Table I are 2 and 10.  How-
ever, 2 still had two faults, the second of which was
major: (a) 2 failed to give good irreversible iuhibition
of dihydrofolic at a K; concentration, and (b) 2 failed
to show dn wdvo activity or toxicity in mice bearing
1.1210/0, ax veported previously in 4 sumiary paper.’
The failure of 2 to show in vivo activity could be ac-
counted for by the fact that 2 showed poor penetration
of the 1.1210/0 cell wall, ax shown by tissue culture
studies.  The D5 of 2 against 1.1210/0 1 eell culture
wius 2.2 gl siuce 0.05 pM of 2 shows complete -
activation of the 1.1210/0 enzyme in a broken cell
system, the increment between EDj, and effective
intracellular concentration is at least 40-fold. These
results with 2 should be coutrasted with those of the
dihydrotrinzine (12). The dihydrotriazine (12)%
showed a 709, life extension of mice with 1.1210/0

\H.

—@ (CH.). CO’\IH@SO F
NH, L )

Me.

(12) B. R. Baker and J. A. Hurlbut, J. Med. Chem., 11, 233 (1968), paper
CXI11 of this series.

(13) B. R. Baker and G. I.
oi 1his series.

(1) These assays were performed by solution af the campannds in prg-
pylene glycol, then addition ta the cell enlture. We wish 10 1hank 11
Florence White of the CCNSC for these resulis,

(1) B. R. Bakerand (1. 1. Lonrens, J. Med. Chem., 10, 1113 (1987), paper
CV of this series.

Lourens, ihdd., 11, 677 11968), paper CXNXINX

leukemia when 12 was assayed at the optimum omnee
daily dose of 300 mg/kg eveu though 12 was a non-
specific irreversible inhibitor of dihydrofolie reductase
that showed good inactivation of the L1210/0, mouse
liver, splecn, and intestine enzymes at a concentration
of 0.07 pd 5 12 was not as good an iireversible in-
hibitor of the 1.1210/0 enzyme ux 2 when assayed at
6Is.  Nevertheless, 12 had au EDj of 0.002 g/
against L121070 i cell culture.™  Thus the nerement
far 12 between 19D and effective intracellnlar eon-
centtration 1x 0.0,

The difference between 2 and 12 in ability to penc-
trate the 1121040 cell wall is surprising. A4 prior? the
opposite wuas anticipated since 12 would have a pA,
near 11% aud would be fully protonated at physiologieal
pH, whereas 2 would have a pK, near 7V and would be
about half-protouated at physiological pH. A charged
speeies such as 12 would not be expected to penctrate
cell wall by passive diffusion as readily as a partinlly
neutral speeies such as 2, Extensive studies are now
being performed to (-omp‘u'o effective coneentration for
irreversible inhibition of dilivdrofolie reductase with
the Kl using 1 wide variety of previously published
and unpublished candidate irreversible inhibitors of
the SO:1" type.  Such studies ave important to deter-
mine what struetural types of selective irreversible
inhibitors of dihydrofolic reductuase can readily pene-

trate the 1121070 cell wall.

The failure of 2 at 1 GR; coneentration (0.016 p/)
to give complete irreversible inhibition of dihydrofolic
reductase could be due to the enzyme-catalyzed hy-
drolysis of the SO group, ™ or due to the possibility
that the euzyie wuas present in the irreversible in-
hibition ineubation at higher coucentration than the
inhibitor (2),% or both.

The concentration of dihydrofolic reductase wus
determiined by “titration” with amiuopterin at pH
5.9 as described [or amethopterin by Werkheiser®! and
as modified by Bertino, ef ol.?* In the time study of
irreversible inhibition by 0.016 x M and 0.05 37 2 the
enzyme  concentration was 0.024 x37. Thus 0.016
g} 2 can only inaetivate maximally 679 of the total
enzyme when the latter is present at 0.024 e and
48G0 was observed (Tuable 1),  Sinularly, 0.005 ud? 2
could ouly activate maximally 199, when incubated
with 0.027 p M euzyme and 10€7 was observed. Tho
enzyme concentration can be deereased by tenfold 1
the total aliquot is assayed rather than quenching an
aliquot in iee und dilnting tenfold in the assay.?®  Under

(18)  4,6-Diamnine-1-i4-chlorophenyl)-1.2-dihydra-2,2-dimethyl-e-triazine
las pK, = 11; see K. 1. Modest, J. Org. Chem., 21, 1 (1936).

117y The pKa ol 7.7 Ior 2,4-diamino-6-methylpyrimidine shonld ditfer linile
from that of 2; sec .J. C. (mge. J. Chem. Soc., 469 (1949).

(18] We wisli ta thunk Prafessor Haward J. Schaeffer for nointing ont this
diffienlty with some ai the experimems from this lahoratary an ehymo-
trypsin!>®® and trypsin.®

(19) B. R. Baker aml.J. A, Hurllhng, J.
C'X1V of this series.

(20) B. R. Baker aml 1., 11
this series.

t21) W. C. Werkheizer, J. Biol. Chem., 286, 888 (1961).

(22) J. R. Bertino, B. A, Booth, A. L. Bieler, A, Cashmore, and A. (
Sartorelli, thid.. 2839, 479 119641,

28) Thisineuhaiion cechnigne withoni alignot dihnion was nsel in earlier
work on irreversible inhilitian:®* this was veplaced by 1he aliqnau dilmicn
rechnigne sinee irreversible inhilition is much better yuenched by ice-eoaling
and dilntian aml, xecendiv, Ligher concentrations of inhihitor sneh as Stss
can he sindied when (he align is diluted tenfold far assay. 192

124y 1. R. Baker, W. W, lLoee, and .. Tang, J. Theoret. Biol,. 8, 450 (10623,

G B Baker, Boochem. Dhapmacol., 11, 1103 (19621,

Med. Chem., 11, 241 11968), naner

. Diricksan, ibid., 11, 242 (1088}, paper CXV oi
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TaBLe I

INHIBITION® OF DIHYDROFOLIC REDUCTASE BY

NH,

N (CH2)30© NHCOR
Y

———Reversibleb——

2N
Enzyme 150,98
Na, R source M
27 CH.S0,F-m 1.1210; DFS 0.016
L.1210,/0 0.016
Liver 0.019
Spleen
Intestine
9 CsHSO.F-p L1210/DF8 0.023
Liver
10 CiHs-4-Me-3-50,F L1210/0 0.020
L1210/DFS
Liver
11 NHCH4-Me-3-SO.F L1210;DF8 0.015
Liver

@ The technical assistance of Sharon Lafler and Diane Shea with these assays is acknowledged.
and 30 pM TPNH in pH 7.4 Tris buffer containing 0.15 M KCl as previously described.?

CH,

Irreversible®

Ki* Inhib, Enzyme, Time, %
wM pM M min inactvn
0.0027 0.030 0.024 2, 8,60 50, 84, 10094
0.0031'  0.016 0.024 2,8, 60 24, 48, 480.4
0.0050 0.027 60 10
0.0050 0.0020¢ 60 3207
0.0027 0.030 0.023 60 94
0.016 0.023 60 30
0.0032 0.60 0.024 60 6
0.20 0.025 60 0
0.20 0.023 60 0
0.0038 0.069 0.027 8,15, 30 17, 28, 28t
0.10 0.024 60 9
0.0033 0.040 0.023 60 52
0.040 0.021 60 82
0.10 0.024 60 0
0.0025 0.045 0.021 60 44
0.10 0.029 60 19

b Assayed with 6 u3 dihydrofolate
¢ Unless otherwise indicated, the incubation

was performed at 37° in pH 7.4 Tris buffer in the presence of 60 uM TPNH, then the remaining enzyme was determined by dilution of
an aliquot 1:10 with buffer containing 0.17 3 KCl and assayed with 12 3 dihydrofolate and 30 pM TPNH 5 the zero point was deter-

mined by adding the inhibitor to the assay cuvette.

unless otherwise indicated. ¢ New data.
M dihydrofolate, which showed competitive kinetics.
aliquot without dilution.

these conditions with 0.005 pA 2 and 0.002 p3 en-
zyme, 529, inactivation was seen even though the
ratio of excess inhibitor to enzyme could theoretically
inactivate all the enzyme, Enzyme-catalyzed hy-
drolysis of the SO.F moiety!>2is still a pertinent factor;
this is further supported by the fact that the para
isomer (9) in 2.6-fold excess over the enzyme gave
only 289 total inactivation in 15 min, then no further
inactivation occurred.

A posteriori, the irreversible inhibition data reported
in the accompanying papers and in previous papers
were, in general, run with an enzyme concentration of
0.02-0.04 M. In only a few cases was the inhibitor
concentration lower than the enzyme concentration;
these cases are now subject to reinvestigation. For
example, 0.01 p}/ 12 gave only 109, inactivation of
0.023 M enzyme, considerably below the theoretically
achievable 439, ; however, when 0.01 1 12 was incu-
bated with 0.002 pM enzyme, 689, inactivation oc-
curred, which is comparable to the 739, inactivation
observed with 0.07 3 12 and about 0.020 3/ enzyme.

From the above discussion it is clear that care must
be taken with the first of the three criteria for in vive
evaluation; with irreversible inhibitors that have a
K; < 0.03 uM, the irreversible inhibition experiment

4T, = concentration for 509, inhibition.
was estimated from K = Ku[Is]/[S] which is valid since [S] = 6K, = 6 uM dihydrofolate; see ref 3, Chapter 10.
» From six-point time study.'s
¢ Incubated at 25° with one-tenth the usual amount of enzyme by assaying the

¢ Unless otherwise indicated, the K;
7 Data from ref 5
* Determined by Dixon plot of 1/V vs. [I] using 6 and 12

must take into consideration the enzyme concentration.
Thus, if the proper ratio of 0.003 w3/ = K; concentra-
tion of 2 to enzyme is used, >709 inactivation of the
enzyme should be achievable. It follows that 2 can
meet all three criteria for in vive evaluation. It also
follows that a fourth eriterion should also be met before
whole animal testing is performed; the compound
should show good transport through the L1210 cell
wall as determined in cell culture. It can be stated
that 2 meets only the first three of these four criteria,
that is, 2 penetrates the L1210 cell wall poorly. The
dihydrotriazine (12) meets a different three of these
four criteria; 12 ean penetrate the L1210 cell wall
effectively, but fails the first criterion in that it does
not show selective inhibition of the L1210 dihydro-
folie reductase with no inactivation of this enzyme in
normal cells. By further manipulation of the structure
of 2, 12, or 6-substituted 5-aryl-2,4-diaminopyrimi-
dines® it is reasonably certain that a compound will
emerge that meets all four criteria; such a compound
should therefore be more effective than 12 against
1.1210/0 in mice. Studies on further modification of
2, 12, and 6-substituted 2,4-diamino-5-(3,4-dichloro-
phenyl)pyrimidines® with the four criteria follow-up
are being vigorously pursued.



