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triazin-1-yl)phenoxyacetyl|sulfanilyl Fluoride Ethanesulfonate
(2b) (Method D).—A mixture of 777 mg (2 mmoles) of 21a (Table
II), 65 mg of PtO,, and 100 m! of EtOH was shaken with H,
at 2-3 atm until reduction was complete. To the filtered mixture
was added 225 mg of EtSO;H then the solution was evaporated
in vacuo. To the residual 20a-EtSO;H were added 20 ml of
reagent Me:CO and 177 mg (2.2 mmoles) of cyanoguanidine.
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After being refluxed with stirring for 18 hr, the cooled mix(ure
was filtered and the product was washed (Me,CO). Recryxtalli-
zation from EtOH-H.O gave 630 mg (53Y;) of white crystals,
mp 224-226° dec. See Table III for additional data and com-
pounds prepared by this method.

Method E was the same except Raney nickel was nsed as a
catalyst.?
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The title compound (1) showed a poor order of active-site-directed irreversible inhibition of dihydrofolic redie-
taze from monse L1210 leukemia, liver, spleen, or intestine since too high a concentration of inhibitor had to be

used to show good inactivation.

Substitution of a methyl group meta to the SO.F moiety of 1 gave compound

6 that was still a relatively poor irreversible inhibitor of the L1210 enzyme, but now showed tissue specificity by

its failure to inactivate the liver enzyme.

More effective irreversible inhibitors (5, 8, 9) were obtained by sub-

stitution of a chloro atom meia to the junction of the 1-pheuyl! to the s-triazine ring; however, these compounds
did not show specificity since the liver enzyme was still inactivated.

The title compound (1)* was found to be an active-
site-directed irreversible inhibitor® of the dihydrofolic
reductase from L1210/0 and L1210/DF8 mouse leu-
kemia.®! However, 1 was not as good an irreversible
inhibitor as the prototype irreversible inhibitor 257
since the total amount of inactivation by 1 wag lower
than 2 (Table I). Furthermore, neither 1 nor 2 showed
specificity toward the L1210 enzyme with minimal
effect on the enzyme from normal tissues such as liver,
spleen, and intestine.® Therefore, additional syntheties
related to 1 were made and evaluated to see if a better

NH,
N)\N—© CH!RCONH@ SO,F
NHzl\NJMe:
1, R=NH
2, R=CH,

and more selective irreversible inhibitor could be de-
signed. The results are the subject of this paper.
Enzyme Results.—As pointed out in the earlier
summary paper,® assay of 1 for irreversible inhibition
of dihydrofolic reductase was difficult due to a medium
order of total, but fast, irreversible inhibition that
sometimes gave low zero-time points. Similar difficul-
ties were encountered with 3,4 which showed 0-309,
irreversible inhibition of the 11210 enzyme depending
upon how low the zero-time point for enzyme concen-
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tration was; in repeated runs 3 failed to show any ir-
reversible inhibition of mouse liver dihydrofolie reduc-
tase. Thus, 3 showed selectivity, but a poor order
of irreversible inhibition of the L1210 enzyme; the
latter was most probably due to extensive enzyme-
catalyzed hydrolysis of the SO, moiety.”® When the
side chain was moved to the meta position (4), ir-
reversible inhibition was lost.?

The effect of substituents on either or both benzene
rings of 1 on irreversible inhibition was then studied.
There is only one position on the phenyl group next
to the triazine that can be substituted without loss of
binding, and that is the position meta to the triazine
junction; ortho substitution leads to a large loss in
reversible binding.!®!! The 3-chloro atom was selected
since this could have a beneficial effect on both re-
versible binding® and irreversible inhibition.? The
3-chloro substituent 5 on 1 gave a fourfold increment
in reversible binding. I'urthermore, 5 was a better
irreversible inhibitor of the 1.L1210 enzyme than 1 when
compared at a similar concentration of reversible EI
complex;'? however, 5 still lacked specificity since poor
irreversible inhibition of the mouse liver enzyme was
still observed.

Substitution of CHj meta (6) to the SO.F moiety of
1 also gave about a fourfold increment in reversible
binding. Although 6 was not a better irreversible
inhibitor of the 1.1210 enzyme at equal EI concentra-
tion,'? 6 was more specific than 1 since 6 did not in-
activate the liver enzyme. Introduction of CHy (7)
ortho to the SO.I" moiety of 1 gave about a twofold
increment in reversible binding; however, 7 was

(8) B. R. Baker and J. A. Hurlbut, ibid., 11, 233 (1968). paper CXIII of
this series.

(9) B.R. Bakerand G.J. Lourens, ihid., 11, 39 (1968), paper CXII of this
series.

(10) (a) B. R. Baker, tbid., 11, 483 (1968): (1)) B. R. Baker and M. A.
Johnson, tbid., 11, 486 (1968): (c¢) B. R. Baker and B.-T. Ho. J. Phurm. Sct..
53, 1137 (1964).

(11) E. J. Modest, J. Urg. Chem., 21, 1 (19586).
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TapLe I
InHiBITION? OF DivypROFOLIC RrpUerast ny

NH, i
NZ™N
NHzK T)Me: R,
~--Reversible™—---- T TS ST ) L R
Enzyvie L3, R Inhib, e Time, [
No. R R» source” uM uM uM 1T e min inaeivu
1" I p-CHyNHCONHCHSOF-p L1210,0 0.052 0. 0087 0.16 95 60 Sl
L1210/DFS (.045 0.0075 0.16 095 (€1} 424
Liver 0.02y 0. 0059 0.16 th 60 L
Spleen 0.16 60 45
Intestine 0.16 20 R
24 H p-(CH,),CONHCH SO F-p L1210/0 0.012 0.0020 0.070 S 60 o
0,035 04 (1) il
L1210/DFS 0.025 0.0041 0. 14 97 6O 02
0.070 04 60 bE
Liver 0.015 0. 0025 0.40 09 <2, 60 59, 54
0.070 006 <2, 60 BERAY
Spleen .10 60 o
Intestine 0. 1 20) N5
; It p-CH, NHCONHCHSO0,F-m L1210,0 0058 50 V-3
L1210/DFS 0.0506 60) ().24 ¢
L1210 /FR&! 0.028 0.0047 0. 14 a7 60 1
4 H m~-CH.NHCONHCHSO,F-m L1210/FR8™ 0.066 0.011 0.333 a7 Ot 0
L1210,0 0.1 60 0K
L1210/ DFS .13 50 (¥
3 Cl p-CH.2NHCONHGHSOF-p L1210-0 0.012 0.0020 0. 060 u7 G0 7o
0.012 K7 0 Lo
L1210, DFS 0, 060 60 NG
0,012 1) (1
Liver 0. 060 150 20k
Spleen 0.006 Bl GNP
0 1 p-CH,NHCONHCH-2-Me-4-SO.F L1210.0 0.012 (1. 0020 0. 060 07 () 48
L1210,/DFS 0. 060 60 R
Liver 0. 060 50 04
7 11 p-CHNHCONHCH;-3-Me-4-30.F L1210/DFS 0.019 (1.0031 0. 058 12 G T
1.1210,0 0.038 60 L
Liver 0. 058 Dh
8 Cl p-CH.NHCONHCH-3-Me-4-SO.F 112100 0.011 0. 0018 1. 080 0N 1) NI
0.032 04 150 417
L1210,DF8 0.6 0.0026 0,052 02 6U 57
Liver 1. HS0 60 25
9 Cl p-CH:NHCON HC¢H;-3-C1-4-80,F L1210,0 0.020 . 0033 0.040 02 G0 Tin
L1210DFS 1.040 60 65"
0. 0060 0
Liver 0.040 6() SR
s The technical assistance of Diane Shea, Sharon Lafier, and Carolyn Wade with these assays 15 acknowledged.  # The L1I210.0 i3

the parent wild strain, while /FR8 and /DFS are strains resistan( to pmethopterin with a high level of dihydrofolic rednetase.  © As-
sayed with 6 uM dihydrofolate and 30 w3 TPNH in pH 7.4 Tvis buffer containing 0.15 M KCl as previously described.57 ¢ Incnbated
at 37° in pH 7.4 Tris buffer in the presence of 60 uM TPNH as previously described.®” ¢ Iy = concentration for 507 inhibition.
/ Estimated from K| = Km[l:]/[S] which is valid since [S} = 6Ky = 6 uM dihydrofolate; see ref 5, p 202. ¢ Calenlated from [EI]
= [E{/(1 4 Ki/[1]) where [EI} = amonut of total enzyme (E,) reversibly complexed.’* * Data from ref 6. ¢ Zero point determined
by addition of inhibitor to assay cuvette.®” ¢ From six-point time study.” * Due to curvature in the assay for the zero point,® the zero-
time enzyme concentration was quite variable. ¢ Data from ref 4. = Data from ref 9.

neither w better nor more specific irreversible inhibitor
than 1.

The 3-chloro (9) and 3-methyl (8) derivatives of 7
were then synthesized for enzymic evaluation; little
change in either reversible binding or irreversible in-
hibition was seen.

I'rom these studies it would appear that 5-8 would
be worthy of #n vive testing, even though the criteria
arbitrarily set for i vive testing® have not been met.
IPurthermore, since the CHy of 6 on 1 imparts specificity
and the Cl atom of § imparts better irreversible in-
hibition, a combination of thesc substituents (5a) would
be worthy of study where Ry and Ry are a combination

of halogen, alkyl, or alkoxy; such a study is bcing
pursucd.

- R, R,
NJ\N CH,NHCONH SO.F
NHy A Me.
S5a

Chemistry. —The key step was the synthesis of the
mixed ureas (12, 13) by the Crosby method.®®  The

[13) (&) L. G. Crosly and C. Niemann, J. Am. Chem. Sor., 76, 14538
(1454): (1) B. R. Baker and R. P. Palel, J. Pharpe. Sei., 52, 927 (14630,
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requisite O-phenylurethans (11) were prepared by re-
action of the appropriately substituted sulfanilyl
fluoride (10)» with phenyl chloroformate in boiling
CeHgt The urethans were then treated with 4-nitre-
benzylamine (14)* or its 2-chloro derivative (15)! in
DMF to give the mixed ureas (12, 13) (Scheme I).

ScHEME 1
R, R,
NH,@SOQF — CbH;—,OCONH@SO:F
10
R, /
NO;@LH PyHCOVH@ SO,F NO, @CH NH,
12. R,= 14, R,=H
13, Rl 15, Rl =(l
NH,EtSO;H &
N )\x ‘@CHJ\HCOVH@SOZ
NH, N~ Me,
7, Ri=H
R, =Cl
a, R,=H ¢, Re = 3-Me e, Re = 2-OMe
b, R,=2-Me d, R,=3.Cl

The nitro group of 12 and 13 was reduced catalytically
with a Raney Ni and PtO, catalyst, respectively;
the resultant amines were condensed with cyano-
guanidine and acetone by the method of Modest!! to
give the candidate irreversible inhibitors 5-9.

The N-methyl-O-phenylurethans (19, 20) were
prepared from N-methylsulfanilyl fluoride (18);%
unfortunately, condensation of 19 with p-nitrobenzyl-
amine (14) failed to take place and the more reactive
O-nitrophenylurethan (20)!7 gave mixtures.

MeNHCH,SO,F-p — p-RC;H,0CONSO,F-p

18
Me
19, R=H
20, R =20,
pNO,CH,CHNHMe — p-RC6H4CHZTCONHCGHgSOZF-p
21 CH;
22, R=NO,
23, R=NH,

N-Methyl-4-nitrobenzylamine (21) condensed
smoothly with 11a to give 22 which was reduced
catalytically to 23; a crystalline triazine could not be
prepared from 23 and cyanoguanidine.

Experimental Section

Melting points were taken in capillary tubes on a Mel-Temp
block and are uncorrected. Each analytical sample moved as a

(14) B. R. Baker and G. J. Lourens, J. Med. Chem.. 11, 677 (1968), paper
CXXIX of this series.

(15) Synthesized from 2-chloro-4-nitrotoluene by W. Rzeszotarski in this
laboratory, unpublished.

(16) B. R. Baker and G. J. Lourens, J. Med. Chem., 11, 672 (1968), paper
CXXVIII of this series.

(17) B. R. Baker and N. M. J. Vermeulen, 7bid.. 12, 74 (1969). paper
CXXXIV of this series.
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single spot on tlc on Brinkmann silica gel GF and had ir and uv
spectra in agreement with its assigned structure; each gave com-
bustion values for C, H, and N or F within 0.49, of theoretical.
The physical properties of 5-9 are given in Table II.

TasLe 11
PuysicaL PROPERTIES OF
R R
NHEtSOH ' :
NZ N CH,NHCONH SO,F
NHZKN)MeZ
%  Mp, °C
No. Ri  R:® Method? yield® dee Formula
5 Cl H D 36¢ 225-227 CieHaCIFN10:8- C:HsSOsH
6 H 2-Me E 53¢ 165-167 CHxFN:038:C:HsS0sH
7 H 3-Me E 469 221-223 CyuHuFN:0:8- C:Hs8S0:H
8 Cl 3-Me D 26¢ 221-223 CyuHxCIFN:0:8-C:Hs80:H
9 Cl 3Cl D 32¢  213-215 CiHuCLEN70:8C:H;S0:H

@ Numbered from NH. ? See ref 2 for methods. ¢ Yields of
analytically pure material analyzed for C, H, F. 4 Recrystallized
from EtOH-H,0. ¢ Recrystallized from MeOEtOH-H.O.

Tasre II1
PuaysicaL PROPERTIES OF

CeH;0CONH{ E i YSO,F

R
%

No. R® vield” Mp, °C Formula

1 lb 2-Me 76 127-129 CHngFNO‘S
11c 3-Me 83 120-121 CuHLFNO,S
11d 3-Cl 64 123-124 CuH,CIFNO.8
1le 2-OMe 73 131-132 CuH . FNOS
19 N-Me 58 70-71 CiHLINOS

e Numbered from NH. ? Yield of analytically pure material
recrystallized from CeHe-petroleum ether (bp 60-110°) and
analyzed for C, H, N except 1le.

TasLe IV
PHYs1CAL PROPERTIES OF
R, R,
fli.a
NO, CH,NCONH SO,F
%
No. Ri R2? R: yield® Mp, °C Formula

12b H 2-Me H 76 224-225 CisHuFN30:8
12¢ H 3-Me H 80 205-206 CisHuuFN30:8
12e H 2-OMe H 70 172-173 dec CisHuFN3068
132 Cl1 H H 77 214-215 dec CuHuClFN;0;8
13b Cl 2-Me H 77 250~252 dec CisHisCIFN:058
13¢ Cl  3-Me H 72 235-236 CuHniCIFN30s8
13d Cl  3-C1 H 77 dec >235 CuHigCLEN0s8
220¢ H H Me 80  166-167 CuHuFN:0s8

e Numbered from NH. °? Yield of analytically pure material
that was recrystallized from MeOEtOH-H,0 and analyzed for C,
H, N. ¢ The starting 21 was prepared by NaBH, reduction of
p-nitrobenzaldehyde and MeNH, in 409, MeOH, then isolated as
its HOI salt; see C. Paal and H. Springer, Ber., 30, 61 (1897).
4 Catalytic reduction with a Raney Ni catalyst in EtOH gave 23
in 729 yield, mp 155-137°. Anal. (Ci:HieFN;0:8) C, H, N

p=Nitrophenyl-N-(p-fluorosulfonylpheny!)-N-methylurethan
(20) (Method A).—A mixture of 3.78 g (20 mmoles) of 18,
4,03 g (20 mmoles) of p-nitropheny! chloroformate, and 50 ml
of CeHg was refluxed with stirring for 2 hr. The mixture was
spin evaporated in vacuo until the product began to separate,
then cooled. The product was collected on a filter, washed with
petroleum ether (bp 60-110°), then recrystallized from Cg¢Hs;
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vield 300 g (437,), mp 139-140°  Anal. (CigdI FNLOS)
H, N. Nee Table IlLI for other compounds prepared by ihix
method.

N -(4 -Fluoroesulfony! -3-methyipheny!)-N’-(4-nitrobenzy!)urea
(12¢) (Method B).~—To a stirred mixtnre of 0.935 g (5 mmoles:
of 14-HCLY 1.35 g (5 mnwles) of Ile (Table T1T), and 4 wl
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of DMF wax adiled 051 g (5 mmoles) of BGN. After 17 hr the
mixtnre was dihned with 15wl of TLO. The pmduet was col-
lected on n filter, washed with 50¢, MeOH, then veervstallized
(rom MeOE1OH =110 vield 147 g (8000, mp 205-206°; e
m 1 LEOAe petrolenn ether showed one spor. See Table 1V
far additima! romponnds prepared by this method.

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 axv Ricn B Mever, Jr.
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5= p-Gn-Fluorosulfonylbensamido)phenoxypropyl]-2,4, 6-trlaminopyrimidine (1) at a K5 concentration i= an
active-site-directed irreversible inhibitor of the dihvdrofolie reductase from (hree strains of L1210 monse lenkeinia;

furthermore, 1 at 40K concentration showed no irreversible inhibition of enzyme from mouse liver.
effec(ive /n vivo action of 1 hax been at(ribnted to it= relatively high K; ~ 1 gl/.

The lack of
The miaximum enhancement

1In reversible binding that conld be achieved by substituntion of chloro, methyl, or izopropyt on one of the two ben-
zene rings was only aboitt twofold, as seen with (he 2-chlorophenoxy annlog (9) of 1: this was <Gl in=ufficient for

effective n vivo aclivily.
seuted and dizenssed,

The 5-phenoxypropylpyrimidine 1 was obscrved®?
to be an active-site-directed irrcversible inhibitor® of
dihydrofolic reductase from Walker 256 rat tumor as
well as three strains of L1210 mouse leukemia; fur-
thermore, 1 showed good tissue specificity since it
failed to inactivate the enzyme from rat liver pr mouse

liver. However, 1 failed to show activity against
NH, R R,
SO,F
1, Ry=R,=H
2, Rior R,#H
NH.
D@ e
NH)_l\N CH%
SO,F

3

1.1210 dn vives* the fuilure of 1 to work in vive could be
attributed to a combination of poor solubility of the
sulfate sult of 1 used in the assay und the relatively
poor reversible complexing of 1 to dihydrofolic re-
duetase.  The latter is an important factor since the
rate of active-site-directed hrreversible inhibition of an
cnzyme 15 dependent upon the concentration of the
reversible  enzyme-inhibitor complex which in turn
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The =pecificity patterns of irreversible inhibition with the foir analogs of 1 are pre-

is dependent upon the binding constant (A;) and the
concentration of inhibitor;® that is, the lower the A5,
the less inhibitor is needed to convert 509, of the
enzyme to the rate-imiting reversible complex,  l'ur-
thermore, the lower the K;. the less soluble 1 com-
pound must be to be cffective.  Therefore two ap-
proaches were imvestigated to scek compounds with a
better Im o~ 6K;. In this paper is deseribed the effect
of substitution (2) on the benzene rings of 1 on the
I50; in the paper that follows is deseribed the synthesis
of 3 which would be cxpected to show a 10-150-fold
increment in reversible binding,® but may or may not
still be an irreversible inhibitor.

Enzyme Results.—5-Phenoxypropyl-2,4,6-triamino-
pyvrimidine (4) was syunthesized and evaluated us u
reversible inhibitor of the dihyvdrofolic reductase from
[.1210/0 in order to establish u base line.  Note that
4 had Ly = 31xd7 (Tuble I) which is about tenfold tess
than the parent irreversible inhibitor 1 (Table IT);
thus when the m-fluovosulfonylbenzamido moiety (1)
is attached to 4 about a tenfold inerement in bind-
ing emerged.  The positions open for study on the
phenoxy ring of 1in order to increase binding were 2, 3.
5. and 6.

Tuscertion of a 2-chloro (8) or 3-chloro (6) atom guve
a twofold increment in binding over the parent 1.
When a 3-chloro atom was inserted on 2-chlorophenoxy
group of § to give 7, another twofold gain in binding
was observed indicating that the effect of the 2- and
3-chloro atoms was additive. No change in binding
occurred when a S-chloro atom (8) was inserted on 5.
Whether or not 2.6-dichloro substituents would have
given better binding was not investigated.

iy Lor 1he kinecies ol irreversible inbiliiion see ia) rel 5, Cliapter 8; ihy
B. R. Baker, W. W. Lee, anul 12, Tong, J. Theoret. Biol.,, 3, 459 (14062).

177 B.R. Baker and R. B. Meyer, Jr.. .J. Med. Chem.. 12, 138 (1969). papsr
CN LI ol 1his series,

18 B R. Baker, B.-Fo tbo, awd D0 Ve Sontd, . Pharne Sed,, 840 114
650,



