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N-1p-t4,6-Diamino-1,2-dihydro-2,2-dimerhyl-s-1via zine-1-yD=g-phenyipropionyviisolfanilyl - fluovide 33 ol
N-|p-(4,6-diamino-1,2-dihydro-2,2-dimethyl-s-triazine-1-vDhenzoyl sulfanilyl flngride {4) have been previosly
yeported? io be active-site-directed hrreversible inhibitors of the dihvdrofolic vedncrases from pigeon liver, Walker

250 vat tnor, and LI21I0/FRS monse lenkemia.,

Nive avalogs have now heen svnthesized where the position

ol the =ulfonyl flnoride gronp with respect tu the [-phenyl-s-1riazine moiety hax been varied: these have been

(valnaled i the two Timor enzyvmes.
Walker 2

The meta i=omer 5 of 3 was ~till an effective irveversible whibitor of the
156 enzyme bul was vy longer av irveversible inhibiton of the enzyvine from L1210/FRS.
1he mela ixomer 9 of 4 <till inactivated the L1210/FIS ¢ nzyme b not the Walker 256 enzyine.,

Tu contyasi,
The nrhey seven

annlogs <howed eitheyr poor or no irreversible inhibition of 1he twe Doy enzyines,

We have previously reported? on the nreversible
inlibition of the dihvdrofolic reductases tfrom three
~p(c ex b\ <ix dihvdro-s-triazines of types 1T and 2, where

= (0 2. The enzvime from pigeon liver was irreversi-
I/\v_<CH 5} (CHy),, (‘O\H@SO F
und N
N=
NH,

1, wiela series

2, pura series
bly imhibited by all xix compounds, but at varving rates,
The enzymes from Walker 236 mt tumor and 1.1210
FIRS monse leukemia were il'l'e\‘(-1‘<ibl\' mhibited by only
two of the six compounds, namely 2 with # = 0 or 2.
Therefore a further study was nmmted ol e strue-
tural variants of 1 and 2 to =cce which could still in-
activate either of the two tumor enzyvmes,  The results
are the subject of this paper.

The enzyme studies on the nine variants of the two
active analogs, 3 and 4. are collated in Table I Cur-
rent  evidenee® indieates (a) the  diamino-s-trinzine
molcety of these inhibitors i complexed within the anetive
site in the region normally complexing the preridine
moicty of the substrate, dibyvdrofolate:® (by the 1-
phenyl moicty attached to the trinzine ix complexed to
a hydrophobie bonding region that iz not part of,
but ix adjacent to, the active sited and (e) the <ulfonyl
fluoride group of the inhibitor forms a covalent bond
with @1 amino acid on the surface of the enzyme that is
1ot part of the aetive =ite®  Sinee 1t ix ontside the ae-
tive =ite that evolutionary changes in enzyme struetnre

i1 This wark was voreroesty sapponed by Graet CA-086GYT gy tie
Nwivnul Caucer lostjate, = Punlie Healdh sorvicr.

2 For ihe previens paper ol ) big series, <ee 15 1L Bakey amd ML AL laty-
sau, L Hehsaegelic Chen,, (o press,

3 Iyr (he previnos paper oo Uhe sidlons ) lnonde 1vpe o) jrreversihie
inlphiror oy Libvdegyolie reducease see 14 aker and G. ). Lonrens, J.
Med, Chem., 10, 11138 019GTY paper CV o serjps,
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are more apt to have occurred. species, and even tissue,
differenees in the ability of the =ulfonyl fluoride to at-
tack an amino acid such ax serine <hould be observable.
Some =uch =pecies differences withh compounds of type
1 and 2 have already been reported.® These coneepts
are fmrther snpported by comparizon of the resndts with
3 and 1tx poxition i=omer 5.

[t <hould be bhorne i mind that the rate of inactiva-
ton of an euzvme by the active-site-direeted mecha-
ni=m ix dependent upon the concentration of reversible
cnzyme inhibitor complex, L and s not directly de-
pendent on the concentration of inhibitor. ¥  Both
3 and 1t meda ixomer (5) rapidly inactivate the dihvdro-
folic reductase from Walker 256 at the same coneentra-
tion of reversible 1 complex. In contrast. the mela
i=omer (5) fails to inactivate the 11210 enzyme while
the para isomer (3) rapidly mactvates this enzyme:
thus, the species difference between arat tissue (Walker
206) and mouse tissue (11210) 1s :1pp‘1m111

The next higher homolog (6) of the para =omer (3)
showed hittle differences in reversible binding to the
Walker 256 or L1210 enzymes: however, irreversible
inhibition was dramatically different in that 6 failed 1o
mactivate the L1210 enzyime and wax only weakly el-
feetive on the Walker 256 cnzyme, The meta (73
and ortho 18 Ixomers of 6 <hiowed little change 1
reversible inhibition of the two enzymes: neither 7 nor
8 wax an irreversible inhibitor of cither enzyvme.

Two analogs of the =ceond irreversible inhibitor 4
were  also investigated.  Although 4 eould  rapidiy
imactivate the Walker 256 enzyime.? it was a poor re-
versible inhibitor and required eoncentrations several
nugnitudes higher than 3 to give the same amount of
TiI comiplex: 4 was alo a poor reversible inhibitor of
the L1210 cuzyme and. in addition, inactivated con-
siderably less effectively than 3. When the sulionyl
fluoride group of 4 was moved to the weta position, the
resultant 9 =till complexed reversibly to the two enzymes
at about the saume magnitnde as 4. Althongh 4 and 9
naetivated the L1210 enzyme with abont the same of-
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TasrLE I
Inmisrrion® or DiHYDROFOLIC REDUCTASES BY
NH,
NHQKN+CH3 R
CH,
——————Reversilile ———Irreversiblef——mmm ey

Enzyine Estd K3 X Inlib A Time, A
No. R source? Lo, ulf 108 3¢ conen, uM EL/ min inact
3¢ p-(CH,;)CONHC:HSO.F-p W256 0.020 0.0033 0.050 95 <1 90
L1210 0.080 0.013 0.070 84 <2 84

40 p-CONHCH,SO.F-p W256 21 3.5 25 88 <1 100
L1210 600 100 25 20 60 45

S p-(CH)CONHCH S0 F-m W256 0.0080 0.0013 0.060 97 b} 100
L1210 0.044 0.0073 0.20 96 60 0

6 p-(CH,; 3CONHC:H SO, F-p W256 0.022 0.0037 0.11 97 60 22
L1210 0.042 0.0070 0.21 97 60 0

7 p-(CH,3CONHCH,SO,F-m W256 0.012 0.0020 0.060 97 60 0
L1210 0.060 0.010 0.30 97 60 0

8 p-(CH;);CONHC:H,S0,F-o W256 0.016 0.0027 0.078 97 60 0
L1210 0.060 0.010 0.30 97 60 0

9 p-CONHCH SO, F-m W256 21 3.5 25 87 120 0
L1210 10 18 25 62 60 44

10 m-CONHC:H,SO,F-m W256 0.25 0.042 1.4 97 120 0
L1210 0.63 0.11 4.0 97 60 0

11 p-CH,;CONHC:H,SO.F-m W256 0.0087 0.0014 0.024 94 120 0
L1210 0.031 0.0052 0.15 97 60 0

12 m-SO,F W256 0.054 0.0090 0.25 97 120 0
L1210 0.14 0.023 0.70 97 60 0

13 m-CH NHCONHCH.SO,F-m Pigeon liver 0.063 0.011 0.060 86 <2 >90
W236 0.024 0.0040 0.12 97 60 0

L1210 0.066 0.011 0.33 97 60 0

14¢ m-CH,CH;CONHCH,SO,F-p Pigeon liver 0.10 0.017 0.21 90 ] 50
W256 0.064 0.011 0.32 97 120 0

L1210 0.078 0.013 0.40 o7 60 0

« The technical assistance of Barbara Baine, Jean Reeder, and Diane Shea with these assays is acknowledged.
uM inhibitor concentration necessary for 509 inhibition of the enzyme

256 rat tumor, L1210 = L1210/FR8 mouse lenkemia.

eIy =

in the presence of 6 M dihydrofolate and 30 pM TPNH at pH 7.4 by the methods previously described.?
Kun(ln/[S]) where Kim >~ 1 X 1078 M and [8] = 6 X 1078 M; this equation iz valid where Kn > 4[8].?

» W256 = Walker

4 Caleulated from K =
¢ The specified concentration

of inhibitor was incubated with the enzyme in the presence of 60 uM TPNH at pH 7.4 and 37°, then the remaining enzyme was assayed

as previously described.?
ref 3. * Half-time of inactivation.

fectiveness, 9 failed to Inactivate the Walker 256
enzyme.

There are four possible ground-state conformations
for 9, of which presumably only one can cause inactiva-
tion of the 1.1210 enzyme. Similarly. there are four
ground-state conformations for its analog 10; of these
four conformations each for 9 and 10, there is one con-
formation of each that positions the attacking sulfonyl
fluoride in a nearly identical position. Therefore, 10
was synthesized for enzymic evaluation. Since 10
failed to inactivate the 1.1210 enzyme, it does not ap-
pear likely that 9 has conformation 9a when it inacti-
vates the enzyme but presumably has one of the other

SO,F SO,F

Tr
9a 10a

Tr = triaziue system

/ Percent of enzyme reversibly complexed as calculated from [EI] = [E¢/(1 + Ki/[I]).%°

¢ Data from

three ground-state conformations during inactivation-
This result was unfortunate from another standpoint;
10 is a much better reversible inhibitor than 9 and re-
quires less than /14 as much inhibitor to give the same
amount of reversible enzyme—inhibitor complex.

Along these same lines, 11 was synthesized as an
analog of 4 that should show better reversible inhibition
and might attack the same amino acid. Although 11
was a much better reversible inhibitor than 4, it failed
to inactivate either enzyme,.

For further supporting evidence that (a) 3-5 inacti-
vate by the active-site-directed mechanism?® and (b)
that the 1-phenyl group attached to the s-triazine is
complexed in a hydrophobic region, 12 was synthesized
for enzymic evaluation. As anticipated, 12 failed
to inactivate either enzyme showing that (a) 4 could
not have inactivated the enzymes by a bimolecular
mechanism, and (b) there was not a polar amino acid
in this vicinity capable of reacting with the sulfonyl
fluoride of 12.

The last compound in this series was 13 which can
be considered an analog of 14; the latter compound was
previously shown?® to inactivate the pigeon liver enzyme,
but not the enzymes from Walker 256 or 1.1210. A
similar pattern was again observed where only the
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Puysical PRoPERTIES OF

@-—R;— CONHR,

R,
it 1t i Meud” voviald Ny, VO Foreiat
1-NO. S CeHaSOF -1 A (52 J18-20] T FNLO8
])-N“: PN (;ell.;SOgF-l?! I3 74 165-164 («ll,';“llFN»_-();;.\l
=N . CyH SO F-m A BIA 170-171 ClTaENLON
m=N1l. . Cel1 SO F -1 3 15 148--140 ChsTy FNLOS
p-NO* Cll, CoHSOF-m A 72 150~1.11 CiHiu FNLOs8
p-NO Cll=Cl1l1 CeHS0F-i A T dee pr >270 ) FN O
»-NO, (CHa)y CelSOF-p A 357 149131 CsHp FN, O
p-N1l, (CHa)y Col1S80.F-p 13 Rie Lst-1132 CisHizEN O 8
p-NO» (Cllay Cel1480.F - A (i 10:3-104 C s FNL0,8
p-NOH (ClHy )y CoHSOF-0 A 454 125--120 C:H) . IFNLO:8

“Lineh compound moved as a single <pot on ile vu Brinkmany =ilica gel GF. * A, reaction of acid chloride with amine?® in rethixing
tolnene; B, catalytic reduction with Raney Ni cataly=t.? + All compounds were analyzed for C, I, N.  The analytical results for (hesc
clements were within =0.3% of the theoretical values. * Recrvsrallized from Z-nethoxyverhanol. * Decrystallized from E1OH-H.0.
7 Heerystallized from ErOH. ¢ Hecrystallized from /~PrO1l. * The corresponiding amine prepared by method B was nat crvstallized,
but wax pure on te it was converted divec Iy t¢ the rorresponding dihydro-s-trinzine in Table 1T1.

Tavre 111

PHysieal PROVERTIES® D10

NH.EtSO.H
e
NHA A= CH R
CH,

Nu. R fe viekd Mp. 2C der TFormula®

3 p-{ CHy )oCON HCl 14380 :F -1 6504 207-208 CuollgFNgOg - Cal 150, H

fi p-(CH.)CONHCH,SO:F-p TG 208-200 CaHuFN 608 - C.HS0,H

n p-(CH.)CONHCH SO F-m BT dec pt >125 Coy 1 FNgOas - HClef

N p-(CH.)CONHCH SO F -0 Gt 186187 CalT3,FNGO8 - Gyl 130511

Y p-CONHCHROF-m TN 2122105 Chisl T FN O  CollN0,1
10 m-CONHCl180,F-mn 67 J00-201 CisHwFN O3 - CulT:504H
11 p-CILCON HCHSOF-m St 165164 CroHuFN O - Co 80,11
12 lIL--\t()-_-F B lfjﬂ—“)-; (l;)IIHFN:,()_-HCZII'.S()JII
1 m=-ClLN HCONHCel 8O F-m Tk 1534-135 Cipl L FEN70% - CoH:80,H

» All eompounds except 18 were prepared by condensation of 1he appropriare avvlamine from Table IT with ¢yanognanidine anl
acetone.®)  * All compounds were analyzed for C; If, N, The analytical results for ihese elements were within =0.5% of the theu-
retical values. » Over-all yield from nitro componnd without ixolation of the amine. ' Hecrystallized from agqueons ~PrO1.  # Hydyo-
chloride; (he ethanesulfonate conld not he erystallized. £ Calenlated for 0.5 -PrOH. 2 lecrystallized from EtOH.  * Recrystallized
from EtOH-petrolenm ether (bp 50-60°). ¢ Ree Experimenral Section.

pigeon liver enzyvime was inactivated: however, 13 inhibitor is the subject of o paper to follow: whether
hactivated the pigeon liver enzyme more rapidly than such changes in 5 are feasible is under investigation.

did 14. Chemistry. - Compounds 5-11, which can bhe gen-

Of the fifteen dihyvdro-s-triazines so far evaluated, eralized by structure 17, were xyvnthesized in the same
only 3 was a fast irreversible inhibitor of the L1210 manner uzed for 3 and 4. The appropriate amino-
cuzyme, but both 3 and 5 were fast irreversible inhibi- benzenesulfonyvl fluoride was acylated with the uppro-
tor of the Walker 236 enzyme. Thus, the optimum priate nitrophenylacyl chloride to give 15 (Table 11
distance between the inside and outside phenyl is ap-  in the case of 5. p-nitrocinnamoy! chloride was cm-
parently four atoms,  Whether other four-atom bridges ploved. The nitro group was reduced catalytically
canl be used in 3 so that it still gives an irreversible with a Raney nickel catalyst and the resultant nmine

NH.-EtSO.H OUN
R P
(CH.), CO\JH@ NN 0¥
SO,F —_—

NHA )r- e
15, R=NO, T CH.NH,EtSO.H
16, R= XH, )

NH. EtSO,H NH ‘EtSOH

N /k @ 80,
K CH, (CH.), CONH@\SO.F \HK (‘ Q d

cHNHCONH(( )

17 13
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(16) was converted to the dihydro-s-triazine by the
three-component method of Modest.!!

Reaction of m-fluorosulfonylphenyl isocyanate with
1812 in the presence of 1 equiv of triethylamine afforded
13. The last compound, 12, was synthesized from
m~aminobenzenesulfonyl fluoride, cyanoguanidine, and
acetone according to the general method of Modest.!!

Experimental Section'?

4,6-Diamino-1,2-dihydro-2,2-dimethyl-1-[m-(m-fluorosulfonyl-
phenylureidomethyl)phenyl]-s-triazine Ethanesuifonate (13).—

(11) E. J. Modest, J. Org. Chem., 21, 1 (1956).
(12) Tlie synthesis of this compound in two steps from m-aminobenzo-

Lirip-SoLUBLE DERIVATIVES OF G-NMERCAPTOPURINE 41

To a mixture of 117 mg (0.25 mmole) of 18,2 0.2 ml of DMF,
and 0.13 ml of 2 mM Et;N in DMF stirred in an ice bath was
added 75 mg (0.38 mmole) of m-fluorosulfonylphenyl isocyanate
(Aldrich) in 0.10 ml of DMF. Within 5 min the clear solution
began to deposit white crystals. After 15 min, the mixture was
diluted with 1 ml of reagent Me,CO, then stirred at ambient
temperature for 40 min. The product was collected on a filter
and washed with Me,CO. Recrystallization from EtOH-
petrolenm ether (bp 30-60°) gave 105 mg (76%) of white crys-
tals: mp 154-155°; AEo¥ 249, 209 (weak) mu. See Table III
for additional data.

nitrile has been previously described by B. R. Baker and G. J. Lourens, J.
Med. Chem., 11, 26 (1968), paper CIX of this series.

(13) Melting points were taken in capillary tubes on a Mel-Temp block
and are uncorrected. All analytical samples gave ir and uv spectra com-
patible with their assigned structures.
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Several 8,9-dialkyl derivatives of 6-mercaptopurine designed for lipid solubility have been synthesized and
evalnated against Adenocarcinoma 755 implanted both subcutaneonsly and intercerebrally and against leu-
kemia L1210 implanted intraperitoneally and intracerebrally to assess their ability to crogs the blood-brain

barrier.
ine against the intracerebral diseases.

Many of the most potent anticancer agents that are
in use today, including 6-mercaptopurine, are in~
effective against leukemia L1210 implanted intra-
cerebrally in mice.2 Since we had previously found
that certain 9-alkyl derivatives of 6-mercaptopurine?
are highly active against Adenocarcinoma 755 im-
planted intraperitoneally in mice,* it seemed reasonable
to synthesize and evaluate a series of S 9-disubstituted
derivatives of 6-mercaptopurine, designed for lipid
solubility, that might penetrate the blood-brain
barrier’ better than 6-mercaptopurine itself. To this
end the anions of 9-ethylpurine-6(1H)-thione and 9-
butylpurine-6(1H)-thione were alkylated in N N-di-
methylformamide in the usual manner® to give the
desired S-alkyl derivatives 1-6 (see Experimental
Section). The synthesis® and evaluation against
Adenocarcinoma 755 implanted subcutaneously* of
9-ethyl-6-methylthiopurine was reported previously.

Results and Discussion

All of the S-alkyl compounds were effective in in-
hibiting the growth of Adenocarcinoma 755 implanted
subcutaneously, although the octylthio compounds
(3 and 6) were significantly less effective than the

(1) Tlis work was supported by funds from tlie C. F. Kettering Founda-
tion and thie Cancer Chemotlierapy National Service Center, National
Cancer Institute, National Institutes of Health, Contract No. PH43-64-51.

(2) H. E. Skipper, F. M. Schabel, Jr., M. W, Trader, and J. R. Thomson,
Cuncer Res., 21, 1154 (1961).

(3) J. A. Montgomery and C. Temple, Jr., J. Am. Chem. Soc., 79, 5238
(1857); 80, 409 (1958).

(4) H. E. Skipper, J. A. Montgomery, J. R. Thomson, and F. M, Schabel,
dr., Cancer Res., 19, 425 (1959).

() 1. AL Schalel, Jr., T. P. Jolinston, G. 8. McCaleb, J. A. Montgomery,
W. R. Laster, and H. L. Skipper, ihid., 23, 725 (1963).

(6) T. P. Jolinston, L. B. Holum, and J. A. Montgomery, J. Am. Chem.
See., 80, 6265 (1958).

One componnd 6-(cyclopentylthio)-9-ethylpurine appears to be more effective than 6-mercaptopur-

others (Table I). As judged by therapeutic index
the 9-ethyl compounds (1-3) were more effective than
the butyl compounds (4-6) (Table IIT), All the com-
pounds prolonged the life of mice implanted intra-
cerebrally with Ad755 cells, although the activity of
the octylthio compounds and of 9-butyl-6-methylthio-
purine was minimal. Again the 9-ethyl compounds
appear to be more effective than 9-butyl compounds
(Table II). XNone of the compounds, however, were
more effective than 6-mercaptopurine (6-MP) (Table
I1I), and only two, 1 and 2, were as effective. These
results indicate that 6-mercaptopurine itself can cross
the blood-brain barrier in sufficient quantity to pro-
foundly affect the growth of a sensitive tumor,* Ad755.
Although it is likely that the 8,9-dialkyl derivatives
which are quite soluble in organic solvents, cross the
“barrier’’ more easily than 6-mercaptopurine, most of
them are less effective than 6-mercaptopurine against
the intracerebral disease, presumably because they are
inherently less effective in inhibiting the growth of
Ad755, as can be seen from their therapeutic index
against the subcutaneous tumor where entry into the
brain is not involved (Table III),

In order to determine if the two highly active S,9-
dialkyl derivatives 1 and 2 were active against less
sensitive cancer cells implanted intracerebrally, they
were evaluated against 1.1210 leukemia cells implanted
both intraperitoneally and intracerebrally (Table IV).
1 was only slightly effective against the intraperitoneal
disease and 2 was more effective than 1 but less effec-
tive than 6-MP, which in repeated runs has increased
the lifespan of intraperitoneal-leukemic mice 70-809,
on the average. On the other hand, 6-(cvelopentyl-
thio)-9-ethylpurine (2) increased by 64-699, the life-

(7) F. M. Schalel, Jr., J. A. Montgomery, H. E. S3kipper, W. R. Laster,
Jr., and J. R. Thomson, Cuncer Res., 21, 690 (1961).



