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No.® R v dee Formula®
l B 4-(CH2 )2CON}ICGH4CIi3'”L 4 “d 210—2 11 C:;lli;ggN eO4S
16¢ 3-C1-4-0 (CH, 1;0C:H, 204 200-204 CusHygCIN:O55
17 3-Cl-4-OCH,CONHC¢H; R 200203 CaH27CINGO;3
18 3-Cl-4-(CH,).CsH; 524 205-207 CnHaCIN:O33
19/ 4- (CH; )4CGH5 440 199--200 023H33N5035

@ Synthesiged by method D.2%
-PrOH-H;0. ¢ See ref 23b for NO; intermediate.
Ho, aud G.J. Lourens, J. Pharm. Sci., 56, 737 (1967 ).

b Yield of anal. pure material from nitro intermediate.

< Analyzed for C, H, N. 9 Recrystd from

4 The synthesis of the HCI salt was previously described by B. R. Baker, B. T.
9 Recrystd from 4-PrOH.

Tasia: X1
PHys1cAL PROPERTINS OF INTERMEDIATES

No. Clompound Yield,”* C¢ Mp, °C Tormula
2“ [J-NOzCsl‘I4CH=CHCONHCGH4C}.‘I:§-’IH 01 ]7“ 17:’)’[ (:leliuNQUJ
22 4—N02-2-CICGH30CHzCONHCeHs 43¢/ 157-158 CMHHCIN‘AUA
23 4-N02‘2-CICGH30H=CHCGH5 724 105108

2 Yield of anul. pure material.
4 Recrystd from EAOH-THE.

b Anal. C, H, N.
¢ Recrystd from CHCl-E{OH.

¢See method A in B. R. Baker und G. J. Louvens, J. M. Chene, 11, 672 (196X,
7 Prepd from a-chloroacetauilide according to method A noref 23b.
¢ Prepd from 2-chloro-4-nitrobenzaldehyde according to method A in vef 12¢.

& Recrystd from BOH-H.0.  * Lit. mp 111--112° pre-

pared by au alternate roitte; see L. Chardonnens and P. Heinrich, Hele. Chim. A cla, 23, 292 (1940).

inhibitors;2:23 properties are listed in Table X and internediates
in Table XI.  Meltiug poiuts were taken in capillary tubes on a

123) ta) B. R. Baker and G. J. Lourens, J. Med. Chem.. 11, 637 (1068):
(L) B. R, Bakerand G.J, Lourens, tbid., 12, 95 (1969).

Irreversible Enzyme Inhibitors.

Mel-Temp block and sre uncorrected.  All analytical samples
had proper uv and ir spectra and mnoved as a single spot on tle
with Brinkinan silica gel GF; each gave combustion values for
C, H, and N within 0.4¢; of theoretical.
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The C-labeled title componnd (1) was synthesized from [14¢]cyanoguanidine, acetone, and p-(p-aminohydro-

cinhamido )-o-toluenesulfony! fluoride (4).

The sulfouic acid 2 corresponding to hydrolysis of the SO:F group was

the only radioactive excretion product, 2097 of the radioactivity appearing in the urine and 587 in the feces. In-
vestigation of serum and liver extract of the rat showed that the liver contained a “sulfony! fluoridase’’ that
rapidly converted 1 into 2; hydrolysis by serum was much <lower, but complete i 20 hr at.37°.

In the previous paper of this series,? 9 active-site-di-
rected irreversible inhibitors of dihydrofolic reductase of
the SO.F type were tested against Walker 256 ascites
and Dunning leukemia ascites in the rat; although cures
could be achieved, no correlation between tissue speci-
ficity of irreversible inhibition of the enzyme and in vivn
effectiveness was apparent. I'urthermore, 5 reversible
inhibitors—where the SO.I’ group had been replaced
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by H-—were as effective in vivo as the irreversible inhib-
itors. These results indicated that other factors such
as transport and metabolism might be playing a role
which negated correlation. Therefore one of the con-
pounds (1) was labeled with "C in the triazine ring and
subjected to a metabolic study in the rat. The results
are the subject of this paper.

Chemistry.—The 'C-labeled 1 was synthesized by
condensation of ['*C]eyanoguanidine, the arylamine
precursor 4,° and acetone according to the general
method of Modest.® Two obvious possibilities for met-
abolic change of the side chain of 1 were hydrolysis of

15) 13. R. Baker and G. ). Lourens, J. Med. Chem., 11, 677 (1968). paper
CNNIX,
i6) K.J. Modest, J. Ory. Chem.. 21, 1 {19552
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the SO.I' group to the sulfonic acid 2 or amide cleavage
to 3; of the two, hydrolysis to the sulfonic acid 2 was
considered a major possibility since Folsch and Bertino’
have previously observed that mouse serum can rapidly
destroy 1 with formation of a product that was pre-
sumed to be 2 on kinetic and mechanistic grounds.

The propionie acid derivative 3 was readily synthe-
sized from p-aminohydrocinnamic acid (6) and eyano-
guanidine in acetone. Attempts to synthesize 2 by con-
densation of 5 with acetone and cyanoguanidine were
hampered by insolubility; a product containing 2 was
obtained, but it was grossly contaminated with what
appeared to be the intermediate biguanide.® However,
2 could be synthesized from 3 by conversion into the
mixed anhydride with ethyl chloroformate, then cou-
pling with 2-methylsulfanilic acid.

In Vivo Metabolism.—The excretion results after ip
injection of a 3-mg dose of C-1 in the rat are sum-
marized in Table I. Urinary execretion of radio-

TasLs I
ExcreTioN OF RapioactiviTy 1IN UriNg AND Frcus oF THE
RAT AFTER A 5-MG Dosk oy M4C-1

% dose excreted3———

—

Time, hr Urine Feces
0-24 19 43
24-48 1 10
48-72 1 3
72-96 <1 1

e Average for 6 rats each dosed with 5 mg of C-1; see Ex-
perimental Section.

activity was relatively low (about 209%) and was es-
sentially complete after 24 hr. Fecal excretion was
higher, 439, of the radioactivity being excreted in 24
hr and another 149, in 96 hr. The combined excreted
radioactivity was 789.

Examination of the urine by tle showed the presence
of only one radioactive spot that moved identically with
the sulfonie acid 2; no sulfonyl fluoride (1) or propionie
acid could be detected although synthetic 1-3 were
readily separated by the tle system. The radioactivity
could be ecompletely solubilized from the dried feces by
Soxhlet extraction with aq acetone; tlec again showed
only one radioactive spot and this spot moved identi-

(7) E.Folschand J. R, Bertino, Mol. Pharmacol., 6, 93 (1970).
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cally with the sulfounic acid 2. When the urinary and
fecal metabolite were cochromatographed, no separa-
tion occurred.

In Vitro Metabolism.—The radioactive triazine (1)
was incubated with (a) fresh rat serum, (b) a 0-43%,
(NH,),S0, fraction of rat liver, (¢) a 45-909, (NH,):S0,
fraction of rat liver, or (d) phosphate buffer (pH 7.4);
the results are summarized in Table II. In serum the

Tasre 11
Incusarion oF “C-1 wiTH TissUE PREPARATIONS

% radioactivity in supernatent and ratio of 1:2

Rat liver, Rat liver.
0-45% 45-90%
Time, hr® Rat serum (NHi):80, (NHy):804
0.5 92 (100:0) 97 (1:2) 100 (1:5)
1 88 (7:3) 96 (1:7) 97 (1:6)
2 70 (5:4) 98 94
3 61 (1:2) 97 91
20 30 (0:100)

e 8ee Experimental Section for procedures; a control with
phosphate buffer (pH 7.4) showed no conversion of 1 into 2.

proportion of radioactivity fell with time, only 60 and
309, of radioactivity being soluble after 3 and 20 hr,
respectively. In contrast, the rat liver fractions
showed little binding and >90% of the radioactivity
was still soluble after 3 hr.

The nature of the radioactivity was examined by tle
(Table II). After alagtime of 0.5 hr, 2 began to appear
in rat serum, the ratio of 1 to 2 being approximately 7:3
in 1 hr and only 2 present after 20 hr. Hydrolysis by
liver extract proceeded much more rapidly than by
serum. Of the 2 liver fractions the 45-90%, (NH,),SO0,
fraction was more active in hydrolyzing 1 to the sulfonic
acid (2); within 30 min the latter fraction had hydro-
lyzed about 80% of 1 to 2,

Discussion

The results obtained by ip dosage of rats with
1 are quite clear cut. There is rapid absorption from
the peritoneal cavity, metabolism of 1, then excre-
tion. Nearly 809, of the radioactivity can be ac-
counted for in urine and feces after 96 hr.

The pattern of excretion is unusual for the metabolic
product, the sulfonic acid 2. Urinary excretion is only
about 209, of the dose and is essentially complete after
24 hr. In contrast, fecal excretion is very high, espe-
cially in view of ip dosage; more than 409, of the dose is
excreted in the feces in the first 24 hr, increasing to
nearly 609, after 96 hr. These results can be rational-
ized as follows.

The sulfonyl fluoride 1 is readily absorbed from the
peritoneal cavity, then rapidly hydrolyzed to 2; most of
this hydrolysis appears to take place in the liver, al-
though tissues other than liver and serum were not ex-
amined. In the liver, the sulfonic acid 2 is partitioned
between blood and bile with the latter predominating.
The metabolite in blood is excreted in the urine and the
metabolite in the bile is excreted in the feces via the gut.
Biliary excretion must be very rapid because of the high
24-hr fecal excretion; the rate of fecal excretion ap-
proaches what would be expected of a compound poorly
absorbed after oral dosage.! Furthermore, rats are

(8) A.J.Ryanand P. G, Welling, /ood Cosmet. Tozicol., 5, 755 (1967).
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known to have air efficient biliary excretion mechanisin
for foreign eompounds.? It is noteworthy that 2 is ¢
relatively high molecular weight sulfonie acid and sev-
eral of these are readily excreted in the bile of rats.

The 73 vitro experiments support this rationalization.
Thus, hydrolysis of 1 in serum wag slow compared to
hydrolysis in liver extraets,  Tdver is rich in esterases,'!
iteluding an enzyme that can hyvdrolyze a fluorophos-
phate =uch as DIP to diisopropyl hydrogen phos-
phate.'?  The enzyvme that hydrolvzes 1T to 2 can be
called a sulfonyl fluoridase, even though this relatively
nouspecific enzvme may also be an esterase.

Active-site-direeted irreversible enzvme inhibitors of
the SO, type can react with an enzvme in two ways;
the enzyme becomes inactivated by covalent bond for-
mation but the active enzyme can also catalyze conver-
ston of the 80L1" group into sulfonie acid. ™ Tt should be
noted that the $5-909: (NH,).S0 fraction of rat Liver
corttains dihvdrofolie reduetase which presumably can
hydrolvze the sulfonyl fluoride 1. That the dihydro-
folie reductase from rat liver is not the major enzvme
catalyzing the hydrolysis can be eoncluded from inacti-
vation data in the paper that follows.'*  If dihydrofolic
reductase were the enzyvme catalvzing all the hydrolysis,
then the ratio of the rate of inactivation of dihydrofolic
reductase enzyme to the rate of reductase-catalyzed hy-
drolysis should remain constant ax the enzyme ix puri-
fied; this iz not the case.  The ratio increases with puri-
fication showing that a second enzyme catalvzes the hy-
drolysis of 1 to 2; this enzyme will be called a sulfonyl
fluoridase. s

Experimental Section

Meltiug poiuts were taken in capillary tubes on a Mel-Temp
block and are uncorrected. All analytical samples had proper
uv and ir xpectra and moved as a single spot on tle with Brink-
man =ilica gel GF; each gave combustion values for C, H, and
N within (.4 of theoretical unless otherwize indicated.

[14(']-4-p-(4,6-Diamino-1,2-dihydro-2,2-dimethyl-s-triazin-1-
yDhydrocinnamido]-o-toluenesulfony! Fluoride (1) Ethanesul-
fonate.—-A mixture of 3.2 mg of [M(]cyanognanidine (10 uCi),
13.6 mg of uulabeled cyaitoguanidine (total 0.2 wmmole), 67.2
mg (0.2 mmole) of 45 2 ml of Me:CO, and 22 mg (0.2 mmole)
of LSOMH was refluxed with stivring for about 18 hr. The
ervet product was collected on a filter. Two recrystns from
MeOH-12t:0 gave 95 mg (839 ) of crystals, mp 221-223° dec
(lits mp 219-220° dec), with a constant specific activity of
134,000 dpm,/mg (69C: incorporation). The product was
homogeneous ou tle, the radioactivity coinciding with the uv de-
tectable spot.

4) R, 1 Siitle, Fortschr, Arzneimittel forsch., 9, 299 (1066).

(10) A ). Ryanand 8. E, Wright, J. Pharm. Pharmacol., 13, 402 11961 1,

A1) Ko Twatsuba, Jep. J. Pkarmacol., 15, 244 (1956).

112y AL Mazar, J. Biol, Ciem., 164, 271 (19486).

(13) 1. R. Bukerand J. A. Hurlbat, J. ed. Chere., 11, 233 (1068), paver
X111

(1) 1 R, Baker and N, M, J. Vermenlen, foid., 13, 1143 (1070), paper
CLXXYV,

(15 For discussion of the possible utilization of this sulfonyl fluoridase
in cancer ehemotherapy seeref 2.

By an, VervurnN, AN Bawen

p-14,6-Diamino-1,2-dihydro-2,2-dimethyl-s-triazin-1-y1)hydro-
cinnamic Acid (3) Ethanesulfonate.--~-Reduction of 1.03 ¢ (10
mmoles) of p-nitrocinnamic acid with Ha-PtOs in DME gave
cridde p-aminohiydrocinnamie acid, wmp 130-132° To (his were
added 25wl of Me.(CO, 0.84 g (10 numoles) of evanogitmidine,
and 1.1 ¢ (10 nimoles) of 30 H,  After being vefluxed with
stirving Tor 18 Iy the mixture was filtered.  Recrystallization
from MeOH-Me.CO gave 2.5 g (6291 of white erysials, wp
191-193° nal. (CrsHeeNsO8) C, H, N

4-{ p-(4,6-Diamino-1,2-dihydro-2,2-dimethyl-s-triazin-1 -yl jhy-
drocinnamido] -o-toluenesulfonic Acid (2).—~To 2 =thrred mix-
awe of 400 mg of 3 <1 wmole) and 106 mg ¢! wmole) of
N 1 5 il of DME at —5° protected from moisture was
added 108 wg 1 muole) of ethyl chloroformate.  After being
stirredd for 20 min, the mixture was treated with a1 soln of 223
wg (1 amuole) of 2-methylsulfanilie acid in 5 ml of DMF cooled
ta —23°%  The mixture was stirred 30 min ot —5° and 2 hr at
ambientl temperature, then evapd (0 racwo.  ‘rituration of ihe
residue with 10 ml of H:0 gave a white =solid which was twiee
recrv:td in the following way. The solid was dissolved in the
min vol (~200 ml) of boiling 5¢¢ ag AcOH and. dien caned o
eacua il dondy aad allowed to stand: yield, 340 mg (70,
of white erystals that geadually decompd over 2200 tual.
(CoqHyOu3- 1.5 Oy ¢, 1 NG enled 0, 181, Faund: 0, 18.7.

Metabolism n 170, -Six male albino rats tabont 200 g)
were given 5 g of PC-1 dissolved in 0.5 mil of 60C aq DMSQ ip.
The animals were housed individually in stainless steel me-
tabolism cages. hO was available @/ lib and feediug was per-
mitted once daily. Individual urine samples were collected
every 24 lv for 96 hr. Combined feces were collected at the
stme the.

U rine samples were dild to s known vol for connting and -l
aliquots axsayed for rvadioactivity., Ifeces were dried /in pacuo
over P20, weighed, mixed with 20 g of pure sand, and finely
ground m a mortar.  Acanately weighed samples were assayed
for radioactivity.

Tlc Chromatography. --Chiromatography of exercta and pure
compoinds was performed with Brinkman silien gel nsing 111
or 1:2 HaO-MeyCO as solvent. The order of derveasing move-
ment was2 > 3 > 1.

Radioactive Counting.-—-All connting was done with a Packard
liguid scintillation spectrometer.  Urine was counted divectly by
addiug a I-ml dild aliguot to 10 ml of Bray's solution.®®  CGrouud
feces were voruted by weighing ont aliguots and ixing with
1.00 wml of 1.0 37 KOH. The mixture was warmed to 50° for 1
iy, dild with 10 ml of Bray's soln, then decanted from the =aud,
and connted: this procedure gave only faintly colored prepus
which connted with good efficiency. A =oln of 1T in MeOH wux
connled by adding 1.0 ml of ~oln to 10 ml of Bray’s solu. Connt-
ing elliciency was estimated by means of an external standurd,
then appropriate corrections for quenching were applied.

Tle's were counted by seraping oll the siliea gel in portions
I-cmn lang along the direction of =alvent flow. "The gel portion
was snspended in 10 1l of Bray’s ~oln, then assayved for radia-
activity.,

In Vitro Incubations. - HC-1 was incubated at 1 wg/ il at
379 with (a) fresh rat sernm, (b) 0--45C0 INH):804fraction of rat
liver, 1) 45-90C; (NHy)»80; fraction of rat liver, and (d) phos-
pliite butfer (pH 7.4 The (NH,),S04 fractions were recon-
stititted with Tris buffer (pH 7.4) at 1 ml/g of original liver.
Aliquots were removed at appropriate time intervals and added
to 4 vol of 15tOH. The solns were clarified by centrifugation,
then 1 ml of the supernatant was assayed for radioactivity.
Some of the supernatent was spotted on a tle plate, developed
with HsO-MeyC(), then the radioaciive zoues counted ax de-
seribed above. The tihibitor {1 mg) wax dissd n 20 pl of
DMSO, then dild with 1 ml of the appropriate ~oln for ineubation,

61 GoAD By, Jiog, Brochem., 1, 2TH 01060).



