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TasLE 111
PrysicaL CONSTANTS OF
NH, EtSO.H
A =
N( N—@CH;'—CHZCOITI—@SQF
NH; N/k
oA Me, R, R,
%o
No.? Ry R: yield Mp, °C Formula Analyses
4 3-CH; H 67 212-214 CaHyFN4O58 - C.H:80;H C, H N
B) B-CeHs H 39 218-219 CysH 7 FN4058 - C.H:S0;H C, H N
6 a-CHg I{ 67 206—207 ClestNe()gS'Csz,SOaH C, I{, N
7 a-CsH;(CHy), H 53 226-227 CisHaFN058 - C;H:S0;H C H N
8 a-CeHa H 56 230-231 dec C-ZGHNFNeOaS'CQHsSOgH C, H, N
U a-CeH4CH3-0 H 49 213—21:) dee C-nHngNGOaS'CszSOgH C, H, F
10 a-CeH4CH3-’ﬂ’L H 38 232-233 dec CgTHngNeOgS'CszSOaH C, H, N
11 a-CeH4CH3-p H 53 225-226 C~27H29FN5038'CQH5803H C, H, N
12 H CI{g 28 199-200 dec CnggsFNeOgS'CszSOaH C, H, F

e All compounds were prepared by method B and recrystallized from -PrOH-H,0; each had an ir band at 1395-1405 cm ™! character-

istic of SO,F.

showing the reduction of the C=C. To the 18f were added 25
ml of Me,CO, 225 mg (2.2 mmoles) of EtSO;H, and 177 mg (2.2
mmoles) of cyanoguanidine. The mixture was refluxed for 21
hr with stirring, then cooled. The product wuas collected on a

filter, washed with Me,CO, and recrystallized from ~-PrOH-
H,0; yield 680 mg (53%) of white crystals, mp 225-226°. See
Table I for additional data and other compouuds prepared by
method B.
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p-(4,6-Diamino-1,2-dihydro-2,2-dimethyl-s-triazin-1-yl)phenylpropionylsulfanilyl
Fluoride, an Active-Site-Directed Irreversible Inhibitor of Dihydrofolic Reductase.
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Effects of Substitution on the Benzenesulfonyl Fluoride Moiety on

Isozyme Specificity
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Department of Chemistry, University of California at Sania Barbara, Santa Barbara, California 93106

Reccived March 9, 1968

The title compound (1) is a fairly general irreversible inhibitor of dihydrofolic reductase, being able to rapidly

inactivate this enzyme from Walker 256 tumor and liver from the rat and L1210/FRS8 leukemia and liver from
the mouse. Furthermore, the enzyme could catalyze the hydrolysis of the sulfonyl fluoride to the irreversibly in-
effective sulfonic acid; the efficiency of inactivation of the enzyme by an inhibitor such as 1 was dependent on
the ratio of these two rates. Substitution of a methyl group (4) ortho to the sulfonyl fluoride group of 1 gave
little change iu the ratio of these two rates with the L1210/FR8 enzyme, but increased the ratio of the rate of
enzyme-catalyzed hydrolysis by the liver enzyme to enzyme inactivation; thus 4 at 5 X 1078 M gave 787
inactivation of L1210/FR8 euzyme, but only 159 inactivation of the liver enzyme, a more favorable chemo-
therapeutic situation than with the parent 1.  With the Walker 256 rat tumor enzyme, this substitution (4) was
detrimental since the ratio of the rates of inactivation to hydrolysis was decreased; similarly, substitution of an

o-methoxyl group (8) on 1 was detrimental to the inactivation of both tumor enzymes.

Other patterns, includ-

ing total loss of irreversible inhibition, were seen depending upon the type of substitution.

It was previously reported that the title compound
(1) was an active-site-directed irreversible inhibitort of
dihydrofolic reductase; 1 could inactivate the dihydro-
folic reductase from Walker 256 rat tumor, rat liver,
1.1213/FRS mouse leukemia, mouse liver, and pigeon
liver, but showed insufficient separation of irreversible

(1) This work was generously supported by Grant CA-08695 from tle
National Cancer Institute, U. 8. Public Health Service.

(2) For the previous paper of this series see B. R. Baker and G. J. Lourens,
J. Med. Chem., 11, 672 (1968).

(3) G. J. L. wishes to thank tke Council for Scientific and Industrial Re-
searcli, Republic of Soutl Afriea, for a tuition fellowship.

(4) B. R. Baker, “Design of Active-Site-Directed Irreversible Enzyine
Inhibitors. The Organie Chemistry of the Enzymic Active-Site," John Wiley
and Sons, Ine., New York, N. Y., 1967.

inhibition.* When the sulfonyl fluoride was moved to
the meta position (2), a separation of irreversible in-

N7 N—@(CHz)chNH
NH2 k\N/K
Me, SO,F
1 para
2, meta

hibition on the enzynies from mouse and rat tissues was
observed, that is, the enzyme from Walker 236 rat
tumor and rat liver was still inactivated, but the en-

(5) B. R. Baker and G. J. Lourens, J. ed. Chkem., 10, 1113 (1967), paper
CV of this series,
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TapLe T
Innmnrion® or Dinypraronic REbUCTASE BY

NH, R
N/LN (CH,),CONH
NHQKN)Me2
SO,F
S e S S [
————Reversihlef-—-- ~ Iubil.
oMY LEuzyue I, K./ couert, M Tince, P
No. position R source” uM wll ull 121v min laactn
{ 4 11 W256 0.020 0.003 0,050 N <1, 10 00, 001
0.020 87 1,3 30, K
lat liver 1. 0060 0.001 0.0 08 <2, 60 0, 70
0.020 u5 8 S0
L1210/IFRS 0.080 0.01 0,070 4 <2, 10 &4, 547
Mouse liver 0.070 2, 60 33, 38¢
0.4 2, 60 My, Sy
20 3 I W256 0.0080 0.001 0. 060 s 5 1007
0. 01 SR 60 0
lut liver 0.012 0.002 1.060 07 2,20 72,721
L1210/FRRS 0.044 0.007 .20 a6 60 0
3 4 2-Me W256 0.0058 0.001 0.06 08 2,8, 60 72, 00,
0.0006 R7 3, 60 10, 10¢
Rat liver 0.06 1,3, 60 S, 89, 8y
L1210/FIi8 0.01%) 0.003 0).005 i G0 1)
4 4 3-Me W256 0,013 0.002 0.06) 07 60 100
0,015 K7 Gl 1
L1210/FRR8 0.047 .008 0,047 87 2,8, 60 TR, TN
.01 a0 2,60 10, 10¢
Mouse liver .047 4, 60 15,158
0.24 <30, 60 44, 44¢
b 4 3-O)e W256 0.035 0,006 0.44 08 60 0
(0. 035 87 [510] ()
LIZ210,/TIi8 0.026 0.004 0.13 a7 G0) 05
1, (026 ~NT GO ()
6 3 6-0Mle W256 0.0084 (.001 0,042 07 ) 20)
L1210,/FRE 0.038 (. 006 0.20 i O1) 0
7 3 4-0Me W256 0.0057 0.001 0.029 i 61 {)
L1210/FR8 0.038 0.006 0.19 07 60 0
b 3 4-)e W256 0.00905 0.002 0048 07 [H] 30
0. 0005 N7 N, 60 I, 10
LI21I0/FIRS 0.041 0.007 0.21 07 60 74
0.041 ST 3, 60 10, L0¢

« The technical assistance of Jean Reeder, Diane Shea, and Sharon Lafler is acknowledged. *W236 = Walker 256 rat tumor. < As-
sayed with 6 udf dihydrofolate and 30 3 TPNH in pH 7.4 Tris buffer as previously described.*  4Incubated at 37° in pIl 7.4 Trix
buffer in the presence of 60 u} TPNH as previously described.® <1y = concentration for 507 inhibition. / Estimated from K; =
K15/ [S] which is valid since [8] = 6K, = 6 pM dihydrofolate; see ref 4, p 202. « Caled from [EI] = [Ei]/(1 4+ K;/[1]) where
[EI] is the amount of total enzyme (L) reversibly complexed; see ref 4, Chapter VIII. * Data from ref 5, ¥, 10. ¢ Frow time study
plot; see ref 5.

zyme from L1210/FRS mouse leukemia was not.’ enzyme—inhibitor complex, the enzyme may become

Based on the bridge principle of specificity,® three ap- inactivated, the enzyme may catalyze hydrolysis of
proaches were initiated to try to separate the ability of  the SO.F group, or both can occur;® (c) if less than 709¢
a compound to inactivate both the tumor and liver en- inactivation is scen at 5I; of the inhibitor, which is

zymes: (1) modifieation of the propionamido bridge of  sufficient to complex 979 of the enzyme, poor inacti-
1 and 2,7 (b) substitution on the propionamido bridge,?  vation is nsually seen at an 5, concentratiou.

and (¢) substitution on one of the benzene rings of 1 Insertion of a methyl group (3) ortho to the earbox-
and 2; the results of this third approach are reported  amide function of 1 (Table I) gave about a threcfold
in this paper. increment in binding to the dihydrofolic reductase from

Enzyme Results.—I'or 2 discussion of relative Walker 256 rat tumor. At a 10I, concentration, 3
inactivation rates one must bear in mind three factors:® could still inactivate the Walker 256 enzyme; how-
(a) the rate of irreversible inhibition is dependent upon ever, uear Iz colcentration there was only 109
the amount of enzyme in reversible complex [EI]; (b) inactivation.  Henee, insertion of this methyl group has
depending upon the position of the SO.F group in the a detrimental effect on the ratio of the rate of tu-

activation of the enzyme to the rate of enzyme-cata-

(6) ia) See ref 4, pp 172-183; (L) B. R. Buker, Bivchem, Pharmueol., 11, lyzed hydrolysis of the sulfonyl fluoride,® since 1 can

1155 (1962). still inactivate the enzv at an I trati
still mactivate the enzyme at an concentration.
(D B. R. Baker and G. I. Lourens, J. Ved. Chem., 11, 686 (1968), paper ‘ Y %0
CXXNVII of this series. (9) B, R. Bakerand J. A, 1larlbat, ibid., 11, 233 (1868), paper CNI1I1

(8) Seeref 2 for more detail. of Llis series,



July 1968

Furthermore, there was no apparent separation of in-
activation of the Walker 256 and rat liver enzymes.
With the L1210/FRS8 mouse leukemia enzyme, the
binding by 3 was also increased by about fourfold;
however, even at a 5I; concentration, 3 failed to in-
activate the enzyme.

Insertion of a methyl group (4) ortho to the sulfonyl
fluoride of 1 gave little change in reversible binding to
the two tumor enzymes. Although the Walker 256
enzyme could be completely inactivated with 55 of 4,
at an Iy concentration no irreversible inhibition was
seen. In contrast, the L1210/FR8 enzyme was still
inactivated 789, by an I, concentration of 4; however,
the rate was clearly slower than with an I concen-
tration of 1,

The same Iy, concentration (5 X 10— M) of 4 that
gave 809 Inactivation of the L1210/FRS mouse
leukemia enzyme showed only 159 inactivation of the
mouse liver enzyme. Thus the ratio of the rate of en-
zyme inactivation by 4 to the rate of enzyme-catalyzed
hydrolysis? of 4 by the L1210/FRS8 enzyme was little
changed compared to 1; in contrast this ratio was de-
creased with the mouse liver enzyme. Hence 4 shows
greater selectivity of action against the L1210/FRS vus.
liver enzymes than does the parent 1.

Insertion of a methoxyl group (8) ortho to the sulfonyl
fluoride of 1 gave only a 2-3-fold change in reversible
binding to the two tumor enzymes. The irreversible
pattern with 5 on the Walker 256 enzyme was similar
to that of 4. In contrast, the methoxyl (5) and methyl
(4) groups had opposite effects on the L1210/FRS8 en-
zyme, that is, 5 could inactivate the enzyme at a con-
centration of 5I3 but not at Is.

It was previously reported!® that when the sulfonyl
fluoride group of 1 was moved to the mefa position (2),
the Walker 256 enzyme could still be inactivated by
5L of 2; the same concentration of 2 was just as ef-
fective on the rat liver enzyme. In contrast, the
L1210/FRS8 was not inactivated by a 515 concentration
of 2 (Table I). Therefore the effect of ortho and para
substituents on the activity of 2 was investigated. No
change in reversible binding to the two tumor enzymes
was seen when a methoxyl group (6) was inserted para
to the sulfonyl fluoride group of 2. This methoxyl
group was severely detrimental to inactivation of the
Walker 256 enzyme by 6 compared to 2; no irreversible
inhibition of the L1210/FRS8 enzyme was seen with
either 2 or 6.

Insertion of the methoxyl group (7) ortho to the sul-
fonyl fluoride of 2 gave no change in reversible binding
to the Walker 256 enzyme, but irreversible inhibition
was lost. Insertion of an o-methyl group (8) in 2 gave
slightly better reversible binding to the Walker 256
enzyme; however, 8 was not as effective an irreversible
inhibitor as 2 since at 3L, 8 only inactivated 559 and
at 150 OIlly 10%.

Although insertion of an o-methyl group (8) in 2 de-
creased the effectiveness of irreversible inhibition on
the Walker 256 enzyme, this substitution increased the
effectiveness of irreversible inhibition of the L1210/
FRS enzyme. XNote that the parent 2 showed no ir-
reversible inhibition of L.1210/FRS8 enzyme at 54, but
8 at 515 gave 749, inactivation of this enzyme; 8 was

(1) B. R Baker and G. J. Lourens, J, Wed. Chem. 11, 39 (1068), paper
CXII of this series,
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almost ineffective as an irreversible inhibitor of the
1.1210/FRS8 enzyme at Ij.

The diverse effects on irreversible inhibition of the
two tumor enzymes by substitution on the benzene
ring containing the sulfonyl fluoride can be rationalized
by consideration of the transition state involved in in-
activation of the enzyme or involved in the enzyme-
catalyzed hydrolysis of the sulfonyl fluoride. The
following mechanisms had been previously proposed to

r
1—S80, [—80,
) — |
E—O E—O
\\ _
H, OH 10
9
/(_)H OH
SO,—T S0,
S —
“E O ‘E—OH
1 12

account for either enzyme Inactivation or enzyme-
catalyzed hydrolyis.® In order for the S-F bond to be
broken by nucleophilic attack, assistance by a hydrogen
bond from the I' is required;!' this assistance can occur
with water, thus allowing an enzymic hydroxyl group
to act as the nucleophile (9) that results in covalent
bond formation (10). In contrast, the enzymic hy-
droxyl group can form a hydrogen bond with the F,
then hydroxide ion from water can act as the nucleophile
(11}, thus resulting in enzyme-catalyzed hydrolysis of
the SO:F group (12). Which reaction occurs will de-
peud upon the positioning of the SO.F group within the
enzyme-inhibitor complex, the difference between the
position in 9 and 11 being about 3 A. Thus, sub-
stitution on the benzene ring bearing the sulfonyl
fluoride could move the positioning of sulfonyl fluoride
within the complex to account for these results which
are summarized as follows.

(1) Substitution caused loss of irreversible inhibition ;
this was seen with 1vs. 3 on the 1.1210/FRS8 enzyme and
2 ps. 7 on the Walker 256 enzyme. These results can
be due to either the sulfonyl fluoride being moved
sufficiently in complex 9 to give only complex 11 or the
sulfonyl fluoride moving sufficiently within the com-
plex that no reaction occurs; these two mechanisms
caunot be distinguished kinetically by the methods
used,’ but can be distinguished by product isolation.?
Since either mechanism is a chemotherapeutic dead
end, no further work was considered worthwhile with
compounds showing these results.

(2) The ratio of the rate of inactivation of the en-
zyme to the rate of enzyme-catalyzed hydrolysis was
less favorable, but irreversible inhibition was still
detectable; this was seen with 1 vs. 3, 4, or 5, and 2
vs. 6 or 8 on the Walker 256 enzyme, as well as with
1 vs5. 5 on the 1.1210/FRS enzyme. These results can
be explained on the basis that the substitution on the
benzene ring shifted the position of the sulfonyl fluoride
in the complex so that it was less favorable for con-
version of 9 to 10 and more favorable for conversion
of 11 to 12,

(11) C. A. Bunton and J. H. Fendler, J. Org. Chem., 31, 2307 (1U66).
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(3) The opposite of 1 was scen in the case of 2 es,
8 on the LI1210/FRRS enzyme, that is, the paveut 2
showed no inactivation of the enzyme. hut substitution
to give 8 was favorable; either 2 was completely in the
form of the eomplex 11 leading to hydrolysis or the
sulfouvl fluoride of 2 was not juxtaposed to aun ap-
propriate enzymic nucleophilic group within the en-
zyme~inhibitor complex (9).

(4) The ratio of the rate of inactivation of the en-
zyme to the rate of enzyme-catalyzed hydrolysis was
decreased more on the liver enzyme than the tumor en-
zvme from the same animal; this was seen with 1 s,
4 on the L1210/FRS and liver enzymes from the monse.
It i this change n ratio of rates to give less inactivation
of the hver cuzynie thun the tumor enzyme that was
sought at the outset of the problem as deseribed 1 this
and the previous two papers.??  That the opposite
effect can oceur, that iz, more rapid mactivation ot the
liver enzyme than the tumor enzyme, was scen with 1
 the rat system when an e-phenyl group was mtro-
duced on the bridge.?

(5) Snbstitution of a mecthoxyl group ortho to the
sulfouyl fluoride group was more detrimental to the
ratio of the rate of mactivation to the rate of enzyvme-
catalvzed hydrolysis than was an e-methyl group as
scen with 4 ¢s. 5 and 7 vs. 8 on both tumor enzymes;
thix detrimental effeet has also been seen with an ap-
propriate sulfouyl fluoride tyvpe of irreversible in-
hibitors of trypsin substituted ortho to the sulfonyl
fluoride by a methoxyl or cthoxyvl group.’®  Oue pos-
sible explanation ix that the polar ether oxvgen has
sufficient affinity for water that the water is held in
complex for hyvdrolyvsis (11), thus being less favorable
for the complex for inactivation (9) compared to the
nonpolar o-methyl group.

In snmmary, with an breversible inhibitor, =sub-
stitution on the benzene ring bearing a sulfouyl fluoride
may have one of a gamut of effects; these vary from
being completely unfavorable (1 es. 3) for chemotherapy
to being more favorable (1 vs. 4).  Thus each type of
mhibitor for each enzyme will have to be studied -
dividually, except perhaps for the o-alkoxyl substitution
where so far only detrimental results have beeu ob-
served.  Iurthermore, appropriate substitttion on an
otherwise nonirreversible thibitor may allow an -
reversible mhibitor to emerge by changing the complex
wore akin to 9, as seen with 2 s, 8 in the L1210/ RS
svstem;  other examples have been seen in this labo-
ratory aud will be published i futnre papers.

Chemistry.—The new candiduate irreversible inhibi-
tors (3-8) of dihydrofolic rednetase in Table T can be
geuerplized by strueture 13; these were synthesized by
the general method developed earlier for 17 from the
approprinte  aminobenzeunesulfonyl  fluoride  (15)
(Scheme I). The latter compounds were condensed
with p-uitrociunamoyl chloride in botling tolnene to
give 16, Reduction of the nitro group nnd double bond
to 14 was accomplished with Hy and Rauney Ni; the
resitftant amines (14) were condensed with evano-
gnantduie and acetone i the presence of cthanesul-
fouic acid to the candidate wrreversible inhibitors (13),
the so-called three-component method of Modest. '

112y Bo R. Baker amd 15 Lirickson, nalaseris L prepacatioo.
(13) 100 Mlodest, J. Ovg. Chem., 21, 1 {1Y76).
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Tasue I
PHyslcaL CONSTANTS OF
R
% Mp, °C
No.* R yield dec Formula’
16a 2-Me-4-SO,F 61 260-271  CHpFNL.O58
16b 3-Me4-SO,F 68 >255 CisHisFN2058
16¢ 3-MeO-4-SO.F 4Qe 255-257 CleHlaFNzoeS
16d 2-Me0-5-80.F 54 291293  CgHiFNLO6S
168 4-:\1[80-3-802F 40 260-262 ClﬁHlﬁFN')OﬁS
16f 4-Me-3-S0.F 43¢ 261-263 C1sH13FN,058

@ Prepared by method A? and recrystallized from MeOEtOH.
b All compounds showed a correct analysis for C, H, N. ¢ The
intermediate amine was not isolated; over-all yield from NO,
comporind.

The required sulfonyl fluorides (15) were prepared
by one of two methods. The first method is repre-
sented by the synthesis of 21 (Scheme II). Diazotiza-
tion of 2-methyl-4-nitroaniline followed by treatment
with SO, in HOAc! gave the corresponding sulfonyl
chloride (19) in 509 yield; although the melting point
of 19 did not correspond to that in the literature for
19 prepared by an alternate method,' treatment with
NH,0OH gave the same amide, mp 155-156°. Reaction
of compound 19 with KF in H;O'% afforded the sulfonyl
fluoride (23) in 469 yield of analytically pure material.
Catalytic reduction of 23 with a Raney Ni catalyst
afforded the desired 2-methylsulfanilyl fluoride (21) in
629, yield. Similarly, 18 was converted to 22 vig 20
and 24; 6-methylmetanilyl fluoride (29) was prepared
from 25 via 26 and 27 in the same manner,

N-Acetyl-3-methylsulfanilyl chloride (30) was pre-
pared via the sodium sulfonate (28)7 with CISO,H.
Reaction of 30 with KF in dioxane-H:O suspension'
afforded 31 in 539 yield. Hydrolysis of 31 with 1:1
EtOH-12 N HCI gave the desired 3-methylsulfanilyl
fluoride (32) in 739, yield.

Of the remaining two sulfonyl fluorides needed for
this study, 34 was commerically available and 33 has
been previously described.!

Experimental Sections

Methods A and B were the same as previously described;?
compounds prepared by these methods are listed in Tables II
and ITT.

2-Methyl-4-nitrobenzenesulfony! Chloride (19) (Method C).—
To a stirred mixture of 38 g (0.25 mole) of 17 and 100 ml of 12 &
HCI cooled in an ice-salt bath was added dropwise a solution of
19 g (0.28 mole) of NaNO; in 30 ml of H,O at such a rate that the
temperature was —5 to 0°.  This mixture was added slowly to
200 ml of HOAc saturated with SO, that contained 10 g of H,0O

(14) (a) H. Meerwein, G. Dittmar, R. Gollner, K. Hafner, F. Mensch,
and O, Steinfort, Chem. Ber., 90, 841 (1857); (b) B. R, Baker and J, K.
Coward, J. Heterocycl. Chem., 4, 185 (1967}, paper XC of this series,

(15) An alternate synthesis of 19, mp 106°, has been reported by P.
Pfeiffer and H. Jiger, Ber., T6B, 1885 (1942); treatment with ammonia was
reported to give an amide, mp 157°.

(16) A. H. deCat and R. K. vanPoucke, J. Org. Chem., 28, 3426 (1963),
and references therein.

(17) This compound (80) was previously prepared from 28 and PCls; see
L. Szabo, Bull. Soc. Chim. France, 771 (1953).

(18) Melting points were taken in capillary tubes on a Mel-Temp block
and are uncorrected. FEach analytical sample had uv and ir spectra com-
patible with its assigned structure and gave combustion values for C, H,
and N or F within 0.49 of theory.
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Tasur 111
PHYsicAL CONSTANTS OF
)N\Hz-EtSOSH
N7 N—@(CHZ)ZCONH@
NHN IMe, R
N
Mp,
% °C
No.2 R yield? dec Formula®
3 2. Me-4-S0:F 284 208210  CaHuFN0:8- CoH:80:H
4 3.Me-4-S0:F 474 219-220  CaHuTFNs0:S CoHsS0sHE
5 3-Me0-4-80.F 537 199-200  CaHxuTFNg048 - CoHsS0:H
6 2.Me0-5-80:F 33/ 210-211  CaHuFNeO4S - C2HiS0sH
7 4-Me0-3-80:F 417/ 235-237 CauHuFN0sS - C:HsSOgH
8 4-Me-3-80:F 609 221-223  CaHusFNe0:S C2:HsSOsH

@ Prepared by method B;2 each had an ir band at 1395-1405
ecm~! characteristic of SO.F. ¢ Analytically pure product.
¢ Bach compound showed a correct analysis for C, H, F uuless
otherwise indicated. ¢ Recrystallized from -PrOH-H,0. ¢ Showed
a correct analysis for C, H, N. 7 Reecrystallized from EtOH-

H,0.
Taste IV
PuysicaL CONSTANTS OF
Oox
R
%

No. X R Method yield Mp, °C Formula®
19 Cl  2-Me-4-NO: C 51° 69-70°  C:HeCINOsB
20 Cl  2-Me0-4-NO: [¢] 644 97-98 C:H¢CINO:S
21 F  2-Me4-NH: G 62¢ 81-82 CrHsFNOsS
22 F 2.Me0-4-NH: G S C:HsFNOsS
23 F  2-Me4-NO: D 460 54-56 CHsFNO:S
24 F 2-Me0-4-N0: E 38k 108-108  CrHENO:S
26 Ct 2-Me-3-NO: C 574 43—447  C:HeCINOsS
27 F  2-Me-5-NO: E 487 48-497  CrHsFNOS
29 F  2-Me-5-NH: G ! C/HsFNO:S
31 F  3-Me4-AcNH F 53¢ 186-187 CsHWFNOsS
32 T  3-Me4-NH: H 73¢ 108-109 C:HsFNO0:8

e All compounds showed a correct analysis for C, H, N.
b Recrystallized from petroleum ether (bp 60-110°). ¢ Lit.!* mp
106°, prepared by different route; see Experimental Section,
d Recrystallized from CsHs—petroleum ether (bp 60-110°).
¢ Recrystallized from EtOH-H,0. 7 Converted to 16 (Table I1)
without purification. ¢ Recrystallized from MeOH-H.O. * Re-
crystallized from EtOH. ¢ Mp 43-45°, prepared by an alternate
method by E. F. Elslager, M. Maienthal, and D. R. Smith, J.
Org. Chem., 21, 1528 (1956). 7 Mp 57-58°, prepared by an alter-
nate method by W. Steinkopf, J. Prakt. Chem., 117, 1 (1929).

and 10 g of CuCl;{2H,0; the temperature was maintained at
about 25° and N; was evolved. After being stirred an additional
10 min, the mixture was diluted with 500 ml of ice water, then
filtered. The product was washed [H;O, then petroleum ether
(bp 30-60°)]. Recrystallization from petroleum ether (bp
60-110°) gave 28 g (519) of light yellow crystals: mp 69-70°;
ymax 1393, 1180 (S0,), 1340 ecm 1 (NO,); lit.1» mp 106°. Reac-
tion with NH,OH gave the sulfonamide, mp 155-156°, lit.1® mp
157°.  For other sulfonyl chloride prepared by this method see
Table IV.

2-Methyl-4-nitrobenzenesulfonyl Fluoride (23) (Method D).—
To a stirred solution of 8.7 g (0.15 mole) of KF in 9 ml of HyO in a
bath at 125-130° was added 23.6 g (0.1 mole) of 19 in portions
over a period of 10 min. After being stirred an additional 50
min in the bath, 100 ml of hot H:O was added, The water was
decanted from the thick oil which was extracted twice with two
100-ml portions of hot H,0. Trituration of the oil with cold
H,0 gave a solid which was collected on a filter. Two recrys-
tallizations from MeOH-H:O gave 10 g (46%) of light yellow
crystals, mp 54-56°. See Table IV for additional compounds
prepared by this method.

2-Methoxy-4-nitrobenzenesulfonyl Fluoride (24) (Method
E)—A mixture of 25.1 g (0.10 mole) of 20, 14.5 g (0.23 mole) of
KF, and 50 ml of DMF was stirred at 100° for 45 min, then
poured into 900 ml of cold H,O. The product was collected on a
filter, then washed with H,O and recrystallized from EtOH;
yield 7.0 g (319%), mp 108-109°. See Table IV for additional
data.
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N-~Acetyl-3-methylsulfanily]l Fluoride (31) (Method F).~Tu 2
stirred mixture of 24.7 g (0.1 mole) of 30 (prepared from 28 with
CISO1Y) and 30 nud of dioxane in a bath ot 120-125° was added
asolition of 8.7 g (1.50 molex) of KIF in 9 ml of T1LO over n period
of abont 2 min. The wixture wus =thrred nnder veflux for S
piin, then diluted with 100l of 11O, The prodinel was collected
on e filler, washed with 1LO, and reervstadlized Trom 1GOT1
1,00 vield 122 ¢ (33 (), mp 18G-187°0 See Table TV Tor ad-
ditional da

2-Methylsulfanilyl Fluoride (21) {Method G).-—~A mixnire of
2,19 g (1) moles) of 23, 100 ml of KGO, and 5 ml of Raney Ni
wis shaken with 11, a6 2-3 atm for 30 min when reduetion wus
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complete.  The filtered scddntion was eviuporated /n cacuy wind
the residne was recvystallized from 110110 vield 117 ¢
(62071 of while ervslals, mp 818290 See Table TV for addi-
Honal data.

3-Methylsulfanilyl Fluoride (32) (Method H). T u siirred
mixtnre of 1004z (43 unnolesy o 31 mind 40 ml of 1O heated
inder reflny was added 400l of 12 8 HOL O Alter 470 win 1he
cooled wmixtire was cavefully ponred into a mixtine of 4t g of
NallC Oy and 400 ml of ice- 110, The prodact was collected
filter, waslied with 110, wnd recrvstallized from 11O -11.0:;
vield 6.8 g (737, mp 108-100°. See Table TV for additions]
dita.
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Thirty-eight derivatives of nracil and five derivatives of thymidine have been investigated as inhibitors of the

eytosite nucleoside deaminase from E. coli B.

Hydrophobie bonding to the enzyme could be detected with 1-

substituted uracils, G-substituted uracils, aud 5’-substituted thymidines, Thymidine itself is a weak inhibitor of
this enzyme and was employved as the base-line staudard compound. The best inhibitors of the 1-substitnted
uracil class were I-phenyibutyl- (15), l1-phenylamyl- (16), and l-pheuoxypropyluracil (18) which were coni-

plexed to the enzyme about as effectively as thymidine.
6-benzyl- (25) and 6-phenylpropyluracil (26) which were also complexed as well as thymidive.

The best inhibitors of the G6-substicuted uracil class were

In the thymidine

series, the best inthibitors were the 5’-O-carbophenoxy (37) aud 5-O-(N-phenylpropylearbamoyl) (38) derivatives
which were 3-4-fold more effective than thymidine; in contrast, 3‘-O-carbamoylthymidine (35) was less effective
thau thymidine. Tlhe possible biological role of this hydrophobie bonding region adjacent (o the aciive site of

cytosite nucleoside deaminase is discussed.

That B-p-arabinofuranosyl analogs of nuecleosides
could show eytotoxic action was first demoustrated by
Pizer and Cohen® with 1-8-p-arabinofuranosyluracil
(ara-U) (3). Other arabinosyl nucleosides, such as 9-
g-p-arabinofuranosyladeninet* and  1-3-p-arabinofur-
anosyleytidine (ara-C) (1),? with cytotoxic activity soon
followed. Since ara-C (1) showed sufficient selective
cytoxicity to be effective against certain animal
tumors,’ a great deal of research at both the pre-
clinical®” and clinical levels® was published. The
cvtotoxicity of ara-C (1) is due to intracellular conversion
to the nucleotide (2); the latter is most probably cyto-
toxic due to inhibition of the conversion of eytidvlate to
2’-deoxyeytidylate®? at the triphosphate level, and hence
the inhibition of DNA syuthesis.

ara-C (1) is rapidly deaminated <n »tvo by cytosine
nueleoside deaminase to ara-U (3),"1 the latter being

(1) This work was supported in part by Grant No. CA-08695 from 1le
National Cancer Institute, U. 8. Pablie Healtl Service.

(2) Tor tle previous paper wl tlds sertes see B, R, Baker aud G, ). Looyrers,
J. Meit. Chem., 11, 677 (1968).
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1. R=H 3
2. R = PO(OH).

relatively nontoxic to mammalian cells.®?  Thus, one
possible mechanism for selective action of ara-C (1)
could be due to the poor ability of a susceptible cell
line to deaminate ara-C (1) to ara-U (2) compared to
normal tissues.  Cytosine nucleoside deaminase uor-
mally uses eytidine or 2'-deoxycytidine as a substrate,
the order of velocity with the £ coli B enzyme® being
2’-deoxyeytidine > eytidine > ara-C; similarly, cyti-
dine and 2’-deoxyeytidine were more rapidly deami-
nated by the enzyme from human liver than ara-C."
The enzyme can be inhibited by elassical-type anti-
metabolites,!* that is, those having essentially isosterice
changes in structure compared to the substrate. The
most effective compound found was N-hydroxy-3-
methyl-2'-deoxyeytidine!? which was complexed to the
enzyme about tenfold better than ara-C; the enzyine
call also be mhibited by thymidine, 2’-deoxyuridine.
and uridine, but these are complexed to the enzyine less

(10y G W, Canceder and C, G. Smidy, thid., 14, 1405 (1965).

(11) G. W, Calaienec, 434, 16, 1691 (1867).

(12) (a) G. W. Caratercer, FProc. Jdm. Assoc. Cancer Rexs., 8, 1 (10067); 1o
5. A, Faleo aud J. 1. Ilox, J. Ued, Chem., 11, 148 (1868). aud cefvcellees
tierein,
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