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Anal. Caled for C,,HNeO-HCl: C, 47.4; H, 3.98; N, 30.1.
Found: C, 47.1; H, 4.21; N, 29.9.

9-(p-Bromoacetamidophenyl)guanine (3).—A mixture of 64
mg (0.63 mmole) of triethylamine, 5 ml of DMF, and 100 mg
(0.32 mmole) of 6:2HCI was warmed to coniplete solutiot, then
cooled to 0° i au tee bath. To the stirred solution was added
125 mg (0.58 mmole) nf bromoacetic anhydride. After 30 min
in the ice bath, the reaction mixture was poured into 25 ml of
H,0 eontaining 53 nig of NaHCQ,. The crude produet was col-
lected vur a filter and washed with water. A trace of the Bratton-
Marshall-pnsitivel? 6 was rentoved by stirring the crude product
it 0.1 & HCI for 30 min.  The product was collected by filtration
and washed with water. The componud now gave a negative
Bratton-Marshall text for aromatic amine,’? moved as a single
spout ou tle with 5:3 CHCL-EtOH, and gave a positive 4-(p-
uitrobenzyl)pyridine test for active halogen;'? N, (pH 1), 261
myg: (pH 13), 271 n.

Anal. Caled for C,y11;,BrNeOs: C, 43.0; T1, 3.05; N, 23.1.
Found: C, 43.0; 11, 32.7; N, 22.4.

Similatly, the mela isomer (2) was prepared in 619 yield:
it had the same properties as 3 except for Amux (pH 1), 254, 280
mu (weak inflectiott); (pH 13), 268 mpu.

Anal. Found: C,42.8; H, 3.34; N, 22.9.

Inactivation of Guanine Deaminase.—Guaniune deaminase
(guanase) from rabbit liver was purchased from Sigma Chemical
Co. as a l-mg/ml suspension; at this concentration it was
reputed to deaniinate 0.1 pmble uf gnanine/min. The inactiva-
tion experiments were performed as follows. The velocity of
the enzyme reaction with 13.3 M gnanine!® was proportioual to
the ensyme concentration. The buffer employved was 0.05 M
Tris (pIl 7.4). The enzyme was stable at 37° for 2 hr. Bulk
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enzyme (1 mg/ml) (0.10 mil) as purchased was dilnted with
1.90 ml of buffer. In two tubes were placed 0.95 ml of the diluted
enzyme in a 37° bath. After 5 min, 50 ul of DMSO was added
to tube 1 (enzyme vontrol) and 50 wpl of DMSO containing in-
hibitor was added to tube 2. The conteitts were mixed, the
time was nnted and an 0.5-ml aliquot was withdrawn from each
tube as rapidly as possible and stored at 0° until ready for assay.
The aliqunt from the tuhibitor tube was labeled I, and the aliquot
front the enzyme contrnl tube was labeled Ci. The remainder
it the two tutbes was then kept for 2 hr (or other chosen time) at
37°, then ennled it an tee bath nutil ready for assay and labeled
I, and C;. The anwunt of enzyme remaining was assayed as
follows:

In a 1-mil cuvette was placed 0.70 ml of buffer and 200 ul of
66.7 u} gnanine it 70 pd/ NaOH.1¥ The enzyme reaction was
then started by addition of 100 ul of C; (or other aliquot). The
decrease it optical deusity at 245 mp was followed with a Gilford
2000 recording spectrophotomerter: the C, aliqnot nsually gave
ant OD change of about 0.008 nuit/min.  The velocities in OD/
min were plotted ou a log scale agaiust tinie on a linear scale.™
This procedure is adequate for a routine screen for a plus or
minns answer on irreversible inhibition. As many as three iu-
hibitor tubes cau be run with vne etzyme control in 1 day.

With a positive tompound, a larger amonnt of iuthibitor—etzynie
mixture cail be set up, and then a number of aligiots cau be
removed at varving tines m order to obtain the half-life of
irreversible tithibition.

(13) B. R. Baker, J. Med. Chem., 10, 59 (1967); paper LXXIII of this
series.
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6-Benzyluracil has been previously reported to be a good reversible iunhibitor vf thymidiite phosphorylase: due
to a hydrocarbon interaction of the benzene ring with the enzyme, this compound complexes to the enzyme

abottt five times better than the substrate, 2'-deoxy-s3-flitoronridine.

Other bridges betweett the uracil and

phenyl moieties are more easily synthesized than the methylene bridge of 6-beuzyluracil and have now been
shown also th have pheuyl binding. 6-Anilittonracil, 6-phenoxynracil, 6-phenylithioaracil, and 6-benzylamino-

uracil complex to the enzynie 10, 17, 100, and 65-fvld better, respectively, than the substrate.
benzoyhiracil with its relatively fixed coplanar striteture is a poorer ituhibitor than 6-benzyhiracil;

I coutrast, 6-
the poor

binding by 6-benzoyluracil compared to the other tithibitors suggests a likely optimal binding conformation for
the inhibitors where the pheuyl group is out-nf-plaune with the pyrimidine ring and approaches the 5 position of

the pyrimiidine i space.

Previous papers in this series have revealed that (a)
6-benzyluracil (1) is a good reversible inhibitor of
thymidine phosphorylase due to a hydrophobic inter-
action between the benzyl group and the enzyme,* (b)
the inhibition of 1 can be enhanced by introduction of
a H-bromine atom (2), which increases the acidity of the
uracil,®> and (¢) 6-(p-bromoacetamidobenzyl)uracil (3)
is an active-site-directed hreversible inhibitor,® though

(1) This work was generonsly sapportell by Grant CA-08695 from the
National Cancer lnstitate, U. 8. Public Health Service.

(2) (a) For the previnas paper in this series, see 13, R. Baker and W. I,
Wood, J. Merd, Chem., 10, 1106 (186T); (b) for (e previnns paper on thymi-
iline pliospliorylase see B. R. Baker anil M. Kawazn, J. Jharm. Sri., in
press; paper C of chis series.

(3) On leave from (lie Deparrment nf Organic Chemisiry, DUelagogical
College, Opole, Poland.

(4) B. R. Baker and M. Kawazu, J, Med. Chem., 10, 311 (1967); paper
LXXVIII of this series.

(3) B.R. Bakerand M. Kawaza, 1bid.,10, 316 (1967); paper LXXX of this
series.

slow acting with a half-life of about 2-3 hr.2> These
results posed the following questions. Can additional
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2,R=Br,R;=H
3.R=H, R, = BrCH, CONH-

hydrophobic bonding be detected by appropriate sub-
stituents on the benzene ring? Can faster active-site-
directed irreversible inhibitors with a half-life of 10 min
or less” be synthesized by varying the position or elec-

(6) B. R. Baker, "Design of Active-Site-Directerl Irreversible F.DZ_\'H.IE
Inhibitors. The Organic Chemistry of the Enzymic Active-Site," Inhn Wiley
and. Souns, Inc., New York, N. Y., 1967,

(7) For the kinetic parameters of active-site-ilirecced irreversible inhibi-
tion see ref 6, Chapter VIII,
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trophilic character of the leaving group?  Can tumor-
specific active-site-directed irreversible mhibitors of
thymidine phosphorvlase be obtained that would be
uscful e chemotherapy?®

The use of 6-benzyvluracit (1) with the appropriate
substituents to answer these questions suffers fromn the
dizadvantage that the compounds must be made by a
rather lengthy svnthesis from the appropriately sub-
stituted phenvlacetic acid by a primary pyrimidine
svnthesis,  Sinee the bridge length between the phenyl
and pyrimidine for nptintum inhibition was one carbon,
other nne-atom bridges such =< O, N, or = (4) have now
been svuthesized for enzyvmie evaluation; sueh bridges
could be stmpler to synthesize and the methods could
be more adaptable for varfation of substituents in order
to answer the questions posed above.  The results on
these studies on rompounds of type 4 are the subject of
this paper.

Enzyme Studies.-—Thcre are o number of possible
reasons why an active-site-directed hreversible enzyne
inhibitor way mactivate an enzyme at a slow rate
within the reversible enzyme- inhibitor comiplex; three
cases have been observed experimentally. (1) Within
the romplex, the bridge distapee between the reversible
complexing region and the nucleophibe group on the
cuzvine being covalently linked muy not be optinal?
(2) Since all electrophilic groups and nucleophiles do
unt react at the same rate, the optinmme electrophitic
(leaving) group may not be on the irreversible nthibi-
tor " (3) Two or more ground state confornuitions
for the nthibitor may be possible, only one of which has
the proper bridge distance to react with the enzyvme
unrleophilie eroup. 2 For example. o bromwacet-
amido group o a benzene ring can have two ground-
stute vonformations: if one conformation hax the
brommuethyl group complexed to a hydrophobie bond-
g region, thix conformation will be  energeticptly
favored. but would not be the favored conformation
for reaction with the enzyme muicteophilic group.?

Note that the bromwacetamido group of 3 (Table I)
wives o 3.5-fold inerement in binding compared to the
parent 6-benzyviuracit (1), That thiz increment with 3
1s not likely to be due to complexing to the cnzyme
by the p-carboxamide moicty of 3 ix <ubstantiated by
the twolold toss in binding that oceurs when the polar
p-sutforcunide group is introduced on 17 therefore, a
more plausible explanation 1= that the bromomethyl
group of 3 in onte of its two ground-state ronformations
complexes with the hydrophobie bonding region of the
CIASHID

If the hydrophobie bonding region extends past the
wela or pare position of the beuzyl group. then this
region should be detectable by hyvdroearbon substituents
on the benzene ring. Therefore, 6-(p-niethvibenzyl)-
nracil (5) was syuthesized and evaluated; 5 showed 2.3-

i8: Yor disenssinn nf die potendal chivmachierapendr nse of suclr inkihiors
of (hivimidine phosphiarylase, see (a) 4. R. Baker, J. Med. Chem., 10, 302
(1D67): paper LN XV of this series; (b) ref 6, Chapter I'V.

1) (a) Seeref 6, Cliapter I1X; (b) B. R, Baker, Biorhem. {‘harmurol., 12,
293 11UB3) ;. o) 1. R, Baker awl R. P. Parel, J. Phurm. Sri., B8, 714 (1964);
(1} B. R. Baker and 1. H. Jordaan, ihkié., 66, 1417 (1966): naper LXVII nf
(liis series,

Jit)y (a) B R, Baker and R. P. Pacel, Biochem. Biophys. Res. Commun., 9,
Ly rte62s: by By R Buker and ROV Yarel, Jo Phara, Seic, 82, 027 110635
o YR Maker ard GOl Lonrens, L 3600 Che,, 100 TTHS (ABBTI pajer
CV d his series,

Lty Seeoeef B0 Chaqer N b B R Baker and 1180 Shupine, J.
Jtharera, Ned o BB, UU22 610G puper LN VI of diis series,
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* Thymidine phosphorviase was g 45-90", saturnled (N1 .-
R0y fraction from £ coli B prepured and assaved with 400 g1/
2 -deoxy-3-flunaronridite in arsettate—sieetnate buffer (pll 5.9 in
the preseure of 1047 DMSO ax previously desreribell ™ the
terhnival asststanee of Pepper Caserin with these assnyve ix
arknowledged.  * Ratio of tnteentration of wwhibitor 1o 400 w1/
<tthatrate giving 509, inhibition.  © Data previously veporred.t
4 Data previously reported.®  © Data feomr B R Buker, M.
Kawazn, and I Do MeCluee, J. Uharm. Sei., i press: paprer
NCIX of thix series. ¢ Data previously veprivted.?

fold better buding than the parent G-benzviuvacil (1).
Unfortunately, the synthesis of 5 i rather laborions
since a prinary pyrimidine svnthesis from p-methyvi-
phenvlacetic acid is required; such a lengthy synthesis
does not readily lend itself to the extensive munber of
compounds that must be made to explore the param-
eters of a hydrophobie bonding region.'* 1f o mom
sunply syunthesized syvstem would <how hydrophobire
bonding by a phenyvl group, such a svstem would lend
itself more readily to exploration of this hyvdropliobie
bonding region.  Since G-chloro-2,4-dimethoxypyrini-
dine is commercially available and is readily convertible
to 6-chlorouracil, direct displpcement reactions op both
(i-chloropyrimidines with appropriate nucleophiles were
mvestigated.

G-Anihnouracit (7) 1= readily  svuthesized m one
step:t® 7 was asomewhat better inhibitor of thyvimdine
phosphoryvhise than G6-benzyvluracil (1). The phenyl
group of 7 gave n xevenfold inerement i binding rom-
pared to G-aminouracilt (8) and o 27-fold inerement
compared to uracil (20); the phenyt group of 1 guve u
35-fold inerement in binding compared to 6-methyl-
uracil (6) and a 12-fold increment in binding compared
to uracil (20). Thus, 6-anilinouracil (7) represents the

i12) Tor the exploration of a hydrophobic bonding region of diliyilrofoiir
yeddnirrase =ee 1a) B, R, Baker, B.-1. B, and DLV, Sand, J. Fhirm, Ser,, 54,
LLES (1063 1h) W R. Haker mind 120 Mo, S Heteracyelic Chrmo. 2, 345
(68): ey B R Baker and GodL Lonrens, k4, 2, 431 1003350 Yor g rom
piXirdinn of drese dacr and theie inrerpretaiion see yef B, Cligprer N

30N, Yandnud D Sen Fad/aos S Chen,, 2, TS UG LG
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type of compound beimng sought for further studies on
hyvdrophobic bonding and active-site-directed irreversi-
ble inhibitors; 7 is readily synthesized and is readily
varied in structure by use of substituted anilines, !4

Hydrophobic bonding by benzene bridged with other
groups than methyvlene and amino has also been
detected. Note that 6-phenylsulfonyluracil (9) is a
sevenfold better inhibitor than 6-methylsulfonyluracil
(10): also G-phenylthiouracil (13) and 6-phenoxyuracil
(14) are excellent inhibitors, being complexed 260- and
48-fold better, respectively, than uracil (20). By use
of substituted phenols, thiophenols, or benzenesul-
finates, appropriate studies can also be made on hydro-
phobic bouding and active-site-directed irreversible
ihibitors.

N-Methylation (15) of the G-nitrogen of 6-anilino-
uracil (7) ted to httle change in binding. Since the N-
methyl group of 15is tolerated in the reversible enzyme-
inhibitor complex, it is likely that longer groups would
also be tolerated; therefore, one logical position to place
an alkyl moiety with a leaving group in order to obtain
a candidate active-site-directed irreversible inhibitor
would be this N position.

That the polar hydroxyt group placed on the methyl-
ente bridge of 6-benzyluracil (1) was not detrimental to
binding was shown with 12, In contrast, conversion
of the methylene group to carbonyl (11) was detrimental
to binding; very likely all of the hydrophobic bonding
by phenyl was lost since the electron-withdrawing car-
bonyl group should give 2-5-fold better binding than
wactlt (20) as noted with the electron-withdrawing
t-methyvisutfouyt group of 10 or the 6-trifluoromethyl
group. b

Diaryvt ketones have a coplanar ground-state con-
formation to allow maximal w-orbital overlap; there-

(0] (0]
. )
O:kN C%O OZI\E | ﬁ@

H
11b
11a
i @
HN HN/utL
OQ\)@\R/@ J
H
1a,R=CH
7a,R=NH2 16a

fore, G-benzoyvluracil (11) has two possible coplanar
ground-state conformations, 11a and 11b.  Since there
is little or no hydrophobic interaction between the
phenyl of 11 and the enzyme, it is clear that neither
11a nor 11b are the preferred conformations for optimal
binding to the enzyme.

As a working hypothesis, it 1s suggested that 6-
benzyturacil (1) and 6-anilinouracil (7) give optimum
binding to the enzyme in conformations la and 7a

i(14) A greater than 40-fold furtler inecrement in hyidrophobic bonding
above (hat seen with 7 lias already been observed with substituted 6-anilino-
nracils: 13, R. Paker and W, Rzeszotarski, to be publislied.

(13) 1 R. Duker and M. Kawaza, J. Medl. Chem., 10, 313 (1967); patprer
LNXIX uf lis series.
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where the phenyl group is out-of-plane with the uracil
ring but approaches the 5 position of the uracil. Such
a working hypothesis of an out-of-plane phenyl group
is supported by the fact that an out-of-plane 6-phenyl
group gives better hydrophobic bonding to the enzyme
than an in-plane phenyl group.* TFurthermore, such a
binding econformation could explain why a m-nitrod
or a p-nitro® group on the benzyl group would give en-
hanced binding to the enzvme; such an electron-with-
drawing group would tend to stabilize a conformation
such as la through some charge-transfer character be-
tween the phenyl and uractl moieties where the wracil
s the donor partnert®™7™ When O0-(p-nitrobenzyl)-
uracil was substituted by a j-bromo aton, the binding
by the arvl group was lost;253 this can now be rational-
ized on the basis that the electron-withdrawing H-bromo
group on uracil makes the uracil a poorer donor and, in
fact, could repulse the nitrophenyl group away from the
conformation la with the resultant loss in hvdrophobic
bonding,.

The hypothesis that the conformation of 7 for optimal
hydrophobic bonding was 7a suggested that 6-benzyl-
aminouracil (16) be investigated as an inhibitor since
it could readily assume conformation 16a; the 6-
benzylamino group of 16 gave sixfold better binding
than the 6-anilino group of 7 (Table I). Also note that
16 is a 40-fold better inhibitor than 6-phenethyluracil
(17); in order for 17 to assume the optimum binding
conformation of 16a, the four protons on the ethyl group
would have to be eclipsed, a matter of 2.0 keal/mole
from the ground-state conformation. The 39-fold
difference in binding between 16 and 17 is about 2.2
keal/mole, which is in good agreement with the cal-
culated difference.

If 16 binds in conformation 16a, then the higher
homolog (18) should show poorer binding, since the
phenyl group of 18 cannot approach the 5 position of the
uracil effectivelv.  Note that almost all of the $4-fold
increment in hydrophobie binding between 6-benzyvl-
aminouracil (16) and 6-aminouracil (8) is lost with the
6-phenethylamino group of 18,

The fact that 6-benzylaminouracit (16) is such a good
reversible inhibitor of thymidine phosphorylase also
opens up the possibility that 16 could be converted to
an active-site-directed irreversible inhibitor by sub-
stitution on the benzylic carbon with an alkyl moiety
containing an appropriate leaving group.

Chemistry.—Paul and Sen'® have prepared 6-
substituted aminouracils by reaction of 6-chloro-
uracil (24) with the appropriate amine in water; with
aromatic amines, acid catalysis accelerated the reac-
tion, but with the stronger aliphatic amines, acid of
course did not.  We have now found that commercial
6-chloro-2,4-dimethoxypyrimidine (21) can be treated
dirvectly with aniline or N-methylaniline at the boiling
point to give 22 and 23; during the steam distillation
to remove excess amine, hyvdrolysis to the desired 7 and
15 occurred (Scheme I).

The aralkylamines (16, 18) were best prepared by
reaction of 6-chlorouracil (24) with a 2:1 ratio of amine

(168) The ability of internal charge transfer to stabilize an unfavorable
conformation has previously been g¢bserved with 1-(8-aryledhynicotin-
amides; see (a) S. Shifrin, Biochemistry, 8, 829 (1864); (h) 8. Shifrin,
Bivovhim. Biophys. Jdrta, 96, 173 (1067),

(17) Sce ref 6, Cliapter 11.
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in hoiling water, as performed by Paul and Seu'* for
cyelohexylamine.

Langley'® has described the preparation of 6-plhenyl-
sulforyluracil (9) by reaction of 6-chlorouracil (24) with
sodium benzenesulfinate in botling water; no difficulty
wax encountered with this procedure. We have now
observed that sodium thiophenolate gives 13 and sodium
phenoxide gives 14 after a more extended reaction time.

6-(p-Methyvlbenzyhuracit (5) was svuthesized by
hydrolysis of the corresponding 2-thiouracit (25) with
aqueous chloroacetic acid;* 25 in turn was prepared by
a primary pyrimidine syunthesis®!? starting with p-
methyviphenviacetic weid.

118) 13 L. Langley, Brirish Patem 845378 (1HGD)y;  Chem. AGstr., 58, by
[BUITN

i . Monostory, Jiodes ctswn ¢Qaim. Ay, 40, I 1Ha2;,

» The solveut, 1:5 DATF-Celli
LA mp 2TR-280°,

4 Rervy=tallized frorr DMF, < Tle solvent, 2:2:5 n-yO11

¢ Recrvetallized from HOAe-110. 7 Tle solveut,

Scnese 1

(I)CH:; O
) —
CH:0\§g~Cl 0:1\N RCeH;
H
21 11, R=CO
12, R=CHOH
0 0
N HN
= Jemcacm- o=t Jenca
0 N 20 CH g -1 N Pers s £
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G-Benzovhuraeil (11) has been prepared® from 21 by
lithium exchange from butythithium followed by reue-
tion with benzaldehyde to give the intermediate 12
the Iatter was then oxidized to 11 (Scheme I1).  Since
B-benzyhuractl (1) wus avatlable i this laboratory from
another study. Uit oxadation with SeO, e glacial acetie
acid was undertaken. With a 1:1 ratio of 1 to ScO,.
the principle prodacet (386() was the desired carbinol
(12) along with @ =maller amount of G-benzovhuraeil
(11).  With a ratin of 2:1 of 8e0,:1, the vield of 11 was
mereased to 3107 of pure material.

Experimental Section®!

6-Anilinouracil (7). Method A.---A ntixture of 0.7 g nutnles:
nf 20 and 5.1 g (57 nuttoles) of aniline was refluxed for 4 hr, then
the excess< anilitre was removed by steant distillation,  The raoled
solutton was filtererd mnd the product washed with water; yield
0.70 g (6477 ), i 324-826°0 Twn recrystallizations from DMEF
gave white vevsals, wmp 325-827°; the compouud thoved ax a
stigle =pat ou e i 20205 -PrOH-THF-CysHg Nee Table 11
for addittonial data: Paud sl e have recorded mp 332°.

1200 W L Langley L A Chene, Sine,, T8, TH86 (10545

i21) Melting (nrnis were (aken in rapillary tubes o n Met-Temp blork
anid ave nueprrected.  Infrarel specora were decermnined in KBr pelec widh
a Perkin-Elmer 1471 spreopbitimecer.  Ulcravinteo sperira were decrr-
el i 104 190011 dandess ockerwise indicater) with a Perkin-FElmer 202
<pertenplmipmeier. Ve was rnn o Hrinkmann silica gel GT amd sppts wern
dApterted by viso) examdnation nnder nloraviotec ligh.
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6-Benzylaminouracil (16). Method B.—A solution of 0.73 g
(5 mmoles) of 24® and 1.07 g (10 mmoles) of benzylamine in
100 ml of water was refluxed for about 18 hr. The cooled solution
was filtered and the product was washed with water; yield 0.35 g
(329), mp 313-314° dec. Three recrystallizations from aqueous
AcOH gave white crystals, mp 316-317° dec. The compound
moved as a single spot on tle in 1:5 AcOH-CsHs. See Table IT
for additional data.

6-Phenylithiouracil (13). Method C.—To a solution of 1.10 g
(10 mmoles) of thiophetol and 10 mmoles of NaOH in H,O
(50 ml) were added 0.73 g (5 mmoles) of 24 and 50 ml of 2-
methoxyethatiol.  After being refluxed for 12 hr, the solution was
spin evaporated in vacuo. To the residue was added 50 ml of
water, then the mixture was acidified (AcOH), and again spin
evaporated in vacuo. The residue was heated to boiling with
100 ml of water, then cooled. The product was collected on a
filter and washed with hot water; yield 1.00 g (909%), mp 267-
270°,  Recrystallization from EtOH gave white crystals, mp
270-272°, that moved as a single spot on tle in 1:5 AcOH-CeHe.
See Table II for additional data.

Method D used for 9 was the same except the product separated
directly on cooling the reaction mixture: in the case of 14, the
reaction mixture was merely acidified with HCI to precipitate
the product.

6-Benzoyluracil (11).-—A mixture of 300 mg (1.5 mmoles) of
1, 330 mg (3 mmoles) of SeO,, and 50 ml of AcOH was refluxed
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for 2 hr, then filtered to remove Se. The filtrate was spitt evapo-
rated in wvacuo. The residue was dissolved in 50 ml of water,
then the solution was clarified by filtration; the product separated
on cooling. Two more recrystallizations from water gave 100

g (319) of light yellow needles: mp 250-252°; Amax 277 mu
(pH 1), 257 mu (pH 13). The compoind moved as a single spot
on tle in 5:1 CeH~EtOAc. Langley?® has recorded mp 252-
253° for this compound prepared by a different route.

6-( o-Hydroxybenzyl)uracil (12) —A mixture of 300 mg (1.5
mmoles) of 1, 165 mg (1.5 mnwoles) of Se0,, and 50 ml of AcOH
was refluxed 1 hr, then filtered to remove Se. The residue re-
maining after spin evaporation of the filtrate in vacuo was dis-
solved it 50 ml of water. The hot solutivn was filtered, then
cooled. Filtration removed 50 mg (169;) of 11, mp 250-252°.
The filtrate was courentrated to about 20 mi, then allowed to
staud at 3°. The product was collected on a filter; yield 120

g (389 ) mp 224-226°; Amax 264 mu (pH 1), 257 mu (pH 13).
The compound moved as a siugle spot on tlein 5:1 CeHeEtOAc.
Langley? recorded mp 224-226° for this compound prepared by
an alternate route.

6-(p-Methylbenzyl)uracil (5).—A mixture of 1.1 g (5 mmoles)
of 2541 0.40 g of chloroacetic acid, and 50 ml of water was
refluxed for 48 hr with stirring. The cooled mixture was filtered
and the product was washed with water. Recrystallization from
EtOH gave 0.85 g (849 ) of white crystals, mp 269-271°. See
Table II for additional data.
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Derivatives of 4,6-diamino-1,2-dthydro-2,2-dimethyl-s-triazine bridged from its 1 position to suifanilyl fittoride
with six different bridges have been synthesized; these compounds have beett evaluated as reversible aud irre-
versible enzyme inhibitors of the dihydrofolic reductases from Walker 256 rat tumor, rat liver, L1210/FR8
mouse leukemia, and pigeon liver. For each compound little difference in reversible binding to the four dihydro-
folic rediictases were seen. In contrast, dramatic differences in irreversible inhibition were seen. Four of the
six compounds that irreversibly inhibited pigeon liver dihydrofolic rediictase failed to irreversibly inhibit the
dihydrofolic reductases from Walker 256 rat tumor and L1210 mouse lenkemia. The two compounds containitg
a p-benzoyl (15d) and a p-phenylpropionyl (15f) bridge irreversibly inhibited the two tumor enzymes and the
pigeon liver enzyme. However, 15d inactivated the rat timor >70 times as fast as the mouse leukemia enzyme.
Furthermore, 15f inactivated the rat tumor enzvme eight times as fast as the rat liver enzyme. The dihydro-s-
triazinte moiety of 15 is believed to complex withitt the active site of the enzyme, but the sulfonyl finoride is
believed to form a covalettt bond ontside the site; it is the latter area where evolutionary differences are more
apt to have occurred. Thus, the differences in irreversible tnhibition of these enzymes can be accounted for if
these compounds are operating by the active-site-directed exo mechanism of irreversible inhibition, such a mecha-

nism accounting for the specificity pattern by the bridge principle of specificity.

The discovery®® of a potent hydrophobic bonding
region on dihydrofolic reductase considerably com-
plicated the successful design of the first active-site-
directed irreversible inhibitors®” for this enzyme.’®
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