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The dimensions of the hydrophobic bonding region of E. col7 B thymidine phosphorylase have been studied with
25 derivatives of 6-anilinouracil (4) and four derivatives of 6-benzylaminouracil (5), where substituents have
been placed on the benzene ring of these two compounds.

bonded and the other side is not.
and the other is not;

One side of the benzyl group of 5 is hydrophobically

Similarly, the opposite side of the phenyl group of 4 is hydrophobically bonded
it is in these nonhydrophobic regions where the benzene rings should be substituted with

appropriate leaving groups in order to convert 4 and 5 to active-site-directed irreversible inhibitors. The hydro-
phobic bonding region on the enzyme is fairly planar since bicyclic and tricyelic systems such as 3- and 4-amino-
biphenyl, e- and g-naphthylamine, and 2-anthranylamino (31) attached to the 6 position of uracil are effectively
complexed to the enzyme; in fact, 31 and 6-(2,3-dichloroanilino)nracil (23) are inhibitors that complex to thymi-
dine phosphorylase 1100-fold more effectively than the substrate, 5-fluoro-2'-deoxyuridine (FUDR).

A hydrophobic region on an enzyme just adjacent to
where the substrate is held in the active site has con-
siderable utility in the design of active-site-directed
irreversible inhibitors.? First, reversible binding can
be considerably enhanced; for example, a phenylbutyl
group placed on the 5 position of a 2,4-diaminopyrimi-
dine can increase binding to dihydrofolic reductase by a
factor of 40,000.%7 Second, such a hydrophobic bond-
ing region adjacent to the active site can be expected to
have undergone evolutionary changes® between spe-
cies;®' small differences can even occur in an enzyme
from a tumor compared to the liver of the same ani-
mal."* Third, if an exo-type active-site-directed irre-
versible inhibitor is constructed that utilizes the hydro-
phobic bonding region, these small differences can be
greatly magnified to give inhibitors that can inactivate
an enzyme from a tumor with no inactivation of the
enzyme from the liver of the same animal.2!? For
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example, the triaminopyrimidine moiety of 1 binds to
the active site of dihydrofolic reductase, the phenoxy-
propyl moiety binds to the hydrophobic region of the

NH,
(CH:MO@NHCO

N
LV

SOF
1

enzyme, but the m-fluorosulfonylbenzamido group is in
a polar region of the enzyme that promotes covalent
bond formation between the sulfonyl fluoride group and
the enzyme.!? Since thymidine phosphorylase!®1¢ has
a hydrophobic bonding region adjacent to the active
site,»¥~18 a gimilar approach utilizing this region for
tissue-specific inhibitors has been one of the endeavors
of this laboratory.

In order to design an effective active-site-directed
irreversible inhibitor of thymidine phosphorylase that
utilizes the hydrophobic bonding region, it is useful to
know what types of hydrophobic moieties will give
maximum interaction with the enzyme; it is even
more imperative to know where this hydrophobic
region ends so that an appropriate leaving group can be
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Figure 1.-—A preposed map of 1hie hydrophobie bouding region
of B coli B thymidine phosphorylise: —— hydrophobic inter-
action; -+, o hydrephobie internciion; v, unknown.
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placed ou the iunhibitor that is juxtaposed to a nucleo-
philic group in n hydrophilic area on the enzyme., A
G-phenyl group (2) on uracil gives hydrophobic inter-
action with enzyme only when it is held out of the plane
of the urneil ring by ortho substituents.!™  As a working
hvpothesis we suggested® that the phenyl group of
3 and 4,* as well as 5,° is also out of plane with the
uracil ring as indicated; this working hypothesis hus
now been extended by the assumption that the benzenc
rings of 2-5 are all complexed in the same plane as
indicated in the composite drawing (6) where A is the
benzene ring of 2, B is the benzene ring of 3 and 4,
C is the benzene ring of 5, and U is the uracil-6-vi
moicty that is out-of-plane with the ABC system. The
subject of this puper is therefore the support of 6 as a
working hypothesis and further mapping of the hydro-
phobic bonding based on this hypothesis (Figure 1),

Enzyme Resuits.—The inhibitors of thymidine
phosphorylase in this stndy ean be divided into twe
types:  (a) G-anilinouracits with snbstituents on the
henzene ring in Table I, aud (b) 6-benzylaminouracils
with substitnents on the benzylimino moiety in Table
1I. Irom these data emerge the mapping of the hydro-
phobic region as shown in Iligure 1,

One of the couformations of G-unilinouracil (4) would
have coplanarity of the two rings,  That these rings are
ot coplanar in the enzyme-inhibitor complex is shown
by two lines of evideuce. The phenyl gronp of 6-
phenylnracil (2) complexes to the hydrophobic bonding
region only when the 6-phenyl group is held out of
coplanarity by orthe substituents, as previously dis-
cussed.'™ The second line of evidence arises by com-
parison of the binding of the 6-anilino group (4) with
the o-methyl- (8) and 2,6-dimethylanilino (18) groups.
The o-methyl group of 8 gives a 13-fold increment in
binding, the reasons for which will be discussed later;
introditetion of the secoud methyl group (18) gives less

TasLe 1
INmusrrioN or TnyMimNg DHosrnarRyLase sy
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13 Ay 10
v Hexalyvdrn 1604 025
~ o-C'1l ol 150
' III-(:”:; 11 B
10 p-Clly 21 1a
11 0-Cy 3.1 130
12 p-Calls 15 27
15 p-Call-n T4 o
4 p-CLllt 72 i
15 235-1CTL. 0,89 401
16 2, 4-1Clh)s 1.4 el
1¢ 25-1ClLo 1.2 a6
18 2= CH D, 1.8 220
14 o-('1 201 1an
20 m-C1 6.2 |
2l p-Cl 14 24
22 p-Br 10 10
) 203-Cl, 0.35 1100
24 o-0OCTH; 20 20
'_)\" 1)—()(:”-;(,:”;; 24 17
26 p-OCHLClHa 6.7 (B
27 2,5-Benzn 1.6 250
28 3,4-Benzo 2.2 180
24 m=-Cill, 0.93 130
s p-Cll. 1.9 210
ui 4,5-02,3-Nuphthe)? 0.37 1100
32 Ni-Clly Hhr .3

* Thynidine phosphoerylase wis a 43-00; suturated amme-
ntum =ulfate fraction from £, coli B prepared and assayed with
400 pwM 2'-denxy-5-flnoreuridine (FUDR) in arsenate-succinuate
Lufter (pll 5.9) in the presence of 106, DMBO as previously de-
seribed;= the 1echnical assixtance of Pepper Caserin with these
assays = acknowledged. " Raiie of concentration of 400 pVM
substrate (o inhibiier giving 50C¢ inhibitien. ¢ Dara fram vef 3.
4 a-02-Anthraevinuino juraeil.
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N, R inhib ST Dyt

A 11 G2 6o
33 a-C1 202 180
34 m=C1 1.2 330
35 p-Cl 11 36
36 2,5-(Clls)a (.7 (0
37 Ne-C'; 53 .6
A Nl 37 11
30 Ni-CHLCills 70 G
40 w=Ci; 28 14
41 re=Cills 38 11
42 -CTLCel L 8 5.1

« 7 8ee carrespunding feotnotes in Table L

thanr a twofold change in binding compared to 8.
Molecular models show that 18 cannot have the two
rings coplanar due to the steric interaction of the two
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o-methyl groups with the uracil ring. The two ex-
tremes in conformations of 18 that are possible are
(a) the planes of the two rings are bent in a V shape
with an angle of about 30°; (b) the plane of the ben-
zene ring in (a) can then be rotated 90° so that the planes
of the benzene and uracil rings are perpendicular.
Thus, as shown in Figure 1. it is quite probable that the
phenyl groups of 6-phenyluracil (2) and 6-anilinouracil
(4) are in the same plane and actually overlap in the
hydrophobie region, z.e., the phenyl group of 2 would
reside in area A and the phenyl group of 4 would reside
in area B; thus, the phenyl rings of 2 and 4 have
positions 1 and 2 in common in Figure 1. As will be
shown later, positions 18 and 19 do not give a hydro-
phobic interaction with the enzyme; second, the N°
of the uracil of 6-anilinouracil (4) is complexed in a
polar region; third, no hydrophobic interaction
occurs when this N¢ is substituted by methyl (32).
Therefore, the only remaining carbons of 6-phenyluracil
that could give a hydrophobic interaction with enzyme
are at positions 1 and 2 in Figure 1.

The 13-fold iicrease in binding by the o-methyl
group of 8 could be due to a hydrophobic interaction
with the enzyme, or partial restriction of a coplanar
ground-state conformation or both. If the major
effect of the o-methyl group is due to the effect of the
somewhat restricted conformation on the ground state
of the molecule, then a similar effect should be seen
with the more polar o-methoxy group (24); note that
24 is only a twofold better inhibitor than 6-aunilinouracil
(4), but that the o-methyl group gives a 13-fold incre-
ment in binding. Therefore, the maximum effect a
single ortho substituent could have on restricting a
coplanar ground-state conformation would be twofold.
However, a 13-fold increment in binding is above the
tenfold maximum that is thermodynamically possible
from hydrophobic bonding of a single methyl group.!®
It follows that the 13-fold effect of the o-methyl group
is probably due to a sixfold increment in hydrophobic
bouding and a twofold increment in binding due to an
ortho effect in common with the o-methoxy substituent
on possible ground-state conformations. The hydro-
phobic bonding by the o-methyl group of 8 can be at
position 7 or position 18 (Figure 1); that the methyl
group is not at position 18 can be supported by the
following considerations.

Thymidine phosphorylase is a reversible enzyme
reaction that can condense 2-deoxy-e-p-ribofuranosyl
1-phosphate with thvmine to give thymidine. The
polar phosphate must be held on the enzyme so that
N! of the thymine can readily attack C! of the sugar.
For the highly polar a-phosphate group, which is a prob-
able binding point,'3!* to be able to position properly,
it must be in contact with a polar region on the enzyme.
It follows that the large hydrophobic region (Figure 1)
must be in the opposite direction from where the phos-
phate of the cosubstrate is held as shown in 4; thus the
o-methyl of 8 should be complexed to position 7.
Therefore, position 18 is not in a hydrophobic area since
no increment in binding is observed between the
o-methyl (8) and 2.6-dimethyl (18) derivatives.

That position 19 is not involved in hydrophobic
bonding is indicated by a twofold increment in binding

(19) For a discussion of the bonding forces that cause complex formation
between an enzyme and its inhibitor, see ref 5, Chapter Il.
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by the o-methoxyl group (24) over 4; this twofold
effect has been discussed earlier. Since the relatively
polar ether oxygen of 24 would be repulsed from the
hydrophobie position 7, it therefore should occupy the
nonhyvdrophobic position 18; it follows that position 19
is not hydrophobic, else the methyl of the methoxy
group of 24 should have shown an increment in binding.

Introduction of a 5-methyl group on the o-methyl
derivative (8) to give 17 results in no increase in bind-
ing; therefore, position 20 where the 5-methyl group of
17 resides cannot be hydrophobic. In contrast, intro-
duction of a 3-methyl (15) or 4-methyl (16) gives an
increment in binding indicating that positions 10 and
13 are hydrophobic; this conclusion is further supported
by the increments in binding of 9 and 10 compared to 4.

Completely parallel results concerning positions 7,
10, and 13 were obtained by halogen substitution
(19-23). In fact, 6-(2,3-dichloroanilinojuracil (23)
is one of the two best inhibitors in Tables T and II,
being complexed to thymidine phosphorylase 1100-fold
better than the substrate (FUDR).

That positions 8 and 28 are not hydrophobic is shown
by the fact that o-ethyl (11) does not bind any better
than o-methyl (8). Further evidence that position 8,
as well as position 9, are not in a hydrophobic region is
shown by comparison of the a-naphthy! (27) and the
2,3-dimethylphenyl (15) groups: there is only a twofold
difference in binding, indicating that position 8§ or 9
makes a weak hydrophobic contribution. Since posi-
tion 8 makes no hydrophobic contribution, this weak
increment between 15 and 27 is probably due to a hydro-
phobic interaction at position 9.

Introduction of an o-chloro atom (33) on 6-benzyl-
aminouracil (5) gives a threefold increment in binding;
since it has already been shown that position 28 is not
hydrophobie, the increment with 33 is probably due to a
hydrophobie interaction at position 4. It is also highly
probable that positions & and 6, which are in common
between the 6-anilino group (area B) and the 6-benzyl-
amino group (area C), are hydrophobic to account for
the binding of these two benzene rings. No informa-
tion 1s available on whether or not position 3 is hydro-
phobic; such an answer could be obtained by replacing
the phenyl group of 6-anilinouracil (4) by a 3-pyridyl
group; loss in binding by the replacement would indi-
cate position 3 is in a hydrophobic region.

Position 26 is not hydrophobic since there is a twofold
loss in binding when the p-chloro atom (35) is introduced
onto 6-benzylaminouracil (5) (Table II). That either
position 11 or 27 is hydrophobic is seen by the fivefold
increment in binding when the m-chloro atom (34) is
introduced on 5. Since it has been established that
positions 7, 8, 26, and 28 are not hydrophobic, it is
unlikely that the adjacent 27 would be hydrophobic;
that position 27 is not hydrophobic is further supported
by 36 where the gain in binding by the 2-methy1 group
at position 4 is lost by the repulsion of the 5-methyl
group from position 27. Therefore, the m-chloro atom
of 34 logically interacts hydrophobically at position 11;
additional evidence that position 11 is hydrophobic
will be presented later.

Introduction of the m-phenyl group (29) on 6-anilin-
ouracil (4) gives a 43-fold increment in biuding in area
F. Of this 43-fold increment in binding, positiou 10
can account for fourfold (4 vs. 9), and position 11 for
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fivefold (5 vs. 34); the remaining twofold difference can
be aeconnted for by a hydrophobic interaction ut posi-
tion 23. It is therefore nulikely that position 25 s ina
hydrophobic area and it wuas already shown that
positions 9 and 26 of arca 1" were not.

Iutroduetion of the p-phenyl gronp (30) ou G-anilin-
ouracil (4) gives a 21-fold inerement in binding in ares
It Of this 23-fold increment in binding, twofold can
be due to an interaction uat position 13 (4 vs. 10);
the remaining 11-fold can be ueconnted for by inter-
action of two additional carbon atoms which should
logieally be chosen from positions 12, 14, and 17.
That positions 12 and 17 are probably hydrophobie is
indicated by the sixfold inerement in binding by the
p-(n-Bu) (13) gronp on G-miilinonracil (4); the n-butyl
gronp of 13 could have u staggered conformation cover-
ing positions 13, 12, 17, and 22 or 13, 14, 15, and 29,
Hydrophobte bonding at positions 13, 12, and 17 conld
aceomit for the inerements in binding by the n-Bun
(13) :.md p-phenyl (30) moieties.  Similarly, the sixfold
increment in binding by the p-Okt group (25) on 4 can
be aceounted for by a hydrophobie interaction at posi-
tions 12 and 17 or 12 and 11. It follows by these
compuarisons that positions 14-16 ure not hydrophobic.
Since it is likely that positions 14-16 are not hyvdropho-
bie, then the extended 21 and 29 positions are probably
not hydrophobic.

The 2-anthracylamino derivative (31) ix a fivetold
hetter inhibitor than the p-biphenylimino derivative
(30) and sixfold better than the g-naphthylimino
derivative (28). The anthracene derivative probably
binds iv areas B, D, and G, Thus the sixfold difference
hetween 28 and 31 could be dne to hydrophobie inter-
action at positions 23 and 17 and the faet that no bind-
ing ocenrs at positions 22 and 24,

That these hydrophobie interactions are with «
relatively flat noupolar area on the enzyme is further
snpported by the following: (a) the -Bu group (14)
with its three-dimensional bulk causes a threefold loss in
hinding compared to the p-methyl group (10) on 4;
(h) reduction of the beuzene ring of 4 to hexahydro
(7) with its nonplanar ehair conformation gives a huge
loss in biuding; {¢) the planne bievelie and tricyelic
strictures of 27-31 are not only tolerated by the
enzynie, but appropriate inerements in binding oceur
throngh positions 10-13, 17, and 21,

e compound that at first glanee does not it with
thie picture presented i Figure 1 is 6-phenethylamino-
nracil (43), whielhi shows no hydrophobic bonding.?
This compouud in confornution 43a could give a
ltvdrophobic internetion of its benzene ring in area 1D
and itz ethyl group at positions 1 and 6 of the hydro-
phobic area; a benzene interaction in are1 D can be
esthnated from the binding of 28 and 33 to give a 50-
fold increment.  However, conformation of 43a would
hawve proton interactions between the methyleue gronp

43a 43b

(attached to the N) and the NH, as well as between this
icthylenre and the phenyl ring; a more favorahle

Vol. 11

ground-state conformation would be 43b which would
put the benzene ring ont of plane with the hydropliobic
region b Fignee 1, thus giving a loss in bindig as scen
with 14, Although as nmeh ns a 100-fold ineremrent
(2.8 keal ‘mole) eounld be expeeted by 43 binding to the
enzypie in conformation 43a, o large part of thix 2.5
keal mole niay be required to convert 43 to the unfay-
orable conformation 43a.  Some of the studies planed
with 44-47 nery resolve this gquestion further.

The two most powertnl inhibitors in Pables 1 and 11
are 0-(2.3-diehloroantlino)uracil {23) and 6-(3-nntlna-
eviunino)nracil (31) both of which ure complexed to
thynndine phosphorvlase 1100-fold better than the
substrate,  S-flnore-2'-deoxyuridine  (FUDR).  Bused
on the hvdroplobic tnteractions indieated i Fignre 1,
it <honld be possible 1o obtain even more potent
inhibitors,  Ior exaumple,  introdnetion  of  the  p-
cthoxy gronp (44) could give o =<ixfold mecrement (4

and 25) over the pavent 23; thus 44 conld be expected
to be complexed 6600-fold better thun FUDR.  Simi-
larly, introduetion of the p-phienyl group (45) on 23
should give a further 20-fold increment (4 vs. 30) and
45 should complex 23.000-fold better than FUDR.
Another example wonld be hitroduetion of n chiloro
group {46) ou 31 which should give a 20-fold inerement
(4 vs. 19) and 46 shonld conplex 22,000-fold better than
FUDR. Another tyvpe of strueture that could give
potent inhibitors wonld be 47; stndics on this type
conld also give more information on complexing in aren
I and G by appropriate substitution.  Such stndies
are bheing pursned.

I'rom Fignre 1 also emerges the answer to one of the
important guestions posed at thie begiuning of this
paper, f.¢., where does the hydrophobie region end se
that appropriate leaving groups can be plieced on
the inhibitor that eonld lead to irreversible inhibition
by covalent bond formation in a polar region of the
enzyie.  Oune inportant elass enierges {rom the et
that positions 26-25 (Figure 1) are not i a hydrophobie
constrieted

arca.  6-Benzyluninomracils  should  be
R R
Cl
Cl
U\NH L'\NH
48 49

that linve a chlore gronp on the artha (49) or mela posi-
ticn (48) which =hould hold the benzene gronp b1 one
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0
Method
No. R {hr)
7 Cyclohexyl C (12) 2
8 2-CH;CsH, A (0.5) 2
) 3-CH;C¢H, A (0.5) 2
10 4-CH;C¢H, A (0.5) 2
11 2-C,I,CsH, C (12) 2
12 4-CyH;CeHy C 4) 2
13 4-051{4C4H9-n B (12) 1
14 4-CeH4C4I‘i9-t B (4:) 1
15 2,3-CsH3(CHj)a C (12)* 2
16 2,4-C¢H3(CH;), C (12) 2
17 2,5-CH3(CH;)a C (12) 2
18 2,6-CsH:(CH;)s C (12) 2
19 2-CICsH, C (48) 2
20 3-CICeH, C (24)% 1
21 4-CIC¢H, C (4) 2
22 4-BrCeH, D (12) 1
23 2,3-CsH;Cl, A (0.5) 2
24 2-CH,0C¢H,4 C(2) 1.
25 2-C,H;0CsH, C (2) 2
26 4-CoH;0CsH, C (12) 2
27 a-Naphthyl B (4) 1.:
28 B-Naphthyl B (12) 2
20) 3-CeH;CsH, C (12) 1
30 4-CeH,CsH, C (12) 1
31 2-Anthraeyl D (3) 1.2

Amine
ratio®

¢
yifld Mp, °C dec Formula/
43 327-328b.¢ CH:N;0,
73 332-333¢ CuHuN;0,
74 302-3034 CiHiuN:0,
69 321-3234.¢ CuHuN;0,
69 324-325° CiyH1sN;0:
83 324-326¢ CHisN;50:
84 320-3214 C1sH17 N30,
89 332-333¢ CiHi:N; 0
63 325-326 C:HisN:O.
69 316-317° CHsN:0,
87 321-3220 C;HisN;0,
60 346-3474 C1oH1sN30,
75 312-314% CioHsCIN;O,
75 332-333¢ C,HsCIN;0,
79 341-3424 C1HsCIN;O,
79 336-337%+¢ CiHsBrN;O,
80 322-323¢ C1H-CLN;O,
76 206-298° CuHuNsOs
80) 297-2994 CpHisN30;
88 330-332¢ CHisN;0;
71 326-327¢ CiHi N3O
75 338-3394 C1HuN;O,
60 321-323 CisH13N;00
75 >360f C15H13N302
72 >3607 CisHisN;0,

¢ Ratio of amine te 6-chlorouracil. » Recrystallized from EtOH. ¢ Lit.?* mp 321-322°. ¢ Recrystallized from HOAc. ¢ Lit.?* mp

327-328°. 7 Reerystallized from DMSO-EtOH.
mp 336-357°.
figures.

conformation by complexing at position 4 or 11 (Figure
1); the group for irreversible inhibition (R) should then
be bridged to 48 and 49 so that it projects through
position 26, 27, or 28 on Figure 1.

A second important class emerges from the fact that
positions 18-21, 14, 15, and 29 (Figure 1) are not in a
hydrophobic area. 6-Anilinouracils should be con-
structed that have a chloro group ortho (50) or meta

Cl
U\NH @ U\NH
50

51

(51) in order to hold the phenyl ring i one conformation
by complexing to position 7 or 10 (Figure 1), the group
for irreversible inhibition (R) should then be bridged
to 50 and 51 so that it projects through position 14, 18,
or 20.

Substitution on 6-benzylaminouracil (5) (Table II)
at the « position (41-43) or N® position (37-39) by
methyl, phenyl, or benzyl led to a 4-12-fold loss in
binding; however, this loss could be recouped by intro-
duction of 2,3-dichloro substituents on the benzyl
group. Thus a group for irreversible inhibition couid
be placed on these N® und o substituents; however, a
better probability for good irreversible inhibition would
emerge with compounds of type 48-51. Such studies
are being pursued.

¢ Recrystallized from HOAc-H,0.
/ All compounds were analyzed for C, H, N, and the analytical values obtained were within 0.4 of the calculated

h Reaction runin 1:1 H,O-MeOEtOH. ¢ Lit.2!

TasLe IV
PuysicAL PROPERTIES OF

0]

HN
s (G
H

Reac-

tion®

time, %
No. R hr yield Mp, °C dec Formula'
33 2-C1 12 88 314-316° Cin HiCIN;O»
34 3-Q 24 67 312-314% CnHiCIN50:
35 4-C1 12 63 320--322¢ CnHyCIN:O:
36  2,5-(CHa): 24¢ 77 312-313% CisHisN30»
37 Ns-CH; 48° 44 273-2754 CHisN302
38  NeC:Hj 48° 53 277-279% CiHusN:O:
39  N&CH.CeHs® 5¢ 75 205-2077¢  CiHiiN3Q:2+ HCL
40 a-CH; 24 78 325-327° Ci2HiuaN 302
41 a-CsHs 8¢ 81 290-292¢ Ci1iH1sN:O0q
42 a-CH:CsHs 3 29 318-3209 CisH17N3O:2

@ All compounds were made by method C with a 209 excess of
amine unless otherwise indicated. °® Reerystallized from HOAc.
¢ Twofold ratio of amine. ¢ Recrystallized from EtOH. ¢ Hy-
drochloride salt. / Recrystallized from AMeOH. ¢ Does not de-
compose. " See footnote j, Table III.

Experimental Section?

The chemistry of the synthesis of the substituted 6-aminouracils
by condensation of the appropriate amine with 6-chlorouracii?

(20) All analytical samples had ir and uv spectra in agreement with their
assigned structures: all gave combustion values for C, H, and N within 0.4
of the theoretical percentage. Each moved as a single spot on tle on Brink-
mann silica gel GF with HOAe—CsHs or DMF-CsHs when viewed under uv
light. Melting points were taken in capillary tubes on a Mel-Temp block
and are uncorrected.

(21) A. Paul and D. Sen, Indian J. Chem., 2, 212 {1964).
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or 2,4-dimethoxy-6-cliloropyrimidine® was dixenssed previensly.”

See Tables ITI and IV for the physical and analytical data fur
these compounds.

6-(2,3-Dichloroanilino juracil (23) (Method A).- A mixture ni
0735 g (5 mnteles) of 6-chloerearacil? and 1.62 g (10 nuneles) of
2,3-dichleroaniline was heated i a barh nn 200° for 30 miy when
the mixture resolidified.  The cooled mixtnre was iricaraled with
250 ml of hot water.  The produel was eollected on a filter and
wazhed with hot water; yield 110 g (80¢7), wp 322-325° dee.
Recrystallization fram 1TOAce gave white erystals of unchanged
melting point.
i22) B. L. Lungley, British Pateit 815,378 (1460): Chem. dhste., §6, 6506
(1961).

Irreversible Enzyme Inhibitors.
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6-(3-Naphthylaminojuracil (28) (Method B).- -\ mixinre of
0.753 g (5 mutoles) of 6-chloronret], 22 1.69 g (10 mpioles) f
-puphihyimnine, 100 ml of 1O, and 1 dvop ol 128 HOT wies
refluxed with =tirring for 12 hr. - The hol mixiure was filtered and
the produer washed with hot HhO: vield DY3 ¢ (7370 p
3330047 dees Reervsiallizatian frarr JIOAe gave white ervstals,
i aN-3349° dec,

Method C wix the sune as methed B, only the 1O wusamitied.

Method D wax the samie uz method C, only DM was
v=ed ax salvent. Thix miethed ix inetfective if the amine s b
sulliciently yeetive, =snch as 2,3-dichloronniline. Wil thix un-
rencitve amine, the product wius 6-dimethylaminouracil, whiie
eryslaix from TOAe, mp 312-314° dee. Anal. (ColIyN;00 €,
H, N
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Thirty-fear selected 9-subsiituted gnanines have been studied ns inhibitors of guanine deaminase aud xamhine
exidase in order to map the hydrophobie bending regions of these (wo enzymes; =uch maps aid in the design of

nctive-site-directed irreversible inhibitors and in the design of more potem reversihie inhibirers,

These miaps=

were rentarkably similar for the twe enzymes, the main difference being ohserved nt the parg position of 9-

phenylguanine.

The two most petenn reversible inhibitors were 9-t m-benzamidophenyl)guanine (20) and 9-(p-

phenylprepyloxyphenyl)guanine (14); 1these were complexed aboni 230-fald betrer than the subsirate (gaanine’
le guanine deaminase and abant 100-fold beuter than the substrnte wpoxanthine) 16 xanthine exidase.

O-Phenylguanine (1) has been found to be a good in-
hibitor of both guauine deaminaset and xauthine oxi-
dase,? being complexed 1.3- and 20-fold better than
the respective substrate. That this 9-phenyl group
internets with the two enzymes by hydrophobic bind-
ing was then demonstrated.® In order to design an

0
N
HNJ\,'E >
NHZL\N N
R

Ll=11

11, I = p-0CIL

16, B = p-COO"-

18, Il = m-NIICOCHL.Br

active-site-directed irreversible inhibitor” from an in-
hibitor thut also exhibits hyvdrophobic bonding. it is
necessaly to determine where the hydrophobic region
ot the enzyme ends; then a leaving group can be prop-
erlv positioned to form a covalent bond with a nuecleo-
philic eenter in a4 more polar region on the enzyme sur-
face.

1)) Tlis work was weneronsly sapported by Grant CA-08G35 from the
NaGbnal Canger InsGitate, 17, 8. Publiv 1Tealtl Service,

(2) IFor the previnay paper in this series see X R, Baker anil W. Rzesz-
tarski, J. Med. Chem., 11, 639 (1968).

(3) I'br the previuus paper on these enzymes see 3, 1. Baker and W. I,
Wood, ibid., 10, 1106 (1967), paper CI11 of the series.

1) B. R. Baker and D. V. Ranti, ibid., 10, 62 (1967), paper LXXI1V of
this zeries.

i3) 1 R, Baker, J. Phorw, Sei., 66, 459 (1967}, puper XCIIL of this series,

1a) L R. Baker aml W. V. Woml, J. 3led. Chran,, 10, 1101 (1967), paper
C'11 of this series.

{7) B R, Baker, “Desizn nf Active-Sice-Directell Irreversitile Luzyune
Inhibitars,  ‘The Organic Chemistry of the Bnzymic Active-Site,' John
Wiley ansl Snns, Ine., New Yook, N, Y., IndaT,

I addition to these dimensional studies on the hydro-
phobic boiding region, answers to two carlier questions
were sought.  In what mzimer does the p-OCH; sub-
stituent of 11 give a H0-fold inerement in binding to
guanine deaminse”  In what mamier does the m-
hromoucet:mido gronp of 18 give o 60-fold inerement
in binding to guauhie deaminase® and a sevenfold in-
crement in binding to xanthine oxidase? The results
posed by these questions are the subjeet of this paper.®

Guanine Deaminase.-——The inhibitiot resnlts with 34
sclected coniponnds on guanine deaminase are listed i
Table 1. The topography (Figure 1) of the hydropho-
bie bouding region of guanine deaminase will be dis-
enssed fivst; ench position in the aren containing the
livdraphabice bonding region is nnmbered by pasition
and ench hexagon is lettered by area.

The 9-phenyl gronp (1) on ghaniine gives a 28-fold
inerement i binding over the 9-methyl gronp (10).4
Stch an inerement would requirve hydrophobie interue-
tionr by ouly two or three of the six carbons.  Since the
O-H of gnanine binds to the enzyme as an clectromn we-
ceptor, ™ it ix clear that position 1 (Iigure 1) is polar
aud not hydrophobie.  Furtherniore, one meta posi-
tion of this phenyl (aren A) is also not in o hydrophobic
region beeause no loss in binding occurs with n m-niino
gronp (17).% Thus the left side of aren A s arbitrarily
assigned to a hydrophobie region in positions 4-6. The
pvrimidine portion of the guanine can then be either
to the left of arca. A or flipped over to the right of
area A.

(8) I'be cliemwl lnreapeutic cearnus for shmlying pnanine ileaminasp? »
aml xandbiae nxilase! hove hoen previnnsly ilisensserl,

4 Seevef 7, 1 1010

(103 L. R, Baker. J. Ved, Chem., 10, 59 (19673, paper LX NI of (Lis
merIES.

1 B R Raker sl 1L L
paper XCTU of 1 lis serivs,

NMendvivkson, J. Phavm, Sei., 88, 105 (10G7)



