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A series of H-anilino-2,4-disubstituted pyrimidines was prepared by the reaction of aromatic amines with 5-

bromo-4-oxopyrimidines.
diaminopyrimidines.
unimpressive antibacterial activities,

Potent antifolic acid activity (inhibition of folic and
dihydrofolic acid reductases?) is displayed by 2,4-di-
aminopyrimidines with a heavy substituent in the 5-
positions.?  Several isologous series of pyrimidines
bearing an aryl group either direcetly in the 3-position or
conneeted to it through O, CHs, or S have been syn-
thesized previously,* and these have yielded compounds
with notable antimicrobial activity, e.g., the coccidio-
stat, diaveridine [2,4-diamino-5-(3,4-dimethoxybenzyl)-
pyrimidine]?; the antibacterial, trimethoprim [2,4-
diamino-5-(3,4,5-trimethoxybenzyl) pyrimidine [*?; aund
the antimalarial, pyrimethamine (2,4-diamino-5-p-
chlorophenyl-6-ethylpyrimidine).®*  The present paper
deals with the further extension of the group to the 5-
arylaminopyrimidines.

The first reported syntheses of 5-anilinopyrimidines
were those of 3-anilinobarbiturie acid and its 2-thio
analog by condensation of diethyl anilinomalonate with
urea and thiourea, respectively.” An extension of this
procedure was reported in a recent paper on a series of
2,4,6-trisubstituted and 4,6-disubstituted 5-arylamino-
pyrimidines,* This method, however, does not lend
itself to the synthesis of 2/4-diamino derivatives because
of the difficulty of subsequent elimination of a 6-hy-
droxyl group from the pyrimidine ring.

Three approaches to the synthesis of 3-anilino-2,4-
diaminopyrimidines have becn studied in this labora-
tory: (a) the condensation of guanidine with e-anilino-
B-methoxyacrylonitriles, (b) the interaction of haloben-
zenes with j-aminopyrimidines, aud (¢) the reaction of
S-halopyrimidines with anilines.

The condensation of guanidine with e-aryl-g-alkoxy-
acrylonitriles is a well-established route to 2,4-diamino-
S-substituted pyrimidines.*®®  Similarly, e-arylthio-g-

(1) Paper presented in part at the Metrupolitan Regional Meeting, of the
American Chemical Society, New York, N. Y., Jan. 1962.

(2) G. H, Hitchings in “Drugs, Parasites and Hosts,” L. G. Goodwin
and R. H. Nimmo-Smith, Iid., J. and A, Churchill Ltd., London, 1862, p.
196.

(3) G. IH. Ritchings, G. B. Elion, H. VanderWerff, and E. A. Falco, J.
Biol. Chem., 174, 765 (1948); G. H. Hitchings, E. A. Falco, H. VanderWerff,
P. B. Russell, and G. B. Elion, ibid., 199, 43 (1452).

(4) (a) E. A, Faleo, P. B. Russell, and G. H. Hitchings, J. Am. Chem.
Soe., T3, 3753 (1951); (b) E. A. Faleo, 8. DuBreuil, and G. H. Hitchings,
ibid., 78, 3758 (1951); (o) P. B. Russell and Gi. H. Hitehings, iid., T3, 3763
(1951); (d) E. A. Faleo, B. Roth, and G. H. Hitchings, J. Org. Chem., 26
1143 (1961); (e) B. Roth, E. A. Falco, G. H, Hitchings, and 8. R. M.
Bushby. J. Med. Plarm. Chem., 65, 1103 (1962).

{5) G. H. Hitehings and 8. R. M. Bushby, Vth International Congress
of Biochemistry, Moscow, August 1961, Paper No. 7.42.1167.

(6) E. A. Falco, L. G. Goodwin, G. . Hitchings, I. M. Rollo, and P. B.
Russell, Brit. J. Pharm., 6, 185 (1951); G. H. Hitchings, Trans. Eoy. Soc.
Trop. Med. Hyg., 46, 467 {1952).

(7) T. B. Johnson and N. A. 8hepard, J. Am. Chem. Soc., 35, 994 (1913).

(8) 1). E. O Drien, ['. Bajocehi, R. K. Robins, and C. C, Cheng, J. Med.
Chem., B, 1085 (1962).

(9) P. B, Russell and N, Whittaker, J. Am. Clem. Soc., T4, 1310 (1952);
3. H. Chase, J. P. Thurston, and J. Walker, J. Chem. Soc., 3439 (1951);
B. H. Chase and J. Walker, bid., 3518 (1953).

The 3-anilinouracils were chlorodehydroxylated and aminated to form 5-anilino-2,4-
The latter exhibited moderate antimetabolic effects as folate antagonists and sporadic,

alkoxyuacrylic esters' condense with guanidine to give
S-substituted isocytosines. Compounds of this type
nmay be converted to the 24-diamino derivatives by
chlorodehydroxylation and amination.’®®  This route
was investigated with selected w@-anilino-g-methoxy-
acrylonitriles' but in each case the condensation of the
nitrile with guanidine failed to yield a pyrimidine.
Attention was then turned to the preparation of 5-
anilinoisocytosines.  The intermediate enol esters (11)
were prepared here by formylation of N-aryl-N-formyl-
glycine esters (I) ov by diformylation of N-arylglycine
esters (ITII) (zee Scheme ). The preparation of 1la

SCHEME 1
ArNCH,CO:Et -— ArN (‘“T——COZEt
(‘:HO CHO CHOH

IIa, Ar= C6H5
b, Ar = CsH,Cl-p

18, Ar= CsHa
b, AI‘ = CGH;CI—W

ArNHCH,CO.Et l
111a, Ar = CsHs

b, AI‘ =z (75H4C 1-7/ ArI\ C - COzEt
| [

N OH / CHO CHOCH;
R——</ ‘§~NHAr Va, Ar = CsHs
N:

b, Ar=CsH4Cl-p

1Va, R=NH,
b, R=SH

from la has been reported.t? This compound wus not
isolated, however.  The formyl derivatives (1I) did not
condense with guanidine. Their enol esters (V), pre-
pared from II by reaction with diazomethane or with
dimethyl sulfate and sodium bicarbonate in aqueous
dioxane, however, did condense with guanidine with
loss of the N-formyl group, to give 5-anilinoisocytosines
(IVa), identical with 3-anilinoisocytosine prepared by
the method deseribed below. This proved to be a poor
intermediate for preparation of the desired 2,4-di-
amino analog, since on treatment with phosphoryl
chloride it yielded intractable phosphorus complexes
which did not aminate satisfactorily. The enol esters
(V) reacted with thiourea, again with loss of the N-
formyl group, to give the 2-mercapto-4-hydroxypyrim-
idines (IVb). The identity of the products was estab-
lished by elemental analysis and comparison of ultra-
violet absorption spectra with those prepared by the
method described below.  3-p-Chloroanilino-2-thioura-
¢il was prepared in 679 yield by this method.

(10) B. Roth and G. H. Hitchings, J, Org. Chem., 26, 2770 (1961).

{11) Prepared by formylation of phenylglycinonitriles followed by ©O-

alkylation in the usual way.
(12) R. G. Jones, J. Am. Chem. Soe., T1, 644 (1949).
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The synthesis of 5-anilinopyrimidines by reaction of
aryl halides with 5-aminopyrimidines'? has only limited
application because the aryl halide must be activated.
Thus, 2,4-dinitrofluorobenzene was found here to re-
act with 5-aminouracil to yield 5-(2,4-dinitroanilino)-
uracil (VI) which was readily chlorodehydroxylated in
66% yield. Subsequent amination afforded the 2,4-
diaminopyrimidine derivative.

, 0
N
O='<N / NH, + F‘Q‘N(h —_
| NO
H 2
Yo
N
0= j>>NH NO,
]
H NOZ

VI

While this work was in progress, a synthesis of VI
from dinitrobromobenzene and 5-aminouracil was re-
ported.® The ultraviolet absorption spectrum was not
in agreement with that found in this laboratory, and
since the reaction conditions for the two had been
somewhat different, the literature method was re-
peated here. The compounds, obtained under the two
sets of different conditions, were identical on the basis of
elemental apalysis, ultraviolet spectra, and mixture
melting points. These results have been independently
confirmed by E. A. Falco (personal communication).

Nucleophilic substitution of the halogen of 5-halo-
pyrimidines by aromatic amines was examined as
another approach to the synthesis of 5-arylaminopyrim-
idines. Apparently this reaction has been successful
in only one instance, where aniline reacted with 5-
bromo-4-carboxy-2-methylpyrimidine to give the 5-
anilino derivative.’* On the other hand, aniline dis-
places the ethylthio group preferentially from 5-bromo-
and 5-iodo-2-ethylthio-4-hydroxypyrimidine.’* 5-Aryl-
amino-5,6-dihydrouracils were prepared by the reac-
tion of arylamines with 5-bromo-5,6-dihydrouracil,!
but their dehydrogenation to 3-anilinouracils could
not be effected.’®™ Although various aliphatic amines
react with 5-bromouracil (VIIa)!* and 5-bromoisocyto-
sine (VIIe),' aniline is reported not to react with VI1Ia.1®
It was found by the present authors, however, that
aniline does react with 5-bromouracil, under somewhat
more drastic conditions than those previously employed.
Using refluxing ethylene glycol as solvent, VIIa was
indeed found to react with a variety of anilines to form
5-anilinouracils. In many cases the yields were ex-
cellent.

5-Bromouracil (VIIa) was by far the most reactive
of the pyrimidines. Here it was possible to find a
rough correlation between the basicity of the aryl-
amines®® and the yield of anilinouracils (VIIIa). The
nitroanilines as well as o- and p-bromoanilines failed to

(13) D. M. Besley and A. A. Goldberg, J. Chem. Soc., 4997 (1957).

(14) H. L. Wheeler and H. 8. Bristol, Am. Chem. J., 35, 437 (1905); T.
B. Johnson and C. O. Johns, ibid., 84, 175 (1905).

(15) (a) 8. Gabriel, Ber., 38, 630 (1905); (b) K.-Y. Zee-Cheng, R. K.
Robins, and C. C. Cheng, J. Org. Chem. 26, 1877 (1961).

(18) A. P. Phillips, J. Am. Chem. Soc., 78, 1061 (1951).
(17) A. P. Phillips, ¢bid., 78, 4092 (1953).
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Vila, R=0H; R, = H VIiIIa, R = OH;Ri = Ru = H
b,R = OH; Ry = CH; ,R =0H; R, = CH;;
C,R=NH2;R1=H R11=H
d,R=SH; R, =H ¢, R=O0H; R, = H;
Ru = alkyl
d,R= NHQ,R] = Ru = H
€, R = SH,Rl =Ry=H
react. The introduction of ortho substituents in one or

both reactants and N-alkylation of the arylamines, as
well as replacement of the 2-hydroxy function of the
pyrimidine by an amino (VII¢) or mercapto group
(VIId), retarded the reaction. In such cases, exten-
sion of the reflux time or the use of a large excess of the
aniline improved the yields. The high temperature
necessary for the reaction causes undesirable side reac-
tions and considerable decomposition in VIId and in
many of the aromatic amines.

The order of reactivity of the 5-bromopyrimidines
toward aromatic amines decreases in the order 5-
bromouracil (V1Ia) > 5-bromo-6-methyluracil (VIIb) >
5-bromoisocytosine (VIIe) > 5-bromo-2-thiouracil
(VIId). The reaction of VIIc with anilines produces 5-
anilinouraeils (VIIIa) unless sufficient sodium acetate
is present to prevent hydrolysis of the 2-amino group.
The importance of a 4-hydroxy function to the activa-
tion of the 5-bromo group was shown by the failure of
the following to react with aromatic amines at tem-
peratures to 190°: 2-hydroxy, 4-amino-2-hydroxy, 2,4-
diamino, and 2,4-diamino-6-hydroxy (IX). In com-
pound IX deactivation by the two amino groups on the
ring appears to outweigh the effect of the 6-hydroxyl
group.

Since 5-bromo-2,4-diaminopyrimidine did not pro-
duce the desired 5-anilino derivatives directly, trans-
formation of the corresponding uracils (VIIIa and c)
was investigated. Chlorodehydroxylation of VIIIa
was effected in yields of 20-369, in refluxing phos-
phoryl chloride to which had been added either 3-5
moles of water or 2 moles of N,N-diethylaniline/mole of
uracil. The N-alkylanilinouracils (VIILc), on the other
hand, gave yields of 653-889 of 2,4-dichloro derivatives

(IXa). Treatment of IXa with alcoholic ammonia
R R,
N N
R~ H—Nar R—{ H—NHaAr
N= | N=
1
IXa, R = Cl; Ry = H or alkyl Xa, R = NHy; R, = SH

]

bR =NH,; Ri=Horalky] b R = R = SH

at 140° in an autoclave afforded the desired 5-anilino-
2,4-diaminopyrimidines (IXb). Thiation of VIIId
and VIIIe by phosphorus pentasulfide in pyridine af-
forded Xa and Xb, respectively.

The ultraviolet absorption spectra of the pure forms
of three typical 5-anilinouracils are presented in Table 1.
Protonation of the bases results in a lowering of the

(18) L. F. Fieser and M. Fieser, ‘“‘Advanced Organic Chemistry,”” Rein-
hold Publishing Corp., New York, N. Y,, 1061, p. 709; J. Hine, *Physical
Organic Chemistry,” 2nd Ed., McGraw-Hill Book Co., Inc., New York,
N. Y., 1962, p. 87.
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Tapre 1
ULTRAVIOLET ABSORPTION AND pK, VALUES
OF 5~ANILINOPYRIMIDINES

Compd. Species pHRay pH Amax, Mu e X 103
2 Neutral 7.0 242.5,312 12.2,3.0
Cation —1.34" h 2625 T

Anion 9129 13,0 237.5,280 12.6,8.0
4 Neutral 7.0 247, 310¢ 13.1,3.5
Cation —0.66° " 260 5.1
Anion 09.12° 11,0 237.5,2%2%  12.7,8.1
30 Neutral 7.0 246, 2881 16.2,3.9
Cation —1.99" ¢ 2575 9.0
Anion 957" 11.6 246,284 15.2,7.5
42 Neutral 5.0 235,315 12.3,16.6
Anion 7 14.1,14.7

747 10,7 237.5,207.5
263,325,

48  Neutral 12.9,33.0,

414.5 4.8
Anion 7 8.6 248 307.5 7.3,11.7
Xanion 10,97 13,0 282.5,357.5% 9.6,2.9
60  Neutral 10,0 240g, 280¢ 7.5,4.1
Catiou 7.04 1.0 234 9.6
Dication — —1.47" ¢ 225,278 8.6,6.6
71 Neutral 10.0 2486, 2957 8.5,3.9
Cation 6.94° 5.0 240 10.5
Dication —1.49¢ 7" 2325 282 9.4,6.0
35  Neutral 7.0 273 10.2
Cation 418 1.8 238,273 10.3,11.6,
3327 5.1

“ == upproxi-
“In EtOH.

¢ £ approximately 0.1 pH units. *8 VN HCL
mately 0.05 pH units.  #Shoulder. 4% N HCI.
v Compound precipitates. 12 .V HCL

intensity of the entire spectrum, so that no isosbestic
points are present at wave lengths greater than 220 mg.
There is at the same time a bathochromic shift of the
main peak. Formation of the monoanion results in a
hypsochromic shift of the low wave length peak, and
increased absorption in the 280-my region of the spec-
trum. Three isosbestic points are present.,

The anilinouracils are weaker bases than diphenyl-
amine (pK, = 0.85) by factors greater than one Hy unit
(Table 1}. That protonation occurs first on the anilino
nitrogen is suggested by the fact that the parent uracil
is 1 much weaker base (pK, = 3.38, according to the
data of Katritzky and Waring). Furthermore, the
anilinouracils are Hammett bases, ax indicated by the
fact that plots of log ([S]/[SH*]) against He gave
straight lines with unit gradient. This ix not the case
with uracil.’®  As might be expected from steric con-
siderations, the o-toluidinouracil ix @ weaker base than
the p-toluidino derivative. The introduction of a 6-
methyl substituent into the pyrimidine ring also lowers
the base strength of the p-toluidino derivative. The
acidiec pK, values of the anilinouracils are very close
to those of the corresponding H-unsubstituted uracils
(uracil, pK, = 9.38%; 6-methyluracil, pK, = 9.7%).

The ultraviolet absorption spectra and pK, values
for thio- and dithiouracil analogs also are presented
in Table 1. These compounds exhibit the typical ab-
sorption of thiones in the 300-330-mu region of the
spectrum as the neutral species, which is decreased in in-
tensity as the mono- and dianions are formed. The
acidic pK, values for these compounds are again very
close to those which have been reported for the corre-

(19) A. R. Katritzky and A. J. Waring, J. Chem. Sor., 1540 (1962).
(20) A. Albert and J. W. Phillips, ibid., 1294 (1956).
(21) J. R. Marshall and J. Walker, ¢bid., 1004 (1951).
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sponding S-un=ubstituted thiouracils (2-thiouracil, pK,
= 7.74, 12,75 2 4-dithiouracil, pK, = 6.4, 11.2%),

The ultravielet absorption spectra of two typical
S-anilino-2 -diaminopyrimidines also are given. The
neutral species show no well-defined absorption max-
ima but two nondeseript shoulders in the 240- and 280-
my regions.  Monoprotonation results in a hyvpso-
chromic shift with lowered intensity in the 290-my re-
gion and inereased intensity of the low wave length
peak.  Two izosbestic points result.  The addition of o
second proton inercazes the intensity once more in the
280-mpy region and createx @ well-defined maximum.
The low wave length peak, on the other hand. under-
goex a hyp=o-~ and hypochromic shift.

The basic strength of the 5-aniline-2,4-diamino-
pyrimidines is lower than that of 2,4,3-triaminopyrini-
dine (pK, = 7.63, 2.56%*), ux is to be expected from the
introduction  of  the eclectron-withdrawing aromatie
group, and is sunilar to that of 2 4-diaminopyrimidine
(pK, = 7.26"*: 1o =ccond pK, value reported).
The pK, value representing the second protonation for
either of these two pyrimidines is approximately one Hy
value lower than that representing the first protonation
of the corresponding uracil compound 2. Aethylation
on the aniline nitrogen does not appreciably affeet the
basicity.  These pyrimidines also behave like Hamimett
ba=ex in this region of acidity, although the changes in
absorption with acidity we not large, rendering quan-
titative interpretation more difficult.

Speciral data and pA, values for one H-anilinoisocyto-
sine are reported (Tuable 1), The basic pK, value for
thix compound ix verv similar to that for the parent
isocytosine (pK, = 4.01%"), The acidic pK, value
could not be determined with any degree of accuracy
becuause of instability of the compound in alkali. This
= o common characteristic of 2.5-diaminopyrimidines
which oxidize rapidly to dark red produets in alkaline
mediun.

Antimetabolic Effects.-—~The 5S-anilinopyrimidines
show only moderate inhibitory effects in the Lactobacillus
caset <ystem (Table 1T, Among the uracil derivatives
(1, 16, VI, 33), only the dinitro derivative VI ix inhibi-
tory at the 100-ug./ml level and it ix essentially inwe-
tive at w concentration of 5 pg./ml. A 2-mercapto-4-
hydroxy derivative (44) and an Isocyvtosine derivative
(38) alzo were essentially  inactive. A somewhat
greater level of activity was shown by the dimercapto
derivative (49) but it also failed to inhibit at a concen-
tration of 5 pg./ml. The diamino derivatives (58-66)
were more potent.  All were inhibitory at a concentra-
tion of 5 pg./ml. and all showed one of the characteris-
ties of folate antagonism, i.e., reversal of the effects by
folate ax evidenced by lesser inhibitions in the high
folate (FA4) than in the low folate (OFFA) mediun.
None of these, however, exhibited the bypass reversal
(growth in PT medium) characteristic of uncom-
plicated folate antagoni=m. The dinitrodiamino deri-
rative (67) was the least active of the group, in contrast
to the corresponding dihvdroxy derivative which was

(22) 1. N. Christensen, J. Biol. Chem., 160, 425 (1945); D, Shugar and
J. ). Fox, Bull. soc. chim. Belges, 61, 293 (1952).

23) D.J. Brown, J. dppl. Chem. (London), 9, 203 (1959 H. G. Maut-
ner, J. Am. Chem. Soc., T8, 5292 (1956).

(24} K. I, Mason, J. Chem. Sor., 2071 (1954},

(25) A. Albert, R. Goldacre, and 1. Phillips, ibid., 2240 (1848); (b) P. A,
Levene, T.. W. Bass, and H. & Simms, J, Biol. Chem., 70, 229 (1926).
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TaprLe 11
GRrOWTH INHIBITORY ACTIVITY OF 5-ANILINOPYRIMIDINES
vs. L. caser
Conen., —Inhibition (%) in medium indicated-—
Compd. usg./mi, OFA FAL PT PFA
6 100 —23 0 0 0
16 100 —30 0 —20 0
VI 100 —86 —100 0 0
5 —29 -9 0 0
33 100 —16 0 —27 0
44 100 —23 0 0 0
38 100 0 0 0 0
49 100 —92 —44 —85 —-70
5 -7 0 15 -8
58 100 —96 ~05 —50 —-95
5 —58 0 —27 -31
59 100 —906 —94 —87 —94
5 —81 —65 —74 —68
60 100 —85 —90 —84 —93
5 —45 —10 —37 —57
61 100 —05 —94 —91 —93
5 —74 —34 —40 —67
62 100 —94 —96 —92 ~-96
5 —96 —87 —92 —96
1 —69 —-30 —70 —-70
0.1 0 —24 —22 —25
63 100 —93 —96 0 —93
5 —64 —14 —20 —73
64 100 —91 —93 —87 —93
5 —69 —16 —21 —70
65 100 —90 —-90 —82 —06
5 —-75 —13 —-10 —72
66 100 —96 —97 —80 —904
5 —90 -71 —61 —84
1 —56 0 0 -37
67 100 —56 —18 0 —58
5 —12 0 0 —10
69 100 —83 —21 - 58 —61
5 —42 0 0 -10
70 100 —49 0 33 —46
5 0 0 0 0
the most active of the substituted uracils. Substitu-

tion of the anilino nitrogen diminished activity in both
of the cases tested (69 and 70).

Antibacterial Activities.—Although activities of a
minimal nature were exhibited sporadically by the 5-
anilino-2,4-diaminopyrimidines, the results on the
whole were unimpressive in comparison to those of
other groups of 5-substituted pyrimidines (e.g., 5-
benzylpyrimidines®) (see Table III).

TaBLE III

ANTIBACTERIAL EFFECTS OF 5-ANILINOURACILS BY
Disk-Prate METHOD

————Zones of inhibition (mm.) of hacteria®

Compd. Sa/s Sa/r S.1. E.c. A.a. P.v. Ps.a.
58 0 0 24 0 0 0 0
59 12 13 20 0 12 12 0
60 0 0 30 12 0 12p 0O
61 0 0 33 0 12 12p 0
63 0 0 33 12 0 12 Tr
64 0 0 0 0 0 0 0]
65 0 0 3% 12 12 13p 0
66 15 13 0 0 0 0 11p
70 0 0 17 0 0 13 0

* Sa/s = Staphylococcus aureus CN 209, Sa/r = Staphylococ-
cus aureus Bennett, S.f. = Streptococcus faecalis ATCC 6043,
E.c. = Escherichia coli CN 601, A.a. = Aerobacter aerogenes
ATCC 8308, P.v. = Proteus vulgaris ATCC 9920, Ps.a. =
Pscudomonas aeruginosa P-20,
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Antitumeor Activities.—None of the 5-anilino-2,4-
diaminopyrimidines showed reproducible activity
against S180 or Ad755 in mice. A few of the 5-anilino-
uracils exhibited activity against S180, but failed to
show activity against Ad755. The results of the tests of
compounds active against S180 are shown in Table IV.

TaBLE IV

ACTIVITIES OF 5-ANILINOURACILS AGAINST SsRcOMA 180

Dose, TWI

Compd.  mg./ke. (T/C)® T/N? Toxieity® BWI? (T/C)

17 50 1.01 6/6 0/6 0.92
100 0.20 4/8 0/6 0.98

200 Toxic
4 100 0.54 6/6 0/6 0.87
150 0.28 5/6 0/6 0.98
250 0.21 6/6 0/6 1.23
250 0.66 6/6 0/6 1.10
400 0.44 5/6 0/6 0.96
8 50 0.51 6/6 0/6 1.14
100 0.39 4/5 1/6 0.98
100 0.30 5/5 1/6 0.9
Via 25 0.41 6/6 0/6 1.07
50 0.26 6/6 0/6 0.94

100 Toxic

e TWI = tumor weight index; ratio of tumor weights of
treated/control. *T/N = tumors/number of animals at termina-
tion. ¢ Toxicity = number dying of toxicity/number in group.
¢ BWI = body weight index; ratio of animal weights at termi-
nation, treated/control.

Experimental Section?

Antibacterial Tests.-——Filter paper disks (10 mm. in diameter)
were saturated with solutions of the compounds to be tested
(1 mg./ml.) and applied to agar plates seeded with the appropri-
ate organism. After incubation of the plates, the diameters of
the zones of inhibition were measured. The disks retain ca.
0.02 ml. of solution, and, therefore, approximately 20 ug. of com-
pound.

pK. Determinations.—pK, values were determined spectro-
photometrically using the procedure of Roth and Schloemer.2
Values below pH 1 were determined in HC] of varying normali-
ties, and the H, scale of Paul and Long?® was used as the acidity
function. Inthe cases of pK. valuesin the Hy range, curves were
plotted at a series of acidities, and the optical densities at single
wave lengths where the greatest differences occurred were plotted
against the acidity function. Sigmoid curves were obtained
from which the midpoints could be used to estimate the pK.
values, and it was found that the calculated curves for the pK.
values in question matched the experimental points.® Simi-
larly, plots of the log of fractional protonation vs. Hy produced
straight lines of unit gradient, indicating that the compounds
were Hammett bases, and that the H, scale was satisfactory for
use here. The anilinouracils were somewhat unstable in alkali,
which renders the extinction coefficients and hence acidic pKa.
values open to some uncertainty. It appeared that a second
proton was lost between pH 13 and 14, but it was not possible to
give any closer estimate of this second pK. value, since the spec-
tra did not change sufficiently with pH in this region and the
stability was also too serious.

(26) Melting points (corrected) were taken in an open capillary, using
a silicone bath. Above 260° a Melt-Meter® was used. Ultraviolet absorp-
tion spectra were determined on a Beckman DU spectrophotometer with
matched quartz cuvettes. Infrared absorption spectra were determined
from pressed potassium bromide disks on a Beckman IR-4 spectrophotome-
ter. The use of Lactobacillus casei for the evaluation of potential antagonists
of folie acid, purines, and thymine has been described in previous publica-
tions. ¥

(27) G. H. Hitchings, G, B. Elion, E. A. Falco, P. B. Russell, and H.
VanderWerff, J. Biol. Chem., 183, 1 (1950); G. H. Hitchings, Ann. N. Y.
Acad. Sci., 76, 490 (1958).

(28) B. Roth and L. A, Schloemer, J. Org. Chem., 28, 2659 (1963).

(29) M. A, Paul and F. A. Long, Ckem. Rev., 8T, 12 (1957).

(30) B. Roth and J. . Bunnett, J. Am. Chem. Soc., 87, 334 (1965).
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Ly a-{ N-FORMANILIDO 18-y DRON Y ACkY Lates 11
R*@—IT——‘C——COQFR
CHO CHOH
Yield, — (e, s T ound, % -—-—n
Compd. R Route (A Ap., °C. Formula C I N ¢ " N
1a H A 40 Y9-101 Ci:HisNO, 61 27 5,07 BIRD 61.64 5. 47 SRRIAY
ITh Cl A %5 102-104 CHiCINO, 53 44 1448 5.19 5316 4.17 515
1Th 1 B 56 102104 CLITLOINO, 5% 44 4N 510 SN 429 5.0n
TapLe VI
3-ANILINOURACILS
L0
0= )—NH
II\'
¥ X
Condi-  Yield, M.p.. e Claled., G —-———TFound, % -
Compd X tions® T EleXd Formula C JEd N C I N
1 H 2 76 317-319 CioHNO- A0 11 4.46 20). 68 o911 4.03 20.56
2 2-CH; 4 A6 299--300 CyHy NG04 60,82 510 19.35 60 .58 3.09 19.26
3 3-CH; 2 a3 324-320 CyH N0, 60 .82 h. 10 19.35 60 .62 4.89 19.16
4 4-CH; 2 91 323-326 CyHNO. 60 .82 510 10.35 60 .62 505 19.25
5 2,4,6-(CHy)s 4 25 314-317 CsH16N;500 63,40 6.55 17.06 63.76 6.21 17.36
6 2-C1 4 12 309-311 CpHCINGO; 50,54 339 {7.68 50.65 3.03 17 .42
7 3-C1 2 24 304-305 CieH:CINO, 50.54 330 (7.68 50.73 3.10 17.75
bt 4-Cl1 2 45 338-340 C1yHCINO, 50.54 3.39 17.68 50,65 347 17.64
9 3-Br 2 27 310-311 CioHeBrN,0s 42.57 2. 86 14.90 42 .65 2.78 15,22
10 4-F 2 66 327-329 CioHFNLO, 54.30 3.65 19.00 5428 365 18,80
i1 3,4-(Cl)e 2 31 325-326 CrH:CLNO, 44.14 250 15. 44 44.17 2,44 15.48
12 2-CH;-3-Cl 4 16 310-311 Cy H,,CIN;0, 52.50 401 16.70 52.56 400 16.07
13 2-CH-4-Cl 4 19 317-318 C11H,,CIN ;0. 52.50 4.01 16.70 52.88 389 16.90
14 2-0CH; 4 30 300-302 CyHiuN;0, 56.65 $.75 18.02 36.74 4.76 17.492
15 3-OCH3 2 54 295-297 CyHy N0, 56.65 175 18,02 5687 5.14 18 .06
16 4-OCH; 2 88 312-315 C, 1 Hiu N0, 56.65 4.75 18.02 56.55 4. 74 17.80
17 3,4,5-(0OCHj)s 2 28 271-273 CiHis N0, 53,24 5.16 i4.33 5328 508 14 47
18 2,4-(OCH;), 4 67 270-281 CieHis N0, 3475 4.08 15 06 54,90 5.02 15 02
@ In all cases 3.5 moles of arylamine/mole of 5-hromouracil was used. Figures in this column refer to reflux time in hours, " With

decomposition. Recrystallized from acetic acid.

N-Aryl-N-formylglycine Ethyl Esters (I).—The formyl esters
were prepared by reaction of the sodium salt of the formanilides
and ethyl chloracetate according to known procedures.’* The
use of NaOH in toluene was found to facilitate the reaction.
Ta was obtained as an oil, b.p. 110-111 (0.1 mm.), lit.3! b.p, 200~
295°.

The p-chloro compound (Ib) melted at 56-57° (from benzene—
petroleum ether); Amax 2.88, 3.32, 5.68, 5.88, 6.22 u.

Anal. Caled. for C,yHi:CINO;: C, 54.67; H, 5.00; N, 5.80.
Found: C,54.71; H, 4.51; N, 5.66.

Ethyl «-(N-Formanilido)-g-hydroxyacrylates (II, Table V).
A. By C-Formylation of N-Formyl Esters (I).—The method used
has been described.!? The diformyl esters were recrystallized
from benzene-petroleum ether; ITh has An.. 2.85, 3.15,3.27, 5.9,
6.21, 6.62 p.

B. By Diformylation of Arylglycine Esters (III).—The prepa-
ration of the p-chloro derivative (IIb) is presented as an example.
To a solution of 21.3 g. (0.1 mole) of N-p-chlorophenylglycine
ethyl ester (IIIb)*2 and 37.0 g. (0.5 mole) of ethyl formate (dried
over anhydrous KyCOj3) in 60 ml, of dry benzene was added 2.3 g.
(0.1 g.~atom) of sodium. The mixture was stirred under nitro-
gen for 6 hr. then refrigerated for 3 days. Water was added,
followed by NaHCOQ; solution. The organic phase was extracted
with fresh NaHCO; solution. The combined aqueous phase was
then extracted with ether and acidified. The oil which sepa-
rated was taken up in ether, washed with water, and dried. After
elimination of the solvent, a solid was obtained, m.p. 95-97°

(31) C. Paal and G. Otten, Ber., 28, 2587 (1890).
(32) W. Baker, W. D, Ollis, and V. D. Poole, J. Chem. Soc., 307 (1940).

The analytical sample was obtained by recrystallization from
benzene—petroleum ether: Anmax 2.85, 3.15-3.3, 5.9, 6.21, 6.62 .
Ethyl o-(N-Formanilido)-3-methoxyacrylates (V).—This pro-
cedure, which is essentially that of Baltzly and Russell®? is exem-
plified by the preparation of ethyl a~(N-formyl-p-chloroanilido)-
B-methoxyacrylate (Vh). A mixture of 46 g. (0.17 mole) of
1Ib, and 43 g. (0.51 mole) of NaHCO; in 135 ml. of dioxane and
13 ml. of water was stirred at room temperature for 1 hr. Di-
methyl sulfate (43 g., 0.34 mole) was added, and the reaction
flask was immersed in 2 water bath at ¥5°. The mixture was
vigorously stirred as the temperature of the bath was raised to
090°.  After 3.5 hr., the reaction mixture was cooled, poured on
ice, and extracted with ether. The ether extract was washed
once with 109 NaHCO; and three times with water and dried
(MgS0y). Evaporation of the ether gave the crude produet
which was triturated with hexane and filtered to give 48.3 g.
(1002%) of cream-colored solid, melting at 88-90°.  An analytical
sample was obtained by recrystallization from benzene-hexane.
It melted at 92-94°; Anax 2.85, 3.30, 5.78-5.83, 5.97, 6.21, 6.62 .
Anal.  Caled. for C,;H CINO,: C, 55.03; H,4.97. Found: (',

55.02; H, 4.60.

Ester Va was obtained only as a crude oil.

Synthesis of 5-Anilinopyrimidines via Acrylates (V). 5.p-
Chloranilino-2-thiouracil (43, Table IX).—A solution of 30 g.
(0.106 mole) of Vb, 8.4 g. (0.11 mole) of thiourea, and 12.0 g.
(0.22 mole) of commercial sodium methoxide in 100 ml. of metha-
nol was refluxed for 7 hr. The solution was concentrated to
dryness in vacuo, and water was added to the residue, followed by

(33) R. Baltzly and P. B. Russell, J. Org. Clhem., 21, 912 (1036).



January 1966

5-ARYLAMINOPYRIMIDINES 113

TarrLe VII
5-N-SUBSTITUTED ANILINOURACILS

N
I
H
Condi~-  Yield, M.p., °C.
Compd. R X tions? % dee.
19 COCH;, e 91 276-278>
20 COCH; 4-Cl L 99  247.5-250.5°
21 CH; 3 47 261-263¢
22 C.H; 5 52 204-297¢
23 n-CsH, 6 34 273-274 . 5¢
24 CH; 2-CH; 6 22 293-294¢
25 CH;, 4-Cl 4.5 27 271-273 . 5¢
26 CH; 2-OCH; 6 63 298-300

¢ Compounds 19 and 20 were prepared as described below.
of 3-bromouracil.
aqueous 2-methoxyethanol.

| o
IR

———Caled., % Found, %———
Formula (¢} H N C H N

—

CiHuN;04 58.77 4.52 17.13 59.13 4.57 17.10
CHyCINO;  51.53 3.60 15.02 51.47 3.43 14.90
CuHiu N0, 60.82 5.10 19.35 60.65 4.86 19.20
C12H1:N;0, 62.32 5.67 18.17 62.12 5.69 18.02
C1aH17N;0; 64.85 6.61 16.20 64.70 6.16 16.42
C12Hy5N:0; 62.32 5.67 18.17 62.57 5.73 18.01
CuH,CIN;O: 52.50 4.01 16.70 52.18 3.97 17.03
CroHi3N;0; 58.29 5.30 17.00 58.45 5.24 16.91

Compounds 21-26 were prepared from 3.5 moles of N-alkylaniline/mole
Figures in this column refer to reflux time in hours.

b Recrystallized from aqueous ethanol. ¢ Recrystallized from

TapLe VIII
5-ANILINO-6-METHYLURACILS

% 0
N
X

H CH,
Condi-  Yield, Calod., % Found, %

Compd: X tions? % M.p., °C? Formula C H N C H N
27 6 27 315-317 CuHiyN:O, 60.82 5.10 19.35 61.09 4.76 19.22
28 2-CH;, 4 20 320~-324 Ci1:H13N;0. 62.32 5.67 18.17 62.59 5.71 18.02
29 3-CH;, 2 53 272-275.5 C12Hi3N;0, 62.32 5.67 18.17 62.35 5.89 18.13
30 4-CHj, 2 42 319-321 CrH1sN50, 62.32 5.67 18.17 62.50 5.34 18.34
31 3-Cl 2 15 305-308 C11H,,CIN;0. 52.50 4.01 16.70 52.24 4.00 16.57
32 4-Cl 2 12 321-322 CuHioCIN;0, 52.50 4.01 16.70 52.54 3.67 16.95
33 4-OCH; 2 60 278-280 Ci2H13N30;4 58.29 5.30 17.00 58.23 4.97 17.09

¢ In all cases 10 moles of the aniline/mole of 5-bromo-6-methylureacil was used.

® With decomposition. Recrystallized from acetic acid.

acetic acid. The crude product was collected by filtration and
washed with water, methanol, and ether., A cream-colored
solid (18 g., 679%) was obtained. It was purified by solution in
dilute alkali, followed by treatment with charcoal and repre-
cipitation with acetic acid. Several recrystallizations from aque-
ous 2-methoxyethanol gave the analytically pure product.

5-Anilinoisocytosine.—A warm mixture of 107 g. (1.12 moles)
of guanidine hydrochloride and 90.5 g. (1.68 moles) of commercial
sodium methoxide in 300 ml. of methanol was stirred for 1 hr. and
filtered through diatomaceous earth. The filter cake was washed
with additional methanol. To the filtrate was added a solution
of 140 g. (0.56 mole) of ethyl a-(N-formanilido)-3-methoxy-
acrylate in 100 ml. of methanol. The solution became hot. It
was refluxed for 4 hr. After standing at room temperature
overnight the mixture was concentrated to dryness at reduced
pressure. The residue was taken up in hot, dilute alkali, cooled,
filtered clear, and treated with charcoal. The product was re-
precipitated by the addition of acetic acid to pH 5.5. Repre-
cipitation from alkali gave a yellow solid, 60 g. Several recrystal-
lizations from aqueous 2-methoxyethanol gave an analytical
sample, melting at 294-295°, undepressed by admixture with
compound prepared by general method (see below); Amax 2.1-
2.8, 3.15, 5.8-6.8, 6.23, 6.5-7.5 u; ultraviolet absorption char-
acteristics were as follows [mu (¢ X 107%)]: (a) 0.1 N HC],
Amsx 235 (9.5), 272 (11.2), 332 sh (4.7); Amin 222 (8.6), 246.5 (8.9);
(b) 0.1 N NaOH, Apax 240 (11.8), 280 sh (8.5); Amin 222.5 (10.4).

Anal. Caled. for CyoHyoN,O: C, 59.40; H, 4.98; N, 27.71.
Found: C, 59.75; H,4.99; N, 27.70..

General Method of Synthesis of 5-Anilinopyrimidines by Re-
action of 5-Bromopyrimidines with Aromatic Amines.—An excess
of the appropriate aniline (distilled from zinc) and 5-bromopyrim-

Figures in this column refer to reflux time in hours.

idine (VII) were heated at 185-200° in 5-10 vol. of refluxing
ethylene glycol for the 2-6 hr. in the presence of hydroquinone,
Nitrogen was introduced below the surface of the reaction mixture
to provide agitation and to minimize oxidation. On cooling to
room temperature, the reaction mixture often solidified. In any
case, it was diluted with several volumes of water to precipitate
all of the product. The crude product was washed with ether
and acetone to remove excess anilines and dissolved in alkali.
In some cases the aqueous alkaline solution required additional
ether extraction. After treatment with charcoal, the product
was reprecipitated with acid, washed with water, and dried.
The yields indicated in Tables VI-IX were calculated at this
point for the 5-anilinopyrimidines prepared by this method. Fur-
ther purification was accomplished by a second reprecipitation
from alkali and repeated recrystallization from the appropriate
solvent (see tables). These compounds were obtained as white or
off-white crystalline solids, with the exception of the 2-thio
derivatives which were pale yellow to yellow. The general
method is exemplified by the synthesis of 5-anilinouracil and 5-
anilinoisocytosine.

5-Anilinouracil (1, Table VI).—A solution of 250 g. (1.3 moles) of
5-bromouracil and 363 g. (3.9 moles) of aniline in 2.5 1. of ethylene
glycol was refluxed for 2 hr. at 190-195° in a nitrogen atmosphere.
The product precipitated on cooling. The reaction mixture was
diluted with a large volume of water and refrigerated. The prod-
uct was collected by suction filtration and washed with water
and acetone. It was further purified by solution in aqueous base,
followed by treatment with charcoal, and reprecipitation with
concentrated HCI to give 201.4 g. (769,) of off-white needles.
Several recrystallizations from glacial acetic acid gave the prod-
uct as the free base (colorless needles).
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Tasre IN
2-AMINO- and 2-MERCAPTO-4-1IIVDRONY=3=ANTLINOUY RINTDIN E
OH
N
R N—NH
N=
X
Condi- Yield, i (CMaled L Y w—Fonnd, (- -
Clompid. R X tions™ KA M.op., sk Formula & 117 N (& H N
34 NH, gt 43 204-295 CILpN O 59,400 498 27 71 S0.13 4.8 2771
35 NH, 3-CH; 2" 40 291-293 'y HeNLO 6110 5.5 23,91 6108 535 2577
36 NH. 4-CH; 2¢ 40 277-280 Ci HNO 61.10 .04 25 61.35 5. 068 25,84
37 NH, 3-Cl 4.5¢ 25 292-295 CioH,yCINL,O A0.T5 383 2368 50 44 4 00 RESE L
38 NH, 4-OCH,4 3¢ 61 240-243 CuHpa N0, 56.80 5.2 24012 56.7S 0 504 2433
39 SH ef 11 280-282 CioHoN;08 5478 414 19.16 54,08 437 19.03
40 SH 2-CH; of 6 280-283 CuHnN;O8 56.63  4.75 18,01 5664 5.1H 1762
41 SH 3-CH; 2/ 12 246-248 CpHN,08 56.63  4.75  18.0) 56.82 4.80  1T.8H
42 SH 4-CH, 2/ 41 300-302 CyHyN;08 36.63  4.75 1801 36.64 4.40 18 O7
43 SH 4-Cl g 300-301 CHsCIN;08 47.34 3.1s 16.56 4754 314 16,22
44 SH 4-OCHj; 2/ 30 274-276 C HpNGO08 A3.00 45 16.86 3285 408 1672

¢ Figures in this column refer to reflux time in hours.
ethanol.
(1903)] and sodium acetate (2.5 moles) were used.
B8-methoxyacrylate and thiourea.
J. Am. Chem. Soc., 70, 1753 (1948)] was used.
Synthetic procedure given in detail.

5-Anilinoisocytosine (34, Table IX).—A mixture of 20 g.
(0.105 mole) of 5-bromoisocytosine,?* 20 g. (0.245 mole) of sodium
acetate, 100 g. (1.07 moles) of aniline, and 100 ml. of ethylene
glycol was refluxed at 180-190° for 2 hr. Upon cooling and
dilution with water, acetic acid was added to pH 5.5. The mix-
ture was refrigerated overnight, ether was added to dissolve a
large fraction of the excess aniline, and the brown solid was
collected. The product was washed with ether and acetone,
dissolved in alkali, treated with charcoal, and reprecipitated with
acetic acid to give 9 g. (43%) of beige solid. The product was
again reprecipitated from alkali and repeatedly recrystallized
from aqueous 2-methoxyethanol. It melted at 294-295°: A,ux
2.1-2.8,3.15, 5.8-6.8, 6.23, 6.5-7.5 4.

Anal. Caled. for CioHN;0,: C, 59.11; H, 4.46; N, 20.68.
Found: C, 59.35; H, 5.10; N, 20.49, 20.73.

A solution of 5 g. (0.026 mole) of 5-bromoisocytosine and 20 g.
(0.215 mole) of aniline in 85 ml. of ethylene glycol was refluxed for
2 hr, at 190-195°. The product was isolated and purified as be-
fore. It melted at 310-315°. The analysis and ultraviolet ab-
sorption spectrum indicated that the substance was 5-anilino-
uracil.

5-(2,4-Dinitroanilino)uracil (VI).—A solution of 20 g. (0.16
mole) of 5-aminouracil and 30 g. (0.16 mole) of dinitrofluoroben-
zene in 500 ml. of ethylene glycol was stirred at 175-180° (in-
ternal) for 1.5 hr. Upon cooling, the reaction mixture solidified.
Water was added with stirring, and the product (38 g., 839;) was
filtered and washed with water, ethanol, and ether. It was puri-
fied by recrystallization from aqueous dimethylformamide.
An analytically pure sample was obtained from boiling glacial
acetic acid. It melted at 207-298° (yellow needles); ultraviolet
absorption characteristics were as follows [mu (¢ X 1073)]: (a)
0.1 N HCI, Amax 262 (14.9), 351 (16.3); Amia 250 (14.0), 297.5
(5.8); (b) pH 11 glycine buffer, Mn.x 227.5 (13.3), 269 (12.0),
362 (16.2); Amin 247 (9.2), 310(6.5).

Anal. Caled. for C,oH;N;0;: C, 40.96; H, 2.40; N, 23.88.
Found: C,40.90; H,2.92; N, 24.14.

The literatured gives m.p. 312-313 dec.; ultraviolet [mu (e X
1073)]: at pH 1, Amax 246 (15.8), sh 285 (10.0), 340 (5.8); at pH
11, Amax 286 (12.4) and 340 (10.0). Using the published pro-
cedure,? a 739, yield of yellow VI was obtained.

5-(4-Carboxy-2-nitro)anilinouracil was prepared by the reac-
tion of 5-aminouracil with 4-fluoro-3-nitrobenzoic acid, as de-
scribed above for VI. The orange-red product, recrystallized
from HOAe, did not decompose at 315°; vield, 219.

Anal. Caled. for C,yHgNOs: C, 45.21; H, 2.76; N, 19.71.
Found: C,45.19; H, 2.91; N, 18.94.

(34y H. L. Wheeler and T. B. Johngon, Am. Chem. J., 29, 504 (1903).

* With decomposition.
¢ In each case 6 moles of the aniline/mole of 3-bromoisocytosine [IT. L. Wheeler and T. B. Johnson, .m. Chem. J., 29, 504
4 Synthetic procedure given in detail.
/ Ten moles of the aniline/mole of 3-bromo-2-thiouracil [H. W. Barrvett, 1. Goodman, and K. Dittmer
¢ From purified ethyl a~(N-formyl-p-chloroanilido)-g-methoxyacrylate and thiourea,

Reerystallized in all cases from aqueous 2-methoxy-

¢ From crude ethyl a-(N-formuanilido -

2,4-Dichloro-5-anilinopyrimidines (Table X).—A mixture of 1
mole of the 3-anilino- or 5-N-alkylanilinouracil and 2 moles of
N,N-diethylaniline in phosphoryl chloride (12 ml./g. of uracily
was refluxed for 2 hr. The dark solution was concentrated uf
reduced pressure to one-third of the original volume and poured
on ice-water. While the temperature was maintained below
10°, the mixture was stirred and neutralized by addition of
NILOII.  Stirring was continued for 2 hr. and NILOI was
added as necessary to maiutain pH 6~7. The mixture was then
extracted with ethyl acetate four times, and the combined ex-
tracts were extracted with 6 N HCI to remove N,N-diethyl-
aniline. The ethyl acetate was then washed with water, until
the washings were neutral, and dried. The residue, obtained
after filtering and concentrating the filtrate to dryness, wus
taken up in boiling hexane, filtered, and concentrated to a small
volume. On cooling the 2,4-dichloro derivative crystallized i
=ufficiently pure state for use in subsequent amination. Analyti-
cally pure samples were obtained by further recrystallization
from hexane. In an equally effective method, but offering no
advantages, 3-5 moles of water was first added to phosphoryl
chloride. The work-up and yields were the same. Phosphoryl
chloride alone was found to require very much longer reflux times
and afforded very poor vields, except in the case of 5-(2,4-di-
nitroanilino)uracil.

5-Anilino-2,4-diaminopyrimidines. General Method.——A mix-
ture of 2,4-dichloro-3-anilino- or 5-N-alkylanilinopyrimidine and
ethanol saturated with ammonia at 5° was heated at 140° for
16 hr. in an autoclave. The solvent was removed under dimin-
ished pressure. The residue was taken up in dilute acetic acid,
treated with charcoal, and reprecipitated with alkali. The prod-
uct was collected, washed well with water, dried, and recrystal-
lized from benzene containing a litile methanol (except as noted
in Table XI). The 2,4-diaminopyrimidines are listed in Table XI.

5-Acetanilidouracil.—A mixture of 5 g. (0.0246 mole) of 5-
anilinouracil and 20 ml. of acetic anhydride was refluxed for 2 hr.,
concentrated to half the original volume, and poured onto ice.
The lumps were broken up, and the solid product was collected
and washed with water and two small portions of ethanol. After
drying, there was obtained 5.5 g. (87.5%) melting at 270°.  An
analytically pure sample was obtained by repeated recrystalliza-
tion from aquecus ethanol.

5-p-Chloroacetanilidouracil was prepared by the same pro-
cedure. These compounds are listed in Table I11.

Thiation of 5-Anilinoisocytosines and 5-Anilino-2-thiouracils
(Table VI). 2-Amino-5-anilino-4-mercaptopyrimidine.--A mix-
ture of 5 g. (0.025 mole) of 5-anilinoisocytosine and 15 g. of crude
phosphorus pentasulfide powder in 50 ml. of redistilled pyridine
containing 4 drops of water was stirred under reflux for 7 hr.
After standing overnight at room temperature, the mixture was
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TasrLe X
MISCELLANEOUS 2,4-DISUBSTITUTED 5-ANILINOPYRIMIDINES

R,
N
\
=0

R, X
Yield, M.p., °C. Caled., % ~——Found, %——

Compd. R Ry Re X T dec. Formula C H N C H N
45 NH, SH H 223-224 CroHoN4Se 55.02 4.62 25.67 55.22 4.43 25.59
46 NH, SH H 3-Cl 242-243 CioHoCIN,S? 47.52 3.59 22.17 47.49 3.86 22.01
47 NH, SH H 4-OCH; 241-242 CiHpNLOSe 53.21 4.87 22.56 53.55 4.93 22.73
48 SH SH H 4-CH, 276-278 CuHuNsS. 52.98 4.45 16.85 53.02 4.35 16.73
49 SH SH H 4-Cl1 .. 287-289 CioHCIN;S, 44 52 2.99 15.58 44.77 2.87 15.51
50 Cl Cl H 34 95.5-96.5 C;H:CLN; 50.02 2.94 17.50 50.19 2.94 17.38
51 Cl Cl H 3-CH; 21 74-75.5 CuH,yCLN; 51.99 3.57 16.54 51.70 3.41 16.33
52 Cl Cl H 3-Br 36 143-145 C1oHsBrCLN; 37.65 1.90 13.17 37.77 2.00 13.12
53 Cl Cl H 4-OCH;, 20 121-122.5 CuH CLN;O 48.91 3.36 15.56 48.76 3.02 15.63
54 Cl C1 H 2,4-(NO;). 66 168-170 CioH5CLN ;04 36.38 1.53 21.22 36.31 1.53 20.95
55 Cl Cl C,H; 66 51-52 C.Hi: CLN; 53.75 4.13 15.67 53.44 4.39 15.66
56 Cl Cl CH; 2-CH; 82 115-117 C1oHy,CLN3 53.75 4.13 15.67 53.54 4.20 15.47
57 Cl Cl CH; 4-CH; 88 90-91 C1eHy; CLN, 53.75 4.13 15.67 54.08 3.87 15.67
o Anal. Caled.: 8, 14.69. Found: 15.05. » Anal. Caled.: S, 12.69. Found: 12.75. ¢ Anal. Caled.: S, 12.91. Found: 13.19

TaBLe XI

2,4-DIAMINO-5-ANILINOPYRIMIDINES
NH,
N
HN— H—N
N=" |
Rox
— Caled., % Found, %

Compd. R X M.p., °C.® Formula (@] H N C H N
58 H H 201-203° CnHuN; 59.69 5.51 34.80 59.48 5.32 35.10
59 H 3-CH; 189-190° CuHisNs 61.38 6.09 32.54 61.11 5.94 32.27
60 H 4-CH;, 231-232°% CuHiN; 61.38 6.09 32.54 61.53 6.36 32.28
61 H 4-Cl 263-265° C1oH1,CING 50.96 4,28 29.72 50.70 4.23 29.37
62 H 3,4-(Cl), 260-261% C1oHoCELNs 44 .46 3.36 25.93 44 .93 3.32 25.90
63 H 3-Br 2262270 CHBrN; 42 87 3.60 25.00 43.11 3.91 25.15
64 H 3-OCH; 202-203° CHpsN:0 57.13 5.66 30.28 57.01 5.53 30.32
65 H 4-OCH; 216-219% CuHisN:0 57.13 5.66 30.28 57.00 5.35 30.05
66 H 2,4-(0OCHs)s 212-213% C12Hy: N0, 55.16 5.79 26.81 54.98 5.64 26.88
67 H 2,4-(NOs). 25725800 C1oHoN70, 41.24 3.11 33.67 41.41 3.44 33.40
68 CH; 179-181 CuHisNs 61.38 6.09 32.54 61.13 5.90 31.92
69 C.Hj 155-156 Ci2HisNs 62.86 6.59 30.55 63.09 6.39 30.64
70 CH; 2-CH; 212-214 Ci2H; ;N5 62.86 6.59 30.55 63.06 6.52 30.59
71 CH; 4-CH;, 143.5-144.5¢ CHisN; 62.86 6.59 30.55 62.71 6.23 30.92
72 CH,; 4-Cl 196-198¢ CuH,CIN; 52.91 4.85 28.05 53.39 4.53 28.85

@ Recrystallized from benzene (methanol), except as noted.
ethanol. ¢ Recrystallized from benzene.

poured into water, and the bright yellow solid was collected and
washed with water. The crude product was purified by solution
in dilute alkali, treatment with charcoal, and reprecipitation by
the addition of acetic acid. Repeated recrystallization from
aqueous ethanol gave a pure product.
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