
A series id :i-ariiliiio-L',~-tiisul)~titiited pyriiiiitliiies \\-a:: piep:iretl I)!- tlie m i v t  i i l i i  of :woiiiat ic aitiiiies with .i- 
The d-aniliriouracils were chlorodehydloxylated a i d  aiiiiiinted to form 5-aiiiliiio-2,4- 

' as folate ,iiitagonists and sporadic, 
broino-4-oxopyrimidiiie,. 
diamiiiop3.riniidiiies. 
uiiirnpressive aiitibacterinl activities. 

Tho latter exhibited moderate antimetabolic eff 

l'otctit xntifolic :wid activity (inhibition of folic and 
dihytlrofolic acid reductases2) is displayed by 2,4-cli- 
aniiiiol)yriiiiidines with :L heavy sub.;t,ituerit, in tlie 5-  
positions. Several isologous series of pyriiiiidiiies 
bearing ai1 :try1 groul) either directly in tlie 3-positioii or 
connected to it t'hrough 0, CH,, or S have bee11 syn- 
t'hesizcd r i re~iously,~ and these h:ive yielded conipouiids 
\vit,h notable antiniiimbial activity, e . ~ . ,  tho coccidio- 
st,at , dinveritline [2,,1-diaiiiiiio-S-(:3,d-diiiiet hoxybcnzy1)- 
pyrimidine ] : the xiit ibacterid, t iiniet81iopriiii [ 2,4- 
clittii1iiio-5-(~3,4,~-trinietlioxybeiizyl)~~yriiiiidiiie]-'~~~~ i i i id  

the :uit,ini:darial, 1)yriiiiethaiiiiiic (2,d-diaiiiitio-3-p- 
chlorophenyl-B-ethylpyl.imidinc) .'! The present' paper 
deals with the further extension of the groui) to the 5 -  
,2rglnniiiioi,yriniidiiie~. 

The first reported syntheses of .5-aiiilii~opyriiiiidiiies 
\\-ere tliosr of S-niiiliiiobarbituri[~ acid and its 2-thio 
analog by condcns:ition of dietjhyl aiiilino1iialoll3tc.~loii~t~c with 
urea arid thiourea, ~*esl)ectivcly.~ Ai1 cstciision of this 
proceclurcb was reported ill n recciit, 1)aper 011 a series of 
",1,G-trisubstitutetl a i d  1,G-cli.~ubstitiitetl hrylani ino-  

This nicthod, hon-ever, does not, lend 
itself to the syiith ' of 2,4-di:iniiiii) derivatives bccauAic. 
of the difficulty huhsequeiit eliniitiation of :I ti-hy- 
tlroxyl groulj fro111 tlir. pyriniidiric~ riiig. 

of 5-:iiiiliiio-'2,,1- 
tliaiiiiiiol,yriiiiidiii~~s have hcchii -tudictl i l l  this labora- 
tory : (:tj thc, coideiistttioii of guaiiidiiie \\.it11 a-aiiiliiio- 
~-iiiet~lioxy:icryloiiitrilcs, (b) thc i titeixct ion of h:i,lobrll- 
zeiics with .i-:i~iiiiiol,!.riiiii~li~~es, : i i i t l  (c) t lie rea(-1 ion of 

c ivitli oc-aryl-@-:ilkoxy- 
(1 rout(, to  2,4-dianiino- 

.i+uhstitutctl ~)yriiiiicli~ies.;.~~,~ Siiiiilwly, oc-:irylthio-$- 

Tlirce :il)l)roaches to tlie sylit,hc 

(1) Paper presented in par t  a t  the Xetrupolitan Regiunal Meetinz, of the 
ew York, N.  T., Jan. 1962. 
l r u q r ,  Parasite3 and Hosts," L. 0. Goodwin 
., J. and .I. Cliurcliill Ltd. ,  London, 1962, 11. 

196. 
(3) Q. 11. Iliirhinys, U. U. Elion, 11. Yande r f f ,  and E. A Falco, J .  

Rzol. C h e m . ,  174, 768 (19481; G. 1%. Hitrhings, E Falro.  11. VanderWerff, 
P. E. Russell, and G. 13. Elion, ibid., 199, 43 (1'3;' 

(4) (a) E. h. Izalro, P. 13. Russell, and G. €1. liitcliinns, .I. Am.  Ciiem. 
Soc., 73, 3 7 5 3  (1951); (b] E. A.  Falco, S. lIiiHreiii1, and G. €I.  Hitchings, 
i t r id , ,  73, 3758 (1951); (c) 1'. 13. Russell and C;. I€ .  IIitcIiings, i b i d . ,  73, 3763 
(t!>51): ( r i )  E. A. I'alco. E. Rot!>, and G. FI. Ilitchines, J .  Org. Chem.,  26 
1143 (1961); (e!  13. Roth, E. h. Falco, 0. 11. Hitchings, and S. It. XI. 
J ~ ~ I S I I I ~ , ~ ,  , I .  M e d .  Plarm. Chem., 5, 1103 (196%). 

( 5 )  G. €I. Hitchings and Y. H .  11. B d i h y ,  Vth  International Congress 
of 13ioi:Iiernistry, ~ I O S C O W ,  Aiigii5t 1961, Paper 60. 7.42.1167. 

(6) E. .I, Falco. L. G .  Goodwin, G. 15. Hitcliingr, I .  AI. Rollo. and P. B. 
Russell, Brit. J .  I'hnrm., 6, 185 (1951); G. T I .  Ilitchings, Trans. Roy.  Soc. 
l ' r o p .  . I led. Iiyg., 46, 467 ( 

. . lm Cheni. S o c . ,  35, 994 (1913). 
l o l h a ,  a n d  C:. C. C'heng, .I. X e d .  

C'hem., 5,  108.5 (1962). 
(9) P. 1 3 .  Russell anrl N.  LVliittaker, J .  . I m .  ( ' / c r m .  Sot . ,  74, 1310 ilg3"; 

11. i€ .  Chase, .1. P. Thurston, and .J. \Talker, .I. Ciiern. Soc., :3 139 !19311; 
1%. i1. Chase arid J. tvalker. iiiid., 3518 (19%). 

( 7 )  'r. 13. .lo!inson and 

T + ~ ~ )  coiitleiibe with guaiiidiiie t o  givv 
ytosiiiey. Coiiipounds of this type 

iiiay bc coiiverted t o  t he 2,d-dianiino derivatives by 
chloi,odeliydPoxylatioIi :iiid imiiiiatioii.4a-c This route 

iiivestigated with selected cr-~~~iiliiio-~-iiietliosy- 
:my-lonitrilesi 1 hut in tach case the iaidensation of thc 
nitrile n-ith gu:miiline failcd to yield :L pyriiiiidine. 

theii turned to tlw preparation of 3- 
:uiiliiioisoc~ytosiiie~. The interiiictliate enol c'sterr (11) 
n.erc1 1)rcpared here hy forinylation of S-aryl-N-formyl- 
glyciii(1 ester5 (I) or by tliforinylatioii of N-aiylglyciii(~ 

rs (111) jhct' S ( ~ Y W  I). T l i ~  i)reparstioli of II:1 

bCHE\lE 1 
! UCH2C02Et ----z ArN-C-C02Et 
- L r - l  CHO CHOH CHO 
la ,  Ar = CgHj 
b, Ar = C6HsCI-jl 

ArNHCH2C02Et 
IIIa, Ai = CsHs 

I I 1  

IIa, Ar = C6Hj 
b, Ar = CsH,CI-p 

COzEt A4rh -c __ 
I / 

b. Ar - C'bH4CI-i) 

I I /  

Va, Ai - ChHs 
/" CHO CHOCHi 

b, Ar = CsH4Cl-p 
,+$:HA* N= 

IVa, K = NH, 
b , R  SH 

fl0111 1:2 h t b  b(Y'11 1 C'])Ol t l d . ' ?  rl'llls colllpoulltl \\.as 11ot 

isolated, ho~wvri.. Tlic formyl derivatives (11) did not  
rondc~iiw with gu:mdiiie. Their eiiol esters (Y), prci- 
i)ared from I1 hy I i w t i o n  n it11 diazonietharie or with 
dimethyl bulfatc and .odium bicarbonate in aqueous 
tlioxarie, howercr, did coiideii~e with guaiiidiiie with 
105, of tlic X-foriiiyl group, to give .?-aiiiliiioisocytosilici 
(lVa), identicnl with j-ai3iliiioisocyto;lne prepared by 
tlie incthod drvribetl below. This proved to be a poor 
iiiternicdinto for I)reparation of the desired 2 , k l i -  
aniiiio :indog, -iiicc 011 t realmetit with phosphoryl 
chloride it yielded iiitrxctable pho5phoru.j co~iiplexcs 
nhich (lid iiol aniinatc sati.factorily. The enol Cstris 
(V) reactccl with thiourea. again with loss of the S- 
formyl group, to give t hci 2-iii~rc.apto-~-hydroxypyriiii- 
itline. (IT'b). The ideiitity of the products W:IS e5tah- 
I ishd by elelili>lltd :llialy :tiid comparison of ultra- 
violet absorption spectr:t with those prepared b y  the 
method dcwribcd halon . .i-p-Chloroanilino-2-thiour:l- 
( 8 1 1  TKIS prcp:u'c*tl I I I  67c; yirld by lhii method. 

110) n. l to ih  a i d  Cr Li. liitchings, / ,  O r g  ('hem , 26, 2770 (19bli 
,11) Prepared 1)" form>latlon of ~111en)lglycinonltriles folloHod L g  0- 

alkqlation in tlie i i5 i id  \!a\ 
I .I m ( ' / < e m  \oe , 71, b44 (1'343) 
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The synthesis of 5-anilinopyrimidines by reaction of 
aryl halides with 5-aminopyrimidines13 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. 

I 
H 

A NO* 
VI 

While this work was in progress, a synthesis of VI 
from dinitrobromobenzene and 5-aminouracil was re- 
ported.8 The ultraviolet absorption spectrum was not 
in agreement with that found in this laboratory, and 
since the rea,ction 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 analysis, 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 der i~a t ive . ’~  On the other hand, aniline dis- 
places the ethylthio group preferentially from 5-bromo- 
and 5-iod0-2-ethylthi0-4-hydroxypyrimidine.’~ 5-Aryl- 
amino-5,6-dihydrouracils were prepared by the reac- 
tion of arylamines with 5-bromo-5,6-dihydrouracil, l5 

but their dehydrogenation to 5-anilinouracils could 
not be effected.15b Although various aliphatic amines 
react with 5-bromouracil (VIIa)I6 and 5-bromoisocyto- 
sine (VIIc),17 aniline is reported not to react with VIIa.16 
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. I n  many cases the yields were ex- 
cellent. 

5-Bromouracil (VIIa) was by far the most reactive 
of the pyrimidines. Here i t  was possible to find a 
rough correlation between the basicity of the aryl- 
aminesI8 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 . ,  86, 437 (1905); T. 

(15) (a) 5. Gabriel, Be?., 88, 630 (1905); (b) K.-Y. Zee-Cheng, R. K. 

(16) A. P. Phillips, J .  Am. Chem. Soc.. 73, 1061 (1951). 
(17) A. P.  Phillips, zbzd.,  76, 4092 (1953). 

B. Johnson and C. 0. Johns, i b i d . ,  84, 175 (1905). 

Robins, and C. C. Cheng, J .  Org. Chem. 26, 1877 (1961). 

VIIa, R = OH; R1 = H YIIIa, R = OH; R1 = R11 = H 
b , R  = OH; RI = CHI 
P,  R = NH,; Ri H R11 = H 
d . R  = SH: Ri = H 

b, R 
C. R = OH: Ri = H: 

OH; Ri = CH3; 

’ Kn = alkyl 
d, R = NHr; R1 = R11 = H 
e, It = SH; R1 = RU = H 

react. The introduction of ortho substituents in one or 
both reactants and X-alkylation of the arylainines, as 
well as replacement of the 2-hydroxy function of the 
pyrimidine by an amino (T’IIc) 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 T‘IId and in 
many of the aromatic amines. 

The order of reactivity of the 5-broniopyrimidines 
toward aromatic amines decreases in the order 5- 
bromouracil (VIIa) > 5-bromo-6-methyluracil (VIIb) > 
5-bromoisocytosine (VIIc) > 5-bromo-2-thiouracil 
(VIId). The reaction of VIIc with anilines produces 5- 
anilinouracils (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 &bromo group was shown by the failure of 
the following to react with aromatic amines a t  tem- 
peratures to 190’ : 2-hydroxy, 4-amino-2-hydroxy, 2,4- 
diamino, and 2,4-diamino-B-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 20-367, in refluxing phos- 
phoryl chloride to which had been added either 3-5 
moles of water or 2 moles of S,X-diethylaniline/mole of 
uracil. The N-alkylanilinouracils (VIIIc) , on the other 
hand, gave yields of 6548% of 2,4-dichloro derivatives 
(IXa). Treatment of IXa  with alcoholic ammonia 

R R, 

IXa, R = C1; R1 = H or alkyl 

a t  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 I .  
Protonation of the bases results in a lowering of the 

Xa, R = NH,; Rl = SH 
b, R = NH2; R1 = H or alkyl b, R = R1 = SH 

(18) L. F. Fieser and M. Fieser, “Advanced Organic Chemistry,” Rein- 
hold Publishing Corp., New York, N. Y. ,  1961, p. 709; J. Hine, “Physical 
Organic Chemistry,” 2nd Ed., hIcGraw-Hill Book Co., Inc., New York, 
N. Y., 1962, p. 87. 
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intensity of the entire spectrum, so that no isosbestic 
points are present at wave length< greater than 220 inp. 
There is a t  the smie time a bathoc~hroiiiic~ shift of the 
iiiairi peak. 1;ormatioii of the iiioiioaiiion reiults in :L 
hypsovhroniic shift of the low \\ ave leiigth peak, and 
iniwa+ed absorptioii i n  the 28O-inp regioii of the spec- 
trum. Three isosbe-tir points are present. 

amine (pKa = 0.83) by factor.; greater than one Ho unit 
(Table 1). That protonatioii oc(ur. first oil the anilino 
nitrogen i >  suggested by the favt that the parent uracil 
i- a imwh weaker base (pK, = 3.38, according to the 
data of Katritzky and Wa . I'urtherniore, thc  
xiiiliiiouracils are Hainmett , :I\ indicated by thc 
favt that ploth of log ([S]/[SH 'I) :ipaiiiht I f 0  gwvc 
straight liiics with unit gr:itlieiit. Tl i i \  is i i o t  thcl rase 
with u r a d i Y  A s  niight bc ,  c~slm4ctl froin 5teriv r o w  
siderailoris, the o-toluidiiiorir:teil 1s ;I n - eak~r  hi\(> t h a n  
the p-toluidino derivxtivc. Tlic ititrotlurtioii of :I 6- 
methyl wbstitueiit into thci pyi.iiiiidiiic ring alw lower. 
the base strength of t hv p-tolriitiiiio deiivativc. Thc 
:iridic p K ,  vx lue~  of t hr :itiiliiioura(~il. arc% very   lo,(^ 
i o  t how o f  t he ( Y I I W ~  midi iig 5-utiwbsti t uted ui"51.: 
(uracil, pKa = 9.:38?": ~i-iiicthylui:ic.il, pKa = 

Thc ultraviolct at)si)rl)tioii sI)crt i'ii :itid i)KLL value- 
for thio- and dithioulacil aiialog-, :ILO are presented 
i n  Tablc I .  Thche cwitipouIit1. exhibit the typical ah- 
sorption of thionrs i i i  tEic :300 X30-irip regioii of the 
-pec~truiii as the iieutiwl .;pevies, Trhich is decreased in iii- 

tensity a i  the niono- and dianioni are formed. The 
widiv pKa valueq for these c.oinpouiids :ire again very 
c~lo.;e to t h o v  which havc l w r i i  rel)ortrct for the r o r r ~ -  

The anilinouracils arc weaker ba 

(19) A.  R.  Iiatritzky and A. J. \Taring, J .  Cliem. S o r . ,  1310 (1962] 
(20 )  A. h lhe r t  and J. W. Phillipa, ibid., 1294 (1956). 
(21) J. R. bIarshall and J. Walker, ibid., 1004 (1951). 
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TABLE I1 
GROWTH IKHIBI'I'ORY AcTrvITY O F  ~-ANILINOPYRIMIDINES 

Compd. 

6 
16 
VI 

33 
44 
38 
49 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

69 

70 

Concn.. 
rg./ml. 
100 
100 
100 

5 
100 
100 
100 
100 

5 
100 

5 
100 

5 
100 

5 
100 

5 
100 

5 
1 
0 . 1  

100 
5 

100 
5 

100 
5 

100 
5 
1 

100 
5 

100 
5 

100 
5 

us. L. casei 
-Inhibition (%) in medium indicated- 
OFA 
- 23 
- 30 
- 86 
- 20 
- 16 
- 23 

0 
- 92 

-7 
- 96 
- 58 
- 96 
-81 
- 85 
- 45 
- 95 
- 74 
- 94 
- 96 
- 69 

0 
- 93 
- 64 
-91 
-69 
- 90 
- 75 
- 96 
- 90 
- 56 
- 56 
- 12 
- 83 
- 42 
- 49 

0 

FA+ 
0 
0 

- 100 
-9 

0 
0 
0 

- 44 
0 

- 95 
0 

- 94 
- 65 
- 90 
- 10 
- 94 
- 34 
- 96 
- 87 
- 30 
- 24 
- 96 
- 14 
- 93 
- 16 
- 90 
- 13 
- 97 
- 71 

0 
- 18 

0 
-21 

0 
0 
0 

PT 
0 

- 20 
0 
0 

-27 
0 
0 

- 85 
15 

- 50 
- 27 
- 87 
-74 
- 84 
- 37 
-91 
- 40 
- 92 
- 92 
- 70 
- 22 

0 
- 20 
- 87 
-21 
- 82 
- 10 
- 80 
-61 

0 
0 
0 

- 58 
0 

33 
0 

the most active of the substituted uracilb. 

PFA 
0 
0 
0 
0 
0 
0 
0 

- 70 
- 8  
- 95 
-31 
- 94 
- 68 
- 93 
- 57 
- 93 
- 67 
- 96 
- 96 
- 70 
- 25 
- 93 
-73 
- 93 
- 50 
- 96 
- 72 
- 94 
- 84 
- 37 
- 58 
- 10 
- 61 
- 10 
- 46 

0 

Substitu- 
tion of the anilirio 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 pyriniidineq ( e . g . ,  5- 
hcn~ylpyrimidines~~) (see Table 111). 

TABLE I11 

DISK-PLATE METHOD 
A4KTIBACTERI.%L EFFECTS OF 5-ANlLIiYOUR.~CILS BY 

---Zones of inhibition (mm.) of bacteriaa- 
Compd. S a l s  Sa/r S.f. E.c. A a .  P.v. Ps.a. 

58 0 0 2 4  0 0 0 0 
59 12 13 20 0 12 12 0 
60 0 0 30 12 0 12p 0 
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 36 12 12 15p 0 
66 15 13 0 0 0 0 l l p  
70 0 0 1 7  0 0 1 3  0 

Sa/s = Staphylococcus aureus C N  209, Sa/r = Staphylococ- 
cus aureus Bennett, S.f. = Streptococcus faecalis ATCC 6043, 
E.?. = Escherichia coli CY 601, A.a. = Aerobacter aerogenes 
ATCC 8308, P.v. = Proteus vulgaris ATCC 9920, Ps.a. = 
Pseudomonas aeruginosa P-20. 

Antitumor Activities.--Sone 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. 

T-~BLE I V  
ACTIVITIES O F  ~5-L~NILINOUR.~CILS .%G.\INST s.4RCOll.X 180 

Dose, TWI 
Compd. mg./kg. (T/C)n T/Nh ToxicityC BWId (T/C) 

17 50 1.01 6/6 0/6 0.92 
100 0.20 4/6 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 0.21 616 0/6 1 .23  

400 0.44 5 /6 01'6 0.96 
8 50 0.51 6/6 016 1.14 

100 0.39 415 1 /6 0.98 

250 0.66 6/6 0/6 1 .10  

100 0.30 515 1 16 0.91 
VIa 25 0.41 6/6 0/6 1.07 

50 0.26 6/6 0/6 0.04 
100 Toxic 

a TWI = tiimor weight index; ratio of tumor weights of 
T / N  = ttimors/niimber of animals at termina- 

Toxicity = niimber dying of toxicity/number in group. 
BWI = body weight index; ratio of aninial weights at termi- 

treated/control. 
tion. 

lint inn, treat ed/cnntrol. 

Experimental Section*6 
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. Bfter 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 p g .  of com- 
pound. 

pK, Determinations.-pK, values were determined spectro- 
photometrically using the procedure of Roth and Schloemer.z8 
I'alues below p H  1 were determined in HC1 of varying normali- 
ties, and the Ho scale of Paul and Longz9 was used as the acidity 
function. In  the cases of pK, values in the HO range, curves were 
plotted at a series of acidities, and the optical densities a t  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 p0ints.3~ Simi- 
larly, plots of the log of fractional protonation us. Ho produced 
straight lines of unit gradient, indicating that the compounds 
were Hammett bases, and that the HO scale was satisfactory for 
use here. The anilinouracils were somewhat unstable in alkali, 
which renders the extinction coefficients and hence acidic pK, 
values open to some uncertainty. It appeared that a second 
proton was lost between p H  13 and 14, but i t  was not possible to 
give any closer estimate of this second pK, value, since the spec- 
tra did not change sufficiently with p H  in this region and the 
stability was also too serious 

(26) Melting points (corrected) were taken in an open capillary, using 
a silicone bath. Ultraviolet absorp- 
tion spectra were determined on a Beckman D U  spectrophotometer with 
matched quart?, cuvettes. Infrared absorption spectra were determined 
from pressed potassium bromide disks on a Beckman IR-4 spectrophotome- 
ter. T h e  use of Lactobacillus casei for the evaluation of potential antagonists 
of folic acid, purines, and thymine has been described in previous publica- 
tions.27 

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

Above 260° a Melt-hIeter@ was used. 

(28 )  B. Roth and L. A. Schloemer, J .  070. Chem., 28, 2659 (1963). 
(29) 31. A. Paul and F. A. Long, Chem. REU. ,  57, 12 (1957). 
(30) E. Roth and J .  P. Bunnett ,  J .  Ani. Chem. Soc., 87, 334 (1965). 
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Compd. X 
1 TI 
2 2-CI1, 
:: :bcTIs 
4 4-CB7 
) 

G 
i 
?, 

IJ 
1 0  
I 1  
12 
1 :3 
I4 
1 5 
1 G  
1 i  
18 

t?,4,6-( CH& 
2-s1 
3-SI 
4-C'l 
3-Br 
4-F 
3,4-( Cl)z 
2-CH3-3-Cl 
2-CH3-4-CI 
2-0CI1, 
3-OCHy 
4-OCH7 
:j,4,5-(OCH3)8 
2,4-(OCII,)z 

314-317 
309-311 
304-303 
338-340 
310-311 
327-329 
32.5-326 
310-311 
3 17-31 8 

296-297 
3 1 2-3 1 -5 
271-273 
279-251 

300-302 

a Ti1 all cases 3.5 moles of arylamine/niole of 5-l)inrnoiiraril T ~ R  i iset i .  Figiir(bs iii this col i i i i i i i  i.cfw ( ( I  i x l f l i i s  iiiiie i i i  hi~iirs. ij'iili 
decolnposition. Recrystallized from acetic acid. 

N-Aryl-N-formylglycine Ethyl Esters (I).-The formyl ester- 
were prepared by reaction of the sodium salt of the formanilidei 
and ethyl chloracetate according to  kiiomn procedures.31 The 
use of NaOH in toluene n-as found to facilitate the reaction. 
Ta was obtained as an oil, b.p. 110-111 (0.1 mm.), lit.31 b.p. 290- 
205O. 

The p-chloro compound (Ib) melted a t  56--57" (from benzene- 
petroleumether); A,,,2.88, 3.32, 5.68, 5.88, 6 . 2 2 ~ .  

Anal. Calcd. for C,lH12ClIT0~: C, 54.67; €I. 5.00; IT, LS0. 
Found. C, 54.71; H, 4.51; 5,  5.66. 

Ethvl dN-Formani1ido)-8-hvdroxvacrvlates (11. Table Vi.  
A. B; C-Formylation of N-Formyl Esters iI).-Tke met'hod uscil 
has beeri described.12 The diformyl esters were recrystallized 
from benzene-petroleuni ether; I Ib  has A,,,, 2.85, 3.15,3.27, 5.9. 
6.21, 6.62 p. 

B. By Diformylation of Arylglycine Esters (HI).-The prepa- 
ration of the p-chloro derivative (IIb)  is presented as a n  example. 
To a solution of 21.3 g. (0.1 mole) of N-p-chlorophenylglycine 
ethyl ester ( I I Ib)pz and 3'7.0 g. (0.5 mole) of ethyl formate (dried 
over anhydrous K2C03) 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 NaHC03 solution. The organic phase was extracted 
with fresh NaHCOs solution. The combined aqueous phase %-ai: 
then extracted with ether and acidified. The oil whirh sepa- 
rated was taken up in ether, washed with water, and dried. After 
elimination of the solvent, a solid was obbined, m.p. 95-97'. 

(31)  Cy. Paal and G. Otten, Ber., 23, 2587 (1890) 
(32) W. Raker, W, D. Oll~s,  and V D.  pool^, J .  f 3 p m .  P o c  , 307 (19W1 

The nnalyticnl sample m-ab obtained by recrystallization friiiii 

henzene-petroleum etlier: A,,,, 2.85, 3.15-3.3, 5.9, 6.21, 6.62 p .  
Ethyl a-(N-Formadido)-P-methoxyacrylates (V).-This pro- 

cedure, which is essentially that of Baltzly and Russel133 is exerri- 
plified by the preparation of ethyl a-(N-formyl-p-chloroani1ido)- 
p-methoxyacrylate (Vb). ,4 mixture of 46 g. (0.17 mole) of 
IIb, and 43 g. (0.51 mole) of XaIICO3 in 135 nil. of diosaiie and  
13 nil. of water was stirred a t  room temperature for 1 lir. I)i- 
rnethj.1 yulfate (42 g., 0.34 mole) \\-as added, and the reacstiori 
H : L Y ~  W:W immersed ir i  a xyster balh a t  75' .  The misi.ure \cis 
vigorously stirred a? the temperature of the bath xa.5 raised to 
00". After 3.5 hr., ihe reaction mixture was rooled, poured o i i  

icae, arid extracted with ether. The ether extract was washctl 
KaRCO3 and three times with water and dried 

poratiori of the ether gave the crude proc1iic.1 
which vas  triturated with hexane and filtered to  give 48.3 g. 
1007:) of cream-colored solid, Ineltirig at  88-00". An arialyt,ic:iI 
ample was obtained by recrystallization from benzene--hexane. 

It melted at 92-94'; X,,,, 2.85, 3.80, 5.78-5.83, 5.97, 6.21, 6.62 p.  
A n a l .  Calcd. for C,,IJ14C1?;O~: C, 55.03; I& 4.97. Found: ( I .  

.5.5.02; H, 4.60. 
Ester T'a was ohtained only as a crude oil. 
Synthesis of 5-Anilinopyrimidines via Acrylates (1'). 5-p-  

Chloranilino-2-thiouracil (43, Table IX).--.4 solution of 30 p. 
(0.106 mole) of T'b, 8.4 g. (0.11 mole) of thiourw, and 12.0 g. 
(0.22 mole) of commercial sodium methoxide in 100 ml. of metha- 
nol was refluxed for 7 hr. The solut,ion waF concentratrti t i l  
clryii(~\s in w m o ,  ai id  water was added to the residue, ftrllowrtt 1,- 

. .. ~ ~. 

(:13) Ti. l ~ n l t z l j  nni l  P. 1I.  Riisqell, , I .  O r g .  Ciiem., 21, 912 ' I O S O )  
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TABLE VI1 
5-IL'-SUBSTITUTED AXILINOUILICIIS 

H 

Compd. 

19 
20 
21 
22 
23 
24 
25 
26 

Condi- 
X tio& 

. . .  
4-C1 . . .  

5 
5 
6 

2-CH3 6 
4 x 1  4 . 5  
2-OCH3 6 

Yield, 
% 

91 
99 
47 
52 
34 
22 
27 
63 

ALP., o c .  
dec. 

2 76-278' 
247.5-250.5' 

261-263' 
294-297c 
273-274.50 
293-294' 
271-273.5' 
298-300 

--Calcd , 5%- 
C H N  

58 77 4 52 17 13 
51 53 3 60 15 02 
60 82 5 10 19 35 
62 32 5 67 18 17 
64 85 6 61 16 20 
62 32 5 67 18 17 
52 50 4 01 16 70 
58 29 5 30 17 00 

--Found, %--- 
C H X  

59.13 4 57 17 10 
51.47 3 43 14 90 
60.65 4 86 19 20 
62.12 5.69 18.02 
64.70 6.16 16.42 
62.57 5 .73  18 01 
52 18 3.97 17.03 
58.45 5 24 16.91 

aqueous 2-methoxyethanol. 

TABLE VI11 
5-ANILIXO-6-METHYLURACILS 

Compd; 

27 
28 
29 
30 
31 
32 
33 

Condi- 
X tionsa 

6 
2-CH3 4 
3-CH3 2 
4-CH3 2 
3-C1 2 
4-C1 2 
4-OCH3 2 

Yield, 
% 
27 
20 
53 
42 
15 
12 
60 

M.p., 0C.b 

315-317 
320-324 
272-275.5 
319-321 
305-308 
321-322 
278-280 

a Compounds 19 and 20 were prepared as described below. Compounds 21-26 were prepared from 3.5 moles of N-alkylaniline/mole 
c Recrystallized from of 5-bromouracil. Figures in this column refer to reflux time in hoiirs. Recrystallized from aqueous ethanol. 

0 I n  all cases 10 moles of the aniline/mole of 5-bromo-6-methvlureacil was used. Fignres in this rohimn refer to reflnx time in hours. 
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., 67%) 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-formani1ido)-@-methoxy- 
acrylate in 100 ml. of methanol. The solution became hot. It 
was refluxed for 4 hr. After standing a t  room temperature 
overnight the mixture was concentrated to dryness a t  reduced 
pressure. Thp 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 p H  5.5. Repre- 
cipitation from alkali gave a yellow solid, 60 g. Several recrystal- 
lizations from aqueous 2-methoxyethanol gave an analytical 
sample, me1 ting a t  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 p ;  ultraviolet absorption char- 
acteristics were as follows [mp ( E  X lod3)]:  (a) 0.1 N HCl, 
A,,, 235 (9.5), 272 (11.2), 332 sh (4.7); X m r n  222 (8.6), 246.5 (8.9); 
(b)0.1 N NaOH, A,,,240(11.8), 280.h(8.5). X,,,222.5(10.4). 

Anal. Calcd. for CloHloN40: C, 59.40; H, 4.08; 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-broniopyrim- 

I 

C 
60.82 
62.32 
62.32 
62.32 
52.50 
52.50 
58.29 

-Calod., 70- 
H 

5 .10  
5.67 
5.67 
5 .67  
4 .01  
4 .01  
5 30 

- 
N 

19.35 
18.17 
18.17 
18.17 
16.70 
16.70 
17.00 

r- 

C 
61.09 
62.59 
62.35 
62,50 
52,24 
52.54 
58.23 

-Found, %-- 
H N 

4.76 19.22 
5.71 18.02 
5.89 18.13 
5.34 18.34 
4.00 16.57 
3 .67  16.95 
4.97 17.09 

idine (VII )  were heated a t  185-200' in 5-10 vol. of refluxing 
ethylene glycol for the 2-6 hr. in the presenre 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. I n  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. 
I n  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 a t  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. a t  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 HC1 to give 201.4 g. (76y0) of off-rvhite needles. 
Several recrystallizations from glacial acetic acid gave the prod- 
uct as the free base (colorless needles). 
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( 'ompl  

:!-I 
35 
::G 
37 
3 8 
39 
40 
41 
42 
43 
44 

K 
N H Z  
?i H, 
NH, 
NHZ 
NHz 
S €I 
SH 
SH 
SH 
SH 
SH 

S 

3-CHB 
PCH, 
3-Cl 
4-OCHa 

P-CHJ 
3-CHx 
4-CHa 
4-C1 
4-OCH3 

Ylrld,  

4:{ 
41 i 
40 
2 5 
61 
11 

6 
12 
41 

3 0 

i, \ I  I , ,  c '  
2!)4- 29.5 
291- 20:; 
277-2N 
292-295 
240-243 
280-282 
280-283 
246-248 
:300-302 
300-301 
274-276 

5-Anilinoisocytosine (34, Table IX ).-A mixture of 20 g. 
(0.105 mole) of 5-bromoi~ocytosine,~~ 20 g. (0.245 mole) of sodiuni 
acetate, 100 g. (1.07 moles) of aniline, and 100 ml. of ethylene 
glycol was refluxed a t  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 fract.ion of the excess aniline, and the broivn solid XBY 
collected. The product, was washed with ether and acetone. 
dissolved in alkali, treated with charcoal, and reprecipitated wit I-i 
acetic acid to give 9 g. (43%) of beige solid. The product waa 
again reprecipitated from alkali and repeatedly recrystallized 
from aqueous 2-methoxyethanol. It melted a t  294-295' : A,,,,, 

Anal. Calcd. for CloHJNa02: C, 59.11; 11, 4.46; N,  20.68. 
Found: C, 59.35; H, 5.10; N, 20.49,20.73. 
.4 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. a t  1Y0-195°. The product was isolated and purified as be- 
fore. It melted a t  31C-315'. The analysis and ultraviolet ab- 
sorption spectrum indicated that the subst,ance 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 a t  175-180" (in- 
ternal) for 1.5 hr. Upon cooling, the reaction mixture solidified. 
Water was added with stirring, and the product (38 g., 83%) rvas 
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 a t  297-298" (yellow needles); ultraviolet 
absorption characteristics were as follows [mp (6 X (a) 
0.1 *V HC1, Amax 262 (14.9), 351 (16.3); Antin 250 (14.0), 297.5 
(5.8); (b )  pH 11 glycine buffer, A,,,, 227.5 (13.31, 269 (12.0), 
362 (16.2); Amin 247 (9.2), 310 (6.5). 

Anal. Calcd. for CI0H7NjO8: C, 40.96; 11, 2.40; N, 23.68. 
Found: C,40.90; H, 2.92; N, 24.14. 

The literatures gives m.p. 312-313 dec.; ultraviolet [mp ( E  X 
10-8)]: a t  p H  1, Amax 246 (15.8), sh 285 (10.0), 340 (5.8): a t  pH 
11, Amax 286 (12.4) and 340 (10.0). Using the published pro- 
cedure,s a 73% yield of yellow VI was obtained. 
5-(4-Carboxy-2-nitro)aNlinouracil 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 HOAc, did not decompose a t  315'; yield, 217;. 

Anal. Calcd. for CllH8N40p,: C, 45.21; H, 2.76; Tu', 19.71. 
Found: C,45.19; H,2.91; N, 18.94. 

2.1-2.8, 3.15, 5.8-6.8, 6.23, 6.5-7.5 /.I. 

(34) H. L. Wheeler and T. B. Johnson, Am. Chen. J., 29, 504 (1903). 

2,4-Dichloro-5-anilinopyrimidines (Table N j.- -A iiiisturc of I 
Inole of ljhe 5-anilino- or ~~-K-~lkylnriiliiii-ruracil : i i i d  2 molf,- 00 
~,N-dietIiyl:iiiilinc. i i i  ])hoqphory1 chloride i 12 ml./g. i i i a c , i l  ! 
xas refluxed for 2 lir. The dark solution was coiicentr:it cd :it 

reduced pressure to olie-third of the origiiial volunie aiid ~ J I I I W ~  

o I i  icc,-water. TVhile the temperature wa-: maiiitainecl helovr 
IO', the mixture wa? htirred mid neutralized 11)- additioii of 
SII&IT. Stirring w i q  mntinuect for 2 hr. a r i d  ?;II;OTI \vu, 

The rinisliirt was t i i c ~ i i  

extrac'ted with ethyl :Li,etate four times., and the combined er-  
were extracted n i t l i  6 -1- €IC1 to reniore S,S-diethyl- 

The ethyl acetate \vas Ihen washed with water, iuit i l  
t !ie washing.: xere Iieutral, a n d  dried. The residue, obtained 
:tfter filteriiig aiid colicelitrating the filtrate t o  dryiiesi, \v:is 

taken up in boiling hexa~ie, filtered, and concentrated to a m a l l  
volume. On cooling the 2,Cdichloro derivative i 

-uRicieiitly pure ,state for use in sub~cqnent aminnti 
i d l y  pure samples ww okitairied ljy further recrysta1liz:rtioii 
from hexane. 111 a n  equally effective method, but offering 110 
atlv:iiitages, 3--,5 in ole^ of ivatcr was first added to phosphoryl 
i:hloride. The work-up and yields were the same. I'hoqhoryl 
chloride alone ivas found i o  require vc~ry much I 
;ind afforded very poor yields, e r i q ) t  in the 
~i i t rna i i i l i r io~ura~~i l .  
5-Anilino-2,4-diaminopyrimidines. General Method.----A n i i i -  

I lire c ~ f  2,4-dichloro-j-nriilino- or ~~-S-nlkylanili~iopyrimidine : i ~ ~ t l  
othanol Aatumted n-itli :ininioiiia :it 5" wi .5  heated at 140' for 
16 hi.. i t i  :in :tuioclave. 'I'hc xolvriil, V R * :  removed iirider diniin- 
iqhetl preswre. The re4tlue W:IS t:iken up in dilute acetic ucii l .  
ireared with charcoal, : i r i t l  reprecipitated with alkali. The 
u i f t  i w s  collect~l,  \v:i4ieti well with ivnter, dried, :inti. r w r  
lixed from lxnzeiie colitaini~ig :I little inethonol 
i i i  T:ilile 11'1. The 2,4-tiinmiiiol)!-ri,nidine. :ire 1 

5-Acetanilidouracil.--A riiistiile of 5 g. ( 0 .  
aiiiliiiouracil and 20 nil. of avetic' aiiliydride was refluxed for 2 hr. ,  
conceii trat,ed to half thc. original volunie, and poured onto ice. 
The lumps were broken up, nnd the solid produrt x t s  collected 
:ind vvnshed with xater and two snnall portions of e h i i o l .  A f t  el. 
tiryiiig, there w:is obtaiiicd 5.5 g. (87 .5rh)  melting :it 270". . I l l  

:inalytically pure sample WIS ol:itained by repeated recq 
tion from aqueous ethaiiol. 

5-p-~hloroacetani~idouraci~ ivds prepred  by t tic. hiiirie pI'o- 
i.t:durr. 

Thiation of 5-Anilinoisocytosines and 5-Anilino-2-thiouracils 
(Table VI). 2-Amino-5-anilino-4-mercaptopyrimidine. - -A niix- 
lure of 5 g. (0.025 mole) of 5-:iriilirioiPocyt,oPine and 15 g ,  $i f  crr~di. 
phosphorus pentasulfide porvder in 50 1111. of redistilled p > - r i i l i r i c y  

i,ont:Lining 4 drops of water was stirrod under reflux f i l l .  7 hi,. 

After s1::inding overnight :it rooni 'teiriperature, ilie iiiisturc. W:I? 

ary t o  niniiitain p R  Gi. 

e. 

These compouiids are listed in Table 111. 
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TABLE X 
>IISCELL.\KEOLiS 2,4-I)ISUBSTITUTED ~-ANILINOPYRIMIDINES 

Compd. 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

R 
X Hz 
XHz 
NH, 
SH 
SH 
c1 
c1  
c1  
c1  
c1  
c1  
c1 
C1 

R1 
SH 
SH 
SH 
SH 
SH 
c1 
c1  
c1  
c1 
c1 
c 1  
c1 
c1  

R2 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CzHs 
CH3 
CH3 

X 

3-C1 
4-OCH3 
4-CH3 
4-C1 

3-CH3 
3-Br 
POCHI 
2,4-( T\soz)z 
2-CH3 
4-CH3 

Yield, 
70 
. .  
. .  
. .  
. .  
. .  
34 
21 
36 
20 
66 
66 
82 
88 

N.p.,  o c .  
dec. 

223-224 
242-243 
241-242 
276-278 
287-289 
95.5-96.5 
74-75.5 
143-145 
121-122.5 
168-170 
51-52 
1 15-1 17 
90-91 

,-----Calcd., %- 
C H N  

55.02 4 .62  25.67 
47.52 3 .59  22.17 
53.21 4.87 22.56 
52.98 4.45 16.85 
44.52 2.99 15.58 
50.02 2.94 17.50 
51.99 3.57 16.54 
37.65 1 .90  13.17 
48.91 3 .36  15.56 
36.38 1 .53  21.22 
53.75 4 .13  15.67 
53.75 4.13 15.67 
53.75 4 .13  15.67 

---Found, %- 
C H N  

55.22 4.43 25.50 
47.49 3.86 22.01 
53.55 4 .93  22.73 
53.02 4.35 16.73 
44.77 2.87 15.51 
50.19 2.94 17.38 
51.70 3 .41  16.33 
37.77 2.00 13.12 
48.76 3.02 15.63 
36.31 1 .53  20.95 
53.44 4.39 15.66 
53.54 4.20 15.47 
54.08 3 .87  15.67 

0. Anal. Calcd.: S, 14.69. Found: 15.05. Anal. Calcd.: S, 12.69. Found: 12.75. Anal. Calcd.: S, 12.91. Found: 13.1!) 

TABLE XI 
2 , ~ ~ I A M I N O - 5 - A N I L I N O P Y R I I \ I I D I N E S  

NH* 

7- Calcd., %- ---Found, 70- 
Compd. R X M.p. ,  'Ca Formula C H N C H N 

58 H H 201-203b CioHiiXS 59.69 5 .51  34.80 59.48 5.32 35.10 
59 H 3-CH3 189-1 90 CiiHisN6 61.38 6 .09  32.54 61.11 5 .94  32.27 
60 H 4-CH3 231-232' C11H13N5 61.38 6.09 32.54 61.53 6.36 32.28 
61 H 4-C1 263-265' CioHioClKs 50.96 4 .28  29.72 50.70 4 .23  29.37 
62 H 3,4-(Clh 260-261 CioHgClzXs 44.46 3 .36  25.93 44.93 3.32 25.90 
63 H 3-Br 226-227b CloHloBrKs 42.87 3.60 25.00 43.11 3.91 25.15 
64 H 3-OCH3 202-203b ClIH13N5O 57.13 5.66 30.28 57.01 5.53 30.32 
65 H 4-OCH3 21 6-2 19 CllH13N50 57.13 5.66 30.28 57.00 5 .35  30.05 

67 H 2,4-(xoz)z 257-258b#C CiuH9N704 41.24 3 . 1 1  33.67 41.41 3.44 33.40 
68 CH3 179-181 CllH13?36 61.38 6.09 32.54 61.13 5.90 31.92 
69 CzHb 155-156 CizHi&b 62.86 6 .59  30.55 63.09 6.39 30.64 
70 CH3 2-CH3 2 12-2 14 C12Hl6~5 62.86 6.59 30.55 63.06 6.52 30.59 
71 CH3 4-CH3 143.5-144. 5d CizHihXb 62.86 6.59 30.55 62.71 6 .23  30.92 

66 H 2,4-(OCH3)n 212-213b CizHisN50z 55.16 5.79 26.81 54.98 5.64 26.88 

72 CH3 4-C1 196-198" CiiHizClNs 52.91 4 .85  28.05 53.39 4.53 28.85 
a Recrystallized from benzene (methanol), except as noted, With decomposition. Recrystallized from aqueous 2-methoxy- 

ethanol. Recryst,allized 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 s pure product. 
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