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stirred at room temperature for 24 hr., the volume reduced t o  
20 ml. in  vacuo, and a yellowish semicrystalline compound was 
collected after standing for 3 hr. at 3". This compound was 
crystallized from water (charcoal), and a yield of 0.35 g. (207,) 
was obtained, m.p. 295' dec. 

dnal .  Calcd. for C,HiN30j: C, 39.4; H, 3.32; S, 19.7. 
Found: C, 39.2; R, 3.49; Xi 19.5. 

Ultraviolet absorption spectrum; in 0.1 LY hydrochloric acid, 
A,,, 271 m p  ( E  10,700); A,,, 241 nip ( E  3160); A,I,,, 220 mp ( E  

11,400); in 0.1 -1- sodium hydroxide, A,,, 291 mp ( E  14,600); 
A,,i, min 260 mp ( e  3290); A,,, 240 nip ( e  10,200). Paper chro- 
matography: Rf 0.14 in butanol-water, 86:14; Rr 0.36 in bu- 
tanol-acetic acid-water, 5: 3 :  2 .  

Preparation of 5-trifluoromethyluracil-2-C'( and 5-Trifluoro- 
methyl-2'-deoxy~ridine-Z-C~~.-Barium carbonate-C14 (100 me.) 
was diluted with nonradioactive barium carbonate t o  give a total 
of 4.5 g. This was converted in two batches into barium cyan- 
amide by heating for hr. a t  850" in a slow stream of ammonia 
gas, and 4.0 g. was obtained.2B Water (20 nil.) was added to  the 
barium cyanamide, the bigger lumps were crushed, and the sus- 
pension was cooled to 5". Sulfuric acid was added dropmise with 
stirring until the p H  reached 7.0 and the barium sulfate \vas re- 
moved by centrifugation. The supernatant solutions and the 
mshings from the barium sulfate were combined and the aqueous 
solution was concentrated to  a small volume in  vacuo at 30". 
The cyanamide was converted into urea23 by treatment of 10 nil. 
of solution with 1.5 nil. of concentrated hydrochloric acid and 
refluxing for 10 Inin. The solution was cooled, neutralized with 
sodium bicarbonate, and evaporated t o  dryness in vacuo. The 
residue vas  extracted with five 20-nil. portions of boiling ab- 
solute ethanol, and the combined extractswere evaporated to20ml. 
and cooled. The small amount of sodium chloride present was 
filtered, and the filtrate was evaporated t o  dryness t o  give 1.105 
g. (81%) of urea. The urea was acetylated with a mixture of 
1.S5 ml. of acetic anhydride, 0.75 ml. of acetic acid, and 0.02 ml. 
of concentrated sulfuric acid, which was heated to  130" for 10 
niin. and allowed to cool. The S-acetylurea crystallized, was 

(28) S. 11. Zbarsky and I. Fischer, Can. J .  Ren., N B ,  81 (1949). 

dissolved in 30 ml. of water, psussed through a 1.5 X 20 em. col- 
umn of Dowex-1-formate, and eluted with 80 ml. of water. The 
solution was evaporated t o  dryness, and the S-acetylurea wns 
crystallized from water to  give 1.615 g. (86%). 

The S-acetylurea (0.016 mole) and 2.38 g. (0.011 mole) of 
IT were dissolved in 15 nil. of redistilled dimethylforniamide and 
heated for  3 hr. a t  125". The solvent was evaporated in Paczio, 
and the residue was crystallized from water (charcoal) to  give a 
j-ield of 1.02 g. (40%) of lebeled 1-111. This was then heated 
under reflux in 15 ml. of 5 hj-drochloric acid for 1 hr. and 
evaporated t o  dryness in cacito. The residue was crystallized 
from water (charcoal) to  give 290 nig. (385)  of dihydrotrifluortr- 
niethyluracil-2-C14. S o  additional crystalline material could be 
obtained from the mother liquors. Thus, 290 nig. w:?s dissolved 
in 10 nil. of glacial acetic acid and brominated lyith 600 mg. of 
bromine in 6 ml. of acetic acid at  reflux temperature for 90 niin. 
T1:e bromine and acetic acid Tvere evaporated in z~ucuo, and the 
residue was coevaporated 3 tinies with absolute ethanol and 
heated in 10 nil. of dimethj-lformamide at' 130" for 1 hr. After 
evaporation of the solvent in cucz(o and coevr,por:i.tion with 
water, the residue  as passed through a 1.5 X 20 cni. colunin of 
I)owex-l-forniate, and after elution of impurities with !niter, the 
5-trifluoromethyl-2-C'" uracil wes eluted with 0.05 JI forniic acid. 
The solution was evaporated to  drj-ness, ccevapor7,ted with 
water to  give 242 mg. (85%) of product that gzve only a single 
radioactive spot in three paper chromatographic systems. The 
over-all j-ield, based on barium carbonate, was 5.9:;. The spe- 
cific activity was 4.15 nic./mmole (23 pc./mg.) 

The labeled 5-trifluoromethyluracil (234 nig.) was converted to  
the deoxyribonucleoside with an enzyme obtained from Lacfo-  
bacillus Leichnzanii, kindly provided by Dr. Jack Siege1 of the 
Pabst Laboratories, l\lilw.eukee, Wis., and was purified as de- 
scribed above to  give 15s mg. (41%) of 5-trifluoroniethyl-2'- 
deoxy~ridine-2-C'~, which gave only a single radioactive spot in 
three paper chromatographic systems, and had a specific activity 
of 4.15 nic./mniole (14 pc./mg.). 

Acknowledgment.-We are grateful to Nrs .  Sancy 
W. Remy for skillful and devoted technical assistance. 
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The use of 4-amino-6-chloro-2-methj Ithiopj-rimidine as a versatile intermediate for the synthesis of a number 
of substituted pyrimidines is described. In  the course of this work several previously unreported pyrimidines 
have been prepared. Feigl's iodine-azide reagent has been emploj-ed for the rapid detection of mercaptopj-rim- 
idines and a sponge nickel catalyst has been found to  be quite satisfactory for the facile dethiation of these 
derivatives. Quantitative ultraviolet absorption spectra are given for all compounds, as me11 as a summary of 
growth-inhibitory properties in several in vitro and zn t izo bioassaj- systems. 

For some time a program of synthesis of pyrimidine 
derivatives for biological evaluation has been in progress 
in these laboratories3 and, in connection with this 
program, the preparation of various pyrimidines as 
potential cancer chemotherapeutic agents and as 
precursors of condensed pyrimidine systems has been 
undertaken. This communication describes the syn- 

(1) This investigation was supported in part  by reeearch grants (CY3335 
and (26516) from the National Cancer Institute, Piational Institutes of 
Health, L-. S. Public Health Service. 

( 2 )  A preliminary report of part  of this work has been presented: E. J. 
Modest and H.  N. Schlein. RBsum6s des Communications, 3me Congres In- 
ternational de Biochimie, Bruxelles, August 3, 1955, p.  33. 

(3) For paper IV in this series see E. J. Modest, S. Chatterjee. G. E. 
Foley, and  S. Farber, Acta ,  Cnio Intern. Contt-a Cancrum, in press. 

thesis of a number of substituted pyrimidines starting 
from the versatile intermediate 4-aniino-B-chloro-2- 
methylthiopyrimidine (111) , which was prepared 
following the method of Baker, et aL4 
4-Amino-6-hydroxy-2-niethylthiopyrimidine (11) was 

obtained by reaction of thiourea and ethyl cyanoace- 
tate, with methylation in situ of the anion of 4-amino- 
6-hydroxy-2-mercaptopyrimidine (I) by means of 
freshly distilled dimethyl sulfate. The use of aged 
dimethyl sulfate led to the isolation of I5 as a by-piod- 

(4) B. R. Baker, J. P. Joseph, and R. E. Schaub, J .  Org. Chem. ,  19, 631 
(1 954). 

( 5 )  'K. Traube, Ann.,  331, 64 (1904). 



iict. 
Detliiat'ion of I11 afforded 4-amino-6-ch oropyriiii- 

idine (IT-), ~vliose preparation has subseyueiit,ly heen 
descrihed by chloriiiation of 4-aniino-6-liydroxypyriiiii- 
dine6 01' hy nionoaminatioii of 4,6-dichIorop\-riiiiidiii~~,~ 
l'lie iwction was accomplished in ethanol by iiiea11s ~ t '  :i 

comiiiercially arailahle sponge nickel cataly-t ,' T V I I ~ C I I  
is much less pyrophoric and retaiiis its activity oii 

pidoiiged storage in coiitrast to t'he iisiial \I7-? Zlaiiry 
iiiodification.9 -1 ratio of 8 g. of riickcl (nppawiit Inilk 
density 0.8-l.0)h per gram of 111 n-as f 'oii i i t l  to t w  
opt,iniuni for the detliiation. 

Tre:ttnlent' of IT' lyitli a 50s;; excess of sodiuni iiitrit(3 
i i i  ~ a i ' n i  dilute acetic acid solutioii gave (i-chloro-4- 
1iydroSypS.riiiiidiiie (Yj. 'lie 5-iiitroso derivative of 
IY did iiot form, in agreement with the geiieralizatioii 
of Lytligoe aiid Todd"' t'liat 5-unsubstitutecl pyriiii- 
idiiim wit11 oiily oiie electroii-releasing group i i i  posi- 
tioii 1 or G cannot he successfully iiiti.osated. Cloni- 
pouiitl 1- Ivas also prepared hy ai1 alteimite iuutr. 
\\71cii 111 n-as treated n-it,li sodium nitritc uiider siiiiilai- 
coiiditioiis, ~i-cliloro-l-liydi~osy-2-iiietIi~ltliiopy~iriiidiiic~ 
( V I )   vas obt,ained. Detliiatioii of \-I Ivitli I>a~.ison 
sponge iiickel t'heii gavr Y, iclent,ical with the previous 
saiiiplc iii all respects, iiicluding iiieltiiig poiiit :iild 

i i i  ist u 1.c iiieltiiig poiii t' ai id ultrav iolc t ai id i i i f i m w l  
at)aoi.ptioii spectra. 

1 sl;cocli~? aiid co-n-oi.kersl2 have described the syii- 
of 1' 1 ~ ) j r  acid hydrolysis of ~j-cliloro-4-1iietliox~~- 

pyi.iniicliiic a i d  the coiiversioii of \- iiito 4-liydroxy-(i- 
niercaptopyrimidiiie (1-11) \\.it11 sodium hydrosulfidtl 
i t i  c.thyIeiie glycol. 'I'licy v c w  uiiable to thiate \- 
i i i  ncliicous solutioii. I'rioi. to theii, repoit, \\-e I i a c l  
p i , c p r c t l  T7 and Iiad successfully thiatcd the compound 
i i i  : i c l i i co i i s  solution at &.ani-bath teiiipei.atiii.r with 
a .?-i'oltl excess of sodium liydrosulfide~ n-hile hydibogeii 
h i i l f i dc  LVRS coiitiiiiioiisly t)iillt)led thi~ougli the reaetioii 
iiiist i i  i ~ .  

1:efliisiiig I\- with sodium liydrosulfide i i i  ethauol for 
1 \\-eel; produced 4-amino-G-niercaptopyriniidiiie (VIII) 
sul~sm~wiitlj- obtaiiiedI3 by reaction of IT' and sodiuni 
hytirosulfide in ethylene glycol a t  an elevated tenipera- 
t u r r ~  for a brief period of time. This compound was of 
iiiterrst as a possible alternate starting material for 
tlic. syntliesis of l,5-diaiiiiiio-ti-iiiercaptopyriniidiii~~, 
wliirli Iias been prepared by the simultaneous reductioii 
u i c l  tliiation of 4-ainiiio-O-chloi~o-.i-nitrop;vriiiiidiiie 
ivit l i  sodium hydrosulfide aiid hydrogen sulfide. niitl 

('Illorination of 11 gave 111. 

(I!) C ' .  \V. \vtiirelteud ::1:,1 .I. .l. 'rr:t\-c,rs,,, J .  . t i n .  Citt-rn. 
(1  %X). 

5Rlih , l $ t ~ i l ~ ,  
(8) .\vailable under r ra ter  in 3%-kx. pails 30<,, sulids, as si,unpi' nwkei  

I i~iirofenation catalyst, grade 986, frurii thr. Ilavison Clieiiiicai Divisiuti, 
IV. R .  Grace and Co., Baltimore, >Id. The ayiiarent bulk density is calcn- 
I n t d  by measuring the dry (110') \veialit I)rr unit \.olunie of a settled aqueons 
siisprnsion of the catalyst. .\ more general report of tile use of this catalyjt  
for dethiation rpactions will be the subject of another communication. ', 
wferce has pointed u u t  tha t  Ranpy .\ctire Xickel Catalyst. Raney Catalyst 
( '<I . ,  Chattanooga, Tenn.. is eqiially effrctive and also keeps \veil. 

((0 R. Xlozingo, "Organic S'gntlieses," Coll. Tul. 111. John  T\-ilry and 
*<ins, Inc., Nrw York, S. I-., 1 9 X ,  g .  181. 

( 1 0 )  B. Lythgoe, A .  R.  Todd, and  .\. 'ro~hain, J .  Ciirm. Soc.,  315 (1944). 
i l l )  B. Lythgoe, Quar?. R e i . ,  3, 203 (194$4). 
(12) 1). Isbwque, R. Pri>iiirl, R .  C. Quinarix, and R.  H. l l a r t in .  H r l v .  

813) I f .  C' .  Kupyrl ,  R .  €1. hpringrr, R .  li. Robins, and C .  C. Clirn 

(7)  1 1 .  (:oiiitlt'l.. ( v t t e r n .  ~ ( o ,  tnertlILi, 12, I I m J :  ( ' I , ~ ~ , ~ .  .iiiiij.., 55, 

Chi". .Ic/a. 42, 1317 ( 1 Y 5 U ) .  

Otci. Chern . ,  26, 792 11961). \Ve had comlilrted the 1irei)aration of 
X I I .  and XI11 prior t o  the  alipearancr, of this article. 

(1.1) G .  13. Elion and  C;. 11. Hitchinns. J .  : i r r z .  Chern. Soc . .  76, 4027 ( I D 5 i i .  

r r i  SI V I  

XI1  ,/" I!' / 
!- 

iiioie recently hy the diiect tliiatioii of 4.5-diainiiio-0- 
~iydroxypyrimidiIie TI itli phosphorus pentasulfidr i i i  

refluxiiig 8-picolinr. li 
111 accordaiicc with the general i u k "  ' I  tliat :- 

uiisubstituted pyi iniidiiies containing elect ron-i.elea+ 
iiig groups ?t hotli the 4- aiid &positions readily uiiclei go 
nitrosation at  the 5-position in the presence oi' iiiiiiei 211 

acid, it nab aiiticipated that VI11 would urideigo tacilc 
iiitrosatioii aiid that the nitroso derivative could thcii 
he reduced to the diamine. However, when a holutioii 
of VI11 arid sodium nitrite in dilute sodium Iiydi~o\icl(~ 
was acidified, the n liite rolid that precipitatwl 1111- 

niediately (Si did not exhibit the expected eoloi 01' 

other properties cliaracteristic of the 5-iiitiuao uJn1- 
pound. The pioduct, n hicli shoned n single at)mil)iiig 
spot on paper cliroiiiatograpliy, vas  totally iii-oluhlc a t  
pH 10 and ediihitcd a Iiyp~ochrornic shift in tlic i11ti:i- 

T iolet a t  pI1 1 lieii compared with T'III, cui4stciit 
with a disulfide. This compound v a s  cliaracteiiml 
as bis(4-amino-6-pyrimidyl) disulfide, a htructure hi i l l -  

ported by microcliemical analysis. 
The absence of the iiiercapto group in S and t l i c  

possible presence of a disulfide linkage we're furtlici 
indicated by the slot\ reaction of X with Feigl's iodinc- 
azide reagent. l R  This reagent has been used routinely 
in this laboratory as a rapid test for mercaptopyrinii- 
dines. Thioketoiies aiid thiols catalytically acceleratc 

(1:) ~ 1 ,  G .  Heanian and K. I<. Robins, i b i d . ,  83, 4038 ( l u t i l  3 .  

(16) F. Feigl, "Spot Tests in Organic Analysis," 5th English Xd., i < l i t . \  i t ' r  

l'uhlishinq Co., .\msterdani. 1956, p. 228. 
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the reaction of iodine and sodium azide, producing an 
almost instantaneous discharge of color of the yellow- 
brown test solution and the evolution of nitrogen gas. 
Complete lack of reaction is a reliable indication of the 
absence of such groups. Disulfides, particularly those 
with low solubility in water (e .g . ,  cystine), give a dis- 
tinct iodine-azide reaction only after they have been in 
contact with the reagent solution for some time. X 
was in contact with Feigl's reagent for 30-40 min. be- 
fore the color was completely discharged. 

Attempted nitrosation of VI11 with isoamyl nitrite 
in ethanol at room temperature or a t  reflux, or in 
ethylene glycol, cellosolve, or carbitol a t  steam-bath 
temperatures, also gave X. The failure to obtain 4- 
amino-6-mercapto-5-nitrosopyrimidine not only violates 
the well accepted rule of Lythgoe and Todd but also 
illustrates the rather unusual use of nitrous acid for 
disulfide formation. Obviously, in the presence of 
nitrous acid, n-hich is an oxidizing agent as well as a 
nitrosating agent, oxidation of the mercapto group 
occurs in preference to the introduction of the nitroso 
group. 

The ease of oxidation of the mercapto group of VI11 
was further indicated by the formation of 4-amino- 
pyrimidine-6-sulfinic acid (IX) from VI11 and hydrogen 
peroxide (307,) a t  room temperature. Compound I X  
showed the behavior of a zwitterion, being soluble a t  
pH 1 and pH 10 but only sparingly soluble a t  pH 7, 
and gradually darkening above 180" without melting 
below 360'. The infrared spectrum showed strong 
absorption bands a t  9.18 and 9.83 p,  characteristic of 
sulfinic acids." 
4-Amino-6-chloro-2-hydroxypyrimidine (XI j was ob- 

tained in 72% yield by hydrolysis of the methylthio 
group of I11 with concentrated hydrochloric acid. 
Wheeler and Liddlels have prepared a number of hy- 
droxypyrimidines by acid hydrolysis of the correspond- 
ing alkylthiopyrimidines. The preparation of X I  in 
this manner was originally reported by Wheeler and 
Jamiesonlg and later by Koppel, et aZ.,l3 but adequate 
characterization and yields were not given. It mas 
observed that even after several recrystallizations from 
water, X I  had a tendency to retain some hydrochloric 
acid, which could be removed only after a neutralization 
step was included in the purification. XI was con- 
verted into 4-amino-2-hydroxy-6-mercaptopyrimidine 
(XII) by thiation in refluxing ethanolic sodium hydro- 
sulfide. The synthesis of XI1 by treatment of XI with 
aqueous sodium hydrosulfide in a stainless steel bomb 
has recently been described.13 

Methylation of XI1 by means of dimethyl sulfate in 
dilute sodium hydroxide gave 4-amino-2-hydroxy-6- 
methylthiopyrimidine (XIII) , recently reported by 
Koppel, et aZ.13 Feigl's reagent was again used to 
show that S-methylation had occurred rather than 
0-methylation. Methylation was shown to have taken 
place a t  the sulfur atom by the observation that, in 
contrast to XII ,  which possesses a mercapto group and 
reacts almost instantaneously with the iodine-azide 
reagent, XI11 failed to give a reaction with the test 
solution. Furthermore, both XI1 and XI11 gave the 
same product, cytosine (XIV), on dethiation with 

(17) L. J. Bellamy, "The Infra-red Spectra of Complex Molecules," 2nd 

(16) H. L TTheeler and L. M. Liddle, Am. Chem. J. ,  40, 547 (1908). 
'19) H. L. Xheeler and  G. S. Janiieson, tbtd. .  32, 342 (1904). 

Ed., hIethuen and Company, London, 1958, p. 350. 

Compound 

I 

I1 

I11 

11- 

5' 

VI 

VI1 

5'IIIb 

IS 

s 

XI 
SI1 

SI11 

XIV 

TABLE I 
ULTRAVIOLET ABSORPTION SPECTRA 

Xmsx 
w 

246 
277 

236 
270 
244.5 
280 

239 
251" 
226 
272 
244 
293 

244 
305 

240 
304 

249 

233 
281 
279 
244 
31Sd 
2 3 2  
29je 
2 i 5  

e x 10-3 
7.69 

13.98 

17.74 
9 .51  

17.06 
5 .76  

8 . 3 1  
6 .59  
L 6 3  
4.10 
7 .09  
9 .63  

9 . 0 s  
16.54 

16.82 
21.25 

13 .27  

30 .61  
14.28 
13 .02  
7 .86  

37.81d 
6 .60  

22.11e 
10.81 

--- pH lo-- 
h" 

m p  c x 10-3 

243 1 7 ,  45 
25ga 8 .89  
289 13.16 
264.5 8.30 

230 19 5s 
253 10 27 
287 6 06 
237 12 54 
272 3 30 
23 2 10 35 
267 3 52 
22 1 18 16 
249 8 68 
279 6 75 
22ga 13 92 
238 15 50 
294 15 84 
226 18 55 
243 17 30 
291 14 47 
235 10 00 
280 3 71 

C 

281 5 9 01 
222 16 79 
305 2.5 42 
287 12 63 

267.5 6.46 
a Inflection. Lit.13 pH 1, 237 (6.60), 303 (28.70): pH 11, 

244 ( i . O O ) ,  289 (16.30). Lk13  pH 1, 317 (40.50). 
e Lit.13 pH 1, 295 (13.3). 

Davison sponge nickel. The identity of both samples 
of XIV with an authentic sample of cytosine was es- 
tablished by comparison of ultraviolet and infrared 
spectra, microchemical analyses, mixture melting 
points, and ascending paper chromatography in 2 :  1 
1-propanol-ammonia (4.2% aqueous) and in 5% acetic 
acid. 

Quantitative ultraviolet absorption spectra of com- 
pounds prepared during the course of this investigation 
are given in Table I. Our spectrophotometric results 
are in agreement with the generalizations of Koppel, 
et aZ.,13 that the major absorption peak of 4-mercapto- 
pyrimidines a t  pH 1 occurs in the range of 300-320 
mp and that the major absorption maximum of mercap- 
topyrimidines undergoes a hypsochromic shift from pH 
1 to pH 10. 

Biological Activity.-The fourteen pyrimidine deriva- 
tives discussed herein have been examined in various 
in vitro and in vi@o bioassay systems at the Children's 
Cancer Research Foundation. We are indebted to Dr. 
George E. Foley for the determination of the biological 
activity of these compounds in selected bacterial and 
mammalian cell culture systems, and to Dr. Charlotte 
L. RIaddock and Dr. Sidney Farber for the biological 
data against transplantable mouse tumors. In  the 
Streptococcus faecalis No. 8043-folic acid bioassay sys- 
tem,20 only two compounds were found to be active a t  

c Insoluble. 

(20) G. E. Foley, R .  E. hlcCarthy, V. hl.  Binns, E. E. Snell, B. &I. Guir- 
a rd ,  G. W. Kidder, V. C. Deuey, and P. S. Thayer, Ann. S. Y .  A c d .  S i b .  
76, 413 (1958). 



a 307c iiihibiting dose (11)50) less than 100 pg nil.: \ - I l l  
(ID5u = 30 pgl'ml.) and I S  (ID5(, = 40 pg nil.). 
Of three compounds (Y, I S .  a i d  S) iiivestigatcd to1 
activity against KR cells i humaii epidermoid cai.ciiiomu I 
in cwlturrIz1 2 2  the disulfide (Sj vah activc at  :in 1 1 ~ ~ ~  
oi 55 pg, nil. _I11 compounds n e w  eaainiiird f o i  a i l t i -  

tuiiioi activity according to the standaid asan! pi o- 
cedtire:, c>niployed in this 1 ouridation.2d T l i ~ ~ c  incliitlc 
f'oiir ti~a~isplantablc iiiou flll~lors. 1,l"O 
Iynipliatic leukemia in the 
plmtic leukemia iu the DB,1 2 iiibied. ('1498 niyt~lo- 
genous Irukeniia i i i  tlic C'57H1 6 iiihicd, aiicl I713IiIZ 
11ia1i1maiy carciiioina in tho DKI 1 iribicd atiaii i .  
C'ompoiuids I, Y l I ,  SI, a id  S I I I .  ~t lien aclminiateird 
iiiti~aperitoneally, eshibitcd slight to motlr ia t~ t i i i i i o i  

i~iliihition in the C1498 tumoi 

I)I' 1 hybrid, 1'15:; 

Experimental". 
l'lie ultraviulet absorption spect r : ~  reported were nirasuretl 

viitli a C'ary Model 11 spectrophotoiiieter. ,Spectra a t  p H  1 wrt l  
taken in 0.1 S hydrochloric acid rtnd at pH 10 in 0.05 .11 sodium 
i~:trlruriate-sodiuni burate buffer. Infrared spectra were deter- 
mined in potassium lironiide disks with a Perkin-*;liner Xi~(le1 
13iB spectrophotometer. Paper (~liruiri:~ti~grapliy W:LS done ti\. 
thc ascending technique OII \Vhatni:tn KO. 1 paper anti spo 
\\-ere located by visual ex:~niin~itiiin under ultmviolet light: 
Melting ptrints are corrected and \yere taken at 2"/min. Iiy the 
~~:tpillarj- method in a niodifietl \Tagner-lIej-er nieltiny point, 
:ipparat,iis.26 Decomposition points :Ire not reproducible unle+a 
~*~)ndi t ions are rigidly controlled. If not specified, drying ( J (  

:~iia,lyticd samples was carried iiiit  ;it 70.- 100" for 17 Iir. in i ' uc ( io  
, ~ver  phosphorus pentoside. 
4-L4mino-6-chloro-2-methylthiopyrimidine (III).-This ~ Y J I I I -  

1)oiind was prepared in twi steps acc.iirtling to Baker, et a2.4 
C'vndensation of thiourea and ethj.1 c~yanoacetitte in alcolidic 
sodium niethoxide, with met 
ilimethyl sulfate, gave I1 in 
i i i , p .  "til-262' dec.4; 267' 
silllate or  undistilled riiateri 
1 : 1000 :tqueous dilution is r 
use Uf aged dimethyl sulfate having i i  pH below 3 in 1 : I000 
:iclueous dilution led t u  form:itiori of I" (no  1n.p. below :3SOo) :is 
:I l)y-prodiict in 5-105i yield. 

. ln t rZ .  Calcd. for CAHSXSOS: (:, d8.55; €TJ 3 .52;  3, 2!) .35.  

Ch1orin:ttiun of 11 with phosphorus CI. 

I lirriethy1:rniline itff orded 111 in 55-6OC, yi 
I.linnged starting niaterial by trit,uratioii of tlie crude solid with -\- 
s~,tliuni hydroxide ~ a s  an iiiqii)rt:~,iit step in the purific:ttiun of 
1 1 1 . 4  .Uter crystallization from 0.5' , e 
:I t  127-128' (lit. n1.p. 125-125"': 127-1 
4-Amino-6-chloropyrimidine (IV j.- 

( 1):avison Chemiral Co.] equivalent t o  600 g. (1000 nil.> app:rrent, 
I~iilli density 0.8)s was transferred to :i A-1. finsk mith water and 
tlrc, escess witer was decant,ed. A solution of  100 g. (0.57 niolcj 
(if ~ - a n i i n o - ~ - c h l o r o - 2 - 1 n e t h y l t h i o p e  i n  1 1. of 95'; eth- 
:LlilJl W:LS added, followed by an additional liter of ethanol. Thr3 
riiisturc w:is refluxed for 2.5 tir. with viyoroiis niec.hanical stirring, 
the course of the reaction l)eiiig follu\\-cd I I ~  ultraviolet absorptii~ri 
spcctr:d nie:tsurenients. The ethmiil so1utic)ii was decanted 
through :L suction funnel pac~lied vi th  Celite. The nickel residue 
\\-:i,s wivttshetl with three 500-nil. portions of hot  9 6 5  ethani-11 ani1 

f.'<JUIld: (;, ;33.61 H, 4.0; S,  2O.O. 

, Cancer Res. ,  18, 1012 (1933). 
i t i d . ,  IS, 1017 (1958). 

dduck. C:. J. T)'.ingio S .  Farber, and .a. 1I. Handler, d i i n .  

,'?-I) Anulyws xwe  performed by t l ie  Scandinavian Xcroana ly t i cn l  Lab- 
omtory ,  I I d e r ,  Denmark; Drs. TTeiler and Srraiiss, Oxford. England; a11d 
I ) r .  Carol I<. F i t z .  Needham Heights, Mass. 

i 2 . j )  Thr clironiatogratns u-ere examined on  a viewing box equipped wit]> 
n 15-xv. General Electric germicidal lamp and a Corning filter, No. 9x68. 

( 2 0 )  I ? .  C ,  R'agner and J. F. AIeyer. rrid.  E ~ Q .  Chem., Snnl.  Ed.,  10, 3 t  
I1939;. 

;27: 3'. n. .lotinson a n d  C. 0. Jolins, . lm .  C h e n ~ .  J . ,  34, 175 (190:). 
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4-Hydroxy-6-mercaptopyrimidine ( VII).-6-Chloro-4-hydroxy- 
pyrimidine was prepared on a 0.46 molar scale according to A 
above. Without isolation of the product, the clear yellow reac- 
tion solution vias brought t o  pH 8 by the addition of 560 g. of 
sodium hydroxide pellets. After addition of 255 g. (2.32 moles) 
of sodium hydrosulfide t,rihydrate, the solution was heated on a 
steam bath a t  70-80" (internal temperature) with continuous 
introduction of hydrogen sulfide gas below the  surface. After 2 
hr. the reaction was complete as evidenced by the ultraviolet 
:tbsorpt'ion spectrum. The solution was then cooled in an ice 
In th  and the pH adjusted to 5 by the careful addition of 300 ml. 
of concentrated sulfuric acid. After overnight refrigeration, the 
precipitate that had formed was collected and extracted direct'ly 
with 500 ml. of boiling water. After refrigeration for several 
days, the aqueous solution deposited 6.3 g. (11%) of a yellow 
crystalline solid. The p H  of the original filtrate was lowered to 
approximately 3 with concentrated sulfuric acid and, after over- 
night refrigeration, the solid was separated, washed with cold 
water, and air-dried. The yield was 28 g. (47%); total crude 
yield 34.3 g. ( 5 8 5 ) .  

Two crystallizations of the crude material from wat'er (100 
riil./g.), the first with Darco, gave yellow prismatic rods, which 
decompose at 227-228" (lit. m.p. 240-242" dec.I2; 247' dec.13). 

dnal.  Calcd. for C4H1D;20H: C, 37.48; H,  3.15; T, 21.86; 
d ,  25.02. Found: C, 37.18, 37.40; H, 3.16, 2.09; S,  21.78; 
d, 25.15. 
4-Amino-6-mercaptopyrimidine (VIII).-To a solution of 169 g. 

(1.53 moles) of sodium hydrosulfide trihydrate in 750 ml. of 957, 
ethariol was added 20 g. (0.154 mole) of 4-amino-6-chloropyrim- 
idine. The solution was stirred and refluxed for 7 days and 
then filtered and evaporated to  dryness in vacuo. The residue 
was dissolved in 500 nil. of warm A\- sodium hydroxide and this 
solution was clarified with Darco, filtered, and brought t o  p H  8 
with sulfuric acid. After overnight refrigeration the solid was 
collected and redissolved in 300 ml. of S sodium hydroxide. 
Reprecipitation a t  p H  8 gave 11.1 g. (57%) of VIII. One crys- 
tallization from 50% ethanol afforded colorless rhombic plates 
melting at 307" dec. (lit'.13 m.p. 306"). 

Anal. Calcd. for C4H339: C, 37.78; H, 3.96; K,  33.04; 
H, 25.22. Found: C, 37.81; H, 4.27; X, 32.63, 32.64; S, 
25.12. 

4-Aminopyrimidine-6-sulfinic Acid (IX).-To a solution of 1.0 g. 
(0.008 mole) of 4-amino-6-mercaptopyrimidine in 11 ml. of Ai 
sodium hj-droxide, cooled in a n  ice bath, was added dropwise, 
with stirring, 2 nil. of 30% hydrogen peroxide. The mixture 
was stirred for 30 min. and then acidified with 6 2Y hydrochloric 
acid to pH 4.0. A white precipitat'e formed on acidification and 
the resulting suspension was stirred a t  ice-bath temperature for 
1.5 hr. On filtration, a white powder was obtained (628 mg., 
49%) which: after recrystallization from water, gradually darkens 
above 180" but does not melt below 360". 

Anal. Calcd. for C4H,N8O2S: C, 30.18; H, 3.17; S, 26.40; 
S, 20.15. 

The product is only slightly soluble in water but is appreciably 
doluble a t  pH 1 and p H  10. The infrared spectrum showed, in 
addition to  a broad peak in the associated N-H stretch region, two 
strong absorption bands a t  9.18 and 9.83 p, characteristic of sul- 
finic acids." IX gives a negative reaction for the mercapto 
group with the iodine-azide reagent.16 

Bis(4-amino-6-pyrimidyl) Disulfide (X).-A solution of 4.0 g. 
(0.031 mole) of 4-amino-(i-mercaptopyrimidine in 50 ml. of 1\' 

sodium hydroxide containing 2.4 g. (0.035 mole) of sodium nitrite 
was acidified by dropwise addition of concentrated hydrochloric 
acid with stirring and ice-bath cooling. The solution turned 
pale green and a white precipitate settled out almost immediately. 
Stirring was continued and the mixture was allowed to warm t'o 
room temperature. The precipitate was separated by suction 
filtration and air-dried; yield 2.51 g. (647,). 

One gram of product was dissolved in 15 ml. of iV hydrochloric 
acid with heating. The solution was then cooled and neutralized 
with 0.5 -'t ammonia. Suction filtration and air-drying returned 
0.92 g. of white solid (92% recovery), which decomposed a t  228", 
was completely insoluble at p H  10, and reacted very slowly with 
Feigl's iodine-azide reagent (negative test for the mercapto 
group and possible indication of a disulfide linkage).'e This 
compound showed a single absorbing spot on ascending paper 
chromatography in two solvent systems: 4: 1 :  1 l-butanol- 
acetic acid-water ( R I  0.76) and 1-butanol saturated with water 
(Rr 0.70) 

Found: C,30.3; H,3.1; S, 26.5; S, 20.2. 

Anal. Calcd. for C8H8NsS2: C, 38.08; H, 3.20; X, 33.31: 
S, 25.42. Found: C, 38.0; H, 3.20; N, 33.0; S, 25.5. 

The product was also formed in almost quantitative yield when 
a suspension of 4-amino-6-mercaptopyrimidine in absolute ethanol 
was stirred with excess isoamyl nitrite a t  room temperature over- 
night. Yields of X were high but variable when TTII was treated 
with excess isoamyl nitrite in ethanol a t  reflux or in ethylene 
glycol, Cellosolve, or Carbitol a t  steam bath temperature. 
4-Amino-6-chloro-2-hydroxypyrimidine (XI).-To 15.0 g. 

(0.085 mole) of 4-amino-6-chloro-2-methylthiopyrimidine was 
added 75 ml. of concentrated hydrochloric acid and the resulting 
mixture slowly evaporated to  dryness on a steam bath over a 
period of 8 hr. Within 1 hr. a clear deep yellow solution was 
obtained and after 5 hr. the ultraviolet absorption spectrum of the 
mixture indicated complete hydrolysis. The pale yellow residue 
  as pulverized, extracted with 300 ml. of absolute ethanol at 
room temperature to remove any unreacted starting material, and 
then crystallized directly from 500 ml. of boiling water with 
Darco. After refrigeration for 2 days, the colorless solid (6.2 g.)  
was collected and washed with ether. The filtrate was reduced 
to half volume under vacuum and upon refrigeration gave a second 
crop of 2.75 g. h 
sample of this solid was crystallized once more from water and 
submitted for analysis. 

9nal. Calcd. for C4H4C1X30: C, 33.01; H, 2.77; C1, 24.36; 
N, 28.87. Found: C, 30.98; H, 3.04; C1, 26.5; K, 25.9. 

I n  view of these analytical results i t  appeared possible that the 
compound might be contaminated with a small amount of hydro- 
chloric acid. I n  support of this conclusion the p H  of a saturated 
aqueous solution of this sample was found to  be 3.09. Therefore. 
the following purification procedure, including a neutralization 
step, was carried out. Once crystallized material (650 mg.) was 
dissolved in 33 ml of 1.6 S ammonium hydroxide and precipi- 
tated with dilute sulfuric acid a t  p H  8.5. After overnight re- 
frigeration the crystals were collected, washed with a small volume 
of water, and air-dried; recovery, 350 mg. One crystallization 
from water afforded 295 mg. of analytically pure colorless prismatic 
rods, which shrank and turned orange a t  240-245' but did not 
melt below 360". The p H  of a saturated aqueous solutionwas 6.52. 

ilnal. Found: C, 33.4; H, 2.76; C1, 24.15; E, 28.4. 
4-Amino-Z-hydroxy-6-mercaptopyrimidine (XII).-One gram 

(0.0069 mole) of 4-amino-6-chloro-2-hydrox~-pyrimidine was 
suspended in a solution of 7.57 g. (0.069 mole) of sodium hydro- 
sulfide trihydrate in 30 ml. of 95% ethanol. The yellowish 
suspension was refluxed with stirring for 8 hr. Most of the solid 
dissolved a t  the reflux point and a n  almost colorless precipitate 
began to deposit from the solution soon after. The suspension, 
showing the ultraviolet absorption spectrum of XII ,  was cooled to  
room temperature; the solid was collected and washed with a 
small volume of absolute ethanol. The crude product mas dis- 
solved in 8.5 ml. of 3 iY ammonium hydroxide and the solution was 
clarified m-ith Darco and filtered. The p H  of the yellow filtrate 
was adjusted to approximately 6-7 with dilute sulfuric acid. 
After refrigeration for a few hours, the crystals that  had formed 
were collected, washed with cold water and 95%;; ethanol, and 
air-dried. The pale yellow prismatic rods weighed 0.2 g. An 
additional 70 mg. of crystals, which deposited from the filtrate 
after the volume had been reduced, was collected and combined 
with the first crop; total yield, 0.27 g. (27.4%). The analytical 
sample was prepared by reprecipitation from 3 S ammonia with 
dilute sulfuric acid a t  p H  8.5. The off-white prismatic rods, 
collected after overnight refrigeration, gave a positive test for the 
mercapto group with the iodine-azide reagent16 and did not melt 
below 360" (lit.13 355' dec.). 

Anal. Calcd. for C4H6NaOS: C, 33.55; H,  3.52; S, 29.35; 
S, 22.40. Found: C, 33.84; H,  3.68; S, 29.00; S, 22 22. 
4-Amino-2-hydroxy-6-methylthiopyrimidine (XIII).-Redis- 

tilled dimethyl sulfate (10 ml.) was added slowly with hand-swirling 
to  a solution of 4-amino-2-hydroxy-6-mercaptop3-rimidine 
(7.24 g., 0.0505 mole) in 400 ml. of dilute sodium hydroxide 
(23 g. in 400 ml. of water), The reaction mixture was warmed 
on the steam bath for 1 hr., with occasional shaking, and filtered 
to remove undissolved impurities. The p H  of the filtrate was 
adjusted to  approximately 8 with dilute sulfuric acid and crystal- 
lization started immediately. After refrigeration overnight, the 
crystals were collected, washed with cold wate1, and air-dried; 
7.9 g. (quantitative yield). For analysis, a sample was crys- 
tallized first from water with Darco and then from 70% ethanol: 
colorless shiny prismatic needles, which melted a t  278" dec. 

The over-all crude yield was 8.95 g. (727,). 




