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well as the synthesis2,' of, a pyrimidine analog of 
tetrahydrofolic acid (I) has been previously presented. 
Since I could inhibit some of these enzymes, we em- 
barked on the synthesis of the 4-mercaptopyrimidine 
analog I1 of tetrahydrofolic acid; to our knowledge no 

I, R = OH; 11, R = SH 
mercapto analog closely related to the folic acid struc- 
ture has been synthesized. 
h key intermediate in the synthesis of I was the 

pyrimidine-5-propionaldehyde acetal 111 which also 
appeared to be a likely intermediate for the synthesis 
of the required 4-mercaptopyrimidine (V) . Unfor- 
tunately, 111 was quite unstable to phosphorus oxychlo- 
ride, giving carbonaceous material even at  room tem- 
perature; under a variety of conditions including the 
use of dimethylaniline, IV could not be obtained. 
Similarly, I11 was unstable to phosphorus pentasulfide, 
gave only tarry materials in hot pyridine or xylene, and 
no V could be isolated. That the difficulty of the 
phosphorus oxychloride reaction could not be attributed 
to the 5,6-dialkyl structure of the pyrimidine ring was 
shown by the conversion of 5-allyl-2-amino-6-methyl-4- 
pyrimidino18 to the chloropyrimidiiie VI, albeit only in 
13y0 yield. Thus, the main instability of I11 to phos- 
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3 
phorus oxychloride was attributed to the acid-sensitive 
acetal group. 

Since the dioxolaiie blocking group is considerably 
more acid-stable than the ethyl acetal blocking group, 
the synthesis of X, the pyrimidine-5-propionaldehyde 
blocked with a dioxolaiie group, was undertaken in 
order to study its conversion to a mercaptopyrimidiiie 
(XV). Reaction of ethyl 2-acetylglut'araldehydate 
(VIII) 2 , 9  with ethylene glycol in benzene containing 
p-toluenesulfonic acid, but without axeotropic remoi~al of 
water, gave the desired dioxolane (VIII) in 55yG yield 
as a distillable oil. As one could anticipate,'O the same 
conditions with removal of water led to the bisdioxo- 
lane (IX). 

(0) B. R. Baker, Preprints of the Scientific Session of the American 
Pharmaceutical Association, Las Vegas, Nevada, 1952; paper V of this 
series. 
(7) B. R. Baker and C. E. .\forreal, J .  P h a r m .  Sci . ,  61, 596 (1902). 
(8) V. Hacht,  C h e m .  Lislv, 46, 459 (1951). 
(9) 0. 4. Mae and D. T. Warner, U. S. Patent 2,610,204; 

(10) L. Williman and H.  Scliinz, Hele. C h i m .  Acta, 32, 2151 ( 1 ~ ~ 4 9 ) .  

C h e m .  d b s t r . .  
47, 5961 (1953). 

Condensation of VI11 with guanidine in boiling 
ethanol gave the crystalline pyrimidyl dioxolane (X) 
in 69% yield; the over-all yield from VI1 was increased 
by 18y0 when the intermediate blocked keto ester 
(VIII) was not isolated. dcetylatjon of X with acetic 
anhydride jn pyridine a t  80-90" afforded the K-acetyl 
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derivative XI1 in 57% yield; with boiling acetic an- 
hydride the yield was lowered to 45y0. In contrast to 
2-acetaniido-4-hydroxy-6-methylpyriniidine -5- propion- 
aldehyde acetal, which was readily hydrolyzed to 2- 
acetamido -4- hydroxy -6- methylpyriinidyl -5- propional- 
dehyde (XIV) with boiling mater,2 XI1 was recovered 
unchanged under these conditions, indicating the desired 
increase in the stability of the dioxolane blocking group. 
That the dioxolane blocking group of XI1 could be hy- 
drolyzed to XIV was showii by treatment of XI1 with 

In spite of the increased stability of the dioxolaiie 
blocking group, treatment of XI1 with phosphorus 
oxychloride with or without the presence of such bases 
as pyridine or dimethylaniline to form XI caused 
extensive decomposition, and no organic materials with 
the expected solubility could be recovered; similar 
results were obtained with phosphorus pentasulfide in 
pyridine in attempts to synthesize XV. Since the 
S-acetyl derivative XI1 was considerably more soluble 
in nonpolar solvents than the 2-aniinopyriniidine X, 
reaction of XI1 with phosphorus oxychloride was 

formic acid at  room temperature. 



studied. Traces of tlic desircd l-cliloi.opyriiiiidiii(, 
(XIII) could he obtaiiied hy heatiug i i i  pliosphoius oxy- 
chloride foi a short period ot tiiiir. T h t ~  yield \\ a. 
improved to the order of 55c it the excebs phosplioriis 
oxychloride was not renioved by distillation 111 I ac‘ico. 
but 1 1 1 ~  reactioii niixture added directly to ice. C:he of 
t)ciizeiie a* a diluciit a i d  deconipositioii of tlic (’xc 
iwgent I I I  cold alkali gavc 10 :30c; yield5 of XI 
Filially, hy proper coii t iul  of‘ t i i f>  iwct io i i  t iiiiv a i d  

urc. woik-up ivitli c.old aqueous sodiuiii 
avc. t h e  crystalliiic 4-cliloiopyi,iniidiiir (XI I I )  
yield. The  iiicimw III ixtc of icac~tioii ot 
11s oxycliloi%lt. witli tlw 2-acctaiiiido- i-pyi.inii- 

tliiiol (XI I) coniparcd to otlici 2-aiiiiiio-~-~~yriiiii- 
diiiols such a\  S caiiiiot lie coiiti*it)utccl solely to i i i -  

(~eahed soluhility ; apparciitly. tlic Iiy-dro\yl group ol 
XI1 i s  coiisidcrahly iiiore react ivc. 

\Vheii tlici 4-chloropyriniidiiic. (XI I I )  was twatvd 
ith potassiuni hydi-osulfide i n  hoiliiig niethaiiol, the, 

chloro g i ~ u p  was 1,eplaced hy i i ici~apto aiid tho S-acetyl 
group \\.ab cleaved to givc tlici d e s i i d  2-aiiiiiio-4-iiiri- 
captopyiiiiiidiiie (S\’) i i i  7.ScL yield: th i i>  eit1it.i. S I  01 

XYI, 01‘ h t h  were iiiteriiiediatcs iii tlic coil\ c i i o i i  of 
XIII to Xi\-. Othei. studies iii this liahoi~atoi*yl’ ha\ ( 3  

sliowii that the cliloi~o group 01 tlirl “-acctaiiiidopyriJiii- 
diiw (XI1 I )  caii be displaced readily hy iiucleophile* 
uiidrr coiidit ions M here thc 2-a1iiiiio-l-cIiloropyi~imidi1ic~ 
(XI) is i*ecovered uncliaiiged, iiiilicatiiig a trciiieiidous 
difl’eieiicp in reactivity of the Iialogcn i i i  tlic t \ \ o  c o ~ n -  
pouiids. ‘That tlir reactioii piocctdrtl predo~iiiiiaiitly 
thi-ough X\‘I was iiidicated hy iuither treatmeiit of t i i t ,  
iiiethaiiol-freed reactioii niistiirc of potassiuiii hydi o- 
5ulfidr aiid XlII  with acetic’ siiliydrlde a i d  
i i i  this \ray p im XI-I i tas  obtaiiicd i i i  88 
presumatjly by iwxetylatioii of‘ the XI t o  i*r.foriii XI I 1  
f o l l o n d  by furthei, reactioii ivitli liydlosulhdcl or thio- 
acetate ion. 

If iiiadverteiitly iiot all the potassiuni hydroxide \\as 
converted to potassium hydrosulfide, the more alkaliiw 
solut i o i i  caused more rapid deacetylation aiid the 2- 
~~J~iiii(i-~-cliloropyririiidiiie (XI) wab the iiiahi product, 
I5y iiso oi tlic ncwti.al iincleophile, t hiouiw. i i i  i-butyl 
alcohol, wliirli docs not givci i I W  to alcoholj 
rcplaccviicnt of tlir chloro group took p l a c ~  witlioiit laic 
ol thr S-acetyl group aiid tlic iiit~i~niediatr, eakly- 
acidir thiouroiiiuiii salt \raz isolated i i i  8 F ;  yield 
Hydrolysis of the S-acetyl a id  thioui oiiiuiii gioups 
\+as coniplete iii 2 lir. at roo111 t e ~ i i p ( ~ r a t u i ~  iii S SaOH, 
as shonn tjy t h c  chaiige in tlic ultraviolet spectruiii : 
acidificatioii ga1-t. an 840/;: yield of XI-.  JIoreover, thp 
2-arnino-4-chloropyrimidiiie (SI 1 nab iwo \wed  esseii- 
tially iirichaiiged under siiiiilar conditioiii. ‘I‘hc rout(% 
through th r  thiouroiiiiiiii salt \\as thr, nicdhod of c,huiw. 

‘I’hc highci reactivity of group* iii the 4-positioii of i\ 

,-accta~iiidopyriiiiidiii~~ coliipaid to a 2-aiiiinopyI h i -  
tiiiic IS i i o t  only a iiotewoitliy diffeiwice i i i  the. char- 
actcr of the 2-aniiiiopyriiiiidiiic teiii. hut a highly 
useful difference that should h i d  ity i i i  other amino- 
pyriniidiric traiisforniat ions. 

Siiictl the  diosolaiie 1)lockiiig gioup of XI1 \vas liy- 
diolyxcd to  t l i r  aldeliydc XI17 11 itli difficiilty oiily I\ ith 
acaiti, :iiid siiicc Iiydtolj of’ 4-iiiei.raptopyi.iniidyl di- 
ouolaiic, (XI-1) witli ae to S S I  gavc difficiiltly h e p -  
wat)k i i i is tuiw,  tlir. i w o i i \  P I  4 o i i  of tlic. dioxolaiir 1)loc.h- 

I I  H . I t  1 h h t 1  , 1 1 1  t+ I l i t  i11i j111iI i  11. 

s v  

Y /STOH 

1 OH 

(:H,CONHG~ NJj,cH2CH2CH0 CH, 
NH2kN N 5 C H 2 c H 2 C H o  CH, 

XXI XU1 

Shoi t aclutwri> -ulfiiiic acid hydrtrlysh oi X\.l I or 
S I X  gal t’ a ciystalliiir coiiipouiid i i i  ti> or 74( 
itspecti\ ely, that ga\ e coiiihustioii \ alues iii agreeniciit 
with tlic hi i i i i iopy iiiiidyl aldehyde X S  ~ t i u c t u r ~ .  
Hoiwvei., tlic. ultraviol(~t spectrum showed that 111 

iieutral sulutioii the supposed aldehyde XX was 11 

i i i  the heiiiiacctal for~ii siiice its iiiaxiiiiuiii at 30t iiip 

ib chai acterist ic ot a %-aiiiino-l-alkylthio-~,(j-dialkyI- 
pyriiiiidiiic>12; :i siiiall peak also occurred at 3.50 iiip 

due to the prciciict~ of sonic opcii chain aldehydc~ SS 
(5ee Tahlr I ) .  ‘I’ll(> ratio of the 307 to :3>0 ~ 1 1 ~  p r d \  
iiidicated that tlir. ratio of the lieiiiiacetal fo im X\.II I 
t ( J  tilt' Opf‘ll aide riii XX at pI-1 7 \I 

I l i < l  I< I< li‘*hri I I , , ,  ~ ~ J , , , ,  b 81 
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Compounds 
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TABLE I 
ULTRAVIOLET SPECTRA OF THE PYRIMIDINES 

x&tx1 (. x 103) xmax ( e  x 103) (solvent)" xkt23 (. x 103) 

228 
266 
245 
262 

(9.65) 227 (shoulder, 13.0) (B) 

( 11.08) 220 (18. 96) ( A )  245 (8.S2) 
(8 .6)  (inflection) 245 (9.92) ( A ) b  276 (7.60) 

(8.52) 291 (9.15) (B)  (270 (7.52) 

242 (18.74)" 242 (18.27) ( A ) d  
223 (1530)  (B) 
295 (10.15) (€3) 
354 (10.5)  (B) 

266 (6.22) 260 (4.15) ( A )  
332 (12.38) 347 (12.99) ( A )  

346 (10.37) (C)e 
317 (12.42) (D)" 

230 (9.30) 
267 (8.20) 
252 (4.64) 
337(14.04) 
236 (10.05) 
271(11.60) 
315 (12.89) 

229 (9.10) ( A )  
287 (8.30) (A)  
242 (5.83) ( A )  
344 (14.36) (A)  
234 (14.91) (A) 
308 (10.04) ( A )  

260 (4 ,4)  (inflect.) 
317(10.61) 

232 (S.20) 
277 (7.20) 
237 (8.53) 
312(11.23) 
234 (14.91) 
308(10.04) 

274 ('3.71) 230(12.72) 307 (Ci.b'J) 
316(10.31) 307 (6,  80) 
274 (9.54) 307 (7.09) ( A )  (C)  317 (12 S6)ri 
317 (10 73) 350 (1.20) ( A )  (C)  

312 (11.12) ( D )  
219 (18.70) 231 (20 67) (4) 260 (S G )  (inflect.) 
276 (9.73) 307 (8.06) ( A )  317 (13 68) 
317 (10 34)h 

A, pH 7 ;  B, 9570 ethanol; C, pH 8.4; D, pH 11. Inflections centering a t  261 and 200 mp. Plateau at 266-281 nip ( E  4700). 
Inflection centering a t  270 mp ( e  5200); a t  pH 13 the compound rapidly underwent spectral changes presumably by hydrolysis to 

Inflection centering at  232 mp ( E  X. e Shoulder a t  260 mp ( 6  6000). See ref. 12. Inflection centering a t  258 mp ( e  5200). 
12,000). 

1O:l. At pH 13 the spectra of both XVIII and XV 
were identical with a peak a t  317 mpJ showing that the 
anionic form was completely in the open chain form 
(XXII and/or its ionically tautomeric forms). Al- 
though pH 11 was sufficiently basic to convert all of 
XT' to the anionic form with a peak at  317 mp, pH 13 
was required for complete ionization of XVIII to XXII. 
The shift in alkali to 317 mp for a 2-amino-4-mercapto- 
5,B-dialkylpyrimidine has been recorded previously. l 2  

Condensation of XVIII t--) XX with p-aminobenzoyl- 
L-glutamic acid in dimethylformamide followed by 
reduction with niethanolic sodium borohydride, the 
procedure used for synthesis of the 4-hydroxy analog 
I,*17 gave the final product (I1 = XXVa) in only 3% 
yield. If the condensation was carried out with XVIII 
in methanol containing three equivalents of sodium 
methoxide so that the open aldehyde anion (XXII) 

was the reactive intermediate, 110 iXXVa could be iso- 
lated. Since the 4-mercapto series behaved so differ- 
ently from the hydroxy seriesJZt7 a study of the chem- 
istry of the condensation of XVIII with aniline and 
reduction of the intermediate was undertaken. 

When aniline was condensed with XVIII in boiling 
ethanol, a pure recrystallized condensation product was 
obtained in 73% yield. That this condensation product 
had the cyclic structure XXIVb, and not the anil 
structure XXIIIb, was readily shown by its ultra- 
violet spectrum; the compound showed a maximum 
at  307 mp at  pH 7 which is compatible with structure 
XXIVb and not XXIIIb; the latter could be expected 
to have a maximum at  about 330 mp. At pH 1 3  
XXIVb readily formed the anion of the open chain ani1 
(XXVIb) since its maximum was a t  317 nip (see Table 
I). When XXIVb was converted to the anionic anil 
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line material obtained by t,rituration with alcohol was about 40% 
and considerable brown oil was formed. The yield was also 
lowered if the benzene solution was stirred with the aqueous 
sodium acetate for a longer period of time. 

2-Acetamido-5- [2-( lY3-dioxolan-2-yl)ethyl] -6-methyl-4-pyrim- 
idylisothiuronium Chloride.-A mixture of 10 g. (0.035 mole) 
of crude 2-acetamido-4-chloro-5-[2-(l,3-dioxolan-2-yl)ethyl]-6- 
methylpyrimidine (XIII) ,  2.8 g. (0.0368 mole) of thiourea, and 
100 nil. of t-butyl alcohol \vas refluxed with stirring for 1 hr. 
When the solvent started refluxing a considerable amount of 
solid vias dissolved, but a clear solution was not obtained. Crys- 
tallization began after 5 min. and the amount of solid was in- 
creasing during the last 55 min. of heating. The resulting mix- 
ture was alloived to cool to room temperature. Acetone (20 ml.) 
was added and the mixture was chilled. The product was col- 
lected on a filter and washed n-ith acetone; yield, 10.3 g. (81%), 
m.p. 163-164'. 

From a previous run the crude product', after one recrystalliza- 
tion from absolute ethyl alcohol had a constant m.p. a t  162- 
163: 3.11 3.19 ( S H ) ,  5.88 (C=SH'), 6.07, 6.37 (pyrimi- 
dine, amide), 9.72, 9.92 p (ether C-0-C), A::,' 242 (E 19,800), 
293 m u  ( E  8,200); A::: 242 (E I O , ~ O O ) ,  292 mp ( E  8,200); 
:30!1 ( E  12,400), inflection centering a t  242 nip (E 17,513); the pH 
13 curve may be inaccurate due to conversion to X U .  

Anal. Calcd. for C13H&1N203S: C, 43.1; H, 5.5( ; S,  19.4; 
S, 8.86. Found: C, 43.2: H, 5.83; E, 19.4; S, 9.03. 

2-Amino-5- [Z-( 1,3-dioxolan-Z-yl)ethyl] -6-methyl-4-pyrimi- 
dinethiol (XV). A.-To a solution of 0.20 g. (3.56 mmoles) of 
potassium hydroxide in 3 nil. of methanol saturated with hy- 
drogen sulfide was added 400 mg. (1.4 mmoles) of pure XIII.  
After being refluxed for 9 hr., the mixture was spin-evaporat,ed in 
vacuo. The residue was dissolved in 10 ml. of u-ater and filtered 
from traces of dipyrimidinyl sulfide formed in some runs; then 
the filtrate was acidified to pH 4 with acetic acid; yield, 257 
mg. (767,), m.p. 218-219". Recrystallizat'ion from water gave 
yellow crystals, m.p. 218-219": A::: 3.38 ("1, 6.04, 6.42 (YH, 
pyrimidine), 8.85, 9.42, 9.70 p (ether C-0-Cj. 

.Ana/. Calcd. for CiOHljS&S: C, 49.7; H, 6.26; S, 17.4; 
S, 13.3. 

Preparatively, it was more expedient to use crude XIII,  m.p. 
1lC5-1 lio, which gave 607; of SV, n1.p. 217-218'. 

B.-A solution of 50 mg. (0.138 mmole) of 2-acetaniido- 
5- [ 2-( 1,3-diosolan-2-yl)ethyl] -6-methyl-4-pyrimidylisothiuronium 
chloride in 2.5 ml. of N sodium hydroxide was allowed 
to stand at  room temperature for 2 hr. when spectral changes 
were complete. Acidification to pH 7 with acetic acid precipi- 
tat,ed 28 mg. (847;) of product identical with preparation A. 

2-Acetamido-5- [ 2 4  1,3-dioxolan-2-yl)ethyl] -6-methyl-4-pyrimi- 
dinethiol (XVI). A.-A niisture of 5.0 g. (21.3 mmole) of XV, 
5 ml. of acetic anhydride, and 10 ml. of reagent pyridine was 
heated in a bath at  X5" for 2 hr., then spin-evaporated in uacuo. 
Recrystallization of the residue from ethanol gave 5.3 g. (89%) 
of product in two crops, m.p. 216-217"; 3.10 ( Y h ) ,  6.00 
(amide C=O), 6.22, 6.48 (SH, pyrimidine), 8.83, 9.75 p (ether 
C-0-C). 

Anal. Calcd. for C12HIj?;8O3S: C, 50.8; H ,  6.16; X, 14.9; 
S, 11.3. 

B.-To a solution of 9.6 g. of potassium hydroxide in 150 nil. 
of reagent methanol saturated Jvitli hydrogen sulfide at 0" was 
added 19.1 g. of crude XIII .  After being refluxed for 6 hr. the 
mixture was spin-evaporated to residue in uacuo. To the semi- 
solid w:ts added 50 ml. of acetic anhydride and 100 nil. of pyridine. 
After the exothermic reaction had subsided, the dark orange 
solution was lieated in :t bath at 80-90" for 2 hr.  The solution 
was spin-evaporated in raciio and the residue was extracted with 
boiling 9.57; etlianol. The hot solution was filtered, then cahilled; 
yield, 16.6 g. (HSC; J. m.p. 213-214°. 

C.--A solution of 10 g. (0.0276 mille) of 2-acetamido-5-[2- 
( 1,3-di1~solun-~-yl)ethyl] -6-methyl-4-pyrimidyl isotliiuronium 
chloride in 110 nil. (0.11 mole) of .I' NaOH was allowed to stand 
at  room temperature for 2 hr. and then adjusted to pH 7 with 
glacial acetic acid. After chilling, the yellow precipitate was 
collected, washed with ice water, and dried; yield, 6.9 g. ( 8 8 % ) ,  
m.p. 201-203O, that was suitable for further transformations. 

Conversion of X to 2-Amino-5-( 3,3-diethoxypropyl)-6-methyl- 
4-pyrimidinol (III).--A solution of 2.0 g. (9.6 mmoles) of X in 100 
nil. of absolute ethanol containing 0.5 g. of 96% sulfuric acid was 
reflused for 6 hr., then neutralized with a solution of 0.64 g. of 
potassium hydroxide in absolute ethanol. The mixture was spin 
evaporated i n  / a c / m ,  then the residue was extracted with boiling 

Found: C, 49.5; H, 6.47; K, 17.3; S, 13.1. 

Found: C, 51.0; H, 6.20; S, 15.0; S, 11.2. 

dichloromethane. The filtered solution was evaporat'ed and the 
residue was crystallized from ethyl acetate to give 0.60 g. (30%) 
of 111, m.p. 179-18O0, identical with an authentic eaniple.2 n o  
attempt was made to establish optimum conditicns. 
2-Amino-5,6-dihydro-7-ethoxy-4-methyl-7H-thiopyrano [2,3-d] - 

pyrimidine (XVII). A.-A solution of 5.5 g. (19.5 moles) of 
XVI in 200 ml. of absolute ethanol containing 1.94 g. of 95y0 
sulfuric acid was refluxed for 8 hr., then neutralized with ethanolic 
potassium hydroxide. The mixture was spin-evaporated in 
cczcuo and the residue was extracted with 200 ml. of hot chloro- 
form. Spin-evaporation of the filtered chloroform solution in 
zvcuo and recrystallization from absolute ethanol gave 4.1 g. 
(947,) of product, m.p. 181-182"; A::: 2.98, 3.12 ( S H ,  pyrinii- 
dine), 9.12,9.47 p (ether C-0-C). 

Anal. Calcd. for CloHl,X30S: C, 53.3; H, 6.7%; S, 18.7; 
S, 14.2. 

B.-By the same procedure, 440 mg. (1.82 nimoles) of XI- gave 
400 mg. (98%) of chloroform residue, m.p. 180-181". Recrys- 
tallization from absolute ethanol gave 263 mg. (64%) of product, 
m.p. 181-182", that, was identical with preparation A. K O  
attempt, was made to obtain a second crop. 

2-Acetamido-5,6-dihydro-7-ethoxy-4-methyI-7H- thiopyrano- 
[2,3-d]pyrimidine (XIX).-Acetylation of 0.5 g. of XVII as de- 
scribed for XV, then 3 recrystallizations from ethanol gave 3870 
of analytically pure product, m.p. 129-130"; A::" 235 ( e  26,900); 
292 mu ( E  8,200); p z r i  3.15, 3.45 ( S H ) ,  6.02 (amide C=0), 
6.50 (SH,  pyrimidine), 9.20,9.40 p (ether C-0-C). 

Anal. Calcd. for Cl2Hl7S,O2S: C, 53.9; H, 6.44; S, 15.7; 
S, 12.0. 

2-Amino-5,6-dihydro-7-hydroxy-4-methyl-7H- thiopyrano- 
[2,3-d]pyrimidine (XMII).-A solution of 5 g. (22.2 mmoles) of 
XVII in 50 ml. of 5% sulfuric acid was refluxed for 30 min., 
cooled to 25", and neutralized with solid sodium bicarbonate. 
The separated product was collected on a filter and washed with 
water. Recrystallization from absolute ethanol gave 2.4 g. (65y0 
of pure product, which gradually decomposed above 280" I\ itliout 
melting; on a Kofler hot-bench, it showed partial melting near 
235'; 2.98, 3.02, 3.18 (SH, OH), 6.15, 6.54p(SH,pyrimi- 
dine). 

Anal. Calcd. for CsH1,S30S: C, 18.2; H, 5.63; S, 21.3; 
S, 16.3. Found: C, 48.2; H, 5.67; K, 21.2; S, 16.2. 

Similarly, hydrolysis of XIX gave 74% of recrystallized prod- 
uct. Hydrolysis of XV under the same conditions gave a prod- 
uct with the same ultraviolet spectrum as XVIII, but the niate- 
rial was insoluble in hot alcohol, had slightly shifted peaks in the 
6 p region of its infrared spectrum, and traveled differently on a 
thin layer silica gel chromatogram using methanol-water-acetic 
acid (8: 1: 1);  the same properties were observed with this mate- 
rial prepared from XV after solution in dilute alkali and repre- 
cipitation with acetic acid at  about pH 8. 

The best route to XVIII from XI11 is via isothiouronium chlo- 
ride +. XT'I + XVII. 

2-Amino-7-anilino-5,6-dihydro-4-methyl-7H-thiopyrano- 
[2,3-d]pyrimidine (XXIVb).-To a solution of 98.6 mg. (0.5 
mmole) of XVIII in 30 ml. of boiling absolute alcohol was added 
480 nig. (5.1 mmoles) of aniline. After being refluxed for 1 hr., 
the solution was spin-evaporated in uacuo. Recryst,allization of 
the residue from toluene gave 100 ma. (73'3) of analytically pure 
material, m.p. 177-178"; A:,": 2.89, 3.07, 3.22 (SH) ,  6.17, 6.32, 
6.53 ( S H  and aromatic double bonds), 13.8, 14.5 p (monosub- 
stituted phenyl). 

A n a l .  Calcd. for Cl3Hl&&: C, 61.7; HI 5.92; X, 20.6. 
Found: C, 61.6; H, 5.86; N,20.4. 

2-Amino-5-( 3-anilinopropyl)-6-methyl-4-pyrimidinethiol 
(XXVb).-To a solution of 100 mg. (0.37 mmole) of XXIVb in 15 
ml. of reagent methanol protected from moisture was added 0.37 
ml. (0.37 mmole) of N methanolic sodium niethoxide. After 30 
min. a t  room temperature, the solution was treated with 500 mg. 
(13.2 mmoles) of sodium borohydride, then refluxed for 90 inin. 
The solvent was removed by spin-evaporated in vacuo; the resid- 
ual sodium salt was dissolved in 10 ml. of water and the solution 
\vas acidified to pH 7 iyith hydrochloric acid; yield, 85 mg. (85%) 
of product, m.p. 204-206'. Recrystallization from aqueous 
alcohol gave 68 mg. (68%,) of pure product, m.p. 206-207'; 
A::: 259 (5>880), 338 mp ( E  15,600): 212 (15,900), 348 mp 
(e 1.5,600); Xg7x'3 317 (14,100), shoulder a t  240 mX ( e ,  29,400); 

3.02, 3.27 (KH),  6.06, 6.34, 6.45 (NH and aromatic double 
bonds), 13.2, 14.5 u (monosubstituted phenyl). 

Anal. Calcd. for Cl,Hl,X,S: C, 61.3; H, 6.61; S, 20.4. 
Found: C, 61.1; H, 6.69; X, 20.3. 

Found: C, 53.2; H, 6.81; N, 98.5; d, 14.3. 

Found: C, 54.0; H, 6.43; S,  15.5; S, 11.8. 




