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allowed to stir at room temperature overnight. h slow risc in 
temperature to  35-40' usually occurred during the first 2 
hr., and a very fine precipitate of sodium chloride could 
be observed. The mixture was filtered with the aid of Hyflo 
and solvent was removed from the filtrate in uucuo. The vis- 
cous residue 'IVW treated with 100-200 ml. toluene and 
filtered again, to recovc'r unchanged I. The toluene solit- 
tion was washed with 10% sodium carbonate solution until 
the washings gave no precipitate when acidified. Finally 
solvent was allowed to  evaporate in an air stream, where- 
upon the product usually crystallized. 

Method B. Equimolar quantitics of the sodium salt of I 
and 0,O-dialkyl phosphorochloridothioate were used. 
Otherwise the procedure was the same as in Method 4. 

Method C. Equimolar amounts of potassium hydroxide and 
I were dissolved in a minimum volume of water. Thcn a 
10% cxcess of 0,O-dialkyl phospliorochloridothioate was 
added and the emulsion was stirred vigorously for 3 to 
4 hr. The mixture was treated with an equal volumc of 
toluene and filtered to  remove unrracted I. The two-phase 
filtrate was separated and the aqueous portion was extracted 
with additional toluene. Evaporation of the organic solution 
vielded crystalline product. Acidification of the aqueous 
portion gave additional I. 

The compounds (11) prepared are shown in Table I. In  
most cases i t  was possible to  recover sufficient I from the 

reaction mixtures to bring the msterial balance of starting 

0,O-Disth yl 0-( 6-chloro-3-pyridazinyl) phosphorolhiocile (X-  
LI). XLI  was obtained in 45(Yo yield from XL by Method C. 
After recrystallization from heptane-ether, a m.p. 36.5- 
47.5' was observed. 

Anal. Calcd. for C8H&1?;20J'S: P, 10.9G Found: P, 10.56. 
XLI  changed to a green gum on standing overnight in air, 

and rven samples stored under nitrogen in the dark 
turned green after several months. The decomposed mixture 
no longer dissolved completely in ether. 

0,O-DiethyZ O- [1,6-dihvdro-l-( h~~droxyme/hyl)-6-oxo-3-p~~ri- 
clazinyl] phosphorothioate (XVI).  IV (31.7 g., 0.1'7 mole) 
was added to  37% methanol-free formaldehyde solution 
(39.0 g., 0.48 mole) t o  give a thick white paste. Two im- 
miscible liquid layers appeared above 49", and thc mixture 
was heated a t  70-72" for 2 hr. The mixture was cooled and 
the lower organic layer was srparated. The aqueous portion 
was ext)racted with ether and the latter combined with the 
main organic fraction. This was then mashed repeatedly with 
saturated sodium chloride solution and dricd. 1Zeinovnl of the 
solvent in Vacuo yielded crystalline product, which after 
extensive drying in vacuo over calcium chloride, showwl :t 
formaldehyde content of 10.7% (theory 10 .2~o) .  

I to 9O-950/,. 
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An improved procedurtx for the preparation of purinc4thiols by the reaction of 4,5-diaminopyrirnidines with carbon di- 
siilfide in N,,+r-dimethylformamide is described. Application of this procedure to 4,5-dianiinopyrimidines containing a group 
in the 6-position susceptible to nucleophilic attack resulted in intramolecular displacement of this group by the intermediate 
dithiocarbamate anions to  give thiazolo [5,4-d] pyrimidine-2-thiols. 

The general utility of this ring cloeiire for the preparation of other heterocyclic systems is also demonstrated. 

It beramc necessary to prepare some purine-8- 
thiols (111) as intrrmediates in the synthrsis of 
hemisulfur mustard derivatives of purines3 which 
might prove to be of interest as anticancer agents. 

Purine-%thiols are most commonly prepared 
form 4,5-diaminopyrimidines by  reaction with 
carbon disulfide in pyridine4j5 or fusion with thio- 
 rea.^-^ In an effort to improve the preparation of 
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purine-&thiol (IIIa)6.7 itself, the reaction of 4 3 -  
diaminopyrimidine (Ia) and carbon disulfide in 
N,N-dimethylformamide was investigated and, 
indeed, an almost quantitative yield of the purine 
was obtained in this manner. This marked improve- 
ment in yield over that reported in the literature7 
encouraged 11s to attempt to extend the application 
of this procedure. A good yield of 9-ethyl-9H- 
purine-8-thiol (IIIb) was obtained from 5-amino-4- 
cthylaminopyrimidine (Ib),l0 but when the pro- 
cedure was npplied to  4,5-diamino-6-chloropyrimi- 
dine (IC) ,11 the expected product-6-chloropurine- 
8-thiol-was not obtained. Instead, a compound 
containing no chlorine was isolated in good yield. 
The same compound resulted when 4,5-diamino-6- 
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(b~~iixy1thio)pyrimidinc. (Id) l 2  was allowed to react 
with carbon disulfide in n’,N-dimethylformamide. 
Elemental analyses and spectral data establish thc 
identity of this compound to be 7-aminotliiuzolo- 
[5,4-d]pyrimidine-2-thiol (T’a). Although the ultra- 
violet spectrum is iiot definit,ive, the presence of 
bands in the infrared spectrum due t’o a primary 
amino group a t  3400, 3290, and 1645 em.-’, and 
heterocyclic bands in the double bond region.of the 
spectrum a t  1590, 1530 (sh.), and 1495 em.-’ 
are good confirmatory evidence. The thiazolo [5,4-d]- 
pyrimidine apparently rcsults from the intramo- 
lecular displacenieiit of n relat’ively labile group, S I W I ~  
as t>he 6-chloro group of the pyrimidine, by tlic 
intermediate dithiocarbamate anion I1 in  prcf- 
creiice to  the more usual ring closure on tlic J- 
amino group of the ~ y r i m i d i n e . ~ , ~  

Application of t’he reaction to  2,5-diamino-4- 
chloro-6-et,hylaminopyrimidine13 (Ie) gave 5-amino- 
7-ethylaminothiaz o 1 o [5,4 - d ]  p y r i m id i  11 e - 2 - t h i o 1 
(Vb) , again by displacement of the chlorine ntoni. 
These reactions constit,ute the first reported prep- 
aration of a thiazolo [5,4-d]pyrimidiiie-2-thiol and 
represent a rather unusual ring closure. 

At,tenipted Raney nickel desulfurizat’ion of 7- 
nminothiazolo[5,4-d]pyridine-2-thiol (T’a) to tho  
known 7-aminothiazolo [5,4-d]pyrimidinel2 re- 
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s u l t d  in  removal of the sulfur froni the ring also, 
giving ~,J-dianiiiiop3.rimitiiii~~ n s .  the only product. 

The react,ion of 4,5-dianiinopyrimidin-B-o1 (If) 
with carbon disiilfide i n  .~,.\'-tlimcthylformnnii(le 
gave only n 20q; yield of 8-inc~rcagtohyposniitliiiie 
( I I Ic ) .~  The niajor prodiivt of  this r ( ~ ~ ~ t i ~ r i i  is a 
compoiuid that T Y ~  h v c  tcvitatiT-cly idciitified as 
1 J-his (A-amino-(j- hydro pj%nii(liii - 5  -yl)thioiirea 
( IT- )  formed hy thc wnc*tion of thc. tlit1iioc:ii~l~nm:ite 
anion TI with a wco i id  niolwiil~ of the pyriniitlirie. 
This compound is w r y  iiitractn1)le. being insoluble 
in all the organic solvc>iits tried. : l i d  ~i-ould dissolve 
only in aqueous h from 1vhic.h it prccipitntcd on 
acidification. This treatmen1 . honpver, failrd to 
give a samplr i hat :in:~Iyzed ronsistently corrwtly 
for the proposed thiourcn structure. Still, the 
carbon, hydrogen, nitrogen, and sulfur ~ ~ i l u e s  
were fairly close t o  thr c:ilculatcd valurs, and the 
ultraviolet' and infrnrcd specatrnl datu also support, 
this structure. The 1111 i~n~.iolct spcctrum is very 
iimilar to that of ~~-ani~iio-.~-forniumidopyr~mit~in- 
6-01 and the infrared spectruni shows hands due to  
NH a t  3300 arid 3130 cm.-'  and pyrimidine car- 
bonyl absorption a t  l(i40 cm.-l Also, the general 
appearance of the infrared spectrum is very similar 
to  that of 4,5-diaminopvrimidiii-~-(~l. 

The general applicnhility of thc carbon disulfide- 
LV,~V-dimethglfornianiide ring closure to ot'her 
heterocyclic ring systems \vas demonstrated by the 
preparation of ;5(C,)-nit,r~)heiizimidazole-2-thiol in  
887& yield (lit.14 yield, 4iyc) from 4-nitro-o- 
phenylenediainine and of imidmo [3.r,-d]prritiine-2- 
thiol in i8yc yicld ( l i t ,  I 5  yield ST-) from 2 3 -  
diaminopyridine. 

Alkylat'ioii16 of the t hinzolo [5,4-d]pyrimidine-2- 
thiols with 1-hromo-khloroethane gave the eor- 
responding 3-chloroethylt'hio derivat'ives. These 
compounds failed to  exhibit any interesting biologi- 
ral activity, possibly because of t'he chemically 
inert nature of the chlorine atom of thc 3-chloro- 
cthylthio group, iii coiit,r:ist to tlic rhrmiral behavior 
of similar c~)mpounds n-liich do show liiologic ac- 
t ivi t y. 

temperature). The  solution was then cooled (if necessary) 
and poured into cold water from whirh the cxcess carhon 
disulfide was evaporated. The product that, separated 
was recrystallized either from the  .Y,S-tlimethylformaniide- 
wat,er mixture or from the sperified solvent ( see  Table I) 
2nd dried in uaciio over phosphorus pentoside. The yields, 
melting points, and analyses are reported in Table I. This 
ultraviolet allsorption spectra of t,hese compounds 3re re- 
corded in Table TI. 

a 'Thrsr spc.c.tra n w p  drtcrmincd i l l  :tqiieoiis solut~ion J v i t t i  
a Reckman DTC-2 spcrtrophotonictrr ioptic:il densitics : i t 
thi' masiinn \vith :t 13wkin:in DE), or v i th  a C:iry l lodr l  14  
spec.trophotometer. 111 agrwnicnt with 1itPr:iturc valucs. 
See rrf. 7. Shoiiltkr. 

Grnerul p i o c e d w e  .for the allqlation qf the  ihinzolo I6,.i-d] - 
p~/rimidine-~-- thiols .  A mixtllre of t h e  thiazolo[5,4-d] p>.- 
rimidine, organic halide, and potassiiim carhonate (inolc 
ratio-1: 1 : 1 )  in .Y,S-dimethylformamide (10 ml. /g .  t1ri:i- 
zolo[5,1-djpyrimidine) i v w  stirred at  40-50' for 2 hr .  
The  rraction mistiire w : ~  cooled and poured into threr  tiriies 
its voliimc of roltl ivatrr. l 'hr :iqiiroiis mixtiire n RS iirutra- 
lizcd :ind the precipitate t h a t  formed \vas collerted :xiti re- 
cprystallized from the specified solvent. The rerr~.st:illiz:itic~ii 
solvent, yields, iuelting points :ind : ina l~~scs  are given ir i  

T:iIile I. The ultraviolet :~Ixorption s lmt ra  of thew coni- 
l)ounris arc recorded i n  Tahle 11. 

-1 c k n o u h d p " .  Thc authors n i ~  iiidc1)ic~tl to  
I)r. IT7. ,J. Harret t anid tlic mcwil)ers of the ,halyt , icd 
S w t  i o i i  of Southcwi Rcsearch Tnstitutc \vho 
pe r fo rnd  the spert rill and most of  the mirroaii:tly- 
t icwl tlct,rrriiiiiatioiis rrportetl. Sonic of t h c  ana1yi;c.s 
rrport rd iverci pt?i~foi~nietl 1)y the Cridbrait h h1iri.o- 
aiialyt i c u l  T,nl)or:ii orics. Kiios\dlr~, T e ~ i n .  
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