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tive after 1 day and about equally effective after 2 days 
(Table 11). The mechanism of this delayed toxicity 
is not yet understood but would indicate that the com- 
pound is metabolized differently from 3'-deoxyadeno- 
sine. It should be noted, however, that ~ r i d i n e - ~ H  in- 
corporation was inhibited effectively during only 6 hr. 
of contact of the 6-methylamino compound with either 
T<B cells or chick embryo fibroblasts. 

The inhibitory mechanisms for the 6-dimethyl- 
amino- and 6-ethylaniinopurine 3'-deoxyribosides prob- 
ably resemble that of the 6-methylamino compound ex- 
cept for degree since they exhibited delayed cytotoxicity 
in KB cells, and also, the slopes of inhibition of uridine 
incorporation for all three compounds in each cell 
system were similar. 

The results obtained with 2,6-diaminopurine 3'- 
deoxyriboside and 3'-deoxyguanosine presented a 
markedly different picture. The 2,6-diaminopurine 
derivative showed lorn toxicity in K B  cells but was, if 
anything, more cytotoxic than 3'-deoxyadenosine in 

chick fibroblasts. Unfortunately, the supply of 3'- 
deoxyguanosine was insufficient to obtain similar 
comparisons in chick embryo fibroblasts. Both coin- 
pounds effectively inhibited the incorporation of uri- 
dine-3H into the acid-insoluble fraction of chick fibro- 
blasts, but a meaningful comparison with the effect of 
3'-deoxyadenosine could not be made since the slopes 
of the dose-response lines were different (Figure 2 ) .  

The effect of these two compounds on ~ r i d i n e - ~ H  
incorporation was strikingly different in KB cells where 
actually stimulation rather than inhibition was ob- 
served (Table 111). Until these two compounds are 
tested against a wider variety of cells in culture, one 
cannot speculate whether the observed qualitative dif- 
ferences between KB cells and chick fibroblasts with 
regard to ~ r i d i n e - ~ H  incorporation and cytotoxic effects 
reflect species differences, differences between a malig- 
nant and a normal cell, or differences between an es- 
tablished cell line and a primary explant of an em- 
bryonic cell. 
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Reaction of 6-chloromethylpurine with either thioacetic acid or ammonium dithiocarbamate led to 6-acetyl- 
thiomethylpurine and 6-dithiocarbamylmethylpurine, respectively, which gave after ammonolysis, 6-mercapto- 
methylpurine (6-homomercaptopurine). This compound was reduced to 6-methylpurine with Raney nickel or by 
prolonged refluxing with thioacetic acid. Chlorination of 6-mereaptomethylpurine produced 6-trichloromethyl- 
purine, which in turn, was reduced to 6-dichloromethylpurine with thioacetic acid. Reaction of equivalent 
amounts of 6-bromomethylpurine with potassium thiocyanate or with thiourea resnlted in the synthesis of 6- 
purinylmethyl thiocyanate and 2-(6-purinylmethyl)pseudothiourea hydrobromide, respectively. The corre- 
sponding alkylthiomethylpurine derivatives were prepared from 6-chloromethylpurine and methyl, ethyl, and 
benzyl mercaptan, benzenethiol, and 6-mercaptopurine. Some physical and chemical properties of the new com- 
pounds are reported and results of animal screening tests are included. The tumor-inhibitory activity of 6- 
acetylthiomethylpurine on mouse Sarcoma 180 (ascites) was marked and its effect on mouse Glioma 26 was 
moderate; the other derivatives proved toxic in mice. 

The inhibitory activity of 6-mercaptopurine and 
other thiopurines and their nucleosides on neoplastic 
growth2 stimulated our interest in the synthesis of new 
mercaptopurine derivatives as potential chemothera- 
peutic agents. The outstanding toxic effects shown by 
fi-niethylp~rine~ led also to a search for alterations 
in its structure that might result in derivatives of lower 
toxicity which still possessed carcinostatic properties. 
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and I. L. Doerr, ibid., 80, 1669 (1958): (9) I. L. Doerr, I. Wempen, D. A. 
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Previous studies on the fluori~iation,~ oxidation,5 
chlorination, and bromination6 of 6-methylpurine 
afforded derivatives with insignificant biological activ- 
ity. In studies of the synthesis of thiated purines 
carried out recently in this laboratory, novel routes of 
the thiation of purine and 6-niethylpurine' were de- 
veloped. The 2-mercapto- and 8-mercapto-&methyl- 
purine and purine-6-thiocarboxaldehyde which were 
synthesized did not show any activity in tumor screen- 
ing tests. 

I t  has been established that the introduction of a 
methylene group into certain pharmacologically active 
compounds leads to an alteration or increase in their 

(3) (a) F. S. Philips, S. S. Sternberg. L. Hamilton, and D. A. Clarke, Ann. 
N. Y .  Acad. Sci., 60, 283 (1954); (b) J. J. Biesele. Proceedings of the 3rd 
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F. S. Philips, J. Scholler, and S. S. Sternberg. Cancer Res. .  18, 687 (1958). 

(4) A. Giner-Sorolla and A. Bendich, J .  Am. Chem. Soc.,  80, 5744 (1958). 
( 5 )  (a) -4. Giner-Sorolla, I. Zimmerman, and A. Bendich, ibid. ,  81, 2515 

(1959); (b) hl. A. Stevens, -4. Giner-Sorolla, H. W. Smith. and G .  B. Brown, 
J .  Org. Chem., 27, 567 (1962). 

(6) S. Cohen, E. Thom, and A. Bendieh, i b i d . ,  17, 3545 (1962). 
( 7 )  A. Giner-Sorolla, E. Thom, and .4. Rendich, ibid., 19, 8209 (1964). 



biological However, seyeral honiologoiis 
purines, such RS aniiiio~iiethyl~~iiriiie~~ lo (iiomo:ldeliinr~j, 
A-hydroxyinet~hylpuririe (homohy1)oxanthiiic. obtained 
as its acetyl derivative) ,5h arid B-chloroiiirt Iiyll,ur.iric." 
which were synthesized also failed to elicit nny re1ev:irit 
tiiological activity. 

e in atit'itiuiior activity is observed in 6- 
allcyl- or arylthiopuriiies as (*ompared with 6-mcrc:il)to- 
l)iiriiiel!; &methyl- and 6-benzyl1 hioliuriiic siiowc~l :I I I  

iiicrease iii aiitit'uiiior :ictivity.'?.'" 
In the present xork,  A-merc~n~~tonietliylpiu~iiic ( t h t ,  

iiiethylenc~ hoiiiolog of 6-nierc,:ii)topui*iiie) :md it  c: nllcyl, 
nlliyluryl, and aryl derirnt ives were found to be tosir 
iii Sarcoina 180 t,iuiior hearing mice :it the usutil levels 
of :i,dnii~iistr:itioii. Thus far, these co1iil)ounds h a w  
chxhibited no out,Qtaiidiiig niitit'uiiioi- iropert ies. .I 
IIIOTC? detailed tunior sriwiiiiig study \vas rarried out 011 

(i-:~c.~:iylthionietllyll)iiriilc'. n-liivli c~shihiied iiiarkctl 
iiihihitioii on Snrconin 180 (asvit ir) arid iiioderntc ~f feca i  
o i i  ( ;lionla 26. 

Synthetic Studies.----lt tempt. i o  iiitroducae a 
atom into thc methyl group of (i-methylpurine 
its 1-X-oxide (11) with either thioacetic acid or its 
ntihydride were uiisuccessful. l4  ;lccordingly, other 
routes for t,lie thiatioii of this methyl groul) werc 
studied. Th(. thiatioii of ti-hydroxymethylitul.iii~~~ 
with l'2Sj in 1)yridirir or i t i  quiiioliiic rould not bc ai:- 
oonil)lislied. Treat iiieiit of &met hylpuriiie 1-S-oxide 
(11) with thiourea arid acetic d iyd r idc  failed to give 

sired t l i ia td  product.1: It  as fouiid in  the 
it invest igaiioii that ail et Iiaiiolic solutmion of f i -  
methyllturiric6 (111) \\-:is iiot :iffecltd tly H2S 

in thc cold or  at refliisiiig t e ~ i i p c ~ a t i u ' c ~ ,  :iiid that :iIlca- 
l i r i v  hydrosulfide.: n.crc of 110 value for t,he synthesis of 
thc Iiiethyleiic hoiiiolog of (j-iiierc.~ii)~oi)i~riii(~. T~RI IS-  
foriiial ion of C,-c~liloroniethvll,urinc (111) iiito 6-mer- 
c.:il)ioiiiet,hylpnriiie ((i-hoiiioniercai,tol,i~riiic.) (V) could 
tw attaiiicrl, though iii low yield ((j!:;), t1-y renciioii with 
H2S in  :t saturated ct Iitiiiolic. sohit ioii of' cX1t:iiitwtnl 
siilfur (see Scheiiici I ) .  

'I'hc acetylatiiig prolxi ' t  ies of ihioncet ic acid are n-ell 
l m o w ~ i . ~ ~  Tts tliiatiiig properties niicl t hose of its an- 

( 8 )  (a) .4. TVacker and S. Kirsclifeld, ~ ~ ~ z i i u i r n i t l e l - P ~ r ~ ~ , / ~ . ,  10, 20G (1960) : 
(I,) T. S. Work and 1. Work in "The I3asis of Chemotherapy," Interscience 
Pul,lisliers, Inc. ,  New Tork,  N. Y., 1948, pp. 32 anri 189: ( a )  F 
a n d  R. I3ehnisch in "Therape~itisclr vermendete dulfonamid- iind 
i,indungen," Verlag Chemie, TTeinheirn, 1955: 
. l r ton,  and L. Goodman, .I. A m .  Chem. So?., 86, 74 (1964): 
I [ .  .\rzoiimanian, E. .\I. Act<in, and I,. Goodnian, i b z d . ,  86 ,  2503 (1961); 
,I. .\. Montgomery and I<. Herson ,  J .  O r g .  Chum.,  29, 3436 (1964). 

(d) H. .irzoumanian, E. 11, 
(e) K. J. Ryan, 

i f )  

($1)  .\, Giner-Sorolla and .\, I3endicli, J .  Am.  Chem. Soc.. 80,  2932 (1058i. 
(IO) A .  Giner-Sorolla, T h e s i s ,  Cornell Vniversity, h s s e r t n t i o n  d h s t r . ,  20, 

, <;, li. Elion. (;. I I .  Ilitvliings. and  C .  ('. Stork, C n ~ i l , ~ r  

(12 )  G. S. Tarnon-sky and (', ( ' .  Stovk,  I'roctaedirigs of the liith Meeting 
of t l l P  .\rneriran .\ssr,ciatirin for Cancer Researcli, San Francisco, Calif., 1955, 
p. 51. 

fl:O (a) C.'. G. Skinner, R. (;. IIam, I ) .  C', I'itagerald, Jr . ,  R. E. Eakin,  
and N'. S h i w ,  .I. Ory.  Chem.,  21, 1330 (l!J56): (b) T. P. Jolinston, L. 1 3 .  

ornery. .7. Am. Chpm. Soc., 80, 6265 (1958): (el 
tgomer>-, J .  R. Thompson, and F. Jf. Schahel, Jr., 

((1) I,. R .  Lewis, C. W. Soe l l ,  A. G.  Heaman, 

( 1 4 )  6-.\Iethylpurine t-X-oxide (11) gave 6-aretoxymethylpurine by  t r ra t -  
>vitl i  thioacetic acid or anhydride a mixture 

N o  reaction was found 

f 'au<,w Res., 19, 125  (1959):  
and K. li. Rohins, .I. .Wed. I'hnrm. Ciiem., 6, 60T (1962). 

m m t  !vith acetic anhydride'h : 
{ I f  2-  and 8-mercapto-6-methylplirines TvaY olitained.' 
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hydrazor~e.~ The reducing properties of thioacetic 
acid were also manifested in the rapid transformation 
of the 6-bromomethyl- (X) or 6-tribromomethylpurine 
(IX) to 6-methylpurine (I) a t  reflux temperature. 
6-Dibromomethylpurine (VII) was neither thiated to 
purine-6-thiocarboxaldehyde nor reduced to 6-methyl- 
purine on prolonged refluxing witch thioacetic acid. 
Desulfurization of IV  or V with Raney nickel led to 
6-methylpurine (I) in nearly quantitative yields. 

An equivalent amount of potassium thiocyanate 
i w ~ t e d  with 6-chloro- (111) or 6-bromomethylpurine 
(X) to give 6-purinylmethyl thiocyanate (XI) in 81 
and 71y0 yield, respectively. The synthesis of 2- 
(6-purinylmethyl)pseudothiourea hydrobromide (XII) 
was accomplished in 82% yield from B-bromomethyl- 
purine (X) and thiourea in methanolic solution under 
mild reaction conditions. The free base of XI1 was 
obtained from the hydrobromide by neutralization 
with sodium bicarbonate; it proved to be unstable in 
hot aqueous or iiiethaiiolic solutions. Attempts to  
irepare XI1 from the chloro derivative (111) and 
thiourea failed, in contrast with the excellent yield in 
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m XPI, R=CH,-$ 
XYU, R=6-Purinyl 

the synthesis of 6-mercaptopurine from 6-chloropurine.18 
Although alkaline treatment of XI1 gave a solution with 
the ultraviolet spectral characteristics of 6-mercapto- 
methylpurine (V), no crystalline product could be iso- 
lated. 

Two procedures were investigated in the synthesis 
of S-substituted 6-mercaptomethylpurines. In the 
first method, the treatment of 6-chloromethylpurine 
(111) with methyl, ethyl, phenyl, and benzyl mer- 
captans, as well as 6-merraptopurine, yielded the cor- 
responding 6-alkylthiomethylpurine derivatives XI11 
(93%), XIV (24%), XV (64%), XVI (49%), and XVII 
(43y0). In the second method, the treatment of 6- 
acetylthiomethylpurine (IV) with benzyl chloride or 
6-chloropurine in sodium acetate solutions provided 
the S-substituted products XVI and XVII. As 
expected, the acetyl group of IV mas easily removed 
in both cases by the alkali used in the reaction. 

Physicochemical Properties.-The ultraviolet hpec- 
tral data of the puriiie derivatives are lihted iii Table I. 

Biological Activity.-The new 6-mercaptomethylpu- 
rine derivatiTTes hare been examined in the Division of 
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Substituent 

%r(YJlil& 180 (solid) 
Sarcwina 180 (ascitic.) 
Elirlich c~arcinoma isolid I 
Ehrlic~h rawiiionia (ascitic.) 
Bashford c~arc~itiorna G3 
:~detiocarciiiorna EOi7 1 
Carciiionia 7 023 
Lewis bladder carciiivmrt 
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(i-.~c.eiylthioiiietliyl~)uriitc (I\ ') u x b  tested : i t ,  or ~ I C ; I I ' .  

1 Iic iuaxiniuni tolerated dose for antitunior art ivity 
against 17 tumors. Siniilar tests with 6-mercapto- 
purine are recorded in Table I1 for comparison. From 
the results on this spectrum of tumors, it is apparent 
that the antitunior activity of Ci-acetylthioinetliylpuriiic 
(I\-)  w:i\ dt>fiiiitc,ly IC>\ proiiouiiced tha i i  0-iiiercnl)to- 
])urine o i l  hotli nioiiw and rat tumors. ~ " 0 1 1 1 ~ ~ 0 ~ 1 1 d  

I V  exhibited ~ i i : d x d  iiiltibit i o i i  oiily on  Sarroiii:i 180 
(asriiic) : t i i d  11 1iioder:tte ~fi'cc.1 0 1 1  ( ilioiiia ?ti ,  ' l ' l i c ,  

Experimental 
I~ltruviulrt a h o r p i  ioii spertra were deterriiitied rvirli a ( ' x t , j ,  

Paper chrornat ogranir 
ending method on Schleirher and Schuell XI], 
following solvent systems: water satiirateti 

w i t h  1-biit:iiiol (1: 1 ,  v./v.), 1-hiitanol saturated with water  
i ,qanie proportiuiis) with or witlioiit 1 am~iioiiia~ mid I-britanolL 
forniir arid-water ( 7 7 :  10: 13, v./\ .6 Melting points  veri^ 

taken in a Thorrias--€Ioover Unimelt nieltiiig poiiit apparatiis 
iiiid are c-urrec+xL 3Iicroaiialyses vere  (tarried oiit t)y Spang 
ALic,roaiialytical Laboratory, . i t in Arbor, JIich. 

6-Acetylthiomethylpurine (6-Acetylhomomercaptopurine) ( I V ) .  
-h solutioii of 6-chloronietliylpiiriire?~ (111, 3.0 g., 0.017 niiiiolr) 

i i i  t Iiioacetic acid 14.11 iii1.) (Eastman Kodak, redistilled) w:i> 
refluxed for 30 iiiiii. The prec,ipitate which formed was i~ollec~tetl, 
t horoiighly washed with ether, mid dissolved i i t  water (40 r i i l .  ). 

I lie resiiltiiig ?-ello\\- soliitioii \vas treated with c,harc.oal aii i l  
filtered, :ind tlie filtrate i v a s  ireiitralized to pH 6 with aith>-droii~ 
iodiuiii acetate. The abundant crystalline yellow precipititl t l  

rted, washed with rold water, atid dried 
yellow protfiict, 1ii.p. 178-180'. After 

IS froin inet,liaiiol, colorless prkins werc 

.InnZ. Calid. for (:,H&,OS: c', 46.37; H, X.ST; S, 2 7 . 0 : ; :  
i, l.j.47. Found: C, 46.07: H, 3.78; X, 26.94; S, 15.60, 

The synthesis of 6-acet~ltIiic)rnethylpLirilie (IV) was a1 
:ichieved when a soliit ion of 6-chlororrieth~lpuririe (111) in 10 
;iqiieoiis thioacetic :wid was refluxed for 1 hr., t,hoiigh the yie 
vias somewhat lower (.XIc ). 

6-AcetSlthiomethylpuriiie ( I V )  gave a faint positive test, i t i  

alkaline solution, with phosphomolyhdate26a and with sodiiiiii 
iiitroprusside25b reagents; a neiitral soliit,ion of IT: gave a niercriric, 
bnlt wit,h HgC12. After heating 11- lvith I .I' NaOH at 70' for 3 
t i t i i l . .  these tests t)ec:tnie st,rorlgly poyitive (ititeiise blue anti dccl) 

1 ~ ' ) .  itidiwt,iiig likierat.iori of a nierc~npi i t  

ltliio gt*oiip,.2G Upon treatnieiit of  1 \ 
akel (0.45 g . )  iii  lmilirig w i e r  si ispei isi i i t i ,  

) was 

Recwdiiig spectrophototiieter JIodel 11. 

r ,  

c.oiiiplete detliiatioti fii ~i-tiic,fIi?.lI,iirirLe (I, 73 rng., 
. ~ ~ ~~ ~ 

( 2 3 )  li. Suyiiira 111 "I'iogreas in Experimental Tumor  Itesearr:li," I . 
flomburger, Ed., S. Karger, Basel. 1901, pp. 332-376. 

(24) 6-Chloromethylpurine (111) was obtained in  pure form by t h e  
method described Ly Cohen and ct>-workers,6 from 6-methylpurine I-N- 
oxide ( lI)sb and methanesrilfonyl chloride. 

( 2 5 )  (a) .I. Bendich and 0. C .  Clements, Biochzm. B iophys .  A d a ,  l a ,  462 
, IYh:{): ill) 1T. .\[eyer i n  " \ i ia lysP rind Tion*titiitionnermittIllrle organisr,li*r 
\ ' i ~ r . t , i n r J u ~ i ~ e ~ ~ , "  .Sl,rinnei 

(26)  h c a u s e  (if ~ I I F Y P  
rlictli>-li,orine a t r i ic t i i r i ,  r 

rupo.w<l n l  t i l l .  1 I O t h  S a l i m a l  1lt:etiny of tlir Arneriran ('Iii*iiii- 
l k tn , i i ,  . \ l i t , l , , ,  \ t , r i l  i9liG, . \ l , s trsrts .  1). 7N. 
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achieved. Prolonged refluxing of I V  (over 5 hr. j in excess thio- 
acetic acid resulted in it,s complete reduction to 6-methylpurine.27 
A solution of I V  in cold ethanol gave t,he known 6-trichloro- 
methylpurine6 ( V I )  by reaction wit,h a stream of chlorine. 

Attempts to prepare the corresponding disulfide from 6-acetyl- 
thiomethylpurine ( I V )  or from 6-mercaptomethylpurine ( V )  
wit,h the following oxidizing agents: iodine in buffered solution, 
peracetic acid, H202, dimethyl sulfoxide, and oxygen, were all 
unsuccessful. Treatment, of 6-chloromethylpurine (111) with 
potassium disulfide also failed to yield the desired bis( 6-puriny-l- 
methylene) disulfide. 

6-Mercaptomethylpurine ( V )  (6-Homomercaptopurine). A.- 
Analytically pure 6-acetylthiomethylpurine (IV, 620 mg., 3 
mmoles) was dissolved in concentrated KH3 (5  ml.) and the 
solution was kept a t  room temperature for 1 hr. in a nitrogen 
atmosphere. The solution was concentrated under reduced 
pressure to abont 1 nil., water (5  ml.) was added, and this opera- 
tion was repeated three times. The resulting crl-stalline product, 
was collected, washed with cold water (10 ml.), and dried in 
vacuo over P20j, t,o yield 308 mg. (62y0), m.p. 146-147' (effer- 
vescence). -4 sample of this material was recryst'allized from 
ethyl acetate t,o give colorless prisms, m.p. 146-147" (efferves- 
cence). 

dnal. Calcd. for CsH6P\T4S: C, 43.35; H, 3.64; N,  33.71; 
S, 19.29. 

6-Mercaptomethyipurine (V) gave a strong positive sodium 
nitroprusside (intense purple) and phosphomolybdate (immedi- 
ate deep blue color) tests. It' was also reduced wit'h Raney nickel 
to 6-methylpnrine ( I ) .  A cold ethanolic solution of V afforded 
6-t,richloromethylpuriiie (1-1) by reaction with C12. Ammoniacal 
solutions of 1- were st,able in a nitrogen at,mosphere; on exposure 
to air they decomposed with t'he formation of amorphous ma- 
terial. 

Other syntheses and the properties of two isomeric thiopurines 
of T', namely 8-mercapto-6-methylpurine (m.p. >350") and 2- 
mercapt,o-6-methylpurine (m.p. >325'), have been previously 
described.' 

B.-To a suspension of 6-dithiocarbamylmethylpurine (VII I ,  
0.213 g., 1 rnmole) in water (2 ml.), 307, aqueous XH3 (0.25 ml.) 
was added and the solution was heated a t  55' for 15 min. The 
solution, which gave a posit)ive test for thiol with sodium nit'ro- 
prusside and also a posit,ive phosphomolybdate test', was evapo- 
rated to dryness in vacuo. The residue was taken up in a little 
cold water and collected to yield 46 mg. (26CGj of colorless nee- 
dles, m.~. 145". 

A sample of this product was re stallized from methanol to 
yield colorless needles, m.p. 147-149'. 

S, 19.29. Found: C, 43.47; H, 3.54; N, 33.70; S, 19.30. 
The ultraviolet absorption spectra a t  several pH ranges and 

IZf values in three different solvent syst,ems of this product were 
identical wit,h those of T'. A mixture melting point of this 
substance wit'h the product obtained by method A showed no 
depression. The product obtained by method B gave also posi- 
tive nitroprusside and phosphomolybdate test's. 

C.-6-Chloromethylpurine (111, 168 mg., 1 mmolej was dis- 
solved in a solution of sulfur (32 mg., 1 mmole) in ethanol (10 
ml.). Hydrogen sulfide was then bubbled through and the 
temperature gradually was raised to the boiling point. The 
solution was refluxed for 1 hr. with continuous stirring and 
bubbling of H&. The reaction mixture was evaporated in uacuo 
under reduced pressure and the residue was washed and recrystal- 
lized from et,hyl acetate to yield 20 mg. (65&) of a product which 
was identical with t,hose obtained by met,hods A and B. 

Treatment of 6-bromomethylpurine (X)  in et,hanol with H,S or 
KSH gave a solution with the same ult,raviolet spectra as V but 
no crystalline material could be isolated. Attempts to rear- 
range 6-met'hylpurine 1-N-oxide (11) to 6-mercaptomet~hylpurine 
(5') with a solution of thioacetamide in dioxane failed. The 
starting material was recovered unaltered. 

Acetylation of 6-Mercaptomethylpurine (V).-A solution of 6- 
mercaptomethylpurine (V, 16.8 mg.) in thioacetic acid (0.10 ml.) 
m7as heated a t  70" for 30 min. The reaction mixture was concen- 
trated to dryness under reduced pressure, and taken up in ether 
to yield 12.2 mg. (.56yc) of yellow needles, m.p. 178-180". This 
product, was foruid to be identical with 6-acetylthio11ieth~-lpuri1ie 

Found: C, 43.51; H, 3.62; N,  33.84; S, 19.21. 

A d .  Calcd. for C6H&-4S: C, 43.35; H, 3.64; X, 33.71; 

(37) This new reduction uf ti-linloyenuriietii~lpririneb wit11 tiiioacetic acid 
is now under study. 

( I V )  by its mixture melting point, Ri values in three solvent 
systems, and ultraviolet spectra a t  various pH values. 

Reduction of 6-Trichloromethylpurine (VI) to 6-Dichloro- 
methylpurine (VII).-6-Trichl~romethylpurine~ (VI, 1.0 g., 4.2 
mmoles) was dissolved in thioacetic acid (2.5 ml.) and refluxed 
for 2 hr. The resulting suspension was cooled, collected, washed 
with ether, and dissolved in water (15 ml.). Sodium acetate 
was added to pH 6.5, and the resulting precipitate was collected. 
The crystalline product, 0.65 g. (76%), proved to be identical 
with the known 6-dichloromethylpurine6 ( V I I )  in terms of ultra- 
violet spectra a t  different pH ranges, Rf values in several solvent 
systems, and mixture melting point. Compound TI1 remained 
unchanged after refluxing with thioacetic acid for 3 hr. 

6-Tribromo- ( I X )  and monobromomethylpurine (X) were 
rapidly reduced to 6-methylpurine ( I )  upon treatment with thio- 
acetic acid. 6-Dibromomethylpurine was recovered unaltered 
after prolonged refluxing with thioacetic acid. 
6-Dithiocarbamylmethylpurine (VIII).-A solution of 6-chloro- 

methylpurine (111, 1.10 g., 6.5 mmoles) in methanol (10 ml.) and 
ammonium dithiocarbamate (1.32 g., 12 mmoles) was heated a t  
45' for 15 min. during which time a precipitate appeared. The 
mixture was kept a t  room temperature for 1 hr. and filtered to give 
1.40 g. (95%) of slightly pink crystals, m.p. 174-175' dec. Re- 
crystallization from methanol afforded colorless plates, m.p. 
181" dec. 

Anal. Calcd. for C7H7N5S2: C, 37.31; H, 3.13; N, 31.09; 
S, 28.46. Found: C, 37.32; H,  3.33; S,  31.21; S, 28.30. 

6-Dithiocarbamylmethylpurine ( V I I I  j could be recovered un- 
altered after treatment with 1 N HC1 a t  70" for 30 min. 

6-Purinylmethyl Thiocyanate (XI).-Addition of potassium 
thiocyanate (260 mg., 3.7 mmoles) caused a suspension of 6-bromo- 
methylpurine6 ( X ,  580 mg., 3.7 mmoles) in methanol (5 ml.) to 
become a clear solution. After a few minutes a t  60', a precipi- 
tate appeared. The reaction mixture was heated a t  60" for 1 hr. 
and cooled, and the resulting precipitate was collected, washed 
with a little cold water, and dried to yield a crude crystalline 
product (355 mg., 717,), m.p. 190". A sample was repeatedly 
recrystallized from methanol to afford colorless prisms, m.p. 

Anal. Calcd. for C?HsN5S: C, 43.97; H, 2.64; N, 36.62; 
S, 16.77. 

Similar treatment of 6-chloromethylpurine (111) afforded XI 
in 847, yield. 
2-(6-Purinylmethyl)pseudothiourea Hydrobromide (XII).-6- 

Bromomethylpurine6 (X, 996 mg., 4.6 mmoles) and thiourea 
(356 mg., 5.1 mmoles) m-ere dissolved in ethanol (12 ml.). After 
a few minutes of heating a t  65", a copious crystalline precipitate 
appeared. The heating was continued for 1 hr. and the precipi- 
tate was collected to yield 1.12 g. (837,), m.p. 182' dec. A 
sample was recrystallized from methanol-ethyl acetate; colorless 
needles, m.p. 192" dec., were obtained. 

Anal. Calcd. for C;H&r?j6S: C, 29.08; H, 3.14; Br, 26.64; 
N, 29.06; S, 11.09. Found: C, 29.17; H, 3.14; Br, 27.78; 
5, 29.09; S, 11.17. 

Attempts to obtain XI1 from 6-chloromethylpurine (111 j and 
thiourea in methanolic solution were unsuccessful. Compound 
XI1 (or its free base), when treated with nitrous acid or with 
alkali at room temperature, gave solutions with the ultraviolet 
spectral and chromatographic characteristics of 6-mercapto- 
methylpurine (V), though no crystalline product could be isolated 
from the reaction mixture. 
2-(6-Purinylmethyl)pseudothiourea Hydrate (Free Base).-A 

solution of the hydrobromide XI1 (1.0 g., 4.8 mmoles) in water 
(20 ml.) was treated with charcoal and filtered. To the filtrate, 
sodium bicarbonate was added until no more precipitation oc- 
curred. The precipitate was collected, washed with cold water, 
and dried to yield 0.47 g. (597,) of a crystalline product, m.p. 
158-160' dec. 

A sample was purified by repeated treatment with XaHC03 
and dilute HC1, giving colorless needles, m.p. 168' dec. 

Anal. Calcd. for C?H8N6S.H20: C, 37.16; H, 4.45; N, 
37.14; S, 14.17. Found: C, 37.16; H,  4.53; N, 37.20; S, 
14.05. 

The free base decomposed on boiling with water or heating with 
methanol. 

6-Methylthiomethylpurine (XIII).-To a suspension of 6- 
chloromethylpurine (111, 2.8 g., 0.016 mole) in 25 ml. of ethanol, 
5 g. of hydrated sudiuni methyl mercaptide (4.5 moles of water) 
(prepared from niethyl mercaptan and NaOH) was added and the 
mixture, heated a t  70" for 2 hr., wab allowed to stand a t  room 

208-210 '. 
Found: C, 43.92; H, 2.62; N, 36.61; S, 16.80. 




