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Tlii. prq):irxtion of G-(2-chloro:.th!,lthio)purins (11) and 2-(2-chlorocthylthio)purine ( X I )  and thrir convmion to the cor- 
rrymnding dih?-drot,hinzolopurinrs (111 and XI1 or SIII)  are described. 8-(2-Chloroethvlthio)purine oodd not he isoltxtcd 
:is s r i rh  biit only n rnist,ure of the two inomeric dih\.tlrothiasolop~~rinrs (XVII  and XVIII) derivcd from it. Thc proof of 
striicturc of the ditiydrothiazolopurilles iu preucritccl. 

Although sulfur mustard [bis(2-chloroethyl) sul- 
fidr ] has not been used exteiisively in the treatment 
of human neoplastic disease, its eff ectiveriess in 
the treatment of certain lymphomas and adeno- 
carcinomas has been e~tab l i shed .~  Further a so- 
rallcd LL~ne-armed" derivative of sulfur mustard, 
hcniisulfur mustard [2-(2-chloroethylthio)ethanol], 
has been shown clinically to possess unequivocal 
anticancer activity. 4,5 Both of these drugs owe 
their anticancer activity to  the chemical reactivit,y 
of cyclic sulfonium ions which they readily form. 
These cyclic sulfonium ions, although very reac- 
tiye, retain a high degree of discrimination among 
niirleophilcs. 

One approach to  the synthesis of a more effective 
aiiticaiicer agent in the purine series might be the 
preparation of a purine capable of forming a cyclic 
sulfonium ion which, if located in the proper 
position, might cause the purine t'o combine irre- 
wrsibly with ail enzyme important to purine 
metabolism, resulting in a more effective block to  
nucleic acid synthesis, and, therefore, in a more 
effwtii-e inhibition of rapidly dividing cancer cells. 

Previoiis work from this laboratory showed that 
(b(2-chloroethylthio)piirine (11) could be obt,aiiied 
from purine-G(lH)-thione (I)  by alkylation in ,V,N- 
dimcthylformamide with I-bromo-2-chloroethane 
using potassium carbonate as the acid 
Thc yields were poor and attempted scale-ups 
wcrc only partially successful; i t  was extremely 
diffiriilt to free the reaction product from un- 
c.haiigrd starting material, as 6-(2-chloroethglthio)- 
piiriirc (11), on at'tempted recrystallization, is 
wsil:; converted into a water-soluble compound 
ivhich is identical with the hydrochloride of a hy- 
product of the alkylation step. This by-product 
was actually the major product of these initial 
reactions, although it was riot isolated and idcnti- 
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fied. By adding I in small portions to l-hromo-2- 
chloroe thane in N,N-dime thy If ormamide, using 
triethylamine instead of potassium carbonate, and 
modifying the isolation procedure, we can now 
consistently prepare I1 on a relat,ively largc sralc 
and in about 4291, yield. 

The water-soluble compound alluded to above 
was isolated by extraction of t,he crude product wit'h 
acetonitrile and purified by recrystallization from 
ethyl alcohol. This compound is the only produ,:t if 
the above reaction is carried out a t  S O - O O O  rather 
than at  room temperature. It is also the only prod- 
uct from the reaction of I with 1,2-dibromocthane 
even a t  room temperature, although it is necessary 
to heat this reaction to  30-60° also to force it to  
completion. Element'al analyses and a molecular 
weight determination showed this compound to 
have the empirical formula C7H6S4S, and paper 
chromatography in four solvent systems showed it 
to be a single substance, 011 being heated in ethyl 
alcohol at  C O O ,  6-(2-chloroethylthio)purine (11) is 
converted essentially quant8itatiwly to t,he hydro- 
chloride of this substance, and the hydrochloride caii 
be converted without difficulty to  the free base and 
the free base back to  thc hydrochloride. This com- 
pound must be the result of nucleophilic displace- 
ment of the chlorine atom of thc 2-chlnroethylthio 
group of I1 by either or N, of the purinc rillg 
and, therefore, must be eithcr 7,8-dihydrothiazolo- 
[2,3-i-]purine (111) or 5,O-dihydro [1,1]thiazino- 
[4,3,2-gh]purinc (IV). Even under the optimal 
conditions for the preparation of 6-(2-chloroc~thyl- 
thio)purine described above wc were unable to  
completely suppress its conversion to the t'riryclic 
coompound (111 or IV) .  To  decide between thcsc 
two structures, 111 (or IV) wits suhjected to acid 
and to base hydrolysis. I n  cwnt,rast to the behalior 
or (j-(alkylthio)purines, the tricyclic cwnpouiid 
was unaffected by dilute acid but yielded to dilritc 
base treatment, giving a compound whose ultra- 
violet spectrum resembled that of a 1-substitut~cd 
hypoxanthine, and whose elemontal analyses werc 
in agreement with t'he values calculated for the 
disulfide VI. Raney nickel dcthiolation of t,hc 
disulfide was incomplete, but recycling the productj 
t,hree times gave a good sample of a compoiind 
ivhosr identity was estnb!ished as I -~thylhpposan- 
thine (19) by comparison with material prcparcd 
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in  an unambiguous manner from inosine (VII) 
by the method of Shaw.7 Thus the hydrolysis prod- 
uct was identified as 1,l'-(dithiodiethy1ene)di- 
hypoxanthine (VI) and the tricyclic compound 
must be 7,B-dihydrothiazolo [2,3-i]purine (IIl), 
resulting from cyclization a t  N1 of the purine ring. 

Raney nickel dethiolation of I11 itself was also 
difficult, but enough material was obtained to  
separate i t  from unchanged starting material by 
paper chromatography and t o  identify i t  as l-ethyl- 
lH-purine (V), a light-sensitive, somewhat un- 
stable compound. Although i -me thy l -7H-p~r ine~~~  
and a niimber of 9-alkyl-SH-puriness-10 are well 
known, this compound (V) represents the first 
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alkyl derivative of puriiic itself ill wliicb the alkyl 
group is attached to  one of the pyrimidine ring 
nitrogens. This compound is of particular interest, 
because the double bonds of the rings are forced 
into an unnatural, p-quinoid type of arrangement 
and resonance of the Kekul6 type is not possible. 

1-Ethyl-lH-purine (V) has a pN, of 5.08 as 
compared to a p K ,  of 2.07 for 7-ethyl-711-puriuc 
and 9-ethyl-SH-purine. The base strcngth of the 
latter two compounds is about the same as that of 
puriiic (pK, 2.3q11), whrrras V is ronciderahly more 
basic. This increased basicity and its significantly 
different ultraviolet and infrared spectra (we belov) 
are probably reflections oi the unusual bond struc- 
ture of V. 

As an examination of Stuart-Briegleb models'? 
of the three isomeric (2-chloroethylthio)purines 
showed that 2-(2-~hloroethylthio)purine (XI) would 
probably have the least tendency to  undergo ring 
closure to a tricyclic structure, we undertook its 
synthesis next. 

2-(2-Chloroethylthio)puriiie can be obtained in 
high yield from purine-2-( 1- or 3H)-thione (X)11113 

by Johnston's procedure.6 As predicted by the 
Stuart-Brieglek models, no trouble due to tricycle 
formation was encountered. However, heating the 
reaction mixture to 50-60' gave, as in the case of 
6-(2-chloroethyIthio)purine, a water-soluble prod- 
uct having the tricyclic structure XI1 or XIII, 
resulting from ring closure a t  XI or Xa of the purine 
ring. Again chromatography indicated the presence 
of only one isomer. Dethiolation of this dihydro- 
thiasolopurine would give either 1-ethyl-1 H- 
purine (from XIII) or 3-ethyl-3H-purine (from 
XII). Attempts to dethiolate this compound were 
not completcly successful hecause of the instability 
of the product. However, differences in behavior of 
this material and the 1-ethyl-1H-purine (V) pre- 
pared from 111 as described above, indicate that it i.: 
not V and, therefore, must be 3-cthy1-3H-purine, 
which in turn indicates that the tricyclic compound 
i3 probably i,8-dihydrothiazolo [2,3-b]purine (XII). 

In contrast to  the behavior of purine-6(1H)- 
thione (I) and purine-2-(1 or 3H)-thione (Xi, 
piirine-8(iH)-thione did not afford 8-(2-chloro- 
ethy1thio)purine even when the reaction with I - 
bromo-2-chloroethane was carried out a t  room 
temperature. The material isolated, by acctonitrilc 
extraction of the crude product, x7as water-solublc 
and analyzed for the empirical formula C,H&dS. 
This material was shown by paper chromatograph:- 
t o  be a mixture of the two possible isomers resulting 
from ring closure a t  N7 and SS of the purine ring. 
These isomers were separated by cyclohexane ex- 
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traction. Raney nickel dethiolation of tlic cyclo- 
hexane-soluble mat,erial gave 9-et'hyl-9H-purineio 
and thus this tricyclic compound must be 7,s-  
dihydrothiaxolo[3,2-e]p~iriiir (XTWI). IMhiola- 
tioii of the cyclohexane-insoluble material gave an 
ilr-ethylpurinc whose spectra are very similar to 
those of 7-methyl-711-purineand which must then be 
7-et,hyl-7H-purine, derived from 6,7-dihydrothia- 
zolo [2,3-f]purine (XVII). This ring system, a t  the 
the t,hiazolopuriiie level of iinsnt'uration, has been 
reported as resulting from the reaction of rhloro- 
acetone with purine-8 ( 7 H )  -thiones. 4 - 1 6  These 
authors report the formation of only one isomer and 
offer no proof t,hat, in fact, ring closure does occur 
at  h', of the purine ring. 

2-(Benzylthio)purine, 8-(benzylthio)-9-ethyl-SH- 
purine, and 8-(2-chloroethylthio)-9-ethyl-9H-p~- 
rine were prepared for spectral comparisons. 

Infrared spectra. The infrared spectra (see Ex- 
perimental) of 6-(2-chloroethylthio)purine (11) 
and 2-(2-chloroethylthio)purine (XI) are similar 
to those of ot'her, corresponding (alky1thio)purines. 
However, the infrared spectra of the corresponding 
dihydrothiazolopurines I11 and XI1 (or XIII) are 
quite different. As would be expected, the spectra 
of these compounds show no absorption in the 2800- 
2400 em.-' region (due to  acidic XH), but of greater 
interest is the difference in  the absorption in  the 
1600-1600 cm.-l (double bond) region. In this 
region the thiazolopurines (I11 and XI1 or XIII), 
both of which have the fixed double bond, quinoid 
type of structure, show only two interne rather 
widely separated bands, whereas the spectra of 
most (alky1thio)purines capable of normal Kekul6 
resonance show three or four closely grouped hands 
of medium to weak intensity in this region. In  
this respect the infrared spectrum of l-ethyl-lid- 
purine, which also has the fixed double bond st'ruc- 
ture, resembles those of 111 and XI1 (or XIII) and 
is quite different from those of 7-ethy1-7H-purine, 
9-ethyl-9H-purine, and the corresponding thiazolo- 
purines XVII and XVIII, all of which have the 
normal purine bond structure. 

Ultraviolet spectra. As was the case Jvith their 
infrared spectra, the ultraviolet spectra of I1 and 
X I  agree well with those of other (alky1thio)purines 
but the maxima of the spectra of the thiazolopurines 
derived from them (I11 and XI1 or XIII) show a 
distinct bathochromic shift of 5-1G mp, again 
probably due to  their unusual doublc bond struc- 
ture, since the maximum of 1-ethyl-lH-purine 
also shows a bathochromic shift of 5-11 mp from 
those of 7-ethyl-7H-purine and 9-ethyl-9H-purine 
whose spect'ra more closely resemble that of purine 
(except, of course, at pH 13 where thc spectrum is 
that of the purine anion). The p K ,  values for these 
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latter two compounds (XIV and XV) wcre deter- 
mined by the spectrophotometric method of 
and the values found (2.62 for the 9-isomer and 2.70 
for thc 7-isomer) arc i n  good agreement with the 
electrometrically determined values (2.67 for both 
iwniws). 

Chromatography. l'able 1 lists the It{ values of 
these compounds in four solvent systems. It was 
not possible to obtain R, values for 6-(2-chloro- 
ethy1thio)purinc becausr this compound undergoes 
cyclization during the vhromatographir period. 
The difference in  rate of travel of the dihydrothiazo- 
lopurines and the corresponding (alky1thio)purines 
[I11 and 6-(ethy1thio)purine; XVII and XVIII and 
5-(methylthio)purine 1 is easily discernible, particu- 
larly in solvent systems A and D, and is due to the 
absence of an ionizable hydrogen in the case of the 
dihydrothiazolopurines. 

T A R L E  I 
~~~~~ 

Is?, VnlueP, 
Solvent Systema 

Compoiind A B C I )  

I 0 .42  0 . 5 6  0 45 0 .40  
6-(Ethylthio)purinc 0.82 0.88 0 . 7 3  0.47 

I11 0 ,28  0 . 5 0  0.45 0 . 6 2  
v 0.45 0.58 0.63 0.80 
VI 0 .32 0.49 0.36 0.61 
IX  0 .63  0.74 0 .65  0 . 7 4  
X 0.11 0 . 3 0  0 .37  0 . 4 4  

XI1 (or XIII) 0 .37  0.54 0.50 0.64 
XIV 0 .61  0 .83  0 . 7 4  0 .71  
xv 0.75 0.89 0 .79  0.80 
XVI 0 . 5 2  0.66 0.50 0.42 

8-(Methylthio)purine 0.66 0 76 0 .65  0.44 
XVIT 0 .47  0 .71  0.62 0.60 
XVIII  0 58 0 76 0 . 6 8  0 57 

The p:tper chromatograms \\ere run  by the descending 
technique on Whittman No, 1 paper in the following polvent 
systems: A, water-saturated butyl alcohol [J. G. Buch:tnan, 
C. A. Dekker, and A. G. Long, J Chem SOC., 3162 (1950)l; 
B, butyl alcohol-acetic acid-water (5 :2 :3 )  [I). M.  Brown, 
A. Todd, and S. Varadarnjan, J .  Chem. Soc., 2388 (195611; 
C, isopropyl alcohol-ammonium hydroxide-water (70 : 5 : 25) 
[Et. Markham and J. D. Smith, A'ufure, 168, 406 (1951)]; 
D, 0.1.44 phosphate buffer, pH 6.7 [J. A. Johnson and H. J. 
Thomas, J .  Am. Chem, Soc., 78,3863 (1956) I .  

EXPERIMENTAL 

The melting points below 260" were determined on a 
Kofler Heizbank and are corrected. Those above 260" were 
determined in a capillary in an aluminum hlock and are 
uncorrected. The ultraviolet spectra were determined in 
aqueous solution with a Beckman DK-2 (optical densities 
a t  the maxima with a Beckman DU) or a Cary Model 14. 
The infrared spectra were determined in pressed potassium 
bromide disks with a Perkin-Elmer Model 21 spectropho- 
tometer. 

6-(2-Chloroeth?llthio)purine ( 11).6 Purine-6( 1H)-thione mon- 
ohydrate (2.0 g., 8.5 mmoles) was added in emall portions 
over a 1-hr. period to a stirred mixture of 1-bromo-2-chloro- 
ethane (2.0 nil., 23.6 mmoles) and triethylamine (1.7 ml., 

(17) J. J. Fox and D. Shugar, Bull. SOC. chim. Belg., 61, 
44 (1952); D. Shugar and J. J .  Fox, Rzochim. Riophys. Acta, 
9 ,  109 (1952), 



12.2 nimolcs) in N,~-diinethylformamide ( 15 ml.). The 
mixture was kept at 31-32' during the addition and for an 
additional hr. The whole slurry which formed was poured 
into 100 ml. of lOyo potassium bicarbonate solution and 
the resulting clear solution was extracted with three 100- 
ml. portions of ether. The ether extracts were combined, 
dried over magnesium sulfate, and concentrated until crys- 
tallization hegan. The ether solution was then cooled in a 
I>ry Ice-acetone bath and the white crystals that deposited 
werr removcAd by filtration and dried i n  V ~ C Z L O  over phos- 
phorus pentoside; yield, 0.62 g.; m.p. 154-155' (resolidified 
arid melted a t  270').18 An additional 0.24 g. of material was 
obt:iined on concentration of the mother liquor; total yield, 
0.86 g. Acidification of the aqueous solution described 
:ihove gave 0.36 g. of unchanged purine-6( lH)thione, so 
that the conversion to 6-(2-chloroethylthio)purine was 4257,. 
A,,, in mp ( E  X pH 1-321, 290 (8.9, 14.7); pH 
7-216, 289 (11.7, 16.3); pH lr3-unstable; methyl alcohol- 
215, 279.5, 286 (11.7, 16.7, 16.5). ;,,% in cm.-l: 3050 (ring 
C H ) ;  2950 (aliphatic CH); 2800-2400 (acidic H);  1635, 

950, 900, 860 (ring CH).  
In a larger run 3.92 g. of 6-(2-~hloroethylthio)purine was 

obtained from 9 g. of purine-6(lH)-thione and 1.6 g. of 
unchanged starting material was recovered so that the con- 
version again was 42%. 

r,g-Dih?lrlrothir~rol0[2,3-i)pur~ne (111). A .  To a stirred 
mixture of purine-6( 1H)-thione monohydrate (50.0 g., 
0.293 mole) and anhydrous potassium carbonate (45.0 g., 
0.322 mole) in i\',N-dimethylformamide (500 ml.) was added 
dropwise 1,2-dibromoethane (27.7 ml., 0.322 mole), and this 
mixture was then hcated a t  60-65" for 3hr. The resulting thick 
slurry was cooled in an ice bath and the solid collected by 
filtration, air-drird, and extracted overnight in n Soxhlet 
extractor with acetonitrile (1 1.). The acetonitrile extract 
was cooled and the crystalline poduct removed by filtration 
and dried i n  vaciio a t  60' for 4 hr. over phosphorus pentoxide; 
yield, 32.5 g. (&2( , ) ; ) ;  m.p., 27C-271". A,,,;,, in  mp ( e  X 10-3): 
pH 1-228, :302 (14.0, 15.2); pH 7-218, 29i (16.9, 12.8): 
pH 1:3-2!17 (11.9). 5 in em- ' :  3020, 2990 (ring CH), 2950 
(aliphatic CH);  1610, 1505, (C=N, C=C); 1480 sh., 1450, 
111'0 (CH);  '380, 920, 880 (ring CH). 

Ana/ .  Calcd. for C;HaSaS: C, 47.18; H, 3.40; S, 17.98. 
Pound: C, 47.46; H,  3.84; S, 18.06. 

fl. A soliltion of 6-(2-chloroethylthio)purinc (0.186 g.) 
in ethyl alcohol (3 nil.) was heated a t  60" fcir 1 hr. The pre- 
cipitate that formed was dissolved by the addition of hot 
alcohol ( 1 7  ml.), and thc solution filtered and allowed to 
stand in the refrigerator. Thc crystalline product, 7,8- 
dili~tirothi:ixolo[2,3-i]pririne hydrochloride. was collected 
hy filtration aiid dried in unciio over phosphorus pentoxide; 
yield, 0.1 I g.  (587;). A,,,,, ill ink ( e  X 10-3): pH 1-229, 
:301 (14.2, 15.3); pH i---298 (13.1); pH 13 -298 (11.8); ethyl 

.intrl. Calcd. for C;H8N4S.IICl: C, 3!).16; H, 3.29; C1, 
16.52; N, 2i .10.  Found: C, 38.80; H, 3.64; C1, 16.01; 4, 
25.95. 

I-EthUI-1 H-purine (V) .  A mixture of 7,g-dih.drothiazolc- 
[2,3-i] purinc (500 nig., 2.8 mmoles) nnd Ilaney nickeliq 
(2.5 g.) i n  ct,livl alcohol (30 i d . )  \\-as refluxed for 5 hr. and 
then filtcred. T h c  Itaney nickel was extracted with four 10- 
nil. portioiri; of boiliiig ethyl alcohol and the estr:icts :tdded 
to the filtrate. The white residue from evaporation of the 
combiiied cstracts arid filtrate was triturated with 25 
ml. of cold (:thy1 alcohol, m d  evaporation of this alcohol 
solution gave 210 mg. of whit,e crystalline solid which was 
chromatographcd on '3 i n .  she& of \\-hatinan Yo. :3 filter 

1600, 1582, 1515 (C=N, C=C); 1480, 1450, 1420 (CH); 

alcohol----228, :300 (16.0, 13.5). 

(18) This melting point hc%h:tvior indicxtes that dry fusion 
of 6-( 2-chlorocth>,lthio)pririne convrrts it to i,8-dihydro- 
thiazolo [2,3-i]purinc. The lower melting point is not ob- 
served if a capillary niplting point determination is made. 

(19) Raney Catalyst Co., 1:322 Hamilton Yational T3anl; 
Building, Chnttnilnoy.1 2 .  Tvnn.  

paper using water-saturated butyl alcohol as the developer. 
The faster traveling material ( E I  0.44) was eluted from the 
paper with four 50-ml. portions of ethyl alcohol. Evaporation 
of the resulting solution gave a white crystalline solid, which 
was dried a t  60" for 4 hr. in vacuo over phosphorus pentoxide; 
yield, 86 mg. (21%); m.p., 198'. pK, by titration a t  27' 
in 0.15M sodium chloride--5.08. A,,,, in mp ( e  X 
pH 1-268 (6.6); pH 7-218.5, 274 (10.6, 6.2); pH 13-274 
(6.3). D in cni.-': 3100, 3075, 3020, 2990, 2975, 2942, (CH);  
1642, 1538, 1518 (C=S, C=C); 1460, 1440 sh. (CH),  
970 (ring CH). 

Anal. Calcd. for C7HsNa: C, 56.72; H, 5.44; N, 37.81. 
Found: C, 56.53; H, 5.23; S, 37.52. 

This compound is light and air-sensitive; it rapidly turns 
dark on exposure. 

1,l '-(Uithdodiethy1ene)dihypoxanthine (VI). A solution of 
7,8-dihydrothiazolo[2,3-i]purine (20.0 g., 0.112 mole) in 
0.1N aqueous sodium hydroxide (1.1 1.) was refluxed for 3 
hr., acidified to pH 5 with concentrated hydrochloric acid, 
and concentrated to  one-half volume in OUCILO. The yellow 
solid that crystallized on cooling the solution was collected 
by filtration; crude yield, 6.94 g. (30%) of 95% pure (by 
ultraviolet spectrum) product. This material was recrystal- 
lized from aqueous methyl alcohol; yield, 2.96 g. (13.570); 
m.p. >260°. A,,, in mp ( 6  X pH 1-249 (10.0); pH 
7-252 (18.2); pH 13-261 (19.6). The disulfide structure VI 
was assigned because a nitroprusside test for thiol was 
positive only after the product had been subjected to reduc- 
tion with zinc in hydrochloric acid. 

Anal. Calcd. for C ~ ~ H N S E O & :  C, 43.07; H, 3.62; N, 
28.70; S, 16.42. Found: C, 42.76; H, 4.03; N, 28.32; S, 16.58. 

I-Ethylhypoznnthine (IX) A. A solution of 1,l'-(dithio- 
diethy1ene)dihypoxanthine (500 mg., 1.28 mmoles) in  
propyl alcohol (20 ml.) was refluxed for 48 hr. with Raney 
nickellQ (2.5 g.). The Raney nickel was removed by filtra- 
tion and washed four times with portions of boiling propyl 
alcohol. Evaporation of the combined filtrate and washings 
gave a n-hitecrpstalline solid ehomn by paper chromatography 
to be a mixture of starting material and product. The de- 
thiolation procedure was repeated three times until no starting 
material could be detected. Recrystallization of the product 
from ethyl alcohol gave a low yield product; m.p., 2i5-276'. 
A mixed melting point with a sample prepared as described 
in R below was undepressed. 

.1nal. Calcd. for C7HENrO: C, 51.20; H, 4.91; N, 34.13. 
Found: C, 51.47; H, 5.01; N,  31.15. 

In  a second similar run a 23% yield of 1-ethvlhypoxanthine 
was obtained. 

R. A mixt,ure of inosine (1.0 g., 3.76 mmoles), ethyl iodide 
(0.33 ml., 4.13 mmoles), and potassium carbonate (579 mg., 
4.13 mmoles) in N,N-dimethylformamide (10 ml.) was stirred 
a t  80-100" for 6 hr. The cooled reaction mixture was poured 
into 50 ml. of ice water and the resulting solution evaporated 
to dryness iu ~"m. The residue was dissolved in 5N ethano- 
lic hydrogen chloride and the solution refluxed for 2 hr. 
The brown, solid residue from evaporation of the ethyl 
alcohol solution was purified by partition chromatography 
on a Celite column developed with water-saturated butyl 
alcohol. The tan solid from the column was recrystallized 
from ethyl alcohol; yield, 240 nig. (40%); m.p., 276'. 
A,,,, in mp ( e  X lo-": p H  1--248.5 (9.5); pH 7-250.5 

An.aZ. Calcd. for CiH&"O: C, 51.20; H, 4.91; N, 34.13. 
Foiind: C, 51.11; H, 5.02; N,  33.79. 

The samples prepared by methods A and I3 were identical 
i n  all respects. 

Z-(Z-Chloroethyl thio)pt~r~~e (XI) .  A mixture of purine-2( 1 
or 3H)-thione monohydrate (500 mg., 2.94 mmoles), 1- 
bromo-2-ehloroethane (0.30 nil., 3.55 mmoles), and an- 
hydrous potassium carbonate (408 mg., 2.94 mmoles) in 
N,N-diniethylforniamide (4 ml.) was stirred a t  room tem- 
perature for 2 hr. and then poured into 20 nil. of cold water. 
The light yellow solid that precipitated was collected by 
filtrntinn end dried in L'QCUB at ronm tamgerature over phow 

(9.1); pH 13-260 (9.8). 



phorus pentoside; yield, 520 mg. (83%):  n p . ,  152". A,,, 
i n  m p  (6 X 10-3): p H  1-228, 245, 305 (12.6, 13.7, 4.2); 

(17.6, 4.9). i in cm.-I: 3055, 2900, 2950 (CH); 2800-2300 
(acidic H) ;  1638, 1610, 1580, 1560 (C=N, C-C); 1460, 
1440 sh., 1420 (CH), 925, 870 (ring CH). 

9 n a l .  Calcd. for C7HiC1N4S: C, 39.16; H, 3.29; CI, lfi.52; 
S, 14.94. Found: C, 38.01; H, 3.54; C1, 15.11; S, 14.70. 

7,8-Dihydiofhiazolo [ W , 9 - h ]  purine (XII) or 6,7-dihudrothia- 
zo/o(S,2-a]purine (XIII). A mixture of purine-%( 1 or 3H)- 
thione moriohJdrate (500 mg., 2.94 mnioles), l-hromo-2- 
chloroethanc (0.25 ml., 2.94 mnioles), and anhydrous po- 
tassiiini carhoitato (308 mg., 2.!M nimoles) in S,.V-dimethyl- 
formamide ( 4  ml.) was stirred for 2 hr. a t  50", then (tooled 
and poured into 25 nil. of icc wtter. The  resulting solution 
was acidified to pH 5, filtered, and cvaporatcd to dryness 
i n  vacuo. The resulting residue was extracted with acetonitrile 
and the extract evaporated to dryness in vucuo. The residue 
cf yellow needIes was dried in vacuo a t  room temperature for 
4 hr. over phosphorus pentoxide; yield, 202 mg. (54\%); 
m.p., 254". A,,,, in mp ( e  X pH 1-246, 270, 321 

pH 7-220, 250, 208 (16.1, 12.7, 5.5); pH 13-242.5, 296 

(20.9, 8.7, 2.8); pH 7-251.5, 281, 296 (sh.), 330 (sh.), 
(22.8, 5.0, 3.6, 1.6); pH 13-251.5, 281, 297 (sh.), 314 (sh.) 
(21.5> 5.1, 3.8, 2.6); met,lianol-250, 284, 295 (sh.), 321 (sh.)  
82.6, 5.2, 4.2, 2.0). ; in cm.-l: 3050, 3010, 2990. 2950 (CH); 
1620, 1520 (C=N, C=C); 1485, 1460, 1440 (CH);  050, 880 
(ring CH). 

Anal. Calcd. for CiH6S4S.l/,  H20: C, 45.80; H,  3.50; 
N, 30.66; S, 17.55. Found: C, 45.57; H, 3.54; ru', 30.61; S, 
17.22. 

Drying at elevated temperatures i n  vacuo resulted in 
decomposition. 

6,7-L)ihydrofhiuzolo [2,3-f purine ( XVII) ant1 7',8-dihytlro- 
thiazolo[S,Z-e]pi~rine (XVIII). A mixture of puririe-8(7H)- 
thione (12.0 g., 70.3 mmoles), 1,2-dihromoethane (6.05 nil., 
70.3 mmoles), and potassium carbonate (9.70 g., 50.3 m- 
moles) in ~~,I~-diniethylformainide (100 inl.) was stirred 
and heated a t  60-70" for 3 hr. with the addition of 0.6 
ml. of 1,2-dibromoethane a t  the end of 1 lir. The reztrtion 
mixture was stirred for 12 hr. at room tcmpcmture and then 
cooled in an ice bath. The solid that formed was collected by 
filtration and separakd froni inorganic material by partition 
chromatography on a Celite column using water-saturated 
butyl alc,ohol as the developer. The residue from evaporation 
of the I)iityl alcohol was est,ractcd in a Soshlet extntctor for 
12 hr. mith cyclohexane. The cyclohexanc extract was 
evaporated to dr>.ness ant1 t,he residue recrystallized from 
methyl :ilcohol. The rc,siduc: in the Soxhlet thimble \vas :dso 
recrystallized from methyl alcohol. h p c r  r:hromatogrxph:. 
showed tlist complete separation of the twn isoniws ( X I 7 1  
and S V I I I )  c:litainetl froni t,hc roaction h:id been effected. 
Thc c?.clohAxane-sol\it)l~ materid, identifiwl below as 7,8- 
dihgdrothiazolo[3,2-e]piiririe (XVIII),  \V:IS o h i r i e d  in 
18.5',b yield (2.28 g . ) :  ni.p.. 204". X ,,,., in inp ( e  X I O F 3 ) :  
p H  1-228, 29'3 (12.2, 1.5.1); pH 7-216, 280 (12.8, 17.0); 
pH 1?1-28!) ( 1 i . i ) .  Y in c i n - ' :  3040, 2980, 2890 (CHj ;  
1A00, 1575, 1560 eh., 1555 sh. (C=N, C=-C); 15!10, 1460, 
1420 (CH);  940, 925, 870 (ring CH). 

A n a l .  C a l d .  for C:H5X4S: C. 1T.lS; If, 3-40; X, 31.44; 
S,  17.98. Found: C, 47.01: H, 3.4!1; ?i, 31AO; S, 17.86. 

The other isomer, identified hrlow as 6,7-liili?-drnthianolo- 
[2.:3-f]pnrinc: (X1711), iv:ts obtninr t i  in :37',; yit.lti (4.62 g.); 
m.p., 212". X ,,,., ~ in nil. i t  1 0 - 3 ) :  p I I  1- -2:31, 307 (13.(l, 
16.3); pH 7- -220, 2903 (18.2. 17.2); pH 1X--220, 2!)S ( l S . - t ,  
17.3). D in mi,-]: 3070, 30.10, 2020 (( 'Hj; 1605, 1585 sh.. 
l5g5, 1620 sh. ( C = z S ,  C=:('); 1-$80, 14.-)0, 1423 ( C H ) ;  
920, 880 (ring CH). 

S, 17.98. Found: C, 47.22; H, 3.51; X, 31 .46;  S, 17.74. 
9-Elhyl-flH-pitrinc. (XV). A mixture of 7,s-dihydrothiazolo- 

[8,2-e]purinc: (500 mg., 2.81 ninioles) and Rnney nickelIY 
(2.5 g. )  in ethyl alcohol (30 ml.) was refluxed for 4 hr., fil- 
tered, and evaporated t,o dryness in w " o .  The wvhite residue 
was extracted with three 10-nil. portions of 60-90' petroleum 

A n d .  C:tlcd. for C.FI,SIS: C, 47.18: l J ,  :3.40; S,  31.1-1; 

ether, which were combined and concei1t.rated to 20 nil. 
On cooling, the solution deposited whit e needles, which 
were removed by filtration and dried i l l  U U C L L O  a t  room 
temperature for 4 hr. over phosphorus pentoxide; yield, 100 
mg. (24%); m.p. 56'. -4 mixed melting point with authentic 
9-ethyl-9H-pnrine'O was undepressed. pK, by titration at 
27" in 0.15,ZI sodiuni chloride 2.67. XmnX in in@ ( e  X 10-3): 
pH 1-263 (5.4); pH 7-264 (7.3); p H  13-263(7.2). i in 
em.-' 3110, 3080, 3040, 2990, 2940, 2890 (CH); 1600, 1580 
1505 (C=lV, C=C); 1480 sh., 1450, 1410, (CH); 960, 
935, 920, 905 (ring CH j. 

Anal. Calcd. for CiH8S4: C, 56.72; H, 5.44; N, 37.81. 
Found: C, 56.76; H, 5.36; S, 37.36. 

7-EthyL;H-p~rinc (SIV). In thc nunner ticscribed above 
for the preywratioii of 9-ethyl-9H-purineJ 0,7-dihydrothia- 
zolo[2,3-f]purine was dcthiolated to give 75 mg. (189;) of 
7-ethyl-7H-purine (recrystallized from cyclohexane); m.p., 
107". pK, by titration at 27" in 0.15M sodium chloride- 
2.67. A,,, in nip i c  x 10-3): p H  1-258 (4.6); p H  7-267 
(5.6); pH 13-266 (5.6). i in cm.-': 3100, 3080, 3050, 2970, 
2940 (CH);  1605, 1580 sh., 1560, 1540 sh., 1488, 1455 sh., 
1445 (CH); 960, 920, 900 (ring CH). 

Anal. Calcd. for C;H8S4: C, 56.72; H, 5.44; X, 37.81. 
Found: C, 56.54; 11, 5.14; 1, 37.47. 

6,7-Dihydrothiazolo[2,3-~']purine (260 mg., 5 2 7 , )  wits 
recovered so that the conversion to 7-ethyl-iH-purine was 

~-(Uenzylthio)purine. A mixturc of purineS( 1 or 3 H)- 
thione monohydrate (500 nig., 294 mmoles), a-chlorotolueno 
(0.35 nil., 3.06 mmoles), and pot:mium carbonate (408 mg., 
2.94 mmoles) in AV,;L'-dimethylformamide ( 4  ml.) was stirred 
at. 40" for 16 hr. Thc mixture was thrn poured into 25 ml. 
of ice water, and the white precipitate that formed was 
collwted by filtration and recrystallized from aqueous 
ethyl alcohol. This material was dried at room temperature 
in 2 " x o  over phosphorus pentoxide; yield, 412 mg. (58%); 
m.p., 202'. X,,k,, in inp ( t  X pH 1-224, 253, 310 
(15.9, 12.7, 5.0); pH 7-230, 250 (sh.), 303 (19.6, 11.1, 
6.3); pH 13-239, 300 (18.6, 6.5). 

Anal. Calcd. for C12HloS4S: C, 59.50; H, 4.16; Y, 13.21. 
Found: C, 40.47; H, 4.21; S, 13.16, 

8-(Beizzylth7:o)purine. A mixtiire of purine-8(7H)-thione 
(500 mg., 3.28 mmoles], a-chlorotoluene (0.41 ml., 3.0 
nimoles), and potassium carhoriate (454 mg., 3.28 mnioles) 
in .~,ncdimethylformamide (5 nil.) was stirred a t  80" for 
3 hr. The cooled mixture was poured into 20 ml. of ice 
water and the resulting solution acidified. EthJ-1 alcohol was 
added to  dissolve the solid t1i:it liad precipitated. The solu- 
tion was concrntrtitrd and allon-et1 to cool. The solid that  
cryst,allizd was collected by filtr:rtion, washcd with cold 
ivater, arid dried a t  100' in mrcto rvw phosphorus pentoxide; 

38%. 

) :  ni.p., 204'. A,,,,, in nip ( E  X 
pH 1-306 (20 5) ;  pH 7--295 (19.1); pH 33-298 (19.7). 

.3nnl. Ctllcd. for CIJIloN4S: C, 59.50; H, 4. l ( j ;  S, 13.21. 
Foiind: C, 59.73; €Ij 4.12; S, 13.1:3. 

8 - ( H c n z ~ l t h i o ) - S - e l h Z / l - 9 ~ - p ~ / ~ ~ ~ t e .  A inistiire of !)-ethyl- 
!)H-purine-8( 7H)-thione (500 nig., 2.78 mnioles), a-chloro- 
tohicne (0.32 nil., 3.1 nimoles), potassium carbonate (384 mg. 
2.98 niniolcs) i n  S,,~'-diriicthglforiiiarnide ( 5  ml.) was stirred 
n t  45-55' for 2 hr. The cooled rc:iction niixturcx \vas poured 
into 20 nil. of icr water :ind the hright yellow oil that formed 
was separated by dec:tntatioii and :illowed to crystallize 
in  the refrigerator. T h c  lo\\--ineltiiig solid was purified by  
p u t  ition chromatography on u Celite column nsirtg water- 
saturated butyl alcohol :is the dcvrloper; yield, 600 ing. 
(80';;); m.p. cn. 32".  A,,,, in nip ( t  X pH 1--238, 
303 (14.7, 14.1); pH 7-293 (16.8): plH 1:3---292 (17.0). 

- 4 n c i i .  Calcd. for CILHI1X4S: (2, 62.20; H, 5.23; N, 20.73; 
Y, 11.86. Found: C, 62.09; 11, ,5.53: 5,  20.64; S, 11.98. 

8-(2-('hloroethyllhio)-D-efh~/l-c9H-p,trine. A mixture of 9- 
eth\,l-!)H-purine-8(7H)-thione (500 mg., 2.71 niinoles), 1- 
~,rorno-2-chloroetliaiie (0.24 nil., 2.83 inmoles), and po- 
tassium carbonate (384 mg., 2.78 nirnolcs j i ~ ]  A',.Y-dimeth,d- 
formaiiiidc ( 5  nil.) was heated at 60-65' for 1 hr., cooled, 
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and poured into 15 ml. of ice water. The vhite solid that  
precipitated was removed by filtration and dried at 60" 
m vacuo over phosphorus pentoxide; yield, 430 mg. (64%); 
m.p., 83.5". A,,,,, in mp ( e  X loe3): pH 1-238, 298 (15.9, 
14.3); pI l  7-288 (17.9); pH 13-288 (17.9). 

Anal. Cnlcd. for C8HllC1N4S: C, 4450, H, 4.51; CI, 
14.59. Found: C, 44.46; H, 4.50; C1, 14.52. 
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The fluorination of aryl and alkyl isothiocyanates with iodine pentafluoride in pyridine solution has been found to produce 
thiobis-N-substituted iV-( trifluoromethy1)amines. The preparation and some of the reactions of these novel compounds are 
discussed. A unique rearrangement of a thioi)isaniinc to a diphenyl sulfide is reported. 

Although iodine pentafluoride is a mild fluori- 
nating agent , 2  very few fluorinations of organic 
compounds have been explored with this reagent. 
During the course of an investigation of the re- 
actions of iodin(. pentafluoride and organic com- 
pounds it mas found that aryl and alkyl isothio- 
cyanates were converted cleanly to  thiobis-X-(tri- 
fluoromethyl)ami~ies* (I) by iodine pentafluoride in 
pyridme solution. 

I'ormiilation of these products as thiobis amines is 
l m e d  on the aiialyt'icul dat,a gi\.cii in Table I, the 
XAIR spectra, and the other experiments discussed 
below. 
.- ... 

( 1 ) This rese:trcali \US c:m-icd out i i i i t l m  .\rmy 0rdn:incc 
C'onir:ic.t T~.4-Ol-UZI-O1< D-,51:35. 

(2)  11. C. Snecd, J. L. Maj.nart1, a i l t l  It. C. 13r:ist(!d, 
f 'oi?rpJrrheri.sice I n o n ~ a n i c  Chernislry, Vol. I I I ,  l 'he Halogens, 
\-:in Nostr:irid, NCW York, 1054, pp. 210--213, Gciicral 
( '1ic~mic:~I llivision, Allicti Chrniic:il m d  1 )J-C Corporation, 
l't~chniral Ridletin TA-8532-2, Chlorine Z'ri$Euoricle and 
Olher Hnloyen Flitorides. 

( 3 )  Flnorinations utilizing iodinr pcntafluoride that have 
Lxwi rcported to lead to a trifluoromethyl group include the 
conversion of I C s  t o  CF,--S=X--CF, [O. Itiif and W. 
\Tilleiib[w, Her., 73, 724 (1940)] and thr  formntion of tri- 
fliioroincstliyl disulfide from carbon disulfide [It. N. H:l 
d i n r  und J. &I. Kidd, J .  ('hem. So(.., 3219 (1953)J. 

14) In :t preliminary report, of this work [T. E. Stevens, 
Tetrahedron Letters, 17, 16 (1059)l these compounds wrrc, 
c d l d  bis-.V-( trifluoromethy1)amino sulfides. The name bis- 
:imino sulfide is used in E. E. Reid, Organic Chemistry o j  
Niaulenl Sl/lft(Jr, Chemical Publishing Co., Sew York, Vol. 11, 
i o  ticriote the, syninwtricsl d k y l  siilfitles c*ont:iining amino 
Ciii ictioii~.  .l rcx.tion on p. 3OG of this voliii1w tliscri 
i,liio:uiiiii(~,s, 

Prsparation. Fluorination of aromatic isothio- 
cyanatesb occurred much more readily than did 
fluorination of their alkyl counterparts, although 
this is not obvious from the yields reported in Tablc 
I. In all the aromatic cases, fluorination was com- 
plete after a few minutes at 75-90° and a product 
free of isothiocyanate was isolat'ed in almost quanti- 
tative yield. However, recrystallization of thesc 
products from ethanol or hexane was necessary to 
obtain thc melting points reported in Table I. 
Since the infrared spectrum of the crude product, 
rssentiallp was identical with that of t,he purified 
t,hiobis amine, the material removed by recrystalli- 
zation may have been the dithiobis-N-(trifliioro- 
methyl) amine .6 

Iodination of the ring of the aromatic isothio- 
cyanates n-as observed oiily with phenyl isothiocy- 
anate. Some of t he ,V-(p-iodophcnyl) thiobisamiiic 
was isolated in most cxpcrimriits. If any uiisym- 
metrical thioamine formed it \\-as not isolatrd. 
__~__ 

(5) Ti1 ail c:irlivr [:oiiiiiiiiiii(:LItioi11 i t ,  w a s  rc.j)ortt'd tl~itt t11(< 
fluorination of p-iiitropheiiyl> p-:icrt,ylpheii>.l ant1 p-diniet.li- 
ylaminophrnyl isothiocyanates did not yield thiot)ia:iininrs. 
Sincr then the conversion of the first two compoands to til(, 
desired procitict has been accomplished. The initial failure, 
with the p-nitrophenyl i s n t h i o c y a ~ ~ t ~ c  can be attrit)ut,ed to 
an  impurc samplr ; the lack of s u c c w  Tvitli the p-:tct:tyl 
m e n i h r  was due to  too stringrnt reaction conditions ( s w  
~ x p r r i n ~ c n t a l ) .  Ho\vevor, srvcwl :ittrnipts t3 flitorin:ttc, ? I -  

diiiirthylnrninophen!-l isothioc:yaii:itc lrtl only to intract,:tl>lr: 
tars. 

(6) It gencrall), was observed that ,ttteiiil)ts to C O I I C ( ~ I I -  

trate the niother liquors from the recrystallization of tlic. 
thiobisaniines led to oily produrts, the infrared spectra of 
which vere indistinguishable from those of the purified 
products or of tho c*rutlr p r o d i i v t P .  . t i 1  oily residuc froin t t i , ,  

p-chloro~~heiiyl isot Iiiocj.aii:itcx rc~action coiit;iincyl I O , ( i '  , 
sulfiir. The rel:itctl tliiol)i~aiiiiii,~ cont:liris 7.(:\;, si~li ' i~r,  1 I,(, 
dit,liioliisn~iiiii~, 1-1.1 <,[ siilf\ir. 


