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(16) was converted to  the dihydro-s-triazine by the 
three-component method of ;\Iodest.ll 

Reaction of na-fluorosulfonylphenyl isocyanate with 
1812 in the presence of 1 equiv of triethylamine afforded 
13. The last compound, 12, was synthesized from 
712-aminobenzenesulfonyl fluoride, cyanoguanidine, and 
acetone according to the general method of Modest.” 

Experimental Section13 
4,6-Diamino-l,2-dihydro-2,2-dimethyl-l- [m-( in-fluorosulfonyl- 

phenylureidomethyl)phenyl] +triazine Ethanesulfonate (13).- 

i l l )  E J. Alodest. J .  Org. Chem., 21, l (1956) .  
(12) T h e  synthesis of tliis compound in two steps from m-aminobenzo- 

To a mixture of 117 mg (0.25 mmole) of 18,12 0.2 ml of DNF, 
and 0.13 ml of 2 mAl EtaN in DLIF stirred in an ice bath was 
added 75 mg (0.38 mmole) of m-fliiorosulfonylphenyl isocyanate 
(Aldrich) in 0.10 ml of DNF. Within 5 min the clear sollition 
began to deposit Tvhite crystals. After 15 min, the mixture was 
diluted with 1 ml of reagent LIezCO, then stirred at ambient 
temperature for 40 min. The product was collected on a filter 
and washed with 31ezC0. Recrystallization from EtOH- 
petroleum ether (bp 30-60’) gave 103 mg (i670) of white crys- 
tals: mp 154-155’; A::” 249, 299 (weak) mp. See Table I11 
for additional data. 

nitrile has been previously described by B. R.  Baker and G. J. Lourens, J. 
.Wed. Chem., 11, 26 (1968), paper CIX of this series. 

(13) Melting points were taken in capillary tubes on a Mel-Temp block 
and are uncorrected. All analytical samples gave ir and uv spectra com- 
patible with their assigned structures. 
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Several 8,9-dialkyI derivatives of 6-me1 captopurine designed for lipid solubility have been synthehiaed and 
evaluated agaiiibt Adenocarcinoma 733 implanted both subcutaneously and intercerebrally and againbt leu- 
kemia L1210 implanted intraperitoneally and intracerebrally to assess their ability to cros:, the blood-brain 
barrier. One compound 6-(cyclopentylthio)-9-ethylpurine appears to be more effective than 6-mercaptopur- 
ine againzt the intracerebral diseases. 

Many of the most potent anticancer agents that  are 
in use today, including 6-mercaptopurine, are in- 
effective against leukemia L1210 implanted intra- 
cerebrally iri mice.2 Since we had previously found 
that certain 9-alkyl derivatives of B-mer~aptopurine~ 
are highly active against iidenocarcinoma 755 im- 
planted intraperitoneally in mice,4 it seemed reasonable 
to synthesize and evaluate a series of S,9-disubstituted 
derivatives of 6-mercaptopurine, designed for lipid 
solubility, that might penetrate the blood-brain 
barrier; bet1 er than 6-mercaptopurine itself. To this 
end the anions of 9-ethylpurine-G(lH)-thione and 9- 
butylpurine-6(1H)-thione mere alkylated in S,S-di-  
methylformamide in the usual manner6 to give the 
desired S-alkyl derivatives 1-6 (see Experimental 
Section). The synthesis3 and evaluation against 
hdenocarcinoma 755 implanted subcutaneously4 of 
9-et hyl-6-methylthiopurine was reported previously. 

Results and Discussion 

A11 of the S-alkyl compounds were effective in in- 
hibiting the growth of Adenocarcinoma 755 implanted 
subcutaneously, although the octylthio compounds 
(3 and 6) were significantly less effective than the 

(1) This work v a s  supported 11s funds from the C. F. Kettering Founda- 
tion and the Cancer Chemotherapy National Service Center, National 
Cancer Institute, National Institutes of Health, Contract No. PH43-64-51. 

(2) H. E.  Skipper, F. 1\1. Schahel, ,Jr., XI.  W. Trader, and J. R.  Thomson, 
Cancer R e s . .  21, 1154 (1961). 

(3) J. A. Montgomery and C. Temple, Jr., J. A m .  Chem. Soc., 79, 5238 
(1957): 80, 409 (1958). 

(41 H. E.  Skipper, J. A .  Xontgomery, J. R. Thomson, and F. 1 3 1 ,  Schabel, 
, l r . ,  Ciiurrr Res. .  19, 428 (19.59). 

(31 1;. A I .  Scliahel, J r . .  T. P. Johnston, G. 8. LIcCaleli, .J. .1. l lontgomery, 
11.. R. Laster, and H. E. Skipper, ibid., 23, 725 (1963). 

(6) T. P. Johnston, L. 13. Holum, and J .  .I. llontyornery, J .  Am, Chem. 
Soc., 80, 6265 (1958). 

others (Table I). As judged by therapeutic index 
the 9-ethyl compounds (1-3) mere more effective than 
the butyl compounds (4-6) (Table 111). All the com- 
pounds prolonged the life of mice implanted intra- 
cerebrally with Ad755 cells, although the activity of 
the octylthio compounds and of 9-butyl-6-methylthio- 
purine mas minimal. Again the 9-ethyl compounds 
appear to be more effective than 9-butyl compounds 
(Table 11). Sone of the compounds, however, mere 
more effective than 6-mercaptopurine (6-MP) (Table 
111), and only two, 1 and 2, were as effective. These 
results indicate that 6-mercaptopurine itself can cross 
the blood-brain barrier in sufficient quantity to pro- 
foundly affect the growth of a sensitive tumor,4 Ad755. 
Although it is likely that the S,S-dialkyl derivatives 
which are quite soluble in organic solvents, cross the 
“barrier” more easily than 6-mercaptopurine, most of 
them are less effective than 6-mercaptopurine against 
the intracerebral disease, presumably because they are 
inherently less effective in inhibiting the growth of 
hd755, as can be seen from their therapeutic index 
against the subcutaneous tumor where entry into the 
brain is not involved (Table 111). 

I n  order to determine if the two highly active S,9- 
dialkyl derivatives 1 and 2 were active against less 
sensitive cancer cells implanted intracerebrally, they 
were evaluated against 1,1210 leukemia cells implanted 
both intraperitoneally arid intracerebrally (Table IV). 
1 was only slightly effective against the intraperitoneal 
disease and 2 was more effective than 1 but less effec- 
tive than 6-I1IP, which in repeated runs has increased 
the lifespan of intraperitoneal-leukemic mice 70-S0% 
on the average. On the other hand, 6-(cyclopentyl- 
thio)-g-ethylpurine (2) increased by G4-697, the life- 

( 7 )  E‘ AI. sclial,el, J r  , J \ l Ion tuomer \ ,  €1 f, Skipper, \\ R Laster. 
J r  , and J. R Tliomson, Cuncer Res , 21, 690 (1961). 





TABLE 111 
s C M M . l R Y .  ACTIVITY OF THIOPURISES .\G.\INST A4DENOC.IRCINOI\I.i 

7j . j  INPLASTED SUBCUT.INEOUSLY AND ISTRACEREBRALLY 
Ratio 

Compd NED" TIb ODc c/c ILSd N E D  
6-Mercaptopurine :3 13 30 >243  10 

2 30 > 4  125 >249 4 
1 i > i 0  250 >240 36 
5 65 3 300 86 8 

15 3e  260 64 2 4  
4 58 4 62 23 ,47  1 
3 Cn. 420 1 250 82, 16 0 . 6  
6 >500 5 1  250 16 < 0 3  

lliriimum effective dose. Therapeiitic index. Optimal 

Subcutaneous Intracerel~ral  OD,' 

dose. yo increase in lifespan. e See ref 4. 

Experimental Section 
Biological Methods.-Compouiids 1-6 were evaluated for 

activity against Adenocarcinoma 733 in RDFI hybrid mice by 
procedures previously r e p ~ r t e d . ~  The therapeutic indices of 
these compounds were calculated as previously described.7 
They were also evaluated against .4d7,i.i i n  the brain. BDF, 
mice were inociilated intracerebrally with 0.03 nil of a 20% 
brei of Ad733 cells. The drugs were iiiject'ed intraperit,oneally 
qd 1-11 and their effect'iveness was judged by the increase iri 
lifespan of t,he treat,ed mice compared to the lifespari of uiit,reated 
controls. Surviviiig animals were observed for at least 45 days 
p o d  treatment. Some of the compounds were a1.w evaliiat,ed 
against, lenkemia L1210 implanted iiitraperitoiieally arid intra- 
cerebrally as previoiisly d e s ~ r i b e d . ~ J  
9-Butyl-6-methylthio-9H-purine (4).-lIethyl iodide (8 g) was 

6-( ~yclopelitylthio)-t)-ethylpur.iiie 

N O .  

1 
2 

3 
4 

6 
6 

31 qd 1-30 9 . 6 9 . 5  1 
16 gd 1-30 9 . 1  9 . 3 0 

500 qd 1-30 9 . 6  9 , .i 1 
250 qd 1-30 12.1 0 . 3 27 
123 yd 1-30 10 .8  9 . 3 13 
6% qd 1-30 9 . 1  0 . .i 0 

250 gd 1-1.7 11.7 8 . 2  42 
125 yd 1-1.7 10.2 8 . 2  24 
62 yd 1-13 9 . 1  8 . 2  10 
30 yd 1-1-5 8 . 6  8 . 2  4 
15 qd 1-15 7 . 9  8 . 2  0 

.io0 qd 1-15 11.9 8 . 2  4 .i 
373 gd 1-15 11.6 8 . 2  41 

TIBLE V 

S SR, 

I 
R, 

I 
R, 

0 3 8 . 5  
8..i S . .i 
8 . 4  S . . i  

14 .0  8 . 3 
11 .7  %.?I 

lo. 1 8 . 5 
12.4 8 . .i 
14.4 8 . .i 
12.6 S . .i 
lo. .)  8 , .i 
10.6 8 . .i 
10.1 S . ,j 

>10.7 8 . 5  

9 
0 
0 

64 
37 
18 
4 .i 
60 
48 
2 3  
24 
18 

>23 

Cltraviolet 
spectraajh 

n1 R? % or mp, O C  Formula Calcd Found Calcd Found Calcd Found Calcd Found ( e  X 10-8) 
Et Cyclopentylc 89 42-44 CL~HIGWIS 58.0:3 5 8 . 3 0  6 . 4 9  6.19 2 2 . 5 6  22 .43  1 2 . 9  1 2 . 7  298 (19 .4)  
Et  i-Prdse 73 138-140 CloHlaNaS 5 4 . 0 3  5 4 . 3 7  6 . 8 5  6.45 25.21  25 .11  294 (17 .8)  

l i e i d ,  11p (mm) -Carbon 5 -  -H?drogen, '5;- --NitroKen, ::- -Sulfnr, 9- Amnx, mr 

(0.05-0.06) 
Et Octyl' 76 27-28 CisH2aXiaS 6 1 . 6 1  6 1 . 8 2  8 . 2 7  8 05 19 16 18.9t) 11 0 10.8 2 9 5 ( 1 9 . 3 )  
Bu hIed 90 135-148 CloHlnPiaS 5 4 . 0 3  5 3 . 9 4  6 33 6.63  2 5 . 2 1  25 09 1 4 . 4  1 4 . 4  293(18 .6)  

13u Cyclopentyl' 80 52 ClaH2&aS 60.83 60 .72  7 . 2 9  7 .09  20 27 20 .21  1 1 . 6  1 1 . 5  2 9 6 ( 2 1 . 0 )  
Bu Octyld 47 188-194 C17H?YXiPS 6 3 . 7 0  63 .93  8 80 8.60 17 48 17 .25  1 0 . 0  1 0 . 1  293 (18.7)'  

(0.17-0.20) 

(0.2&0.353 

6 These maxima were determined in a pH 7 phosphate buffer solutioii or wheii indicated in EtOH with a Car>- Model 14 SpWtI'Oph(JtoI11- 
Prepared from the alkyl bromide. e The striic- eler. 

tiire of  2 was confirmed by it.s pmr spect,ra in L)JIYO-&. 
* Only the long-wavelength band is given. Prepared from the alkyl iodide. ' EtOH. 

spar1 of illtracerebrallg implarlted animals, added iii ieveii portioiih over a period of 1.5 h r  with col is tu i i l  

disease is stiri,iiig at rooni temperature to a mixture of 9-butyl-9H-puriiie- 
G(1H)-thione (10 g) in vater (7.5 ml) containing 2 S KaOH ( 2 5  

purine.2 ml). After stirring for an additional 0.5 hr, the mixture was ex- 
that  6-(cyclopentylthio)-9-eth~lpurine (2) is better tracted with ether (t,hree 100-ml portions) and the combined 
able to  Cross the blood-brain barrier than the less extracts were washed (HZO, 85 ml) and dried (MgSOa). The 

slightly, if at all, by (jmercapto- 
These result's tend to support the Positiorl 

lipid-soluble 6-mercaptopurine.8 yorle of the other 

1,1210 leukemia. 

ether solution was concent,rated uiider reduced pressure, and the 
residual oil was distilled in m c u o  to give a low-melting solid. 

6-Alkylthio-9-alkyl-SH-purines.-The followiiig is typical of 

'Ompounds (3-6) shO'Ted activity agnir'st The yield propert,ies of 4 nre summarizetl ill Table V,  




