
Iteduction of the a-bromoketones with an ethe- 
real slurry of lithium aluminum hydride yielded the 
corresponding bromoalcohols as the main product. 
although no products from side reactions were iso- 
lated, the aqueous layer, from hydrolysis of the re- 
action mixture, showed the presence of bromide ion 
indicating some replacement of the bromine did oc- 
cur. 

The epoxides were obtained in good yields by 
treating the bromoalcohols with hot 50 percent 
aqueous sodium hydroxide. The substituted l-hep- 
t,afluoropropyl-l,2-epoxides mere converted to the 
iiicinal diols as was evidenced by a positive periodic 
acid test. It was thus assumed that the substituted 
trifluoromethyl epoxides were also 1,Zepoxides. 

The physical properties, analysis, and yields of 
the new compounds prepared are reported in Table 
I .  

The infrared spectra of the epoxides mere com- 
pared with that of the corresponding bromoalcohols 
and bromoketones. I n  the trifluoromethyl epoxide 
series new bands appeared a t  7.95 mp, 11.2-11.4 
mu, and 12.6 mu. The latter band was displaced to 
12.1-12.2:5 mp in the heptafluoropropyl epoxide 
series but no new band appeared in the 11.2 region. 
A new band was present as a shoulder in C3F;- 

CHCO(CH&, the carbon-fluorine absorption 
masked out this region in the other two epoxides. 
Spectra were determined in the liquid state. 

I 1  

EXPERIMENTAL 

Alkyl perjluoroalkyl kptones. A. From perjluorocarboxylic 
acids. The ketones were prepared by the general procedure 
described by Dishart and L e ~ i n e . ~  To thrce moles of alkyl 
Grignard reagent in one liter of ether cooled in an ice-bath 
was added dropwise with stirring one mole of perfluoro- 
carboxylic acid in an equal volume of ether. After stirring 
overnight, the reaction mixture was hydrolyzed by pouring 
into ice-concentrated hydrochloric acid. The ether layer 
was separated and the water layer was extracted with three- 
100 ml. portions of ether. The combined ether layers were 
dried over Drierite and distilled to remove the ether; the 
residual liquid then was dried over phosphoric anhydride 
and fractionally distilled a t  atmospheric pressire through an 
efficient column. 

B. Li th ium salt of perjluorocarboxylic acid method. The 
lithium salt of perfluorobutyric acid was prepared by slowly 
adding one mole of the acid to one-half mole of lithium car- 
bonate in 20 ml. of water. After evaporation of the water, 
the salt was dried thoroughly in a vacuum oven a t  80-100'. 

One mole of lithium perfluorobutyrate was dissolved in 
one liter of dry ether and cooled in an ice-bath. To  this 
vigorously stirred solution was added dropwise 1.10 moles 
of previously prepared ethylmagnesium hromide in 400 
ml. of ether over a period of two hours. The reaction mixture 
was stirred for an additional two hours at, room temperature, 
then cooled in an ice-bath, and finally was hydrolyzed by 
the dropwise addition of 200 ml. of 20% sulfuric arid. The 
ether layer was separated and the water lager was extracted 
with three-100 ml. portions of ether. The combined ether 
layers were dried over Drierite and the ether was removed 
by distillation. The residual liquid was dried with phosphorus 
pentoxide and rectified to give 105 g. (44% yield) of ethyl 
heptafluoropropyl ketone, b.p. 82-85", nag 1.3030 and 70 g. 
of 2 CaF7COtH.Et20, b.p. 129". 

1,Z-Epoxides. The pcrfluoronlkyl alkyl ketones werc con- 
verted to the 1,2-epoxides using the procedure of McBec 
and Bromination of the ketones in concentrated 
sulfuric acid yielded the a-bromo derivatives whirh upon 
reduction with an ethereztl slurry of lithium alnminuni 
hvdridr gavc the a-bromoalcohols. Epoxidation of the 
bromoalcohols was accomplishcd with SOYc aqueous sodium 
hydroxide. The yields of these reactions are reported in 
Table I. 

Hydrolysis of l,f?-epoxides. 1,1,1,2,2,3,3-Heptaflnoro-4,5- 
epoxyheptane (2 g.) was heated in a sealed tube with 6 ml. 
of 20% snlfuric arid a t  105' for 60 holm. Cpon cooling, :L 
white solid was obtained which n-as recrystallized from 
I)cnzene to yield 1,1,1J2,2,3,3,-heptnfl~ior~-4,5-heptnncdio~, 
m.p. 88". The diol gave a positive periodic arid 

Similar treatment of 1,1,1,2,2,3,3-he~~t:~fliioro-4,3-t.poxg- 
hexane and I ,1 ,I ,2,2,3,3-heptafluoro-~~-1netliyl-4,~~-e~,ou~~- 
hexane gave oils which were the corresponding glvrolq; 
cach of which gave a positive periodic arid test. 
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The effect of 6-(2-furfuryl)aminopurine (Rine- 
t h )  on cell division in tobacco mound callus tis- 

as well as the effects of a series of 6-(substi- 
tuted)aminopurines upon development in mosses5J 
and more recently, the use of 6-(substituted)amino- 
and -thio-purines upon the inhibition of tentacle 
regeneration in hydra7.8 have been reported. These 
results suggest a widespread importance of &(sub- 
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stituted)purines to  processes of cell division and de- 
velopment,. 

&(Alkyl) thiopurines were reported* to  produca 
inhibitions roughly comparable to  the correspond- 
ing 6-(alkyl)aminopiirincs in  tent acla regrnrration 
studies on hydra. In  an effort to examine more 
completely this relationship between the sulfur 
and nitrogen analogs, a series of 6-(substituted)- 
thiopurines have been prepared and tested. 

These 6-(substituted)thiopuriries wkre synthe- 
sized through the usual procedure by preparing an 
alcohol or alcohol-water solution of 6-mercaptopur- 
ine, containing one equivalent of sodium hydroxide, 
and adding over a short period of time one equiv- 
alent of the appropriate alkyl halide or w-phenylal- 
kyl halide. In  some cases, as indicated in Table I, 
heat was required to complete the reaction. The 
reaction products normally were recovered by re- 
moving a part of the alcohol solvent a t  room teni- 
perature using a jet of air. After one recrystalliza- 
tion from alcohol-water the products were analy- 
tically pure. 

The biological activity presented in Table I is 
expressed as the minimum concentration of these 
compounds required to completely inhibit tentacle 
regeneration in hydra. The levels of inhibition oh- 
tained with these new 6-(substituted) thiopurines 
are equivalent to, or slightly greater than, the pre- 
viously reported activities of the corresponding 6- 
(substituted)aminopurines.8 The experimental tech- 
niques have been described elsewhereg and adenine 
has been adopted as a standard unit for evaluating 
these activities. L'nder the conditions used, adenine 
is given a value of 1 and 6-(2-furfuryl)aminopurine 
(kinetin) has a value of 18. 

EXPERIMENTA L'O, 

Starting materials. The alkyl halides, with the indicated 

exception, were obtained through normal commercial 
sources and were used without further purification. 

6-Phenyl-I-pentyl bromide. This compound was prc- 
pared through the interaction of the corresponding alcohol 
and phosphoriis tribromidr, h.p. 117-120° ( 5  mm ); nz: 
1.5325.12 

6-( Substitutcd)tkiopu~in~s. The preparation of each of 
these compounds was effected in approximately the same 
manner, and the experimental conditions for each com- 
pound are presented in Table I. The general procedure was 
patterned after that of Elion, Burgi, and Hitchingsl3 
whereby a sample of 6-mercaptopurine was allowed to react 
with slightly more than one equivalent of sodium hydroxide 
until complete solution was effected ( e . g .  250 mg. of G-  
methylmercaptopurine in 31 ml. of 0.049 N NaOH). In  the 
case of the less soluble alkyl halides, the aqueous solution 
was diluted to  form a 50% ethanol-water mixture before 
adding an equivalent amount of the halogen compound. 
Shaking at room temperature was sufficient to  cause re- 
action in some cases, wherein complete reaction was evi- 
denced by the disappearance of the organic phase. With the 
higher members of the series, however, heating was re- 
quired to  effect the reaction within a reasonable time. This 
was done by placing the reaction mixture in a stainless steel 
bomb and heating for the appropriate time in an oven. 

The reaction mixtures were usually water-white a t  the 
end of the reaction period. A portion of the alcohol then was 
removed, using an air jet, and the corresponding &(substi- 
tuted)thiopurine crystallized in a colorless form. 4 yelloiy 
tint usually indicated some unreacted &mercaptopurine 
had co-precipitated with the reaction prodnct, and this was 
further evidenced by the ultraviolet spectrum of the sample. 
The 6-(substituted)thiopurines have characteristic absorp- 
tion maxima a t  about 281 mp and 292 mp in 9570 ethyl 
alcohol solution whereas the unreactrd 6-mrrcaptopurine 
has a strong absorption a t  328 mp. 

Where necessary, the samples were recrystallized from an 
alcohol-water solution a t  alkaline pH to  remove the un- 
reacted 6-mercaptopurine. 

Biological testing. The testing procedure wzs the Fame as 
that previously reported.9 
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