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The ether solutions were combined and dried with Drierite
and then distilled. Twelve grams of a mixture of penta-
fluoro- and trifluoroacetoacetic esters was obtained boiling
at 130-133°. The presence of the triflucroacetoacetic ester
was shown by the formation of a copper chelate, m.p. 188—
189°4 and by hydrolysis to trifluoroacetone which gave a
2,4-dinitrophenylhydrazone, m.p. 139°.4
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It was of interest to prepare an epoxide contain-
ing a fluorine atom substituted on a bridge carbon
atom for a study of the orientation effect of fluorine
in epoxide ring opening. Only two fluorine-con-
taining propylene oxides have been previously re-
ported? and no compound having fluorine substi-
tuted directly on the epoxide ring has been de-
scribed.

The synthesis of the desired epoxide was based
on bromotetrafluoroacetone. It was found that
this material could be obtained directly in excellent
yield by treating ethyl a,~,v,v-tetrafluoroacetoace-
tate® with a mixture of sulfuric acid and bromine at
moderate temperatures. The bromotetrafluoro-
acetone obtained was reduced with lithium alumi-
num hydride at 0° in an excess of the ketone
to produce 3-bromo-1,1,1,3-tetrafluoro-2-propanol
in 809, yield. Dehydrobromination of the alcohol
was accomplished by reaction with hot 509,
sodium hydroxide and 1,3,3,3-tetrafluoropropylene
oxide was obtained in 969, yield.

It was first thought that bromination probably
occurred during the decarboxylation reaction in
accordance with the postulates of other researchers.*
However, it was found that use of excess bromine
produced 3,3-dibromo-1,1,1,3-tetrafluoroacetone in
high yield. This would indicate that the introduc-
tion of the first bromine atom took place before
decarboxylation since any further bromination of
the ketone formed would be extremely difficult
under these conditions.® In support of this postu-
late, ethyl o-bromo-a,y,%,¥y-tetrafluoroacetoacetate
was prepared and found to undergo ready hy-
drolysis and decarboxylation yielding the mono-
bromoketone. If this reaction was conducted in
the presence of bromine, the principal product was
the dibromoketone.

The properties of the compounds prepared are
given in Table I.
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TasLE I
New CoMpoUNDS
—————Analyses, % —
- Carbon Hydrogen

Formula B.p, °C. Caled. Found Caled. Found
CF;COCHFBr 65 17.20 17.01 0.48 0.60
CFi;COCFBrs 81 12.50 12.81 0.00 0.10
CF;CHOHCHFBr 124 17.10 17.12 1.43 1.54
CF;C/I-?-\-CHF 37 27.70 27.78 1.58  1.89
CF;COCFBrCO:CsHy 51 at15mm, 25.60 25.90 1.78 1.81

Experimental

3-Bromo-1,1,1,3-tetrafluoroacetone.—A solution of 409,
sulfuric acid (200 ml.) was prepared in a 500-ml., round
bottomed flask which was equipped with a reflux condenser,
a sealed stirrer and an addition funnel. Ethyl a,v,y,v-
tetrafluoroacetoacetate (86 g.) was added to the aqueous
acid and the mixture was heated to 80-90°. While the mix-
ture was being stirred vigorously, bromine (75 g.) was
added dropwise and at such a rate that only a light red
color was maintained in the solution. After all the bromine
had been added, the mixture was heated and stirred for an
additional two hours. The cooled mixture was diluted with
100 ml. of water and extracted with ether. The ether solu-
tion was dried with Drierite and then distilled. When the
pot temperature reached 50°, the distillation was stopped
and the residue was cooled in an ice bath. An equal volume
of concd. sulfuric acid was added to the flask and the con-
tents were mixed. Distillation was then continued and 87
g. (95%) of ketone was obtained. The material had an
unpleasant odor similar to that of 3-bromo-1,1,1-trifluoro-
acetone,??

3,3-Dibromo-1,1,1,3-tetrafluoroacetone.—A solution of
409, sulfuric acid (100 ml.) was prepared in the reaction
flask. Ethyl a,v,v,y-tetrafluoroacetoacetate (20 g.) was
added to the flask and the mixture was heated to 90°.
Bromine (30 g.) was added to the hydrolysis mixture over a
period of 30 minutes. The bromine concentration in the
reaction flask was high at all times as shown by the dark
red color in the flask. An additional two hours of heating
and stirring was required to remove all the bromine color
from the solution. The aqueous mixture was cooled and
extracted with ether. The ether solution was dried with
Drierite and then distilled until the pot temperature reached
50°. The residue was mixed with an equal volume of
concd. sulfuric acid and distillation was continued. The
monobromo compound (4 g.) was obtained boiling at 65—
67°, the temperature then rose to 81° and 23 g. (80%) of the
dibromoketone was obtained.
3-Bromo-1,1,1,3-tetrafluoroisopropyl Alcohol.—Anhy-
drous ether (500 ml.) and lithium aluminum hydride (3.8 g.)
were mixed in a 1000-ml., 3-necked flask which was equipped
with a reflux condenser, a sealed stirrer, and an addition
funnel. The flask was immersed in an ice-bath and a solu-
tion of 3-bromo-1,1,1,3-tetrafluoroacetone (41 g.) in an-
hydrous ether (80 ml.) was added dropwise over a period of
8 hours. The reaction was stirred at 0° for an additional
6 hours and then permitted to stand at room temperature
for 8 hours. Absolute ethanol (3 ml.) was added to de-
compose any unreacted lithium aluminum hydride and the
mixture was then poured over a mixture of concd. sulfuric
acid (50 g.) and crushed ice (500 g.). The ether solution
was separated and the aqueous solution was extracted with
ether. The ether solution was dried with Drierite and then
distilled. Phosphorus pentoxide (2 g.) was added to the
mixture and distillation was continued. The bromoketone
(4 g.) was recovered boiling at 60-70° and 33.5 g. (91%) of
3-bromo-1,1,1,3-tetrafluoroisopropyl alcohol was obtained.
1,3,3,3-Tetrafluoropropylene Ozxide.—A solution of
water (50 g.) and sodium hydroxide (50 g.) was prepared in
a 300-ml., 3 necked flask. The reaction flask was equipped
with a sealed stirrer, an addition funnel and a side arm dis-
tilling head. The side arm of the distilling head was con-
nected to an ice-cooled trap followed by a Dry Ice-cooled
trap. A thermometer was inserted through the distilling
head into the aqueous sodium hydroxide so that the tem-
perature of the reaction mixture could be checked at all
times.

The reaction mixture was heated to 95~100° and 3-bromo-
1,1,1,3-tetrafluoroisopropyl alcohol (21 g.) was added drop-
wise ever a period of 3 hours. The bromohydrin was added
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slowly due to the tendency for the mixture to froth. The
epoxide was condensed in the ice-cooled trap and no mate-
rial was condensed in the Dry Ice-cooled trap. The epoxide
was then cooled in Dry Ice, the water which had been
carried over from the aqueous solution was frozen out, the
epoxide was decanted, dried and rectified. The yield was
12.5 g. (96%).

Ethyl «-Bromo-a,vy,v,y-tetrafluoroacetoacetate. —Ethyl
a,v,v,y-tetrafluoroacetoacetate (42 g.) was dissolved in
carbon tetrachloride (150 ml.) and the mixture was heated
to70°. Bromine (40 g.) was added dropwise over a period of
12 hours and the mixture was then stirred and heated for
an additional 12 hours. The carbon tetrachloride and a
small amount of bromine was distilled out of the mixture,
and the pressure was reduced to 15 mm., and distillation
was continued. Ethyl a-bromo-a,v,v,y-tetrafluoroaceto-
acetate (50 g., 72%) was obtained boiling at 51-52° at 15
mim.

Hydrolysis of Ethyl «-Bromo-a,v,v,y-tetraflueroaceto-
acetate.—A mixture of ethyl a-bromo-a,v,v,y-tetrafluero-
acetoacetate (14 g.) and 50% sulfuric acid (100 ml.) was
refluxed for 8 hours. The agueous solution was then cooled
and extracted with ether. The ether extract was dried with
sodium sulfate and distilled. When the pot temperature
reached 50°, the residue was mixed with 50 ml. of concd.
sulfuric acid and distillation was continued. 3-Bromo-
1,1,1,3-tetrafluoroacetone (9 g., 90%) was obtained boiling
at 65-66°.

Hydrolysis and Bromination of Ethyl «-Bromo-a,v,v,v-
tetrafluoroacetoacetate.—The ester (28 g.) and 509 sul-
furic acid (150 ml.) were mixed in a 500-ml., 3-necked flask
which was equipped with a reflux condenser, a sealed stirrer
and an addition funnel. The mixture was heated to 90°
and bromine (16 g.) was added dropwise. Heating and
stirring was continued for an additional two hours and then
the aqueous solution was cooled and extracted with ether.
The ether extract was dried with anhydrous sodium sulfate
and distilled. After distillation of the ether, the residue
was mixed with coned. sulfuric acid (50 ml.) and distillation
was continued. 3,3-Dibromo-1,1,1,3-tetrafluoroacetone (25
g., 83%) was obtained boiling at 81-82°,

Acknowledgment.—The authors wish to express
their thanks to the Westinghouse Electric Cor-
poration for the financial support of this work.
DEPARTMENT OF CHEMISTRY

PURDUE UNIVERSITY
LAFAYETTE, INDIANA

Reactivity of 5-Bromoisocytosine with Some
Amines
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The reactivity of 5-bromouracil with amines
permitted the preparation of a series of 5-substi-
tuted aminouracils for chemotherapeutic testing.!
In order to obtain other 5-substituted aminopy-
rimidines bearing additional amino groups, the re-
activity of 5-bromoisocytosine toward amines has
now been examined.
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The bromine of 5-bromoisocytosine is active for
replacement reactions with amines but apparently
less so than that of 5-bromouracil. Piperidine and
morpholine reacted rapidly with 5-bromoisocyto-
sine to give high yields of the 3-substituted amino
derivatives. On the other hand, »-butylamine,

(1Y A, P. Phillips, Tuis Jour~AL, 78, 1061 (1931).
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ethylamine and methylbenzylamine either gave no
reaction or no good product was isolated even when
more strenuous reaction conditions were employed
than were necessary to produce excellent yields with
5-bromouracil.

For example when a mixture of 0.1 mole of 3-
bromouracil and 0.3 mole of #-butylamine was re-
fluxed for three hours on a steam-bath a 90-100%,
yield of 5-n-butylaminouracil was obtained. But
when 0.1 mole of 5-bromoisocytosine in 0.4 mole of
n-butylamine was refluxed for 24 hours on the
steam-bath a nearly quantitative recovery of un-
changed 5-bromoisocytosine resulted.

Experimental

5-Piperidinoisocytosine.—A mixture of 19 g. (0.1 mole)
of 5-bromoisocytosine and 25 ce. (21 g., 0.25 mole) of piperi-
dine was refluxed in a metal-bath at 140-150° for four hours.
The reaction mixture was washed out with 100 cc. of hot
water and a little acetic acid was added bringing the pH to
8-8.5. After cooling, filtration gave 19 g. (100%) of white
crystals. The product was purified by several reprecipita-
tions from dilute hydrochloric acid solution by the addition
of aqueous ammonia to pH 8 and then melted at 278-280°.

When 5-piperidinoisocytosine was treated with an excess
of methanolic hydrogen chloride the dihydrochloride was
formed. This salt was purified by several recrystallizations

from methanol-ethyl acetate mixtures; m.p. 269-270°
(dec.).
Anagl. Caled. for CoHsCLN:O: C, 40.4; H, 6.0. Found:

C, 40.8; H, 5.8.

5-Morpholinoisocytosine, —A mixture of 19 g. (0.1 mole)
of 5-bromoisocytosine and 25 ce. (22 g., 0.25 mole) of mor-
pholine was refluxed in a metal-bath at 150-160° for four
hours. The reaction product was taken up in about 80-90
cc. of hot water, the pH was adjusted to 6-7 with dilute
acetic acid, and on cooling there was obtained 18 g. (90—
95%) of white crystals. After recrystallization from hot
water the product melted at 275-276° (dec.). The analyti-
cal sample was dried 1% vacuo at 120°.

Anal. Caled. for C3H12N402: C, 489, H, 6.1.
C,48.7; H,6.1.

Attempted Reaction of #»-Butylamine and 5-Bromoisocyto-
sine.—A mixture of 19 g. (0.1 mole) of 5-bromoisocytosine
and 35 cc. (25 g., 0.35 mole) of #n-butylamine was refluxed
on the steam-bath for 24 hours. The bulk of the »-butyl-
amine was removed by evaporation. The residue was
purified by reprecipitation from alkali solution by the addi-
tion of acid to pH 7-8. In this way 16-18 g. of solid was re-
covered which, upon purification both as the base and as the
hydrochloride, was proved by analyses to be the original 5-
bromoisocytosine. The recovery of unreacted bromo com-
pound represents 85-95%,.

Similar reactions were attempted with a number of other
amines, ethylamine, methylbenzylamine, etc., but either
the bromoisocytosine was recovered unchanged or no good
product was readily isolable.
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During a study of the infrared spectrum of crys-
talline hydroxylamine,! it was felt that additional
information was needed which might be provided by
deutero-hydroxylamine. It is well known that

(1) R. E. Nightingale and E. L. Wagner, submitted to J. Chem.
Phys.



