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phthalic anhydride remain intact, i t  is postulated 
no phthalonitrile is formed and the immediate pre- 
cursors of copper phthalocyanine are either or both 
monoiminophthalimide or 1-amino-3-imino-isoindo- 
lenine. 

It is shown, using urea tagged with carbon-14, 
that under the set of reaction conditions described 
below, urea does not contribute carbon atoms in the 
formation of copper phthalocyanine from phthalic 
anhydride and urea. 

Experimental 
The reaction was carried out in a 250-ml. flask with nitro- 

gen carrier gas flow through the reactor and downstream gas 
train iLt 1-2 ml./sec. The flask was heated in an oil bath 
held a t  200'. The gas train system consisted of an air 
condlxser, to trap sublimed organic by-products, Drierite 
tube to trap water, Ascarite tower (50: 50 mixture of Ascarite 
and Drierite to prevent clogging of tower from traces of 
moislm-e) to trap carbon dioxide, Ascarite tube to test 
efficiency of Ascarite tower, back-up flask, and concd. sul- 
furic ticid bubbler to collect ammonia gas, followed by ex- 
haustion to atmosphere of the nitrogen purge. 

The urea mix for the reaction was prepared as follows: 
0.4 nig. of carhon-14 urea (Source: Tracer Laboratories, 
Inc.; specific activity: 3.69 mc./mM.) and 10 g. of urea were 
dissolved in 20 ml. of distilled water; the solution was evap- 
orated. The residue was ground in a mortar preparatory 
t o  introduction into the crude reaction mix. For each of the 
three test reactions that were made, 15.93 g. of mix 
was prepared from which three samples, each weighing 3.54 
g., were drawn: 1.25 g. of phthalic anhydride, 2.00 g. of urea 
mix, 212 mg. of cuprous chloride, 26 mg. of copper, and 52 
mg. of molybdic trioxide.8 The constituents were weighed 
in a Nettler Balance with stated sensitivity of about f 0.02 
mg. The reaction mixture was ground and blended with 
mortar and pestle. The reaction mass waa heated to tem- 
perature 1 hr. and held a t  200' for 4 hr. The reaction 
product in the 250-ml. flask was weighed and purified in 
sulfuric acid solution. The acid suspension waa filtered 
and the filter cake was washed acid free to Congo Red paper, 
dried, and weighed to determine the yield. In the second 
test run there was no filter cake, presumably due to solution 
or sulfonation of the copper phthalocyanine in sulfuric acid 
solution. Infrared absorption characteristics of the purified 
residues of the first and third test runs, made with a Perkin- 
Elmer Model 21 spectrophotometer, over 2.5 p to 15.5 p, 
gave no evidence of compounds other than copper phthalo- 
cyanine. One hundred-milligram samples of reaction mix, 
crude reaction product, purified reaction product, and con- 
tents of Drierite and Ascarite tubes were tested for radio- 
activity with a Nuclear Corp. Model 2612-P portable radia- 
tion survey meter. The only samples that gave radioactive 
counts were from the reaction mixture, crude reaction prod- 
uct, and Ascarite tower. Copper phthalocyanine gave no 
count. Drierite and Ascarite tubes gave no count. Al- 
though not necessary to the purpose a t  hand, the amount 
of ammouia absorbed in the concd. sulfuric acid tower waa 
determined by the formaldehyde method. 

Yield data, radioactive counts, and weight of reaction 
mixture, reaction crude, copper phthalocyanine, Drierite 
and Ascarite tubes, Ascarite tower, and ammonia are given 
in Table I. 
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Details of the preparation and polymerization of 
monomers containing the trifluoromethyl group 
have appeared elsewhere.s We would like to report 
here related work, for the most part concerned with 
the attempted preparation of compounds bearing 
a trifluoromethyl group on a tertiary carbon atom. 
Compounds of this type are not reported in the 
literature except for the special example of 1,l- 
bis(trifluoromethy1)cyclobutane. This compound 
was prepared by Hasek4 from the reaction of cyclo- 
butane dicarboxylic acid with sulfur tetrafluoride. 
We were unable to convert a,a-dimethyl substi- 
tuted carboxylic acids, specifically 2,2-dimethyl- 
pent-4-eneoic and 2,2-dimethyl-3-acetoxybutyric 
acid to the corresponding trifluoromethyl derivatives 
using sulfur tetrafluoride. Severe reaction condi- 
tions caused carbonization and milder conditions 
gave no reaction. The lack of reactivity in the 
latter two instances is attributable to  steric hin- 
drance of the carboxyl group. The steric require- 
ments are somewhat lessened in the case of cyclo- 
butanedicarboxylic acid because of the presence of 
fewer interfering hydrogen atoms and the removal 
of the hydrogen atoms from the site of reaction 
due to  the ring structure. 

Sulfur tetrafluoride easily converted isobutyric 
acid to 2-trifluoromethylpropane. This compound 
was obtained also from hydrogenation of 2-tri- 
fluoromethylpropene. The former reaction is pref- 
erable for the preparation of large quantities of this 
material. It was felt that 2-trifluoromethylpro- 
pane might be alkylated in a manner similar to that 
for isobutyronitrile. Alkylation was attempted 
with phenyllithium and allyl bromide in ether 
and sodium amide and allyl bromide in ammonia. 
The reactions were not successful. Ethyl 2-cyano- 
3-trifluoromethylbutenoate was prepared by con- 
densation of trifluoroacetone with ethyl cyanoace- 
tate in pyridine solvent with piperidine as catalyst. 
It is interesting to note that the intermediate 
ethyl 2-cyano-3-hydroxy-3-trifluoromethylbutyrate 
was not isolated; it dehydrated a t  room tempera- 
ture to  give the desired product. This can be 
contrasted to  the dehydration of 2-trifluoromethyl- 
2-propanol which required prolonged heating a t  

(1) The financial aupport of the Wright Air Development Division, 
Dayton, Ohio, is acknowledged (Contract No. AF33(616)-6866). 

(2) Present address: Esso Research and Engineering Co., Linden, 
N. J. 

(3) C. G .  Overberger and E. B.  Davidson, J .  Polymer Sci. in press. 
(4) W. Hasek, W. Smith, and V. Englehardt, J. Am. Chern. Soc., 

.sa, 543 (1960). 



2268 NOTES VOL. 27 

135' over phosphorus pentoxide.& Similarly, ethyl 
3-hydroxy-3-trifluoromethylbutyrate was prepared 
by a Reformatsky reaction of trifluoroacetone with 
zinc and ethyl bromoacetate and did not appreci- 
ably dehydrate upon distillation a t  176'. Wal- 
borsky6 heated 3-hydroxy-3-trifluoromethylbutyric 
acid, prepared from the condensation of t,rifluoro- 
acetone witth malonic acid, over phosphorus pent- 
oxide in order to  effect dehydration. 

The monomer, trifluoromethylacrylonitrile, is 
known and was prepared according to  B ~ x t o n . ~  
The literature does not reveal much concerning 
the polymerization of this monomer. Dickeys 
polymerized trifluoromethacrylonitrile with tri- 
allyl arsines, stibines, and phosphines a t  -20' 
in solvents; di- and trialkylphosphites were 
reported to  polymerize trifluoromethacrylonitrile 
in bulk at -50°.9 In the present work, trifluoro- 
methacrylonitrile was polymerized in bulk and 
solution with a variety of bases to  give solid poly- 
mers; e .g . ,  bases such as ammonia, n-butylamine, 
and piperidine gave colored polymers from yellow 
to orange; n-butyllithium gave a black polymer; 
potassium hydroxide gave a white polymer; and 
sodium cyanide gave a pink polymer. Acetoni- 
trile and pyridine were found to be suitable solvents 
for homogeneous polymerizations. 

Solution polymerizations were characterized by 
development of a yellow coloration and absorption 
a t  494 mp. The color appeared instantaneously 
upon addition of the catalyst and it was felt that 
the rate of change of absorption a t  494 mp could 
be used to follow the rate of polymerization. The 
system, sodium cyanide in dimethylformamide was 
used for this purpose. It became apparent that 
the absorption was not related to the rate of propa- 
gation when a 1 : 1 = monomer: catalyst reaction 
showed the same effect. Evidently the spectro- 
photomeric method is following the rate of produc- 
tion of the ionic propagating species 
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Several unsuccessful attempts were made to iso- 
late this species as the sodium salt. 

Experimental 
Ethyl 3-Hydroxy-3-trifluoromethylbutyrate.-Half of a 

solution composed of trifluoroacetone 51 g. (0.46 mole), 
and dry benzene, 250 ml., was added to activated zinc 
powder, 32 g. (0.5 @;.-atom). The materials were heated 
until reaction commenced, after which the remaining solu- 
tion was added at a rate such that gentle refluxing was 
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maintained. After an additional 2 hr. of refluxing, the 
material was poured into a cold solution of sulfuric acid, 
49 g. (0.5 mole), in 5007ml. of water. The organic phase 
was separated and combined with the benzene extracts of 
the aqueous phase; this solution was water washed until the 
washes were neutral to litmus. The solution was dried, 
and after the solvent removed by distillation, ethyl 3- 
hydroxy-3-trifluoromethylbutyrate was obtained, 50 g. 
(55y0 yield), b.p. 176" (atm.), ?t% 1.3769, d254 1.2207. 

Anal. Calcd. for C7HllF3O2: C, 42.00; H, 5.59; F, 28.48. 
Found: C, 41.28; H, 5.69; F, 28.98. 

Ethyl 2-Cyano-3-trifluoromethylbutenoate.-Trifluoro- 
acetone, 33 g. (0.28 mole), ethyl cyanoacetate, 33 g. (0.28 
mole), piperidine 2 ml., and dry pyridine 150 ml. were mixed 
and allowed to stand a t  0" for 12 hr. After 24 hr. a t  room 
temperature the volatile materials were removed under 
reduced pressure and a solid refiidue was obtained. The 
solid was crystallized from 95% ethanol and then from car- 
bon tetrachloride to give ethyl trifluoromethylisopropyli- 
denecyanoacetate, 29 g. (87% yield), m.p. 1241125". 

Anal. Calcd. for C8H8NFSO*: C, 46.38; H, 3.89; N, 6.76; 
F, 27.52. 

2-Trifluoromethylpropane.-2-Trifluoromethylpropene, 
prepared according to Henne5, 25.3 g. (0.23 mole), was con- 
densed into a pressure bottle containing platinum oxide, 
0.46 g., and ethanol, 30 ml. The contents were cooled, and 
the bottle flushed with nitrogen prior to the introduction 
of hydrogen. After 4 days at  room temperature, the hydro- 
gen uptake ceased, the material having absorbed 46% of 
the theoretical quantity. Low-boiling compounds were 
removed by flash distillation and passed through bromine 
which was illuminated with ultraviolet light. 2-Trifluoro- 
methylpropane, 4.4 g. (18% yield), b.p. 11.8-12.7' (atm.) 
was obtained still contaminated with 2-trifluoromethylpro- 
pene as evidenced from the infrared spectrum. An elemen- 
tal analysis could not be performed on this material because 
of experimental difficulties. 1,2-Dibromo-2-trifluoromethyl- 
propane, 2 g. (3y0 yield), b.p. 130' (atm.) was recovered 
after removal of excess bromine. (b.p. 130-130.810). 

A stainless steel bomb was charged with isobutyric acid, 
13.2 g. (0.15 mole), and sulfur tetrafluoride, 54 g. (0.50 mole), 
after which it was heated to 160' for 9 hr. The contents 
were vented a t  room temperature through a trap containing 
10% sodium hydroxide solution, a trap cooled t o  0' and one 
cooled to -78'. The material in the last trap was distilled 
to give 2-trifluoromethylpropane, 11 g. (65% yield), b.p. 
130" (atm.). This material gave an infrared spectrum identi- 
cal to that obtained from the catalytic hydrogenation except 
for the absence of bonds due to unsaturation. 

Attempted Preparation of Z-Methyl-2-trifluoromethyl-3- 
acetoxy-butane and 4-Methyl-4-trifluoromethylpentene-1.- 
Methyl 2-bromo-isobutyrate was prepared according to 
Smith and Norton" in 65% yield. This was converted to 
2,2-dimethyl-3-hydroxybutanoic acid and then to 2,2-di- 
methyl-3-acetoxybutanoic acid according to Courtot.12 

4-Methyl-4-cyanopentene-1 was prepared according to 
Wittig,l* and was converted to 2,2-dimethylpentr4-eneoic 
acid according to Brown and van G~1ick . l~  

The first of the above compounds reacted by a procedure 
similar to that described in the preceding section, except that 
1,Qdimethoxyethane was used as solvent. The starting 
material was recovered from this reaction along with a small 
amount of a yellow crystalline solid which was'not identi- 
fied. 

The reaction of 2,2-dimethylpent-4-eneoic acid with sulfur 
tetrafluoride was characterized by carbonization. The use of 
diethyl ether or dimethoxyethane as solvent eliminated the 

Found: C, 46.43; H, 4.08; N, 6.54; F, 27.71. 
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carbonization; however, the desired product was not ob- 
tained. 

Polymerization of Trifluoromethacry1onitrile.-Trifluoro- 
methacrylonitrile was prepared from trifluoroacetone 
according to  Buxton.7 The polymerizations were carried 
out in a vacuum system. The catalyst, sodium cyanide, 
was crystallized from water and dried at  room temperature 
a t  7 X 10-8 mm. for 1 week. A weighed quantity, 0.018 g. 
(3.7 X mole) was placed in a reaction vessel and de- 
gassed for 0.5 hr. a t  0.05 mm. Trifluoromethacrylonitrile, 
3.47 g. (0.029 mole), waa distilled from the reservoir on the 
vacuum line to a side arm on the reaction flask which, by 
rotation, could be inverted to discharge its contents into the 
flask. The monomer was kept frozen in the side arm with 
liquid nitrogen until needed. Dimethylformarnide was 
refluxed over phosphorus pentoxide and distilled a t  reduced 
pressure prior to storage on the vacuum line over methyl- 
enebis( p,p-diphenyl diisocyanate) , Dimethylformamide, 
25 ml., was transferred from its reservoir into the reaction 
flask and the sodium cyanide dissolved to give a clear solu- 
tion by stirring for 1 hr. a t  room temperature under an 
atmosphere of argon. The solution was cooled to -40'; 
the monomer was thawed and the side arm emptied into the 
reaction flask causing an immediate production of orange- 
brown solution. The polymerization was terminated by 
addition of 3 ml. of a 2% solution of sulfuric acid in dimethyl- 
formamide, and the polymer isolated by precipitation into 
water containing potassium hydroxide. The polymer was 
obtained as a pink powder. Polymerizations carried out 
for 30, 9, and 4 min. gave essentially quantitative yields, 
m.p. 190" dec. Intrinsic viscosities were determined in 
dimethylformamide and in cyclohexanone. The curves 
showed an electrolyte effect; [ v ]  was of the order 0.1 
dl - 
9'  

Anal. Calcd.for (CdHzNFJn: C, 39.68; H, 1.67; N, 11.57; 
F, 47.08. Found: C, 40.19; H, 2.03; N, 10.75; F, 45.48. 
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The enhanced reactivity of esters of the choline 
type2 has been explained by assuming that the 
positively charged nitrogen stabilizes a negative 
charge on the carbonyl oxygen, making the carbonyl 
carbon more susceptible to attack by a nucleo- 
philic reagent as indicated by : 

\ 
R 
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This type of catalysis has been classified by Ben- 
der3 as intramolecular general acid catalysis. 
The difference in reactivity of esters of cyclo- 
hexanol derivatives with a cis or a trans quaternary 
nitrogen has been offered as evidence for the above 
mechanism.4 By analogy, a neighboring posi- 
tively charged nitrogen should make the carbonyl 
carbon more susceptible to neighboring carboxylate 
attack. It has been shown previously that an 
ester containing both an ionized and an unionized 
neighboring carboxyl group is highly reactive, 
and this effect has been attributed to a stabilization 
of the transition state by hydrogen bonding between 
the carbonyl oxygen of the ester and the unionized 
carboxyl.6 It was suggested that a similar sta- 
bilization might be achieved by ion-pair formation 
involving the partial negative charge of the car- 
bonyl oxygen and a neighboring cationic group.S 

To demonstrate this effect, we carried out a 
study of the pH dependence of the rate of hy- 
drolysis of P-N,N-dimethylaminoethyl hydrogen 
phthalate (I). An analogous ester lacking the 
cationic group, Le . ,  methyl hydrogen phthalate I1 
has been investigated previously.6 

,;::%CHz,,,,) z Qf)O; 
I I1 

The pseudo-first-order rate constants for the 
hydrolysis of ester I in various buffers and at  dif- 
ferent temperatures are given in Table I. 

TABLE I 
PSEUDO-FIRST-ORDER RATE CONSTANTS FOR THE HYDROLY- 
SIS O F  ~,N,N-DIMETHYLAMINO ETHYL HYDROGEN PHTH.4- 

LATE 

10% Seo.-l 
PH (at 75") PH 10% Sec. -1 Temp. 

1 .11 3 . 3  7.92 41 75.5 
2 .82  2 . 8  6.06 3 . 0  75.5 
3 .26  2 . 7  6 . 0 6  0.033 34.5 
4.92 3 . 0  6 . 0 6  1.13 65.5 
6.39 3 . 8  6 .06  6.65 8 5 . 4  
6 .99  8 . 1  

In Fig. 1 the logarithms of the rate constants 
obtained at  75.5' are plotted against pH along 
with a similar plot for the hydrolysis of methyl 
hydrogen phthalate taken from ref. 6. 

An Arrhenius plot of rates obtained a t  pH 6.06 
gave an activation enthalpy of 23.4 kcal./mole as 
against 33.7 kcal./mole reported for ester I16. 

The results of this study show that the ampho- 
teric ester I is much more reactive than the acid 
ester 11, but that the hydrolysis rate of I unlike 
that of 11, is pH independent in the region of 

(3) M. L. Bender, Chem. Rev., 60, 53 (1960). 
(4) G. F. Holland, R.  C. Durant, S. L. Friess, and B. Witkop, J. 

(5) H. Morawetz and I. Oreskes, ibid., 80, 2591 (1958). 
(6) M. L, Bender, F Chloupek, and M. C. Neveu, ibid. ,  PO, 5384 

(1958). 

A m .  Chem. Soe., 80, 6031 (1858). 


