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fraction, b.p. 133"/16 mm. (reported8 b.p. 133-134'/16 
mm.), 123"/10mm., 109"/5mm.,ny 1.5157. 

Anal. Calcd. for CloH120a: C, 66.65; H, 6.71. Found: C, 
66.73; H, 6.76. 

The lowboiling fraction (10 g., b.p. 97-121"/10 mm.) 
consisted of a mixture of unknown by-products. Infrared 
analysis indicated the presence of alcoholic (2.9 p )  and acetal 
functions (8.9 and 9.4 p )  as well as a compound absorbing 
a t  4.73 p. Upon redistillation of this material, a sirupy 
residue waa obtained which showed a band in the infrared 
a t  5.77 p and appeared to  be a nonaromatic ester with an 
acetal. A very similar material was obtained as a high- 
boiling (150-211°/2-3 mm.) fraction, 23.9 g., following the 
dimethyl acetal cut. It consisted of a viscous orange sirup 
with infrared characteristics similar to those of the residue 
described above, including carbonyl absorption at 5.77 p. 
Most of this substance boiled at 175-185'/2 mm. The fol- 
lowing analyses were obtained for this unknown. 

Anal. Calcd. for ClsH2,0,: C, 71.50; H ,  7.33; mol. wt., 
302.4. Found: C, 70.84; H, 7.10; mol. wt., 319. 

The aqueous hydrolysate following the sodium hydroxide 
treatment was acidified and worked up in the manner pre- 
viously described, yielding 38.4 g. (12.7% yield) of crude DL 
mandelic acid and 52.2 g. (21.4% yield) of benzoic acid. 

2-(4-MethyG1 ,S&mlan-Byl >bphenyl-4-methyl-l ,Pdioxo- 
lune (V).4 Acetophenone (120 g., 1.0 mole) was partially 
dissolved in a mixture of l,2-propanediol (456 g., 8.1 moles) 
and 1000 nd. of benzene. The resulting mixture was stirred 
vigorously and 2.39 moles of nitrosyl chloride (110 ml. at 
-30") was added dropwise a t  20-30" over a period of 2.25 
hr. During the addition, an exothermic reaction occurred, 
arid cooling WEM required to keep the temperature below 
30". At the end of the feed period, stirring was continued 
for 1 hr. a t  25-35" and then for 1.5-2 hr. at 60'. During 
the reaction, approximately 1 mole of gas was liberated and 
found to consist entirely of nitrous oxide, nitric oxide, and 
nitrogen. 

The cool reaction mixture consisted of two liquid layers. 
The upper layer NRS extracted five times with 500-ml. por- 
tions of water and freed of bcnzene on the steam bath, 
leaving 200 ml. of an oil. The lower layer was diluted with 
1000 ml. of water and extracted with six 500-ml. portions 

of ether. These extracts were combined, dried (sodium 
sulfate), and evaporated iree of ether to give approximately 
60 ml. of yellow oil. 

The organic oils from the two layers were combined and 
heated under reflux with 2000 ml. of 2N sodium hydroxide 
for a 1.5hr. period. The mixture was then coole 1 and ex- 
tracted with ether to  obtain (after evaporation of ether) 113 
g. of an oil. Fractional distillation of the oil a t  reduced pres- 
sure gave 90.4 g. of 2-(4methyl-l,3-dioxolan-2-yl)-2-phenyl- 
4methyl-1,3-dioxolane (36% yield) as a heavy colorless 
sirup. The main fraction boiled a t  147-152'/3 mm., n%' 
1.5169. 

Anal. Calcd. for CI~HUO~:  C, 67.18; H, 7.24, mol. wt. 
250.3. Found: C, 66.37; H, '7.15, mol. wt. 250. 

Infrared analysis revealed no bands in the carbonyl 
region and showed numerous bands in the 8-10 p region in 
accord with the ketal-acetal structure. Surprisingly, no 
aromatic absorption occurred in the 6.2-6.35 f i  region. The 
presence of a benzene ring was, however, confirmed by di- 
chromate oxidation to benzoic acid. The material proved 
surprisingly inert toward permanganate oxidation. 

The aqueous layer from the sodium hydroxide reaction 
was acidified to  pH 1 to  precipitate 58.6 g. of a gummy white 
solid having a neutralization equivalent of 205. The material 
was recrystallized from water to  give 22.7 g. of benzoic acid, 
m.p. 121-122'. The balance of the material waa not identi- 
fied. 

Following precipitation of the solid, the aqueous layer 
was extracted with ethyl ether to recover 35.3 g. of a viscous 
orange oil (neutralization equivalent 222). This material 
was distilled a t  reduced pressure to give 21.5 g. of oil, b.p. 
110"-160°/3.5 mm. and a dark residue. The oil contained 
a small amount (1-3 g.) of benzoic acid and unknown, non- 
acidic, carbonyl compounds. 
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The preparation of several saturated, unsaturated and epoxyalkyl esters of 1,2,4butanetricarboxylic acid is described. 

Higher triallryl esters of 1.2,4-butrnetricarbox- 
ylic acid are known to be effective plasticizers for 
poly(viny1 chloride) resins.' A variety of such 
materials were prepared (Table I), most of which 
are new compounds, for evaluation in this applica- 
tion. In general, these plasticizers exhibit excellent 
low-temperature properties and low volatility. 

A series of unsaturated esters of 1,2,4-butane- 
tricarboxylic acid was prepared by esterification 
with unsaturated alcohols or by vinylation with 
acetylene (Table 11). The allyl and vinyl esters 
were evaluated as polymerizablc plasticizers and 

(1) British Patent 688,344 (1953), N. V. De Bataafsche 
Petroleum Maxtschnppij (The Netherlands). 

found to be effective. The higher unsaturated 
esters in general proved to be effective plasticizers, 
but their major utility was as intermediates in the 
preparation of a new class of epoxides. 

A wide variety of epoxyalkyl esters of 1,2,4- 
butanetricarboxylic acid was prepared by the 
epoxidation of the respective unsaturated esters 
by peracetic acid in ethyl acetate2 (Table 111). 
In  general, high yields of materials with high 
oxirane content were obtained. The epoxyalkyl 
esters proved to be excellent plasticizer-stabilizers 
for poly(viny1 chloride) resins and could be poly- 

(2) F. C. Frostick, B. Phillips, and P. s. Starcher, J. Am. 
Chem. Soc., 81,3350 (1959). 
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merized to yield polymers of varying properties 
depending on the functionality of the epoxide 
monomer. 

The triamide of 1,2,4-butanetricarboxylic acid 
was prepared by ammonolysis of the triethyl ester. 

EXPERIMENTAL 

General procedure for esterification of 1 ,b,4-butanetr.l- 
carboxylic acid. A mixture of 3 moles of alcohol (or less if 
only mono- or diester is desired), 190 g. (1  mole) of 1,2,4- 
butanetricarboxylic acid, 500 g. of toluene, and 5 g. of 
p-toluenesulfonic acid was heated to reflux and water re- 
moved azeotropicslly. The reaction mixture was washed 
with one-third volume of 5% sodium bicarbonate solution 
and then with one-third volume of water. Solvent was 
removed by distillation a t  reduced pressure and the ester 
obtained by distillation or as a stripped residue product. 

Vinylation method. Bis(3-cyclohexenylmthyl) vinyl 
I,~,4-butanetricarboxylate. A mixture of 300 g. (0.795 mole) 
of bis(3-cyclohexenylmethyl) hydrogen 1,2,4butanetri- 
carboxylate, 500 ml. of toluene, 5 g. of zinc oxide, and 8 g. 
of anhydrous zinc acetate was charged to a 3-1. "316" 
stainless steel bomb in a rocking furnace. The system was 
purged five times with nitrogen to  75 p.s.i.g. a t  room 
temperature. Nitrogen was added to  25 p.8.i.g. and the 
system was heated to 160' with rocking. Nitrogen was 
added to 130 p.s.i.g., then acetylene was added to 300 p.6.i.g. 
Reaction occurred at 178" and the pressure was maintained 
at 280-300 p.8.i.g. by addition of acetylene. After 6 hr. a t  
178-191°, the gas uptake ceased. After cooling the system 
the reaction mixture was discharged, the catalyst removed 
by filtration, and the filtrate washed twice with 10% sodium 
carbonate solution to remove unreacted acid and then 
washed with water. Hydroquinone (0.5 g.) was added and the 
toluene was removed by distillation. The product was 
taken as a residual dark colored oil in 82% yield (ng 
1.4958, 1.1058). 

Anal. Calcd. for CzsHssOs: C, 68.3; H, 7.97. Found: 
C, 68.8; H, 7.76. 

General procedure for epoxidatim of unsaturated esters. 
Tr~(d,3-epoxy-b-ethylhexyl) lJd,4-butanelricarbosylate. A so- 

lution (915 9.) of 21.5% peracetic acid in ethyl acetate was 
added dropwise to  tri(2-ethyl-2-hexenyl) 1,2,4butanetri- 
carboxylate (309 g.) a t  50' over a period of 90 min. After 
an additional 3 hr. a t  50°, analysis of the mixture for 
peracetic acid indicated that the reaction was complete. The 
reaction mixture was then fed dropwise to an equal volume 
of ethylbenzene which was refluxing in a 24 inch X 1 
inch glass helix-packed column a t  25-30 mm. As the reac- 
tion mixture was fed to the kettle, ethyl acetate, acetic 
acid, and excess peracetic acid together with ethylbenzene 
were taken off overhead. After the volatiles had been 
removed, the kettle contents were filtered to remove a small 
amount of suspended matter, and tri(2,3-epoxy-2-ethyl- 
hexyl) 1,2,4-butanetricarboxylate was obtained as a residue 
product having the following properties: 6.75% oxirane 
oxygen (80% purity), 0.31% acid (calculated as acetic 
acid), iodine value (Wyj's method) 1.09, color less than 1 
Gardner 1933. 

Preparation of l,d,4-butanetricarboxamide. Anhydrous 
ammonia was bubbled through a stirred mixture of 409 g. 
of triethyl 1,2,4butanetricarboxylate (1.5 moles) in 500 
g. of ethylene glycol a t  59-60' over 38 hr., at which point 
96 g. of ammonia (5.65 moles) had been adsorbed. The 
crude product mixture was freed of excess ammonia, by- 
product ethanol, and glycol by evaporation under reduced 
pressure at ambient temperature. The residual crystalline 
mass was taken up in hot dimethylformamide, treated with 
decolorizing carbon, filtered, and cooled to  crystallize. 
After filtration, the semidry product was washed with ethyl 
ether and dried to give 143 g., a 51.6% yield, of fine white 
crystals (m.p. 195-196') of 1,2,4butanetricarboxamide. 

Anal. Calcd. for C,Hl~NsOa: C, 44.91; H, 7.00; H, 22.45. 
Found: C, 45.18; H, 7.09; N, 22.50. 

Acknowledgment. The authors are grateful to 
Messrs. G. R. Arnold, T. F. Carruthers, C. N. 
Dailey, H. R. Dodd, C. A. Gibson, and R. E. 
Gothard for technical assistance. 

Soum CHARLESTON, W. VA. 

(3) K. Freudenberg and J. Geiger, Ann., 575, 145 (1952). 
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Enamines a-(N-pyrrolidyl) (Ira), 2-(N-piperidyl) (IIb), Z(N-hexamethyleneirnino) (IIc), and-2-(N-morpholinyl)indene 
(IId) were prepared from 2-indanone and the appropriate sec-amines; similarly 3-pheny1-2-(N-hexamethyleneimino)indene 
waa obtained from 1-phenyl-2-indanone (VIII). C-Alkylation of IIa-IId with bromomethyl benzyl ether was highest with 
IIc. 1-Methyl (V), 1-benzyloxymethyl- (VI), and 1-benzyl-2-indanone (VII) were prepared by C-alkylation of IIc with the 
appropriate alkyl halide. A shift of 108-131 cm.-' in the double bond stretching maximum was observed in going from IIa- 
I Id  to their respective ternary iminium salts. Selenium dioxide oxidation of VIII and 3-phenyl-I-indanone gave, respectively, 
1-hydroxy-1-phenyl-2indanone and 3-hydroxy-3-phenyl-l,Pindandione, and 3-phenylindone. Nitrosation of V and VI under 
alkaline conditions gave no a-oximinoindanones but unexpectedly yielded ring expanded products tentatively identified as 
alkylated 3-hydroxyisoquinoline N-oxides. 

Enamine C-alkylation and acylation is now 
firmly established as a signal addition to the 

(l)(a) Sponsored by the United States Air Forces under 
Contract No. AF 49(638)688 monitored by the Air Force 
Office of Scientific Research of the Air Research and Develop- 
ment Command. (b) Presented at the 139th National Meet- 
ing of the American Chemical Society, St. Louis, Mo., March, 
1961. 

methods available for the preparation of a-substi- 
tuted ketones from carbonyl compounds.s In this 
paper we report on the preparation, alkylation, 
and absorption spectra of enamines of 2-indanones 

(2) (a) Air Research and Development Command Post- 
doctoral University Research Associate, 1959-1960. (b) 
On leave of absence from Fordham University, N. Y., N. Y. 


