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maintained a t  about 0" during and after addit.iori of t,he sul- 
furic acid in order to avoid formation of the vinylidene com- 
pound a t  the hydroxyl group. Inasmuch as the reaction 
would be expected to be slower at  t,his lower temperat>ure, 
t.he react,ion time was extended to 5 days. 

The vinylation of pinonic acid was accomplished by the 
Reppe procedure using pinonic acid in toluene r i t h  zinc 
pinonate as a catalyst. The yield of crude product, b.p. 
115-150", 1 mm., 393 g., was 805,. Fractionation of the 
crude product gave colorless vinyl pinonate (Table 11), 
50% yield, and 30yo yield of a slight timber colored material. 
The second mat'erial ivas not completely characterized. 
However, it abPorbed two equivnlents of hydrogen and had 
an empirical formula, C,:H&. Polymers from bulk poly- 
merization with benzoyl peroxide had the appearance of 
polystyrene foam and were insolulile in common solvents 
indicating crosslinking had t,aken place. Obviously two 
acet,ylene molecnlei; h:td reacted with one molecule of pinonic 
acid. Vinylation of 3-( I-meth 
dioic acid :-lactone by the same 

Chamcterization of cis-dl-oinyl 
fresh1)- distilled vinyl pinolak was reduced over 5%, palla- 
dium on carbon. Alcohol (50 ml., 955;) was used as t>hc 
solvent and catalyst concentmt,ion  as about 15;. After 
thc redtiction was complet,ed, the solut#ion was filt,ered 
and evaporated. Vapor phase chromatograph!. showed the 
residue ta cont,nin ethyl pinolate n-it,h minor peaks corre- 
sponding to impurities in the vinyl pinolate. Five grams of 
the material \vas hylrolyzed by heating on the stcam bath 
for about, 4 hr. with excess 6:V sodium hydroxide. The hy- 
drolysis mixture \v:m extracted with ether t80 remove t,he 
ethanol and t,he est,ractecl solution \vas acidified. The acidi- 
fied solu1,ion \vas extracted with three 15-ml. portions of 
Pther; the ether solut'ion  vas dried over 
filt,ered, and evaporated to yield .$.U3 g., 91 
pinolic acid, m.p. 94.8-96.4. Mixed melting point with an 

equal quantity of 10:3-104" pinolic acid was 99-102.5'. 
Allyl and propyl esters also allowcd good rccovery of pinolic 
acid on hydrolysis and chromatographed samples showed 
even less impurities than the ethyl ester. 

cis-dI-Eth yl pinonate. cis-dl-Pinonic acid (736 g., 4 moles) 
\vas placed in a flask with 95c& ethanol (1 l., 17 moles), 
chloroform (1  l.), and p-toluenesulfonic acid (20 g.). Thc 
mixture vas  refluxed through a 2 x 20 cm. protruded metal 
packed column and the water which separated was removed 
through a liquid decanter. After separation of water ceased, 
the mixture was cooled, and treated with water until no 
further phase separation U-RF noted. The chloroform layer 
was washed with sodium bicarbonate solution until the 
wash remained basic to pH paper and then dried over sodium 
sulfate. Evaporation and distillation of the residue yielded 
nater-white ethyl pinonate. 

The allyl and propyl esters of pinolic acid were pre- 
pared by this method. The ethyl ester, however, (probably 
because of long heating periods necessary to remove the 
water) is difficult to obtain in pure form if catalyst concen- 
trations as high as this are used. Azeotropic removal of water 
from a mixture of pinolic acid ethanol and benzene in the 
ahsence of added catalyst has produced t8he purest cis-dl- 
ethyl pinolat,e alt,hough the yield was only about 509;. 

Slow dehydration of the pinolic acid esters will take place 
if heating is contiriucd beyond the time required to evolve 
one molc of water. 
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Glycidic esters have been found to undergo an ester exchange reaction with a wide variety of alcohols without concomitant 
destruction of the epoxide function. This exchange reaction was used for the preparation of certain unsaturated glycidic esters 
and diepoxides which are not readily obtained by other routes. lli-, tri-, and tetraepoxides containing the glycidic ester 
grouping have also been prepared by epoxidation of the corresponding unsaturated esters with anhydrous peracetic acid. 
The rclative merits of these methods for the synthesis of glycidic esters are discussed. 

A previous paper in this series described the 
preparation of saturated alcohol esters of a,/% 
epoxy acids by treatment of the esters of a,& 
unsaturated acids with peracetic acid. l The present 
paper deals with the synthesis of some special 
types of' glycidic esters, many of which are new, 
by methods which include 1) an exchange reaction 
of epoxy esters with alcohols, 2) an extension 
of the previously described peracetic acid epoxidn- 
tion,' arid 3 )  a combination of methods 1) and 2) .  
Structural considerations govern the c.hoiw of 
method for the synthesis of a given glycidic ester. 
Other methods for the preparatioii of glycidic 

( I )  D. L. MacPeek, P. S. Starcher, and B. Phillips, J. 
~- 

Am. Cheni. Soc., 81,680 (1959). 

esters include the Darzens method2 and the treat- 
ment of esters of a#-unsaturated acids with 
peroxytrifluoroacetic acid. 

Esters of a,@-epoxy acids may be exchanged with 
alcohols under mild conditions without destruction 
of the oxirane rings. This appears to be a general 
reaction which works with saturated and unsatu- 
rated alcohols and glycols (Table I). Success with 
the ester exchange reaction depends on carrying it 
out under mild conditions (60' or below) in the 
prewice of alcoholates of the alkali and alkaline 

(2) BI. S. Xewninn and B. J. Pllagerlcin, O r p ~ i c  IZ~nctions, 

(3) W. D. Emmons and A. J. Pagano, J .  Am. ("hem. Soc., 
V, 413 (1949). 

77,89 (1955). 
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earth metals. Such catalysts actively promote ester 
exchange without causing extensive side reactions 
of the epoxide ring. In contrast, titanium tetra- 
butylate and aluminum isopropylate are not useful 
catalysts, as they do not appear to catalyze the 
exchange reaction except a t  higher temperatures 
where the epoxide rings are destroyed. Acidic 
catalysts, such as mineral acids, boron trifluoride. 
and aluminum chloride, attack the epoxide ring 
excessively even under mild conditions. 

Many of the unsaturated alcohol esters of glycidic 
acids are useful epoxy vinyl n ionomer~ .~ ,~  We have 
found the ester exchange method to be a fine and 
unambiguous synthetic route to these unsaturated 
esters of glycidic acids (Table I). A saturated al- 
cohol ester of an a,B-unsaturated acid is first epoxi- 
dized,l and the epoxy ester is then exchanged with 
an unsaturated alcohol. This procedure avoids 
several difficulties which are usually encountered 
in eposidizing an unsaturated alcohol ester of an 
a,p-unsaturated acid. For instance, mixtures of 
monoepoxides or mixtures of monoepoxide and 
diepoxide may be produced when the epoxidation 
is not sufficiently se1ective.j In  other cases, where 
the double bond in the alcohol portion is more 
easily epoxidized than the double bond in the 
acid portion of the ester, the double bond in the 
alcohol portion of the ester is selectively epoxidized. 
For example, allyl crotonate, when treated with 
approximately an equimolar amount of peracetic 
acid, yields glycidyl crotonate instead of allyl 
2,3-epox.vbutyrate.j Although the selective epoxi- 
dation of allyl 2-ethyl-2-hexenoate to the cor- 
responding glycidic ester (e.g., allyl 2,3-epoxy-2- 
ethylhexanoate) has been reported,j this synthesis 
is not general, being confined to those esters (usu- 
ally allyl or vinyl) in which the double bond in the 
alcohol portion is relatively electron-poor and in 
which the d3-double bond in the acid portion is 
substituted ni th  electron-donating groups.6 

Di- and polyepoxides constitute an important 
class of compounds which have widespread use as 
resin intermediates? and as plasticizers and stabi- 
lizers for chlorine-containing resins.* However, 

(4) H. C. Stevens and F. E. Kung, U. S. Patent 2,680,109 

(5) F. C. Frostick, Jr., B. Phillips, and P. S. Starcher, 
Am. Chem. Soc., 81,3350 (19591. 
(6) D. Swern, J .  Ani. Chem. Soc., 69, 1692 (1947). 
(7)( a) See especially A. M. Paquin, Epoxydverhindungen 

und Epoxydharze, Springer-Verlag, Berlin, 1958, and I. 
Skeist, E p o x y  Resins, Reinhold Publishing Corp., Xew 
York, New York, 1958. Some more recent examples include: 
(b) B. Phillips, F. C. Frostick, Jr., C. W. McGary, Jr., and 
C. T. Patrick, Jr., U. S. Patents 2,890,194; 2,890,209; 
2,890,210 (1959). (c) B. Phillips, P. S. Starcher, C. W. 
McGary, Jr., and C. T. Patrick, Jr., U. S. Patents 2,890,195- 
97 (1959). 

(S)(a) R. Van Clew arid I>. H. Mullins, l n d .  & Eng. 
Chem., 50, 873 (1958). (b) F. P. Greenspan and R. J. Gall, 
Znd. & Eng. Chem., 45, 2722 (1953). (c) L. P. Witnauer, 
H. B. Knight, My. E. Palm, R. E. Koos, W. C. Ault, and D. 
8viern. l-nd & Eng. Chenz., 47, 2304 (1955). 

(1954). 

polyepoxides which contain one or more a,/?- 
epoxyacyloxy groups have been very rare. The only 
diepoxides of which the authors are aware that con- 
tain the glycidic ester group are those obtained 
from the condensation of aromatic dialdehydes or 
diketones with a-haloestersg via the Darzens 
method; e.g., dimethyl 3,3'-p-phenylenebis(2,3- 
epoxybutyrate) . We have used the ester-exchange 
method to prepare diepoxides of a different type 
from those obtained by the Darzens route. This 
method lends itself readily to the preparation of 
diepoxides, either through an intermediate un- 
saturated glycidic ester or directly by an exchange 
reaction between a glycidic ester and a glycol 
In some cases the exchange method offers the only 
practical route. For example, treatment of 6- 
methyl-3-cyclohexenemethyl crotonate with per- 
acetic acid gave 3,4-epoxy-6-methylcyclohexane- 
methyl ~ ro tona te ,~  but further treatment of the 
monoepoxide resulted only in destruction of most 
of the epoxy function and a very low yield of diepox- 
ide (Table 11). The preparation of 3,4-epoxy-B- 
methylcyclohexanemethyl 2,3-epoxybutyrate (and 
many other diepoxy esters) can be accomplished 
in much better yield by the following reaction se- 
quence in which the ester exchange technique is 
used : 

0 0 
/ I  I1 

0 
I1 

CH?CH=CHC-OCH3 CH3C-0-0H rCH,CH-CHC-OCH, 
'0' 

Q 

However, the direct epoxidation method with an- 
hydrous peracetic acid is superior in those cases 
where there is not too great a disparity in the epoxi- 
dation rates of the two unsaturated sites and where 
neither of the resulting oxirane rings is extremely 
sensitive to acetic acid under the conditions re- 
quired for epoxidation (Table 11). 

In the special case where all of the oxirane rings 
to be formed are of the glycidic ester type and where 
the olefinic precursors are highly resistant to 
epoxidation, the ester exchange method appears 
to be superior to direct epoxidation. Ethylene glycol 
bis(2,3-epoxybutyrate) mas prepared in 4570 
yield by exchange of ethylene glycol with ethyl 
2,3-epoxybutyrate, while epoxidat,ion of ethylene 
glycol dicrotonate gave only a 29% yield of the 
same diglycidic ester (Tables I and 11). In both 
rases the corresponding monoeposides were also 
formed. However, suitably substituted a,P-un- 

(9) IV. Zerweck, W. Kunge, and C;. Kolling, Germaii 
Patent 955,947 (1957). Chem. Zentr. 128, 6905 (195'7). 
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saturated esters, such as the kthyl-2-hexenoic 
esters of 1,5-pentanediol, trimethylolpropane, and 
pentaerythritol, afford the corresponding di-, 
tri-, and tetraglycidates in good yield by direct 
epoxidation with anhydrous peracetic acid (Table 
11). 

EXPERIMENTAL 

General procediire for  ester exchange. Sodium methoxide 
(2-10 mole c/c based on epoxy ester) s a s  dissolved in the 
appropriate alcohol (2-10 moles) in a still kettle equipped 
with a condenser maintained at -5' .  Then the ester of the 
01, /%epoxy acid was added and the reaction mixture refluxed 
under reduced pressure, the kettle temperature being kept 
a t  about 40". During the period of reflux, the low-boiling 
alcohol was removed from the still head until no more was 
obtained. The kettle rcsidne was then cooled to room tem- 
pcrnturc, thr catalvst destroyed n ith an cyuivalent of acetic 
acid, and thc m i ~ t u r e  filtered, if nrcessary. The products 
n ere isolated b j  fractional distlllatlon. In some cases 
metallic codium, magnesium alcoholate, or other catalyst 
\\as subdituted for thr Podium methoxide. A summary of 
the results 1s found in Table I. 
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General procedure f o r  epoxidation. The techniques were 
similar to those previously described.' In the preparation of 
di- or polyepoxides an excess of 25-30F0 peracetic acid 
solution'o in either ethyl acetate or acetone was used. The 
oxidations were continued until the peracetic acid con- 
sumption leveled out a t  its decomposition rate a t  the tem- 
perature employed. The volatile components were removed 
by feeding the reaction mixture dropwise into a kettle con- 
taining ethylbenzene under reflux a t  50" under reduced 
pressure. The solvent, acetic acid, and excess peracetic acid 
ryere removed continuously at the still head. After removal 
of the excess ethylbenzene the epoxides mere purified by 
distillation except in the cases of the trimethylolpropane 
and pentaerythritol esters. In  these cases the epoxy esters 
were vacuum stripped, diluted with toluene, washed xi th  
sodium carbonate solution and n-ater, and dried by vacuum 
stripping. A summary of the results is found in Table 11. 

SOUTH CHARLESTON, W. VA. 

(10) 13. Phillips, F. C. Frostirk, Jr., and P. S. Starcher 
J .  Am. Chern. SOC., 79, 598% (1957): Fee also B. Phillips, P. S 
Starcher, and B. L). Bsh, J .  Org. Chen~. ,  23, 1823 (1958). 
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Tlle ricaction of epichlorohydrin xi th  ammonia, aniline, and diethanolamine in various reaction media has heen investi- 
gated. The hydrochloride of -tris(3-chloro-2-hydroxypropyl)anline and .~r,T,S,.~-tris(2,3-eposyprop?.l)ami~le have 
been prepared from thc crudc reaction prodnct of ammonia and epichlorohydrin in a 1 3  mole ratio in methanol. Formation 
of 1,3-dichloro-2-propanol, when ammonia or ammonium chloride and epichlorohydrin are t,reated in aqueous medium, has 
been demonstrated. :V-(3-Chloro-2-hydroxypropyl)aniline, N-(2,3-epoxypropyl)aniline, and K,N-bie(2,3-epoxypropyl)- 
aniline have been isolated. S-(3-Chloro-2-hydrosyprop~l)- .~,5-bis(~-h~dro~;~ethyl~amine has been prepared and it has been 
demonstrated that, this compound slo~-ly forms a quaternary salt, probably by cyclization. 

111 the synthesis of polyepoxide finishing agents 
for cotton, it became necessary to  prepare certain 
N-substituted amine epoxides. The ilT-(3-chloro-2- 
hydroxypropyl)amines, obtained by addition of 
epichlorohydrin to an amine, were dehydrohalo- 
geiiated to the respective epoxides. ha interesting 
chlorohydroxyamine, N,N,N-tris(3-chloro-2-hy- 
droxypropy1)aniine (I), formed by saturating epi- 
chlorohydrin with ammonia gas a t  room tempera- 
ture in a five-day reaction is mentioned by  Faucoii- 
iiier,2 but 110 yields are given. In  our experience with 
this reaction, one is apt to obtain an alcohol- 
insoluble resin, as it is difficult to know when epi- 
chlorohydrin is saturated. Other references to  the 
actioii of epichlorohydrin and ammonia, 3-10 are 

(1) One of the laboratories of the Southern Utilization 
Resexirch aiid Lkvelopnient lXvision, Agricultural Rese:irch 
Service, U. S. Dcpnrtment of Agriculture. 

12) A. Fauconnier. C'ouipt. rend., 107, 115, 250 (1888). 
(3) 0 Stallman, U. S. Patents 1,977,250-253 (Oct. 16, 

(4) R. Stahn, U. S. Patent 2,120,513 (June 14, 1938). 
(5) R R. Bottoms, C.  5. Patent 1,985,885 (Jan. 1, 19%). 
(6) E. Knimbein, I1 U.R. Patent 5,321 (Sept. 24, 1954). 

_____ 

1934). 

concerned chiefly with aqueous ammonia, aiid fre- 
quently the conditions imposed could scarcely be 
classed as mild. The only compound definitely 
isolated was 1 ,3-diamiiio-2-propanol in the work by 
 bottom^,^ who carried out the reaction iii the 
presence of strong alkali. Aqueous solutions of 
ammoiiium salts, such as ammoilium chloride, have 
been reported to react with epichlorohydrin. 11,12 

The kinetics of the reaction were determiiied, 
but no products were isolated. The action of liquid 
ammonia on epichlorohydrin is iiot reported in the 
literature. Neither have the present investigators 
beeii successful in isolating and identifying the 

('7) Shell Chemical Corp., N. Y., Epzch2orohyZnri, Tech- 

(8) J. €1. Daniel, Jr., C. G. Landw, :tiid J .  11. Pollard, 

(9) L. Dsrmstwdter, A n n . ,  148, 119 (1868). 
(10) W, H. l'aterson and T. Slici, C S. PntPnt 2,648,633 

(11) H. I<. Sen. C. Barat, and 1'. 1'. Pal, Proc 16th Indzan 

(12) 6 .  Banerjee and H. K. Sen, J .  Zndian Chem. Soc , 9, 

nical nooklet SC: 49-35, 2nd. Ed., 1053. p. 26. 

U. P. Patents 2,573,956-957 (Kov. 6, lX5l) 

(iiug. 11, 1953). 

Scz. Congr. 146 (1O28). 

501) (1932). 


