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Abhmc+-The synthesis of the new esterglycidyl compounds produced by condensation of bis- 
carboxyimides with a large excess of epichlorohydrin wm reported. To de6ne the optimal conditions of 
condensation the process with monofunctional compounds were studied at first. For all synthesis, yield 
and epoxide and chlorine contents were found. The structure. of glycidyl esters was determined by elementary 
analysis, IR and ‘H and “C NMR spectra. The physical properties were also defined. 

Among epoxy resins, where an oxirane ring is part of 
the glycidyl group, the following types of epoxides 
can be distinguished in relation to the nature of the 
atom to which this group is attached glycidyl ethers, 
glycidyl esters, glycidyl amine derivatives. Although 
the literature concerning esterglycidyl compounds, 
the products of condensation of carboxylic acid with 
epichlorohydrin, is in fact substantial,‘d however 
diglycidyl derivatives containing an imide ring have 
been reported in only a few patents.‘~ 

The purpose of this article is to report the results 
of the studies on synthesis, structure and physical 
properties of pure esterglycidyl resins and derivatives 
of diglycidyl esters prepared from dicarboxylic imide- 
acids by condensation with epichlorohydrin in a large 
excess and through their Na salts formed earlier in 
the reaction of diacids and sodium carbonate in 
acetone or N,Ndimethylformamide. 

The compounds obtained by these methods were 
always solid and sparingly soluble, and possessed a 
little lower epoxide content in comparison with the 
theoretical calculations. 

aEsULTs AND DLSCUSSION 

Prior to the bis-glycidyl derivatives synthesis, five 
model compounds were prepared by condensation 
reaction of the epichlorohydrin, generally leads to 
the formation of a-carboxylic esters of y- 
chloropropylene glycol which are then dehydro- 
halogenated in the presence of strong base to give the 
desired glycidyl ester. However it has been reported 
that the glycidyl eater can be obtained directly if 
epichlorohydrin is in large excess and if a qua- 
ternary ammonium halide is used as catalyst.‘O The 
hydrogen chloride eliminated in the reaction is largely 
absorbed by the excess epichlorohydrin to form 
glycerol dichlorohydrin. 

We must use this second method to avoid that 
imide ring in presence of NaOH might be opened and 
ester group saponified, leading undesired secondary 
reactions. 

Addition of a quatemary ammonium halide was 
also reported to increase the rate of this reaction. We 
obtained better results by using benzyl tri- 
methylammonium chloride (BTMA). This reaction is 

i; 
C’ 

N-R-COO-CH&l-$HI 

a R= -(C+I,- 

b R= -IcH,I,- 

t R= -Ct$- 

shown in Scheme 1. These model compounds were 
also used to identify the diglycidyl carboxy deriva- 
t&S. 

The five model compounds were characterized by 
elemental analysis. IR spectra, ‘H and ‘% NMR, 
m.p. and epoxide equivalent (Table 1). A study more 
intensive of ‘H and i3C NMR spectra it has been 
achieved in order to confirm these structures. The ‘H 
spectra of these glycidyl compounds yield five 
different signals as it was expected for five protons 
not equivalent. This unequivalence is due to the 
presence of an assymetric center and the oxirane ring. 
These spectra are susceptible to lust-order analysis 
using a 200 MHz spectrometer. In Table 2 the values 
of the chemical shifts and coupling constants of 
glycidyl group for all model compounds and also of 
bis-glycidyl ester derivatives there are listed, and they 
are in good agreement with the chemical struc- 
ture.“-” The comparison among values of coupling 
constants allow us to distinguish between protons, of 
the two methylene groups, in positions cis or rranr 
referred to central proton (H,). 

Figure I shows the spectrum of glycidyl ester of 
N-(S-carboxypentyl)phthalimide in CDCl,. It con- 
tains a complex pattern due to the four aromatic 
protons (labelled H, and H, in Fig. 1) centered at 
6 = 7.8 ppm and two triplets at 6 = 3.69 ppm and 
6 = 2.4ppm attributable to methylene groups 1 and 
5 respectively. A complex signal to 6 = 1.68 (4H) is 
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Table 1. Model compounds characteristics 

Com- nP IR spectra Elemental Analysis 1%) Cl E.E yield 

pound epoxy band 

(PC) 
-1 

(cm ) C H N ('d) (gr/equiv) ($1 

2a 36-38 910, 860 talc. M.35 5,99 4.42 1 350.8 98 

found 63.81 6.00 4.17 (317) 

2b 66-a 910, 860 talc. 62.26 5,lB 4.84 I 316 81 

found 62.42 5.38 4,77 (289) 

2c 105-107 910. 860 C.SlC. 59.77 4.21 5.36 0 291 70 

found 60,83 4.34 5.42 (261) 

2d 129-131 910. 630 talc. 66.87 4.02 4,33 1,2 350.6 66 

found 66,28 4.16 4.35 (309) 

2e 164-166 910. 835 talc. 66.87 4.02 4.33 0 340 69 

found 66.84 4,17 4.24 (309) 

2b and 2c were recrlstalllzed from n-heptane, 2d from Ccl4 and 2e from n-butanol 

due to the two methylene groups 2 and 4, and the 
other mukiplet centered at 6 = 1.4 ppm is attributed 
to the two protons of the central methylene group. 

For the other compounds the following shifts were 
found: N-(3-carboxypr~pyl)phthahmide glycidyl 

ester: 3.77 ppm, t, 
/N 

-CH,-; 2.44ppm, 1, 

-CH&~ 2.04ppm, m, -CM-; 7.8 ppm, 
H, + H,; N-(carboxymethyl)phthalimide: 4.51 ppm, 
s, -CH,- and 7.83 ppm, H, + H,. In the aromatic 

compounds 2d and 2e, a very complex pattern was 
observed at the expected region. 

The chemical shifts of C atoms are given in Tables 
3(a) and 3(b). The resonance lines in each spectrum 
fall in three areas, 20-70ppm for the aliphatic car- 
bons, 120-137 ppm for the aromatic carbons and 
165-175 ppm for the CO carbons. 

In Fig. 2 the spectrum of glycidyl ester of N-(5- 
carboxypentyl)phthalimide is represented and the 
same letters and numbers are referred for other ali- 

Table 2. Chemical structure and spectroscopic parameters in ‘H NMR of a glycidyl group in model 
compounds and bis-glycidyl ester derivatives 

Ii 
Ia 

‘c 0 H, ,/\/ 
Hb/ C-C," 

H’ C d 

Com- 

pound 

Chemlcsl shiftsa coup11ng constaIitsb 

68 Lb 6c 6d de 
J 
ab 

J 
bc 

J 

cis BCtrana Jde Jcktls Jcdcl* 

2a 4.41 3.92 3.21 2.64 2.64 12.22 6.24 3.10 4.93 2.62 4.17 

2b 4.40 3.92 3.20 2.84 2.64 1.?,26 6.22 3.10 4,93 2,62 4.17 

2c 4.50 4.04 3.23 2.86 2.66 12.19 6.24 3.19 4.79 2.57 4.16 

2d 4.b6 4,22 3.36 2.92 2.75 12.28 6.19 3.10 4.84 2.61 4.12 

2e 4.66 4,22 3.35 2.90 2.73 12.27 6.17 3.21 4,82 2.61 4,14 

4a 4.42 3,90 3.20 2,84 2.64 12.37 6.35 2.96 4.86 2.61 4,18 

4b 4,33 3.78 3.22 2.77 2.62 12.32 6,54 2.76 5.04 2.65 4.34 

4c 4.50 3.94 3.22 2.78 2.65 12.30 6.62 2.54 5.01 2.60 4.30 

4e 4.72 4.14 3.35 2.86 2.76 12.42 6.50 2.61 5.01 2.62 4.23 

'Chemical shifts in ppm from TMG. 
b 
Coupling constants I" Hz 
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Fii. I. ‘H NMR spectrum of glycidyl ester of N+zarboxypentyl)phtbalimide in CIX&. 

phatic compounds, whose chemical shifts are listed in derivatives have been previously reported.” IO these 
Table 3(a). These observed peak shifts are in good compounds the chemical shifts for C-l falls in the 
agreement with assigned lines on the basis of substit- range 4W.7 ppm and for C-2,49.1-50.5 ppm. The 
uent effect calculations. shifts of C-3 fall in two ranges: 68-73 ppm for 

Measurements of the C chemical shifts of the giycidyl ethers and 52-56ppm for glycidyl amioes. 
glycidyl group in a large number of ether and amine The shifts of C-l and C-2 are essentially unafkcted 

Table 3(a). chemical shifts of lines observed in the “C spectra of aliphatic derivatives 
0 

tkl4he.ticmtum AlTnsuc - 

&ClC&lctlrtas mdQh - C3l+XXW1- 

1 2 3 a b c d e 1 2 3 

a M,M(t) 49.?.l(d) M,El(t) 37,-m(t) 23,23(t) z6,29(t) 2435(t) x3,79(t) imrk K?3.Ol(S) lXW3(s) lZ3.14d) lPW(d) 

ester 173,10(s1 

al 44,66(t) 43,26(d) ‘5S.(P(t) 37,06(t) 23.‘F)( t) 31,24(t) iluck 1m..33w lP.Ol(s) l23,ZXdl 133,99(d) 

estg 1%?,25(s) 

a2 44,M(t) 48,%3(d) 66.21(t) 38.74 t.1 lmh 167,;r6(s) 13l.Wb) l73,65(dl 13431(d) 

e&El- 167,5l(s) 

40 43.-C’(t) 43,%3(d) 6%57(t) 33,07(t) n,-%?(t) a.Yxt) 23,91(t) 33,07(t) imule lca.z7(S) 136,sI(s) 117,07(d) 136.‘3iW 

eBt,T 172.53(s) 

6D 43,78(t) ‘%33(d) 64.751 tl 51,29(t) 23.07(t) 33*63(t) lm& 166.37w 126.93(s) 117.@(d) 136.93W 

ester lZ.l‘lb) 

‘%z 43,77(t) 43,73(d) %,19(t) 39,lm t) lmuk 1Gs.3xa) 135.W~~ 118,3B(d) 133&Q(s) 

estm- 167.11w 



166 A. gxax~ et al. 

Table 3(b). Chemical shifts of lines observed in the “C spectra of aromatic derivatives 

0 

W&l - CdxITd- -tic - 

c?9e !xL! 
1 5 3 1 2 3 2 3 4 5 0 

a 44,52(t) 43,35(d) G5,Wt) ml& 165.33(s) 13l,46le) L?5.&‘(dl ‘34,62(d) 135,11(8) 1Z3,Wd) 111.47~d) lds.ffibl lP..VCd) 123,8.%(d) 

eats le6.6.w 

a 44,72(t) 49,34(d) 66.73n(t) Mds 165,ztNs) 131,561s) lZ3,KMd) lL!d,Wd) 132,06(s) l.&‘.&‘(d) lP.gHsl G9,ZXdl lU.aId) 134Wd) 

ats 166,83b) 

by any changes occurring outside of the glycidyl 
group. But the shift of C-3 is greatly influenced by its 
neighboring atom (0 or N). In our case, glycidyl ester 
derivatives, the shifts of C-l and C-2 fall in the 
referred ranges as it was expected, but the shift of C-3 
falls in a different range 64.g-66 ppm because of the 
presence of an eater group. 

As regards diglycidyl ester derivatives, these com- 
pounds were obtained by two ways as model com- 
pound: using imide-carboxylic acid as initial product 
or their Na salts, previously obtained in 
N,N-dimethylformamide, which react with epi- 
chlorohydrin as we have described in detail in the 
Experimental. However the observed yields obtained 
by the second way were better only in a few cases, 
owing to the insolubility of the salts. 

Reaction conditions found for model compounds 
were applied to the synthesis of bis-glycidyl deriva- 

3 Cd: 

-___ J!L __^______ 

tives, and a large excess of epichlorohydrin and 
benxyltrimethylammonium chloride (BTMA) as cata- 
lyst was used. The reaction carried out is represented 
in Scheme 2. 

I7 I? 
‘2CI-CH1-C~-/CHI - 

b: 3 a 
0 

f? R 

b R =-~CH&- 

c R = -CH2- 

3 (t) 
l(t) e 

2 Cd) 

;:I 

eo1vent : 

II 

I’ 

-- 

-----c-e--c--s--- : 

180 17rJ 160 150 UJ I3IJ 120 
1; c----c----~-~ 
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c PP”1 

Fii. 2. “C NMR spectrum of glycidyl ester of N_(S&xypentyl)phthalimide in CD% 
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Table 4. Bis-glycidyl ester characmristics 

167 

Com- w IR spectra Elemental Analysis (%) Cl E.E yield 

pound epoxy band 

(PC) 
-1 

(cm ) C H N (%I (g.r/equiv) (X) 

4a 123-125 907. 855 talc. 60,43 5.75 5.04 1.41 

found 60.82 5.74 6.00 

4b 136-139 907. 8GO ca1c. 57,14 4,76 5.55 2,27 

found 55.55 4.85 5,60 

4c 201-203 905. 055 talc. 54.05 3.60 6,30 1 

found 53.57 3.57 6.30 

4d 324 915. 867 CdC. 63.38 3,52 4,93 2.76 

found 61.24 3,65 4.87 

4e 261-265 910, 830 CdC. 63.38 3.52 4.93 2.85 

found 61.92 3.59 4,83 

335 96 

(278) 

310 90 

(244) 

270.6 79 

(222) 

insol. @,7 

509 77 

(284) 

da VBB recristallized from ethanol, 4b from toluene and 4c from n-buts& 

Characteristic properties of these compounds are 
collected in Table 4. IR spectra were obtained and 
characteristic bands of oxirane group were assigned: 
at 905-915cm-’ (ring defonnation).‘s~‘6 At 
1700-1750 cm-’ CO stretching (imide and ester) was 
observed and at 725cm-’ a characteristic band of 
imide group. 

These substances follow the general observation 
that m.p. decrease as the number of aliphatic carbons 
increases. They were always solid, sparingly soluble, 
and also followed the general rule that solubility 
increases with the number of aliphatic carbons. The 
aromatic compounds were so slightly soluble that it 
was impossible to obtain “C NMR spectra and ‘H 
NMR spectmm of para derivatives. 

The spectral analysis of ‘H NMR of all compounds 
shows an A, pattern due to the two equivalent 
aromatic protons of the pyromellitimide nucleus at 6 
8.2-8.4ppm. The other signals are assigned as fol- 
lows: N,N’-bis(5-carboxypentyl)pyromellitimide gly- 

cidyl ester (4r): 3.75 ppm, t, \ 

/N 
-CH,; 2.37 ppm, t, 

-CH,-COO-, 1.72 ppm, m, (4H), -CHr-; 

(2H), -CH,-; (4h): 3.68 ppm, t, \ 
1.4 ppm, m, 

/N 
-CHr-; 2.46 ppm, 

t, -CH,-COO+ 1.90 ppm, m, -Of,; (4e): 4.57 ppm, 

s’ , 
7 

-CH,-Cm (4e): 8.2-7.7 ppm a complex 

pattern due to the four protons of the meta- 
substituted ring. 

The chemical shifts of the C atoms are collected in 
Table 3(a). All the results are in good agreement with 
the ones obtained with model compounds. 

-AL 

Hp. are uncorrected and were determined on a Tottoli 
capilhuy m.p. apparatus and on a Perkin-Elmer DSC-2. 
Elemental analysis was carried out on a Perkin-Elmer 240 
B device. IR spectra were recorded on a Beckmann model 
4260 speetrophotometcr (KBr pellet), “C NMR and ‘H 
NMR spectra (CDCI, or DMSO) were run on a Varian 

XI-200 pulsed Fourier transform spectrometer using TMS 
as the internal standard. Epoxy content was expressed in 
gram/equivalent and determinated by pyridinium chloride- 
pyridine method,” but bromothymol blue was used as 
indicator. Cl content was demrminated by 8ch6niger 
method. 

8olvent.s were purified and dried by standard methods. 
Starting meterie&. Im.idc+acids 1 and diimidediacids 3 

were obtained in 8O-wA yield as described in the lit.” 
General synrhesis of model cqnoumis 2. The following 

detailed procedure ilhtstrates the general method used to 
prepare crude glycidyl esters. A mixture of epichlorohydrin 
98 ml (I .25 mole) and N-(3+arboxypropyl)thalimide 
5.825g (0.025 mole) was heated at 110” and solid ben- 
xyltrimethylammonium chloride 0.47 g (0.0025 mole) was 
added in one batch. The mixture was heated at regux and 
the reaction was controlled by TLC (CHClJMeOH 99: l), 
just disappearance of initial product (15 mitt), was cooled to 
room temp, and was washed twice with water (25 ml) in a 
separator funnel. The wash waters were discarded, and 
unchanged epichlorohydrin was removed from the organic 
phase by distillation under N, and at reduced pressure until 
the temp of the residue reached 35” at 1 mm. Toluene 
(5Oml) was added to the residue, and remaining epi- 
chlorohydrin was removed as the toluene axeotrope by 
distillation until the temp of the residue again reached 35” 
at 1 mm. The properties of Zh prepared in this way are 
reported in Table I. 

Synrl&.r of cfiglycidyl wlers 4. The followed procedure 
was similar to the model compound: 78 ml (1 mol) of 
epichlorohydrin, 3.92 g (0.01 mole) of N.N’-bis(3- 
carboxypropyl)pyromeUitimide and 0.372 g (0.001 mole) of 
BTMA were mixed. The eluant for TLC was: 
CHClJacetone 1: 1. 
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