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Abstract - The synthesis of various esters containing imide and oxirane
cycles has been improved from potassium salts of several diimlde-ciacids
instead of their free carboxylic diacids using l-chloro-2,3-gpoxypropane
in excess and a guaternary ammenium halide as catalyst. The spectral data

ard phy=ical and chemical characteristics were discussed,

In this paper we wish to report in detail the convenient way for the synthesis of
new oxirane compeounds, trimellitimide derivatives.

The oxirane ring may be introduced as glycidy! derivative when an epihalohydrin
species is used to react with another several functions, such as phenols and
alcohols, amines and imides, thiels, and acid groups. Thesc processes usually teke
place in the presence of alkali, yielding a reaction product consisting @alnly of

9

a low molecular glyeidyl compound, a5 it can be seen in the schene 11
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The obtention of glycidyl esters has been widely studied and the number of
new formulations as starting products is very high. But although a number of wme-
thods for the synthesis of glycidyl esters has been attempted, many of the
procedures give the desired product in low yield. In order to covercome this incon-
venience the use of alkall as cyclizing agent has been ill-advised by several
author‘sl, owing to eventual decompositions of ester groups, although very diffe-
rent results were found according to starting preoducts and reaction condition52
Likewise 1t has been considered that the glycidyl ester group could be obtained
directly if l-chloro-2,3-epoxypropane (epichlorohydrin, EPC) was in large excess
and a guaternary ammonium halide was used as catalyst3 . This technigue has
been developed to obtain glycidyl ester compounds from several aliphatic and aro-
matic carboxylic aclids, being possible to establish the best reacticon conditions
in order to achieve good yields of crude residue. HMeoreover, the use of sodium
zalts has been reported to increase the purity of the reaction pr‘oductsl + Never-
theless, it could be observed that the purity in oxirane ring strongly decreased
wren dicarboxylic acids or their salts were employed as starting products, al-
though these compounds were aliphatic and linear structures.

In our case, the starting products were diimide-diacids trimellitimide derivati-
whose obtention was carried cut as shown in the following scheme:
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&4s a result of this higher structural complexity, it may be supposed that it is
necessary a thorough ana systematic study of the best reaction conditions,
in ¢grder to obtain the products of high epoxy purity. Thus, a previocus test with
monofunctional derivatives seems desirable and it has been carried out according

to the following reactions schene:
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As was reported, the treatment of the reaction crude with an inorganic base was
reported in several patentsz. In cur case, we have paid attention to the reaction
of different reaction c¢rudes with aguecus NaOH (40%). The results which are shown
in Table 1, prove the insuitability of this treatment, because the final products
have an epoxy content lower than the starting products. The existence of an imide
ring group must Le probably the principail cause of decreasing in the purity

of oxirane ester, as this ring is not stable in basic conditions.

Table 1.- Treatment of the reacticn crude of 1a with NaOH.

Initial E.E.Z Molar ratioc Final E.E.
Time h Temp., °C
(g/equiv) NaOH:subst. {gfequiv)
513.6 1:1 2 a0 734.8
525.0 1:1 2 80 745.0
566.7 i:1 2 80 741.4

#Thecretical value for la: 323 g/equiv,

Therefore we have triea the employ of a quaternary ammconium halide, namely benzyli-
triethylamuonium chloride (BTEA), as cyclizing agent {see scheme 3), either from
the free acids or from their potassium salts. The synthesls of potassium salts was
achieéved ircom potassium carbonate better than KOH in avoid to breaking the imide
ring, as reported in the experimental part.

he determination of optimum reaction conditions was found to e a very important
subject. They were calculated carrying out the process at different times for
each sample (see Table 2), and using several quantities of EPC in excess; it could
be observed that molar {ractions EPC:substract higher than 75%:1 gave the best re-
sults of yield anu epoxy content in the products.

Un the cther nandg, w substanclal improvement was achieved when potassium salts we-
re used (Table 4). These resulis may be explained on the basis of a considerable

increase in the nucleophilic character of aromatic carboxy groups when they are
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converted into their corresponding carboxylate functions.

les which c¢ould react with growing oxirane groups are produced,
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Likewlse,

chloride is produced and precipitated., The yilelds, melting points,

constants of 1 are summarized in Table 4.

Table 2Z.- Reaction of potassium

gsalt of MN-phenyltrimellitimide with

EPC at different reaction times.

Yield E.E.?
Time n
% (g/equiv)
7 89 614
3 g2 532,
1.3 93 457,
0.7 98 383,
0.5 95 413

YTheoretical value for la: 323 g/equiv.

Table 3.- Comparison of glycidyl esters from carboxy-

lic acid and its potassium salt.

no HC1 molecu-

but potassium

and physical

Compound Yield E.=.
(%) (g/equiv)

acid 90 577.6

la (323)
salt 98 383.2
acid 61 3563.2

ib (289)
salt 76 298.2
acid 74 472.4

lc {331}
salt 79 345.2
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Table 4.- Characteristics of model compeounds.

Com— mp IR spectra Elemental Analysis (%) ci
pound epory band
(°c) (em™ ) ¢ B N (%)

la* 121-123 900 calc. 66.87 4,02 4.33 1.4
found 65,95 4.21 4.22

1b* 49-51 910 calc, 62.28 5.1¢ 4.84 o]
found 60.80 5.10 4.67

1c* 39-41 910 calc. 65,25 65.34 4.23 6]
Found 54,9G 6.47 4.04

* All these products were recrystallized from ethancl.

The synthesis of diglycidyl derivatives was achieved on the basis of the preceding
study (see scheme 4). S0 the reaction conditions described above were applied and
the results obtained are shown in Table 5, where i1t is possible to conclude that
free diimide-diacids are nol suitavle materials as starting products for providing
diglycidyl derivatives with high epoxy purity. Nevertheless, their potassium salts
gave excellent yields of products with an appropriate purity.

These compounds were characterized as described below for medel compounds. All
their more important properties are listed in Table 6.

The ir spectra of zll compounds showed absorptions due to the oxirane ring defor-
wation (900 cm_l) and no absorption peaks attributed to -CH groups thereby indica-
ting the absence of unreacted halohydrin. The nmr spectral data (H and 13C) also
support the structural assignments., The most characteristic feature in  the
fl nmr spectra is tne existence of the glycidyl group, which furnishes five groups
of signals corresponding to everyone of glycidyl protons; as it was expected, ne-
thylene protons are not equivalent owing to the presence of a neighbouring asymme-—
trical carbon and the rigidity of the epoxny riﬂg4_5. A1l these purposes were con-

firmed from the '7C nar data (see Tables 7 a and E).
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[K+ ‘o-g] HO-C C C C-OH [g~0' K*i]
0 0 0 0 0
EPC/BTEA

HyC-CH-CHz-0-C J C C-0-CH,~CH-CH,
0 0 0 0 0 0

20:R ={CH,y)y  20:R=-[CHplg-  2e:R=<{ )»CH,<( )

2b: R={CH,ly-  2d:R=-(CHplp-  2f:R= <L

EXPERIMENTAL

Melting points were determinated using & Tottoly capillary nelting point apparatus
and a Perkin-Elmer DSC-2 thermic analyzer, and are uncorrected. The ir spectra we-
re recorded on a Beckmann model 4260 spectrometer (KBr pellet), Hi arici 15C nmr
spectra were obtained at 200 MHz and 50,3 W%Hz respectively with a Varian XL-200
pulsed Fourier transform spectrometer using CIJCl3 or Dl-iSO-d6 as solvents. The in-
ternal standard for nmr spectra was Thd. Elemental analyses were carried out in &
Perkin-klmer Z40 B device.

The epoxy content (E.E,} was expressed in g/eguivalent and determinated 1in two

ways: pyridinium chleoride-pyridine methodG, but bromothyimol vlue was used as inoi-
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Table 5.- Comparison of diglycidyl esters from diimide-diacids and

thelir potassium salts.

Compeound Yield % E.E. (g/equiv)
acid 91 356.9

2a (260)
galt a6 285.3
acid 90 403.9

2b (287)
salt 93 309.,1
acid 93 471.8

2c {288)
salt 94 338.7
acid 92 496, 4

24 {330)
salt 99 385.,7
acid 67 377.9

2e {329)
salt 83 339.3
acid 70 418.1

2f (284}
zalt - —
acid g2 431.8

2g (284)
salt 84 401,1

"Insoluble in EPC.

cator, and Jay-Uijkstra-Dahmen tiethod, variation Cibd7 Chlorine content was deter-
minated by Lchbniger nethod. Organic sclvents were dried and/er distilled as ne-
cessary belore use. Imide-zcids and diimide-diacids were obtained in 80-9Y5% yield
ag cescritbed in the literatureg. Potassium salts were obtained 1in acetone, N-me-
thylpyrrolydinone and n,M-dimethylformamide, using equimolecular amounts of star-
ting products and potassium carbonate. For diinide-diacids thie wuse of mechanical
stirrer and temperature was necessary.

General synthesis for model compounds, The following detailed procedure illustra-

tes the pgeneral metnod used to prepare crude glycidyl esters. A mixture of EPC and

M-propyltrimellitimide or its potassium salt {imolar ratic 75%:1} was heated and
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Table 6.- Diglycidyl esters characteristics.

Com- mp IR spectra Elemental Analysis (%) c1
pound epoxy band
(°c) (em™ ) c H N (%)

2a 139-141 900,865 calc. 60.00 3.84 5.38 1.2
found 59.76 3.89 5.22

2b 124-127 800,870 calc, 60.67 4,12 5.24 1.5
found 58.09 4,19 4.98

2c 132-134 305,870 calc. 52,50 4,86 4,86 1.4
found 52.01 4,91 4,80

2d 73* 900,860 calc, 65.45 6.06 4.24 1.7
found 64.66 6,04 4.24

2e 254-256 905,860 calc. 67,48 3,95 4.¢5 0
found 64.52 4.08 4,01

2f > 300 905,835 calce. 63,38 3.52 4.93 3.0
found 61.93 3.47 4,55

2g 175-181 800, 880 cale, 63.38 3.52 4,93 2.4
found 61,07 3.53 4.72

Compounds 2a and 2g were recrystallized from n-butancl, 2c and 2d from

ethanol, 2b, 2e and 2f could not be recrystallized,

*
Determinated by DSC measurements,

vigorously agitated at 110°C and solid benzyltriethylammonium chiloride (BTEA) (0.3
g) (0.0013 mole) was added in a batch. The mixture was heated at reflux for 30
min, cooled to room temperature, and washed twice with water (7% ml) in & separa-
tor funnel. The washing waters were discarded, and unchanged epichlorohydrin was
removed from the organic phase by distillation under nitrogen and at reduced
pressure until the temperature of the residue reachec 35°C at 1 um. Toluene (75
ml) was added to the residue, and remaining epichlorohydrin was removed as
the toluene azectrope by distillation until the temperature of the residue again
reached 35°C at 1 mm. The obtained preoduct {(1lb) was recrystallized froun ethanol,

Synthesis of dipiveidyl esters (g). The following procedure was siwilar to the wo-

del compounds, Epichlorohydrin was mixed withh diinlde-discids or thelr potassium

salts in molar ratio 150:1. The reaction times were between 35-5% min.
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Table 7a.- Chemical structure and spectroscoplc parameters in lkl nmr of &

glycidyl group in medel compounds and diglycidyl ester derivatives.

0
E
/ HO
roenaa— N H
~c c °% /¢
] m O-—C —mﬁ.C’/ \\C
0 o/
Hpy // \\
He Hd
Com-
pound Chemical shifts® Coupling constantsb
da 6b dc ad 6e Jab ch Jac Jde ch Jce

la 4.76 4.23 3.3% 2.9%5 2.76 12,3 6,5 3.0 4.6 4.% 2.6
ib 4.76  4.22 3.37 2.94 2.76 12.3 6.5 3.0 4.8 4.1 2.6
lc 4,74 4.22  3.37 2.94 2.76 12.3 6.5 3.0 4.5 4.2 2.8
2a 4,71 4,20 3,36 2.83 2.74 12.3 6.5 2.9 4.6 4.4 2.8
2h 4.73 4,22 3.38 2.94 2.76 12.3 6.4 3.0 4.8 4.2 2.6
2c 4.73 4.22 3.38 2.94 2.78 12.32 6.4 3.0 4.8 4.1 2.8
2d 4.73 4.22 3.38 2.94 Z2.7¢6 12.3 6.4 2.7 4.5 4.4 2.4
2e 4.74 4,18 —-——* 2.86 2.77 12.4 6.5 2.7 4.7 4.6 2.6
2f 4.74  4.22 -—%  2.94 2.77 1z.4 6.5% 2.7 4.8 4.6 2.8
2g 4,76 4.24 3.39 2.94 2.77 12.4 6.5 2.7 4.8 4.4 2.6

a b . ;
Chemical shifts in ppm from TMS. “Coupling constants in Hz.,

*
This shift remains cverlapped by the signal of solvent.
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Table 7b.-~ Chemical shifts of lines observed in the 13 C nmr spectra of model
compounds and diglycidyl derivatives.
2.3
4 2
N/C
las g Ve, Wi,
\ c b a
C’5"1C -0~CH,~CH-CH
1t [ 1" N/ 2
0 0
glycidyl carbons carbonyl aromatic carbons
a b o carbons 1 P2 3 4 5] &
la 44,7 49.2 66.6 imide 166-2 135.2 135.9 123-9 135.%5 131.3 124.9
ester 164.3
ib 44.6 49.1 66.4 imide 167.3 134,9 135%.4 123.2 135.6 132.3 124.2
ester 164.3
1c 44.6 4%.1 66.4 imide 167,2 134,98 135,3 123.1 135.7 132.4 124.,2
ester 164,3
2a 43.9 48.8 66,3 imide 166.8 134.7 135.4 123.0 134.9 131.8 123.5%
ester 163,9
20 A4.7 49.2 BB.S imide 167.2 135.1 135.6 123.4 135.5 132.3 124.5
ester 164.4
2c 44,7 49,2 66.4 imide 167,3 135.0 13%5.% 1£23.3 135%.7 132.4 124.4
ester 164,4
2d 44,7 49.2 66.4 imide 167,3 135.0 135.4 123.2 135.7 132.4 124.3
ester 164.4
2g 44,5 49.0 66.4 imide 165.7 134.9 135.9 124.9 135.5 131.6 125.4
ester 164,1
13

C nmr spectra of Ze and 2f have not been done because

these products,

of the insolubility of
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