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RESEARCH LETTER

PEG-600 mediated simple, efficient and eco-friendly synthesis of N-substituted imides
and chemo selective C =C reduction

Padam Praveen Kumar*, B. Rama Devi, P.K. Dubey and S.M.G. Mohiuddin

Department of Chemistry, Jawaharlal Nehru Technological University Hyderabad, College of Engineering, Kukatpally,
Hyderabad (AP) 500085, India

(Received 1 October 2010, final version received 10 March 2011)

Phthalic anhydride 1 was reacted with aromatic primary amines 2 in acetic acid at room temperature to yield
mono acid mono amide derivatives 3. The latter were each transformed into the corresponding imides 4 by
heating in the green solvent PEG-600 at 60°C high yields and in high purity in short reaction times involving a
dehydrative ring closure. The above reaction of 1 with 2 in acetic acid was extended to succinic anhydride 5 and
maleic anhydride 8 resulting in open chain compounds 6 and 9, respectively. The latter were cyclized, once again
in the green solvent PEG-600, to the corresponding imides, i.e. succinimides 7 and maleimides 10, respectively.
Each of the imides 4, 7, and 10 could be reconverted to the corresponding open chain compounds 3, 6, and 9 by
heating in ethanolic KOH. Simple hydrolysis of imides 4, 7, and 10 with aq.H;PO, yielded the corresponding
dicarboxylic acids 11, 12, and 13, respectively. Treatment of maleic amide 9 and maleicimide 10 with Mg in EtOH
under reflux gave the corresponding succinic amide 6 and succinicimide 7, respectively, by the chemo selective
reduction of the double bond without touching the amide/carbonyl groups.
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Introduction

Phthalic anhydride is a valuable petrochemical yield-
ing a variety of commercially important products/
intermediates (/, 2). Its most important reaction is
with nucleophiles (3-9). Phthalic anhydride reacts
with a variety of nucleophiles such as nitrogen
nucleophiles (3, 4), oxygen (5, 6), carbon nucleophiles
(7, 8), and so on. The nature of the product obtained
in these reactions (9) depends on the nature of the
nucleophiles, reaction conditions, and so on.
Although the reactions of phthalic anhydride with
amines have been widely studied (3, 4), no simple and
clear cut study seems to have been done as far as
formation of open chain or cyclic products are
concerned. Gustav and coworkers reported (/0) the
preparation N- substituted phthalimides by the con-
densation of aromatic amines with phthalic anhy-
dride in glacial acetic acid without isolating any open
chain compound. We now wish to report another
simple, efficient, and eco-friendly approach to N-
substituted imides taking the advantage of PEG-600
as the reaction medium.

Results and discussion

Treatment of phthalic anhydride 1 with aniline (2a,
i.e. 2, Ar =Ph) in acetic acid at RT for about 15-20
minutes resulted in the formation of N-phenylphtha-
lamidic acid (3a, i.e. 3, Ar =Ph). Its structure has
been established on the basis of spectral and analy-
tical data. Thus, its IR (KBr) spectrum showed
absorption of 3335 cm ! assignable to the free NH/
OH stretching vibration whereas the bonded OH and
the bonded NH stretching vibrations appeared as a
broad peak 3100 cm . The strong, sharp absorption
at 1720 cm ' in the IR spectrum was assigned to acid
carbonyl group whereas the one at 1640 cm ~ ' to the
amide carbonyl group. Its '"H NMR in DMSO-dg
showed peaks at A 7.3-8.0 (m, 9H, all aromatic
protons), 10.1 (s, IH, —NH), 12.6 (s, 1H, —OH, D>O
exchangeable). Its mass spectrum (CIMS) showed
the molecular ion peak at m/z 242 corresponding to a
molecular mass of 241 when recorded in the Q+1
mode.

The above reaction was found to be general one
and was extended to substituted anilines 2 and the
products thus obtained were assigned structure 3 on
the basis of spectral and analytical data (Scheme 1)
(Table 1).

When the above product 3a (i.e. 3, Ar =Ph) was
heated in PEG-600 at 60°C for about six—eight hrs,
there resulted in the formation of previously reported
(10) cyclized product N-phenylphthalimide 4a (i.e. 4,
Ar =Ph). Although this compound is known in

literature, it has been characterized in our work on
the basis of spectral data. Thus, its IR (KBr)
spectrum showed the absence of any absorption in
the NH or OH region and showed a strong absorp-
tion at 1660 cm ™' assigned to the imide carbonyl
group. Its '"H NMR in DMSO-d, showed peaks at A
7.4-8.0 (m, all aromatic protons, i.e. 9H). Its mass
spectrum (CIMS) showed the molecular ion peak at
m/z 224 corresponding to a molecular mass of 223
when recorded in the Q+1 mode.

The above reaction has been found to be general
one and has been extended to substituted anilines 2
and the products thus obtained were assigned struc-
ture 4 on the basis of spectral and analytical data
(Table 2).

When the above cyclized products 4 were heated
in ethanolic KOH under reflux for two—five hrs, there
resulted in the formation of corresponding open
chain compounds 3 whereas in aq.HsPO, under
reflux for three—five hrs, there resulted in the forma-
tion of phthalic acid 11.

Reaction of 1 with 2 in PEG-600 at 60°C for
about 3-4 hrs resulted in the formation of cyclic
products 4 that were found to be identical with the
ones obtained earlier in the step-wise route (i.e. 142
— 3 — 4). The products were formed in good yields
and no side products were detected. In the absence of
PEG-600, the conversion of reactants to products was
very slow and the yields were also very low. Poly-
ethylene glycol (PEG-600) has been applied here as
an efficient reaction medium and as a green solvent
for the preparation of N-substituted imides. It is a
biologically acceptable inexpensive polymer and is
eco-friendly. Numerous examples of its use as an eco-
friendly green solvent in organic syntheses have been
reported (8).

Treatment of succinic anhydride 5 with anilines 2
in acetic acid at RT for about 10—15 minutes similarly
resulted in the formation of mono acid mono amide
derivatives of succinic anhydride 6. When these
products 6 were heated in PEG-600 at 60°C for about
4-6 hrs, there resulted in the formation of N-
substituted succinimides 7 with the loss of elements
of water. These cyclized products 7 could also be
obtained by the direct reaction of succinic anhydride
5 with anilines 2 in PEG-600 at 60°C for about 34
hrs which were found to be identical with the ones
obtained earlier in the step-wise route (i.e. 5+2 — 6
— 7). When these cyclized compounds 7 were heated
in ethanolic KOH under reflux for about three—six
hrs, there resulted in the formation of corresponding
open chain compounds 6 whereas in aq.H;PO4 under
reflux for about three—eight hrs, there was formed
succinic acid 12 and their structures have been
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Scheme 1. Reaction of phthalic anhydride with aromatic amines.

established on the basis of spectral and analytical
data (Scheme 2) (Table 3).

Treatment of maleic anhydride 8 with anilines 2
in acetic acid at RT for about 10-15 minutes resulted
in the formation of mono acid mono amide deriva-
tives of maleic anhydride 9. When these products 9
were heated in PEG-600 at 60°C for about 46 hrs,
there resulted in the formation of N-substituted
maleimides 10 with the loss of elements of water.
These cyclized products 10 could also be obtained by
the direct reaction of maleic anhydride 8 with
anilines 2 in PEG-600 at 60°C for about 3-4 hrs,
which were found to be identical with the ones
obtained earlier in the step-wise route (i.e. 8+2 — 9
— 10). When these cyclized compounds 10 were
heated in ethanolic KOH under reflux for two—five

hrs, there resulted in the formation of corresponding
open chain compounds 9 whereas in aq.H;PO4
under reflux for two—five hrs, there was formed
maleic acid 13.

Thus, the behavior of succinic anhydride 5 and
maleic anhydride 8 was very similar to that of
phthalic anhydride 1.

Treatment of 10 with Mg turnings in ethanol
under reflux for about two—four hrs, followed by the
simple processing resulted in the formation of
corresponding 7 identical with the ones obtained
earlier in the step-wise route (i.e. 5+2 - 6 — 7).
Similarly, treatment of 9 with Mg turnings in ethanol
at room temperature for about 1-3 hrs, followed by
the simple processing resulted in formation of
corresponding 6 that were found to be identical

Table 1. Characterization data, reaction time, and yields of 3/6/9a—f in acetic acid.

Starting Reagent Solvent Product Time Yield® M.P.
S. No: material used used (Ar) used obtained (min) (%) “C)
1 1 —C¢H; AcOH 3a 15 72 170-172
2 1 —CgHy —CH; —(p) AcOH 3b 60 76 156-158
3 1 —CgHy —CH; —(0) AcOH 3c 55 75 178-180
4 1 —CeHy —Cl —(p) AcOH 3d 80 70 182-184
5 1 —CgHy —OCH; —(p) AcOH 3e 50 71 160-162
6 1 —CgHy —Br —(p) AcOH 3f 85 68 190-192
7 5 —CgHs AcOH 6a 30 69 144-146
8 5 —CgHy —CH; —(p) AcOH 6b 85 73 176-179
9 5 —CgHy —CH; —(0) AcOH 6¢ 80 72 154-158
10 5 —C¢Hy—Cl—(p) AcOH 6d 95 65 178-180
11 5 —CgHy —OCH; —(p) AcOH 6e 105 66 166-168
12 5 —Ce¢Hy —Br —(p) AcOH of 100 64 184-187
13 8 —CgHs AcOH 9a 10 76 200-202
14 8 —CgHy —CH3 —(p) AcOH 9b 35 80 98-100 (11)
15 8 —CgHy —CH; —(0) AcOH 9¢ 38 80 118-121 (11)
16 8 —C¢Hy —Cl—(p) AcOH 9d 40 73 197-199 (11)
17 8 —CgHy —OCH; —(p) AcOH 9e 45 72 175-178 (11)
18 8 —CgHy —Br —(p) AcOH of 44 72 196-200

#Refers to yields of crude products only.
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Table 2. Characterization data, reaction time, and yields of 4/7/10a—f in PEG-600.

S. No: Starting material used Solvent used  Product obtained Time (Min) Yield * (%) M.P (°C)
1 3a PEG-600 4a 200 72 202-204 (12)
2 3b PEG-600 4b 220 78 198-201 (13)
3 3c PEG-600 4c 220 78 180182
4 3d PEG-600 4d 230 72 190-192 (13)
5 3e PEG-600 4e 250 70 160-163 (10)
6 3f PEG-600 4f 290 72 202-204 (13)
7 6a PEG-600 Ta 220 69 110-112
8 6b PEG-600 7b 230 72 194-196
9 6¢ PEG-600 Tc 240 70 145-147

10 6d PEG-600 7d 240 68 140-143

11 6e PEG-600 Te 235 69 160-162

12 of PEG-600 7t 260 68 145-147

13 9a PEG-600 10a 185 76 >220

14 9b PEG-600 10b 210 80 149-152 (14)

15 9¢ PEG-600 10c 215 79 145-147

16 9d PEG-600 10d 230 72 >200

17 9e PEG-600 10e 220 69 154-156 (14)

18 9f PEG-600 10f 240 68 >230

#Refers to yields of crude products only.

with the ones obtained earlier in the step-wise route Experimental
(i.e. 542 — 6). Thus, Mg turnings in ethanol reduce
chemo selectively the double bonds of 9 and 10
without touching the amide or imide carbonyl

Melting points are uncorrected and were determined
in open capillary tubes in sulfuric acid bath. TLC
were run on silica gel—G and visualization was done

groups. ) ) ) using iodine or UV light. IR spectra were recorded
All the above reactions are summarized in the using Perkin-Elmer 1000 instrument in KBr pellets.
Schemes 1-3. "H NMR spectra were recorded in CDCl;/DMSO-dg

Table 3. Characterization data, reaction time, and yields of 4/7/10a—f in PEG-600.

Starting Reagent Solvent Product Time Yield® M.P
S. No: material used used (Ar) used obtained (Min) (%) (§©)
1 1 —C4Hs PEG-600 4a 210 72 202-204 (12)
2 1 —Ce¢Hy —CH; —(p) PEG-600 4b 250 79 198-201 (13)
3 1 —CgHy —CH; —(0) PEG-600 4c 230 77 180-182
4 1 —CsH4—Cl—(p) PEG-600 4d 270 70 190-192 (13)
5 1 —C¢Hy —OCH;5 —(p) PEG-600 4e 260 68 160-163 (10)
6 1 —CgHy —Br —(p) PEG-600 4f 290 70 202-204 (13)
7 5 —C4Hs PEG-600 7a 225 70 110-112
8 5 —Ce¢Hy —CH; —(p) PEG-600 7b 260 72 194-196
9 5 —CgHy —CH; —(0) PEG-600 Tc 260 70 145-147
10 5 —C¢Hy—Cl—(p) PEG-600 7d 280 68 140-143
11 5 —C¢Hy —OCH; —(p) PEG-600 Te 265 68 160-162
12 5 —CgHy —Br —(p) PEG-600 7t 280 67 145-147
13 8 —CgHs PEG-600 10a 190 75 >220
14 8 —Ce¢Hy —CH; —(p) PEG-600 10b 220 79 149-152 (14)
15 8 —CgHy —CH; —(0) PEG-600 10c 220 80 145-147
16 8 —Ce¢Hy —Cl —(p) PEG-600 10d 250 72 >200
17 8 —C¢Hy —OCH; —(p) PEG-600 10e 220 72 154-156 (14)
18 8 —CgHy —Br —(p) PEG-600 10f 250 70 >230

#Refers to yields of crude products only.
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Scheme 2. Reaction of succinic anhydride with aromatic amines.

using TMS as internal standard with 400 MHz
spectrometer. Mass spectra were recorded on Agi-
lent-LCMS instrument under CI conditions and given
by Q+1 value only.

3b: —IR (KBr): 1651 cm ™' (—C =0 of amide
group), 1722 cm ' (—C =0 of acid group), 3131
cm ! (broad, —NH of amide group), 3321 cm '
(—OH of acid group); 'H-NMR (400 MHz, CD;0D/
TMS): A 2.35 (s, 3H, —CHsy), 7.04-8.5 (m, 8H
corresponds to aromatic protons), 10.2 (s, 1H,
—NH), 12.8 (s, IH, —COOH).

3c: —IR (KBr): 1636 cm~' (—C =0 of amide
group), 1700 ecm~' (—C=0 of acid group),
3056 cm ™' (broad, —NH of amide group),

AcOH/RT

3270 ecm~ ' (—OH of acid group); 'H-NMR (400
MHz, CD;O0D/TMS): a 2.30 (s, 3H, —CH3), 6.9 —
8.31 (m, 8H corresponds to aromatic protons), 10.2
(s, IH, —NH), 12.8 (s, IH, —COOH).

3d: —IR (KBr): 1637 cm~' (—C =0 of amide
group), 1720 cm~' (—C =0 of acid group), 3131
cm~ ! (broad, —NH of amide group), 3324 cm '
(—OH of acid group); "H-NMR (400 MHz, CD;0D/
TMS): A 7.25-8.5 (m, 8H corresponds to aromatic
protons), 9.5 (s, IH, —NH), 11.8 (s, IH, —COOH).

3: —IR (KBr): 1637 cm~' (—C=0 of
amide group), 1722 ecm~ ' (—C=0 of acid
group), 3120 cm ! (broad, —NH of amide group),
3321 em ! (—OH of acid group); 'H-NMR (400

O

N-Ar

O 7af

Mg/EtOH
Reflux

Scheme 3. Reaction of maleic anhydride with aromatic amines and chemoselective reduction.
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MHz, CD;0D/TMS): A3.73 (s, 3H, —OCH3), 7.04—
8.5 (m, 8H corresponds to aromatic protons), 10.1 (s,
1H, —NH), 12.3 (s, 1H, —COOH).

3f: —IR (KBr): 1639 cm ' (—C =0 of amide
group), 1719 ecm ! (—=C =0 of acid group), 3128
cm ! (broad, —NH of amide group), 3321 cm ™!
(—OH of acid group); 'H-NMR (400 MHz, CD;0D/
TMS): A 7.41-8.35 (m, 8H corresponds to aromatic
protons), 9.5 (s, IH, —NH), 11.8 (s, IH, —COOH).

6a: —IR (KBr): 1664 cm ' (—C =0 of amide
group), 1698 cm ' (—C =0 of acid group), 3193
cm ! (broad, —NH of amide group), 3313 cm '
(—OH of acid group); "H-NMR (400 MHz, CD;0D/
TMS): A2.50-2.61 (t, 4H, —CH, —CH;) 7.00-7.64
(m, 5H corresponds to SH aromatic protons), 8.1 (s,
1H, —NH), 11.2 (s, IH, —COOH).

6b: —IR (KBr): 1660 cm ' (—C =0 of amide
group), 1698 cm ' (—C =0 of acid group), 3188
cm ™! (broad, —NH of amide group), 3307 cm '
(—OH of acid group); 'H-NMR (400 MHz, CD;0D/
TMS): a2.3 (s, 3H, CH; 2.50-2.61 (t, 4H, —CH,
—CH,) 7.04 —7.52 (m, 4H corresponds to aromatic
protons), 8.1 (s, IH, —NH), 11.2 (s, IH, —COOH).

6c: —IR (KBr): 1645 cm ! (—C =0 of amide
group), 1695 cm ! (—C =0 of acid group), 3160
cm ! (broad, —NH of amide group), 3296 cm '
(—OH of acid group); "H-NMR (400 MHz, CD;0D/
TMS): 2235 (s, 3H, CH;) 2.50-2.61 (t, 4H,
—CH, —CH,) 6.88—7.52 (m, 4H corresponds to
aromatic protons), 8.1 (s, IH, —NH), 11.2 (s, 1H,
—COOH).

6d: —IR (KBr): 1659 cm~' (—C =0 of amide
group), 1699 cm~' (—C =0 of acid group), 3181
ecm ! (broad, —NH of amide group), 3296 cm '
(—OH of acid group); 'H-NMR (400 MHz, CD;0D/
TMS): a2.50-2.61 (t, 4H, —CH, —CH,), 7.25-7.58
(m, 4H corresponds to aromatic protons), 8.1 (s, 1H,
—NH), 11.2 (s, IH, —COOH).

6e: —IR (KBr): 1658 cm ' (—C =0 of amide
group), 1695 cm ' (—C =0 of acid group), 3182
cm ! (broad, —NH of amide group), 3300 cm '
(—OH of acid group); "H-NMR (400 MHz, CD;0D/
TMS): A2.50—-2.61 (t, 4H, —CH, —CH,;), 3.73 (s,
3H, —OCH;), 6.75-7.53 (m, 4H corresponds to
aromatic protons), 8.1 (s, IH, —NH), 11.2 (s, 1H,
—COOH).

6f: —IR (KBr): 1658 cm ' (—C =0 of amide
group), 1697 cm ' (—C =0 of acid group), 3176
cm ' (broad, —NH of amide group), 3305 cm '
(—OH of acid group); 'H-NMR (400 MHz, CD;0D/
TMS): A2.50 —2.61 (t,4H, —CH, —CH,), 7.41-7.53
(m, 4H corresponds to aromatic protons), 8.1 (s, 1H,
—NH), 11.2 (s, IH, —COOH).

9a: —IR (KBr): 1662 cm ' (—C =0 of amide
group), 1710 cm~' (—C =0 of acid group), 3062
ecm ™! (broad, —NH of amide group), 3312 cm ™'
(—OH of acid group); 'H-NMR (400 MHz, CDCl;/
TMS): A6.51 —6.80 (d, 2H, alkene protons), 7.00—
7.64 (m, SH corresponds to aromatic protons), 8.1 (s,
1H, —NH), 11.2 (s, 1H, —COOH).

9b: —IR (KBr): 1634 cm ' (—C =0 of amide
group), 1701 cm~' (—C =0 of acid group), 3096
ecm ! (broad, —NH of amide group), 3286 cm '
(—OH of acid group); "H-NMR (400 MHz, CDCls/
TMS): a2.35 (s, 3H, —CHj), 6.51 —6.80 (d, 2H,
alkene protons), 7.04-7.52 (m, 4H corresponds to
aromatic protons), 8.1 (s, 1H, —NH), 11.2 (s, 1H,
—COOH).

9c: —IR (KBr): 1634 cm ' (—C =0 of amide
group), 1698 cm ™' (—C =0 of acid group), 3086
cm ! (broad, —NH of amide group), 3277 cm '
(—OH of acid group); '"H-NMR (400 MHz, CDCls/
TMS): a235 (s, 3H, —CHs;), 6.51-6.80 (d, 2H,
alkene protons), 6.88-7.52 (m, 4H corresponds to
aromatic protons), 8.1 (s, 1H, —NH), 11.2 (s, 1H,
—COOH).

9d: —IR (KBr): 1660 cm~' (—C =0 of amide
group), 1700 cm~' (—C =0 of acid group), 3110
cm ! (broad, —NH of amide group), 3297 cm '
(—OH of acid group); "H-NMR (400 MHz, CDCls/
TMS): a6.51-6.80 (d, 2H, alkene protons),
7.25-7.58 (m, 4H corresponds to aromatic protons),
8.1 (s, IH, —NH), 11.2 (s, IH, —COOH).

9e: —IR (KBr): 1643cm ' (—C =0 of amide
group), 1708 cm~' (—C =0 of acid group), 3096
ecm ™! (broad, —NH of amide group), 3295 cm ™'
(—OH of acid group); 'H-NMR (400 MHz, CDCls/
TMS): a3.73 (s, 3H, —OCHj), 6.51-6.80 (d, 2H,
alkene protons), 6.75 —7.53 (m, 4H corresponds to
aromatic protons), 8.1 (s, 1H, —NH), 11.2 (s, 1H,
—COOH).

9f: —IR (KBr): 1665 cm ™' (—=C =0 of amide
group), 1710 cm~! (—=C =0 of acid group), 3188
cm ! (broad, —NH of amide group), 3302 cm '
(—OH of acid group); 'H-NMR (400 MHz, CDCl;/
TMS): a6.51-6.80 (d, 2H, alkene protons),
7.41-7.53 (m, 4H corresponds to aromatic protons),
8.1 (s, IH, —NH), 11.2 (s, IH, —COOH).

4b: —IR (KBr): 1713 cm ' (—C =0 of amide
group); 'H-NMR (400 MHz, CDCIl;/TMS): A2.35
(s, 3H, —CHs;), 7.04-8.5 (m, 8H corresponds to 8H
aromatic protons).

4c: —IR (KBr): 1713 em ™' (—=C =0 of amide
group); '"H-NMR (400 MHz, CDCl;/TMS): a2.30
(s, 3H, —CHj), 6.9 —8.31 (m, 8H corresponds to
aromatic protons).



Downloaded by [National Science Library] at 01:13 06 December 2017

4d: —IR (KBR): 1714 cm ! (—C =0 of amide
group): 'H-NMR (400 MHz, CD30D/TMS):
A 7.25-8.5 (m, 8H corresponds to aromatic protons).

4e: —IR (KBr): 1710 cm ' (—=C =0 of imide
group); 'H-NMR (400 MHz, CDCl;/TMS): a3.73
(s, 3H, —OCH;), 7.04-8.5 (m, 8H corresponds to
aromatic protons).

4f: —IR (KBr): 1714 cm ™' (—=C =0 of imide
group); 'H-NMR (400 MHz, CDCl3/TMS): A 7.41—
8.35 (m, 8H corresponds to aromatic proton).

7a: —IR (KBr): 1702 cm ' (—C =0 of amide
group); 'H-NMR (400 MHz, CDCl;/TMS): A 2.80—
291 (s, 4H, —CH,—CH,), 7.00-7.64 (m, 5H corre-
sponds to aromatic protons).

7b: —IR (KBr): 1705 cm ™' (—=C =0 of imide
group); '"H-NMR (400 MHz, CDCl5/TMS): a2.3 (s,
3H, —CHs,), 2.80-2.91 (s, 4H, —CH, —CH,), 7.04—
7.52(m, 4H corresponds to aromatic protons).

7¢: —IR (KBr): 1705 ecm ' (—C =0 of imide
group); 'H-NMR (400 MHz, CDCIl5/TMS): A2.35
(s, 3H, —CHj;), 2.80-2.91 (s, 4H, —CH, —CH,),
6.88-7.52 (m, 4H corresponds to aromatic protons).

7d: —IR (KBr): 1707 cm ™' (—C =0 of imide
group); '"H-NMR (400 MHz, CDCl;/TMS): A 2.80—
291 (s, 4H, —CH, —CH,), 7.25-7.58 (m, 4H corre-
sponds to aromatic protons).

7e: —IR (KBr): 1707 ecm ™' (—C =0 of imide
group); 'H-NMR (400 MHz, CDCIl;/TMS): A2.80 —
291 (s, 4H, —CH,—-CH,;), 3.73 (s, 3H,
—OCH3), 6.75-7.53 (m, 4H corresponds to aromatic
protons).

7f: —IR (KBr): 1708 cm ™' (—C =0 of imide
group); 'H-NMR (400 MHz, CDCl;/TMS): A 2.80-
291 (s, 4H, —CH, —CH,), 7.41-7.53 (m, 4H corre-
sponds to aromatic protons).

10a: —IR (KBr): 1678 cm ! (—C =0 of imide
group); '"H-NMR (400 MHz, CDCl;/TMS): A6.51 —
6.80 (d, 2H, alkene protons), 7.00——7.64 (m, SH
corresponds to aromatic protons).

10b: —IR (KBr): 1685 cm ' (—C =0 of imide
group); '"H-NMR (400 MHz, CDCl;/TMS): a2.35
(s, 3H, —CH3), 6.51 —6.80 (d, 2H, alkene protons),
7.04-7.52 (m, 4H corresponds to aromatic protons).

10c: —IR (KBr): 1685 cm ! (—C =0 of imide
group); 'H-NMR (400 MHz, CDCIl5/TMS): A2.35
(s, 3H, —CH3), 6.51-6.80 (d, 2H, alkene protons),
6.88-7.52 (m, 4H corresponds to aromatic protons).

10d: —IR (KBr): 1708 cm ' (—C =0 of imide
group); 'H-NMR (400 MHz, CDCl3/TMS): 4 6.51—
6.80 (d, 2H, alkene protons), 7.25-7.58 (m, 4H
corresponds to aromatic protons).

10e: —IR (KBr): 1702 cm ' (—C =0 of imide
group); '"H-NMR (400 MHz, CDCl3/TMS): a3.73
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(s, 3H, —OCH3;), 6.51 —6.80 (d, 2H, alkene protons),
6.75-7.53 (m, 4H corresponds to aromatic protons).

10f: —IR (KBr): 1707 cm ' (—C =0 of imide
group); 'H-NMR (400 MHz, CDCl;/TMS): A 6.51—
6.80 (d, 2H, alkene protons), 7.41-7.53 (m, 4H
corresponds to aromatic protons).

General procedure for the preparation of 3/6/9 in
AcOH from 1/5/8

To a solution of the anhydride 1/5/8 (10 mM) in
acetic acid (10-15 ml) at RT was added a solution of
substituted aniline (11 mM) in acetic acid (2-3 ml) at
RT. The reaction mixture was stirred well for 20
minutes to 4 hrs, when a colorless crystalline solid
separated out which was filtered, washed with little
amount of acetic acid (2-3 ml), then dried. This
product was recrystallized from ethanol to obtain
pure 3/6/9.

General procedure for the preparation of 4/7/10 in
PEG-600 from 3/6/9

A solution of 3/6/9 (10 mM) in PEG-600 was heated
at 60°C for 3-4 hrs. Then reaction mixture was cooled
to room temperature and poured into ice-cold water.
The separated solid was filtered washed with water
(8-10 ml), then dried. This product was recrystallized
from acetic acid to obtain pure 4/7/10.

General procedure for the preparation of 4/7/10 in
PEG-600 from 1/5/8

A solution of the anhydride 1/5/8 (10 mM) in PEG-
600 was added a solution of substituted aniline (11
mM) in PEG-600 was heated at 60°C for 3—4 hrs. The
reaction mixture was cooled to room temperature and
poured into ice-cold water. The separated solid was
filtered, washed with water (8§—10 ml), then dried. This
product was and recrystallized from acetic acid to
obtain pure 4/7/10.

General procedure for the preparation of 3/6/9 from 4/
7/10

A solution of N-substituted imide 4/7/10 in ethanolic
KOH was refluxed for 2-3 hrs. The reaction mixture
was cooled to room temperature and poured into ice-
cold water, acidified with acetic acid. The separated
solid was filtered, washed with ethanol (2-3 ml) and
then dried. This product was recrystallized from
alcohol to obtain pure 3/6/9.
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General procedure for the preparation of 11/12/13
from 4/7/10

A solution of N-substituted imide 4/7/10 in
aq.HsPO, was refluxed for three—five hrs and the
reaction mixture was cooled to room temperature.
The solid that separated was filtered, washed with
water (8-10 ml) followed by ethanol (2-4 ml) then
dried to obtain corresponding acids 11/12/13.

General procedure for the preparation of 6 from 9

To a suspended solution of 9 (10 mM) in ethanol (15—
20 ml) at RT was added a solution of Mg in ethanol
(5-10 ml) at RT for about 1-3 hrs. The reaction
mixture was stirred well until a clear solution
obtained and this solution was poured into ice-cold
water. The separated solid was filtered, washed with
water (8—10 ml) followed by little amount of alcohol
(2-5 ml), then dried. This product was recrystallized
from ethanol to obtain pure 6.

General procedure for the preparation of 7 from 10

To a suspended solution of 10 (10 mM) in ethanol
(1520 ml) at RT was added a solution of Mg in
ethanol (5-10 ml).The reaction mixture was refluxed
for about two—four hrs and this solution was poured
into ice-cold water. The separated solid was filtered,
washed with water (8-10 ml) followed by little
amount of alcohol (25 ml), then dried. This product
was recrystallized from ethanol to obtain pure 7.

Conclusion

We have developed a simple and efficient protocol for
the synthesis of N-substituted imides from anhydrides
using PEG-600 as a solvent. The mildness and eco-
friendly nature of the synthesis, short reaction time,
and excellent yields are notable advantages of this
protocol. The present method has many obvious

advantages compared to those reported in literature,
including simplicity of the methodology, ease of
product isolation, no use of catalyst, and being
environmentally benign.
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