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A one-pot procedure for the synthesis of pyrrolo[2,1-a]isoquinolines and pyrrolo[1,2-a]quinolines in
good to excellent yields has been reported, using quinoline or isoquinoline, phenacylbromide derivatives
and activated alkynes in aqueous medium.
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INTRODUCTION

The synthesis of indolizines, and their derivatives

with additional rings fused like pyrrolo[2,1-a]isoquino-
lines and pyrrolo[1,2-a]quinolines, has puzzled scientists

for decades. The interest in these compounds is largely

owing to their properties. Synthetic indolizines are used

as potential central nervous system depressants [1], cal-

cium entry blockers [2], testosterone 5a-reductase inhib-

itors [3], cardiovascular agents [4], spectral sensitizers

[5], and novel dyes [6]. Pyrrolo[2,1-a]isoquinoline deriva-

tives [7] have attracted considerable interest, because

they possess antidepressant [8], muscarinic agonist [9],

antiplatelet [10], and anticancer activity [11]. Moreover,

they can be used as Positron emission tomography (PET)

radiotracers for imaging serotinine uptake sites [12]. The

importance of these nitrogen heterocycles is further

enhanced by their utility as advanced intermediates for

the synthesis of alkaloids [13]. Acetoxy substituted 5,6-

dihydro[2,1-a]isoquinolines (1 in Fig. 1) exhibit strong

binding affinities for the estrogen receptor of MDA-MB

231 and MCF-7 mammary tumor cell lines [14].

The parent framework of 1 (2 in Fig. 1) is an a2-adre-
noreceptor antagonist[15] and its 5-phenyl derivatives

exhibit antidepressant-like activity.[16] 1-benzoyl-3-

cyano-pyrrolo[1,2-a]quinolines (3 in Fig. 1) have been

shown to be activators of caspases and inducers of apo-

ptosis and also are used as therapeutically effective anti-

cancer agents [17]. As a result, development of new

methods to synthesize these classes of compounds is of

considerable importance, and a number of general syn-

thetic methods for their preparation have been reported

[7,18].

The increasing environmental consciousness of the

chemical community has led to the search for more effi-

cient and environmentally friendly methods for chemical

syntheses [19]. Because of the environmental acceptabil-

ity, abundance, and low cost of water, organic reactions

in water have received increased attention [20]. Many

reactions that are traditionally carried out in organic sol-

vent can be carried out in water with additional interest-

ing features [21]. Thus, the development of efficient

procedures for useful chemical transformations in water

is highly appreciated.

RESULTS AND DISCUSSION

As part of our current studies on the development of

ylide reactions in aqueous media [22], we report herein

an efficient synthesis of pyrrolo[2,1-a]isoquinolines and

pyrrolo[1,2-a]quinolines via a one-pot three component

reaction of isoquinoline or quinoline with phenacylbro-

mide derivatives and activated alkynes.

We began our study by investigating the reactivity of

preformed salts, such as 4 or 5 as nitrogen ylide precur-

sors (Scheme 1).

Treatment of salt 4 or 5 with activated acetylenes in

water, in the presence of a base, formed compounds 6,

7, respectively, in good to excellent yields. The temper-

ature was of crucial importance. No reaction was

observed at room temperature with quinoline ylides and
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all of the reactions were carried out at reflux. However,

isoquinoline ylides produced the corresponding products

in good to excellent yields at room temperature. To

increase the efficiency of this process, we investigated

the development of a one-pot reaction in which the salt

and the ylide could be generated in situ, in water, from

readily available starting materials. Accordingly, phena-

cylbromide derivative was added to isoquioline or quino-

line in water, and after a while, activated alkyne and

base were added to the reaction mixture, and the reaction

continued at room temperature or at reflux (Scheme 2).

The use of optimal conditions to the reaction of quin-

oline and isoquinoline with different phenacylbromide

derivatives and activated acetylenes afforded good to

excellent yields of pyrrolo[2,1-a]isoquinolines and pyr-

rolo[1,2-a]quinolines. The results of this study are sum-

marized in Tables 1 and 2.

The structures of all the synthesized compounds were

established on the basis of their spectroscopic data. The
1H NMR spectrum of 6d exhibited two coupled pairs of

triplet and quarted signals for ethoxy groups, centered at

d ¼ 1.02, 1.43 ppm and d ¼ 3.83, 4.48 ppm, respec-

tively. Methoxy group resonated at d ¼ 3.91 ppm as a

single sharp line. The peaks corresponding to aromatic

protons of methoxyphenyl moiety and protons of nitro-

gen containing ring of isoquinoline were seen as two

coupled pairs of doublet signals at d ¼ 6.98, 7.86 ppm

(J ¼ 8.7 Hz) and d ¼ 7.12, 8.66 ppm (J ¼ 7.5 Hz),

respectively. Other aromatic protons gave rise to charac-

teristic signals in the aromatic region of the spectrum.

The proton decoupled 13C NMR spectrum of 6d showed

24 distinct resonances in agreement with the proposed

structure. 1H NMR spectrum of 7c exhibited three sharp

singlet signals readily recognized as arising from

methoxy protons. (d ¼ 3.55, 3.90 and 3.93 ppm) Signals

due to aromatic protons of methoxyphenyl moiety and

protons of nitrogen containing ring of quinoline were

discernible as two coupled pairs of doublet signals at

d ¼ 6.98, 7.98 ppm (J ¼ 8.7 Hz) and d ¼ 7.55, 8.22 ppm

(J ¼ 9.4 Hz). Other aromatic protons gave rise to charac-

teristic signals in the aromatic region of the spectrum.

The proton decoupled 13C NMR spectrum of 7c showed

22 distinct resonances in agreement with the proposed

structure.

Mechanistically, it is conceivable that the reaction

involves the initial formation of ylide A by the reaction

of isoquinoline (or quinoline) and phenacylbromide de-

rivative followed by deprotonation in the presence of

K2CO3 as the base. This ylide intermediate then under-

goes reaction with activated alkynes to produce B,

which leads to C by oxidation (Scheme 3).

In summary, a one-pot procedure for the synthesis of

pyrrolo[2,1-a]isoquinolines and pyrrolo[1,2-a]quinolines
via in situ formation of quinoline or isoquinoline ylides

and reaction of with activated alkynes in aqueous media

has been reported. The notable advantages offered by

this method are simple operation, mild and environment

friendly reaction conditions, high yields of products, and

costeffectiveness. Most significantly, this demonstrates

Figure 1. Chemical structures of 1, 2, and 3.

Scheme 1

Scheme 2

Table 1

Reaction of isoquinoline with phenacylbromide derivatives and

activated alkynes in H2O.

6 X E Time (h) Yield (%)

a H CO2Me 6 90

b H CO2Et 6 85

c 4-OMe CO2Me 6 94

d 4-OMe CO2Et 6 93

e 4-Br CO2Me 6 87

f 4-Br CO2Et 7 83

g 4-Ph CO2Me 7 80

h 4-Ph CO2Et 7 80
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the potential of water as an efficient promoter and pro-

vides much promise for the use of water in other chemi-

cal transformations.

EXPERIMENTAL

1H NMR (500 MHz) and 13C NMR (125 MHz) spectra
were recorded on a Bruker DRX-500 NMR spectrometer using
TMS as an internal standard. Mass spectrometry (MS) spectra
were carried out on HP 5973 GC-MS instrument. Infrared (IR)

spectra were measured using a Shimadzu FTIR-4300. Chemi-
cals were purchased from Merck and were used as received.
Column chromatography was performed on silica gel (0.063-
0.200 mm; Merck).

General procedure for the preparation of compound

6a. Isoquinoline (0.19 g, 1.5 mmol) and phenacylbromide (0.3
g, 1.5 mmol) were taken in water (10 mL), and the mixture
was stirred at room temperature for 2 h. To this mixture, di-
methyl acetylenedicarboxylate (0.14 g, 1.0 mmol) and K2CO3

(0.28 g, 2.0 mmol) were added, and it was allowed to stir at

room temperature for 4 h. The reaction mixture was filtered
and purified by column chromatography on silica gel with elu-
ent 10%EtOAc in hexane to afford 6a as yellow solid.

Compound (6a). Yellow solid; mp 154–155�C. IR (KBr) t/
cm�1: 2951, 1749, 1709, 1624, 1518, 1492, 1475, 1398, 1363,
1269, 1225, 1201, 1101, 897, 866, 787 cm�1. 1H NMR: d
(ppm) 3.29 (s, 3H), 4.0 (s, 3H), 7.22 (d, J ¼ 7.5 Hz, 1H), 7.51
(t, J ¼ 7.6 Hz, 2H), 7.62 (m, 1H), 7.65 (m, 2H), 7.77 (m, 1H),
7.82 (dd, J ¼ 7.1Hz, J ¼ 1.3Hz, 2H), 8.91 (m, 1H), 8.94 (d,

J ¼ 7.5 Hz, 1H). 13C NMR: d (ppm) 52.3, 52.9, 110.0, 116.3,
123.4, 124.1, 124.7, 126.1, 127.6, 128.7, 128.8, 129.3, 129.5,
130.0, 132.8, 133.1, 140.2, 165.1, 166.4, 187.7. MS (EI, 70
eV) m/z (%) 387 (Mþ, 100), 356 (57), 324 (58), 310 (20), 298
(11), 284 (22), 269 (16), 252 (10), 240 (21), 193 (10), 164

(14), 139 (10), 105 (19).
Compound (6b). Yellow solid; mp 115–117�C. IR (KBr) t/

cm�1: 2991, 2876, 1728, 1622, 1527, 1500, 1404, 1354, 1227,
1198, 1101, 1020, 966, 919, 800 cm�1. 1H NMR: d (ppm) 1.0
(t, J ¼ 7.2 Hz, 3H), 1.39 (t, J ¼ 7.2 Hz, 3H), 3.67 (q, J ¼ 7.2

Hz, 2H), 4.46 (q, J ¼ 7.2 Hz, 2H), 7.19 (d, J ¼ 7.5 Hz, 1H),
7.49 (t, J ¼ 7.53,2H), 7.59 (m, 1H), 7.63 (m, 2H), 7.74 (m,
1H), 7.84 (dd, J ¼ 8.4Hz, J ¼ 1.3Hz, 2H), 8.89 (d, J ¼ 7.5
Hz, 1H), 8.90 (m, 1H). 13C NMR: d (ppm) 14.0, 14.4, 61.8,
62.0, 110.4, 116.2, 123.2, 124.1,124.8, 126.1, 127.6, 127.7,

128.7, 128.8, 129.4, 129.6, 130.0, 132.7, 133.2, 140.1, 164.7,
166.0, 187.6. MS (EI, 70 eV) m/z (%) 415 (Mþ, 100), 387 (9),
370 (20), 343 (25), 324 (17), 298 (44), 279, 279 (10), 270
(19), 241 (21), 220 (12), 167 (23), 149 (53), 105 (23).

Compound (6c). Yellow solid; mp 137–138�C. IR (KBr) t/
cm�1: 2953, 2841, 1734, 1708, 1620, 1600, 1572, 1504, 1396,
1362, 1313, 1259, 1222, 1201, 1101, 1026, 903, 839, 785
cm�1. 1H NMR: d (ppm) 3.42 (s, 3H), 3.92 (s, 3H), 4.01 (s,
3H), 7.0 (d, J ¼ 8.77 Hz, 2H), 7.15 (d, J ¼ 7.5 Hz, 1H), 7.64

(m, 2H), 7.74 (m, 1H), 7.84 (d, J ¼ 8.77 Hz, 2H), 8.7 (d, J ¼
7.5 Hz, 1H), 8.8 (m, 1H). 13C NMR: d (ppm) 52.4, 53.0, 56.0,
109.8, 114.2, 116.0, 123.9, 124.2, 124.9, 125.9, 127.6, 128.7,
129.3, 129.7, 131.9, 132.1, 132.7, 164.0, 165.1, 166.6, 186.4.
MS (EI, 70 eV) m/z (%) 417 (Mþ, 6), 387 (100), 356 (69),

324 (76), 310 (29), 298 (16), 284 (29), 269 (20), 252 (31), 240
(26), 167 (20), 149 (39), 105 (22).

Compound (6d). Yellow solid; mp 112–114�C. IR (KBr) t/
cm�1: 2997, 1738, 1705, 1626, 1599, 1504, 1464, 1360, 1309,
1257, 1217, 1202, 1169, 1097, 1022,846, 796 cm�1. 1H NMR:

d (ppm) 1.02 (t, J ¼ 7.16 Hz, 3H), 1.43 (t, J ¼ 7.14 Hz, 3H),
3.84 (q, J ¼ 7.15 Hz, 2H), 3.91 (s, 3H), 4.49 (q, J ¼ 7.1 Hz
2H), 7.0 (d, J ¼ 8.75 Hz,2H), 7.12 (d, J ¼ 7.5 Hz, 1H)7.6 (m,
2H), 7.7 (m, 1H), 7.9 (d, J ¼ 8.7 Hz, 2H), 8.66 (d, J ¼ 7.53

Hz, 1H), 8.9 (dd, J ¼ 7Hz, J¼1.9 Hz, 1H). 13C NMR: d
(ppm) 14.0, 14.4, 56.0, 61.7, 62.0, 110.2, 114.1, 115.8, 123.9,
124.0, 125.0, 125.9, 126.0, 127.6, 128.6, 129.1, 129.7, 132.0,
132.1, 132.7, 164.1, 164.7, 166.2, 186.4. MS (EI, 70 eV) m/z
(%) 445 (Mþ, 31), 415 (2), 400 (3), 328 (12), 311 (100), 266

(43), 238 (92), 211 (15), 194 (25), 167 (41), 149 (16), 139
(27), 128 (15).

Table 2

Reaction of quinoline with phenacylbromide derivatives and activated

alkynes in H2O.

7 X E Time (h) Yield (%)

a H CO2Me 14 77

b H CO2Et 15 78

c 4-OMe CO2Me 12 82

d 4-OMe CO2Et 12 85

e 4-Br CO2Me 14 69

f 4-Br CO2Et 13 71

g 4-Ph CO2Me 14 86

h 4-Ph CO2Et 11 84

Scheme 3
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Compound (6e). Yellow solid; mp 142–144�C. IR (KBr) t/
cm�1: 3004, 2842, 1740, 1732, 1624, 1585, 1504, 1398, 1360,
1263, 1225, 1201, 1176, 1097, 895, 831, 797 cm�1. 1H NMR:

d (ppm) 3.39 (s, 3H), 4.0 (s, 3H), 7.23 (d, J ¼ .5 Hz, 1H),
7.67 (m, 6H), 7.77 (m, 1H), 8.90 (m, 1H), 8.91 (d, J ¼ 7.5
Hz, 1H). 13C NMR: d (ppm) 52.5, 53.0, 110.3, 116.5, 122.9,
124.0, 124.7, 126.2, 127.7, 128.0, 128.9, 129.6, 130.1, 130.9,
132.1, 133.0, 139.0, 164.9, 166.2, 186.4. MS (EI, 70 eV) m/z
(%) 467 (Mþ, 81Br, 100), 465 (Mþ, 79Br, 99), 436 (27), 434
(27), 404 (22), 402 (18), 324 (33), 310 (26), 297 (13), 240
(21), 213 (21), 185 (39), 183 (39), 155 (24).

Compound (6f). Yellow solid; mp 125–126�C. IR (KBr) t/
cm�1: 2363, 1722, 1628, 1585, 1516, 1473, 1450, 1400, 1354,

1263, 1196, 1097, 1068, 1030, 960, 916, 833, 796 cm �1. 1H
NMR: d (ppm) 1.10 (t, J ¼ 7.1 Hz, 3H), 1.42 (t, J ¼ 7.1 Hz,
3H), 3.80 (q, J ¼ 7.1 Hz, 2H), 4.49 (q, J ¼ 7.1 Hz, 2H), 7.22
(d, J ¼ 7.5 Hz, 1H), 7.66 (m, 4H), 7.72 (d, J ¼ 8.5 Hz, 2H),
7.77 (m, 1H), 8.89 (d, J ¼ 7.5 Hz, 1H), 8.92 (m, 1H). 13C

NMR: d (ppm) 14.0, 14.4, 62.0, 62.1, 110.7, 116.4, 122.8,
124.0, 124.8, 126.2, 127.6, 127.7, 128.1, 128.8, 129.5, 130.0,
131.1, 132.1, 132.8, 139.0, 164.6, 165.9, 186.4. MS (EI, 70
eV) m/z (%) 495 (Mþ, 81Br, 100), 493 (Mþ, 79Br, 99), 450

(13), 448 (14), 421 (27), 376 (28), 348 (17), 297 (29), 264
(19), 238 (36), 220 (24), 199 (18), 183 (24), 164 (17), 149
(21), 139 (16), 128 (14).

Compound (6g). Yellow solid; mp 174–176�C. IR (KBr) t/
cm�1: 2945, 1727, 1720, 1637, 1603, 1502, 1479, 1358, 1273,

1230, 1201, 1176, 1101, 897, 869, 820 cm�1. 1H NMR: d
(ppm) 3.35 (s, 3H), 4.01 (s, 3H), 7.22 (d, J ¼ 7.5 Hz, 1H),
7.46 (m, 1H), 7.53 (t, J ¼ 7.3 Hz, 2H), 7.66 (m, 2H), 7.69 (d,
J ¼ 7.3Hz,2H), 7.76 (m, 3H), 7.91 (d, J ¼ 8.2 Hz, 2H), 8.8
(m, 1H), 8.90 ( m, 1H), 8.91 (d, J ¼ 7.5 Hz, 1H). 13C NMR:

d (ppm) 52.4, 53.0, 110.1, 116.3, 123.6, 124.1, 124.8, 126.1,
127.3, 127.4, 127.6, 127.7, 128.7,128.8, 129.4, 129.5, 130.0,
130.1, 132.7, 138.9, 140.2, 145.9, 165.1, 166.4, 187.2. MS (EI,
70 eV) m/z (%) 463(Mþ, 100), 432 (22), 400 (45), 387 (13.4),
374 (7.1), 360 (13), 345 (8), 310 (18), 252 (7), 218 (8), 194

(10), 181 (18), 152 (35).
Compound (6h). Yellow solid; mp 149–150�C. IR (KBr) t/

cm�1: 2956, 2854, 1736, 1711, 1624, 1604, 1524, 1501, 1470,
1371, 1352, 1221, 1097, 1020, 920, 800 cm �1. 1H NMR: d
(ppm) 1.01 (t, J ¼ 7.1 Hz, 3H), 1.43 (t, J ¼ 7.1 Hz, 3H), 3.77

(q, J ¼ 7.1 Hz, 2H), 4.49 (q, J ¼ 7.1 Hz, 2H), 7.21 (d, J ¼
7.5 Hz, 1H), 7.46 (m, 1H), 7.53 (m, 2H), 7.67 (m, 4H), 7.74
(d, J ¼ 8.2 Hz, 2H), 7.77 (m, 1H), 7.95 (d, J ¼ 8.2 Hz, 2H),
8.89 (d, J ¼ 7.5 Hz, 1H), 8.91 (m, 1H) ppm. 13C NMR: d
(ppm) 14.0, 14.4, 61.9, 62.0, 110.6, 116.2, 123.4, 124.1, 124.9,
126.1, 127.3, 127.4, 127.6, 127.7, 128.71, 128.73, 129.36,
129.44, 129.9, 130.3, 132.5, 138.9, 140.2, 146.0, 164.7, 166.1,
187.2 ppm. MS (EI, 70 eV) m/z (%) 491 (Mþ, 52), 463 (9),
400 (13), 374 (16), 279 (11), 198 (17), 181 (46), 167 (29), 149

(60), 125 (28), 111 (44), 97 (61), 83 (59), 71 (76).
Compound (7a). Yellow solid; mp 158–160�C. IR (KBr) t/

cm�1: 2993, 2360, 1730, 1697, 1633, 1612, 1550, 1491, 1450,
1418, 1362, 1323, 1259, 1219, 1171, 1093, 877, cm�1. 1H
NMR: d (ppm) 3.48 (s, 3H), 3.95 (s, 3H), 7.47 (m, 2H), 7.54

(t, J ¼ 7.59 Hz, 2H), 7.68 (m, 3H), 7.83 (m, 1H), 8.01 (d, J ¼
7.6 Hz, 2H), 8.30 (d, J ¼ 9.43 Hz, 1H) ppm. 13C NMR: d
(ppm) 52.1, 52.6, 106.0, 118.4, 119.5, 125.7, 126.1, 126.9,
128.4, 129.1, 129.4, 129.5, 129.6, 130.3, 132.9, 134.3, 137.6,
138.1, 164.1, 165.5, 188.2. MS (EI, 70 eV) m/z (%) 387 (Mþ,

34), 356 (10), 330 (75), 298 (61), 283 (96), 252 (100), 241
(17), 222 (34), 194 (18), 166 (35), 139 (14), 128 (13), 105
(60), 77 (41).

Compound (7b). Yellow solid; mp 154–156�C. IR (KBr) t/
cm�1: 2975, 1730, 1697, 1634, 1612, 1556, 1494, 1437, 1392,

1323, 1237, 1213, 1167, 1095, 874 cm�1. 1H NMR: d (ppm)
1.11 (t, J ¼ 7.2 Hz, 3H), 1.41 (t, J ¼ 7.2 Hz, 3H), 3.90 (q,
J ¼ 7.2 Hz, 2H), 4.41 (q, J ¼ 7.2 Hz, 2H), 7.4 (m, 2H), 7.46
(t, J ¼ 7.7 Hz, 2H), 7.62 (d, J ¼ 9.4 Hz, 1H),7.67 (m, 2H),
7.8 (m, 1H), 8.03 (d, J ¼ 7.3 Hz, 2H), 8.30 (d, J ¼ 9.4 Hz,

1H). 13C NMR: d (ppm) 14.1, 14.7, 60.9, 62.0, 106.2, 118.3,
119.4, 125.7, 126.0, 128.3, 128.6, 129.1, 129.3, 129.6, 130.5,
132.9, 134.3, 137.6, 138.1, 163.7, 165.2, 188.1. MS (EI, 70
eV) m/z (%) 415 (Mþ, 100), 387 (5), 370 (30), 343 (19), 324
(14), 312 (16), 298 (59), 270 (35), 241 (35), 220 (26), 194

(12), 164 (15), 128 (113), 105 (50), 77 (50).
Compound (7c). Yellow solid; mp 169–172�C. IR (KBr) t/

cm�1: 2949, 1724, 1710, 1649, 1597, 1573, 1508, 1448, 1421,
1323, 1259, 1213, 1174, 1091, 889cm�1. 1H NMR: d (ppm)

3.55 (s, 3H), 3.89 (s, 3H), 3.93 (s, 3H), 6.98 (d, J ¼ 8.8 Hz,
2H), 7.41 (m, 2H), 7.55 (d, J ¼ 9.4 Hz, 1H), 7.68 (m, 1H),
7.75 (m,1H), 7.98 (d, J ¼ 8.7 Hz, 2H), 8.22 (d, J ¼ 9.4 Hz,
1H) ppm. 13C NMR: d (ppm) 52.1, 52.7, 56.0, 105.8, 114.4,
118.3, 119.2, 125.6, 126.0, 126.9, 127.1, 127.8, 129.3, 129.6,

130.9, 132.8, 132.9, 137.0, 164.2, 164.8, 165.6, 187.2. MS (EI,
70 eV) m/z (%) 417 (Mþ, 65), 386 (11), 354 (25), 328 (18),
298 (13), 287 (24), 179 (14), 252 (18), 228 (13), 167 (36), 149
(92), 135 (85), 111 (27),97 (40), 83 (48).

Compound (7d). Yellow solid; mp 166–168�C. IR (KBr) t/
cm�1: 2980, 1716, 1702, 1643, 1597, 1577, 1508, 1441, 1257,
1217, 1173, 1093, 877 cm�1. 1H NMR: d (ppm)1.13 (t, J ¼
7.2Hz, 3H), 1.4 (t, J ¼ 7.2 Hz, 3H), 3.99 (q, J ¼ 7.2 Hz, 2H),
4.41 (q, J ¼ 7.2 Hz, 2H), 7.0 (d, J ¼ 8.8 Hz, 2H), 7.44 (m,
2H), 7.58 (d, J ¼ 9.4 Hz, 1H), 7.70 (m, 1H), 7.79 (m, 1H),

8.0 (d, J ¼ 8.7 Hz, 2H), 8.29 (d, J ¼ 9.4 Hz, 2H). 13C NMR:
d (ppm) 14.1, 14.7, 56.0, 60.9, 62.0, 106.0, 114.4, 118.4,
119.2, 125.7, 125.9, 126.8, 127.2, 127.7, 129.3, 129.6, 131.0,
132.9, 137.1, 163.8, 164.8, 165.2, 187.2. MS (EI, 70 eV) m/z
(%) 445 (Mþ, 100), 400 (19), 354 (13), 328 (21), 300 (17),
266 (15), 238 (16), 220 (14), 167 (16), 149 (37), 135 (62), 107
(12), 97 (12),77 (17).

Compound (7e). Yellow solid; mp 194–195�C. IR (KBr) t/
cm�1: 2852, 1742, 1693, 1651, 1583, 1543, 1477, 1446, 1392,

1267, 1207, 1102, 1095, 885, 810 cm �1. 1H NMR: d (ppm)
3.55 (s, 3H), 3.95 (s, 3H), 7.48 (m, 2H), 7.64 (m, 2H), 7.67 (d,
J ¼ 8.4 Hz, 2H), 7.82 (m, 1H), 7.87 (d, J ¼ 8.4 Hz, 2H), 8.28
(d, J ¼ 9.4 Hz, 1H). 13C NMR: d (ppm) 52.2, 52.8, 106.1,
118.3, 119.3, 125.7, 126.2, 126.3, 128.60, 128.62, 129.5,

129.6, 129.7, 131.7, 132.4, 132.8, 136.9, 137.7, 164.0, 165.5,
187.0. MS (EI, 70 eV) m/z (%) 467 (Mþ, 81Br, 100), 465 (Mþ,
79Br, 99), 434 (21), 406 (18), 347 (8), 324 (18), 310 (47), 252
(22), 239 (19), 193 (14), 183 (20), 167 (21), 149 (42), 97 (21),
83 (23), 71 (34).

Compound (7f). Yellow solid; mp 150–152�C. IR (KBr) t/
cm�1: 2937, 1716, 1695, 1645, 1581, 1544, 1483, 1434, 1400,
1342, 1300, 1257, 1225, 1093, 889cm�1. 1H NMR: d (ppm)
1.15 (t, J ¼ 7.2 Hz, 3H), 1.4 (t, J ¼ 7.2Hz, 3H), 3.97 (q, J ¼
7.2 Hz, 2H), 4.42 (q, J ¼ 7.2 Hz, 2H), 7.49 (m,2H), 7.63 (m,
2H), 7.68 (d, J ¼ 8.5 Hz, 2H), 7.84 (m, 1H), 7.90 (d, J ¼ 8.5
Hz, 2H), 8.32 (d, J ¼ 9.4 Hz, 1H). 13C NMR: d (ppm) 14.1,
14.7, 61.0, 62.1, 106.3, 118.3, 119.3, 125.7, 126.0, 126.2,
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128.5, 128.9, 129.4, 129.6, 129.7, 131.8, 132.4, 132.8, 136.9,
137.7, 163.5, 165.1, 186.9. MS (EI, 70 eV) m/z (%) 495 (Mþ,
81Br, 100), 493 (Mþ, 79Br, 96), 450 (13), 422 (13), 376 (22),
348 (16), 297 (17), 266 (28), 238 (44), 220 (25), 183 (25), 166
(14), 155 (18), 128 (16), 97 (15).

Compound (7g). Yellow solid; mp 164–165�C. IR (KBr) t/
cm�1: 2954, 1745, 1707, 1637, 1604, 1554, 1477, 1444, 1361,
1325, 1259, 1213, 1095, 883, 744 cm �1. 1H NMR: d (ppm)
3.53 (s, 3H), 3.97 (s, 3H), 7.47 (m, 3H), 7.53 (m, 2H), 7.65 (d,
J ¼ 9.4 Hz, 1H), 7.70 (d, J ¼ 7.4 Hz, 2H), 7.75 (m, 1H), 7.77

(d, J ¼ 8.3 Hz, 2H), 7.83 (m, 1H), 8.10 (d, J ¼ 8.3 Hz, 2H),
8.30 (d, J ¼ 9.4 Hz, 1H). 13C NMR: d (ppm) 52.2, 52.7,
106.0, 118.4, 119.5, 125.7, 126.1, 127.0, 127.70, 127.74,
128.1, 128.3, 128.9, 129.5, 129.7, 131.0, 133.0, 136.8, 137.5,
140.0, 147.0, 164.1, 165.6, 187.8. MS (EI, 70 eV) m/z (%) 463

(Mþ, 53), 432 (6), 400 (8), 283 (86), 252 (92), 222 (27), 181
(17), 167 (30), 149 (69), 135 (46), 125 (24), 111 (39), 97 (59),
83 (58), 71 (72), 57 (100).

Compound (7h). Yellow solid; mp 139–142�C. IR (KBr) t/
cm�1: 2902, 1725, 1703, 1639, 1600, 1547, 1483, 1435, 1301,
1342, 1255, 1220, 1184, 1110, 1056, 976,891, 852cm�1. 1H
NMR: d (ppm)1.12 (t, J ¼ 7.2 Hz, 3H), 1.4 (t, J ¼ 7.2Hz,
3H), 4.0 (q, J ¼ 7.2 Hz, 2H), 4.4 (q, J ¼ 7.2 Hz, 2H), 7.46
(m, 3H), 7.53 (t, J ¼ 7.5Hz, 2H), 7.64 (d, J ¼ 9.4 Hz, 1H),

7.68 (d, J ¼ 7.4 Hz, 2H), 7.73 (m, 1H), 7.76 (d, J ¼ 8.2 Hz,
2H), 7.83 (m, 2H), 8.11 (d, J ¼ 8.2 Hz, 2H), 8.33 (d, J ¼ 9.4
Hz, 1H). 13C NMR: d (ppm) 14.1, 14.7, 60.9, 62.0, 106.2,
118.4, 119.4, 125.7, 126.0, 126.7, 127.68, 127.72, 128.1,
128.3, 128.9, 129.4, 129.5,129.6, 131, 133.0, 136.9, 137.5,

140.1, 147.0,163.7, 165.2, 187.8. MS (EI, 70 eV) m/z (%) 491
(Mþ, 100), 463 (2), 446 (15), 400 (13), 374 (20), 346 (17),
311 (31), 259 (28), 238 (42), 220 (17), 181 (34), 166 (16), 152
(49), 139 (113), 97 (17), 83 (20).
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