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The scope of homogeneous Lewis acid-catalyzed benzo[N,N]-heterocyclic condensation was expanded to include 
the use of various metal salts not reported in the literature and SnCl2·2H2O was finally selected. Among various solid 
supports activated with SnCl2, heterogeneous SnCl2/SiO2 proved to be the most effective and significantly higher 
conversions were achieved compared to SnCl2·2H2O itself. The results of TG-DTA and BET indicated that 
dispersed SnCl2 coordinates with surface hydroxyl groups of silica leading to formation of stable Lewis acid sites. 
Low catalyst loading, operational simplicity, practicability and applicability to various substrates render this 
eco-friendly approach as an interesting alternative to previously applied procedures.
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Table 1. Textural data of SiO2 and SnCl2/SiO2

Sample BET surface 
area (m2/g)

Total pore 
volume (cm3/g)

Average pore 
diameter (Ǻ)

SiO2 493 0.77 54
SnCl2/SiO2 244 0.55 90

Introduction

Due to the detrimental effects of corrosive protic acids and 
toxic Lewis acids on the environment and stringent environ-
mental laws and regulations set up by the governments, the use 
of eco-friendly and reusable heterogeneous solid acid catalysts 
has increased exponentially in the fine and bulk chemical in-
dustries during the last couple of decades.1-3 

A general trend in catalysis is to transform a successful homo-
geneous catalyst into a heterogeneous catalytic system. The use 
of heterogeneous solid catalysts being in a different phase than 
the reagents and products has an obvious advantage in terms of 
easy separation from the reaction mixture, allowing the recovery 
of the solid and eventually its reuse. In addition, a rapidly 
growing area of heterogeneous catalysis is for environmental 
pollution control.4-6

Among the large number of Lewis acids used in organic 
synthesis, stannous chloride has not been explored much for 
its catalytic activity.7-13 Even though this homogeneous catalyst 
shows good catalytic performance, problems related to corro-
sion, handling, recovery, and reuse of the catalyst set up are 
limitations of its use in industrial scale.

Solid supports activated with tin salts have received consider-
able attention in heterogeneous organic reactions in different 
areas of organic synthesis,14-19 not only because it enables en-
vironmentally benign synthesis but also due to the good yields 
accompanied by excellent selectivities that can frequently be 
achieved.

The benzo[N,N]-heterocyclic condensation of 1,2-dicarbo-
nyls with arene-1,2-diamines is an acid-catalyzed reaction. 
Although, these heterocycles have numerous applications in 
pharmaceutical and synthetic chemistry,20-26 a few catalytic 
reactions for the preparation of these compounds have been 
recently reported in the literature.27-35 Even though the existing 

processes have some advantages; most of them suffer from one 
or more limitations such as the use of homogeneous catalysts, 
catalyst deactivation, unsatisfactory product yields, cumber-
some product isolation and lack of general applicability i.e. in-
efficiency on low activity substrates. Therefore, development of 
an efficient and environmentally benign method is still required.

As part of our continuous efforts to develop eco-friendly 
catalytic processes,36-41 herein, we introduce SnCl2/SiO2 as a 
novel heterogeneous catalyst for the acid-catalyzed reactions, 
e.g. benzo[N,N]-heterocyclic condensation. The focus of the 
present study was to provide a fundamental insight into the si-
milarities and differences existing between heterogeneous and 
homogeneous acid catalyzed condensation.

Results and Discussion

Characterization of SnCl2/SiO2 Catalyst. The physical struc-
ture of silica gel (high surface area, large pore volume, etc.) is 
one of the major reasons for its effectiveness as a support 
material. However, these features can be altered significantly 
during its chemical modification with inorganic materials. The 
Brunauer-Emmett-Teller (BET) method determines the disper-
sion of the active groups and the diffusion of reagents in the 
active site of silica gel.

Table 1 shows the BET analysis of silica gel and SnCl2/SiO2. 
The observed reduction in surface area and pore volume of 
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Figure 1. TG-DTA plots of (a) SnCl2·2H2O, (b) SiO2 activated and 
(c) 6.6% SnCl2/SiO2.
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Figure 2. Probable structure of covalently anchored silica-supported 
stannous chloride.
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Table 2. Catalyst screening of homogeneous Lewis acids on the 
synthesis of 1d.

Entry Catalyst Conversion (%)

1 - 11
2 SnCl2·2H2O 83
3 FeCl3·6H2O 75
4 FeCl2·4H2O 31
5 Fe(NO3)3·9H2O 51
6 FeSO4·7H2O 32
7 Fe2(SO4)3·xH2O 53
8 CuCl2·2H2O 78
9 CuCl2 69

10 CuBr2 69
11 Cu(NO3)2·3H2O 64
12 CuSO4·5H2O 9
13 CuSO4 25
14 PdCl2 18
15 PtCl2 59
16 CoCl2·6H2O 21
17 NiCl2 28
18 NiSO4·6H2O 18
19 ZnCl2 8
20 HgCl2 49
21 MnCl2·2H2O 36
22 Mn(NO3)2·4H2O 8
23 MnSO4·H2O 3

SnCl2/SiO2 as compared to silica gel can be attributed to the 
surface coverage of silica gel by reagent (SnCl2) to define a 
new modified heterogeneous catalyst.

On the other hand, the thermogravimetric analysis (TGA) 
gives information on the thermal stability of loaded SnCl2 on 
silica gel and whether it is chemically bound to the silica sur-
face. As shown in Fig. 1, TG curves of 13% SnCl2/SiO2 and 
5.4% SiO2 show a weight loss of around 4% and 3% up to 130 oC 
which can be attributed to loss of surface physisorbed water. It 
shows a further weight loss of 9% and 2.4% gradually in the 
range of 130 - 600 oC for SnCl2/SiO2 and SiO2, respectively, 
which is attributed to the loading of SnCl2 on silica. Accord-
ingly, the exact weight loss of SnCl2/SiO2 is 6.6 wt % which is 
attributed to the formation of O-Sn-Cl species on silica gel 
with a good agreement with theoretical calculation.

A supporting evidence for the Sn content of SnCl2/SiO2 was 
Atomic Absorption Spectrometry (AAS). It was found to be 
5.2 mol % which is in good agreement with TGA data. 

The proposed structure of the catalyst in which SnCl2 
reacted with the surface hydroxyl groups of the silica gel is 
shown in Fig. 2.

Study on Homogeneous Common Lewis Acids as Potential 
Catalysts. Initially, we examined the condensation of benzil 
with the less-reactive 4-nitrobenzene-1,2-diamine37 to evaluate 
the efficiency of various metal salts as catalyst (Table 2). The 
reaction was screened in MeOH42 within 1 h using a catalytic 
amount of common Lewis acids (5 mol %) at room tempera-
ture (Scheme 1).

The catalytic activity of various Lewis acids was found to 
be of the order SnCl2·2H2O > CuCl2·2H2O > FeCl3·6H2O > 
CuCl2 ≈ CuBr2 > Cu(NO3)2·3H2O > PtCl2 > Fe2(SO4)3·xH2O > 
Fe(NO3)3·9H2O > HgCl2 while the product 1d was obtained in 
low and even poor yields when FeCl2·4H2O, FeSO4·7H2O, 
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Table 3. Catalyst screening of heterogenous Lewis acid sites on the 
synthesis of 1d

Entry Catalyst Conversion (%)

1 - 11
2 SnCl2·2H2O 83
3 SiO2 activated 28
4 SnCl2/SiO2 98
5 SnCl2/Amberlyst-15 86
6 SnCl2/Al2O3 acidic 70
7 SnCl2/Al2O3 neutral 31
8 SnCl2/Al2O3 basic 14

Table 4. Literature results for the synthesis of 1d at ambient temperature

Entry Catalyst Solvent Reaction time (h) Isolated Yield (%) [Ref]

1 Polyaniline-sulfate (5% w/w) ClCH2CH2Cl 0.7 90 [30]
2 Montmorillonite K-10 (10% w/w) H2O 6 70 [33]
3 Gallium triflate (1 mol %) C2H5OH 6 90 [34]
4 ZrO2 (17%)/Ga2O3 (4%)/MCM-41 CH3CN 2 91 [35]
5 Zirconium tetrachloride (5 mol %) CH3OH 4 98 [36]
6 SbCl3/SiO2 (2.5 mol %) CH3OH 1 92 [37]
7 Ammonium chloride (200 mol %) CH3OH 4 66 [38]
8 Sulfamic acid (80 mol %) CH3OH 5 95 [39]
9 SnCl2/SiO2 (5 mol %) CH3OH 1 94 This work
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Figure 3. The major isomer of the 6-/7-substituted products as deter-
mined by 1H NMR spectroscopy.

CuSO4·5H2O, CuSO4, PdCl2, CoCl2·6H2O, NiCl2, NiSO4·6H2O, 
ZnCl2, MnCl2·2H2O, Mn(NO3)2·4H2O and MnSO4·H2O were 
used (Table 2, entries 1-23). Clearly, SnCl2·2H2O stands out 
as the homogeneous Lewis acid catalyst of choice, with its 
higher conversion.

Optimization of the Model Reaction under Heterogeneous 
Conditions. In this study, various solid supports activated with 
SnCl2 were tested for the same reaction (Table 3, entries 4-8). 
Among them, basic and neutral Al2O3-supported with SnCl2 
showed poor catalytic activities, whereas SnCl2/SiO2 could 
efficiently catalyze the reaction to afford the desired product 
in high yield even better than SnCl2·2H2O itself. As regards 
the silica gel alone, there was a poor activity for the reaction 
(Table 3, entry 3).

Therefore, the remarkable efficiency of SnCl2/SiO2 can be 
explained by a better synergetic effect of SnCl2 with SiO2, due to 
the existence of multiple Lewis acid catalytic centers (Fig. 2).

There are recent reports of carrying out this reaction in the 
presence of other catalysts under similar conditions (Table 4). 
It is evident from the results that, SnCl2/SiO2 stands for an 
improved protocol in terms of reaction time and yield when 
compared with the other catalysts.

Evaluation of the Reaction Scope. To evaluate the scope of 
catalyst’s application, various arene-1,2-diamines were tested 
with 1,2-dicarbonyls under the optimized conditions and the 
results are presented in Table 5. In all cases, the reactions pro-
ceeded expeditiously at room temperature, although the yields 
were highly dependent on the substrate used (Table 5).

Turnover frequency (TOF) as a measure of catalyst activity 
for this catalytic process has been compared in Table 5 to show 
the reaction rate is highly dependent on the substrate used. In 
most cases, high values of TOF in range of 40 - 600 h‒1 have 

been achieved. A typical example of very low TOF value is for 
1i (4 h‒1) which is resulted from the two less-reactive substrates 
in this condensation reaction.36-39,43-44

The regioselectivity for 4-substituted 1,2-diaminobenzenes 
on treatment with phenylglyoxal in the presence of SnCl2/SiO2 
was also investigated (Table 5, entries 17-20). With the excep-
tion of 2,3-diaminopyridine, which showed very high selectivity 
to cis-regioisomer 1t,45-46 the condensation of other 4-substi-
tuted 1,2-diaminobenzenes with phenylglyoxal resulted in a 
mixture of regioisomers 1q-1s, in favor of trans-regioisomers47-49 
(Fig. 3). The regioselectivity was determined by 1H NMR and 
also by comparison with known samples.

Recycling of SnCl2/SiO2. The feasibility of repeated use of 
SnCl2/SiO2 was also examined. The recovery of catalyst was 
very easy. After completion of the reaction CH3OH was removed 
under reduced pressure and CH2Cl2 was added. Product is 
soluble in CH2Cl2, while the catalyst remains insoluble. The ca-
talyst was simply filtered from the reaction mixture, dried at 
120 oC for 2 h and reused in subsequent run (Fig. 3). No fresh 
catalyst was added. The catalyst was thus tested for 4 runs for 
products 1a and 1d, possessing high and low TOF, respectively. 
The reaction proceeded smoothly with the yields of 96 - 100% 
for 1a within 4 min and 70 - 94% for 1d within 1 h (Fig. 4). For 
high TOF 1a, the catalytic activity of SnCl2/SiO2 in terms of 
yields slightly decreased with increasing number of cycles of 
the reaction, whereas the decrease of catalytic activity of SnCl2/ 
SiO2 for low TOF 1d upon each recycling was quite sizeable.

To test the activity of the catalyst on large-scale, a series of 
4 consecutive runs were carried out for the condensation of 
benzene-1,2-diamine and benzil (55 : 50 mmol). The results of 
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Table 5. Evaluation of reaction scope

Entry R R' R'' Z Product Time Conversion (%) Yield (%)a TOF (h‒1)b

1 H Ph Ph CH 1a 4 min 100 100 300
2 Me Ph Ph CH 1b 3 min 100 99 400
3 Cl Ph Ph CH 1c 10 min 100 96 120
4 NO2 Ph Ph CH 1d 1 h 98 94 20
5 H Ph Ph N 1e 45 min 100 96 27
6 H 4-(MeO)-Ph 4-(MeO)-Ph CH 1f 30 min 100 98 40
7 Me 4-(MeO)-Ph 4-(MeO)-Ph CH 1g 25 min 100 98 48
8 Cl 4-(MeO)-Ph 4-(MeO)-Ph CH 1h 1 h 100 97 20
9 NO2 4-(MeO)-Ph 4-(MeO)-Ph CH 1i 4 h 88 76 4
10 H 4-(MeO)-Ph 4-(MeO)-Ph N 1j 3 h 98 94 7
11 H Me Me CH 1k 2 min 100 99 600
12 Me Me Me CH 1l 2 min 100 99 600
13 Cl Me Me CH 1m 5 min 100 96 240
14 NO2 Me Me CH 1n 30 min 100 96 40
15 H Me Me N 1o 10 min 100 95 120
16 H Ph H CH 1p 5 min 100 99 240
17 Me Ph H CH 1q 5 min 100 99c (73/27)d 240
18 Cl Ph H CH 1r 7 min 100 98c (65/35)d 171
19 NO2 Ph H CH 1s 10 min 100 95c (82/18)d 120
20 H Ph H N 1t 5 min 100 93e 240

aYields refer to those of pure isolated products characterized by 1H NMR, 13C NMR and MS spectral analyses which is consistent with literature values.
bTOF: Turnover frequency = moles of converted substrate (1,2-dicarbonyl) / (moles of SnCl2 × reaction time in h). cIsolated as a mixture of two 
regioisomers i.e. 6-/7-substituted-2-phenylquinoxalines. dRatio of the 6-/7-substituted products as determined by 1H NMR spectroscopy. e3-phenyl-
pyrido[2,3-b]pyrazine is formed as a sole regioisomer.

Table 6. Evaluation of catalyst leaching

Run Decreased weight (%)a Isolated Yield (%)

1st 7.08 98
2nd 9.00 95
3rd 12.27 87
4th 13.83 85

aFrom 150 to 800 oC.

                       Catalyst Recyclability
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Figure 4. Effect of reuse of catalyst on high TOF 1a and low TOF 1d.

both the thermogravimetric analysis of the catalyst and isolated 
yield of 2,3-diphenylquinoxaline 1a after each run are shown 
in Table 6. These results demonstrate that there is a decrease 
in the activity of the catalyst after every use. This may be due 
to deactivation of active centers resulting from complexation 
with both starting materials and products.

Conclusion

Silica-supported stannous chloride is prepared and charac-
terized as a heterogeneous Lewis acid catalyst. In an example, 
it shows high efficiency for the synthesis of a variety of benzo 
[N,N]-heterocycles in excellent yields at room temperature. The 
experiments show that Lewis acid sites on SnCl2/SiO2 catalyst 
are the active sites for the reaction. While the reactions provide 
the products in high to excellent selectivities, the products, in 
most cases, were obtained in excellent yields (> 98%) in very 
short reaction times.

From the environmental standpoint, this eco-friendly catalyst 
possesses advantages of ease of preparation and handling, long 
shelf life i.e. high stability and excellent activity. Moreover, the 
catalyst could be successfully recovered and recycled at least 
for four runs even in case of low activity starting materials.

Experimental

Materials and Methods. The N2 adsorption/desorption anal-
yses were performed on BELSORP-miniII at 77 K. Silica gel 
was degassed at 300 oC for 1.5 h but SnCl2/SiO2 was degassed 
at 100 oC for 1.5 h under inert gas flow prior analysis. Specific 
surface area, total pore volume, and pore diameter of samples 
was obtained by Brunauer-Emmett-Teller (BET) method using 
BELSORP analysis software. Thermogravimetric analysis (TGA) 
measurements of silica gel and SnCl2/SiO2 were carried out in 
PerkinElmer Pyris Diamond instrument from 32 to 600 oC, using 
a ramp rate of 10 oC/min under dry N2. The Sn content was also 
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determined by Atomic Absorption Spectrophotometer (AAS- 
Perkin-Elmer 1100) using a flame approach, after acid dissolu-
tion of known amount of the silica material.

1H and 13C NMR spectra were recorded on a Bruker-500. 
All NMR samples were run in CDCl3 and chemical shifts are 
expressed as ppm relative to internal Me4Si. Mass spectra were 
obtained on a Fisons instrument. Substrates are commercially 
available and used without further purification.

Preparation of SnCl2/SiO2 Catalyst. 30 g of silica gel (300 - 
400 mesh) were activated by refluxing with 150 mL of 6 mol․L‒1 
hydrochloric acid under stirring for 24 h, then the activated 
silica gel was filtered and washed with doubly distilled water 
to neutral and dried under vacuum at 70 oC for 24 h.50

Stannous chloride dihydrate (2.25 g) was added to a sus-
pension of activated silica gel (27.75 g) in EtOH (50.0 mL). 
The mixture was stirred at room temperature overnight. Then 
the solvent was removed under reduced pressure and the residue 
was heated at 100 oC under vacuum for 5 h to furnish SnCl2/ 
SiO2 as a white free-flowing powder (6.6 wt % of O-Sn-Cl 
species as determined by TGA and 5.2 mol % of Sn as deter-
mined by AAS).

General Procedure for the Acid-catalyzed Benzo[N,N]-he-
terocyclic Condensation. A mixture of arene-1,2-diamine (1.1 
mmol), 1,2-dicarbonyl (1 mmol), and 0.30 g of SnCl2/SiO2 
(5 mol %) was taken in methanol (5 mL) and stirred at room 
temperature for the appropriate reaction time (Table 5). After 
completion of the reaction (monitored by TLC using ethyl ace-
tate/hexane (3:7 v/v) or GC), the organic medium was removed 
with rotary evaporator under reduced pressure. Dichloromethane 
(10 mL) was added to the resulting solid mixture. The catalyst 
was recovered by filtration and the CH2Cl2 was evaporated to 
afford the product 1. For analytical measurements, the crude 
products were crystallized from ethanol to afford pure products. 
The identification of the isolated products was generally per-
formed by 1H NMR, 13C NMR and MS spectral analyses.

Selected Spectroscopic Data. 
6-Chloro-2,3-diphenylquinoxaline (1c):51 mp 122 - 124 oC; 

1H NMR (500 MHz, CDCl3) δ 7.36 (m, 6H), 7.53 (d, 4H), 7.69 
(dd, 1H), 8.10 (d, 1H), 8.17 (d, 1H); 13C NMR (125 MHz, CDCl3) 
δ 128.32, 128.52, 128.76 (2C), 129.46, 129.54, 130.25, 130.31, 
130.69, 130.89, 131.30, 131.46, 136.08, 136.11, 139.11, 139.18, 
140.16, 141.92, 154.04, 154.71; MS (EI), m/z (rel. intensity 
%) 316 (M+, 100), 279 (10), 239 (10), 213 (25), 177 (55), 103 
(85), 75 (70).

2,3-Bis(4-methoxyphenyl)quinoxaline (1f):36 mp 152 - 153 
ºC; 1H NMR (500 MHz, CDCl3) δ 3.88 (s, 6H), 6.92 (d, 4H), 
7.54 (d, 4H), 7.76 (dd, 2H), 8.17 (dd, 2H); 13C NMR (125 MHz, 
CDCl3) δ 55.74, 114.21, 129.45, 129.95, 131.70, 132.18, 141.51, 
153.45, 160.61; MS (EI), m/z (rel. intensity %) 342 (M+, 100), 
328 (45), 312 (45), 209 (40), 166 (50).

6-Chloro-2,3-bis(4-methoxyphenyl)quinoxaline (1h):29 mp 
151 - 152 oC; 1H NMR (500 MHz, CDCl3) δ 3.83 (s, 6H), 6.87 
(d, 4H), 7.49 (dd, 4H), 7.64 (dd, 1H), 8.03 (d, 1H), 8.10 (d, 1H); 
13C NMR (125 MHz, CDCl3) δ 55.71, 55.79, 114.20, 114.30, 
128.10, 128.29, 128.33, 128.52, 130.63, 130.68, 130.80, 130.95, 
131.71, 131.77, 131.80, 135.54, 139.97, 141.75, 153.58, 154.23, 
160.77, 160.85; MS (EI), m/z (rel. intensity %) 376 (M+, 100), 
361 (30), 345 (35), 243 (25), 133 (65), 103(30).

2,3-Dimethylquinoxaline (1k):38 mp 103 - 104 oC; 1H NMR 
(500 MHz, CDCl3) δ 2.78 (s, 6H), 7.70 (dd, 2H), 8.02 (dd, 2H); 
13C NMR (125 MHz, CDCl3) δ 23.76, 128.7, 129.2, 141.5, 
153.9; MS (EI), m/z (rel. intensity %) 158 (M+, 65), 116 (100), 
76 (40), 50 (50).

6-Chloro-2,3-dimethylquinoxaline (1m):38 mp 89 - 91 oC; 1H 
NMR (500 MHz, CDCl3) δ 2.76 (s, 3H), 2.77 (s, 3H), 7.64 (dd, 
1H), 7.93 (d, 1H), 8.00 (d, 1H); 13C NMR (125 MHz, CDCl3) δ 
23.5, 23.6, 127.8, 130.0, 130.2, 134.8, 140.0, 141.8, 154.2, 
154.9; MS (EI), m/z (rel. intensity %) 192 (M+, 70), 151 (100), 
110 (60), 75 (65).

6-/7-Methyl-2-phenylquinoxaline (1q):47 1H NMR (500 MHz, 
CDCl3) δ {[9.29 (s, cis isomer): 9.27 (s, trans isomer)] (27 : 
73) (1H, 3-H)}, 8.18-8.21 (dd, 2H, Ph), 7.89-8.07 (m, 2H, 5-H 
and 8-H), 7.50-7.64 (m, 4H, 7-H and Ph), 2.62 (s, 3H, Me); 
13C NMR (125 MHz, CDCl3) δ 151.61, 150.90, 143.18, 142.39, 
142.28, 141.57, 140.72, 140.67, 140.01, 136.85, 132.54, 131.80, 
130.03, 129.93, 129.07, 128.57, 128.43, 127.9, 127.95, 127.46, 
127.37, 29.75, 21.87; MS (EI), m/z (rel. intensity %) 220 (M+, 
100), 193 (15), 165 (10), 116 (5), 104 (5), 89 (20), 77 (10), 63 
(12).

6-/7-Chloro-2-phenylquinoxaline (1r):48 1H NMR (500 MHz, 
CDCl3) δ {[9.31 (s, cis isomer): 9.30 (s, trans isomer)] (35 : 
65) (1H, 3-H)}, 8.18 (d, 2H, Ph), 8.03-8.14 (m, 2H, 5-H and 
8-H), 7.66-7.72 (m, 1H, 7-H), 7.51-7.58 (m, 3H, Ph); 13C 
NMR (125 MHz, CDCl3) δ 152.96, 152.36, 144.57, 143.85, 
143.08, 140.53, 136.73, 136.52, 135.67, 131.75, 131.27, 130.99, 
130.94, 130.87, 130.78, 129.65, 128.93, 128.51, 128.04, 127.94, 
77.71, 77.46, 77.21; MS (EI), m/z (rel. intensity %) 240 (M+, 
100), 213 (12), 178 (15), 151 (5), 110 (7), 77 (10), 50 (12).

6-Nitro-2-phenylquinoxaline (1s):49 1H NMR (500 MHz, 
CDCl3) δ 9.49 (s, 1H), 9.02 (d, 1H, J 2.0 Hz, 5-H), 8.55 (dd, 
1H, J 2.0 Hz, J 9.2 Hz, 7-H), 8.27 (m, 3H, 8-H and Ph), 7.60 
(d, 3H, Ph); 13C NMR (125 MHz, CDCl3) δ 154.75, 147.88, 
145.92, 145.35, 140.78, 136.06, 131.83, 131.61, 129.85, 128.37, 
128.18, 126.10, 124.21, 123.25; MS (EI), m/z (rel. intensity %) 
251 (M+, 100), 224 (5), 205 (10), 178 (10), 151 (4), 104 (5), 75 
(7), 50 (5).

3-Phenylpyrido[2,3-b]pyrazine (1t):45-46 1H NMR (500 MHz, 
CDCl3) δ 9.46 (s, 1H, 2-H) 9.19 (dd, 1H, 6-H), 8.47 (dd, 1H, 
8-H), 8.35 (dd, 2H, Ph), 7.70 (dd, 1H, 7-H), 7.56 (m, 3H); 13C 
NMR (125 MHz, CDCl3) δ 154.65, 154.49, 150.86, 144.34, 
138.17, 136.79, 135.72, 131.03, 129.19, 128.05, 124.75; MS 
(EI), m/z (rel. intensity %) 207 (M+, 100), 179 (20), 153 (5), 
104 (25), 77 (15), 50 (20).
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