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benzannelated isoquinolinones 3 and 4 took place by initial attack of singlet oxygen on the enol ether-
enamine C=C double bond and proceeded via zwitterionic (10, 29) and endoperoxidic (11. 28. 30)
intermediates. The product for 3 was 5 cxclusively in MeCN, and S and the solvent trapping products
6 in MeQOH. For 4, the products were 25 (and 26) in MeCN, while in MeOH, solvent trapping product
31 was also obtained for 4b. Intramolecular trapping of the zwitterionic intermediate during the singlet
oxygen reaction of 4d to form 32 was also observed. © 1999 Elsevier Science Ltd. All rights reserved.

Isoquinoline derivatives have a wide range of biological activities!"! and constitute a large group of naturally
occurring alkaloids. 21 In relation to our interest in the synthesis and photochemistry of new isoquinoline
derivatives of elaborate structures, we have recently reported dye sensitized photooxygenation reactions of 1,3-
isoquinolinediones' and found that, with the enol form being the actual active species toward singlet oxygen,

these reactions are very sensitive to the tautomeric equilibrium between the keto (1) and enol (2) forms of the
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substrates, and could only proceed in the presence of an added base which serves as a hydrogen bond acceptor
to shift the tautomeric equilibrium to the enol side. We have also investigated t}‘e synthesis and electronic
structures of several bezannelated isoquinolinone derivatives and their photochemical cycloadditions with
electron deficient olefins.®! These compounds (3 and 4) can be structurally viewed as masked 1,3-

isoquinolinedione derivatives (via their enol tautomers) with enol ether-enamine structures. In contrast to
simple enol ethers and enamines whose singlet oxygen reactions have been extensively investigated, enol
ether and enamine compounds with delicate structural features such as keto enol ether and keto enamines, ) g
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in 3 and 4, have rarely been the subject of investigation in singlet oxygen reactions. Considering that these
substrates may display different reaction modes and reactivities from those of simple enol ethers and enamines,
and as a natural continuation of our investigation on the photooxygenation reactions of 1,3-isoquinolinediones,
we report here the singiet oxygen reactions of compounds 3 and 4.

Results and discussion

The characteristic enol ether-enamine structure of compounds 3 and 4 implies a high electron density at the
Cs,=Cs double bond. This has been oorne out oy our ab initio calcuxanons of their electronic structures'*! which
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3a (5x107 mol dm™) w1th hght of wavelength longer han 400 nm under oxygen atmosphere and th
tetraphenylporphin (TPP) as sensitizer (5x10* mol dm™) afforded 5a exclusively in 99% yield
Photooxygenation of 3a (5><10 mol dm?) in acetonitrile with methylene blue (MB, leo“‘mol dm™ ) as
sensitizer under the irradiation with light of wavelength longer than 500 nm also gave Sa as the sole product in
98% yield. However, when the MB sensitized photooxgenation of 3a was conducted in methanol, a solvent
trapping product (6a) was also obtained in 22% vyield, together with 5a (71%) MB sensitized

photooxygenatlon reactions of 3b-3f were subseqently investigated. In theses cases, photolyses in acetonitriie
ail gave the corresponding 5 as the sole product in high yield (Table 1), while reactions in methanol afforded 6
and 5 simultaneously with the exception of 3e, where no solvent trapping product 6e was found (Table 1).

Since the structures of 5 are critically important in distinguishing the reaction mode, a crystallographic analysis
for product S¢ was carried out which gave an unambiguous determination of the structures of 5§ (see Fig. 1).
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The formation of products 5 showed that, although the enol-enamine C=C double bond in 3 is the site of
initial attack of singlet oxygen, these substrates did not follow the normal reaction mode for simple enol ether
and enamines without abstractable allylic hydrogens where final products are derived from the decomposition
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of a dioxetane intermediate ") Were this reaction pathway followed for 3, different products such as 7, 8 and 9
would have been formed instead of 8. Since no such products as 7, 8 and 9 were found in these MB or TPP
sensitized photooxygenation reactions either in acetonitrile, benzene or in methanol even in a trace amount, a
dioxetane intermediate can be excluded from the reaction mechanism.
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Table 1 Dye Sensitized Photooxygenation Reactions of Compounds 3 and 4

Substrate® Sensitizer” Solvent Irrad. time (h)° Products and yield (%)°
3a TPP CeHs 10 5a (99)
3a MB MeCN 10 5a (98)
3a MB MeOH 30 5a (71), 6a (22)
3b MB MeCN 5 5b (98)
3b MB MeOH 24 5b (77), 6b (15)
3c MB MeCN 8 5S¢ (98)
3c MB MeOH 60 Sc (70), 6¢c (23)
3d MB MeCN 15 5d (97)
3d MB MeOH-MeCN (4:1 viv) 36 5d (77), 6d (13)
3e MB MeCN 10 Se (99)
3e MB MeOH-MeCN (4:1 v/v) 40 Se (95)
3f MB MeCN 8 5 (99)
3f MB MeOH 24 51 (95), 6f (3)
4a MB MeCN 10 25a (48), 26 (50)
4a MB MeOH 60 25a (50), 26 (50)
4b MB MeCN 10 25b (86), 26 (8)
4b MB MeOH 12 25b (63), 31 (35)
4c MB MeCN 6 25¢ (99)
4c MB MeOH 80 26 (95)
4d MB MeCN 10 25d (66), 26 (9), 32 (13)
* The concentration of the substratcs was 3x 10 2 mol dm? in all cases except for 3d in MeOH-MeCN (4:1 v/v), where a

107 01 dm? was used ® The concentration was 5x 10" mol dm 3c The reactlon time in methanol
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The products § and 6 are therefore proposed to be formed via a mechanism as shown in Scheme 1. An
“ene ” type electrophilic attack of 'O, on Cs of the substrates (or electron transfer from the substrates to 'O,
followed by radical coupliné, of the radical ion pairm) leading to a zwitterionic intermediate 10 in which
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Similar intramolecular attack of a neroxidic anion to a para-carbony! eroun in a six membered ring leading to
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endoperoxide intermediate was also suggested by Matsuura ef a/ in the mechanism of photooxygenations of

purine denvatlves and in the smglet oxygen reactions of 1,3-isoquinolinedione derivatives reported by us. 31
Products 6 were derived from the nucleophilic trapping of the iminium cation in 10 or 11 by methanol.
Although the formation of 6 could also be rationalized by nucleophilic attack of methanol on a dioxetane
intermediate such as 13, the absence of any cleavage products derived from the dioxetane inermediate both in
acetonitrile and in methanol regards the involvement of dioxetane intermediate as unlikely to be operative in the
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Scheme 1 Mechanism for Singlet Oxygen Reaction of 3a
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In the MB sensitized photooxygenation of 3b in methanol, a small amount of produt 14 (2%) was also
obtained, which decomposed rapidly in solution and gradually in crystalline state. No such product was found
in the same reaction in acetonitrile. TLC monitoring of the photolysate right after the photolysis showed that
this product was absent and was produced during work-up of the photolysate. This product is probably derived
from the primary product 15 by elimination of a methanol molecule on silica gel. Control experiment showed
that product 6b could not take part in photoinduced hydrogen abstraction reactions from methanol and was
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17. Products similar to 14 were also found as minor products during work-up of the photolysate in the
reactions of 3a, 3¢ and 3d (not 3e and 3f) in methanol, but we have been unable to obtain these products in
pure form.
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It 1s worth mentioning that in the MB sensitized photooxygenation of 3e in methanol, solvent trapping
product 6e was not found. This showed that the naphthoxazole moiety is a better nucleofuge and has a
decreased nucleophilicity compared with the benzoxazole due to the electronic effect of the naphthalene ring.
As a result, nucleophilic attack of methanol on the iminium cation at Cs, could not compete with heterolytic
cleavage of the C-N bond in 11. The steric effect of the bulky naphthoxazole moiety on solvent attack to the
iminium cation may aiso play some role in eiiminating the solvent trapping produc‘t The decreased
uuucupmuuuy of the uapmuw&uulc muxct_y has pxcvnuu:uy been noted in the byumcam of 3e b oy the reaction of
homophthalic anhydride 18 and o-aminonaphthol (19)."! While in the syntheses of 3a-3d, the formation of the
intermediate 20 from homophthalic anhydride 18 and the corresponding substituted o-aminophenols, and the
subsequent cyclization of 20 by intramolecular nucleophilic attack of the benzoxazole nitrogen to the carboxy
group could be achieved in one pot simply by refluxing 18 and the o-aminophenols in acetic acid, the
intermediate 21 could not be further cyclized into 3e in acetic acid in the same pot due to a decreased
nucleophilicity of the naphthoxazole moiety. Further cyclization of 21 could only be accomplished by refluxing
in acetic anhydride to transform the carboxylic acid into anhydride 22 which has a better leaving group (AcO")

than 21 (OH"). In the MB sensitized pnotooxygenanon of 3f in methanol, the much lower yleld of the solvent
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compared with benzoxazole as was shown in the synthesis of 3f from 18 and o-aminothiophenol where further

cvclization of the intermediate 23 also needs its transformation into the anhvdnde 24
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We have further investigated the MB sensitized photooxygenations of benzimidazo[1,2-bJisoquinolin-11-
ones 4a-4d. For 4a, MB sensitized photooxygenation in acetonitrile or in methanol afforded products 25a and
26 in comparable yields (Table 1). In this case, an “ene  attack of 'O, to Cs leads to the hydroperoxide 27,
which on 0-O bond homolysis gave 26. Intramolecular transannuiar addition in 2' '“orded the endoperoxide

28, tragmemauon of which gave 25a (bcneme 4). we have aiso found that warmir ng o 25a in acetic d.lmyunuc
yielded 26 almost quantitatively.
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MB sensitized photooxygenation of 4b in acetonitrile afforded products 25b (86%) and 26 (8%). The
formation of these products can be rationalized by a similar mechanism as shown in Scheme 1 with zwitterions
like 29 and 30 as intermediates. The demethylation most likely took place in the zwitterionic intermediate 29
with nucxeopmnc assistance either intramolecularly from the peroxidic anion or intermolecularly from a trace
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amount of water or other nucleophiles in the solution. Similar MB sensitized photooxygenation of 4b in
o o . .

methanol gave produ cts 25b (63%) and 31 (35%) (Table 1) In this case, 26 was not found since the
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demethylation could not compete with nucleophilic addition of methanol to the iminium cation in 29 or 30.
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The products obtained in MB sensitized photooxygenation of 4¢ depend on the work-up procedures after
the photolyses. Photolysis in methanol, for example, followed by routine chromatographic separation of the
photolysate on a silica gel column afforded 26 as the sole product (Table 1). However, TLC analyses of the
photolysate have shown that, there was only one product fon med right after the photolysxs whnch was rather

washing with water to remove the sensitizer yielded the primary product 2§ lmost quantitatively ( Table l)
The lack of solvent trapping product in this case is attributed to the high nucleofugahty of the N-
acetylbenzoxazole moiety which makes fragmentation of the endoperoxide intermediate 30 the overwhelming
process over the solvent trapping reaction.

y
or 30 in the singlet oxygen reaction of compound 4d. Thus, MB sensitized photooxygenatlon of 4d in
tonitrile afforded the expected intramolecular trapping product 32 (13%), together with the carboxylic acid

25d (6 6%) and the dealkylation product 26 (9%).
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In summary, reactions of compounds 3 and 4 with singlet oxygen take place by initial attack of 'O, at the
enol ether-enamine C=C bond, but follow different pathways from those of simple enol ethers and enamines.
These reactions proceed exclusively via the zwitterionic (10 and 29) and endoperoxidic (11, 28 and 30)
intermediates, bypassing the dioxetane mtermemates sucn as 13 usuauy found in 51ng1et oxygen reactions of
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compounds 3 and 4 toward 'O,
Alder dienophiles.

ith other Diels-

Experimental

e}tm nts were measured on a YANACO microsconic melting rgim apparatus and are uncorrected q

Taii AL €re measuredg on NS LAUBLUPL NSRS pPorGiLS Qe Qi rrected.

NMR spectr were recorded on a JEOL PMX-60 SI spectrometer at 60 MHz or on a Bruker AC-500
spectrometer at 500 MHz with SrMe4 as internal standard and CDCl; as solvent unless otherwise stated. J
Values are given in Hz. IR spectra were taken with a Shimadzu IR 408 or a Nicolet SDX FT-IR spectrometer
in KBr pellets. Mass spectra were recorded with a VG ZAB-MS spectrometer. Elemental analyses were
obtained using a Perken-Elmer-240 C analyser.

The benzannelated isoquinolinones 3 and 4 were prepare
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and redistilled. Benzene (AR grade) was dried with sodium and distilled before use. Other reagents were CP or
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grade and were used as received without further purification.
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General procedure for dye sensitized photooxygenation reactions of benzannelated isoquinolinones 3 and 4.

The reaction conditions are listed in Table 1. A solution of 3 or 4 (3 mmol) and a sensitizer (0.03 mmol) in a
solvent (60 ml) was irradiated with a 500 W medium pressure mercury lamp through a cut-off light filter
to 1

{acuecus sodium nitri ium dichromate for 2>500 nm) at room temperature
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........ Vg n ored by TLC. At the end of the reaction, the solvent was
removed in vacuo and the resrdue was separated by flash chromatography on a silica gel column with
petroleum ether (b.p. 60-90 °C)-ethyl acetate as eluents to afford the corresponding photooxygenation
products. The exceptional work-up procedures for MB sensitized photooxygenation of 4¢ in acetonitrile are
described in the text. The physical and spectral data for the photooxygenation products are as follows.

18 L
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2-(2-Benzoxazolyl)carbonyibenzoic acid Sa. Colorless needles, m.p. 211-212 °C (from !
2888, 2800, 2652, 2500, 1688, 1594, 1538, 1481, 1425, 1375, 1280, 1244, 925, 806, 744, 700 650 cml 'H
NMR (500 MHz, DMSO-d;): 7.50 (1H, t, J 7.5, ArH\ 7.61 (1H, s, ArH), 7.75 (1H, d, J 7.5, ArH), 7.78 (1H,

FOPASSAN \JVV Avuw ASAVENI NS AD \IJ.A s Rl ] Ty =7 L) LR V1Y \
d, J 7.5, ArH), 7.83 (1H, d, /7.5, Artl), 7.89-7.90 (2H, m, ArH), 8.03 (1H, d, J 7.5, ArH), 13.55 (1H, br, s,
OH) ppm. MS (m/z, %): 267 (M", 7.6), 149 (51.0), 132 (21.5), 119 (100). Anal. C;sHuNOs. Caled: C, 67.42;

H, 3.39; N, 5.24 Found: C, 67.86; H, 3.47, N, 5.40.

2-[2-(5-Methoxybenzoxazolyl)]carbonylberuonc acid Sb. Colorless needles, m.p. 205-206 °C (from

acetone). IR: 3090, 3080, 3000, 2940, 2910, 2850, 2600, 2492, 1690, 1610, 1522, 1480, 1270, 1258, 1019,
not onc AEL AN Al LT NINMD 740 MLT. TNMCO_AY 220 M ¢ CHY 701 77TH m ArH nnm

M7y, 343, DLA 7139, Vv linl . H NMR \OU IVINIZ, LJIVISU-Ug . 3.0V (o1, 5, LIi3), /.U=8.1 /11, TH, Adidy ppiil.
d: C, 64.65; H, 3.73; N, 4.7

MS (m/z %): 297 (M’, 14.6), 149 (100), 134 (31.0). Anal. C;sH;;NOs. Calc
n .5 OF
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2-[2-(5-Methylbenzoxazolyl)]carbonylbenzoic acid Sc. Pale yellow prisms, m.p. 202-203 °C (from ethyl
acetate). IR: 3050, 2950, 2850, 2600, 2500, 1685, 1590, 1525, 1480, 1418, 1300, 1285, 1200, 1168, 990, 970,
918, 810, 750, 700 cm™. 'H NMR (60 MHz, DMSO-ds): 2.41 (3H, s, CHs), 7.2-8.2 (7H, m, ArH) ppm. MS

Lot 0/%- 9Q1 (ALY Q9Y 182 /DO Ny 14Q {47 ) 1’1’) 100 1729 A0 171 I EY 104 rrvs A1
\lVe, 70). 401 iVl , 0.4, 1JJ (£4.V), 187 (7/.0), 133 (1UVU), 134 \qUU), 141 (1U.D), 1Ug (L£ 37) Andl.
C..H..NQ, Calcd- C.6833: H 394: N 498 Found  C. 6846 H 401°' N 498
CietapiiNOg. LaICC L, 08,03, I, 32.74) IN, 2478, I'oung. LU, 03.40; y N, 278,

2-[2-(5-Chlorobenzoxazolyl)|carbonylbenzoic acid 5d. Colorless needles, m.p. 214-215 °C (from
MeCN). IR: 3070, 2980, 2800, 2650, 2520, 1700, 1680, 1595, 1425, 1298, 1165, 972, 918, 819, 700 cm™. 'H
NMR (60 MHz, DMSO-d;): 7.4-8.2 (TH, m, ArH) ppm. MS (m/z, %): 303 (M+2, 1.3), 301 (M, 3.9), 155
(38.2), 153 (100), 149 (90.2), 133 (21.9), 132 (34.8). Anal. C1sHsCINOQ,. Calcd: C, 59.72; H, 2.67; N, 4.64.

IT A Qr

Found: C, 59.60; H, 2.85; N, 4.60.

2-(2-Naphth[1,2-d]exazolyl)carbonylbenzoic ac Se. Pale brown crystals, m.p. 213-214 °C (from ethyl
acetate). IR; 3050, 3020, 2850, 2750, 2580, 2498, 2280, 1685, 595 1575, 1498, 1347, 1272, 1200, 1000,
912, 815, 752, 700 cm’™". ’HNMR(SOO MHz, DMSO-dé) 751 (1H, t, J 75, ArH), 7.74 (1H, t, J 7.5, ArH),

7.80-7.82 (2H, 1, ArH), 7.87 (1H, 1, .J 7.5, ArH), 8.06-8.09 (2H, t, ArH), 8.16-8.18 (2H. d, ArH), 8.30 (1H. d.
J7.5, ArH), 13.50 (1H, br, s, OH) ppm. MS (m/z, %): 317 (M, 16.8), 283 (44.4), 265 (18.8), 169 (100), 149
(61.3), 141 (10.3), 132 (20.0). Anal. C;sH;;NO,. Calcd: C, 71.91; H, 3.50; N, 4.41. Found: C, 71.79; H, 3.54;

T

N, 4.42.
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yell
, 14

W adlec m n
£ 4 v needa: I, Ak

a o 21
672, 1595, 1479, 1422, 1323, 1292, 1253, 1 8 5
740 735 680 cm‘ 1H NMR (500 MHZ DMSO0-dy): 7. 61 (2H, rH) 7.69 (1H, d ]7 0 AI'H) 7 75 (lH t
J 7.5, ArH), 7.80 (1H, t, J 7.0, ArH), 8.04 (1H, d, ./ 7.0, AIH), 8.10 (1H, d, J 6.0, ArH), 8.27 (1H, d, J 6.0,
ArH), 13.39 (1H, br, s, OH) ppm. MS (m/z, %): 283 (M’, 13.4), 266 (16.5), 238 (58.0), 211 (18.1), 149
(78.2), 135 (100). Anal. C;sHsNO;S. Caled: C, 63.59; H, 3.20; N, 4.94. Found: C, 63.40; H, 3.28; N, 4.82.
isoquinoline-6,11-dione 6a. Bright yellow needles from petroieum
J-ethyl acetate, m p. 138-140°C. IR: 3080, 3060, 2998, 2960, 1718, 1708, 1680, 1600,
1482, 1398, 1288, 1244, 1041, 912, 748 cm™. 'H NMR (500 MHz): 3.35 (3H, s, CHi), 7.08-7.18 (3H, m,
ArH), 7.78 (1H, t, J 7.5, AIH) 786(1H t,.J 7.5, ArH), SOO(IH d J715, AIH) 807(1H d, J75 ArH)
8.27 (1H, d, J 7.5, ArH) ppm. MS (/z, %): 281 (M 43.8), 266 (16.6), 250 (32.1), 222 (19.7), 196 (7.0), 132
(35.5), 104 (100). Anal. C;H{;NO,. Caled:C, 68.32; H, 3.94; N, 4.98. Found: C, 68.19; H, 4.15; N, 5.19.

(£)-2,5a-Dimethoxybenzoxazolo|3,2-blisoquinoline-6,11-dione 6b. Golden needles from petroleum ether
(b.p. 60-90 °C)-ethyl acetate, m.p. 148-150 C 1R: 3050, 3025, 2920,
1290, 1241, 1020, 912, 858, 800, 760, 7 3 m’ !
6584(7HmAr)ppm (
(9.1), 132 (16.0), 104 (100). Anal.

N, 4.66.

815, 1715, 1678, 1590, 1486, 1389,
32 (3H, s, CHa), 3.80 ("" s, CHy),
0( 0), 252 (13.0), 226 (4.4), 179

4.50. Found: C, 65.28; H, 4.35;

(+)-5a-Methoxy-2-methylbenzoxazolo[3,2-bjisequinoline-6,11-dione 6c. Bright yellow needles from
petroleum ether (b.p. 60-90 °C)-ethyl acetate, m.p. 151-153 °C. IR: 3050, 3000 2950, 2910, 2890, 1712,
1680, 1595, 1489, 1470, 1385, 1286, 1241, 1035, 995, 910, 813, 717, 701 cm”. 'H NMR (60 MHz): 2.37

(3H, s, CHs), 3.30 (3H, s, OCH;), 6.8-8.3 (/u m, ArH) ppm. MS (m/z, %): 2y3 (M, 29.9), 280 (12.5), 264

(27.8), 236 (20.7), 210 (6.5), 163 (13.4), 132 (15.7), 104 (100). Anal. C,7HzNO,. Caled: C, 69.15; H, 4.44;
N, 4.74. Found: C, 69.02; H, 4.43; N, 4.88.

LT DU Ny, VS VA, R,

(+)-2-Chloro-5a-methoxybenzoxazolo|3,2-blisoquinoline-6,11-dione 6d. Pale yellow needles from
petroleum ether (b.p. 60-90 °C)-ethyl acetate, m.p. 184-185 °C. IR: 3100, 3050, 2945, 2900, 2830, 1720,
1684, 1593, 1470, 1382, 1288, 1231, 1040, 995, 915, 825, 698 cm™. 'H NMR (60 MHz): 3.36 (3H, s, CHs),
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7.0-8.4 (7H, m, ArH) ppm. MS (m/z, %): 317 (M+2, 5.5), 315 (M", 16.2), 300 (5.6), 284 (9.9), 256 (2.4), 200
(12.9), 132 (28.5), 104 (100). Anal. C;cH,,CINO,. Caled: C, 60.87; H, 3.19; N, 4.44. Found: C, 60.84; H,
3.33; N, 4.61.

(A 8a_Mothavvhenranthiazalal? Y_hlicaaninnlina_f 11_diana AFf CGaldan neadlac ffAam natrnlanimm athae
) VARTIVAVRMIVAY UVELULIIIGLVIV | iR/ [ASUY UIKIVIILILT VL ATUIVHL UL, JUIUL HICVUIT) 11V pouulTulil CUuicl
(b.p. 60-90 °C)-ethyl acetate, m.p. 111-113 °C. IR; 3080, 3000, 2975, 2930, 2835, 1721, 1675, 1595, 1464,
1355, 1292, 1042, 935, 754, 712 em. 'H NMR (60 MHz): 3.27 (3H, s, CH), 7.1-8.6 (8H, m, ArH) ppm. MS
(m/z, %): 207 (M, 14.2), 266 (100), 238 (29.6), 200 (15.7), 163 (23 8), 104 (68.8). Anal. C1H,;NOsS. Calcd:

C, 64.63:H,3.73: N, 471 Found: C, 64.41: H, 3.70: N, 4.87.

6-Hydroxy-Z-methoxy-
(from ethyl acetate). IR: 31
ks

11H-benzoxazolo[3,2-b]isoquinolin-11-one 14 Yellow prisms, mp. 175-177 °C
150, 2980, 2810, 1690, 1630, 1608, 1575, 1480, 1178, 995, 760, 682 cm™. ‘H

T M ¢ CHY A758 (TH o ArHY A R7.402 (2
L4 (501, 5, X3y, V.70 (L1, 5, adriy, O.6/-0.74 (I, 1l

824 (1H, d, J 7.5, ArH) ppm. MS (m/z, %) 281 (!
1

800 MHE> DAMSO A1)

\JU\I AVAL AL, ULVJ.;JU-MOJ

ArH), 8.19 (1H, d, J 8.0, Arf

1),
(32.6), 141 (11.7), 105 (42.8),
67.96; H, 4.08; N, 5.11.

04 (30.4). Anal. C,6H11NO4 Calch 68. 33 H, 3.94,

2-(2-Benzimidazolyl)carbonylbenzoic acid 25a. Colorless needles from petroleum ether (b.p. 60-90 °C)-

ethyl acetate-acetonitrile, m.p. 276-278 °C (decomp. at 200 °C to form 26). IR: 3360, 3300, 3040, 2850, 2720,

2600, 2420, 1689, 1669, 1595, 1442, 1315, 1294, 1271, 1233, 920, 748 cm™. 'H NMR (500 MHz, DMSO-
1

AN TG {TH o ALITY 7172Q (11T tH). 7.59-7.78 (5H. m. ArED). 799 (1H 7785 ACLTY 12 17 /1LY Lo o
dsy. 7.26 (14, s, ArH), 7.38 (1H, s, ArH), 7.59-7.78 (5H, m, ArH), 799 (1H, d, J 7.5, ArH), 13.17 (1H, br, s,
OH), 1352 (1H s, NH) pom. MS (m/z, %) 266 (M 02) 248 (100 220 (22. 7. Anal C.:H.:N.Q. Calcd:-C
OR), 1202 (18, 5, NH) ppm. Mo (IW/Z, 7o) 200 (M W), 4as (100)) 220 {22, 7). Anal UjsiijpiNzUs. Lalcg:()

3 {
y A
67.67; H, 3.79; N, 10.52_Found: C 67.67, H 3. 83 N, 10.56.

2-[2-(1-Methylbenzimidazolyl)|carbonylbenzoic acid 25b. Colorless needles, m.p. 195-196 °C (decomp.)
(from MeOH). IR: 3080, 2980, 2880, 2765, 2600, 2460, 1679, 1595, 1468, 1320, 1279, 1260, 1235, 952, 803,
741, 702 cm™. '"H NMR (500 MHz, DMSO-d;): 4.17 (3H, s, CHs), 7.30 (1H, t, J 7.5, ArH), 7.44 (1H, t,J 7.5,

ArH), 7.64-7.79 (5H, m, ArH), 7.96 (1H, d, J 7.5, ArH), 13.24 (1H, br, s, OH) ppm. MS (m/z, %): 280 (M",
22.7), 265 (60.4), 253 (32.5), 243 (100), 218 (51.5), 143 (71.9), 109 (62.4). Anal. C¢H;2N2O,. Caled: C,

6856 H 431: N. 999 Found: f‘ 68 33 H 4A1 N 1002,

VO I, Xk, FIL, 1N, S 70, VO.JJ, Lk,

2-[2-(1-Acetylbenzimidazolyl)]carbonylbenzoic acid 25¢. Colorless needles from petroleum ether (b.p.
60-90 °C)-acetone, m.p. 276-278 °C (decomp. at 200 °C to form 26). IR: 3095, 2950, 2885, 2740, 2650,
1795, 1440, 1270, 1202, 1095, 979, 760 cm™. '"H NMR (500 MHz): 2.16 (3H, s, CHs), 7.30-7.31 (2H, t,
ArH), 7.82-7.85 (3H, m, ArH), 7.79 (lH t, J 7.5, ArH), 7.89 (1H, d, J 7.5, ArH), 8.29 (1H, d, .J 7.5, ArH)
ppm. FAB-MS (m/z %): 309 (M+1, , 249 (3 7), 217 (31.6), 215 (14.4), 109 (33.1), 91 (100). Anal.

. r

LAY, TT D 0O, L3y, 1Y A

C7H 2N, 04, Caled: C, 66.23; H, 3 92; ‘\1', ound: C, 66.19; H, 4.11; N, 9.14.

2-[2-(1-(2-Hydroxyethy )benzimidazely!)} yellow gummy solid. IR:
3390, 3050, 2950, 2600, 1670, 1598, 1480, 38, 1080, 949, 748 cm™. 'H NMR (60 MHz,
DMSO-ds): 4.0-4.8 (4H, m, CHQCH;_), 7.0-8.0 (8H m ArH) ppm. FAB-MS (m/z, %) 311 (M+1, 24.3), 293
(50.9), 249 (37.2), 91 (100). Anal. C,;H;sN;04. Caled: C, 65.80; H, 4 55; N, 9.03. Found: C, 65.93; H, 4.54;
N, 9.01.

Benzimidazo{1,2-bjisoquinoline-6,11-dione 26. Yellow plates, m.p. 277-278 °C (from THF) (lit. 267-269
o, IR: 3080, 3050, 3000, 1710, 1680, 1600, 1583, 1516, 1340, 1239, 1159, 1070, 759, 732 cm™. 'H NMR
(60 MHz, DMSQ-dy): 7.40-8.40 (8H, m, " ArH) ppm. MS (m/z, %) 248 (M", 100), 220 (21.4), 204 (6.4), 192
(7.8), 164 (3.5), 104 (14.1). Anal. (3,5}131\12(.)2= Caled: C, 72.58; H, 3.25; N, 1 28. Found: C, 72.58; H, 3,29;

N, 11.30.
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(3)-5a-Methoxy-5-methylbenzimidazo[1,2-blisoquinoline-6,11-dione  31. Colorless prisms from

petroieum ether (b.p. 60-90 OC)-ethyi acetate, m.p. 110-112 °C. IR: 3080, 2950, 1709, 1670, 1598, 1482,
1460, 1284, 1230, 956, 752 cm™. "H NMR (500 MHz): 3.57 (3H, s, CH;), 4.26 (3H, s, CHs), 7.30 (1H, t, J

715 Arm ’741(11-! dd, I7< Szn Aru\ TS50(IH d J&8O Ar \7An1u+ J75 A 76511 4 J
i., £3AAf \i8k, U, v O, r\u 1), 1.V LLE, L, W 0, SLLY), T.VV LTI, U, J
7.5, ArH) 769(1H d, J75 ArH\ 779(1H d,JsO ArH), 8.00 (1H, d, J 8.0, ArH) ppm. MS (m/z, %): 294

M 4.8), 263 (5 2), 235 (100), 163 (15.8). Anal. C;7HJ2N;O;. Caled:C, 69.38; H, 4.79; N, 9.52. Found C,
69.12; H, 4.76; N, 9.58.

Oxazolo[3, 2-f]benzimidazo|[1,2- b]lsoqumolme-lo,l% -dione 32. Colorless needles from petroleum ether
(b.p. 60-90 °C)-ethyl acetate, mp 205-206 °C. IR: 3080, 3040, 2981, 2902, 1765, 1705, 1468, 1445, 1282,

1241, 1105, 1023, 900, 880, 763, 752 e 'H NMR (500 MHz)' 4.43-4 46 (1H, m, 1/2CHy), 4.50-4.55 (2H,
m, 2x1/2CHy), 4.82-4.88 (1H, m, 1/2CH,), 7.34 (1H, t, J 7.5, ArH), 7.40 (1H, d, J 7.5, ArH), 7.43 (14, d, J

7‘3 ArH‘r 7.49 (H—I d /80 ArH\ 7.68-7.76 (3H m, A;“) 3,00(11—1’(\1 J 715, ArI—T\ ppm. MS (m/7 %) 292

O, 30.7)._ 248 (11.6), 220 (100). Anal. CsHNOs. Caled: C, 69.86. H, 4 4.14; N, 9 58. Found: C, 6987, H,

4.15; N, 9.66.

Crystal Structure of 5c¢

CisHiiNO,, M = 281.26. Orthorhombic, space group Pbca with a = 12.7397(3), b = 8.6141(2), ¢ =
25.4693(7) A, =B =y =90° V' =2795.03(12) A’ z=8, Dc = 1.337 g cm™. Absorption coefficient 0.097
mm’', F(000) = 1168. A transparent block shaped crystal of 0.52x0.22x0.12 mm was used. Data were
collected on a Siemen’s CCD diffractometer equipped with graphite-monochromated Mo Ka. radiation in the
range of © 2.96-27.50°. The structure was solved by direct method (SHELXTL) and refined on F by full-
matrix least-squares method. A total of 3197 independent reflections [R (int) = 0.0870] were used in the
refinement which converged with R = 0.0668 and wR = 0.1055.
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