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Introduction

Recently, synthesis of 3,4-disubstituted pyrrolidin-2-one

derivatives has been investigated extensively1,2 in connec-

tion with the design of conformationally restricted analogs

of bioactive amino acids2 and with the usefulness as inter-

mediates in the synthesis of bioactive nonproteinogenic

amino acids.2f Especially, the synthesis of 3-hydroxypyrro-

lidin-2-one derivatives received much attention,1h,1i,3,4a-c

which involved the trials of oxidation of chiral pyrrolidin-2-

one3 or synthesis from the Baylis-Hillman adduct of α-keto

esters.4a-c A new tryptamine-related alkaloid, chimonamidine

(1, Figure 1), was isolated from the seeds of Chimonanthus

praecox Link and the absolute stereochemistry was elucidat-

ed by spectroscopic analysis and biomimetic total synthesis

from tryptamine.3 The structure of donaxaridine (2), an

alkaloid isolated from Arundo donax, was initially suggested

to be the one in the parenthesis.5b-d However, it has been

modified recently to have the same backbone with that of

chimonamidine.5a Inoue and Hirama have used 3-aryl-3-

hydroxypyrrolidin-2-one derivative 3 in their synthesis of

potent proteasome inhibitors TMC-95A (Figure 1).5e

Results and Discussion

In these contexts of the importance of 3,4-disubstituted 3-

hydroxypyrrolidin-2-ones,1-5 especially the compounds hav-

ing 2-aminophenyl group at the 3-position,3,5 we started to

develop an efficient synthetic method for these valuable

compounds. At the early stage of this study, we examined

the synthetic strategy shown in Scheme 1. Baylis-Hillman

reaction of acrylonitrile and methyl phenylglyoxylate

afforded the corresponding Baylis-Hillman adduct 4 as

reported.4a,4e,4f The reaction of benzylamine and 4 gave the

desired 3-hydroxy-4-cyanopyrolidin-2-one derivative 5 in

86% yield as a diastereomeric mixture via the successive

Michael addition and intramolecular condensation reaction.4

As the groups of Amri and Orena have examined such

synthetic strategy in detail,2,4 we estimated the method

would be the best choice for the synthesis of 3-hydroxy-

pyrrolidin-2-ones. However, we needed phenylglyoxylate

derivative having an amino group at the ortho-position in

order reach the basic skeleton of chimonamidine or donaxari-

dine (Figure 1). However, we could not find any reasonable

method either for the synthesis of 2-aminophenylglyoxylate

Figure 1

Scheme 1
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derivatives or for the introduction of amino group (or its

protected form) at the ortho-position of the aryl group of 5.

Thus, we thought another synthetic route for the prepar-

ation of ortho-aminoaryl-substituted pyrrolidinone derivatives,

which have similar backbone with those of the natural

products, chimonamidine and donaxaridine. With the experi-

ences on the chemical transformations of the Baylis-Hillman

adducts,6,7 we envisioned that we could prepare the interest-

ing 3,4-disubstituted 3-aryl-3-hydroxypyrolidin-2-one deriva-

tives as in Scheme 2. If we used the Baylis-Hillman adducts

of isatin,7 we could synthesize our desired compound easily

via the Michael addition, condensation, and the following

ring-opening sequences. 

The synthesis of the Baylis-Hillman adducts of isatin 6a-f

has been already published by us and other group indepen-

dently (Scheme 3).7 With the Baylis-Hillman adduct 6a in

our hand, we examined the reaction of 6a and benzyl-

amine.2,8 As expected, the reaction of benzylamine and 6a in

MeOH at room temperature gave a diastereomeric mixture

of 7a-syn and 7a-anti in 57 and 31% yield, respectively

(Scheme 3 and entry 1 in Table 1).9 Similarly, we could

obtain 7b and 7c and the results are summarized in Table 1.

In all cases, the syn isomers were obtained as the major

products. The stereochemistry of 7b-syn was confirmed by

NOE experiments as shown in Figure 2.

However, the situation was different for the Baylis-

Hillman adducts derived from methyl acrylate (Scheme 3

and Table 2). Indeed, when the Baylis-Hillman adduct 6d

was used as the starting material, low yield (2%) of the

expected 3-hydroxypyrrolidin-2-one derivative 8a-syn was

obtained together with tricyclic 2-benzyl-9b-hydroxy-

3,3a,5,9b-tetrahydro-2H-pyrrolo[3,4-c]quinolone-1,4-dione

9a (67%) as a major product (entry 1 in Table 2).9 The

compound 9a was formed in a one-pot reaction via the

sequential Michael addition of benzylamine to the Baylis-

Hillman adduct 6d, intramolecular cyclization and conco-

mitant ring opening of lactam of isatin moiety,5b-d and even-

tual formation of new lactam ring (Scheme 3). Similarly, we

obtained 9b from the reaction of 6d and p-methoxybenzyl-

amine and 9c from 6e and benzylamine. The stereochemi-

stry of compounds 9 was confirmed by NOE experiments

with 9c, as an example (Figure 2). But, the situation was

different for 6f, which afforded a diastereomeric mixture of

8d. However, the relative syn/anti ratio was inverted with

respect to 6a-c. In this case we could not find the formation

of the corresponding tricyclic compound 9d. The cyclization

was difficult for 8d between the ester and –NHBn moiety.

The whole results are summarized in Table 2.

For the next trial, we examined the synthesis of 2,3-

dihydropyrrolo[3,4-c]quinoline skeleton from 7-9 by treat-

ment with p-TsOH in benzene.10 As shown in entry 1 (Table

3), 2,3-dihydropyrrolo[3,4-c]quinoline derivative 10a was

obtained in 88% yield by dehydration of 9b. The compound

10a was obtained directly from 8b-syn under the same

conditions, although the yields were moderate (entry 2). In

this case, unusual tricyclic compound 11a was obtained

together with 10a via the mechanism as proposed in Scheme

4.11 As shown, 10a might be formed by the successive

cyclization and dehydration (pathway-a) from 8b-syn. When

the reaction occurred along the pathway-b, tricyclic

compound 11a could be generated. From the reaction of 7a-

syn or 7a-anti we obtained 10b in moderate yields (entries 3

and 4) together with recovered starting materials. But, the

Scheme 2

Table 1. The reaction of Baylis-Hillman adducts of acrylonitrile
and benzylaminea

Entry Substrate Time (h)  Product (%)

aConditions: BnNH2 (1.2 equiv), MeOH, rt.
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reaction of 8d-anti under the same reaction conditions

showed no reaction. 

In summary, we disclosed the synthesis of 3-ary-3-hy-

droxypyrrolidin-2-ones and tricyclic 2-benzyl-9b-hydroxy-

3,3a,5,9b-tetrahydro-2H-pyrrolo[3,4-c]quinoline-1,4-diones

starting from the Baylis-Hillman adducts of isatin derivatives.

The biological activities of synthesized compounds will be

evaluated in their present form and as their hydrolyzed form.

Experimental Section

General procedure. 1H NMR (300 MHz) and 13C NMR

(75 MHz) spectra were recorded in CDCl3 or in CDCl3 +

DMSO-d6. The signal positions are reported in ppm relative

to TMS (δ scale) used as an internal standard. IR spectra are

reported in cm−1. Mass spectra were obtained from the

Korea Basic Science Institute (Gwangju branch). Melting

points are uncorrected. The elemental analyses were carried

out at Korea Research Institute of Chemical Technology,

Taejon, Korea. All reagents were purchased from commer-

cial sources and used without further treatment. The separa-

tions were carried out by flash column chromatography over

silica gel (230-400 mesh ASTM). Organic extracts were

dried over anhydrous MgSO4 and the solvents were evapo-

rated on a rotary evaporator under water aspirator pressure.

Synthesis of Baylis-Hillman adduct 4 and 3-hydroxy-

Scheme 3

Figure 2

Table 2. The reaction of Baylis-Hillman adducts of methyl acrylate
and benzylaminea

Entry Substrate Time (h) Product (%)

aConditions: BnNH2 (1.2 equiv), MeOH, rt. b4-Methoxybenzylamine
was used instead of benzylamine (PMB is 4-methoxybenzyl).
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pyrrolidin-2-one 5. The Baylis-Hillman adduct 4 was

synthesized according to the reported method.4 The reaction

of 4 and benzylamine in MeOH at room temperature gave 5

in 86% yield as a diastereomeric mixture after column

chromatographic purification process. The analytical samples

of each isomer were obtained by flash column chromato-

graphy (hexanes/EA, 3 : 2), but we did not determine the

stereochemistry. 

Compound 4: 65% yield; white solid, mp 78-80 °C; IR

(KBr) 3521, 2233, 1739 cm−1; 1H NMR (CDCl3, 300 MHz)

δ 3.95 (s, 3H), 4.13 (s, 1H), 6.15 (s, 1H), 6.20 (s, 1H), 7.37-

7.44 (m, 3H), 7.48-7.53 (m, 2H).

Major isomer of compound 5: IR (film) 3417, 2252,

1689, 1647 cm−1; 1H NMR (CDCl3 + three drops of DMSO-

d6, 300 MHz) δ 3.31 (t, J = 7.5 Hz, 1H), 3.48 (dd, J = 9.6 and

7.5 Hz, 1H), 3.66 (dd, J = 9.6 and 7.5 Hz, 1H), 4.56 (d, J =

14.7 Hz, 1H), 4.65 (d, J = 14.7 Hz, 1H), 6.58 (s, 1H), 7.29-

7.43 (m, 8H), 7.49-7.52 (m, 2H); 13C NMR (CDCl3 + three

drops of DMSO-d6, 75 MHz), δ 39.09, 45.44, 46.79, 77.81,

115.98, 125.65, 127.80 (2C), 128.27, 128.34, 128.70,

134.83, 139.37, 171.66; ESIMS m/z 293 (M++H). Anal.

Calcd for C18H16N2O2: C, 73.95; H, 5.52; N, 9.58. Found: C,

73.87; H, 5.61; N, 9.54.

Minor isomer of compound 5: IR (film) 3420, 2249,

1705, 1026 cm−1; 1H NMR (CDCl3 + three drops of DMSO-

d6, 300 MHz) δ 3.32 (t, J = 7.5 Hz, 1H), 3.55-3.67 (m, 2H),

4.61 (d, J = 14.7 Hz, 1H), 4.67 (d, J = 14.7 Hz, 1H), 6.24 (br

s, 1H), 7.32-7.45 (m, 10H); 13C NMR (CDCl3 + three drops

of DMSO-d6, 75 MHz) δ 38.51, 44.83, 46.97, 79.51, 116.51,

125.60, 128.05, 128,16, 128.30, 128.68, 128.80, 134.66,

137.58, 172.34.

Synthesis of the Baylis-Hillman adducts of isatin. The

Baylis-Hillman adducts of isatins 6a-f were synthesized

according to the previous method7 and the spectroscopic

data of 6b, 6c, and 6e are as follows. The other compounds

6a, 6d and 6f were already known.7a

Compound 6b: 56%; white solid, mp 175-177 °C (dec.);

IR (KBr) 3398, 2233, 1743 cm−1; 1H NMR (CDCl3 + three

drops of DMSO-d6, 300 MHz) δ 6.18 (s, 1H), 6.39 (s, 1H),

6.81 (br s, 1H), 6.88 (d, J = 8.4 Hz, 1H), 7.24 (d, J = 8.4 Hz,

1H), 7.29 (s, 1H), 10.23 (br s, 1H); 13C NMR (CDCl3 + three

drops of DMSO-d6, 75 MHz) δ 76.27, 111.53, 115.58,

122.65, 124.69, 127.45, 129.95, 130.14, 131.23, 140.15,

175.24.

Compound 6c: 47%; white solid, mp 143-145 °C; IR

(KBr) 2229, 1720, 1527, 1342 cm−1; 1H NMR (CDCl3 +

three drops of DMSO-d6, 300 MHz) δ 6.26 (s, 1H), 6.49 (s,

1H), 7.05 (d, J = 8.7 Hz, 1H), 7.10 (s, 1H), 8.21 (s, 1H), 8.24

(d, J = 8.7 Hz, 1H), 10.92 (br s, 1H); 13C NMR (CDCl3 +

three drops of DMSO-d6, 75 MHz) δ 75.96, 110.36, 115.38,

120.53, 122.05, 126.98, 129.47, 131.88, 143.03, 147.96,

175.63.

Compound 6e: 81%; yellow solid, mp 202-204 °C (dec.);

IR (KBr) 3259, 1721, 1701 cm−1; 1H NMR (CDCl3 + three

drops of DMSO-d6, 300 MHz) δ 3.62 (s, 3H), 6.15 (br s,

1H), 6.58 (s, 1H), 6.61 (s, 1H), 6.84 (d, J = 8.1 Hz, 1H), 7.06

(d, J = 2.1 Hz, 1H), 7.18 (dd, J = 8.1 and 2.1 Hz, 1H), 9.87

(br s, 1H); 13C NMR (CDCl3 + three drops of DMSO-d6, 75

Table 3. Synthesis of 2,3-dihydropyrrolo[3,4]c]quinoline derivatives

Entry Substrate Time (h) Product (%)

Scheme 4
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MHz) δ 51.34, 75.48, 110.78, 123.66, 126.39, 127.69,

128.88, 132.63, 138.58, 141.11, 164.49, 177.36.

Synthesis of 3-aryl-3-hydroxypyrrolidin-2-one deriva-

tives 7a-c. Typical experimental procedure for the reaction

of 6a and benzylamine: A mixture of 6a (200 mg, 1.0 mmol)

and benzylamine (129 mg, 1.2 mmol) in MeOH (4 mL) was

stirred at room temperature for 20 h. After removal of

solvent and column chromatographic purification process

(hexanes/EA, 3 : 2) we obtained 7a-syn (175 mg, 57%) and

7a-anti (96 mg, 31%).9 Other compounds were synthesized

similarly and the spectroscopic data of 7b and 7c are as

follows.

Compound 7b-syn: 49%; yellow solid, mp 166-168 °C;

IR (KBr) 3433, 3344, 3255, 2249, 1693, 1612 cm−1; 1H

NMR (CDCl3 + three drops of DMSO-d6, 300 MHz) δ 3.26

(dd, J = 10.5 and 6.6 Hz, 1H), 3.48 (dd, J = 10.5 and 2.7 Hz,

1H), 3.84 (dd, J = 6.6 and 2.7 Hz, 1H), 4.59 (d, J = 14.4 Hz,

1H), 4.62 (br s, 2H), 4.69 (d, J = 14.4 Hz, 1H), 6.67 (d, J =

8.7 Hz, 1H), 6.76 (br s, 1H), 6.88 (d, J = 2.4 Hz, 1H), 7.06

(dd, J = 8.7 and 2.4 Hz, 1H), 7.28-7.42 (m, 5H); 13C NMR

(CDCl3 + three drops of DMSO-d6, 75 MHz) δ 35.24, 45.64,

46.94, 78.52, 117.23, 118.81, 122.19, 123.49, 126.12,

127.93 (2C), 128.78, 129.30, 134.38, 144.33, 171.15;

ESIMS m/z 342 (M++H). Anal. Calcd for C18H16ClN3O2: C,

63.25; H, 4.72; N, 12.29. Found: C, 63.19; H, 4.87; N, 12.21.

Compound 7b-anti: 18%; yellow solid, mp 167-168 °C;

IR (KBr) 3494, 3383, 3248, 2252, 1689, 1620 cm−1; 1H

NMR (CDCl3, three drops of DMSO-d6, 300 MHz) δ 3.31

(dd, J = 9.9 and 6.0 Hz, 1H), 3.66 (dd, J = 9.9 and 7.8 Hz,

1H), 3.76 (dd, J = 7.8 and 6.0 Hz, 1H), 4.55 (d, J = 14.7 Hz,

1H), 4.70 (d, J = 14.7 Hz, 1H), 4.91 (br s, 2H), 6.66 (d, J =

8.4 Hz, 1H), 6.94 (d, J = 2.7 Hz, 1H), 7.06 (dd, J = 8.4 and

2.7 Hz, 1H), 7.13 (br s, 1H), 7.32-7.42 (m, 5H); 13C NMR

(CDCl3, 75 MHz) δ 36.25, 45.35, 46.71, 80.34, 116.84,

118.32, 121.01, 122.17, 126.61, 127.79 (2C), 128.67,

129.15, 134.37, 145.76, 171.03; ESIMS m/z 342 (M++H).

Anal. Calcd for C18H16ClN3O2: C, 63.25; H, 4.72; N, 12.29.

Found: C, 63.11; H, 4.92; N, 12.25.

Compound 7c-syn: 57%; yellow solid, mp 204-205 °C

(dec.); IR (KBr) 3460, 3371, 3344, 2249, 1678, 1624, 1577,

1489 cm−1; 1H NMR (CDCl3 + three drops of DMSO-d6,

300 MHz) δ 3.26 (dd, J = 10.5 and 6.6 Hz, 1H), 3.51 (dd, J =

10.5 and 3.0 Hz, 1H), 3.65 (dd, J = 6.6 and 3.0 Hz, 1H), 4.57

(d, J = 14.7 Hz, 1H), 4.82 (d, J = 14.7 Hz, 1H), 5.82 (br s,

2H), 6.72 (d, J = 9.0 Hz, 1H), 7.25 (br s, 1H), 7.29-7.43 (m,

5H), 7.80 (d, J = 2.7 Hz, 1H), 7.98 (dd, J = 9.0 and 2.7 Hz,

1H); 13C NMR (CDCl3 + three drops of DMSO-d6, 75 MHz)

δ 35.87, 45.72, 47.23, 78.85, 116.08, 117.02, 120.23, 123.25,

125.96, 128.10, 128.13, 128.97, 134.22, 137.46, 152.74,

170.57; ESIMS m/z 353 (M++H). Anal. Calcd for C18H16N4O4:

C, 61.36; H, 4.58; N, 15.90. Found: C, 61.33; H, 4.67; N,

15.76.

Compound 7c-anti: 19%; yellow solid, mp 188-190 °C

(dec); IR (KBr) 3629, 3487, 3359, 2252, 1678, 1620, 1581,

1493 cm−1; 1H NMR (CDCl3, three drops of DMSO-d6, 300

MHz) δ 3.29 (dd, J = 9.6 and 6.3 Hz, 1H), 3.66 (dd, J = 9.6

and 8.1 Hz, 1H), 3.74 (dd, J = 8.1 and 6.3 Hz, 1H), 4.55 (d, J

= 14.7 Hz, 1H), 4.82 (d, J = 14.7 Hz, 1H), 6.16 (br s, 2H),

6.73 (d, J = 9.3 Hz, 1H), 7.32-7.45 (m, 6H), 7.87 (d, J = 2.7

Hz, 1H), 8.00 (dd, J = 9.3 and 2.7 Hz, 1H); 13C NMR

(CDCl3, 75 MHz) δ 36.58, 45.12, 46.94, 80.78, 115.68,

116.49, 117.68, 123.87, 125.84, 127.89, 127.92, 128.80,

134.11, 136.63, 153.78, 170.58; ESIMS m/z 353 (M++H).

Anal. Calcd for C18H16N4O4: C, 61.36; H, 4.58; N, 15.90.

Found: C, 61.27; H, 4.54; N, 15.72.

Synthesis of tetrahydro-2H-pyrrolo[3,4-c]quinoline

derivatives. Typical experimental procedure for the reaction

of 6d and benzylamine: A mixture of 6d (233 mg, 1.0 mmol)

and benzylamine (129 mg, 1.2 mmol) in MeOH (4 mL) was

stirred at room temperature for 4 h. After removal of solvent

and column chromatographic purification process (hexanes/

EA, 3 : 2) we obtained 8a-syn (7 mg, 2%) and 9a (207 mg,

67%).9 Other compounds were synthesized similarly and the

spectroscopic data of 8b-d, 9b, and 9c are as follows.

Compound 8b-syn: 9%; IR (film) 3641, 3483, 3371,

3221, 2958, 1736, 1693, 1257 cm−1; 1H NMR (CDCl3, 300

MHz) δ 3.14 (dd, J = 10.5 and 6.3 Hz, 1H), 3.42 (d, J = 10.5

Hz, 1H), 3.71 (s, 3H), 3.71-3.83 (m, 1H), 3.80 (s, 3H), 4.12

(br s, 1H), 4.56 (br s, 2H), 4.59 (s, 2H), 6.63 (t, J = 7.5 Hz,

1H), 6.70 (d, J = 7.5 Hz, 1H), 6.83 (dd, J = 7.8 and 1.5 Hz,

1H), 6.89 (d, J = 8.7 Hz, 2H), 7.10 (t, J = 7.8 Hz, 1H), 7.27

(d, J = 8.7 Hz, 2H); 13C NMR (CDCl3, 75 MHz) δ 45.31,

46.81, 47.42, 52.14, 55.26, 80.44, 114.07, 117.66, 117.76,

123.51, 125.94, 127.06, 129.61, 129.89, 145.80, 159.32,

171.01, 172.56; ESIMS m/z 371 (M++H). Anal. Calcd for

C20H22N2O5: C, 64.85; H, 5.99; N, 7.56. Found: C, 64.91; H,

6.05; N, 7.48.

Compound 9b: 69%; white solid, mp 206-207 °C; IR

(KBr) 3394, 3205, 3070, 1697, 1666, 1242 cm−1; 1H NMR

(CDCl3 + three drops of DMSO-d6, 300 MHz) δ 3.10 (t, J =

8.7 Hz, 1H), 3.33 (t, J = 8.7 Hz, 1H), 3.57 (t, J = 8.7 Hz, 1H),

3.76 (s, 3H), 4.32 (d, J = 14.7 Hz, 1H), 4.49 (d, J = 14.7 Hz,

1H), 5.28 (br s, 1H), 6.77-6.92 (m, 3H), 7.04-7.11 (m, 3H),

7.24-7.33 (m, 1H), 7.87 (dd, J = 7.8 and 1.2 Hz, 1H), 9.78 (s,

1H); 13C NMR (CDCl3 + three drops of DMSO-d6, 75 MHz)

δ 44.83, 46.13, 47.16, 54.96, 74.57, 113.83, 115.60, 119.84,

123.27, 127.07, 127.84, 128.97, 129.76, 136.08, 158.87,

167.84, 172.44; ESIMS m/z 339 (M++H). Anal. Calcd for

C19H18N2O4: C, 67.44; H, 5.36; N, 8.28. Found: C, 67.25; H,

5.41; N, 8.19.

Compound 8c-syn: 7%; IR (film) 3371, 2958, 1736, 1689

cm−1; 1H NMR (CDCl3, 300 MHz) δ 3.09 (dd, J = 10.2 and

6.3 Hz, 1H), 3.38 (d, J = 10.2 Hz, 1H), 3.58 (d, J = 6.3 Hz,

1H), 3.64 (s, 3H), 4.47 (br s, 3H), 4.49 (d, J = 14.4 Hz, 1H),

4.67 (d, J = 14.4 Hz, 1H), 6.54 (d, J = 8.4 Hz, 1H), 6.72 (s,

1H), 6.96 (d, J = 8.4 Hz, 1H), 7.20-7.31 (m, 5H); 13C NMR

(CDCl3, 75 MHz) δ 45.46, 47.32, 47.58, 52.25, 80.00,

118.63, 122.40, 124.74, 125.91, 128.08, 128.58, 128.87,

129.38, 134.88, 144.38, 170.68, 172.14; ESIMS m/z 375

(M++H). Anal. Calcd for C19H19ClN2O4: C, 60.88; H, 5.11;

N, 7.47. Found: C, 60.80; H, 5.19; N, 7.41.

Compound 9c: 68%; white solid, mp 215-217 °C (dec.);

IR (KBr) 3402, 3190, 3066, 1693, 1662, 1489, 1408 cm−1;
1H NMR (CDCl3 + three drops of DMSO-d6, 300 MHz) δ
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3.15-3.29 (m, 2H), 3.60 (dd, J = 9.3 and 7.8 Hz, 1H), 4.37

(d, J = 15.0 Hz, 1H), 4.51 (d, J = 15.0 Hz, 1H), 6.57 (br s,

1H), 6.94 (d, J = 8.4 Hz, 1H), 7.14-7.16 (m, 2H), 7.20-7.32

(m, 4H), 7.77 (d, J = 2.1 Hz, 1H), 10.55 (s, 1H); 13C NMR

(CDCl3 + three drops of DMSO-d6, 75 MHz) δ 43.82, 44.98,

45.39, 72.84, 115.52, 120.99, 125.54, 126.03, 126.06,

126.52, 127.08, 127.88, 133.82, 134.12, 166.14, 170.47;

ESIMS m/z 343 (M++H). Anal. Calcd for C18H15ClN2O3: C,

63.07; H, 4.41; N, 8.17. Found: C, 63.14; H, 4.59; N, 8.05.

Compound 8d-syn: 8%; IR (film) 3390, 3298, 1743,

1689, 1454 cm−1; 1H NMR (CDCl3, 300 MHz) δ 3.25-3.44

(m, 3H), 3.37 (s, 3H), 3.79 (d, J = 12.9 Hz, 1H), 3.94 (d, J =

12.9 Hz, 1H), 4.77 (d, J = 15.9 Hz, 1H), 4.93 (d, J = 15.9 Hz,

1H), 6.70 (d, J = 7.8 Hz, 1H), 6.96 (t, J = 7.8 Hz, 1H), 7.14-

7.20 (m, 2H), 7.22-7.37 (m, 11H); 13C NMR (CDCl3, 75

MHz) δ 43.96, 46.42, 48.30, 51.79, 53.69, 77.27, 109.29,

122.77, 124.28, 127.47, 127.53, 127.61, 128.39, 128.62,

128.72, 129.24, 129.65, 135.66, 138.42, 142.81, 170.90,

176.90; ESIMS m/z 431 (M++H). Anal. Calcd for

C26H26N2O4: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.33; H,

6.19; N, 6.44.

Compound 8d-anti: 76%; white solid, mp 53-55 °C; IR

(film) 3545, 3429, 3305, 1724, 1616, 1362 cm−1; 1H NMR

(CDCl3, 300 MHz) δ 3.09 (dd, J = 12.6 and 4.5 Hz, 1H),

3.30 (s, 3H), 3.38 (dd, J = 11.4 and 4.5 Hz, 1H), 3.89-4.04

(m, 3H), 4.80 (d, J = 15.6 Hz, 1H), 4.97 (d, J = 15.6 Hz, 1H),

6.64 (d, J = 7.8 Hz, 1H), 7.00 (t, J = 7.5 Hz, 1H), 7.16 (t, J =

7.8 Hz, 1H), 7.21-7.39 (m, 11H); 13C NMR (CDCl3, 75

MHz) δ 43.83, 46.53, 50.72, 51.77, 53.54, 76.36, 109.14,

122.77, 123.95, 127.41, 127.47 (2C), 128.28, 128.62,

128.66, 129.19, 129.74, 135.79, 138.59, 142.93, 170.57,

176.98; ESIMS m/z 431 (M++H). Anal. Calcd for

C26H26N2O4: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.41; H,

6.11; N, 6.37.

Synthesis of dihydropyrrolo[3,4-c]quinoline derivatives.

Typical procedure for the synthesis of 10a: A mixture of 9b

(169 mg, 0.5 mmol) and p-toluenesulfonic acid mono-

hydrate (19 mg, 0.1 mmol) in benzene (5 mL) was heated to

reflux for 80 h. After usual aqueous work-up and column

chromatographic purification process (hexanes/EA, 3 : 2) we

obtained 10a as a white solid, 141 mg (88%). Other experi-

ments were carried out similarly and the spectroscopic data

of 10a, 10b, and 11a are as follows. 

Compound 10a: 88%; white solid, mp 231-233 °C; IR

(KBr) 1670, 1574, 1439 cm−1; 1H NMR (CDCl3, 300 MHz)

δ 3.80 (s, 3H), 4.29 (s, 2H), 4.77 (s, 2H), 6.88 (d, J = 8.4 Hz,

2H), 7.27 (d, J = 8.4 Hz, 2H), 7.32-7.41 (m, 2H), 7.56 (t, J =

7.8 Hz, 1H), 8.87 (d, J = 8.1 Hz, 1H), 11.51 (br s, 1H); 13C

NMR (CDCl3, 75 MHz) δ 46.03, 47.78, 55.31, 114.33,

115.83, 116.14, 123.59, 124.67, 128.54, 129.73, 130.97,

134.97, 139.02, 139.11, 159.38, 160.04, 167.42; ESIMS m/z

321 (M++H). Anal. Calcd for C19H16N2O3: C, 71.24; H, 5.03;

N, 8.74. Found: C, 71.32; H, 5.27; N, 8.59.

Compound 10b: 54% (from 7a-anti); white solid, mp 90-

92 °C; IR (KBr) 3429, 3332, 3136, 1724, 1689, 1662, 1254

cm−1; 1H NMR (CDCl3, 300 MHz) δ 4.15 (s, 2H), 4.83 (s,

2H), 4.93 (br s, 2H), 7.25-7.39 (m, 5H), 7.43 (t, J = 7.8 Hz,

1H), 7.63 (t, J = 7.8 Hz, 1H), 7.75 (d, J = 8.1 Hz, 1H), 8.92

(d, J = 8.1 Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ 46.42,

46.99, 119.82, 123.57, 124.18, 124.89, 125.89, 127.92,

128.15, 128.93, 130.10, 136.43, 136.59, 147.81, 151.69,

168.12; ESIMS m/z 290 (M++H). Anal. Calcd for

C18H15N3O: C, 74.72; H, 5.23; N, 14.52. Found: C, 74.69; H,

5.31; N, 14.45.

Compound 11a: 32%; white solid, mp 170-172 °C; IR

(film) 2962, 1682, 1512, 1257 cm−1; 1H NMR (CDCl3, 300

MHz) δ 3.79 (s, 3H), 4.11 (s, 3H), 4.27 (s, 2H), 4.79 (s, 2H),

6.87 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.53 (t, J =

7.8 Hz, 1H), 7.69 (t, J = 7.8 Hz, 1H), 7.93 (d, J = 8.1 Hz,

1H), 8.97 (d, J = 8.1 Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ
45.90, 47.04, 53.53, 55.30, 114.27, 121.09, 123.70, 125.30,

127.02, 127.20, 128.89, 129.64, 129.80, 137.85, 147.12,

157.32, 159.29, 167.84; ESIMS m/z 335 (M++H). Anal.

Calcd for C20H18N2O3: C, 71.84; H, 5.43; N, 8.38. Found: C,

71.67; H, 5.49; N, 8.31.
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