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Efficient Construction of Tri- and Tetracyclic Heterocycles
from Linear 1,6-Dienes by a Domino Reaction

Yimin Hu,*"! Fengfa Song,”! Fenghua Wu,""! Dong Cheng,"” and Shaowu Wang

Abstract: Tri- and tetracyclic heterocy-
cle systems were constructed by a pal-
ladium-catalyzed domino reaction of
linear 1,6-dienes that contain acryl
groups with aryl halides through C-C
coupling and aromatic C—H functional-
ization. Three different acrylamides
have been shown to be very active for

Introduction
Multistep sequential transformations—domino carbon-
carbon bond formation" or cascade reactions—are gaining
steadily increasing importance and are receiving much at-
tention as complex organic molecules can be obtained in a
single operation.”! The Heck coupling reaction is one of the
most effective methods for the construction of C—C bonds
and has been widely applied in the syntheses of materials,
pharmaceuticals, and natural products.*! Activation of
carbon-hydrogen (C—H) bonds in hydrocarbons may pro-
vide chemists with an environmentally friendly method to
construct C—C bonds and would aid the development of a
direct methodology for the functionalization of C—H bonds,
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the reaction. The substituents on the
aryl halides could be ethoxycarbonyl,
ketyl, chloro, sulfonyl, cyano, etc. Thus,
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the ready accessibility of the starting
materials, the wide range of compati-
bility of substrates including both
dienes and aryl halides, and the gener-
ality of this process make the reaction
highly valuable in view of the synthetic
and medicinal importance of these
kinds of heterocycles.

providing a great challenge to chemists.”® In recent years,
palladium-catalyzed activation of the aromatic C—H group
has received considerable attention due to its application in
the construction of a variety of condensed ring systems by
using a nonfunctionalized aryl group.” The domino
carbon—carbon bond formation through these processes is
particularly useful as complex organic molecules can be di-
rectly obtained in a single operation. J. C. Carretero and
Hiroaki Ohno and co-workers have reported a domino-cyc-
lization reaction of alkenes and allenenes, respectively, for
the synthesis of tri- and tetracyclic heterocycles."” More re-
cently, a methodology for the construction of condensed ar-
omatic rings by palladium(0)-catalyzed domino cyclization
of alkyne-substituted phenyl iodide with a terminal alkyne
was developed.'y] Therefore, they are efficient and elegant
methods for the syntheses of complex organic molecules in
both academic and industrial laboratories.">¥ To the best
of our knowledge, domino carbon—carbon bond formation
that includes the C—H activation of an aromatic ring for the
construction of multicyclic organic compounds by use of the
linear 1,6-dienes compounds has scarcely been investigat-
ed.

As a result of our interest in the development of palladi-
um-catalyzed processes and direct C—H functionalization,
we report herein the palladium-catalyzed reactions of N-
benzyl-N-cinnamylacrylamide (a), N-cinnamyl-N-phenyl-
acrylamide (b), and N-acryloyl-N-benzylcinnamamide (c)
with different aryl halides, which provide a direct, efficient,
and economic methodology for the construction of tri- and
tetracyclic compounds through both C—C bond formation
and the C—H bond activation.
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Results and Discussion

a b

A survey of the reaction conditions by using N-benzyl-N-
cinnamylacrylamide (a) and methyl 4-bromobenzoate as a
test experiment was performed (Scheme 1, Table 1). In a
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Scheme 1. Synthesis of substituted tricyclic heterocycles.

typical experiment, reaction of a and methyl 4-bromoben-
zoate in DMF in the presence of catalyst [Pd(OAc),] pro-
duced the pyrrolidin-2-one d in 53% yield after 28 h at
120°C. By controlling the experimental conditions we dis-
covered that 1) the efficiency of the domino reaction in pro-
ducing product aa can be greatly enhanced by raising the re-
action temperature to 155°C (Table 1, entry 6); 2) the base
additive plays an important role in the overall efficiency of
the reaction as we discovered by simply changing the base
from tributylamine to potassium carbonate (entries 6, 7),
with the unexpected isoindole aa produced in 83 and 16 %
yield when using tributylamine and potassium carbonate, re-
spectively, under other identical conditions; 3) among the
catalysts investigated (entries 10-12), the palladium(II) ace-

FULL PAPER

tate/(triphenylphosphine) catalytic system was the most ef-
fective one (entries 6, 10-12); 4) DMF was a better solvent
for this reaction than 1,4-dioxane (entries 6, 8-9). As shown
in Table 1, the tricyclic compound aa was only isolated in
yields of 29 and 22 %, respectively, when the 1,4-dioxane
was employed as a solvent, indicating temperature/solvent
effects on the outputs of the reactions and on the formation
of the final products. Thus, the following standard reaction
conditions were used for carrying out the following studies:
1,6-diene (1 equiv) was reacted with different aryl halides
(1.1 equiv) in the presence of palladium(II) -catalyst
(2mol %) and Ph;P (4 mol %) with (nBu);N (2 equiv) as an
additive in DMF at 155°C.

To probe the scope and limitations of this novel domino
reaction, a range of substituted
aryl halides and acrylamides
were examined (Table 2). It is
found that the outputs of the
domino reactions of N-benzyl-
N-cinnamylacrylamide (a) and
N-cinnamyl-N-phenylacrylamide
(b) with aryl halides were
strongly influenced by the elec-
tronic properties of the aryl hal-
ides. A variety of isoindoles
were readily isolated in good to
excellent yields (Table 2, entries 1-15) when the aryl halides
with electron-withdrawing groups were employed. The elec-
tron-withdrawing groups could be ethoxycarbonyl, ketyl,
chloro, sulfonyl, cyano, etc. However, the corresponding het-
erotricyclic compounds could not be isolated if the aryl hal-
ides had electron-donating substituents on the benzene ring,
and considerable amounts of unidentified products were ob-
tained when 4-bromotoluene, 2-bromotoluene, and 1-
bromo-4-methoxybenzene were used, indicating that the
aryl halides have an electronic effect on the reaction. It was
found that the reaction of N-acryloyl-N-benzylcinnamamide
(¢) with aryl halides is compatible with either electron-do-
nating or electron-withdrawing groups on the aryl halides,
and the outputs of the reactions were good (entries 16-22).

Table 1. Palladium-catalyzed one-pot reaction for construction of the tricyclic heterocycles.”!

Entry [Pd] (mol %) Base (equiv) Solvent t [h] T [°C]® Yield [% ]!
aa d
1 [Pd(OAc),]/PPh; (1:2) (nBu);N (2) DMF 18 110 - -
2 [Pd(OAc),]/PPh; (2:4) (nBu);N (2) DMF 28 120 8 53
3 [Pd(OAC),]/PPh; (2:4) (nBu);N (2) DMF 26 130 15 25
4 [Pd(OACc),]/PPh; (1:2) (nBu);N (2) DMF 26 140 20 23
5 [Pd(OAc),]/PPh; (2:4) (nBu);N (2) DMF 25 150 54 19
6 [Pd(OAc),]/PPh; (2:4) (nBu);N (2) DMF 24 155 83 14
7 [Pd(OAC),]/PPh; (2:4) K,CO; (2) DMF 24 155 16 11
8 [Pd(OAC),]/PPh; (2:4) (nBu);N (2) Dioxane 24 120 29 8
9 [Pd(OAC),]/PPh; (2:4) (nBu);N (2) Dioxane 24 110 22 6
10 [Pd(OAC),]/PPh; (2:4) (nBu);N (2) DMF 24 155 30 18
11 [Pd(dba),]""! (2) (nBu);N (2) DMF 24 155 20 7
12 [Pd(PPhs),] (2) (nBu);N (2) DMF 24 155 16 27

[a] All reactions were carried out under argon by using a (1.0 equiv), methyl 4-bromobenzoate (1.1 equiv), [Pd(OAc),] (2 mol %), PPh;, base, and solvent
(10 mL) at the indicated temperature. [b] Oil bath temperature. [c] Isolated yield. [d] dba: dibenzylidene acetone.
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Table 2. Palladium-catalyzed domino reaction for the formation of tricyclic heterocycles.

Entry S ArX Product Yield Entry S ArX Yield
[%]" [%]"
1 a 83 12 82
2 a 81 13 75
3 a 60 14 72
4 a 85 15 82
5 a 71 16 81
ae
6 a 52 17 84
7 a 80 18 65
8 a 62 19 86
9 a 63 20 67
3112 —— www.chemeurj.org © 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2008, 14,3110-3117
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Table 2. (Continued)

FULL PAPER

Entry S ArX Product Yield Entry S ArX Product Yield
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[a] General conditions: a, b, ¢ (1.0 equiv), ArX (X=Br; I) (1.1 equiv), [Pd(OAc),] (2 mol %), PPh; (4 mol %), (nBu);N (2 equiv), DMF 10 mL, 155°C (oil bath
temperature). [b] Isolated yield after flash column chromatography. [c] The substrates of the reactions.

In addition, the ortho-, meta-, and para-substituted aryl hal-
ides are suitable for the reactions (entries 16, 17, and 20).
Interestingly, it was found that the C—Br bond could be se-
lectively reacted with 1,6-dienes when both C—Br and C—Cl
bonds are on the benzene ring (entries 8, 18, 20). When 1-
bromonaphthalene was used in the reaction, a tetracyclic
compound (cg) was obtained in 79 % yield (entry 22).

All the resulting tri- and tetracyclic compounds were con-
firmed by one- ("H, “C), two-dimensional (COSY) NMR
spectral analyses, and elemental or HRMS analyses. The
representative compounds of ab, bd, and cg were additional-

Figure 1. Molecular structure of compound ab.

ly characterized by X-ray crystallographic analyses (the
structures of the compounds are shown in Figures1, 2,
and 3). Further details can be obtained in the Supporting In-
formation.!'®! Although racemic products were obtained in
all cases, it was strangely found that the 5,6-ring systems
were in a trans-orientation in the case of reactions of a and
b with aryl halides, and in the case of the reaction of ¢ with
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Figure 3. Molecular structure of compound cg.

aryl halides, cis-fused compounds were obtained; this is
probably due to steric effects.

The mechanism of this novel domino cyclization is pro-
posed as follows (Scheme 2): insertion of arylpalladium(II)
halide into an acrylamide moiety produced the intermediate
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Scheme 2. Proposed mechanism of the reaction.

1, which then reacted with the carbon—carbon double bond
through a carbopalladation reaction to afford 2. o-Bond
metathesis onto the aryl group in 2 via the intermediate 3,
followed by a proton abstraction process by the base afford-
ed the final products on the basis of the fact that the reac-
tion is facilitated by electron-withdrawing substituents on
the aromatic ring in the cases of acrylamides a and b being
used, which is inconsistent with an electronic aromatic-sub-
stitution mechanism, and a proton abstraction mechanism
for this kind of reaction has been proposed.'”’ However,
other plausible pathways can not be ruled out.

Conclusion

We have developed a novel domino reaction for the synthe-
sis of tri- and tetracyclic heterocycles through multistep C—
C bond formation and C—H activation of a benzene ring by
treatment of linear 1,6-dienes that contain acryl groups with
aryl halides catalyzed by a palladium catalyst. The ready ac-
cessibility of the starting materials, the wide range of com-
patibility of substrates, including both dienes and aryl hal-
ides, and the generality of this process make the reaction
highly valuable in view of the synthetic and medicinal im-
portance of these kinds of heterocycles. Further investiga-
tions to understand this catalytic transformation, to evaluate
the process with a broader scope of substrates, and to con-
struct more complex structures are in progress in our lab.

Experimental Section

General: All catalyzed reactions were performed under an argon atmos-
phere by using the oven-dried Schlenk flask. The chemicals were pur-
chased from Alfa Aesar and Acros Chemical. All solvents and materials
were pre-dried and redistilled or recrystallized before use. "H (300 MHz)
and "C NMR (75 MHz) spectra were recorded on Bruker Avance 300m
spectrometers with CDCl; as the solvent and TMS as the internal stan-
dard. Chemical shifts are reported in ppm by assigning the TMS reso-
nance in the '"H NMR spectrum as 6 =0.00 ppm and the CDCl, resonance
in the "*C spectrum as 0=77.0 ppm. All coupling constants (J values)
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were reported in Hertz (Hz). Column
chromatography was performed on
silica gel 200-300 mesh. Melting points
were determined by using a Gallen-
kamp melting point apparatus and are
uncorrected. FTIR spectra were re-
corded from KBr pellets in the 4000-
400 cm™ range on a Nicolet 5DX
spectrometer. Mass spectra were per-
formed on Micaomass GCT-MS.
2D NMR and HRMS were performed
at the State-Authorized Analytical
Center at the University of Science
and Technology of China. X-ray crys-
tallographic diffraction data of ab, bd,
and cg were collected at room temper-
ature with a Bruker SMART Apex
CCD diffractometer with Moy, radia-
tion (1=0.71073 A) and graphite mon-
ochromator by using the ¢ and w-scan
mode. Data reductions and absorption
corrections were performed with SAINT and SADABS software, respec-
tively. The structure was solved by direct methods and refined on F? by
full-matrix least-squares using SHELXTL.'®! All nonhydrogen atoms
were treated anisotropically. The positions of hydrogen atoms were gen-
erated geometrically.

(nBu);N |-HPdX]

General procedures: A typical procedure for the palladium-catalyzed
domino reaction of linear 1,6-dienes that contain acryl groups with aryl
halides: N-Benzyl-N-cinnamylacrylamide (a) (0.97 g, 3.5 mmol), isopropyl
4-bromobenzoate (0.93 g, 3.85 mmol), [Pd(OAc),] (25.5 mg, 0.07 mmol),
and PPh; (35.84 mg, 0.14 mmol) were added to a degassed solution of
(nBu);N (1.67 mL, 7mmol) in DMF (10 mL). After the mixture had
been stirred for half an hour at room temperature, it was then heated at
155°C for 30 h, and was then quenched with water and extracted with
EtOAc (3x5 mL). The combined organic layers were washed with hydro-
chloric acid (5%), sodium carbonate (5%), and saturated sodium chlo-
ride solution. The mixture was then dried over MgSO, and concentrated.
The residue was purified by flash chromatography column (4:1 petroleum
ether/EtOAc) to give the corresponding isoindole.

Methyl  2-benzyl-1-oxo-4-phenyl-2,3,3a,4,9,9 a-hexahydro-1H-benzo[f]-
isoindole-6-carboxylate (aa): White solid; 1.19 g (83% yield); m.p. 164—
165°C; '"H NMR (300 MHz, CDCl;): =778 (d, 1H, J=8.0 Hz; Ar—H),
7.43 (s, 1H; Ar—H), 6.99-7.24 (m, 11H; Ar—-H), 4.59 (d, 1H, /J=14.8 Hz;
Ar-CH,-N), 425 (d, 1H, /=148 Hz; Ar—CH,~N), 3.94 (d, 1H, J=
11.5 Hz; Ar—CH-), 3.75 (s, 3H; —O—CHs), 3.35 (dd, 1H, J=4.7, 47 Hz;
N—CH,~CH-), 3.09-2.93 (m, 1H; N-CH,~CH—, 2H; Ar—CH,~CH-),
2.58-2.49 (m, 1H; O=C—CH—CH,~), 2.35-2.29 ppm (m, 1H; —CH,~CH—
CH-); "CNMR (75 MHz, CDCLy): 6=174.1, 166.5, 142.2, 141.0, 139.6,
136.1, 130.8, 129.7, 128.6, 128.3, 127.7, 127.2, 127.1, 126.9, 51.6, 50.7, 49.8,
46.3, 45.5, 43.9, 30.7 ppm; IR (KBr): #=3036, 2931, 2881, 1716 (C=0),
1678 (C=0), 1600, 1566, 1496, 1481, 1435, 1357, 1303, 1284, 1242, 1195,
1145, 1122, 1095, 976, 759, 709, 613 cm™'; HRMS: m/z: caled for
C,;H,sNO;: 411.1834; found: 411.1829.
2-Benzyl-6-isobutyryl-4-phenyl-2,3,3 a,4,9,9 a-hexahydrobenzo[flisoindol-
1-one (ab): Colorless crystals; 356 mg (81% yield); m.p. 166-167°C;
'HNMR (400 MHz, CDCly): 6=7.70 (d, 1H, J=1.0 Hz; Ar-H), 7.39 (s,
1H; Ar—-H), 6.99-7.24 (m, 11H; Ar—H), 5.07-5.01 (m, 1H; —O—CH—
CH,), 450 (d, 1H, J=14.8 Hz; Ar—CH,~N), 4.25 (d, 1H, J=14.8 Hz;
Ar-CH,-N), 3.92 (d, 1H, J=11.4 Hz; Ar—CH-), 331 (dd, 1H, /=438,
4.8 Hz; N-CH,~CH-), 3.04-2.91 (m, 1H; N-CH,~CH—, 2H; Ar—CH,~
CH-), 2.50-2.47 (m, 1H; O=C—-CH—CH,™), 2.34-2.32 ppm (m, 1H; —
CH,~CH-CH-); "CNMR (100 MHz, CDCly): 6=174.5, 165.9, 142.6,
141.1, 140.0, 136.6, 131.2, 129.2, 128.7, 128.5, 128.1, 127.6, 127.4, 127.3,
68.3, 51.2,50.2, 46.7, 45.9, 44.3, 31.1, 21.9 ppm; IR (KBr): 7#=3028, 2931,
2881, 2499, 1716 (C=0), 1678 (C=0), 1600, 1496, 1435, 1357, 1303, 1284,
1242, 1122, 976, 759, 709, 613 cm™'; HRMS: m/z: calcd for C,yH,sNOs:
439.2147; found: 439.2141.

Chem. Eur. J. 2008, 14, 3110-3117


www.chemeurj.org

Tri- and Tetracyclic Heterocycles

6-Acetyl-2-benzyl-4-phenyl-2,3,3 a,4,9,9 a-hexahydrobenzo|fJisoindol-1-
one (ac): White solid; 0.83 g (60% yield); m.p. 147-148°C; 'H NMR
(300 MHz, CDCLy): 6=7.65 (d, 1H, J=7.8 Hz; Ar-H), 7.28-6.97 (m,
12H; Ar-H), 453 (d, 1H, J=14.7Hz; Ar—-CH,~N), 423 (d, 1H, J=
14.7 Hz; Ar—CH,—N), 3.92 (d, 1H, /=11.1 Hz; Ar—CH-), 3.35 (dd, 1H,
J=4.8, 48 Hz; N-CH,~CH-), 3.03-2.91 (m, 1H; N—-CH,~CH—, 2H;
Ar—CH,~CH~-), 2.53-2.43 (m, 1H; O=C—-CH—CH,—), 2.29-2.07 (m, 1H;
—CH,~CH—CH-), 2.07 ppm (s, 3H; O=C—CH;); "CNMR (75 MHz,
CDCly): d=198.2, 174.9, 143.0, 142.1, 140.7, 137.0, 136.1, 130.7, 130.5,
129.5, 129.2, 129.0, 128.5, 128.1, 127.8, 126.8, 51.6, 50.6, 47.1, 46.3, 44.7,
31.5, 26.9 ppm; IR (KBr): #=3029, 2958, 2928, 2870, 1685 (C=0), 1678
(C=0), 1600, 1492, 1423, 1357, 1273, 1242, 1114, 1072, 1030, 952, 918,
821, 756, 702, 601 cm™'; HRMS: m/z: calcd for C,;H,sNO,: 395.1885;
found: 395.1882.

2-Benzyl-4-phenyl-6-propionyl-2,3,3 a,4,9,9 a-hexahydrobenzo[flisoindol-
1-one (ad): Colorless crystals; 1.26 g (85% yield); m.p. 167-168°C;
"H NMR (300 MHz, CDCly): 6=7.83 (d, 1H, J=7.9 Hz; Ar—H), 7.49 (s,
1H; Ar—H), 7.31-7.07 (m, 11H; Ar-H), 4.63 (d, 1H, /J=14.8 Hz; Ar—
CH,—N), 4.34-4.21 (m, 1H; Ar—CH,—N, 2H; O—CH,—CHs), 3.98 (d, 1H,
J=114Hz; Ar—-CH-), 345 (dd, 1H, J=4.7, 47 Hz; N—CH,~CH-),
3.13-2.98 (m, 1H; N—CH,—CH—, 2H; Ar—CH,~CH~-), 2.59-2.57 (m, 1 H;
O=C—CH—-CH,~), 2.30 (m, 1H; —CH,~CH—CH-), 1.29 ppm (t, 3H, J=
7.1, 7.1 Hz; —CH,~CH;); CNMR (75 MHz, CDCL): 6=174.1, 166.0,
142.2, 140.9, 139.6, 136.1, 130.8, 129.6, 128.6, 128.4, 128.3, 128.1, 127.6,
127.0, 126.8, 60.4, 50.7, 49.8, 46.3, 45.5, 43.8, 30.7, 13.8 ppm; IR (KBr):
7=3028, 2978, 2931, 2866, 1712 (C=0), 1685 (C=0), 1612, 1492, 1415,
1354, 1280, 1238, 1168, 1130, 941, 918, 825, 756, 702, 613 cm™'; HRMS:
m/z: caled for C,3HNO;: 425.1991; found: 425.1989.
9-Benzyl-7-phenyl-7,7 a,8,9,10 a,11-hexahydronaphtho[1,2-flisoindol-10-
one (ae): White solid; 1.01 g (71% yield); m.p. 168-169°C; 'H NMR
(300 MHz, CDCl;): 6=8.1 (d, 1H, /=84 Hz; Ar—H), 7.78 (d, 1H, J=
8.1 Hz; Ar—H), 7.55-6.82 (m, 14H; Ar—H), 4.55 (d, 1H, J=14.7 Hz; Ar—
CH,—N), 420 (d, 1H, J=14.7 Hz; Ar—CH,—N), 3.80 (d, 1H, J=7.5 Hz;
Ar—CH-), 3.56 (dd, 1H, /J=8.1, 8.1 Hz; N-CH,~CH-), 3.40-3.31 (m,
1H; N—-CH,~CH—, 1H; Ar-CH,—CH-), 3.15-3.07 (m, 1H; Ar—CH,—
CH-), 3.04-2.97 (m, 1H; O=C—CH—-CH,~), 2.87-2.83 ppm (m, 1H; —
CH,~CH-CH-); "CNMR (75 MHz, CDCly): 6=175.5, 141.1, 136.0,
135.7, 1322, 128.5, 128.4, 128.2, 128.1, 127.5, 127.0, 126.5, 126.0, 125.0,
122.9, 50.4, 48.7, 46.1, 40.9, 36.4, 23.6 ppm; IR (KBr): #=3028, 2982,
2910, 2841, 1685 (C=0), 1492, 1440, 1352, 1325, 1273, 1080, 1026, 949,
882, 779, 746, 700, 673, 650, 630, 569, 530 cm™'; HRMS: m/z: caled for
C,oH,sNO: 403.1936; found: 403.1931.
2-Benzyl-6-(methylsulfonyl)-4-phenyl-2,3,3 a,4,9,9 a-hexahydrobenzo|[f]-
isoindol-1-one (af): White solid; 0.78 g (52% yield); m.p. 186-187°C;
'HNMR (300 MHz, CDCly): 6=7.73 (d, 1H, J=7.0 Hz; Ar—H), 7.46 (d,
1H, J=81Hz; Ar-H), 7.28-7.05 (m, 11H; Ar—H), 4.62 (d, 1H, J=
14.8 Hz; Ar—CH,—N), 433 (d, 1H, J=14.8 Hz; Ar—CH,~N), 4.03 (d, 1H,
J=11.6 Hz; Ar—-CH-), 3.43 (dd, 1H, /=48, 48 Hz; N-CH,~CH-),
3.15-2.94 (m, 1H; N-CH,~CH—, 2H; Ar—CH,—CH-), 2.89 (s, 3H; —S—
CHj;), 2.60-2.58 (m, 1H; O=C—CH—CH,—), 2.29-2.07 ppm (m, 1H; —
CH,~CH-CH-); "CNMR (75 MHz, CDCL): 6=173.7, 142.1, 1414,
141.2, 138.3, 136.0, 130.7, 128.8, 128.5, 128.4, 128.0, 127.6, 127.5, 127.3,
124.8, 50.8, 49.6, 46.3, 45.2, 44.0, 43.7, 30.7 ppm; IR (KBr): 7#=3028, 2924,
28717, 1685 (C=0), 1600, 1481, 1423, 1357, 1303, 1249, 1172, 1149, 1118,
1087, 964, 817, 763, 705, 609, 567, 543 cm™'; HRMS: m/z: calcd for
CysH,sNO;S: 431.1555; found: 431.1549.
2-Benzyl-1-oxo-4-phenyl-2,3,3a,4,9,9 a-hexahydro-1H-benzo[flisoindole-
6-carbonitrile (ag): White solid; 1.05g (80% yield); m.p. 159-160°C;
'"HNMR (300 MHz, CDCL;): 0=7.35-6.95 (m, 13H; Ar-H), 4.52 (d, 1H,
J=14.7Hz; Ar—CH,~N), 4.23 (d, 1H, J=14.7 Hz; Ar—CH,—N), 3.87 (d,
1H, J=11.4 Hz; Ar—CH-), 3.35 (dd, 1H, J=4.8, 48 Hz; N-CH,~CH-),
3.03-2.88 (m, 1H; N-CH,~CH—, 2H; Ar—CH,~CH~), 2.53-2.43 (m, 1H;
O=C—-CH—-CH,), 2.35-2.25 ppm (m, 1H; —CH,~CH-CH-); “"C NMR
(75 MHz, CDCL,): 6=173.7, 141.2, 140.9, 136.0, 133.4, 130.4, 129.4, 128.8,
128.1, 127.6, 127.3, 118.4, 109.9, 50.5, 49.6, 46.3, 44.9, 43.6, 30.7 ppm; IR
(KBr): 7=3028, 2962, 2897, 2858, 2222, 1693 (C=0), 1600, 1489, 1427,
1354, 1288, 1261, 1195, 1103, 1033, 898, 798, 759, 698, 613, 578 cm™';
HRMS: m/z: caled for C,sH,,N,O 378.1732; found: 378.1730.
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2-Benzyl-6-chloro-4-phenyl-2,3,3 a,4,9,9 a-hexahydrobenzo[flisoindol-1-
one (ah): Straw-yellow liquid; 0.84 g (62% yield); 'H NMR (300 MHz,
CDClLy): 6=7.24-7.00 (m, 13H; Ar—H), 4.55 (d, 1H, J=14.7 Hz; Ar—
CH,—N), 4.25 (d, 1H, J=14.7 Hz; Ar—CH,—N), 3.87 (d, 1H, /=11.7 Hz;
Ar—CH-), 3.23 (dd, 1H, J=4.8, 4.8 Hz; N-CH,—CH-), 3.02-2.86 (m,
1H; N-CH,~CH—, 2H; Ar—CH,—CH-), 2.51-2.42 (m, 1H; O=C—CH—
CH,), 2.30-2.24 ppm (m, 1H; —CH,~CH—-CH-); "CNMR (75 MHz,
CDCLy): 6=174.2, 142.0, 141.2, 136.1, 134.0, 131.6, 130.8, 129.0, 128.6,
128.4, 128.3, 128.0, 127.9, 127.6, 127.1, 126.9, 126.4, 122.9, 50.7, 49.7, 46.3,
45.1, 44.0, 29.9 ppm; IR (KBr): 7=3024, 2928, 2870, 1689 (C=0), 1639,
1491, 1450, 1357, 1261, 1199, 1076, 1030, 744, 698, 528 cm™'; HRMS: m/z:
calced for C,sH,,CINO: 387.1390; found: 387.1387.
2-Benzyl-1-oxo-4-phenyl-2,3,3a,4,9,9 a-hexahydro-1H-benzo[flisoindole-
6-carbaldehyde (ai): White solid; 0.84 g (63% yield); m.p. 104-105°C;
"H NMR (300 MHz, CDCl;): 6=9.30 (s, 1 H; O=CH), 7.21-6.90 (m, 13H;
Ar—H), 4.53 (d, 1H, J=14.7 Hz; Ar—CH,~N), 424 (d, 1H, /J=14.7 Hz;
Ar—CH,—N), 3.90 (d, 1H, J=11.4 Hz; Ar—CH-), 3.29 (dd, 1H, /=438,
4.8 Hz; N—CH,—CH-), 3.03-2.88 (m, 1H; N—CH,—CH—, 2H; Ar—CH,—
CH-), 2.53-2.43 (m, 1H; O=C-CH—CH,—), 2.35-2.25 ppm (m, 1H; —
CH,~CH-CH-); "CNMR (75MHz, CDCL): 6=195.1, 173.9, 141.9,
140.4, 136.1, 131.6, 130.4, 128.7, 128.1, 127.8, 127.1, 126.6, 50.7, 49.7, 46.3,
45.3, 43.8, 30.9 ppm; IR (KBr): 7=3028, 2928, 2858, 2719, 1693 (C=0),
1685 (C=0), 1600, 1562, 1492, 1423, 1361, 1284, 1257, 1215, 1180, 1033,
1072, 1030, 752, 702, 590 cm™'; HRMS: m/z: caled for C,sH,sNO,:
381.1729; found: 381.1723.

2-Benzyl-4-phenyl-2,3,3 a,4,9,9 a-hexahydrobenzo|fJisoindol-1-one  (aj):
Straw-yellow liquid; 0.74 g (60 % yield); "H NMR (300 MHz, CDCl;): 6 =
7.24-6.99 (m, 13H; Ar—H), 4.52 (d, 1H, J=7.8 Hz; Ar—CH,—N), 4.23 (d,
1H, J=14.8 Hz; Ar—CH,—N), 3.87 (d, 1H, /=114 Hz; Ar—CH-), 3.22
(dd, 1H, J=2.9, 7.6 Hz; N—CH,—CH-), 2.97-2.90 (m, 1H; N—CH,—CH—,
2H; Ar—-CH,—CH-), 2.51-2.42 (m, 1H; O=C—CH—CH,), 2.30-2.24 ppm
(m, 1H; —CH,~CH—CH-); *C NMR (75 MHz, CDCl,): 6 =174.6, 142.9,
140.7, 139.2, 136.2, 135.5, 129.5, 128.4, 128.1, 127.6, 127.2, 126.2, 120.4,
50.8, 49.9, 46.1, 45.6, 44.1, 30.7 ppm; IR (KBr): 7#=3024, 2928, 2870, 1689
(C=0), 1639, 1492, 1450, 1357, 1261, 1199, 1076, 1030, 744, 698, 528 cm™;
HRMS: m/z: caled for C,sHp;NO: 353.1780; found: 353.1775.
1-Oxo-2,4-diphenyl-2,3,3 a,4,9,9 a-hexahydro-1H-benzo[f]isoindole-6-car-
bonitrile (ba): White solid; 0.99 g (78 % yield); m.p. 200-201°C; '"H NMR
(300 MHz, CDCly): 6=7.60-7.09 (m, 13H; Ar—H), 408 (d, 1H, J=
10.7 Hz; Ar—CH-), 3.67 (t, 1H, J=9.6, 9.9 Hz; N-CH,—CH-), 3.59 (t,
1H, /=72, 88 Hz; N-CH,~CH-), 3.44 (dd, 1H, J=5.0, 5.1 Hz; Ar—
CH,—CH-), 3.20-3.11 (m, 1H; Ar—CH,—CH-), 2.77-2.71 (m, 1H; O=C—
CH-CH,~), 254-251ppm (m, 1H; —CH,~CH-CH-); "“CNMR
(75 MHz, CDCly): 6=172.9, 141.1, 140.7, 138.9, 133.4, 132.0, 130.5, 129.5,
129.0, 128.6, 128.4, 128.2, 124.4, 119.2, 118.4, 110.8, 50.8, 49.6, 46.3, 40.6,
30.7 ppm; IR (KBr): 7=3066, 3020, 2889, 2225, 1716 (C=0), 1597 (C=0),
1492, 1384, 1357, 1300, 1230, 1180, 1103, 1068, 898, 864, 837, 759, 698,
574 cm™'; HRMS: m/z: caled for C,sH,N,O: 364.1576; found: 364.1573.
6-Acetyl-2,4-diphenyl-2,3,3 2,4,9,9 a-hexahydrobenzo|flisoindol-1-one
(bb): White solid; 1.09g (82% yield); m.p. 206-207°C; 'HNMR
(300 MHz, CDCl,): 6=7.76 (d, 1H, J=7.9 Hz; Ar—H), 7.57 (d, 1H, J=
8.1 Hz; Ar—H), 7.44-7.11 (m, 11H; Ar—H), 4.12 (d, 1H, J=11.3 Hz; Ar—
CH-), 3.69 (t, 1H, J=9.7, 9.9 Hz; N-CH,—CH-), 3.58 (t, 1H, J=2.5,
6.9 Hz; N-CH,—CH-), 3.45 (dd, 1H, /=5.0, 5.1 Hz; Ar—CH,—CH-),
3.20-3.11 (m, 1H; Ar—-CH,—CH~-), 2.77-2.73 (m, 1H; O=C—CH—CH,-),
2.53-2.50 (m, 1H; —CH,~CH—CH-); 242 ppm (s, 3H; O=C—CH,);
BCNMR (75 MHz, CDCly): 0=174.1, 166.5, 142.2, 141.0, 139.6, 136.1,
130.8, 129.7, 128.6, 128.3, 128.1, 127.6, 127.2, 127.1, 126.9, 51.6, 50.7, 45.5,
43.8, 31.4, 30.7 ppm; IR (KBr): #=3028, 2947, 2889, 1716 (C=0), 1705
(C=0), 1597, 1498, 1435, 1388, 1280, 1242, 1199, 1107, 987, 902, 759,
705 cm™'; HRMS: m/z: caled for C,gH,3sNO,: 381.1729; found: 381.1722.
1-Oxo0-2,4-diphenyl-2,3,3 a,4,9,9 a-hexahydro-1H-benzo[flisoindole-6-car-
baldehyde (bc): White solid; 0.96¢g (75% yield); m.p. 206-207°C;
"HNMR (300 MHz, CDCL): 6=9.81 (s, 1H; O=CH), 7.72 (d, 1H, J=
7.7Hz; Ar—H), 7.58 (d, 1H, J=7.9 Hz; Ar—H), 7.45-7.09 (m, 11H; Ar—
H), 4.16 (d, 1H, J=11.4 Hz; Ar—CH-), 3.70 (t, 1H, J=9.7, 9.9 Hz; N—
CH,—CH-), 3.59 (t, 1H, J=2.5, 6.9 Hz; N—CH,—CH—), 3.50 (dd, 1H, J=
5.0, 5.1 Hz; Ar—CH,—CH-), 3.23-3.14 (m, 1H; Ar—CH,—CH-), 2.80-2.75
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(m, 1H; O=C—CH-CH,—), 2.58-2.56 ppm (m, 1H; —CH,~CH—CH-);
BCNMR (75 MHz, CDCLy): 6=191.5, 173.1, 142.6, 140.1, 131.6, 128.8,
127.7, 126.8, 124.1, 119.2, 51.6, 50.7, 44.9, 44.5, 30.8 ppm; IR (KBr): 7=
3028, 2966, 2862, 1689 (C=0), 1685 (C=0), 1597, 1496, 1392, 1300, 1203,
1099, 1068, 898, 829, 752, 690, 605, 513, 493 cm™'; HRMS: m/z: calcd for
C,sH,NO,: 367.1572; found: 367.1570.

Ethyl 1-oxo-2,4-diphenyl-2,3,3a,4,9,9 a-hexahydro-1H-benzo|f]isoindole-
6-carboxylate (bd): Colorless crystals; yield: 1.04¢g (72%); m.p. 198-
199°C; '"H NMR (300 MHz, CDCl;): =7.88 (d, 1H, J=8.0 Hz; Ar—H),
7.48 (s, 1H; Ar—H), 7.42-7.23 (m, 11H; Ar—H), 4.32-4.25 (q, 2H, J=7.2,
7.1 Hz; O—CH,—CHs;), 3.91 (d, 1H, J=8.5Hz; Ar—CH-), 3.49 (dd, 1H,
J=3.9, 3.8 Hz; N-CH,—CH-), 3.31-3.20 (m, 1H; N—CH,—CH—, 2H, Ar—
CH,—CH-), 3.18-3.08 (m, 1H; O=C-CH—CH,—), 1.67 (m, 1H, —CH,—
CH-CH-), 129 ppm (t, 3H, J=7.1, 7.1 Hz; —CH,~CH;); “C NMR
(75 MHz, CDCl;): 6=173.3, 166.0, 142.0, 140.6, 139.4, 139.1, 130.8, 129.7,
129.5, 128.9, 128.7, 128.4, 127.7, 127.1, 126.9, 124.3, 60.5, 53.4, 51.7, 49.3,
44.6, 30.6, 13.9 ppm; IR (KBr): #=3027, 2971, 2862, 1709 (C=0), 1688
(C=0), 1612, 1413, 1279, 1236, 1168, 1128, 942, 916, 823, 755, 703,
612 cm™'; HRMS: m/z: caled for C,;H,sNO;: 411.1834; found: 411.1831.
6-(Methylsulfonyl)-2,4-diphenyl-2,3,3 a,4,9,9 a-hexahydrobenzo[flisoindol-
1-one (be): White solid; 1.19 g (82% yield); m.p. 205-206°C; 'H NMR
(300 MHz, CDCL): 6=7.75 (d, 1H, J=8.0 Hz; Ar—H), 7.57 (d, 1H, J=
7.9 Hz; Ar—H), 7.47-7.10 (m, 11H; Ar—H), 4.13 (d, 1H, /=83 Hz; Ar—
CH-), 3.68 (t, 1H, /=97, 9.9 Hz; N-CH,—CH-), 3.55 (t, 1H, J=6.8,
6.9 Hz; N-CH,~CH-), 348 (dd, 1H, J=4.9, 5.0 Hz; Ar—CH,—CH-),
3.17-3.21 (m, 1H; Ar—CH,—CH-), 2.90 (s, 3H; O=S—CH,), 2.77-2.73 (m,
1H; O=C—CH-CH,-), 2.55-2.52ppm (m, 1H; —CH,~CH-CH-);
BCNMR (75 MHz, CDCly): 6=172.9, 141.9, 140.9, 138.9, 130.7, 128.9,
128.4, 127.4, 124.9, 119.2, 51.5, 50.7, 44.8, 44.4, 44.0, 30.0 ppm; IR (KBr):
7=3020, 2924, 2854, 1708 (C=0), 1597, 1496, 1392, 1300, 1176, 1145,
1107, 964, 898, 759, 694, 524 cm™'; HRMS: m/z: caled for C,sH,NOsS:
417.1399; found: 417.1393.

2-Benzyl-8-methyl-4-phenyl-3a,4,9,9 a-tetrahydro-2H-benzo[flisoindole-
1,3-dione (ca): Colorless crystals; 1.08 g (81% yield); m.p. 149-150°C;
"H NMR (400 MHz, CDCl,): 6 =7.23-7.18 (m, 6 H; Ar—H), 7.06-6.99 (m,
5H; Ar—H), 6.53-6.51 (m, 2H; Ar—H), 4.67 (s, 1H; Ar—CH-), 4.43 (d,
2H, J=3.4Hz; Ar-CH,-N), 3.75-3.72 (m, 1H; O=C—CH—CH-), 3.31-
3.26 (m, 1H; O=C—CH—CH,—), 3.25-3.21 (m, 1H; Ar—CH,—), 2.48-2.43
(m, 1H; Ar-CH,~), 2.14ppm (s, 3H; —CH;~); "CNMR (75 MHz,
CDCly): 6=178.9, 1784, 138.4, 136.3, 135.1, 134.8, 131.1, 129.2, 1284,
128.2, 127.6, 127.5, 127.0, 126.8, 126.6, 125.7, 44.7, 43.8, 41.9, 40.0, 29.2,
19.4 ppm; IR (KBr): 7=3063, 3027, 2932, 2857, 1771 (C=0), 1697 (C=0),
1603, 1588, 1453, 1340, 1171 cm™'; MS (EI, 70 ev): m/z: 380.9 (51.37)
[M]*, 214.0 (32.39), 219.0 (69.78), 91.0 (16.32), 58.0 (11.53), 43.0 (100.00);
HRMS: m/z: caled for C,sH,3NO,: 381.1729; found: 381.1726.
2-Benzyl-6-methyl-4-phenyl-32a,4,9,9 a-tetrahydro-2H-benzo[flisoindole-
1,3-dione (cb): White solid; 1.12g (84% yield); m.p. 175-176°C;
"H NMR (300 MHz, CDCl,): 6 =7.25-7.15 (m, 6 H; Ar—H), 7.06-6.95 (m,
6H; Ar—H), 6.57-6.54 (d, 1H, J=7.1 Hz; Ar—H), 4.71 (s, 1H; Ar—CH-),
4.44 (s, 2H; Ar—-CH,—N), 3.76-3.73 (d, J=8.4 Hz, 1H; O=C—CH—CH-),
3.32-327 (t, /=72, 75Hz, 1H; O=C-CH—CH,—), 3.01-2.96 (d, J=
14.7 Hz, 1H; Ar—CH,~), 2.80-2.73 (q, /=7.3, 7.3 Hz, 1H; Ar—CH,™),
2.26 ppm (s, 3H; —CH;); *C NMR (75.5 MHz, CDCl,): 6=178.9, 178.3,
140.0, 136.2, 134.6, 134.3, 129.2, 128.5, 128.3, 128.1, 127.9, 127.7, 1274,
126.8, 126.5, 126.3, 45.3, 41.9, 39.7, 29.2, 19.4 ppm; IR (KBr): 7#=3060,
3026, 2926, 2851, 1772 (C=0), 1704 (C=0), 1602, 1448, 1342, 1170 cm™;
HRMS: m/z: caled for C,sH,3NO,: 381.1729; found: 381.1725.
2-Benzyl-6-chloro-4-phenyl-3 a,4,9,9 a-tetrahydro-2H-benzo[flisoindole-
1,3-dione (cc): White solid; 091¢g (65% yield); m.p. 168-169°C;
"H NMR (300 MHz, CDCl,): §=7.28-7.18 (m, 6 H; Ar—H), 7.14-7.03 (m,
SH; Ar-H), 6.63-6.61 (m, 2H; Ar—H), 4.72 (s, 1H; Ar—CH-), 4.51 (s,
2H; Ar—CH,—N), 3.77-3.73 (d, J=7.1 Hz, 1H; O=C-CH—CH—), 3.36—
3.32 (t, J=72Hz, 1H; O=C—CH—CH,—), 3.09-3.04 (d, /=15Hz, 1H;
Ar—CH,), 2.85-2.75 ppm (q, J=7.5, 7.5 Hz, 1H; Ar—CH,~); "C NMR
(75 MHz, CDCl,): 6=178.7, 178.0, 145.2, 139.8, 138.6, 135.8, 134.2, 130.9,
128.5, 128.1, 1279, 127.6, 126.5, 126.0, 119.7, 45.3, 44.8, 43.9, 39.6,
29.2 ppm; IR (KBr): #=3018, 2943, 2891, 1774 (C=0), 1691 (C=0), 1340,
1172 cm™'; MS (EI, 70 ev): m/z: 400.8 (34.21) [M]™, 238.9 (100.0), 203.9
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(17.25), 91.0 (19.73); HRMS: m/z: caled for CyH,CINO,: 401.1183;
found: 401.1181.

2-Benzyl-1,3-dioxo-4-phenyl-2,3,3 a,4,9,9 a-hexahydro-1H-benzo|flisoin-
dole-6-carbonitrile (cd): White solid; 1.18¢g (86% yield); m.p. 125-
126°C; '"H NMR (300 MHz, CDCl;): 0=7.63-7.60 (m, 2H; Ar—H), 7.34-
6.83 (m, 10H; Ar—H), 6.65-6.62 (m, 2H; Ar—H), 4.80 (s, 1H; Ar—CH-),
4.54 (s, 2H; Ar—CH,—N), 3.81-3.78 (d, /=8.9 Hz, 1H; O=C—CH—CH-),
3.41-3.36 (t, J=8.7Hz, 1H; O=C—CH-CH,™), 3.14-3.09 (d, /J=15Hz,
1H; Ar—CH,-), 2.77-2.70 ppm (q, J=7.2, 72Hz, 1H; Ar—CH,-);
BCNMR (75 Hz, CDCL): 0=1783, 177.6, 145.7, 134.9, 134.5, 134.2,
132.1, 129.1, 128.8, 128.6, 128.0, 127.8, 127.6, 127.0, 126.8, 126.5, 118.19,
110.5, 45.5, 45.1, 42.0, 39.7, 29.2 ppm; IR (KBr): #=3059, 3028, 2914,
2856, 2429, 1776 (C=0), 1703 (C=0), 1606, 1456, 1340, 1167 cm™'; MS
(EL 70 ev): m/z: 391.9 (28.60) [M]*, 230.0 (100.0), 91.0 (18.66); HRMS:
m/z: caled for C,sHy,N,O,: 392.1525; found: 392.1518.
2-Benzyl-7-chloro-4-phenyl-3 a,4,9,9 a-tetrahydro-2H-benzo|[flisoindole-
1,3-dione (ce): White solid; 0.94¢g (67% yield); m.p. 129-130°C;
"H NMR (300 MHz, CDCl,): 6=7.28-7.16 (m, 6 H; Ar—H), 7.10-6.94 (m,
SH; Ar-H), 6.49 (d, J=7.2Hz, 2H; Ar—H), 4.50 (d, J=5.7 Hz, 1 H; Ar—
CH-), 4.37 (s, 2H; Ar—CH,—N), 3.25-3.23 (t, /J=1.8, 2.3 Hz, 1H; O=C—
CH—CH-), 3.12-3.07 (d, J=145Hz, 1H; O=C-CH—CH,~), 2.84-
279 ppm (m, 2H; Ar—CH,~); "CNMR (75 MHz, CDCl,): 6=174.8,
168.7, 134.8, 134.2, 130.9, 128.5, 128.1, 127.7, 127.1, 126.8, 126.5, 119.7,
45.3, 44.8, 41.8, 39.7, 293 ppm; IR (KBr): #=3066, 3026, 2928, 2912,
2847, 1772 (C=0), 1697 (C=0), 1608, 1456, 1286, 1174 cm'; HRMS: m/
z: caled for C,sH,,CINO,: 401.1183; found: 401.1180.

Isopropyl 2-1,3-dioxo-4-phenyl-2,3,3a,4,9,9 a-hexahydro-1H-benzo[f]-
isoindole-6-carboxylate (cf): White solid; 1.32 g (83% yield); m.p. 165—
166°C; 'HNMR (300 MHz, CDCly): 6=7.90-7.88 (d, J=8.1 Hz, 2H;
Ar—H), 7.22-6.98 (m, 9H; Ar—H), 6.55-6.53 (d, /=72 Hz, 2H; Ar-H),
5.20-5.12 (m, 1H; —O—CH-), 4.72 (s, 1H; Ar—CH-), 4.44 (s, 2H; Ar—
CH,—N), 3.76-3.74 (d, /J=7.2 Hz, 1H; O=C—CH—CH-), 3.31-3.26 (t, J=
7.5,7.2 Hz, 1H, O=C—-CH—-CH,™), 3.01-2.96 (d, /=15 Hz, 1H; Ar—CH,—
), 2.73-2.65 (q, /J=7.2, 7.2 Hz, 1H; Ar—CH,—), 1.30-1.26 ppm (m, 6H; —
CH;); "CNMR (75 MHz, CDCL): 6=178.6, 178.0, 165.3, 145.1, 135.7,
134.6, 134.3, 130.0, 129.5, 129.1, 128.6, 128.4, 128.1, 128.0, 127.6, 126.9,
126.8, 126.7, 126.5, 68.1, 45.4, 45.2, 42.0, 39.6, 39.5, 29.4, 29.2, 21.6 ppm;
IR (KBr): 7=3064, 3026, 2928, 2912, 2847, 1774 (C=0), 1716 (C=0),
1697 (C=0), 1608, 1454, 1286, 1174, 1028 cm™'; HRMS: m/z: m/z: caled
for C,yH,;NO,: 453.1940; found: 453.1945.

9-Benzyl-7-phenyl-7,7 a,10 a,11-tetrahydro-9H-naphtho|[2,1-flisoindole-
8,10-dione (cg): Colorless crystals; 1.15 g (79% yield); m.p. 167-168°C;
"H NMR (300 MHz, CDCl,): 6=7.97-7.43 (m, 6 H; Ar—H), 7.26-6.84 (m,
6H; Ar—H), 6.69-6.64 (m, 2H; Ar—H), 6.37-6.34 (d, J=7.2 Hz, 2H; Ar—
H), 4.88 (s, 1H; Ar—CH-), 4.34 (s, 2H; Ar—CH,—N), 3.90-3.79 (m, 2H;
O=C—CH-CH—, O=C-CH—CH,—), 3.45-3.40 (t,/=17.5,7.7Hz, 1H; Ar—
CH,-), 2.76-2.69 ppm (q, J=7.1, 7.1 Hz, 1H; Ar-CH,~); "CNMR
(75 MHz, CDCly): 6=178.9, 178.3, 140.0, 134.4, 134.0, 133.1, 131.2, 130.3,
128.4, 128.3, 127.8, 127.5, 127.3, 126.8, 126.7, 126.4, 126.3, 125.4, 122.6,
45.9,45.3, 41.9, 39.8, 23.6 ppm; IR (KBr): 7=3061, 2989, 2926, 2889, 1774
(C=0), 1701 (C=0), 1606, 1494, 1338, 1166 cm™'; MS (EL, 70 ev): m/z:
416.9 (89.01) [M]*, 325.9 (11.76), 254.9 (100.00), 178.0 (10.85), 91.2
(47.45), 43.0 (20.74); HRMS: m/z: caled for C,yH;3NO,: 417.1729; found:
417.1733.

Mathyl 4-((1-benzyl-4-benzylidene-2-oxopyrrolidin-3-yl)methyl)benzoate
(d): Colorless solid; 0.76 g (53% yield); m.p. 135-136°C; '"H NMR
(300 MHz, CDCL): 6=7.82 (d, 1H, J=8.0 Hz; Ar—H), 7.01-7.49 (m,
11H; Ar-H), 459 (d, 1H, J=14.7Hz; Ar—CH,~N), 425 (d, 1H, J=
14.7 Hz; Ar—CH,—N), 6.46 (s, 1H; C=CH), 3.75 (s, 3H; —O—CH,), 3.83-
3.94 (m, 2H; N-CH,—CH-), 3.51 (m, 1H; O=C—CH—CH,—), 2.79-2.73
(m, 2H; Ar—CH,~CH-); "CNMR (75 MHz, CDCL): 6=171.4, 166.3,
143.9, 139.6, 137.3, 137.1, 130.8, 129.7, 128.5, 128.2, 127.6, 127.4, 127.3,
127.1, 126.9, 1242, 55.8, 51.6, 49.5, 35.9, 31.2 ppm; IR (KBr): v=23296,
3081, 2879, 1716 (C=0), 1678 (C=0), 1653, 1615, 1346, 1229, 1146, 1123,
1097, 757, 710, 615 cm™'; HRMS: m/z: caled for C,;H,sNO;: 411.1834;
found: 411.1830.
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