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Abstract. In the presence of anhydrous ZpGhe one-pot three-component reaction of
tryptamines, propiolates angs-unsaturated aldehydes as well as arylideneacetones afforded the
functionalized 1,2,6,7,12,12b-hexahydroind@|8{alquinolizines in moderate to high yields and
with high diastereoselectivity. The reaction mechanism involved the sequential Michael addition
and Pictet-Spengler reactionsf€&namino ester generatiausitu.

Keywords: multicomponent reaction; Pictet-Spengler reaction; electron-deficient alkyne; enamino

ester; indola?,3-alquinolizine.

Introduction

Indole alkaloids constitute an important class of natural prodéatsone class of indole
derivatives, the indol@3-a]quinolizidine framework is a particular structural motif found within
numerous natural products and pharmaceutfcilerefore, many efficient methodologies for the
preparation of indold],3-a]quinolizidine and its derivatives have been developed. The traditional
synthetic methods included Bischler—NapierafdRictet—Spenglét Fischer indole synthesisand
others® The Pictet-Spengler reaction has long been known as an efficient method for the
preparation of tetrahydrg-carboline frameworké® In recent years, many developments have

been made to incorporate Pictet—Spengler reaction into cascade sequence or multicomponent



reactions based on the use of tryptamine-derived substfat&ecently Cao and Zh&b
successfully developed an organocatalytic three-component synthesis of indoloquinolizidines
based on conjugate addition gfenaminoesters generatéd situ from alkyl propiolates and
a,p-enals, and subsequent substrate controlled Pictet—Spengler cyclization. In this work only
aliphatic a,8-enals could give the satisfactory results, while aromgfieunsaturated aldehydes
were not suitable substrates for this cascade reaction. In the past few years we also reported
several new domino reactions by using thesitu formed g-enamino esters derived from the
reactions of arylamines with electron-deficient alkynes such as dimethyl acetylenedicarboxylate
and methyl propiolaté:’® Encouraged by these results and hunting for new efficient
multicomponent reactions, we investigated the one-pot domino reactions of tryptamines,
propiolate and: S-unsaturated aldehydes as well as arylideneacetones with catalysis of Lewis acid
and successfully developed a facile synthetic procedure for the functionalized
1,2,6,7,12,12b-hexahydroindo®)B-a]quinolizines.
Results and Discussion

At first the reaction conditions were examined. According to our previously reported synthetic
procedure of f-enamino ester from the reaction of arylamine with methyl propibiate,
tryptamine was treated with methyl propiolate in ethanol at room temperature rapidly to give the
desireds-enamino ester. Then cinnamaldehyde and a Lewis acid were added and the mixture was
stirred at room temperature for several hours. In the absence of Lewis catalyst, no further reaction
was observed. Several Lewis acids such assF&CEZNnCh, as well as solvent and temperature
were examined to set up a standard reaction condition. The experimental results showed that the

reaction proceeded with highest yields at room temperature in 48 hours when anhydrgeus ZnCl



Table 1 Synthesis of 1,2,6,7,12,12b-hexahydroindo®$-a]quinolizines 1a-1q

R NH,  COR' o ArH) R N :
@E\é/\ ’ ‘ Eton _ onc” A Nl N _CoR
N I rt ZnCly, 1t N

H Ar(H)
Entry Compd R R’ Ar (H) Yield (%)
1 la H CH; CeHs 78
2 1b H CHs p-CHsCqH, 87
3 1c H CHs mCHsCeH, 81
4 1d H CH, p-CH;0CsH, 83
5 le H CHs p-CICgH, 84
6 1f H CH; m-CICgH, 77
7 1g OCH; CHs CeHs 83
8 1h OCH; CH;, p-CH3CeHa 86
9 1 OCH; CH;, MCHCeH, 79
10 1 OCH; CH;, m-CICH, 80
11 1k H CH; H 80
12 1l OCH; CH, H 76
13 im H CH,CH; CgHs 84
14 in H CH,CH;  p-CHsCsHa 85
15 1o H CH,CH; m-CICgH,4 75
16 1p OCH; CH,CHs p-CHyCeHs 81
17 1q OCH; CH,CH; m-CICgH, 76

(1.0 mmol) was used as catalyst and ethanol as solvent. With the optimal conditions established, a
variety of substituted cinnamaldehydes were employed in the reaction. All the reaction proceeded
smoothly to give the corresponding 1,2,6,7,12,12b-hexahydroi®ajquinolizines(1a-1)) in
satisfactory yields (Table 1, entries 1-10). Under this reaction condition acrolein and ethyl
propiolate also afforded good yields of products (Table 1, entries 11-17). These results indicated
that this one-pot domino reaction had a wide range of substrates. The structlmebgofere
characterized by IR!H, *C NMR, and HRMS spectra and were further confirmed by
single-crystal X-ray diffraction determination of the two compoutal€Fig. 1) andll (Fig. 2)."H

NMR spectra clearly showed one set of absorption peaks for each characteristic groups in the

molecule, which indicated that there was only one isomer existed in each sample. As showed in
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molecular structure of compountla (Fig.1), the aryl group and indole moiety were in
trans-orientation in the new formed dihydropyridyl ring. Thus compouraddqgexceptlk and1il,

were all belonging to thigrans-isomer. It is obvious that there is mis/trans-isomers for

compounddk and1l (Fig. 2).

Fig. 2 Molecular structure of compound 1l

When a-methylcinnamaldehyde was used in this domino reaction under similar conditions,
only the polysubstituted 1,4-dihydropyridin@s,b were obtainedas main products at room
temperature (Scheme 1). Tryptamine acted as a primary amine to construct the dihydropyridyl

ring'® and the expected Pictet-Spengler cyclization was not observed. The molecular structure of



2awas successfully determined by X-ray diffraction method (Fig. 3). We were pleased to find that

2a,b could be transferred to indoB-alquinolizines3a,b in alcoholic by reflux in the presence

of anhydrous zinc chloride for several hours. Under this condition a intramolecular

Pictet-Spengler cyclization at C-2 position of indole proceeded to give the desired cyclized

products3a,b. This result not only indicated this one-pot domino reaction had wide range of scope,

but also shed light on the mechanism of this reaction.

CHj
CO,R CH;0 N
CH0 N 9OR L one P s § L \,-Co,R
+
I t ZnCly, 1t N

Hc  Ph
2a: R = CHs, 82%
2b: R = CH,CHj, 89%

‘ ZnClz,

Iz

reflux

CH;0 N \_CO,R
N
H,c Ph

3a: R = CHy, 78%
3b: R = CH,CHa, 87%

Scheme 1 synthesis of 1,2,6,7,12,12b-hexahydroind@l8fa]quinolizines 3a,b

Fig. 3 Molecular structure of compound 2a

In order to further illustrate the synthetic value of this domino reaction, arylideneacetones
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were employed in the reaction. At first, tryptamine was treated with methyl or ethyl propiolate in
ethanol to givgs-enamino esters. Then arylideneacetones and catalytic @ added to the
system and the mixture was heated t6C5€or about 36 hours. After workup the expected
hexahydroindolf2,3-a]quinolizines 4a-4g were obtained in 64-81% yields (Table 2). The
structures ofla-4gwere established by the spectroscopic methods and confirmed by single-crystal
structure determination of compountis (Fig. 4) and4g (Fig. 5).*H NMR spectra of compounds
4d, 4e, 4fand4g indicated that two isomers existed within each sample, which is clearly due to
methyl group and aryl group icis or trans position in tetrahydropyridyl ring. But there is only
one isomer existed in compountks, 4band4c from their'H NMR spectra. it is clearly to see that
phenyl group exists in thieans-orientation to the larger indole moiety in the molecular structures
of 4d and4g. On the other hand the methyl and phenyl groups asis-position in the twist-chair
conformation of tetrahydropyridyl ring. Thus hexahydroindd®g]quinolizines 4a-4g existed
mainly in the same isomer as that of compouhald g in which the phenyl group and indole
moiety exist intrans-position, while the phenyl group and indole moiety existigposition in
the minor isomer. Here the presence of methyl group might decrease the steric effect of
Pictet-Spengler cyclization and caused the more easily formation of the relatively unstable
cis-isomer.

Table 2 Synthesis of 1,2,6,7,12,12b-hexahydroindo®$-a]quinolizines 4a-4g

o}
R NH, CO.R' = R N .
N H rt ZnCl,, 50jze N
H H

Ar

4a-4g €is/trans-isomer)

Entry Compd R R’ Ar Yield (%, cis/trans)

1 4a H CHs p-CHCeH, 70




3 4c
4 4d
5 4e
6 4f
7 49

CH,0
CH,0

CH,0

CHs,
CHs,
CHs,
CHs,
CH;,

CH2CH3

m-CH;OCeH,
p-BrCeH,
p-CH;0CH,
CeHs
p-CICeH,

CeHs

72
67

73 (1:8)
81 (1:8)
73 (1:5)

64 (1:5)

Fig. 5 Molecular structure of compound 4g {rans-isomer)

With regard to the mechanism of this reaction sequence (Scheme 2), we assumed that the first
step was the formation gf-enamino esterA) from the reaction of tryptamine with methyl

propiolate™® The second step was the Michael additiof-ehamino esterA) to o,p-unsaturated
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aldehydes to give the addud@®)( Thirdly the intramolecular condensation of amino group with
carbonyl group formed the nitrogen-containing cyclic intermedi@)e At last Pictet-Spengler
cyclization gave the final products In the cyclization process the thermodynamically stable
trans-isomer would be preferentially formed due to the steric effect of aryl group.

R NH, COR' SO ArH) R N :
\©\/\é’\ :, ’ on _ore A Q N\,-COR
N | ’ rt ZnCl,, rt
H

N
H Ar
1

‘ } ZnCl,
R \(I{\%H one” XA R \@ON}COQR' R @j{k}ooy
N N N
Houe A HO Ar

HR'O,C

A B C

Scheme 2 The proposed mechanism for ont—pot domino reaction

In conclusion, we have developed a Lewis acid catalyzed one-pot sequential reaction of
tryptamines, propiolate and,p-unsaturated aldehydes as well as arylideneacetones for the
efficient synthesis of functionalized 1,2,6,7,12,12b-hexahydroin2l8la]quinolizines in good
yields. This protocol has advantages of mild reaction conditions, easily accessible starting
materials, easy purification of the products and wide range of substrates, which makes it a useful
and attractive method for the synthesis of the complex ingiBla]quinolizines in synthetic and
medicinal chemistry. Further expansion of the reaction scope and synthetic applications of this
methodology are in progress in our laboratory.

Experimental section

1. General procedure for the preparation of

1,2,6,7,12,12b-hexahydroindol@],3-a]quinolizines 1la-1q In a round bottom flask a mixture of



tryptamines (2.0 mmol) and methyl or ethyl propiolate (2.0 mmol) in 5.0mL ethanol was stirred at
room temperature for 20 minutes. Thef-unsaturated aldehydes (2.0 mmol) and anhydrous zinc
chloride (1.0 mmol, 0.136 g) were added. The mixture was stirred at room temperature for
additional 48 hours. The resulting precipitate was collected by filtration and washed with cold
alcohol to give the pure product.

Methyl  2-phenyl-1,2,6,7,12,12b-hexahydroindol@]3-a]quinolizine-3-carboxylate  (1a)
yellow solid, 78%, m.p.279~28% 'H NMR (600 MHz, DMSOde) &: 10.94 (s, 1H, NH), 7.88
(brs, 1H, CH), 7.40 (dJ = 7.8Hz, 1H, ArH), 7.36~7.34 (m, 2H, ArH), 7.27 @z 7.8Hz, 2H,
ArH), 7.23~7.21 (m, 2H, ArH), 7.02 @,= 7.2Hz, 1H, ArH), 6.96 (tJ = 7.2Hz, 1H, ArH), 4.21 (d,
J=11.4Hz, 1H, CH), 4.01~4.00 (m, 1H, CH), 3.98~3.95 (m, 1H, CH), 3.55~3.51 (m, 1H, CH),
3.49 (s, 3H, OCH), 2.81~2.77 (m, 1H, CH), 2.73~2.71 (m, 1H, CH), 2.57J(¢, 13.2Hz, 1H,
CH), 1.79 (td J; = 12.6Hz,J, = 4.8Hz, 1H, CH)**C NMR (150 MHz, DMSOde) 5: 167.3, 147.2,
146.6, 136.2, 133.0, 128.1, 127.8, 126.3, 125.9, 121.0, 118.5, 117.7, 111.0, 106.9, 94.0, 50.2, 50.0,
47.1, 36.2, 35.7, 21.6; IR (KBn) 3235, 2965, 2911, 1664, 1597, 1494, 1471, 1428, 1357, 1323,
1301, 1205, 1185, 1163, 1109, 1038, 1021, 942, 852, 798 &tRMS (ESI) Calcd. for
Co3H2N:NaQ, ([M+Na]"): 381.1573. Found: 381.1575.
Methyl 2-(4-methxylphenyl)-1,2,6,7,12,12b-hexahydroindol@[3-a]quinolizine-3-carboxylate
(1b): yellow solid, 87%, m.p.260~262 ‘H NMR (600 MHz, DMSOds) &: 10.93 (s, 1H, NH),
7.85 (brs, 1H, CH), 7.40 (d,= 7.2Hz, 1H, ArH), 7.23 (dJ = 7.8Hz, 1H, ArH), 7.14 (brs}H,
ArH), 7.02~7.01 (m, 1H, ArH), 6.97~6.96 (m, 1H, ArH), 4.20J&; 12.0Hz, 1H, CH), 3.96 (brs,
2H, CH), 3.54~3.50 (m, 1H, CH), 3.48 (s, 3H, Oft2.81~2.77 (m, 1H, CH), 2.72~2.70 (m, 1H,
CH), 2.53 (d,J = 13.2Hz, 1H, CH), 2.29 (s, 3H, GH 1.77 (t,J = 12.6Hz, 1H, CH)**C NMR
(150 MHz, DMSO€) &: 167.3, 147.0, 143.5, 136.2, 134.8, 133.1, 128.7, 127.6, 126.3, 120.9,
118.5,117.6, 111.0, 106.8, 94.1, 50.1, 50.0, 47.0, 35.8, 35.7, 21.6, 20.5; IR{RBER, 2959,
1668, 1560, 1510, 1427, 1358, 1321, 1302, 1206, 1184, 1165, 1109, 1039, 939, 855, 803; 777 cm
HRMS (ESI) Calcd. for gH24N,NaQ, ([M+Na]"): 395.1730. Found: 395.1732.
Methyl 2-(3-methxylphenyl)-1,2,6,7,12,12b-hexahydroindol@[3-a]quinolizine-3-carboxylate
(1c): yellow solid, 81%, m.p.282~284 'H NMR (600 MHz, DMSOd,) &: 10.94 (s, 1H, NH),
7.87 (brs, 1H, CH), 7.40 (d,= 7.8Hz, 1H, ArH), 7.23~7.21 (m, 2H, ArH), 7.09 (bt$], ArH),

7.04~7.02 (m, 3H, ArH), 6.97~6.95 (m, 1H, ArH), 4.22 Jd& 11.4Hz, 1H, CH), 3.96 (br&H,
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CH), 3.56~3.52 (m, 1H, CH), 3.48 (s, 3H, Of}HR.79~2.77 (m, 1H, CH), 2.73~2.70 (m, 1H, CH),
2.54 (d,J = 12.6Hz, 1H, CH), 2.33 (s, 3H, GH1.79~1.76 (m, 1H, CH}’C NMR (150 MHz,
DMSO-d,) 6: 167.3, 147.1, 146.6, 137.1, 136.2, 133.1, 128.4, 128.0, 126.6, 126.3, 124.8, 120.9,
1185, 117.6, 111.0, 106.9, 94.0, 50.1, 50.0, 47.0, 36.1, 35.7, 21.6, 21.2; IR (RBH1, 3236,
2908, 2849, 1667, 1599, 1424, 1354, 1320, 1302, 1231, 1214, 1199, 1184, 1169, 1110, 1063, 1038,
924, 882, 778 ciy HRMS (ESI) Calcd. for @H,N,NaO, ((M+Na]"): 395.1730. Found:
395.1728.
Methyl 2-(4-methoxyphenyl)-1,2,6,7,12,12b-hexahydroindola[3-aquinolizine-3-carboxylate
(1d): yellow solid, 83%, m.p.256~257 ‘H NMR (600 MHz, DMSOd) &: 10.91 (s, 1H, NH),
7.84 (brs, 1H, CH), 7.40 (d,= 7.8Hz, 1H, ArH), 7.23 (d] = 7.8Hz, 1H, ArH), 7.17 (d] = 7.8Hz,
2H, ArH), 7.02 (tJ = 7.2Hz, 1H, ArH), 6.96 (t) = 7.2Hz, 1H, ArH), 6.90 (d] = 7.8Hz, 2H, ArH),
4.20 (d,J = 11.4Hz, 1H, CH), 3.95~3.94 (m, 2H, CH), 3.74 (s, 3H, QCB.54~3.52 (m, 1H,
CH), 3.49 (s, 3H, OCH), 2.81~2.77 (m, 1H, CH), 2.73~2.70 (m, 1H, CH), 2.53)(d,12.6Hz,
1H, CH), 1.75 (tdJ; = 12.6Hz,J, = 3.6Hz, 1H, CH)**C NMR (150 MHz, DMSOde) &: 167.3,
157.6, 147.0, 1384, 136.2, 133.1, 128.6, 126.3, 120.9, 118.5, 117.6, 113.5, 111.0, 106.8, 94.3,
55.0, 50.1, 50.0, 47.0, 35.9, 35.3, 21.6; IR (KBrB449, 2958, 1663, 1598, 1509, 1429, 1358,
1323, 1303, 1277, 1250, 1207, 1186, 1109, 1037, 83Z; dARMS (ESI) Calcd. for
CpaH2aN,NaO; ([M+Na]*): 411.1679. Found: 411.1682.

Methyl 2-(4-chlorophenyl)-1,2,6,7,12,12b-hexahydroindol@[3-a]quinolizine-3-carboxylate
(1e) yellow solid, 84%, m.p.267~268 'H NMR (600 MHz, DMSO#dg) &: 10.93 (s, 1H, NH),
7.88 (brs, 1H, CH), 7.41~7.40 (m, 3H, ArH), 7.30~7.28 (m, 2H, ArH), 7.2d &I6.6Hz, 1H,
ArH), 7.03 (brs1H, ArH), 6.96 (brs1H, ArH), 4.20 (dJ = 10.2Hz, 1H, CH), 4.00~3.95 (m, 2H,
CH), 3.53 (brs1H, CH), 3.49 (s, 3H, OC§ 2.79~2.71 (m, 2H, CH), 2.55 (d= 12.6Hz, 1H,
CH), 1.79 (brs, 1H, CH)l,BC NMR (150 MHz, DMSQdg) 6: 167.2, 147.3, 145.6, 136.2, 132.9,
130.5, 129.6, 128.0, 126.3, 120.9, 118.5, 117.8, 111.0, 106.9, 93.6, 50.1, 50.0, 46.9, 35.6, 21.6; IR
(KBr) v: 3447, 3232, 2962, 2822, 1669, 1599, 1489, 1427, 1356, 1320, 1304, 1207, 1185, 1164,
1111, 1037, 1012, 876, 854, 832, 796, 758" cHRMS (ESI) Calcd. for gH»;CINNaG,
(IM+Na]"): 415.1184. Found: 415.1184.

Methyl 2-(3-chlorophenyl)-1,2,6,7,12,12b-hexahydroindol@[3-a]quinolizine-3-carboxylate

(1f): yellow solid, 77%, m.p.258~26Q *H NMR (600 MHz, DMSO€g) &: 10.95 (s, 1H, NH),
10



7.90 (brs, 1H, CH), 7.40~7.38 (m, 2H, ArH), 7.32~7.30 (m, 2H, ArH), 7.23 ZbtsArH), 7.03
(brs,1H, ArH), 6.96 (brs1H, ArH), 4.20 (dJ = 10.8Hz, 1H, CH), 4.02 (br&H, CH), 3.98~3.96
(m, 1H, CH), 3.55~3.53 (m, 1H, CH), 3.50 (s, 3H, QE12.78~2.77 (m, 1H, CH), 2.73~2.71 (m,

1H, CH), 2.59 (dJ = 12.0Hz, 1H, CH), 1.79 (brs, 1H, CHJC NMR (150 MHz, DMSOdg) &:

167.2, 149.2, 147.5, 136.2, 132.9, 132.8, 130.0, 127.6, 126.5, 126.3, 126.0, 121.0, 118.5, 117.7,
111.0, 106.9, 93.2, 50.2, 50.1, 47.0, 35.9, 35.5, 21.5; IR (KB3%97, 3263, 2919, 2853, 2809,

1668, 1600, 1472, 1424, 1355, 1324, 1302, 1205, 1184, 1167, 1113, 1038, 890, 862,773 cm
HRMS (ESI) Calcd. for gH,:CIN,NaO, ([M+Na]*): 415.1184. Found: 415.1184.
Methyl 9-methoxy-2-phenyl-1,2,6,7,12,12b-hexahydroindold[3-a]lquinolizine-3-carboxylate
(1g): yellow solid, 83%, m.p.252~253 *H NMR (600 MHz, DMSO#dg) &: 10.76 (s, 1H, NH),
7.87 (brs, 1H, CH), 7.36~7.33 (m, 2H, ArH), 7.26Jd; 6.6Hz, 2H, ArH), 7.21 (t) = 7.2Hz, 1H,
ArH), 7.11 (d,J = 8.4Hz, 1H, ArH), 6.90 (brslH, ArH), 6.67~6.65 (m, 1H, ArH), 4.19 (d,=
12.0Hz, 1H, CH), 4.00~3.99 (m, 1H, CH), 3.97~3.94 (m, 1H, CH), 3.73 (s, 3Hs)O&HB5~3.50
(m, 1H, CH), 3.48 (s, 3H, OG}f 2.79~2.74 (m, 1H, CH), 2.69 (d= 12.6Hz, 1H, CH), 2.54 (d,
J=12.6Hz, 1H, CH), 1.78 (td; = 12.6Hz,J, = 4.8Hz, 1H, CH)**C NMR (150 MHz, DMSOd,)
6: 167.3, 153.2, 147.2, 146.5, 133.7, 131.2, 128.1, 127.8, 126.6, 125.9, 111.6, 110.7, 106.7, 99.9,
93.9, 55.4, 50.2, 50.0, 47.1, 36.1, 35.7, 21.7; IR (KBr3244, 2913, 2826, 1665, 1584, 1490,
1444, 1426, 1362, 1321, 1301, 1222, 1205, 1179, 1159, 1106, 1061, 1036, 945, 934, 805; 756 cm
HRMS (ESI) Calcd. for &H,4N,NaO; ([M+Na]*): 411.1679. Found: 411.1670.

Methyl 9-methoxy-2-(4-methylphenyl)-1,2,6,7,12,12b-hexahydroindol®3-a]quinolizine-3-
carboxylate (1hY yellow solid, 86%, m.p.238~24Q *H NMR (600 MHz, DMSOdg) &: 10.76 (s,
1H, NH), 7.85 (brs, 1H, CH), 7.14 (brs, 4H, CH), 7.12~7.10 (m, 1H, ArH), 6.90 (brs, 1H, CH),
6.66 (d,J = 9.0Hz, 1H, ArH), 4.17 (dJ = 12.0Hz, 1H, CH), 3.95 (brs, 2H, CH), 3.73 (s, 3H,
OCHs), 3.53~3.51 (m, 1H, CH), 3.48 (s, 3H, OgH2.78~2.74 (m, 1H, CH), 2.70~2.67 (m, 1H,
CH), 2.46 (brs, 1H, CH), 2.28 (s, 3H, @H1.76 (t,J = 12.0Hz, 1H, CH)**C NMR (150 MHz,
DMSO-dg) 8: 167.3, 153.2, 147.0, 143.6, 134. 8, 133.8, 131.3, 128.7, 127.6, 126.6, 111.6, 110.7,
106.7, 99.9, 94.1, 55.3, 50.2, 50.0, 47.1, 35.8, 35.7, 21.7, 20.5; IR (KBB37, 2945, 1665,
1583, 1510, 1485, 1452, 1432, 1373, 1318, 1296, 1205, 1181, 1163, 1135, 1106, 1026, 855, 823,
802, 774 crit; HRMS (ESI) Calcd. for &H,sN,NaO; ((M+Na]*): 425.1836. Found: 425.1826.

Methyl 9-methoxy-2-(3-methylphenyl)-1,2,6,7,12,12b-hexahydroindol®B-a]quinolizine-3-
11



carboxylate (1i): yellow solid, 79%, m.p.226~228 *H NMR (600 MHz, DMSOds) &: 10.77 (s,

1H, NH), 7.86 (brs, 1H, CH), 7.22 (brs, 1H, ArH), 7.11~7.08 (m, 2H, ArH), 7.02 (brs, 2H, CH),
6.90 (brs, 1H, CH), 6.66~6.65 (m, 1H, ArH), 4.19 J&; 10.2Hz, 1H, CH), 3.95 (brs, 2H, CH),

3.73 (s, 3H, OCh), 3.56~3.53 (m, 1H, CH), 3.48 (s, 3H, OgH2.76~2.68 (m, 2H, CH), 2.54

(brs, 1H, CH), 2.32 (s, 3H, GH 1.76 (brs, 1H, CH)}*C NMR (150 MHz, DMSOde) &: 167.3,

153.2, 147.1, 146.6, 137.1, 133.7, 131.2, 128.4, 128.0, 126.6, 124.8, 111.6, 110.7, 106.7, 99.9,
94.0, 55.3, 50.2, 50.0, 47.1, 36.1, 35.7, 21.7, 21.2; IR (KBB236, 2947, 2847, 1663, 1584,
1483, 1435, 1361, 1317, 1301, 1214, 1196, 1182, 1160, 1107, 1058, 1034, 888, 831, 800; 776 cm
HRMS (ESI) Calcd. for @&H,sN.NaO; ((M+Na]*): 425.1836. Found: 425.1827.

Methyl 9-methoxy-2-(3-chlorophenyl)-1,2,6,7,12,12b-hexahydroindol®[3-alquinolizine-3-
carboxylate (1j): white solid, 80%, m.p.244~245; ‘*H NMR (600 MHz, DMSOds) 5: 10.75 (s,

1H, NH), 7.88 (brs, 1H, CH), 7.37 (t= 7.2Hz, 1H, ArH), 7.31 (brs, 1H, ArH), 7.28 @5 7.8Hz,
1H, ArH), 7.21 (dJ = 7.8Hz, 1H, ArH), 7.12 (1) = 8.4Hz, 1H, ArH), 6.91 (brs, 1H, ArH), 6.67 (d,
J=8.4Hz, 1H, ArH), 4.17 (d) = 11.4Hz, 1H, CH), 4.01 (brs, 1H, CH), 3.96~3.94 (m, 1H, CH),
3.73 (s, 3H, OCh), 3.56~3.52 (m, 1H, CH), 3.50 (s, 3H, Og§H2.78~2.74 (m, 1H, CH),
2.70~2.68 (m, 1H, CH), 2.55 (d,= 12.6Hz, 1H, CH), 1.88~1.77 (m, 1H, CHIC NMR (150
MHz, DMSOdg) 8: 167.2, 153.2, 149.2, 147.5, 133.5, 132.9, 131.2, 130.0, 127.6, 126.6, 126.4,
125.9, 111.6, 110.8, 106.8, 100.0, 93.2, 55.4, 50.2, 50.1, 47.0, 35.9, 35.5, 21.6; IR: (3429,
3244, 2950, 2838, 1666, 1586, 1484, 1429, 1360, 1335, 1312, 1207, 1183, 1161, 1110, 1061, 1034,
888, 858, 832, 797, 768 EmMHRMS (ESI) Calcd. for §H,3CIN,NaO; ([M+Na]*): 445.1289.
Found: 445.1284.

Methyl 1,2,6,7,12,12b-hexahydroindold],3-a]quinolizine-3-carboxylate (1k). yellow solid,
80%, m.p.156~158; 'H NMR (600 MHz, DMSO#dg) &: 10.96 (s, 1H, NH), 7.53 (brs, 1H, CH),
7.41 (d,J = 7.8Hz, 1H, ArH), 7.32 (d) = 7.2Hz, 1H, ArH), 7.07~7.05 (m, 1H, ArH), 6.99~6.98
(m, 1H, ArH), 4.99 (dJ = 10.2Hz, 1H, CH), 3.82 (dl = 12.0Hz, 1H, CH), 3.56 (s, 3H, OGH
3.46~3.43 (m, 1H, CH), 2.78~2.74 (m, 1H, CH), 2.71~2.69 (m, 1H, CH), 2.9%(#i2.0Hz, 1H,
CH), 2.39~2.36 (m, 1H, CH), 2.31~2.27 (m, 1H, CH), 1.60~1.58 (m, 1H, GEINMR (150
MHz, DMSO<g) 8: 167.6, 146.5, 136.1, 133.6, 126.4, 120.9, 118.5, 117.7, 111.1, 106.5, 93.4,

51.5, 50.0, 49.9, 27.4, 21.6, 20.1; IR (KBr)3293, 2938, 2849, 1654, 1610, 1493, 1439, 1418,
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1356, 1332, 1301, 1244, 1205, 1182, 1154, 1095, 1063, 1037, 1002, 933, B29RMS (ESI)
Calcd. for G;H;:aN,NaO, ([M+Na]*): 305.1260. Found: 305.1255.

Methyl 9-methoxy-1,2,6,7,12,12b-hexahydroindol@]3-a]quinolizine-3-carboxylate  (1l).
yellow solid, 76%, m.p.204~206; ‘H NMR (600 MHz, DMSO#d,) &: 10.78 (s, 1H, NH), 7.52

(brs, 1H, CH), 7.20 (dJ = 8.4Hz, 1H, ArH), 6.91 (brs, 1H, ArH), 6.70 @z 8.4Hz, 1H, ArH),

4.46 (d,J = 10.2Hz, 1H, CH), 3.81 (d] = 12.0Hz, 1H, CH), 3.74 (s, 3H, OGK{ 3.55 (s, 3H,
OCH), 3.45~3.41 (m, 1H, CH), 2.75~2.71 (m, 1H, CH), 2.68~2.66 (m, 1H, CH), 2.58<d,
12.0Hz, 1H, CH), 2.38~2.35 (m, 1H, CH), 2.29~2.25 (m, 1H, CH), 1.59~1.57 (m, 1H}°CH);
NMR (150 MHz, DMSO€,) 6: 167.6, 153.2, 146.5, 134.3, 131.2, 126.7, 111.7, 110.7, 106.4,
100.0, 93.4, 55.3, 51.6, 50.0, 27.4, 21.7, 20.1; IR (KBB229, 2942, 2902, 2843, 1664, 1587,
1487, 1436, 1356, 1303, 1211, 1180, 1151, 1106, 1060, 1031, 940, 913, 834, 7HRMS
(ESI) Calcd. for GgHooN,NaO; ([M+Na]*): 335.1366. Found: 335.1364.

Ethyl 2-phenyl-1,2,6,7,12,12b-hexahydroindol@3-alquinolizine-3-carboxylate  (1m}
yellow solid, 84%, m.p.256~258; *H NMR (600 MHz, DMSOds) &: 10.92 (s, 1H, NH), 7.84

(brs, 1H, CH), 7.40 (d] = 7.2Hz, 1H, ArH), 7.34~7.33 (m, 2H, ArH), 7.27~7.26 (m, 2H, ArH),
7.23~7.22 (m, 2H, ArH), 7.02 (i = 6.6Hz, 1H, ArH), 6.97~6.96 (m, 1H, ArH), 4.22 @z=

11.4Hz, 1H, CH), 4.00~3.96 (m, 4H, CH), 3.55~3.52 (m, 1H, CH), 2.80~2.78 (m, 1H, CH),
2.73~2.71 (m, 1H, CH), 2,57 (d,= 12.6Hz, 1H, CH), 1.82~1.79 (m, 1H, CH), 1.10 (brs, 3H,
CHy); °C NMR (150 MHz, DMSOdq) &: 166.8, 146.9, 146.7, 136.2, 133.1, 128.1, 127.9, 127.8,
126.3, 125.8, 120.9, 118.5, 117.7, 111.0, 106.9, 94.4, 58.1, 50.2, 47.1, 36.2, 35.7, 21.6, 14.6; IR
(KBr) v: 3450, 3232, 2978, 2911, 2851, 1663, 1588, 1494, 1473, 1438, 1363, 1320, 1300, 1209,
1185, 1166, 1108, 1039, 1018, 940, 789'cHRMS (ESI) Calcd. for &HpaN,NaO, ((M+Na]"):
395.1730. Found: 395.1727.

Ethyl 2-(4-methylphenyl)-1,2,6,7,12,12b-hexahydroindol@3-a]quinolizine-3-carboxylate
(1n): yellow solid, 85%, m.p.226~222; *H NMR (600 MHz, DMSOde) 5: 10.91 (s, 1H, NH),

7.82 (brs, 1H, CH), 7.39 (d,= 7.8Hz, 1H, ArH), 7.23 (dJ = 8.4Hz, 1H, ArH), 7.14 (brs, 4H,
ArH), 7.02 (t,d = 7.8Hz, 1H, ArH), 6.95 (t) = 7.2Hz, 1H, ArH), 4.20 (dJ = 12.0Hz, 1H, CH),
3.97~3.92 (m, 4H, CH), 3.54~3.50 (m, 1H, CH), 2.82~2.78 (m, 1H, CH), 2.72~2.70 (m, 1H, CH),

2.53 (d,J = 13.2Hz, 1H, CH), 2.29 (s, 3H, GH1.77 (td,J; = 12.6Hz,J, = 4.8Hz, 1H, CH), 1.10
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(t, J = 7.2Hz, 3H, CH); **C NMR (150 MHz, DMSOds) &: 166.8, 146.8, 143.6, 136.2, 134.8,
133.1, 128.7, 127.6, 126.3, 120.9, 118.5, 117.6, 111.0, 106.9, 94.6, 58.0, 50.1, 47.1, 35.8, 35.7,
21.6, 20.5, 14.6; IR (KBr): 3449, 2967, 2915, 2852, 2804, 1662, 1587, 1509, 1473, 1442, 1363,
1320, 1301, 1208, 1166, 1107, 1040, 1016, 940, 875, 808, 775HRMS (ESI) Calcd. for
CasHaeNoNaO, ([M+Na]"): 409.1886. Found: 409.1885.

Ethyl 2-(3-chlorophenyl)-1,2,6,7,12,12b-hexahydroindol@[3-a]quinolizine-3-carboxylate
(10): yellow solid, 75%, m.p. >30C; *H NMR (600 MHz, DMSO¢s) 8: 10.93 (s, 1H, NH), 7.86

(brs, 1H, CH), 7.41~7.39 (m, 1H, ArH), 7.37 (s 7.8Hz, 1H, ArH), 7.31 (brs, 1H, ArH), 7.28 (d,

J = 7.8Hz, 1H, ArH), 7.23 () = 7.8Hz, 2H, ArH), 7.04~7.39 (m, 1H, ArH), 6.97~6.95 (m, 1H,
ArH), 4.21 (d,J = 12.0Hz, 1H, CH), 4.02~3.98 (m, 2H, CH), 3.97~3.94 (m, 2H, CH), 3.58~3.53
(m, 1H, CH), 2.82~2.77 (m, 1H, CH), 2.72 (s 12.0Hz, 1H, CH), 2.59 (d,= 13.2Hz, 1H, CH),

1.80 (td,J; = 12.6Hz,J, = 5.4Hz, 1H, CH), 1.11 (1) = 7.2Hz, 3H, CH); **C NMR (150 MHz,
DMSO-0g) 5: 166.7, 149.3, 147.3, 136.2, 132.9, 129.9, 127.7, 126.5, 126.3, 125.9, 1209, 118.5,
117.7, 111.0, 106.9, 93.6, 58.1, 50.2, 47.0, 36.0, 35.4, 21.5, 14.6; IRYKBIAS, 2990, 2914,
1660, 1586, 1474, 1440, 1363, 1325, 1303, 1193, 1165, 1108, 1038, 886, 7 #6RMS (ESI)

Calcd. for G4H2sCIN,NaO, ([M+Na]*): 429.1340. Found: 429.1334.

Ethyl 9-methoxy-2-(4-methoxyphenyl)-1,2,6,7,12,12b-hexahydroindo®B-a]quinolizine-3-
carboxylate (1p) white solid, 81%, m.p.249~280; ‘H NMR (600 MHz, DMSO#d) 5: 10.72 (s,

1H, NH), 7.81 (brs, 1H, CH), 7.13~7.10 (m, 5H, ArH), 6.90 (brs, 1H, ArH), 6.65%d.8Hz, 1H,

ArH), 4.17 (d,J = 10.8Hz, 1H, CH), 3.94 (brs, 4H, CH), 3.73 (s, 3H, @CH.53~3.49 (m, 1H,

CH), 2.77~2.75 (m, 1H, CH), 2.69~2.67 (m, 1H, CH), 2.54 (brs, 1H, CH), 2.28 (s, 3}{, CF6

(brs, 1H, CH), 1.10 (brs, 3H, CHJiC NMR (150 MHz, DMSOdg) &: 166.8, 153.2, 146.8, 143.7,
134.7, 133.8, 131.2, 128.7, 127.6, 126.6, 111.6, 110.7, 106.7, 99.9, 94.5, 58.0, 56.0, 55.3, 50.2,
47.1, 35.8, 21.7, 20.5, 18.5, 14.6; IR (KBr)3453, 2982, 2907, 2828, 1660, 1583, 1484, 1443,
1365, 1318, 1298, 1209, 1162, 1107, 1035, 821, 799, 77§ &RMS (ESI) Calcd. for
CagH2sNoNaO; ([M+Na]"): 439.1992. Found: 439.1988.

Ethyl 9-methoxy-2-(3-chlorophenyl)-1,2,6,7,12,12b-hexahydroindol®3-a]quinolizine-3-
carboxylate (1q) white solid, 76%, m.p.241~243; ‘H NMR (600 MHz, DMSO#d) 5: 10.75 (s,

1H, NH), 7.85 (brs, 1H, CH), 7.37 (= 7.8Hz, 1H, ArH), 7.30~7.27 (m, 2H, ArH), 7.22 (=
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7.8Hz, 1H, ArH), 7.12 (dJ = 8.4Hz, 1H, ArH), 6.91 (brs, 1H, ArH), 6.67 @@z 8.4Hz, 1H, ArH),

4.18 (d,J = 12.0Hz, 1H, CH), 4.01~3.97 (m, 2H, CH), 3.96~3.93 (m, 2H, CH), 3.73 (s, 3H;) OCH
3.57~3.52 (m, 1H, CH), 2.79~2.74 (m, 1H, CH), 2.69J& 12.6Hz, 1H, CH), 2.56 (d] =

13.2Hz, 1H, CH), 1.79 (tdl, = 12.6Hz,J, = 5.4Hz, 1H, CH), 1.11 (f = 7.2Hz, 3H, CH);**C

NMR (150 MHz, DMSO+dg) 8: 166.7, 153.2, 149.3, 147.3, 133.5, 132.9, 131.2, 129.9, 127.6,
126.6, 126.4, 125.9, 111.6, 110.7, 106.8, 100.0, 93.6, 58.1, 55.3, 50.2, 47.1, 36.0, 35.4, 21.6, 14.5;
IR (KBr) v: 3449, 2956, 2836, 1660, 1586, 1480, 1438, 1365, 1305, 1210, 1162, 1108, 1037, 889,
830, 775 crit; HRMS (ESI) Calcd. for GH,sCIN,NaO; ((M+Na]*): 459.1446. Found: 459.1440.

2. General procedure for the preparation of 1,4-dihydropyridines 2a,b and
1,2,6,7,12,12b-hexahydroindol@,3-a]jquinolizines 3a,i The same procedure as described
above was used by usiagmethylcinnamaldehyde. A mixture of 5-methoxytryptamine (2.0 mmol)
and methyl or ethyl propiolate (2.0 mmol) in 5.0mL ethanol was stirred at room temperature for
20 minutes. Them-methylcinnamaldehyde (2.0 mmol) and anhydrous zinc chloride (1.0 mmol,
0.136 g) were added. The mixture was stirred at room temperature for additional 48 hours. The
resulting precipitates were collected by filtration and washed with cold alcohol to give the pure
product. Then a solution of compoud in a mixture of methanol and toluene (V/V = 1:1)
containing zinc chloride was refluxed for 48 hours to give the progoDn the other hand a
solution of compoun@b in ethanol containing zinc chloride was refluxed for 48 hours to give the
product3b.

Methyl 1-[2-(5-Methoxy-1H-indol-3-yl)-ethyl]-5-methyl-4-phenyl-1,4-dihydropyridine-3-
carboxylate (2a) white solid, 82%, m.p.158~189; *H NMR (600 MHz, DMSOds) &: 10.72 (s,

1H, NH), 7.27 (brs, 1H, CH), 7.24 (d,= 9.0Hz, 1H, ArH), 7.18~7.16 (m, 3H, ArH), 7.11~7.10

(m, 2H, ArH), 7.08~7.06 (m, 2H, ArH), 6.73 (@= 9.0Hz, 1H, ArH), 6.09 (brs, 1H, CH), 4.13

(brs, 1H, CH), 3.77 (s, 3H, OGH 3.70~3.66 (m, 1H, CH), 3.63~3.60 (m, 1H, CH), 3.41 (s, 3H,
OCHy), 2.97~2.96 (m, 2H, CH), 1.43 (s, 3H, §HC NMR (150 MHz, DMSOsdg) &: 167.3,

153.1, 146.5, 139.9, 131.4, 127.8, 127.6, 127.5, 125.9, 124.0, 123.1, 115.0, 112.0, 111.1, 110.2,
100.4, 98.2, 55.4, 53.7, 50.1, 43.4, 25.6, 18.5; IR (KBI3343, 3074, 2989, 2849,1686, 1660,
1597, 1450, 1421, 1367, 1312, 1260, 1193, 1158, 1093, 1024, 923, 844, 825, 795.'762 cm

HRMS (ESI) Calcd. for @H,eN,NaOs ([M+Na]*): 425.1836. Found: 425.1832.
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Ethyl 1-[2-(5-Methoxy-1H-indol-3-yl)-ethyl]-5-methyl-4-phenyl-1,4-dihydropyridine-3-
carboxylate (2b) white solid, 89%, m.p.138~140; ‘H NMR (600 MHz, DMSO#d) 5: 10.74 (s,

1H, NH), 7.25~7.21 (m, 2H, CH, ArH), 7.19~7.16 (m, 3H, ArH), 7.11~7.06 (m, 4H, ArH),
6.74~6.72 (m, 1H, ArH), 6.10 (brs, 1H, CH), 4.12 (brs, 1H, CH), 3.90~3.87 (m, 1H, CH),
3.83~3.79 (m, 1H, CH), 3.77 (s, 3H, OgHB.69~3.61 (M, 2H, CH), 2.99~2.94 (m, 2H, CH), 1.42

(s, 3H, CH), 1.02 (t,J = 6.6Hz, 3H, CH); *C NMR (150 MHz, DMSOd) 5: 166.9, 153.1, 146.6,

139.7, 131.5, 127.7, 127.6, 127.5, 125.8, 124.0, 123.1, 114.9, 112.0, 111.1, 110.3, 100.4, 98.6,
58.3, 55.4, 53.7, 43.5, 25.6, 18.5, 14.2; IR (KBrB437, 3075, 2989, 1687, 1661, 1597, 1487,
1455, 1430, 1371, 1307, 1261, 1240, 1216, 1190, 1158, 1092, 1027, 976, 922, 843, 794+ 758 cm
HRMS (ESI) Calcd. for gH,gN,NaOs ((M+Na]*): 439.1992. Found: 439.1993.

Methyl 9-methoxy-1-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindol®f3-alquinolizine-3-
carboxylate (3a) white solid, 78%, m.p.264~285; 'H NMR (600 MHz, DMSOds) &: 10.25 (s,

1H, NH), 7.27 (brs, 1H, CH), 7.32~7.29 (m, 2H, ArH), 7.22~7.19 (m, 3H, ArH), 7.15 4,

8.4Hz, 1H, ArH), 6.93 (brs, 1H, ArH), 6.68~6.66 (m, 1H, ArH), 4.31)g, 13.8Hz, 1H, CH),
3.94~3.91 (m, 1H, CH), 3.78~3.77 (m, 1H, CH), 3.74 (s, 3H, QCBI45 (s, 3H, OCH,
3.42~3.41 (m, 1H, CH), 2.77~2.73 (m, 2H, CH), 1.94~1.91 (m, 1H, CH), 1.02=(6,6Hz, 3H,

CHsy); 1C NMR (150 MHz, DMSO6q) &: 166.9, 153.2, 146.7, 143.0, 132.7, 131.4, 129.4, 127.6,
126.5, 126.0, 111.8, 110.9, 99.8, 96.5, 55.4, 53.6, 51.7, 49.9, 43.9, 37.2, 22.3, 16.3; IR (KBr)
3313, 3029, 2999, 2956, 2918, 2824, 1657, 1624, 1485, 1459, 1415, 1335, 1245, 1214, 1178, 1154,
1122, 1095, 1033, 993, 938, 916, 879, 848, 795, 754 BIRMS (ESI) Calcd. for GHsN,NaO;
(IM+Na]"): 425.1836. Found: 425.1837.

Ethyl 9-methoxy-1-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindold[3-alquinolizine-3-
carboxylate (3b) white solid, 87%, m.p.226~228; '"H NMR (600 MHz, DMSO#dg) 5: 10.28 (s,

1H, NH), 7.81 (brs, 1H, CH), 7.32~7.29 (m, 2H, ArH), 7.22~7.19 (m, 3H, ArH), 7.15 4,
8.4Hz, 1H, ArH), 6.93 (brs, 1H, ArH), 6.68~6.66 (m, 1H, ArH), 4.34~3.31 (m, 1H, CH),
3.93-3.89 (m, 3H, CH), 3.77~3.76 (m, 1H, CH), 3.74 (s, 3H, QCB45~3.42 (m, 1H, CH),
2.79~2.73 (M, 2H, CH), 1.94~1.93 (m, 1H, CH), 1.07~1.05 (m, 3H),aD2 (d,J = 6.6Hz, 3H,
CHs); °C NMR (150 MHz, DMSOdq) &: 166.5, 153.2, 146.5, 143.1, 132.8, 131.4, 129.4, 127.5,

126.5, 125.9, 111.8, 110.9, 109.2, 99.8, 96.8, 58.0, 55.4, 53.7, 51.7, 43.9, 37.1, 22.3, 18.5, 16.3,
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14.5; IR (KBr)v: 3108, 1728, 1587, 1487, 1460, 1367, 1312, 1244, 1213, 1160, 1123, 1032, 909,
843, 783, 750 cit HRMS (ESI) Calcd. for GHogN.NaO; ([M+Na]*): 439.1992. Found:
439.1997.

2. General procedure for the preparations of
1,2,6,7,12,12b-hexahydroindold,3-a]quinolizines 4a-4g A mixture of tryptamines (2.0 mmol)

and methyl or ethyl propiolate (2.0 mmol) in 10.0mL ethanol was stirred at room temperature for
20 minutes. Then arylideneacetones (2.0 mmol) and anhydrous zinc chloride (1.0 mmol, 0.136 g)
were added to it. The solution was stirred at about 50C for additional 36 hours. The solvent was
removed by rotator evaporation and the residue was titrated with cold alcohol to give the pure
product.

Methyl 12b-methyl-2-(4-methylphenyl)-1,2,6,7,12,12b-hexahydroindolg[3-a]quinolizine-3-
carboxylate (4a) white solid, 70%, m.p.288~28D; *H NMR (600 MHz, DMSOds) &: 10.97 (s,

1H, NH), 7.82 (brs, 1H, CH), 7.39 (= 7.2Hz, 1H, ArH), 7.28 (d] = 7.8Hz, 1H, ArH), 7.16 (d,

J = 7.8Hz, 2H, ArH), 7.12 (dJ = 7.2Hz, 2H, ArH), 7.04 () = 7.2Hz, 1H, ArH), 6.96 (t) =

7.2Hz, 1H, ArH), 3.98~3.97 (m, 1H, CH), 3.83~3.81 (m, 1H, CH), 3.63~3.59 (m, 1H, CH), 3.50 (s,
3H, OCHy), 2.88 (d,J = 13.8Hz, 1H, CH), 2.77~2.73 (m, 1H, CH), 2.67Jg&; 12.6Hz, 1H, CH),

2.28 (s, 3H, Ch), 1.97~1.93 (m, 1H, CH), 0.99 (s, 3H, §HC NMR (150 MHz, DMSQ#) &:

167.7, 146.7, 142.3, 139.0, 135.9, 134.2, 128.5, 127.4, 126.0, 120.9, 118.5, 117.9, 111.0, 104.3,
92.7, 54.2, 50.0, 47.6, 40.5, 34.6, 24.3, 21.9, 20.5; IR (KBB446, 2916, 2849, 1664, 1582,
1425, 1353, 1311, 1217, 1183, 1142, 1093, 1039, 923, 853, 818, 795, 77HRMS (ESI)

Calcd. for GsHaeN,NaO, ([M+Na]"): 409.1886. Found: 409.1878.

Methyl 12b-methyl-2-(3-methoxyphenyl-1,2,6,7,12,12b-hexahydroindo®B-a]quinolizine-3-
carboxylate (4b) white solid, 72%, m.p.272~27@; 'H NMR (600 MHz, DMSOsd) &: 10.99 (s,

1H, NH), 7.83 (brs, 1H, CH), 7.39 (d= 7.2Hz, 1H, ArH), 7.28 (d] = 8.4Hz, 1H, ArH), 7.23 (t,
J=7.8Hz, 1H, ArH), 7.05 () = 7.8Hz, 1H, ArH), 6.96 (1) = 7.2Hz, 1H, ArH), 6.87~6.84 (m, 2H,
ArH), 6.75 (d,J = 7.2Hz, 1H, ArH), 3.99~3.98 (m, 1H, CH), 3.85~3.82 (m, 1H, CH), 3.76 (s, 3H,
OCHy), 3.64~3.60 (m, 1H, CH), 3.52 (s, 3H, OgH2.91 (dJ = 13.8Hz, 1H, CH), 2.77~2.72 (m,
1H, CH), 2.69~2.66 (m, 1H, CH), 1.95 (dH,= 13.8Hz,J, = 6.6Hz, 1H, CH), 1.02 (s, 3H, GH

13C NMR (150 MHz, DMSOd) 5: 167.7, 159.1, 147.1, 146.7, 139.0, 135.9, 128.9, 126.0, 120.9,
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119.9, 118.5, 117.9, 113.9, 111.0, 110.2, 104.3, 92.5, 54.9, 54.2, 50.1, 47.6, 35.0, 24.2, 21.9; IR
(KBr) v: 3452, 2930, 2853, 1637, 1485, 1424, 1383, 1349, 1308, 1268, 1221, 1185, 1141, 1092,
1053, 879, 776 cih HRMS (ESI) Calcd. for GHxNNaO; ((M+Na]): 425.1836. Found:
425.1831.

Methyl 9-methoxy-12b-methyl-2-(4-bromophenyl)-1,2,6,7,12,12b-hexahydroindo®B-a]-
quinolizine-3-carboxylate (4c) white solid, 67%, m.p.299~360; ‘H NMR (600 MHz,

DMSO-0g) 8: 11.00 (s, 1H, NH), 7.86 (brs, 1H, CH), 7.52~7.51 (m, 2H, ArH), 7.40~7.39 (m, 1H,
ArH), 7.29~7.25 (m, 3H, ArH), 7.05~6.96 (m, 2H, ArH), 3.98 (i, CH), 3.84 (brslH, CH),

3.62 (brs,1H, CH), 3.52 (s, 3H, OC} 2.87 (d,J = 12.0Hz, 1H, CH), 2.75~2.68 (m, 2H, CH),

1.98 (brs, 1H, CH), 1.00 (s, 3H, Gk*C NMR (150 MHz, DMSOd) &: 167.6, 146.9, 144.9,

138.8, 135.9, 130.7, 129.9, 126.0, 120.9, 118.5, 117.9, 111.0, 104.3, 92.0, 54.2, 50.1, 47.6, 34.7,
24.3,21.9; IR (KBry: 3448, 2926, 2854, 2025, 1663, 1582, 1485, 1426, 1353, 1309, 1219, 1185,
1143, 1094, 1039, 1011, 823, 782 LnHRMS (ESI) Calcd. for &H,3BrN,NaO, (M+Na]"):
473.0835. Found: 473.0822.

Methyl 9-methoxy-12b-methyl-2-(4-methoxyphenyl-1,2,6,7,12,12b-hexahydroindo®)B-a]-
quinolizine-3-carboxylate (4d) white solid, 73%, m.p.266~26C; ‘H NMR (600 MHz,

DMSO-d) 8: cisgltrans = 1:8;trans-isomer: 10.80 (s, 1H, NH), 7.81 (brs, 1H, CH), 7.16 (brs, 3H,
ArH), 6.89 (brs, 3H, ArH), 6.68 (d,= 7.2Hz, 1H, ArH), 4.18 (d] = 12.0Hz, 1H, CH), 3.99~3.94

(m, 1H, CH), 3.81~3.80 (m, 1H, CH), 3.73 (s, 6H, QE13.51 (s, 3H, OCH), 2.83 (dJ = 13.2Hz,

1H, CH), 2.71~2.70 (m, 1H, CH), 2.65 (#iz 13.2Hz, 1H, CH), 1.92~1.91 (m, 1H, CH), 0.98 (s,

3H, CH); cis-isomer: 7.78 (brs, 1H, CH), 3.94 (s, 3H, OQH"C NMR (150 MHz, DMSOd)

167.7, 157.1, 153.2, 146.7, 139.8, 137.2, 130.9, 128.4, 126.3, 113.4, 113.3, 111.6, 110.7, 104.2,
100.1, 92.8, 55.4, 54.9, 54.2, 50.0, 47.6, 40.6, 34.2, 24.4, 22.0; IR (KBA51, 3240, 2949,

2831, 1662, 1579, 1510, 1461, 1426, 1357, 1314, 1253, 1216, 1180, 1139, 1091, 1036, 984, 910,
829, 774 cnt; HRMS (ESI) Calcd. for GHogNoNaO, ([M+Na]*): 455.1941. Found: 455.1937.

Methyl 9-methoxy-12b-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindo®B-a]quinolizine-3-
carboxylate (4e) white solid, 81%, m.p. >30G; *H NMR (600 MHz, DMSOdj) &: cisltrans =

1:8; trans-isomer: 10.81 (s, 1H, NH), 7.84 (brs, 1H, CH), 7.33~7.27 (m, 4H, ArH), 7.17~7.15 (m,

2H, ArH), 6.89 (brs, 1H, ArH), 6.69~6.67 (m, 1H, ArH), 4.02~3.98 (m, 1H, CH), 3.83~3.80 (m,
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1H, CH), 3.73 (s, 3H, 0C§j, 3.63~3.59 (m, 1H, CH), 3.51 (s, 3H, 0gH.89~2.85 (m, 1H, CH),
2.75~2.63 (m, 2H, CH), 2.00~1.96 (m, 1H, CH), 0.97 (s, 3H;)Qis-isomer: 7.78 (brs, 1H, CH),

3.94 (s, 3H, OCH); *C NMR (150 MHz, DMSOdg) &: 167.6, 153.2, 146.9, 144.5, 139.5, 131.0,
129.9, 129.4,127.8, 126.4, 111.6, 110.8, 104.3, 100.3, 92.2, 55.4, 54.3, 50.0, 47.7, 40.4, 34.6, 24.4,
22.0; IR (KBr)v: 3453, 3291, 2976, 2924, 2865, 2828, 2733, 1647, 1610, 1488, 1436, 1416, 1329,
1311, 1219, 1183, 1139, 1113, 1091, 1030, 1012, 952, 913, 889, 822, 797, '783RMS (ESI)

Calcd. for GsHogNoNaQ; ([M+Na]™): 425.1836. Found: 425.1840.

Methyl 9-methoxy-12b-methyl-2-(4-chlorophenyl)-1,2,6,7,12,12b-hexahydroindo®B-a]-
quinolizine-3-carboxylate (4f} white solid, 73%, m.p> 300°C; 'H NMR (600 MHz, DMSO¢)

d: cigltrans = 1:5;trans-isomer: 10.81 (s, 1H, NH), 7.84 (brs, 1H, CH), 7.38 Jd; 7.8Hz, 2H,

ArH), 7.29 (d,J = 7.8Hz, 2H, ArH), 7.17 (d] = 9.0Hz, 1H, ArH), 6.90 (brs, 1H, ArH), 6.69 @,

= 8.4Hz, 1H, ArH), 3.99~3.98 (m, 1H, CH), 3.84~3.81 (m, 1H, CH), 3.74 (s, 3Hg)0CH
3.63~3.59 (m, 1H, CH), 3.52 (s, 3H, 0QH2.86~2.82 (m, 1H, CH), 2.75~2.70 (m, 1H, CH),
2.68~2.64 (m, 1H, CH), 1.99~1.98 (m, 1H, CH), 0.98 (s, 3H;)Qit-isomer: 7.81 (brs, 1H, CH);

*C NMR (150 MHz, DMSOdg) 6: 167.7, 153.2, 146.7, 145.4, 139.7, 131.0, 127.9, 127.8, 127.5,
126.4, 125.4, 111.6, 110.7, 104.2, 100.2, 92.6, 55.4, 54.3, 50.0, 47.7, 40.6, 35.1, 24.3, 22.0; IR
(KBr) v: 3446, 3273, 2950, 2926, 2864, 2826, 1642, 1611, 1489, 1418, 1335, 1315, 1219, 1185,
1139, 1093, 1033, 953, 914, 879, 829, 800, 769; dHRMS (ESI) Calcd. for gH,sCIN,NaG;
(IM+Na]*"): 459.1992. Found: 459.1945.

Ethyl 9-methoxy-12b-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindo®B-alquinolizine-3-
carboxylate (4g) white solid, 64%, m.p.266~288; ‘H NMR (600 MHz, DMSOds) &: cisltrans

= 1:5; trans-isomer: 10.98 (s, 1H, NH), 7.81 (brs, 1H, CH), 7.41~7.38 (m, 1H, ArH), 7.33~7.28
(m, 5H, ArH), 7.18~7.15 (m, 1H, ArH), 7.06~7.02 (m, 1H, ArH), 6.96) & 7.2Hz, 1H, ArH),
4.01~3.98 (m, 3H, CH), 3.83~3.81 (m, 1H, CH), 3.65~3.60 (m, 1H, CH), 2.8%=(813.2Hz, 1H,

CH), 2.76~2.73 (m, 1H, CH), 2.69~2.66 (m, 1H, CH), 2.00 Jd¢, 13.2Hz,J, = 6.6Hz, 1H, CH),

1.10 (t,J = 6.6Hz, 3H, CH), 0.99 (s, 3H, Ch); cis-isomer: 10.87 (s, 1H, NH), 7.66 (brs, 1H, CH),
7.24~7.23 (m, 1H, ArH), 7.20~7.19 (m, 1H, ArH), 7.12~7.09 (m, 3H, ArH), 3.80~3.77 (m, 2H,
CH), 3.73~2.70 (m, 1H, CH), 3.69~3.67 (m, 1H, CH), 3.29 (brs, 1H, CH), 2.81~2.77 (m, 1H, CH),
2.61~2.58 (m, 1H, CH), 1.55 (s, 3H, ©H0.85 (t,J = 6.6Hz, 3H, CH); **C NMR (150 MHz,
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DMSO-dg) 6: 167.2, 146.6, 145.5, 139.0, 135.9, 127.8, 127.5, 126.6, 126.1, 125.3, 125.2, 120.9,
118.5, 117.9, 111.0, 104.3, 93.2, 58.0, 54.2, 47.6, 40.6, 35.1, 24.3, 21.9, 14.6; IR:(B4&LY,
3241, 2978, 2911, 2856, 1664, 1585, 1445, 1363, 1308, 1221, 1187, 1142, 1090, 1038, 960, 923,

882 cni; HRMS (ESI) Calcd. for @H,gN,NaO, ([M+Na]*): 409.1886. Found: 409.1893.

Supporting Information : The Detailed experiments and characterization data for all compounds
can be found in Supporting Information. Crystallographic dat4CCDC 916908)1c (CCDC
916909),3a (CCDC 916911)4d (CCDC 916910) andg (CCDC 932055) have been deposited at

the Cambridge Crystallographic Database Centre. These data can be obtained free of charge via

www.ccdc.ac.ck./data_request/cif
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Facile construction of 1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizines via
domino Pictet-Spengler reaction of tryptamines, propiolate and a,B-unsatur ated

aldehydes or ketones
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Supporting Information

General Experimental M ethods and

Characterization of compounds 1-29

1. General procedurefor the preparation of 1,2,6,7,12,12b-hexahydroindolo[2,3-a]-
quinolizines 1a-1q: In a round bottom flask a mixture of tryptamines (2.0 mmol) and methyl or
ethyl propiolate (2.0 mmol) in 5.0mL ethanol was stirred at room temperature for 20 minuts. Then
a,p-unsaturated aldehydes (2.0 mmol) and anhydrous zinc chloride (1.0 mmol, 0.136 g) were
added to it. The solution was stirred at room temperature for additional 48 hours. The resulting
precipitates were collected by filtration and washed with cold alcohol to give the pure product.



methyl 2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-car boxylate (1a): yellow
solid, 78%, m.p.279~28111; *H NMR (600 MHz, DMSO-dg) 3: 10.94 (s, 1H, NH), 7.88 (brs, 1H,
CH), 7.40 (d, J = 7.8Hz, 1H, ArH), 7.36~7.34 (m, 2H, ArH), 7.27 (d, J = 7.8Hz, 2H, ArH),
7.23~7.21 (m, 2H, ArH), 7.02 (t, J = 7.2Hz, 1H, ArH), 6.96 (t, J = 7.2Hz, 1H, ArH), 421 (d,J =
11.4Hz, 1H, CH), 4.01~4.00 (m, 1H, CH), 3.98~3.95 (m, 1H, CH), 3.55~3.51 (m, 1H, CH), 3.49
(s, 3H, OCHg), 2.81~2.77 (m, 1H, CH), 2.73~2.71 (m, 1H, CH), 2.57 (d, J = 13.2Hz, 1H, CH),
1.79 (td, J; = 12.6Hz, J, = 4.8Hz, 1H, CH); *C NMR (150 MHz, DMSO-dg) &: 167.3, 147.2,
146.6, 136.2, 133.0, 128.1, 127.8, 126.3, 125.9, 121.0, 118.5, 117.7, 111.0, 106.9, 94.0, 50.2, 50.0,
471, 36.2, 35.7, 21.6; IR (KBr) v: 3235, 2965, 2911, 1664, 1597, 1494, 1471, 1428, 1357, 1323,
1301, 1205, 1185, 1163, 1109, 1038, 1021, 942, 852, 790 cm’; HRMS (ESI) Calcd. for
Ca3H2NoNaO, ([M+Na]™): 381.1573. Found: 381.1575.




methyl 2-(4-methxylphenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-car boxylate
(1b): yellow solid, 87%, m.p.260~262("; *H NMR (600 MHz, DMSO-dg) &: 10.93 (s, 1H, NH),
7.85 (brs, 1H, CH), 7.40 (d, J = 7.2Hz, 1H, ArH), 7.23 (d, J = 7.8Hz, 1H, ArH), 7.14 (brs, 4H,
ArH), 7.02~7.01 (m, 1H, ArH), 6.97~6.96 (m, 1H, ArH), 4.20 (d, J = 12.0Hz, 1H, CH), 3.96 (brs,
2H, CH), 3.54~3.50 (m, 1H, CH), 3.48 (s, 3H, OCH3), 2.81~2.77 (m, 1H, CH), 2.72~2.70 (m, 1H,
CH), 253 (d, J = 13.2Hz, 1H, CH), 2.29 (s, 3H, CH3), 1.77 (t, J = 12.6Hz, 1H, CH); °*C NMR
(150 MHz, DMSO-dg) &: 167.3, 147.0, 1435, 136.2, 134.8, 133.1, 128.7, 127.6, 126.3, 120.9,
1185, 117.6, 111.0, 106.8, 94.1, 50.1, 50.0, 47.0, 35.8, 35.7, 21.6, 20.5; IR (KBr) v: 3252, 2959,
1668, 1560, 1510, 1427, 1358, 1321, 1302, 1206, 1184, 1165, 1109, 1039, 939, 855, 803, 777 cm’™;
HRMS (ESI) Calcd. for CosH2sNoNaO, ((M+Na]*): 395.1730. Found: 395.1732.




methyl 2-(3-methxylphenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-car boxylate
(10): yellow solid, 81%, m.p.282~28411; 'H NMR (600 MHz, DMSO-dg) &: 10.94 (s, 1H, NH),
7.87 (brs, 1H, CH), 7.40 (d, J = 7.8Hz, 1H, ArH), 7.23~7.21 (m, 2H, ArH), 7.09 (brs, 1H, ArH),
7.04~7.02 (m, 3H, ArH), 6.97~6.95 (m, 1H, ArH), 4.22 (d, J = 11.4Hz, 1H, CH), 3.96 (brs, 2H,
CH), 3.56~3.52 (m, 1H, CH), 3.48 (s, 3H, OCHj3), 2.79~2.77 (m, 1H, CH), 2.73~2.70 (m, 1H, CH),
2.54 (d, J = 12.6Hz, 1H, CH), 2.33 (s, 3H, CH3), 1.79~1.76 (m, 1H, CH); **C NMR (150 MHz,
DMSO-dg) 6: 167.3, 147.1, 146.6, 137.1, 136.2, 133.1, 128.4, 128.0, 126.6, 126.3, 124.8, 120.9,
118.5, 117.6, 111.0, 106.9, 94.0, 50.1, 50.0, 47.0, 36.1, 35.7, 21.6, 21.2; IR (KBr) v: 3451, 3236,
2908, 2849, 1667, 1599, 1424, 1354, 1320, 1302, 1231, 1214, 1199, 1184, 1169, 1110, 1063, 1038,
924, 882, 778 cm™; HRMS (ESI) Calcd. for CpHouN,NaO, ([M+Na]): 395.1730. Found:
395.1728.

CH3j

CHs



methyl 2-(4-methoxyphenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-car boxylate
(1d): yellow solid, 83%, m.p.256~257(; *H NMR (600 MHz, DMSO-dg) &: 10.91 (s, 1H, NH),
7.84 (brs, 1H, CH), 7.40 (d, J = 7.8Hz, 1H, ArH), 7.23 (d, J = 7.8Hz, 1H, ArH), 7.17 (d, J = 7.8Hz,
2H, ArH), 7.02 (t, J= 7.2Hz, 1H, ArH), 6.96 (t, J = 7.2Hz, 1H, ArH), 6.90 (d, J = 7.8Hz, 2H, ArH),
4.20 (d, J = 11.4Hz, 1H, CH), 3.95~3.94 (m, 2H, CH), 3.74 (s, 3H, OCH3), 3.54~3.52 (m, 1H,
CH), 3.49 (s, 3H, OCHjy), 2.81~2.77 (m, 1H, CH), 2.73~2.70 (m, 1H, CH), 2.53 (d, J = 12.6Hz,
1H, CH), 1.75 (td, J, = 12.6Hz, J, = 3.6Hz, 1H, CH); *C NMR (150 MHz, DMSO-d¢) &: 167.3,
157.6, 147.0, 138.4, 136.2, 133.1, 128.6, 126.3, 120.9, 118.5, 117.6, 113.5, 111.0, 106.8, 94.3,
55.0, 50.1, 50.0, 47.0, 35.9, 35.3, 21.6; IR (KBr) v: 3449, 2958, 1663, 1598, 1509, 1429, 1358,
1323, 1303, 1277, 1250, 1207, 1186, 1109, 1037, 832 cm™; HRMS (ESl) Calcd. for
C24H24N2oNaO; ([M+Na] *): 411.1679. Found: 411.1682.




methyl  2-(4-chlorophenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-car boxylate
(1e): yellow solid, 84%, m.p.267~268; 'H NMR (600 MHz, DMSO-dg) 5: 10.93 (s, 1H, NH),
7.88 (brs, 1H, CH), 7.41~7.40 (m, 3H, ArH), 7.30~7.28 (m, 2H, ArH), 7.24 (d, J = 6.6Hz, 1H,
ArH), 7.03 (brs, 1H, ArH), 6.96 (brs, 1H, ArH), 4.20 (d, J = 10.2Hz, 1H, CH), 4.00~3.95 (m, 2H,
CH), 3.53 (brs, 1H, CH), 3.49 (s, 3H, OCHj3), 2.79~2.71 (m, 2H, CH), 2.55 (d, J = 12.6Hz, 1H,
CH), 1.79 (brs, 1H, CH); *C NMR (150 MHz, DMSO-dg) 8: 167.2, 147.3, 145.6, 136.2, 132.9,
130.5, 129.6, 128.0, 126.3, 120.9, 118.5, 117.8, 111.0, 106.9, 93.6, 50.1, 50.0, 46.9, 35.6, 21.6; IR
(KBr) v: 3447, 3232, 2962, 2822, 1669, 1599, 1489, 1427, 1356, 1320, 1304, 1207, 1185, 1164,
1111, 1037, 1012, 876, 854, 832, 796, 758 cm™; HRMS (ESI) Calcd. for ChaHpiCINLNaO,
(IM+Na]"): 415.1184. Found: 415.1184.




methyl  2-(3-chlorophenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-car boxylate
(1f): yellow solid, 77%, m.p.258~26011; 'H NMR (600 MHz, DMSO-dg) &: 10.95 (s, 1H, NH),
7.90 (brs, 1H, CH), 7.40~7.38 (m, 2H, ArH), 7.32~7.30 (m, 2H, ArH), 7.23 (brs, 2H, ArH), 7.03
(brs, 1H, ArH), 6.96 (brs, 1H, ArH), 4.20 (d, J = 10.8Hz, 1H, CH), 4.02 (brs, 1H, CH), 3.98~3.96
(m, 1H, CH), 3.55~3.53 (m, 1H, CH), 3.50 (s, 3H, OCHy), 2.78~2.77 (m, 1H, CH), 2.73~2.71 (m,
1H, CH), 2.59 (d, J = 12.0Hz, 1H, CH), 1.79 (brs, 1H, CH); *C NMR (150 MHz, DM SO-d) &:
167.2, 149.2, 147.5, 136.2, 132.9, 132.8, 130.0, 127.6, 126.5, 126.3, 126.0, 121.0, 1185, 117.7,
111.0, 106.9, 93.2, 50.2, 50.1, 47.0, 35.9, 35.5, 21.5; IR (KBr) v: 3497, 3263, 2919, 2853, 2809,
1668, 1600, 1472, 1424, 1355, 1324, 1302, 1205, 1184, 1167, 1113, 1038, 890, 862, 773 cm™;
HRMS (ESI) Calcd. for CpsH21CINoNaO, ((M+Na]™): 415.1184. Found: 415.1184.




methyl 9-methoxy-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-carboxylate
(1g): yellow solid, 83%, m.p.252~253(; *H NMR (600 MHz, DMSO-dg) &: 10.76 (s, 1H, NH),
7.87 (brs, 1H, CH), 7.36~7.33 (m, 2H, ArH), 7.26 (d, J = 6.6Hz, 2H, ArH), 7.21 (t, J = 7.2Hz, 1H,
ArH), 7.11 (d, J = 8.4Hz, 1H, ArH), 6.90 (brs, 1H, ArH), 6.67~6.65 (m, 1H, ArH), 4.19 (d, J =
12.0Hz, 1H, CH), 4.00~3.99 (m, 1H, CH), 3.97~3.94 (m, 1H, CH), 3.73 (s, 3H, OCH3), 3.55~3.50
(m, 1H, CH), 3.48 (s, 3H, OCHa), 2.79~2.74 (m, 1H, CH), 2.69 (d, J = 12.6Hz, 1H, CH), 2.54 (d,
J=12.6Hz, 1H, CH), 1.78 (td, J; = 12.6Hz, J, = 4.8Hz, 1H, CH); *C NMR (150 MHz, DMSO-d,)
5: 167.3, 153.2, 147.2, 146.5, 133.7, 131.2, 128.1, 127.8, 126.6, 125.9, 111.6, 110.7, 106.7, 99.9,
93.9, 55.4, 50.2, 50.0, 47.1, 36.1, 35.7, 21.7; IR (KBr) v: 3244, 2913, 2826, 1665, 1584, 1490,
1444, 1426, 1362, 1321, 1301, 1222, 1205, 1179, 1159, 1106, 1061, 1036, 945, 934, 805, 756 cm’™;
HRMS (ESI) Calcd. for CoH2sNoNaO; ([M+Na]*): 411.1679. Found: 411.1670.




methyl 9-methoxy-2-(4-methylphenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-

car boxylate (1h): yellow solid, 86%, m.p.238~24011; *H NMR (600 MHz, DM SO-dg) &: 10.76 (s,
1H, NH), 7.85 (brs, 1H, CH), 7.14 (brs, 4H, CH), 7.12~7.10 (m, 1H, ArH), 6.90 (brs, 1H, CH),
6.66 (d, J = 9.0Hz, 1H, ArH), 4.17 (d, J = 12.0Hz, 1H, CH), 3.95 (brs, 2H, CH), 3.73 (s, 3H,
OCHj), 3.53~3.51 (m, 1H, CH), 3.48 (s, 3H, OCH3), 2.78~2.74 (m, 1H, CH), 2.70~2.67 (m, 1H,
CH), 2.46 (brs, 1H, CH), 2.28 (s, 3H, CH3), 1.76 (t, J = 12.0Hz, 1H, CH); *C NMR (150 MHz,
DMSO-dg) &: 167.3, 153.2, 147.0, 143.6, 134. 8, 133.8, 131.3, 128.7, 127.6, 126.6, 111.6, 110.7,
106.7, 99.9, 94.1, 55.3, 50.2, 50.0, 47.1, 35.8, 35.7, 21.7, 20.5; IR (KBr) v: 3237, 2945, 1665,
1583, 1510, 1485, 1452, 1432, 1373, 1318, 1296, 1205, 1181, 1163, 1135, 1106, 1026, 855, 823,
802, 774 cm™; HRMS (ESI) Calcd. for CosH2sN,NaO; ([M+Na]*): 425.1836. Found: 425.1826.




methyl 9-methoxy-2-(3-methylphenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-
car boxylate (1i): yellow solid, 79%, m.p.226~228; *H NMR (600 MHz, DMSO-dg) &: 10.77 (s,
1H, NH), 7.86 (brs, 1H, CH), 7.22 (brs, 1H, ArH), 7.11~7.08 (m, 2H, ArH), 7.02 (brs, 2H, CH),
6.90 (brs, 1H, CH), 6.66~6.65 (m, 1H, ArH), 4.19 (d, J = 10.2Hz, 1H, CH), 3.95 (brs, 2H, CH),
3.73 (s, 3H, OCH3), 3.56~3.53 (m, 1H, CH), 3.48 (s, 3H, OCHj), 2.76~2.68 (m, 2H, CH), 2.54
(brs, 1H, CH), 2.32 (s, 3H, CHs), 1.76 (brs, 1H, CH); *C NMR (150 MHz, DMSO-dg) &: 167.3,
153.2, 147.1, 146.6, 137.1, 133.7, 131.2, 128.4, 128.0, 126.6, 124.8, 111.6, 110.7, 106.7, 99.9,
94.0, 55.3, 50.2, 50.0, 47.1, 36.1, 35.7, 21.7, 21.2; IR (KBr) v: 3236, 2947, 2847, 1663, 1584,
1483, 1435, 1361, 1317, 1301, 1214, 1196, 1182, 1160, 1107, 1058, 1034, 888, 831, 800, 776 cm’™*;
HRMS (ESI) Calcd. for CosHaNoNaO; ([M+Na]*): 425.1836. Found: 425.1827.
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methyl 9-methoxy-2-(3-chlorophenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-
carboxylate (1j): white solid, 80%, m.p.244~245°C; *H NMR (600 MHz, DMSO-dg) &: 10.75 (s,

1H, NH), 7.88 (brs, 1H, CH), 7.37 (t, J = 7.2Hz, 1H, ArH), 7.31 (brs, 1H, ArH), 7.28 (d, J = 7.8Hz,
1H, ArH), 7.21 (d, J = 7.8Hz, 1H, ArH), 7.12 (t, J = 8.4Hz, 1H, ArH), 6.91 (brs, 1H, ArH), 6.67 (d,
J = 8.4Hz, 1H, ArH), 4.17 (d, J = 11.4Hz, 1H, CH), 4.01 (brs, 1H, CH), 3.96~3.94 (m, 1H, CH),
3.73 (s, 3H, OCHy), 356~3.52 (m, 1H, CH), 3.50 (s, 3H, OCHy), 2.78~2.74 (m, 1H, CH),
2.70~2.68 (m, 1H, CH), 2,55 (d, J = 12.6Hz, 1H, CH), 1.88~1.77 (m, 1H, CH); **C NMR (150
MHz, DMSO-dq) 5: 167.2, 153.2, 149.2, 147.5, 1335, 132.9, 131.2, 130.0, 127.6, 126.6, 126.4,
125.9, 111.6, 110.8, 106.8, 100.0, 93.2, 55.4, 50.2, 50.1, 47.0, 35.9, 35.5, 21.6; IR (KBr) v: 3499,
3244, 2950, 2838, 1666, 1586, 1484, 1429, 1360, 1335, 1312, 1207, 1183, 1161, 1110, 1061, 1034,
838, 858, 832, 797, 768 cm''; HRMS (ESI) Calcd. for CpHCIN,NaOs ([M+Na*): 445.1289.
Found: 445.1284.
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methyl 1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-carboxylate (1k): yellow solid,
80%, m.p.156~1581; *H NMR (600 MHz, DMSO-dg) &: 10.96 (s, 1H, NH), 7.53 (brs, 1H, CH),
7.41 (d, J = 7.8Hz, 1H, ArH), 7.32 (d, J = 7.2Hz, 1H, ArH), 7.07~7.05 (m, 1H, ArH), 6.99~6.98
(m, 1H, ArH), 4.99 (d, J = 10.2Hz, 1H, CH), 3.82 (d, J = 12.0Hz, 1H, CH), 3.56 (s, 3H, OCHy),
3.46~3.43 (m, 1H, CH), 2.78~2.74 (m, 1H, CH), 2.71~2.69 (m, 1H, CH), 2.57 (d, J = 12.0Hz, 1H,
CH), 2.39~2.36 (m, 1H, CH), 2.31~2.27 (m, 1H, CH), 1.60~1.58 (m, 1H, CH); *C NMR (150
MHz, DMSO-dg) 6: 167.6, 146.5, 136.1, 133.6, 126.4, 120.9, 1185, 117.7, 111.1, 106.5, 93.4,
51.5, 50.0, 49.9, 27.4, 21.6, 20.1; IR (KBr) v: 3293, 2938, 2849, 1654, 1610, 1493, 1439, 1418,
1356, 1332, 1301, 1244, 1205, 1182, 1154, 1095, 1063, 1037, 1002, 933, 829 cm; HRMS (ESI)
Calcd. for Ci7H1gN,NaO, ([M+Na]*): 305.1260. Found: 305.1255.

CO,CHj

Iz
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CO,CHj

Iz

methyl  9-methoxy-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-carboxylate  (1):
yellow solid, 76%, m.p.204~206°C; *H NMR (600 MHz, DMSO-dg) &: 10.78 (s, 1H, NH), 7.52

(brs, 1H, CH), 7.20 (d, J = 8.4Hz, 1H, ArH), 6.91 (brs, 1H, ArH), 6.70 (d, J = 8.4Hz, 1H, ArH),
4.46 (d, J = 10.2Hz, 1H, CH), 3.81 (d, J = 12.0Hz, 1H, CH), 3.74 (s, 3H, OCHs), 3.55 (s, 3H,
OCHs), 3.45~3.41 (m, 1H, CH), 2.75~2.71 (m, 1H, CH), 2.68~2.66 (m, 1H, CH), 2.54 (d, J =
12.0Hz, 1H, CH), 2.38~2.35 (m, 1H, CH), 2.29~2.25 (m, 1H, CH), 1.59~1.57 (m, 1H, CH); *C
NMR (150 MHz, DMSO-dg) &: 167.6, 153.2, 1465, 134.3, 131.2, 126.7, 111.7, 110.7, 1064,
100.0, 93.4, 55.3, 51.6, 50.0, 27.4, 21.7, 20.1; IR (KBr) v: 3229, 2942, 2902, 2843, 1664, 1587,
1487, 1436, 1356, 1303, 1211, 1180, 1151, 1106, 1060, 1031, 940, 913, 834, 794 cm'*; HRMS
(ESI) Calcd. for CygHaoN,NaOs ([M+Na]*): 335.1366. Found: 335.1364.
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H3CO,

CO,CHj

Iz

H3CO,

Iz

CO,CHj

ethyl 2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-carboxylate (1m): yellow
solid, 84%, m.p.256~258°C; *H NMR (600 MHz, DM SO-dg) &: 10.92 (s, 1H, NH), 7.84 (brs, 1H,

CH), 7.40 (d, J = 7.2Hz, 1H, ArH), 7.34~7.33 (m, 2H, ArH), 7.27~7.26 (m, 2H, ArH), 7.23~7.22
(m, 2H, ArH), 7.02 (t, J = 6.6Hz, 1H, ArH), 6.97~6.96 (m, 1H, ArH), 4.22 (d, J = 11.4Hz, 1H, CH),
4.00~3.96 (m, 4H, CH), 3.55~3.52 (m, 1H, CH), 2.80~2.78 (m, 1H, CH), 2.73~2.71 (m, 1H, CH),
2.57 (d, J = 12.6Hz, 1H, CH), 1.82~1.79 (m, 1H, CH), 1.10 (brs, 3H, CHy); **C NMR (150 MHz,
DMSO-dq) &: 166.8, 146.9, 146.7, 136.2, 133.1, 128.1, 127.9, 127.8, 126.3, 125.8, 120.9, 1185,
117.7, 111.0, 106.9, 94.4, 58.1, 50.2, 47.1, 36.2, 35.7, 21.6, 14.6; IR (KBr) v: 3450, 3232, 2978,
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2911, 2851, 1663, 1588, 1494, 1473, 1438, 1363, 1320, 1300, 1209, 1185, 1166, 1108, 1039, 1018,
940, 789 cm™; HRMSS (ESI) Calcd. for CpaH24N,NaO, ([M+Nal*): 395.1730. Found: 395.1727.

CO,CH,CHs

CO,CH,CHg

ethyl 2-(4-methylphenyl)-1,2,6,7,12,12b-hexahydroindolo[ 2,3-a]quinolizine-3-car boxylate
(1n): yellow solid, 85%, m.p.226~227°C; *H NMR (600 MHz, DMSO-dg) &: 10.91 (s, 1H, NH),

7.82 (brs, 1H, CH), 7.39 (d, J = 7.8Hz, 1H, ArH), 7.23 (d, J = 8.4Hz, 1H, ArH), 7.14 (brs, 4H,
ArH), 7.02 (t, J = 7.8Hz, 1H, ArH), 6.95 (t, J = 7.2Hz, 1H, ArH), 4.20 (d, J = 12.0Hz, 1H, CH),
3.97~3.92 (m, 4H, CH), 3.54~3.50 (m, 1H, CH), 2.82~2.78 (m, 1H, CH), 2.72~2.70 (m, 1H, CH),
2.53(d, J = 13.2Hz, 1H, CH), 2.29 (s, 3H, CH3), 1.77 (td, J; = 12.6Hz, J, = 4.8Hz, 1H, CH), 1.10
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(t, J = 7.2Hz, 3H, CHs); ©3C NMR (150 MHz, DMSO-ds) 5: 166.8, 146.8, 143.6, 136.2, 134.8,
133.1, 128.7, 127.6, 126.3, 120.9, 1185, 117.6, 111.0, 106.9, 94.6, 58.0, 50.1, 47.1, 35.8, 35.7,
21.6, 20.5, 14.6; IR (KBr) v: 3449, 2967, 2915, 2852, 2804, 1662, 1587, 1509, 1473, 1442, 1363,
1320, 1301, 1208, 1166, 1107, 1040, 1016, 940, 875, 808, 775 cm’; HRMS (ESI) Calcd. for
CasH26NoNaO, ([M+Na]*): 409.1886. Found: 409.1885.

CO,CH,CHj

CO,CH,CHj

ethyl 2-(3-chlorophenyl)-1,2,6,7,12,12b-hexahydroindolo[ 2,3-a]quinolizine-3-car boxylate (10):
yellow solid, 75%, m.p. >300°C; 'H NMR (600 MHz, DM SO-dg) 5: 10.93 (s, 1H, NH), 7.86 (brs,

1H, CH), 7.41~7.39 (m, 1H, ArH), 7.37 (d, J = 7.8Hz, 1H, ArH), 7.31 (brs, 1H, ArH), 7.28 (d, J =
7.8Hz, 1H, ArH), 7.23 (t, J = 7.8Hz, 2H, ArH), 7.04~7.39 (m, 1H, ArH), 6.97~6.95 (m, 1H, ArH),
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4.21 (d, J = 12.0Hz, 1H, CH), 4.02~3.98 (m, 2H, CH), 3.97~3.94 (m, 2H, CH), 3.58~3.53 (m, 1H,
CH), 2.82~2.77 (m, 1H, CH), 2.72 (d, J = 12.0Hz, 1H, CH), 259 (d, J = 13.2Hz, 1H, CH), 1.80
(td, J; = 12.6Hz, J, = 5.4Hz, 1H, CH), 1.11 (t, J = 7.2Hz, 3H, CH3); ©°C NMR (150 MHz,
DMSO-dg) 5: 166.7, 149.3, 147.3, 136.2, 132.9, 129.9, 127.7, 126.5, 126.3, 125.9, 1209, 1185,
117.7, 111.0, 106.9, 93.6, 58.1, 50.2, 47.0, 36.0, 35.4, 21.5, 14.6; IR (KBr) v: 3448, 2990, 2914,
1660, 1586, 1474, 1440, 1363, 1325, 1303, 1193, 1165, 1108, 1038, 886, 776 cm'; HRMS (ESI)
Calcd. for CogHsCIN,NaO, ([M+Na]*): 429.1340. Found: 429.1334.

ethyl 9-methoxy-2-(4-methoxyphenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-

car boxylate (1p): white solid, 81%, m.p.249~250°C; *H NMR (600 MHz, DMSO-dg) &: 10.72 (s,
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1H, NH), 7.81 (brs, 1H, CH), 7.13~7.10 (m, 5H, ArH), 6.90 (brs, 1H, ArH), 6.66 (d, J = 7.8Hz, 1H,
ArH), 4.17 (d, J = 10.8Hz, 1H, CH), 3.94 (brs, 4H, CH), 3.73 (s, 3H, OCH,), 3.53-3.49 (m, 1H,
CH), 2.77~2.75 (m, 1H, CH), 2.69~2.67 (m, 1H, CH), 2.54 (brs, 1H, CH), 2.28 (s, 3H, CHz), 1.76
(brs, 1H, CH), 1.10 (brs, 3H, CH); *C NMR (150 MHz, DM SO-dg) 5: 166.8, 153.2, 146.8, 143.7,
134.7, 1338, 131.2, 1287, 127.6, 126.6, 111.6, 110.7, 106.7, 9.9, 94.5, 58.0, 56.0, 55.3, 50.2,
471,358, 21.7, 205, 185, 14.6; IR (KBr) v: 3453, 2982, 2907, 2828, 1660, 1583, 1484, 1443,
1365, 1318, 1298, 1209, 1162, 1107, 1035, 821, 799, 776 cm’; HRMS (ESI) Calcd. for
CasH2sNoNaOs ([M+Na] "): 439.1992. Found: 439.1988.

CO,CH,CHj

CO,CH,CHj

ethyl 9-methoxy-2-(3-chlorophenyl)-1,2,6,7,12,12b-hexahydroindol o[ 2,3-a]quinolizine-3-

car boxylate (1q): white solid, 76%, m.p.241~243°C; "H NMR (600 MHz, DMSO-dg) &: 10.75 (s,
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1H, NH), 7.85 (brs, 1H, CH), 7.37 (t, J = 7.8Hz, 1H, ArH), 7.30~7.27 (m, 2H, ArH), 7.22 (d, J =
7.8Hz, 1H, ArH), 7.12 (d, J = 8.4Hz, 1H, ArH), 6.91 (brs, 1H, ArH), 6.67 (d, J = 8.4Hz, 1H, ArH),
4.18 (d, J = 12.0Hz, 1H, CH), 4.01~3.97 (m, 2H, CH), 3.96~3.93 (m, 2H, CH), 3.73 (s, 3H, OCHs),
357~352 (m, 1H, CH), 2.79~2.74 (m, 1H, CH), 2.69 (d, J = 12.6Hz, 1H, CH), 2.56 (d, J =
13.2Hz, 1H, CH), 1.79 (td, J; = 12.6Hz, J, = 5.4Hz, 1H, CH), 1.11 (t, J = 7.2Hz, 3H, CHa); °C
NMR (150 MHz, DMSO-de) : 166.7, 153.2, 149.3, 147.3, 1335, 132.9, 131.2, 129.9, 127.6,
126.6, 126.4, 125.9, 111.6, 110.7, 106.8, 100.0, 93.6, 58.1, 55.3, 50.2, 47.1, 36.0, 35.4, 21.6, 14.5;
IR (KBr) v: 3449, 2956, 2836, 1660, 1586, 1480, 1438, 1365, 1305, 1210, 1162, 1108, 1037, 889,
830, 775 cm™; HRMS (ESI) Calcd. for CosHasCINoNaOs ([M+Na]*): 459.1446. Found: 459.1440.

M ethyl 1-[2-(5-M ethoxy-1H-indol-3-yl)-ethyl]-5-methyl-4-phenyl-1,4-dihydropyridine-3-
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car boxylate (2a): white solid, 82%, m.p.158~159(1; ‘*H NMR (600 MHz, DMSO-dg) &: 10.72 (s,
1H, NH), 7.27 (brs, 1H, CH), 7.24 (d, J = 9.0Hz, 1H, ArH), 7.18~7.16 (m, 3H, ArH), 7.11~7.10
(m, 2H, ArH), 7.08~7.06 (m, 2H, ArH), 6.73 (d, J = 9.0Hz, 1H, ArH), 6.09 (brs, 1H, CH), 4.13
(brs, 1H, CH), 3.77 (s, 3H, OCHj3), 3.70~3.66 (m, 1H, CH), 3.63~3.60 (m, 1H, CH), 3.41 (s, 3H,
OCHj), 2.97~2.96 (m, 2H, CH), 1.43 (s, 3H, CHa); ®C NMR (150 MHz, DMSO-ds) 3: 167.3,
153.1, 146.5, 139.9, 131.4, 127.8, 127.6, 127.5, 125.9, 124.0, 123.1, 115.0, 112.0, 111.1, 110.2,
100.4, 98.2, 55.4, 53.7, 50.1, 43.4, 25.6, 18.5; IR (KBr) v: 3343, 3074, 2989, 2849,1686, 1660,
1597, 1450, 1421, 1367, 1312, 1260, 1193, 1158, 1093, 1024, 923, 844, 825, 795, 762 cm'*;
HRMS (ESI) Calcd. for CosHzsN2NaOs ([M+Na]™): 425.1836. Found: 425.1832.

H3CO
\ N
W \
N CO,CH3
HsC
H3CO
\ N
W \
N CO,CH;
HsC

ethyl 1-[2-(5-M ethoxy-1H-indol-3-yl)-ethyl]-5-methyl-4-phenyl-1,4-dihydropyridine-3-
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car boxylate (2b): white solid, 89%, m.p.138~14001; *H NMR (600 MHz, DMSO-dg) &: 10.74 (s,
1H, NH), 7.25~7.21 (m, 2H, CH, ArH), 7.19~7.16 (m, 3H, ArH), 7.11~7.06 (m, 4H, ArH),
6.74~6.72 (m, 1H, ArH), 6.10 (brs, 1H, CH), 4.12 (brs, 1H, CH), 3.90~3.87 (m, 1H, CH),
3.83~3.79 (m, 1H, CH), 3.77 (s, 3H, OCHj3), 3.69~3.61 (m, 2H, CH), 2.99~2.94 (m, 2H, CH), 1.42
(s, 3H, CHs), 1.02 (t, J = 6.6Hz, 3H, CH3); *C NMR (150 MHz, DMSO-ds) &: 166.9, 153.1, 146.6,
139.7, 1315, 127.7, 127.6, 127.5, 125.8, 124.0, 123.1, 114.9, 1120, 111.1, 110.3, 100.4, 98.6,
58.3, 55.4, 53.7, 43.5, 25.6, 18.5, 14.2; IR (KBr) v: 3437, 3075, 2989, 1687, 1661, 1597, 1487,
1455, 1430, 1371, 1307, 1261, 1240, 1216, 1190, 1158, 1092, 1027, 976, 922, 843, 794, 758 cm'*;
HRMS (ESI) Calcd. for CogHzsN2NaOs ([M+Na]™): 439.1992. Found: 439.1993.

H3CO
Qi
\ \
H CO,CH,CH,4
H3C
H3CO
\ N
QS \ \
H CO,CH,CHjs

HzC

21



methyl 9-methoxy-1-methyl-2-p-henyl-1,2,6,7,12,12b-hexahydroindolo[ 2,3-a]quinolizine-3-

car boxylate (3a) : white solid, 78%, m.p.264~2651; "H NMR (600 MHz, DMSO-ds) &: 10.25 (s,
1H, NH), 7.27 (brs, 1H, CH), 7.32~7.29 (m, 2H, ArH), 7.22~7.19 (m, 3H, ArH), 7.15 (d, J =
8.4Hz, 1H, ArH), 6.93 (brs, 1H, ArH), 6.68~6.66 (m, 1H, ArH), 4.31 (d, J = 13.8Hz, 1H, CH),
3.94~391 (m, 1H, CH), 3.78~3.77 (m, 1H, CH), 3.74 (s, 3H, OCHj3), 3.45 (s, 3H, OCHy),
3.42~3.41 (m, 1H, CH), 2.77~2.73 (m, 2H, CH), 1.94~1.91 (m, 1H, CH), 1.02 (d, J = 6.6Hz, 3H,
CHa); *C NMR (150 MHz, DMSO-dg) 8: 166.9, 153.2, 146.7, 143.0, 132.7, 131.4, 129.4, 127.6,
126.5, 126.0, 111.8, 110.9, 99.8, 96.5, 55.4, 53.6, 51.7, 49.9, 43.9, 37.2, 22.3, 16.3; IR (KBr) v:
3313, 3029, 2999, 2956, 2918, 2824, 1657, 1624, 1485, 1459, 1415, 1335, 1245, 1214, 1178, 1154,
1122, 1095, 1033, 993, 938, 916, 879, 848, 795, 754 cm™; HRMS (ESI) Calcd. for CosHagNoNaOs
(IM+Na]"): 425.1836. Found: 425.1837.
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ethyl 9-methoxy-1-methyl-2-p-henyl-1,2,6,7,12,12b-hexahydroindolo[ 2,3-a]quinolizine-3-

car boxylate (3b): white solid, 87%, m.p.226~2281; *H NMR (600 MHz, DMSO-dg) &: 10.28 (s,
1H, NH), 7.81 (brs, 1H, CH), 7.32~7.29 (m, 2H, ArH), 7.22~7.19 (m, 3H, ArH), 7.15 (d, J =
8.4Hz, 1H, ArH), 6.93 (brs, 1H, ArH), 6.68~6.66 (m, 1H, ArH), 4.34~3.31 (m, 1H, CH),
3.93~3.89 (m, 3H, CH), 3.77~3.76 (m, 1H, CH), 3.74 (s, 3H, OCHj3), 3.45~3.42 (m, 1H, CH),
2.79~2.73 (m, 2H, CH), 1.94~1.93 (m, 1H, CH), 1.07~1.05 (m, 3H, CH3), 1.02 (d, J = 6.6Hz, 3H,
CHa); *C NMR (150 MHz, DMSO-dg) 8: 166.5, 153.2, 146.5, 143.1, 132.8, 131.4, 129.4, 1275,
126.5, 125.9, 111.8, 110.9, 109.2, 99.8, 96.8, 58.0, 55.4, 53.7, 51.7, 43.9, 37.1, 22.3, 18.5, 16.3,
14.5; IR (KBr) v: 3108, 1728, 1587, 1487, 1460, 1367, 1312, 1244, 1213, 1160, 1123, 1032, 909,
843, 783, 750 cm™; HRMS (ESI) Calcd. for CheHsNNaO; ([M+Na]™): 439.1992. Found:
439.1997.
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methyl 12b-methyl-2-(4-methylphenyl-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-
carboxylate (4a): white solid, 70%, m.p.288~290°C; 'H NMR (600 MHz, DM SO-dg) &: 10.97 (s,

1H, NH), 7.82 (brs, 1H, CH), 7.39 (d, J = 7.2Hz, 1H, ArH), 7.28 (d, J = 7.8Hz, 1H, ArH), 7.16 (d,
J = 7.8Hz, 2H, ArH), 7.12 (d, J = 7.2Hz, 2H, ArH), 7.04 (t, J = 7.2Hz, 1H, ArH), 6.96 (t, J =
7.2Hz, 1H, ArH), 3.98~3.97 (m, 1H, CH), 3.83-3.81 (m, 1H, CH), 3.63-3.59 (m, 1H, CH), 3.50 (s,
3H, OCH3), 2.88 (d, J = 13.8Hz, 1H, CH), 2.77~2.73 (m, 1H, CH), 2.67 (d, J = 12.6Hz, 1H, CH),
2.28 (s, 3H, CHy), 1.97~1.93 (m, 1H, CH), 0.99 (s, 3H, CHs); **C NMR (150 MHz, DMSO-d¢) &:
167.7, 146.7, 142.3, 139.0, 135.9, 134.2, 128.5, 127.4, 126.0, 120.9, 1185, 117.9, 111.0, 104.3,
92.7, 54.2, 50.0, 47.6, 40.5, 34.6, 24.3, 21.9, 20.5; IR (KBr) v: 3446, 2916, 2849, 1664, 1582,
1425, 1353, 1311, 1217, 1183, 1142, 1093, 1039, 923, 853, 818, 795, 774 cm™; HRMS (ESI)
Calcd. for CosHasN,Na0, ([M+Na]*): 409.1886. Found: 409.1878.
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methyl 12b-methyl-2-(3-methoxyphenyl)-1,2,6,7,12,12b-hexahydroindolo[ 2,3-a] quinolizine-
3-carboxylate (4b): white solid, 72%, m.p.272~274°C; *H NMR (600 MHz, DMSO-ds) 5: 10.99

(s, 1H, NH), 7.83 (brs, 1H, CH), 7.39 (d, J = 7.2Hz, 1H, ArH), 7.28 (d, J = 8.4Hz, 1H, ArH), 7.23
(t, = 7.8Hz, 1H, ArH), 7.05 (t, J = 7.8Hz, 1H, ArH), 6.96 (t, J = 7.2Hz, 1H, ArH), 6.87~6.84 (m,
2H, ArH), 6.75 (d, J = 7.2Hz, 1H, ArH), 3.99~3.98 (m, 1H, CH), 3.85~3.82 (m, 1H, CH), 3.76 (s,
3H, OCHj), 3.64~3.60 (m, 1H, CH), 3.52 (s, 3H, OCH3), 2.91 (d, J = 13.8Hz, 1H, CH), 2.77~2.72
(m, 1H, CH), 2.69~2.66 (m, 1H, CH), 1.95 (dd, J; = 13.8Hz, J, = 6.6Hz, 1H, CH), 1.02 (s, 3H,
CHa); C NMR (150 MHz, DMSO-dg) &: 167.7, 159.1, 147.1, 146.7, 139.0, 135.9, 128.9, 126.0,
120.9, 119.9, 1185, 117.9, 113.9, 111.0, 110.2, 104.3, 92.5, 54.9, 54.2, 50.1, 47.6, 35.0, 24.2, 21.9;
IR (KBr) v: 3452, 2930, 2853, 1637, 1485, 1424, 1383, 1349, 1308, 1268, 1221, 1185, 1141, 1092,
1053, 879, 776 cm; HRMS (ESI) Calcd. for CosHagNoNaO; ([M+Na]"): 425.1836. Found:
425.1831.
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methyl 12b-methyl-2-(4-bromophenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-
car boxylate (4c): white solid, 67%, m.p.299~300°C; *H NMR (600 MHz, DMSO-dg) &: 11.00 (s,

1H, NH), 7.86 (brs, 1H, CH), 7.52~7.51 (m, 2H, ArH), 7.40~7.39 (m, 1H, ArH), 7.29~7.25 (m, 3H,
ArH), 7.05~6.96 (m, 2H, ArH), 3.98 (brs, 1H, CH), 3.84 (brs, 1H, CH), 3.62 (brs, 1H, CH), 3.52 (s,
3H, OCH3), 2.87 (d, J = 12.0Hz, 1H, CH), 2.75~2.68 (m, 2H, CH), 1.98 (brs, 1H, CH), 1.00 (s, 3H,
CHa); ®C NMR (150 MHz, DMSO-dq) &: 167.6, 146.9, 144.9, 138.8, 135.9, 130.7, 129.9, 126.0,
120.9, 1185, 117.9, 111.0, 104.3, 92.0, 54.2, 50.1, 47.6, 34.7, 24.3, 21.9; IR (KBr) v: 3448, 2926,
2854, 2025, 1663, 1582, 1485, 1426, 1353, 1309, 1219, 1185, 1143, 1094, 1039, 1011, 823, 782
cm™; HRMS (ESI) Calcd. for CosH2aBrN,NaO, ([M+Na]*): 473.0835. Found: 473.0822.
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methyl 9-methoxy-12b-methyl-2-(4-methoxyphenyl)-1,2,6,7,12,12b-hexahydroindol o[ 2,3-a] -
quinolizine-3-carboxylate (4d): white solid, 73%, m.p.266~267°C; 'H NMR (600 MHz,

DMSO0-dg) 8: cigltrans = 1:8; trans-isomer: 10.80 (s, 1H, NH), 7.81 (brs, 1H, CH), 7.16 (brs, 3H,
ArH), 6.89 (brs, 3H, ArH), 6.68 (d, J = 7.2Hz, 1H, ArH), 4.18 (d, J = 12.0Hz, 1H, CH), 3.99~3.94
(m, 1H, CH), 3.81~3.80 (m, 1H, CH), 3.73 (s, 6H, OCH3), 3.51 (s, 3H, OCH3), 2.83 (d, J = 13.2Hz,
1H, CH), 2.71~2.70 (m, 1H, CH), 2.65 (d, J = 13.2Hz, 1H, CH), 1.92~1.91 (m, 1H, CH), 0.98 (s,
3H, CHy); cis-isomer: 7.78 (brs, 1H, CH), 3.94 (s, 3H, OCH3); *C NMR (150 MHz, DM SO-d¢) 8
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167.7, 157.1, 153.2, 146.7, 139.8, 137.2, 130.9, 128.4, 126.3, 113.4, 113.3, 111.6, 110.7, 104.2,
100.1, 92.8, 55.4, 54.9, 54.2, 50.0, 47.6, 40.6, 34.2, 24.4, 22.0; IR (KBr) v: 3451, 3240, 2949,
2831, 1662, 1579, 1510, 1461, 1426, 1357, 1314, 1253, 1216, 1180, 1139, 1091, 1036, 984, 910,
829, 774 cm™; HRMS (ESI) Calcd. for CogHsN,NaO, ([M+Ng] "): 455.1941. Found: 455.1937.

methyl 9-methoxy-12b-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinalizine-3-
carboxylate (4€): white solid, 81%, m.p. >300°C; *H NMR (600 MHz, DMSO-d) &: cisltrans =

1:8; trans-isomer: 10.81 (s, 1H, NH), 7.84 (brs, 1H, CH), 7.33~7.27 (m, 4H, ArH), 7.17~7.15 (m,
2H, ArH), 6.89 (brs, 1H, ArH), 6.69~6.67 (m, 1H, ArH), 4.02~3.98 (m, 1H, CH), 3.83~3.80 (m,
1H, CH), 3.73 (s, 3H, OCH3), 3.63~3.59 (m, 1H, CH), 3.51 (s, 3H, 0CHg), 2.89~2.85 (m, 1H, CH),
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2.75~2.63 (M, 2H, CH), 2.00~1.96 (m, 1H, CH), 0.97 (s, 3H, CH3); Cis-isomer: 7.78 (brs, 1H, CH),
3.94 (s, 3H, OCH3); **C NMR (150 MHz, DMSO-d) 5: 167.6, 153.2, 146.9, 144.5, 139.5, 131.0,
129.9,129.4, 127.8, 126.4, 111.6, 110.8, 104.3, 100.3, 92.2, 55.4, 54.3, 50.0, 47.7, 40.4, 34.6, 24.4,
22.0; IR (KBr) v: 3453, 3291, 2976, 2924, 2865, 2828, 2733, 1647, 1610, 1488, 1436, 1416, 1329,
1311, 1219, 1183, 1139, 1113, 1091, 1030, 1012, 952, 913, 889, 822, 797, 783 cm''; HRMS (ES)
Calcd. for CpsHsN,NaOs ([M+Na]): 425.1836. Found: 425.1840.

methyl 9-methoxy-12b-methyl-2-(4-chlorophenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3-a]-
quinolizine-3-carboxylate (4f): white solid, 73%, m.p. > 300°C; *H NMR (600 MHz, DM SO-dq)

d: cigltrans = 1:5; trans-isomer: 10.81 (s, 1H, NH), 7.84 (brs, 1H, CH), 7.38 (d, J = 7.8Hz, 2H,
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ArH), 7.29 (d, J = 7.8Hz, 2H, ArH), 7.17 (d, J = 9.0Hz, 1H, ArH), 6.90 (brs, 1H, ArH), 6.69 (d, J
= 84Hz, 1H, ArH), 3.99-3.98 (m, 1H, CH), 3.84~3.81 (m, 1H, CH), 3.74 (s, 3H, OCH,),
3.63~3.59 (m, 1H, CH), 3.52 (s, 3H, OCH,), 2.86~2.82 (m, 1H, CH), 2.75~2.70 (m, 1H, CH),
2.68~2.64 (M, 1H, CH), 1.99~1.98 (m, 1H, CH), 0.98 (s, 3H, CH); cis-isomer: 7.81 (brs, 1H, CH);
3C NMR (150 MHz, DM SO-dg) &: 167.7, 153.2, 146.7, 145.4, 139.7, 131.0, 127.9, 127.8, 127.5,
126.4, 125.4, 111.6, 110.7, 104.2, 100.2, 92.6, 55.4, 54.3, 50.0, 47.7, 40.6, 35.1, 24.3, 22.0; IR
(KBr) v: 3446, 3273, 2950, 2926, 2864, 2826, 1642, 1611, 1489, 1418, 1335, 1315, 1219, 1185,
1139, 1093, 1033, 953, 914, 879, 829, 800, 769 cm; HRMS (ES|) Calcd. for CpsHsCIN,NaO;
(IM+Na]*): 459.1992. Found: 459.1945.

ethyl 9-methoxy-12b-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine-3-

car boxylate (4g): white solid, 64%, m.p.266~268°C; "H NMR (600 MHz, DMSO-de) &: cis/trans
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= 1:5; trans-isomer: 10.98 (s, 1H, NH), 7.81 (brs, 1H, CH), 7.41~7.38 (m, 1H, ArH), 7.33~7.28
(m, 5H, ArH), 7.18~7.15 (m, 1H, ArH), 7.06~7.02 (m, 1H, ArH), 6.96 (t, J = 7.2Hz, 1H, ArH),
4.01~3.98 (m, 3H, CH), 3.83~3.81 (m, 1H, CH), 3.65~3.60 (m, 1H, CH), 2.89 (d, J = 13.2Hz, 1H,
CH), 2.76~2.73 (m, 1H, CH), 2.69~2.66 (m, 1H, CH), 2.00 (dd, J, = 13.2Hz, J, = 6.6Hz, 1H, CH),
1.10 (t, J = 6.6Hz, 3H, CHa), 0.99 (s, 3H, CH3); Cis-isomer: 10.87 (s, 1H, NH), 7.66 (brs, 1H, CH),
7.24~7.23 (m, 1H, ArH), 7.20~7.19 (m, 1H, ArH), 7.12~7.09 (m, 3H, ArH), 3.80~3.77 (m, 2H,
CH), 3.73~2.70 (m, 1H, CH), 3.69~3.67 (m, 1H, CH), 3.29 (brs, 1H, CH), 2.81~2.77 (m, 1H, CH),
2.61~2.58 (m, 1H, CH), 1.55 (s, 3H, CH3), 0.85 (t, J = 6.6Hz, 3H, CHs); *C NMR (150 MHz,
DMSO-ds) &: 167.2, 146.6, 1455, 139.0, 135.9, 127.8, 127.5, 126.6, 126.1, 125.3, 125.2, 120.9,
1185, 117.9, 111.0, 104.3, 93.2, 58.0, 54.2, 47.6, 40.6, 35.1, 24.3, 21.9, 14.6; IR (KBr) v: 3417,
3241, 2978, 2911, 2856, 1664, 1585, 1445, 1363, 1308, 1221, 1187, 1142, 1090, 1038, 960, 923,
882 cm; HRMS (ESI) Calcd. for CosHaeNoNaO, ((M+Na]*): 409.1886. Found: 409.1893.

CO,CH,CHs

CO,CH,CHs

31



