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ABSTRACT: A simple protocol is described for the synthesis of amido and phenyl hexahydroindolizin-3(2H)-one, hexahydro-
1H-quinolizin-4(6H)-one, and 1,3,4,10b-tetrahydropyrido[2,1-a]isoindol-6(2H)-one derivatives via endo-trig (aza-Prins type)
cyclization followed by an intermolecular Ritter/Friedel—Crafts reaction of cyclic N-acyliminium ions, which are derived from the
boron trifluoride etherate treatment of regioselectively reduced N-homoallyl imides. The reactions are highly diastereoselective

with excellent yields.

B INTRODUCTION

Azabicyclic alkaloids are present as core units of several highly
significant natural products,’ which have been shown to exhibit
broad biological activity and a diverse pharmacological profile.
For example, polyhydroxylated indolizidines, such as swainso-
nine (1; Figure 1) and castanospermrne (2), exhibit potent
glycosidase inhibitory activities” and show activity against
carcinogenic cells and human immunodeficiency virus.®
Similarly, a marine alkaloid in this class, lepadiformine (3),
shows moderate cytotoxic activity® against various tumor cell
lines 1n vitro and shows high in vivo and in vitro cardiovascular
effects.’ The quinolizidine alkaloid vertine (4) shows anti-
inflammatory, sedative, and antispasmodic properties.® Similarly
in this class, pictamine, clavepictamines A and B (5) act as
potent blockers for two neuronal nicotinic acetylcholine
receptors, possessing significant cytotoxicity against murine
leukemia and human solid tumor cell lines (P-388, A-549, U-
251, and SNI12K1).” More recently, tetrahydropyrido[1,2-
alisoindolone derivatives (valmerins) 6 have been reported as
potent cyclin-dependent kinase/glycogen synthase kinase-3
inhibitors and also show antitumor properties.” Because of their
remarkably rich biological activity, the search and development
of newer methodologies to construct substituted azabicycles is
desirable. Cyclic N-acyliminium ions are versatile reaction
intermediates’ for the construction of various azabicyclic
scaffolds. Pioneering work on N-acyliminium ions as electro-
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philes for C—C bond formation was explored by several groups
through intra- and intermolecular nucleophilic substitution,"’
cationic polycyclizations,'" and ring expansions of S-lactams
toward y-lactams.'” N-acyliminium ions are also used for the
synthe51s of azabicyclic compounds via intramolecular Friedel—
Crafts,"® aza-Cope rearrangement * intramolecular ene,'® aza-
Nazarov cyclization cascade,'® and endo-trig cyclization
reactions (aza-Prins type) on alkene, alkyne, and allene with
various nucleophiles such as formate, hydroxyl, and halo
groups.'”'® A small number of biologically active natural
products'® have also been synthesized to date by using these
intermediates. In addition to N-acyliminium ion chemistry,
other methods have also been utilized for synthesizing
azabicycles such as titanium-mediated cyclizations of @-vinyl
tethered imides,” fluoride-catalyzed difluoro(phenylsulfanyl)-
methylations followed by radical cyclizations of cyclic imides,"
intramolecular Schmidt reactions,”® [4 + 2] cycloaddition
reactions,” aza-Prins cyclizations of 2-allylpyrrolidines,”*
radical cyclization reactions,” amide/amine directed carbon-
ylations/ hydrocarbonylations,26 criss-cross annulations,”” intra-
molecular cyclizations of lactums,?® and others.”? Nevertheless,
Prins type reactions followed by intermolecular trapping of
nitrile/arene via a Ritter/Friedel—Crafts sequence on cyclic N-
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Figure 1. Some biologically active azabicyclic compounds.
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acyliminium ions for the synthesis of azabicyclic compounds
have not been explored. Recently, our group and others have
reported different methodologies for constructing substituted
oxygen and nitrogen heterocycles by using Prins and aza-Prins
strategies.30 In a continuation of our research on nitrogen
heterocyclic compounds,® we were interested in designing
newer methodologies for the synthesis of azabicyclic com-
pounds. Herein we wish to report a simple protocol for the
synthesis of amido/phenyl substituted hexahydroindolizin-
3(2H)-one, hexahydro-1H-quinolizin-4(6H)-one, and
1,3,4,10b-tetrahydropyrido[2,1-a]isoindol-6(2H)-one deriva-
tives via boron trifluoride etherate mediated tandem aza-
Prins-Ritter/Friedel—Crafts reactions by using N-acyliminium
ions as key intermediates.

B RESULTS AND DISCUSSION

Although there are several methodologies for the construction

of azabicyclic rings, many of them encounter some drawbacks
; .. 23d26

such as harsh reaction conditions, use of an excess amount

14,16,17a,g,22h,i .
of reagent, " 82501 generation of more than one
14b,17a,25b . .. 15b,17b,c,25
product, @ lack of stereoselectivity, “=¢ low
27,28

yield,3¥174259929F 41 q tedious starting material synthesis.

Most imgortantly, many methodologies provide halo,'”*#
formate'”*™" and acetate'’*" groups at the 4-position of the
piperidine ring of the azabicyclic compounds. In our previous
work we have demonstrated the synthesis of 4-amido- and 4-
aryltetrahydropyrans®®~® using Prins—Ritter and Prins—
Friedel—Cerafts cyclization reactions. Inspired by this and taking
cues from the literature that N-acyliminium ions can be used
for the synthesis of azabicyclic compounds, we envisioned that
amido and aryl azabicyclic compounds could be synthesized via
endo-trig (aza-Prins type) cyclization followed by intermolec-
ular Ritter/Friedel—Crafts reaction of cyclic N-acyliminium
ions.

To start with, 1-(but-3-en-1-yl)-S-hydroxypyrrolidin-2-one
was treated with 1.2 equiv of boron trifluoride etherate in
acetonitrile at ambient temperature and the reaction proceeded
smoothly to afford 7-(2-oxopropyl)hexahydroindolizin-3(2H)-
one in 81% vyield as a single isomer with two hydrogens at
stereocenters cis to each other. With this result in hand, we
started optimization of the reaction as depicted in Table 1 with
a variety of Lewis acids such as FeCl;, SnCl,, InCly, Sc(OTf),,
In(OTf);, TMSOTf, Zn(OTf),, Cu(OTf), AgOTf, and

10630

Table 1. Optimization of the Reaction

O
pM OH Catalyst " N
o7 N CH4CN
= /4h 9a
8a NHAc
amt of catalyst yieldl7

entry catalyst (mmol) dr® (%)

1 BF,OR, 12 100:0 81

2 FeCl, 1.0 80:20 25

3 snCl 1.0 80220 17

4  InCly 12 80:20 534

s In(OTH), 02 90:10 <1054

6  TMSOTf 12 100:0 64

7 Sc(OTH), 02 90:10 1254

8  Zn(OTY), 1.0 n.d*?

9  Cu(OTf), 12 80:20  38°

10 AgOTf 02 n.do?

11 montmorillonite K10 n.do?

12 TsOH 12 90:10  48°

13 CSA 12 90:10  29°

“The ratio was determined by 'H NMR. ®Yield refers to isolated yield.
“Reaction continued for 24 h. dStarting material was recovered. n.d. =
not detected. “Decomposed product was also observed. Montmor-
illonite K10 was used in milligrams.

montmorillonite K10 and Brensted acids such as TsOH and
camphorsulfonic acid. Among the screened reagents, boron
trifluoride etherate was found to be efficient in terms of yields
and diastereoselectivity. Chlorinated Lewis acids such as FeCl,,
SnCl,, and InCl; afforded the product in 25%, 17%, and 53%
yields with 80% de, respectively, without producing any
halogenated products and 60%, 75% and 35% of starting
material was recovered, respectively. Triflates such as Sc(OTf),,
In(OTY);, Zn(OTf),, Cu(OTf),, AgOTf, and TMSOTT proved
to be quite less effective, and montmorollonite K10 did not
produce the desired product; starting material was recovered
from the reaction mixture after prolonged reaction for 24 h.
Similarly, the Bronsted acids TsOH and CSA also did not show
any notable effect on yield and selectivity; instead, some
decomposed product was observed.
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Scheme 1. Synthesis of Starting Materials
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With the best conditions in hand, the scope of the reaction
was investigated with a variety of substrates 8a—n, which were
synthesized according to literature methods (Scheme 1).>* The
tandem reaction with substrates 8a—n produced moderate to
excellent yields having de values ranging from 80 to 100, as
determined from 'H and *C NMR analysis of crude
compounds (Table 2).

It was observed that the yield of the product depends on the
nature of the substituent R of homoallylic side chain. In the
case of hydrogen- or alkyl-substituted substrates (Table 2,
entries 1, 3, 5—7, 10, and 13), the reaction gave higher yields in
comparison to aryl-substituted substrates. On the other hand,
substrates having electron-withdrawing aromatic substituents
(entries 2, 9, and 11) generally gave higher yields in
comparison to simple phenyl (entry 12) and electron-donating
aromatic substituents (entries 4 and 14), probably due to
electronic effects. S-Hydroxy-1-(1-phenylpent-4-en-2-yl)-
pyrrolidin-2-one (entry 3) afforded the desired product in
76% yield, without producing any intramolecular Friedel—
Crafts product.13 Similarly, substrates derived from succinimide
and glutarimide (entries 1—4 and 6—9) gave single isomers. On
the other hand, 5-hydroxy-1-(3-methylbut-3-en-1-yl)pyrrolidin-
2-one (entry S) yielded two inseparable diastereomers with a
ratio of 60:40. Notably, substituted N-homoallyl-3-hydroxyi-
soindolin-1-ones (entries 10, 11, 13, and 14) gave diastereo-
meric mixture with dr values of 80:20 to 90:10, but phenyl-
substituted N-homoallyl-3-hydroxyisoindolin-1-one (entry 12)
produced a single isomer. The reaction is highly diastereose-
lective and produced exclusively single diastereomers having a
cis relationship between the H,, hydrogen at C-10 of the
piperidine ring and the Hj, hydrogen at C-12 of the ring
junction. On the other hand, substituents at C-8 and C-10 are
trans to each other. A strong NOE between C—Hj, and C—H,
and a weak NOE between C—Hg and —NH— were observed in
compound 9c¢, which was also confirmed from X-ray crystallo-
graphic analysis (Figure 2).*

The reaction was further studied with other nitriles such as
benzonitrile, allylnitrile, and dichloroacetonitrile, and the results
are outlined in Table 3. The endo-trig cyclization followed by
Ritter reaction of 3-hydroxy-2-(phenylbut-3-en-1-yl)isoindolin-
1-one with benzonitrile produced a single diastereomer of 90 in
65% yield. Similarly, allylnitrile and dichloroacetonitrile also
produced single isomers of 9p,q exclusively in 78% and 73%
yields, respectively.

From these results of the endo-trig cyclization—Ritter
sequence and previous reports on Prins—Friedel—Crafts
reactions,*® we envisaged that arene would trap the carbocation
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generated during an aza-Prins type cyclization of the endocyclic
N-acyliminium ion (mechanism) via a Friedel—Crafts reaction.
To check this hypothesis, 1-(but-3-en-1-yl)-S-hydroxypyrroli-
din-2-one was treated with 1.2 equiv of boron trifluoride
etherate in benzene and, as expected, the desired product was
obtained as a single isomer in 73% yield (Scheme 2). The scope
of the reaction was studied with various reduced N-homoallyl
imides, as shown in Scheme 2. All the substrates worked well
and produced the desired Friedel—Crafts products in moderate
to good yields. The reaction is diastereoselective and produced
exclusively single diastereomers. As discussed in the endo-trig
cyclization—Ritter sequence, substrates having aliphatic sub-
stitutions at positions @ to N-acyliminium ions provided
products 10a—eh in higher yields than for aromatic
substitution at the a position. The reaction is highly
diastereoselective and produced exclusively single diaster-
eomers having a trans relationship between the H), hydrogen
at C-10 of the piperidine ring and the H;, hydrogen at C-12 of
the ring junction. On the other hand, the Hg hydrogen at C-8
and Hj, hydrogen at C-10 are cis to each other. This was
confirmed from NOE and X-ray crystallographic analysis of
compound 10i (see the Supporting Information).>> The
reaction with other activated arenes such as toluene gave an
inseparable mixture of ortho and para isomeric Friedel—Crafts
products along with corresponding eliminated products in 45%
overall yield (see the Supporting Information).>* On the other
hand, mesitylene failed to produce the desired products but
gave only eliminated products.>* This might be due to the steric
effects of the comparatively bulky nature of toluene and
mesitylene.

The diastereoselectivity of the reaction can be explained as
follows. The reduced N-homoallyl imide under Lewis acidic
conditions gives the corresponding N-acyliminium ion
intermediate A, which undergoes 6-endo-trig cyclization to
give the more favorable chairlike carbocation intermediate B
with axial R substitution, due to strong (1,3) strain and less
steric hindrance between the substituent R and the carbonyl
group of the N-acyliminium ion intermediate (Scheme 3).!”*>°
The carbocation B thus formed is trapped by nitrile from an
equatorial position to generate intermediate C, which after
hydrolysis gives the corresponding amido azabicyclic com-
pounds 9. Similarly, the chairlike carbocation B undergoes a
Friedel—Cerafts reaction in the presence of benzene nucleophile
to give the intermediate D, which after deprotonation gives the
corresponding phenyl-substituted azabicyclic compounds 10.

In order to address the observed diastereoselectivity of the
reaction, DFT calculations at the B3LYP level were carried out.
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Table 2. Synthesis of Amido Azabicyclic Compounds via an Endo-trig Cyclization—Ritter Reaction

n
/ﬁ,}“o"' BF3OEt, (1.2 equiv)
B —— e

o
= CH,CN, r.t./ 4h
R 8an 9a-n  NHAc
n=1,2
R=H, alkyl, aryl
S.No. Substrate 8 Product 9 aré (%) Yield®
0
1 /‘;,}MOH 8a SN e 100:0 81
o
=
NHAc
QOH 0 cl
) aN ( ©/ 100:0 72
d\/:b H™ 9b
cl NHAc
p“o"' © b
N |
3 © = NS 100:0 76
H' 9c
8c
Ph
NHAC
pWOH O Me
o N - N \©/
H™ : 100:0 69
4 8d 9d
Me NHAC
o)
5 60:40 86
100:0 92
6
7 100:0 88
8 100:0 71
100:0 80
9

Cl

NHAc
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Table 2. continued

S.No. Substrate 8 Product 9 dr (%) Yield®
10 90:10 78
1 90:10 72
100:0 70
12
13 80:20 85
14 90:10 66

NHAc

RO

Ph

Figure 2. Correlation between NOE and X-ray crystallographic structure of 9c.

The B3LYP/6-31G(d, p)-optimized carbocation intermediates
B and B’ of compound 8¢ showed a preference for formation of
B over B’ by an energy of 46.304 kJ/mol (see the Supporting
Information).

The importance of this methodology toward the synthesis of
corresponding unnatural alkaloids is shown in Scheme 4. The
reduction of compound 10d with LiAlH, gave (2R*4S*,9a5*)-
4—isolf;1tyl—2—phenyloctahydro—1H—quinolizine (11) in 68%
yield.™

B CONCLUSIONS

In conclusion, we have developed a methodology for the
stereoselective synthesis of amido/phenyl substituted hexahy-
droindolizin-3(2H)-one, hexahydro-1H-quinolizin-4(6H)-one,
and 1,3,4,10b-tetrahydropyrido[2,1-a]isoindol-6(2H)-one de-
rivatives through tandem endo-trig cyclization (aza-Prins type)

reactions and intermolecular Ritter/Friedel—Crafts reactions
via N-acyliminium ions. The reaction is atom economical, and
single diastereomers can be obtained in most of the cases. The
present methodology should gain importance over the existing
methods, as it provides a route for the synthesis of phenyl and
amido/amino derivatives of azabicyclic compounds which are
considered as important moieties for the biological activity of a
molecule. This methodology could be useful for the synthesis of
other substituted azabicyclic alkaloids and in natural product
synthesis. The biological activity of synthesized compounds is
under investigation.

B EXPERIMENTAL SECTION

General Information. All the reagents were of reagent grade (AR
grade) and were used as purchased without further purification. BF;:
Et,0 was distilled over CaH, prior to use. Silica gel (60—120 mesh

10633 dx.doi.org/10.1021/jo401450j | J. Org. Chem. 2013, 78, 1062910641
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Table 3. Endo-trig Cyclization—Ritter Sequence with
Different Nitriles

OH BF, OEt,
o N —_—
== RICN, CH.Cl,
rt/ 4h 90-q
8l NHCOR'
Single isomer
S.No. nitrile Product (9) Yield (%)?
CN 65
T
2 /\/CN 78
Cl
3 »—CN 73
Cl

“Yield refers to isolated yield. The compounds were characterized by
IR, NMR, and mass spectromentry.

size) was used for column chromatography. Reactions were monitored
by TLC on silica gel GF,5, (0.25 mm). Melting points were recorded
in open capillary tubes and are uncorrected. Fourier transform-infrared

(FT-IR) spectra were recorded as a neat liquid or KBr pellets. NMR
spectra were recorded in CDCl; with tetramethylsilane as the internal
standard for 'H (400 MHz, 300 MHz) or *C (100 MHz, 75 MHz).
Chemical shifts (5) are reported in ppm, and spin—spin coupling
constants (]) are given in Hz. HRMS spectra were recorded using a Q-
TOF mass spectrometer.

Synthesis of Starting Materials. The homoallyl imides and
carbinol imides were synthesized as per literature procedures, and the
structure and purity of the known compounds 7a,c,fj and 8a,c,f were
confirmed by comparison of their spectral data ("H NMR and "*C
NMR) with those reported in the literature.*>

1-(1-(4-Chlorophenyl)but-3-en-1-yl)pyrrolidine-2,5-dione (7b):
colorless liquid; yield 1.08 g, 82%; '"H NMR (400 MHz, CDCLy) &
2.64 (s, 4 H), 2.81-2.88 (m, 1 H), 3.23—3.31 (m, 1 H), 5.05 (d, ] =
10.0 Hz, 1 H), 5.14 (d, J = 17.2 Hz, 1 H), 5.26 (dd, ] = 10.4 and 6.0
Hz, 1 H), 5.64—5.74 (m, 1 H), 7.28 (d, ] = 8.0 Hz,2 H), 742 (d, ] =
8.0 Hz, 2 H); ®C NMR (100 MHz, CDCl;) § 28.1 (2C), 44.0, 54.3,
118.6, 127.4, 128.6, 128.8 (2C), 129.9 (2C), 134.1, 177.2 (2C); IR
(KBr, neat) 1702, 1641, 1493, 1386, 1238, 1179, 1104, 828 cm™;
HRMS (ESI) caled for C,H,NO,Cl (M + H)* 264.0786, found
264.0786.

1-(1-(p-Tolyl)but-3-en-1-yl)pyrrolidine-2,5-dione (7d): pale yellow
liquid; yield 0.95 g, 78%; '"H NMR (400 MHz, CDCL;) § 2.32 (s, 3H),
2.59 (s, 2 H), 2.60 (s, 2 H), 2.81—2.88 (m, 1 H), 3.25—3.34 (m, 1 H),
5.04 (d, J = 10.0 Hz, 1 H), 5.12 (d, J = 172 Hz, 1 H), 526 (dd, ] =
10.4 and 5.6 Hz, 1 H), 5.65—5.75 (m, 1 H), 7.12 (d, ] = 7.2 Hz, 2 H),
7.37 (d, ] = 7.2 Hz, 2 H); *C NMR (100 MHz, CDCl;) 6 21.2, 28.0
(2C), 34.5, 54.6, 118.1, 125.9, 128.3 (2C), 129.2 (2C), 134.6, 135.6,
177.3 (2C); IR (KBr, neat) 1724, 1640, 1459, 1377, 1254, 1176, 997,
840 cm™; HRMS (ESI) caled for C;sH,NO, (M + H)* 244.1332,
found 244.1333.

1-(3-Methylbut-3-en-1-yl)pyrrolidine-2,5-dione (7e): colorless
liquid; yield 0.78 g, 93%; '"H NMR (400 MHz, CDCL,) & 1.77 (s, 3
H),2.29 (t,] = 7.2 Hz, 2 H), 2.69 (s, 4 H), 3.64 (t, ] = 7.6 Hz, 2 H),
4.66 (s, 1 H), 4.76 (s, 1 H); 3C NMR (100 MHz, CDCl,) § 21.5, 27.7
(2C), 35.0, 36.4, 112.1, 141.8, 176.9 (2C); IR (KBr, neat) 2914, 1731,
1669, 1450, 1362, 1218, 1110, 925 cm™'; HRMS (ESI) caled for
CoH;NO, (M + H)* 168.1019, found 168.0981.

1-(6-Methylhept-1-en-4-yl)piperidine-2,6-dione (7g): colorless
liquid; yield 0.80 g, 72%; '"H NMR (400 MHz, CDCl;) 6 0.80 (d, J

Scheme 2. Tandem Endo-trig Cyclization and Friedel—Crafts Reaction

n
/f\g”‘o'* BF5OEL, (126quiv) 2 )

o '}\/:.

Benzene, rt/12h

R .
8a, ¢, f-g, } Ph 10a-i
j-n =1,2 R=H, alkyl, aryl Single isomer
0 (0]
N N H\\“‘
H\
Ph
Ph
10a, 73% 10b, 76% 10c,84%  10d,71% 10e, 68%
©/0Me

10f, 72% 109, 62% 10h, 71% 10i, 54%

“The ratio was determined from 'H NMR. "Yield refers to isolated yield.
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Scheme 3. Plausible Mechanism of the Reaction
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Scheme 4. Synthesis of an Unnatural Alkaloid

LiAlH,

_—
THF, 0°C-reflux
6h

10d

11 (68%)

= 6.4 Hz, 3 H), 0.81 (d, ] = 6.4 Hz, 3 H), 1.30—1.39 (m, 2 H), 1.76—
1.83 (m, 2 H), 1.92 (t, ] = 8.8 Hz, 1 H), 2.23—2.30 (m, 1 H), 2.52 (t, ]
= 6.0 Hz, 4 H), 2.59-2.67 (m, 1 H), 4.76—4.84 (m, 1 H), 4.86—4.92
(m, 2 H), 5.53—5.63 (m, 1 H); *C NMR (100 MHz, CDCl,) § 16.9,
21.8 (2C), 22.8, 25.1 (2C), 36.6, 40.6, 50.0, 116.4, 135.2, 172.7 (2C);
IR (KBr, neat) 2928, 1724, 1672, 1464, 1384, 1237, 1177, 1125, 918,
738 cm™; HRMS (ESI) caled for C;3H, NO, (M + H)* 224.1645,
found 224.1654.
(E)-1-(1-Phenylhexa-1,5-dien-3-yl)piperidine-2,6-dione (7h): col-
orless gum; yield 1.03 g, 76%; "H NMR (400 MHz, CDCl;) § 1.85—
1.92 (m, 2 H), 2.62 (t, ] = 6.8 Hz, 4 H), 2.83—2.89 (m, 2 H), 4.94—
5.06 (m, 2 H), 5.45—5.65 (m, 1 H), 5.66—5.80 (m, 1 H), 6.27 (d,] =
16.0 Hz,1 H), 6.63 (dd, J = 16.0 and 8.0 Hz,1 H), 7.19—7.30 (m, 4 H),
7.36—7.38 (m, 1 H); *C NMR (100 MHz, CDCl;) § 17.0, 33.3 (2C),
36.6, 53.6, 117.4, 126.4 (2C), 127.6, 128.0, 128.5 (2C), 132.8, 134.7,
136.6, 172.7 (2C); IR (KBr, neat) 2979, 1725, 1678, 1494, 1384, 1239,
1173, 1108, 971, 918, 754, 695 cm™'; HRMS (ESI) caled for
C;H;,NO, (M + H)* 270.1489, found 270.1495.
1-(1-(2-Chlorophenyl)but-3-en-1-yl)piperidine-2,6-dione (7i): col-
orless gum; yield 1.12 g, 81%; 'H NMR (400 MHz, CDCl;) 6 1.82—

1.89 (m, 2 H), 2.51-2.63 (m, 4 H), 2.88—2.95 (m, 1 H), 3.08—3.16
(m, 1 H), 5.03—5.12 (m, 2 H), 5.77—5.88 (m, 1 H), 6.03 (dd, ] = 10.0
and 6.0 Hz,1 H), 7.17-7.38 (m, 3 H), 7.67 (d, ] = 6.8 Hz, 1 H); *C
NMR (100 MHz, CDCl,) § 16.9, 33.2 (2C), 34.6, 51.1, 117.6, 125.8,
128.4, 129.3, 131.1, 133.6, 134.7, 135.9, 172.3 (2C); IR (KBr, neat)
2979, 1725, 1675, 1466, 1377, 1239, 1173, 1146, 998, 840 cm™;
HRMS (ESI) caled for C;sH;(NO,Cl (M + H)* 278.0942, found
278.0949.

Methyl 4-(1-(1,3-dioxoisoindolin-2-yl)but-3-en-1-yl)benzoate
(7k): colorless gum; yield 1.62 g 89%; 'H NMR (400 MHz,
CDCly) 6 2.95-3.02 (m, 1 H), 3.35-3.44 (m, 1 H), 3.89 (s, 3 H),
5.02 (d, J = 10.0 Hz, 1 H), 5.14 (d, ] = 16.8 Hz, 1 H), 549 (dd, ] =
10.0 and 6.0 Hz, 1 H), 5.71-5.81 (m, 1 H), 7.60 (d, ] = 7.2 Hz, 2 H),
7.68—7.71 (m, 2 H), 7.79—7.82 (m, 2 H), 8.00 (d, J = 8.0 Hz, 2 H);
BC NMR (100 MHz, CDCl,) § 35.2, 52.2, 54.0, 118.7, 123.4 (2C),
128.1 (2C), 129.7, 129.9 (2C), 131.7, 134.0 (2C), 134.2 (2C), 144.1,
166.7, 168.2 (2C); IR (KBr, neat) 1771, 1707, 1641, 1436, 1384, 1279,
1110, 723 cm™'; HRMS (ESI) caled for C,oH;;NO, (M + H)*
336.1230, found 336.1229.

2-(1-Phenylbut-3-en-1-yl)isoindoline-1,3-dione (7l): pale yellow
liquid; yield 1.30 g, 94%; '"H NMR (400 MHz, CDCL;) 6 2.93—3.00
(m, 1 H), 3.37—3.46 (m, 1 H), 499 (d,J = 10.8 Hz, 1 H), 5.13 (d, ] =
16.0 Hz, 1 H), 5.44 (dd, J = 10.8 and 5.6 Hz, 1 H), 5.72—5.83 (m, 1
H), 7.24-7.28 (m, 1 H), 7.31-7.36 (m, 2 H), 7.54 (d, ] = 7.6 Hz, 2
H), 7.67 (dd, ] = 5.2 and 2.8 Hz, 2 H), 7.78 (dd, ] = 5.2 and 3.2 Hz, 2
H); C NMR (100 MHz, CDCL) § 35.2, 54.3, 118.1, 123.0 (2C),
127.8, 127.9 (2C), 128.5 (2C), 131.6, 133.8 (2C), 134.3 (2C), 139.2,
168.1 (2C); IR (KBr, neat) 1770, 1710, 1641, 1493, 1387, 1335, 1077,
922, 720, 698 cm™'; HRMS (ESI) calcd for C;gH;sNO, (M + H)*
278.1176, found 278.1178.

2-(1-Cyclohexylbut-3-en-1-yl)isoindoline-1,3-dione (7m): color-
less liquid; yield 1.00 g, 71%; 'H NMR (400 MHz, CDCl;) & 0.91—
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1.37 (m, 6 H), 1.54—1.96 (m, 4 H), 2.06—2.17 (m, 2 H), 2.77-2.85
(m, 1 H), 3.97—4.02 (m, 1 H), 4.88 (d, ] = 10.4 Hz, 1 H), 498 (d, ] =
16.8 Hz, 1 H), 5.60—5.70 (m, 1 H), 7.68—7.71 (m, 2 H), 7.79-7.82
(m, 2 H); *C NMR (100 MHz, CDCl,) § 25.8, 25.9, 26.3, 30.3, 30.8,
33.9, 39.3, 56.9, 117.6, 123.1 (2C), 131.7, 133.9 (2C), 1352 (2C),
168.9 (2C); IR (KBr, neat) 2927, 2850, 1770, 1706, 1641, 1449, 1373,
1171, 840, 721 cm™'; HRMS (ESI) caled for C,gH,,NO, (M + H)*
284.1645, found 284.1657.
2-(1-(4-Methoxyphenyl)but-3-en-1-yl)isoindoline-1,3-dione (7n):
colorless liquid; yield 1.06 g, 69%; '"H NMR (400 MHz, CDCl;) §
2.91-2.98 (m, 1 H), 3.32—3.41 (m, 1 H), 3.77 (s, 3 H), 5.99 (d, ] =
104 Hz, 1 H), 5.13 (d, ] = 16.8 Hz, 1 H), 5.39 (dd, ] = 10.4 and 6.0
Hz, 1 H), 5.70-5.83 (m, 1 H), 6.85 (d, ] = 8.4 Hz, 2 H), 748 (d, ] =
8.8 Hz, 2 H), 7.65—7.67 (m, 2 H), 7.76—=7.79 (m, 2 H); *C NMR
(100 MHz, CDCl;) § 35.6, 54.0, 55.4, 114.0 (2C), 118.3, 123.3 (2C),
127.3, 129.5 (2C), 131.5, 132.0, 134.0 (2C), 134.6 (2C), 168.5 (2C);
IR (KBr, neat) 2837, 1734, 1638, 1459, 1377, 1253, 1161, 972, 840
cm™; HRMS (ESI) caled for C,oH;,NO; (M + H)* 308.1281, found
308.1294.
1-(1-(4-Chlorophenyl)but-3-en-1-yl)-5-hydroxypyrrolidin-2-one
(8b): 60:40 mixture of isomers; pale yellow liquid; yield 0.60 g, 76%;
'H NMR (400 MHz, CDCL,) 6 1.71—1.79 (m, 1 H), 1.99—2.16 (m, 2
H), 2.41-2.55 (m, 1 H), 2.70—2.91 (m, 2 H), 4.84 (d, ] = 5.2 Hz, 0.6
H), 4.95-5.11 (m, 3 H), 5.25 (d, ] = 5.6 Hz, 0.4 H), 5.58—5.73 (m, 1
H), 7.18—7.34 (m, 4 H); *C NMR (100 MHz, CDCl,) § 28.9, 29.0,
292, 29.8, 35.3, 36.9, 54.4, 54.9, 82.4, 83.0, 117.9 (2C), 128.8 (2C),
128.9 (2C), 129.5 (2C), 129.9 (2C), 133.6, 133.8, 134.7, 135.1, 137.2,
139.2, 175.0, 175.6; IR (KBr, neat) 2925, 1662, 1450, 1376, 1258,
1169, 1091, 996, 838 cm™'; HRMS (ESI) caled for C,,H,;(NO,Cl (M
+ H)* 266.0942, found 266.0943.
5-Hydroxy-1-(1-(p-tolyl)but-3-en-1-yl)pyrrolidin-2-one (8d): 50:50
mixture of isomers; colorless liquid; yield 0.53 g, 72%; "H NMR (400
MHz, CDCl,) 6 1.76—1.87 (m, 1 H), 2.06—2.18 (m, 1 H), 2.25-2.32
(m, 1 H), 2.34 (s, 3 H), 2.56—2.67 (m, 1 H), 2.76—2.87 (m, 1 H),
2.87—2.98 (m, 1 H), 4.92 (t, ] = 6.4 Hz, 0.5 H), 5.07 (d, ] = 104 Hz, 1
H), 5.10-5.17 (m, 1 H), 5.23—5.31 (m, 1 H), 5.34 (t, J = 4.8 Hz, 0.5
H), 5.68—5.87 (m, 1 H), 7.16 (dd, ] = 8.0 and 4.4 Hz, 2 H), 7.28 (d, ]
= 8.0 Hz, 1 H), 7.36 (d, ] = 8.0 Hz, 1 H); '*C NMR (100 MHz,
CDCl,) §21.2 (2C), 28.5, 28.9, 29.2 (2C), 35.5, 37.0, 54.5, 55.0, 82.2,
82.6, 117.4, 117.6, 127.9 (2C), 128.3 (2C), 129.3 (2C), 129.5 (2C),
135.0, 135.5, 135.6, 137.2, 137.5, 137.7, 175.0, 175.6; IR (KBr, neat)
2923, 1665, 1449, 1279, 1171, 1064, 993, 916, 841 cm™'; HRMS (ESI)
caled for C;sH;uNO, (M + H)* 246.1489, found 246.1494.
5-Hydroxy-1-(3-methylbut-3-en-1-yl)pyrrolidin-2-one (8e): pale
yellow liquid; yield 0.47 g, 92%; '"H NMR (400 MHz, CDClL,) §
1.77 (s, 3 H), 1.84—1.93 (m, 1 H), 2.25-2.35 (m, 4 H), 2.49-2.57
(m, 1 H), 3.26—3.33 (m, 1 H), 3.59-3.67 (m, 1 H), 3.87 (d, ] = 7.6
Hz, 1 H), 472 (s, 1 H), 478 (s, 1 H), 5.21 (t, J = 5.2 Hz, 1 H); °C
NMR (100 MHz, CDCl;) § 22.0, 27.9, 28.9, 35.3, 37.8, 82.7, 111.7,
142.6, 175.1; IR (KBr, neat) 2884, 1631, 1450, 1297, 1158, 1061, 987,
741 cm™'; HRMS (ESI) caled for C,H (NO, (M + H)* 170.1176,
found 170.1170.
6-Hydroxy-1-(6-methylhept-1-en-4-yl)piperidin-2-one (8g): 60:40
mixture of isomers; colorless liquid; yield 0.57 g, 84%; '"H NMR (400
MHz, CDCl;) 5 0.89 (d, ] = 5.6 Hz, 3 H), 0.90 (d, ] = 6.4 Hz, 3 H),
1.31-1.50 (m, 2 H), 1.56—1.76 (m, 3 H), 1.92—1.96 (m, 1 H), 2.09—
2.39 (m, 3 H), 2.49 (t, ] = 8.0 Hz, 2 H), 4.53 (brs, 0.6 H), 4.78 (brs,
0.4 H), 5.01-5.12 (m, 3 H), 5.64—5.77 (m, 1 H), 5.78—5.89 (m, 1 H);
3C NMR (100 MHz, CDCL,) § 22.0, 22.2, 22.7, 23.1, 23.3, 23.4, 24.9,
25.2, 30.9, 31.0, 31.8, 32.3, 37.6 (2C), 38.7, 38.8, 41.4, 41.8, 107.1
(2C), 116.8, 117.0, 136.3, 136.7, 169.8, 171.3; IR (KBr, neat) 2955,
1618, 1467, 1330, 1181, 1085, 996, 752 cm™; HRMS (ESI) calcd for
C3H,;NO, (M + H)* 226.1802, found 226.1806.
(E)-6-Hydroxy-1-(1-phenylhexa-1,5-dien-3-yl)piperidin-2-one
(8h): 60:40 mixture of isomers; colorless gum; yield 0.52 g, 64%; 'H
NMR (400 MHz, CDCl,) § 1.60—1.64 (m, 0.8 H), 1.69—1.77 (m, 1.2
H), 1.84—1.93 (m, 1.2 H), 1.98—2.08 (m, 0.8 H), 2.21—-2.45 (m, 1 H),
2.45-2.50 (m, 1.2 H), 2.55-2.65 (m, 0.8 H), 2.75—2.83 (m, 0.6 H),
2.85-2.88 (m, 0.4 H), 5.03—5.15 (m, 4 H), 5.71-5.84 (m, 1 H),
6.40—6.59 (m, 2 H), 7.19=7.23 (m, 1 H), 7.26—7.30 (m, 2 H), 7.32—

7.37 (m, 2 H); C NMR (100 MHz, CDCL;) 6 152, 15.3, 30.8, 31.2,
32.6, 32.7, 36.5, 37.6, 56.0, 58.0, 77.6,78.9, 117.5 (2C), 126.6 (2C),
126.7 (2C), 127.8, 127.9, 128.6, 128.7 (2C), 128.8 (2C), 129.1, 132.3,
132.6, 135.1, 135.7, 136.7, 136.8, 170.7, 171.0; IR (KBr, neat) 2923,
1628, 1459, 1377, 1265, 1182, 971, 840, 749 cm™; HRMS (ESI) calcd
for C;;H, NO, (M + H)* 272.1645, found 272.1646.

1-(1-(2-Chlorophenyl)but-3-en-1-yl)-6-hydroxypiperidin-2-one
(8i): 50:50 mixture of isomer; pale yellow liquid; yield 0.61 g, 73%; 'H
NMR (400 MHz, CDCl;) § 1.92—2.04 (m, 2 H), 2.23—2.28 (m, 2 H),
2.49-2.55 (m, 2 H), 2.64—2.78 (m, 2 H), 5.07—-5.15 (m, 3 H), 5.67—
5.77 (m, 0.5 H), 5.79-5.95 (m, 1 H), 6.01 (t, ] = 6.4 Hz, 0.5 H),
7.18—7.45 (m, 4 H); 3C NMR (100 MHz, CDCl,) § 18.1, 20.0, 29.8,
31.9, 35.2, 36.3, 39.2, 43.0, 50.6, 52.3, 106.9 (2C), 118.0, 118.5, 125.9,
126.7, 127.1, 127.8, 128.8, 129.2, 130.2, 130.4, 132.9, 134.0, 134.2,
135.0, 136.6, 139.2, 169.2, 171.5; IR (KBr, neat) 2929, 1654, 1441,
1387, 1260, 1194, 917, 754,699 cm™; HRMS (ESI) caled for
C,sH;;NO,CI (M + H)* 280.1099, found 280.1107.

2-(But-3-en-1-yl)-3-hydroxyisoindolin-1-one (8j): white solid; mp
62—64 °C; yield 0.55 g, 91%; '"H NMR (400 MHz, CDCl;) § 2.29—
2.35 (m, 2 H), 3.23—3.30 (m, 1 H), 3.42—3.50 (m, 1 H), 4.92—5.04
(m, 3 H), 5.68—5.77 (m, 2 H), 7.38 (d, J = 7.2 Hz, 1 H), 7.45 (d, ] =
7.6 Hz, 1 H), 7.50—7.57 (m, 2 H); *C NMR (100 MHz, CDCl;) §
32.4, 38.3, 81.5, 116.8, 122.7, 123.1, 129.3, 131.2, 131.9, 135.0, 144.0,
167.5; IR (KBr, neat) 2902, 1665, 1430, 1215, 1148, 909, 745 cm™;
HRMS (ESI) caled for C,H;3NO, (M + H)* 204.1019, found
204.1009.

Methyl 4-(1-(1-hydroxy-3-oxoisoindolin-2-yl)but-3-en-1-yl)-
benzoate (8k): 50:50 mixture of isomers; colorless gum; yield 0.70
g, 69%; '"H NMR (400 MHz, CDCl;) 6 2.93—3.00 (m, 1 H), 3.15—
3.28 (m, 1 H), 3.80 (s, 1.5 H), 3.85 (s, 1.5 H), 4.23 (brs, 1 H), 5.02 (d,
J=9.6 Hz, 1 H), 5.10—5.20 (m, 1 H), 5.27 (dd, J = 10.0 and 6.4 Hz,
0.5 H), 5.43 (t, ] = 8.0 Hz, 0.5 H), 5.52 (d, J = 11.6 Hz, 0.5 H), 5.72—
5.87 (m, 1 H), 5.90 (d, J = 11.6 Hz, 0.5 H), 7.41-7.48 (m, 2 H), 7.53
(t, J=88 Hz, 3 H),7.66 (d,J=72Hz, 1 H),7.81 (d,J=72Hz 1
H), 7.92 (d, ] = 7.6 Hz, 1 H); *C NMR (100 MHz, CDCI3) § 35.6,
36.3, 51.9, 52.0, 55.1, 55.4, 81.5, 82.2, 117.7, 117.8, 123.0 (2C), 123.1
(2C), 127.9 (2C), 128.3 (2C), 128.6 (2C), 129.1 (2C), 129.5 (4C),
129.7 (2C), 131.1, 131.3, 132.2 (2C), 134.6, 134.7, 144.0, 144.3, 166.8,
166.9, 167.3, 167.7; IR (KBr, neat) 1721, 1679, 1436, 1282, 1111,
1057, 920, 748 cm™'; HRMS (ESI) caled for C,0H;)NO, (M + H)*
338.1387, found 338.1395.

3-Hydroxy-2-(1-phenylbut-3-en-1-yl)isoindolin-1-one (8l): 60:40
mixture of isomers; white solid, mp 78—80 °C; yield 0.60 g, 72%; 'H
NMR (400 MHz, CDCl;) § 2.92—3.00 (m, 1 H), 3.12—3.17 (m, 0.6
H), 3.24—3.32 (m, 0.4 H), 3.64 (brs, 1 H), 4.99 (d, ] = 10.0 Hz, 1 H),
5.09- 5.17 (m, 1 H), 5.45—5.53 (m, 1 H), 5.73—5.90 (m, 2 H), 7.26 (4,
J=52Hz,2H),7.33 (t, ] = 7.2 Hz, 1 H), 7.40—7.52 (m, S H), 7.63—
7.66 (m, 1 H); 3C NMR (100 MHz, CDCL,) § 36.1, 36.7, 55.3, 56.0,
81.6, 81.7, 117.4, 117.5, 123.0, 123.2, 127.4, 127.8, 127.9 (2C), 128.4
(4C), 128.6 (2C), 129.4 (2C), 131.2, 131.6, 132.1, 132.2, 135.3, 135.4,
138.9 (2C), 141.0 (2C), 143.9, 144.1, 167.4, 167.8; IR (KBr, neat)
1665, 1407, 1208, 1104, 1057, 746 cm™'; HRMS (ESI) calcd for
CsH;;NO, (M + H)* 280.1332, found 280.1334.

2-(1-Cyclohexylbut-3-en-1-yl)-3-hydroxyisoindolin-1-one (8m):
60:40 mixture of isomers; colorless liquid; yield 0.59 g, 68%; 'H
NMR (400 MHz, CDCL,) 6 0.86—1.28 (m, 6 H), 1.49—1.77 (m, 4 H),
1.93—1.95 (m, 1 H), 2.60-2.73 (m, 2 H), 3.73-3.76 (m, 0.4 H),
3.86—3.89 (m, 0.6 H), 4.93 (d, ] = 8.4 Hz 1 H), 5.01-5.10 (m, 1 H),
5.67—5.85 (m, 2 H), 7.47-7.56 (m, 3 H), 7.57-7.76 (m, 1 H); *C
NMR (100 MHz, CDCl;) § 25.6, 25.8, 25.9, 26.1, 26.2, 26.5, 28.0
(2C), 29.0 (2C), 33.7, 33.9, 39.1, 39.5, 56.8, 57.6, 82.1, 82.8, 116.6,
116.9, 123.0 (2C), 129.4 (2C), 131.5, 131.7, 131.8 (2C), 133.8 (2C),
135.0, 135.4, 136.3, 136.5, 167.8, 168.1; IR (KBr, neat) 2925, 2852,
1672, 1448, 1208, 1161, 914, 747 cm™'; HRMS (ESI) calcd
forC,gH,3NO, (M + H)* 286.1802, found 286.1817.

3-Hydroxy-2-(1-(4-methoxyphenyl)but-3-en-1-yl)isoindolin-1-
one (8n): 60:40 mixture of isomers; colorless liquid; yield 0.59 g, 64%;
"H NMR (400 MHz, CDCl,) § 2.90—2.96 (m, 1 H), 3.08—3.16 (m, 1
H), 3.77 (s, 1.2 H), 3.79 (s, 1.8 H), 5.00 (d, ] = 9.6 Hz, 1 H), 5.10—
5.24 (m, 2 H), 545-5.51 (m, 1 H), 5.72—5.89 (m, 1 H), 6.79—6.89
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(m, 2 H), 7.24—7.34 (m, 2 H), 7.39—7.53 (m, 3.5 H), 7.70 (d, ] = 7.2
Hz, 0.5 H); *C NMR (100 MHz, CDCl,) & 37.1, 40.7, 52.9, 54.7, 55.3
(2C), 81.5, 81.6, 113.8 (2C), 114.0 (2C), 118.0, 118.2, 123.1, 123.2,
127.2 (2C), 127.7 (2C), 128.2, 129.2, 129.6, 129.7, 130.7, 131.1, 131.2,
131.5, 132.1, 132.2, 134.7, 135.4, 135.6, 135.8, 158.9, 159.1, 169.1
(2C); IR (KBr, neat) 1666, 1509, 1405, 1244, 1172, 1031, 745 cm™;
HRMS (ESI) caled forC;oH;)NO; (M + H)" 310.1438, found
310.1438.

Typical Procedure for the Synthesis of N-((7R*8aR*)-3-
Oxooctahydroindolizin-7-yl)acetamide (9a). To 1-(but-3-en-1-
yl)-S-hydroxypyrrolidin-2-one (78 mg, 0.50 mmol) in acetonitrile (3
mL) was added freshly distilled boron trifluoride etherate (86 mg, 0.60
mmol). The reaction mixture was stirred at room temperature for 4 h.
The progress of the reaction was monitored by TLC with ethyl acetate
as eluent. After completion of the reaction, the reaction mixture was
treated with aqueous sodium bicarbonate, the product was extracted
with dichloromethane and then the organic layer was washed with
brine. The organic layer was dried over Na,SO, and evaporated to
leave the crude product, which was purified by column chromatog-
raphy using ethyl acetate as eluent over silica gel to give N-
((75*,8aS*)-3-oxooctahydroindolizin-7-yl)acetamide in a yield of 80
mg (81%) as a colorless liquid: '"H NMR (400 MHz, CDCL,) § 1.04
(9 J =124 Hz, 1 H), 1.23 (dq, ] = 12.4 and 5.2 Hz, 1 H), 1.55—1.65
(m, 1 H), 1.97 (s, 3 H), 2.19—2.29 (m, 3 H), 2.36—2.43 (m, 2 H), 2.75
(dt, J = 13.2 and 2.8 Hz, 1 H), 3.54—3.62 (m, 1 H), 3.94—4.02 (m, 1
H), 4.15 (dd, J = 13.2 and 3.2 Hz, 1 H), 6.02 (d, ] = 6.8 Hz, 1 H); "*C
NMR (100 MHz, CDCl;) § 22.8, 24.3, 30.0, 30.4, 38.1, 39.4, 45.9,
55.7,169.7, 173.3; IR (KBr, neat) 2936, 2887, 1658, 1559, 1451, 1376,
1259, 1150, 738, 609 cm™'; HRMS (ESI) calcd for C;H;4N,O, (M +
H)* 197.1285, found 197.1286.

N-((55%*,75% 8aR*)-5-(4-Chlorophenyl)-3-oxooctahydroindolizin-
7-yl)acetamide (9b): white solid; mp 76—77 °C; yield 110 mg, 72%;
"H NMR (400 MHz, CDCL,) § 1.13 (q, ] = 12.0 Hz, 1 H), 1.56—1.71
(m, 2 H), 1.97 (s, 3 H), 2.10-2.16 (m, 1 H), 2.22-2.32 (m, 1 H),
2.48-2.54 (m, 2 H), 2.58—2.64 (m, 1 H), 3.59—3.66 (m, 1 H), 3.99—
4,08 (m, 1 H), 5.50 (d, = 5.2 Hz, 1 H), 5.68 (d,J = 7.2 Hz, 1 H), 7.24
(d, ] =84 Hz, 2 H), 7.1 (d, ] = 84 Hz, 2 H); 3C NMR (100 MHz,
CDCly) 6 23.0, 24.4, 29.9, 33.3, 39.5, 42.7, 49.2, 52.8, 127.8 (2C),
1289 (2C), 133.0, 136.7, 169.8, 174.1; IR (KBr, neat) 3066, 2938,
1667, 1550, 1419, 1372, 1288, 1097, 1012, 839, 735, 607 cm™'; HRMS
(ESI) caled for C4H;oN,0,Cl (M + H)* 307.1208, found 307.1208.

N-((5R*,75*,8aR*)-5-Benzyl-3-oxooctahydroindolizin-7-yl)-
acetamide (9c). white solid; mp 91—-93 °C; yield 109 mg, 76%; 'H
NMR (400 MHz, CDCL,) & 1.00 (q, J = 12.8 Hz, 1 H), 1.24 (dq, J =
12.8 and 6.0 Hz, 1 H), 1.52—1.61 (m, 1 H), 1.84 (dd, J = 13.2 and 2.0
Hz, 1 H), 1.96 (s, 3 H), 2.17—2.33 (m, 4 H), 2.84 (d, ] = 8.0 Hz, 2 H),
3.78—3.85 (m, 1 H), 427—4.35 (m, 1 H), 4.50 (dd, J = 13.6 and 7.6
Hz, 1 H), 5.76 (d, ] = 7.6 Hz, 1 H), 7.19—=7.31 (m, 5 H); *C NMR
(100 MHz, CDCL,) & 22.9, 24.6, 30.1, 32.0, 36.7, 39.8, 42.1, 49.0, 52.4,
126.4, 128.3 (2C), 129.0 (2C), 137.5, 169.7, 173.2; IR (KBr, neat)
3064, 2944, 1660, 1552, 1421, 1372, 1284, 1178, 751, 702 cm™’;
HRMS (ESI) caled for C;H,,N,0, (M + H)* 287.1754, found
287.1762.

N-((55%*,75%*8aR*)-3-Oxo0-5-(p-tolyl)octahydroindolizin-7-yl)-
acetamide (9d): white solid; mp 78—80 °C; yield 99 mg, 69%; 'H
NMR (400 MHz, CDCl) 6 1.10 (q, J = 12.0 Hz, 1 H), 1.55—1.67 (m,
2 H), 1.96 (s, 3 H), 2.11-2.20 (m, 1 H), 2.21—2.28 (m, 1 H), 2.31 (s,
3 H), 2.442—-2.53 (m, 2 H), 2.55-2.61 (m, 1 H), 3.62—3.69 (m, 1 H),
4.00—4.11 (m, 1 H), 550 (d, ] = 5.2 Hz, 1 H), 5.92 (d, ] = 7.2 Hz, 1
H), 7.15 (s, 4 H); *C NMR (100 MHz, CDCl,) 6 21.0, 23.2, 24.5,
30.2, 33.5, 40.0, 42.9, 49.5, 52.8, 126.3 (2C), 129.6 (2C), 135.0, 136.9,
169.8, 174.1; IR (KBr, neat) 3058, 2932, 1664, 1550, 1420, 1372,
1288, 1187, 822, 735, 602 cm™; HRMS (ESI) calcd for C;,H,,N,0O,
(M + H)* 287.1754, found 287.1754.

N-((75%*8a5%*)-7-Methyl-3-oxooctahydroindolizin-7-yl)acetamide
and N-((7R*,8aS*)-7-methyl-3-oxooctahydroindolizin-7-yl)-
acetamide (9e): 60:40 mixture of isomers; colorless liquid; yield 90
mg, 86%; 'H NMR (400 MHz, CDCl;) § 1.07 (t, ] = 12.0 Hz, 1 H),
1.19—1.37 (m, 1 H), 1.39 (s, 1.8 H), 1.49 (s, 1.2 H), 1.53—1.63 (m, 1
H), 1.72 (dq, J = 13.2 and 5.6 Hz, 1 H), 1.85—1.90 (m, 0.4 H), 1.93 (s,

1.2 H), 1.98 (s, 1.8 H), 2.07—2.12 (m, 0.6 H), 2.16—2.27 (m, 1 H),
2.34-2.39 (m, 2 H), 2.73—-2.78 (m, 0.4 H), 2.80—2.91 (m, 0.6 H),
3.58—3.67 (m, 1 H), 3.97 (dd, ] = 13.6 and 4.0 Hz, 0.6 H), 4.05 (dd, J
=13.2 and 3.6 Hz, 0.4 H), 5.90 (brs, 0.4 H), 6.07 (br s, 0.6 H); *C
NMR (100 MHz, CDCl;) § 20.4, 23.5, 23.6, 24.3, 24.6, 26.9, 29.8,
29.9, 34.2, 34.3, 35.1, 35.7, 42.0, 42.7, 51.6, 51.9, 52.2, 52.9, 169.9,
170.6, 173.0, 173.1; IR (KBr, neat) 2930, 2875, 1673, 1549, 1455,
1375, 1277, 1170, 751, 606 cm™'; HRMS (ESI) calced for C;;H;4N,0O,
(M + H)* 211.1441, found 211.1447.

N-((2R*,9aR*)-6-Oxooctahydro-1H-quinolizin-2-yl)acetamide
(9f): white solid; mp 101—103 °C; yield 97 mg, 92%; 'H NMR (400
MHz, CDCLy) 6 1.14 (q, J = 12.0 Hz, 1 H), 1.24 (dq, J = 12.8 and 4.4
Hz, 1 H), 1.45—1.54 (m, 1 H), 1.64—1.74 (m, 1 H), 1.77—-1.86 (m, 1
H), 1.92—1.96 (m, 1 H), 1.97 (s, 3 H), 2.00-2.04 (m, 1 H), 2.07-2.12
(m, 1 H), 2.24-2.33 (m, 1 H), 2.41 (dt, J = 17.2 and 5.2 Hz, 1 H),
2.53 (dt, J = 13.2 and 2.4 Hz, 1 H), 3.33—3.40 (m, 1 H), 3.93—4.04
(m, 1 H), 4.78—4.84 (m, 1 H), 6.18 (d, ] = 6.8 Hz, 1 H); °C NMR
(100 MHz, CDCl;) & 18.8, 22.8, 29.6, 31.1, 32.6, 39.7, 40.6, 46.3, 54.8,
169.2, 169.7; IR (KBr, neat) 3079, 2947, 1661, 1451, 1373, 1268,
1162, 1120, 976, 737, 608 cm™; HRMS (ESI) calcd for C;;H;4N,0O,
(M + H)* 211.1441, found 211.1441.

N-((25%,4R*,9aR *)-4-Isobutyl-6-oxooctahydro-1H-quinolizin-2-
yl)acetamide (9g): white solid; mp 96—98 °C; yield 117 mg, 88%; 'H
NMR (400 MHz, CDCl;) 6 0.91 (d, ] = 6.8 Hz, 3 H), 0.94 (d, ] = 6.8
Hz, 3 H), 1.04 (g, J = 12.0 Hz, 1 H), 1.31-1.39 (m, 1 H), 1.42—1.50
(m, 1 H), 1.53—-1.65 (m, 2 H), 1.74—1.82 (m, 2 H), 1.97 (s, 3 H),
2.08—2.14 (m, 2 H), 2.24—2.33 (m, 2 H), 2.41 (dt, J = 17.2 and 4.8
Hz, 2 H), 3.49-3.54 (m, 1 H), 4.15—-4.24 (m, 1 H), 5.07-5.12 (m, 1
H), 6.12 (d, ] = 6.8 Hz, 1 H); *C NMR (100 MHz, CDCl,) § 18.7,
22.7 (2C), 23.2, 25.0, 30.1, 33.3, 34.5, 39.4, 40.8, 42.3, 46.2, 49.6,
169.4, 169.8; IR (KBr, neat) 3073, 2952, 2869, 1618, 1554, 1463,
1367, 1273, 1172, 1127, 973, 736, 608 cm™'; HRMS (ESI) calcd for
CsH,6N,0, (M + H)* 267.2067, found 267.2073.

N-((25%,45*,9aR *)-6-Oxo0-4-((E)-styryl)octahydro-1H-quinolizin-
2-yllacetamide (9h): white solid; mp 126—128 °C; yield 111 mg,
71%; '"H NMR (400 MHz, CDCL;) § 1.15 (g, ] = 12.0 Hz, 1 H), 1.42—
1.58 (m, 2 H), 1.66—1.72 (m, 1 H), 1.78—1.85 (m, 1 H), 1.98 (s, 3 H),
2.00-2.12 (m, 1 H), 2.16—2.25 (m, 1 H), 2.31-2.40 (m, 1 H), 2.45—
2.58 (m, 2 H), 3.56—3.63 (m, 1 H), 4.18—4.25 (m, 1 H), 5.77 (brs, 1
H), 5.90 (d, ] = 7.6 Hz, 1 H), 6.14 (dd, ] = 16.0 and 4.4 Hz, 1 H), 6.48
(d,J=16.0Hz, 1 H),7.23 (d,J =72 Hz, 1 H), 7.30 (t, ] = 7.2 Hz, 2
H), 7.37 (d, ] = 7.6 Hz, 2 H); *C NMR (100 MHz, CDCl,) § 19.1,
23.3, 30.3, 33.2, 34.9, 40.5, 43.1, 494, S1.1, 126.5 (2C), 127.2, 127.8,
128.6 (2C), 1322, 136.4, 169.9 (2C); IR (KBr, neat) 3058, 2930,
2857,1702, 1619, 1551, 1449, 1370, 1263, 1175, 1124, 970, 757, 700,
608 cm™; HRMS (ESI) caled for CjoH,,N,0, (M + H)* 313.1911,
found 313.1911.

N-((25*,45* 9aR *)-4-(2-Chlorophenyl)-6-oxooctahydro-1H-qui-
nolizin-2-yl)acetamide (9i): white solid; mp 88—90 °C; yield 128 mg,
80%; 'H NMR (400 MHz, CDCl;) § 1.23 (q, ] = 12.0 Hz, 1 H), 1.51—
1.60 (m, 1 H), 1.69—1.75 (m, 1 H), 1.78—1.82 (m, 1 H), 1.89 (s, 3 H),
2.01-2.08 (m, 1 H), 2.14—2.18 (m, 1 H), 2.38—2.53 (m, 4 H), 3.79—
3.84 (m, 1 H), 4.02—4.07 (m, 1 H), 6.14 (d, ] = 6.0 Hz 1 H), 6.28
(brs, 1 H), 7.15—7.23 (m, 2 H), 7.29—7.36 (m, 2 H); *C NMR (100
MHz, CDCLy) § 194, 23.3, 30.7, 33.2, 34.1, 40.0, 43.0, 50.3, 53.9,
127.0, 127.5, 128.5, 130.8, 133.1, 138.5, 170.0, 170.2; IR (KBr, neat)
3067, 2947, 2867, 1627, 1552, 1439, 1343, 1309, 1276, 1134, 1038,
974,762, 737, 605 cm™'; HRMS (ESI) calcd for C;,H,;N,0,Cl (M +
H)* 321.1364, found 321.1364.

N-((2R*,10b5*)-6-Ox0-1,2,3,4,6,10b-hexahydropyrido[2,1-a]-
isoindol-2-yl)acetamide (9j): white solid; mp 111-113 °C; yield 95
mg, 78%; '"H NMR (400 MHz, CDCl;) 5 0.85 (q, J = 12.0 Hz, 1 H),
1.18—1.33 (m, 1 H), 2.03 (s, 3 H), 2.15 (d, J = 7.6 Hz,1 H), 2.61 (d, ]
= 7.6 Hz,1 H), 3.03—3.10 (m, 1 H), 4.19—-4.25 (m, 1 H), 4.37—4.47
(m,2H),629(d,J=7.6Hz,1H),7.36 (d,] =72 Hz, 1 H), 7.44 (t,]
=72Hz, 1H),7.51 (t,]=7.6 Hz, 1 H), 7.77 (d, ] = 7.6 Hz, 1 H); "*C
NMR (100 MHz, CDCl;) 6 23.3, 31.4, 37.7, 37.8, 46.1, 57.6, 121.8,
123.5, 128.4, 131.6, 131.7, 144.9, 166.3, 170.0; IR (KBr, neat) 3068,
2929, 2863, 1669, 1552, 1431, 1371, 1288, 1099, 971, 738, 612 cm™;
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HRMS (ESI) caled for C,H;N,O, (M + H)* 245.128S, found
245.1285S.

Methyl 4-((2R*,45%*,10bS*)-2-acetamido-6-oxo-1,2,3,4,6,10b-
hexahydropyrido[2, 1-ajisoindol-4-yl)benzoate (9k): white solid; mp
135—137 °C; yield 136 mg, 72%; '"H NMR (400 MHz, CDCl,) § 1.02
(9] =12.0 Hz, 1 H), 1.71 (dq, ] = 12.8 and 5.6 Hz, 1 H), 2.02 (s, 3
H), 2.58—2.64 (m, 1 H), 2.74—2.80 (m, 1 H), 3.90 (s, 3 H), 4.25—4.32
(m, 1 H), 445 (dd, J = 11.6 and 3.6 Hz, 1 H), 5.82—5.90 (m, 2 H),
7.34—741 (m, 3 H), 7.49-7.59 (m, 2 H), 791 (d, J = 7.2 Hz, 1 H),
8.01 (d, ] = 8.8 Hz, 2 H); '*C NMR (100 MHz, CDCl;) § 23.4, 33.9,
37.9, 43.4, 49.3, 52.3, 55.1, 122.2, 124.1, 126.7 (2C), 128.7, 1294,
130.3 (2C), 131.3, 132.1, 144.0, 145.2, 166.8, 167.3, 170.1; IR (KBr,
neat) 2950, 2723, 1720, 1678, 1549, 1413, 1372, 1282, 1112, 1018,
963, 736, 697, 607 cm™'; HRMS (ESI) caled for C,,H,,N,0, (M +
H)* 379.1652, found 379.1659.

N-((2R*,45*,10b5*)-6-Oxo0-4-phenyl-1,2,3,4,6,10b-hexahydro-
pyrido[2, 1-aJisoindol-2-yl)acetamide (9l): white solid; mp 128—130
°C; yield 112 mg, 70%; '"H NMR (400 MHz, CDCl;) 6 0.99 (q, J =
12.0 Hz, 1 H), 1.63—1.72 (m, 1 H), 2.02 (s, 3 H), 2.61 (d, J = 12.0
Hz,1 H), 2.75 (d, ] = 12.0 Hz, 1 H), 4.32—4.39 (m, 1 H), 447 (dd, ] =
12.0 and 3.6 Hz, 1 H), 5.74 (d, ] = 7.6 Hz, 1 H), 5.87 (d, ] = 5.6 Hz, 1
H), 7.23-7.26 (m, 1 H), 7.32—7.36 (m, S H), 7.48—7.57 (m, 2 H),
7.90 (d, ] = 6.8 Hz, 1 H); 3C NMR (100 MHz, CDCl;) § 23.4, 33.8,
38.0, 43.2, 49.2, 55.0, 122.1, 123.9, 126.5 (2C), 127.5, 128.6, 129.0
(2C), 131.4, 132.0, 138.5, 145.3, 167.3, 170.1; IR (KBr, neat) 3058,
2930, 1678, 1549, 1413, 1374, 1279, 1116, 962, 738, 699, 606 cm™’;
HRMS (ESI) caled for CyH,oN,0, (M + H)* 321.1598, found
321.1598.

N-((2R*,45%*,10b5*)-4-Cyclohexyl-6-oxo-1,2,3,4,6,10b-hexahydro-
pyrido[2,1-aJisoindol-2-yl)acetamide (9m): white solid; mp 89—-91
°C; yield 138 mg, 85%; 'H NMR (400 MHz, CDCL;) & 0.76 (q, J =
12.0 Hz, 1 H), 0.96—1.14 (m, 4 H), 1.17—127 (m, 1 H), 1.45—1.50
(m, 1 H), 1.65—1.77 (m, 5 H), 1.84—1.89 (m, 1 H), 2.04 (s, 3 H),
2.12—2.17 (m, 1 H), 2.61-2.68 (m, 1 H), 4.19 (dd, J = 10.8 and 5.6
Hz, 1 H), 4.32—4.40 (m, 1 H), 444 (dd, J = 12.0 and 3.6 Hz, 1 H),
594 (d, ] = 8.0 Hz, 1 H), 7.35 (d, J = 7.2 Hz, 1 H), 7.43-=7.55 (m, 2
H), 7.78 (d, ] = 7.6 Hz, 1 H); *C NMR (100 MHz, CDCl,) § 23.4,
259 (2C), 26.1, 29.7, 30.4, 32.0, 38.0, 38.3, 42.7, 52.7, 54.8, 1219,
123.7, 128.4, 131.6 (2C), 145.2, 167.1, 170.1; IR (KBr, neat) 3068,
2927, 2851, 1671, 1549, 1417, 1370, 1232, 1110, 762, 737, 604 cm™;
HRMS (ESI) caled for CyH,eN,O, (M + H)* 327.2067, found
327.2067.

N-((2R*,45*,10bS *)-4-(4-Methoxyphenyl)-6-oxo-1,2,3,4,6,10b-
hexahydropyrido[2, 1-aJisoindol-2-yl)acetamide (9n): white solid;
mp 119—121 °C; yield 115 mg, 66%; 'H NMR (400 MHz, CDCl,)
5095 (q,J = 12.0 Hz, 1 H), 1.57—1.66 (m, 1 H), 2.03 (s, 3 H), 2.55—
2.60 (m, 1 H), 2.65—2.70 (m, 1 H), 3.77 (s, 3 H), 4.33—4.40 (m, 1 H),
442 (dd, J =124 and 4.0 Hz, 1 H), 5.79 (d, J = 5.6 Hz, 1 H), 6.13 (d,
J=8.0Hz 1 H), 686 (d,J=88Hz 2H), 723 (d, ] = 8.8 Hz, 2 H),
7.34 (d, J = 7.2 Hz, 1 H), 7.46—7.55 (m, 2 H), 7.87 (d, ] = 7.2 Hz, 1
H); ®C NMR (100 MHz, CDCl,) & 23.3, 33.8, 37.9, 43.2, 48.7, 54.9,
55.3,114.3 (2C), 122.1, 123.8, 127.7 (2C), 128.5, 130.5, 131.5, 131.9,
145.2, 158.8, 167.1, 170.1; IR (KBr, neat) 3058, 2932, 2836, 1674,
1512, 1415, 1374, 1252, 1181, 1033, 835, 737, 607 cm™'; HRMS (ESI)
caled for C,;Hp,N,05 (M + H)* 351.1703, found 351.1703.

Typical Procedure for the Synthesis of N-((2R*,45*,10bS*)-6-
Oxo0-4-phenyl-1,2,3,4,6,10b-hexahydropyrido[2,1-alisoindol-
2-yl)benzamide (90). To a mixture of 3-hydroxy-2-(1-phenylbut-3-
en-1-yl)isoindolin-1-one (140 mg, 0.50 mmol) and benzonitrile (160
mg, 1.50 mmol) in dichloromethane (3 mL) was added freshly
distilled boron trifluoride etherate (86 mg, 0.60 mmol). The reaction
mixture was stirred at room temperature for a specified time. The
progress of the reaction was monitored by TLC with ethyl acetate and
hexane as eluents. After completion of the reaction, the reaction
mixture was treated with aqueous sodium bicarbonate, the product was
extracted with dichloromethane, and then the organic layer was
washed with brine. The organic layer was dried over Na,SO, and
evaporated to leave the crude product, which was purified by column
chromatography over silica gel to give N-((2R*45%,10bS*)-6-0x0-4-
phenyl-1,2,3,4,6,10b-hexahydropyrido[2,1-a]isoindol-2-yl)benzamide

(90) in a yield of 124 mg (65%) as a white solid: mp 140—142 °C; 'H
NMR (400 MHz, CDCL;) 6 1.07 (q, J = 12.0 Hz, 1 H), 1.71-1.81 (m,
1 H), 2.63—2.68 (m, 1 H), 2.81—2.86 (m, 1 H), 4.50 (dd, J = 12.0 and
3.6 Hz, 1 H), 4.56—4.62 (m, 1 H), 5.88 (d, J = 5.6 Hz, 1 H), 6.83 (d, J
= 7.6 Hz, 1 H), 7.24—7.27 (m, 1 H), 7.31-7.35 (m, 5§ H), 7.40—7.47
(m, 3 H), 7.48—7.50 (m, 3 H), 7.81 (d, J = 7.6 Hz, 1 H), 7.92 (d, ] =
7.6 Hz, 1 H); *C NMR (100 MHz, CDCl;) § 34.0, 38.2, 44.0, 49.4,
55.1, 122.2, 124.2, 126.7 (2C), 127.3 (2C), 127.6, 128.7, 128.8 (2C),
129.2 (2C), 131.7, 131.9, 132.0, 134.3, 138.7, 145.4, 167.3, 167.4; IR
(KBr, neat) 2927, 1676, 1536, 1412, 1325, 1226, 1153, 1028, 908, 733,
695, 606 cm™; HRMS (ESI) caled for C,sH,N,0, (M + H)*
383.1754, found 383.1757.

N-((2R*,45*,10b5*)-6-Ox0-4-phenyl-1,2,3,4,6,10b-hexahydro-
pyrido[2, 1-ajisoindol-2-yl)but-3-enamide (9p): white solid; mp 101—
103 °C; yield 135 mg, 78%; "H NMR (400 MHz, CDCL,) § 0.94 (q, J
=12.0 Hz, 1 H), 1.60 (dq, J = 13.2 and 5.6 Hz,1 H), 2.48—2.53 (m, 1
H), 2.66—2.70 (m, 1 H), 2.97 (d, ] = 7.2 Hz, 2 H), 423—4.31 (m, 1
H), 4.38 (dd, J = 12.0 and 2.8 Hz, 1 H), 5.12—5.17 (m, 2 H), 5.79 (d, ]
= 4.8 Hz, 1 H), 5.81-5.92 (m, 2 H), 7.16—7.20 (m, 1 H), 7.24 (brs, 5
H), 7.40—7.49 (m, 2 H), 7.83 (d, ] = 7.6 Hz, 1 H); *C NMR (100
MHz, CDCL,) 8 33.8, 37.9, 41.7, 43.5, 49.2, 55.0, 119.7, 122.1, 124.1,
126.6 (2C), 127.5, 128.6, 129.1 (2C), 131.4, 131.6, 131.9, 138.7, 145.3,
1672, 170.6; IR (KBr, neat) 3058, 2925, 2854, 1685, 1546, 1468,
1412, 1347, 1301, 1226, 1096, 1030, 920, 800, 748,696, 610 cm™;
HRMS (ESI) caled for C,H,,N,0, (M + H)* 347.1754, found
347.1758.

2,2-Dichloro-N-((2R*,45*,10b5*)-6-0xo0-4-phenyl-1,2,3,4,6,10b-
hexahydropyrido[2,1-alisoindol-2-yl)acetamide (9q): white solid;
mp 115—117 °C; yield 142 mg, 73%; 'H NMR (400 MHz, CDCl;)
5113 (q,J = 12.0 Hz, 1 H), 1.77 (dq, J = 13.2 and 6.0 Hz,1 H), 2.57—
2.61 (m, 1 H), 2.76—2.81 (m, 1 H), 4.28—4.36 (m, 1 H), 447 (dd, ] =
12.0 and 3.6 Hz, 1 H), 5.86 (d, ] = 5.2 Hz, 1 H), 6.01 (s, 1 H), 7.24 (d,
J=72Hz, 1H),728-7.36 (m, 6 H), 7.46—7.59 (m, 2 H), 7.89 (d,] =
7.2 Hz, 1 H); *C NMR (100 MHz, CDCl;) § 33.4, 37.3, 44.7, 49.2,
54.8, 66.5, 122.2, 124.3, 126.5 (2C), 127.6, 128.8, 129.2 (2C), 131.6,
132.1, 138.3, 145.0, 164.1, 167.3; IR (KBr, neat) 2925, 1673, 1412,
1267, 1210, 1090, 1018, 911, 746, 697 cm™'; HRMS (ESI) calcd for
CyH;sN,0,ClL, (M + H)* 398.0818, found 398.0814.

Typical Procedure for the Synthesis of (75*,8aS*)-7-Phenyl-
hexahydroindolizin-3(2H)-one (10a). To 1-(but-3-en-1-yl)-5-hy-
droxypyrrolidin-2-one (78 mg, 0.50 mmol) in benzene (3 mL) was
added freshly distilled boron trifluoride etherate (86 mg, 0.60 mmol).
The reaction mixture was stirred at room temperature for a specified
time. The progress of the reaction was monitored by TLC with ethyl
acetate and hexane (3:7) as eluents. After completion of the reaction,
the reaction mixture was treated with aqueous sodium bicarbonate, the
product was extracted with dichloromethane, and then the organic
layer was washed with brine. The organic layer was dried over Na,SO,,
and evaporated to leave the crude product, which was purified by
column chromatography over silica gel to give (7S*8aS*)-7-
phenylhexahydroindolizin-3(2H)-one (10a; yield 79 mg, 73%) as a
pale yellow liquid: "H NMR (400 MHz, CDCl;) 6 1.38 (q, J = 12.0
Hz, 1 H), 1.51-1.70 (m, 2 H), 1.85—-1.92 (m, 1 H), 2.04—2.10 (m, 1
H), 2.21-2.30 (m, 1 H), 2.38—2.44 (m, 2 H), 2.70—2.83 (m, 2 H),
3.56—3.63 (m, 1 H), 426 (dd, ] = 13.6 and 4.8 Hz, 1 H), 7.18—7.24
(m, 3 H), 7.27-7.35 (m, 2 H); *C NMR (75 MHz, CDCl;) § 25.2,
30.4, 32.0, 40.0, 41.0, 42.0, 57.3, 126.6, 126.7 (2C), 128.6 (2C), 145.0,
173.6; IR (KBr, neat) 3027, 2930, 2853, 1686, 1452, 1375, 1267, 1188,
759,701 cm™'; HRMS (ESI) calcd for C,,H;,NO (M + H)* 216.1383,
found 216.1383.

(55%*,75% 8aR*)-5-Benzyl-7-phenylhexahydroindolizin-3(2H)-one
(10b): pale yellow solid; mp 72—74 °C; yield 116 mg, 76%; 'H NMR
(400 MHz, CDCl,) 6 1.38 (q, J = 12.0 Hz, 1 H), 1.54—1.69 (m, 2 H),
1.75—1.81 (m, 1 H), 2.08—2.14 (m, 1 H), 2.21-2.30 (m, 1 H), 2.33—
244 (m, 2 H), 2.87-2.98 (m, 2 H), 3.03—3.10 (m, 1 H), 3.84—3.90
(m, 1 H), 4.56—4.62 (m, 1 H), 7.16—7.23 (m, 4 H), 7.25-7.32 (m, 6
H); *C NMR (100 MHz, CDCl,) & 25.5, 30.6, 33.6, 36.7, 36.8, 41.1,
49.6, 53.9, 126.7, 126.8 (2C), 128.7, 128.8 (4C), 129.3 (2C), 138.3,
145.0, 173.7; IR (KBr, neat) 2930, 1660, 1492, 1388, 1264, 1103, 753,
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695 cm™'; HRMS (ESI) caled for C,H,,NO (M + H)* 306.1852,
found 306.1853.

(8R*,9aR*)-8-Phenylhexahydro-1H-quinolizin-4(6H)-one (10c):
colorless liquid; yield 96 mg, 84%; '"H NMR (400 MHz, CDCL;) §
1.48—1.55 (m, 1 H), 1.56—1.59 (m, 1 H), 1.60—1.65 (m, 1 H), 1.66—
1.74 (m, 1 H), 1.81-1.94 (m, 3 H), 1.99—2.04 (m, 1 H), 2.31-2.48
(m, 2 H), 2.58 (dt, J = 13.2 and 3.2 Hz, 1 H), 2.72—2.80 (m, 1 H),
3.36—3.43 (m, 1 H), 4.89—4.94 (m, 1 H), 7.18—7.23 (m, 3 H), 7.27—
7.32 (m, 2 H); 3C NMR (100 MHz, CDCL;) § 19.4, 30.4, 32.7, 33.1,
41.7, 42.3, 42.7, 56.7, 126.6, 126.8 (2C), 128.7 (2C), 145.2, 169.5; IR
(KBr, neat) 2933, 2859, 1629, 1452, 1341, 1268, 1169, 1088, 756
cm™!; HRMS (ESI) caled for CsHgNO (M + H)* 230.1539, found
230.1546.

(65*,8R* 9aS*)-6-Isobutyl-8-phenylhexahydro-1H-quinolizin-
4(6H)-one (10d): pale yellow liquid; yield 101 mg, 71%; 'H NMR
(400 MHz, CDCl;) 5 0.94 (q, ] = 12.0 Hz, 1 H), 0.95 (d, ] = 6.4 Hz, 3
H), 0.97 (d, ] = 6.4 Hz, 3 H), 1.39—-1.57 (m, 3 H), 1.60—1.69 (m, 2
H), 1.77—1.85 (m, 2 H), 1.86—1.92 (m, 1 H), 1.97—2.04 (m, 1 H),
2.32—2.46 (m, 3 H), 2.96—3.04 (m, 1 H), 3.56—3.63 (m, 1 H), 5.12—
5.18 (m, 1 H), 7.19=7.23 (m, 3 H), 7.29—7.33 (m, 2 H); 3C NMR
(100 MHz, CDCl,) § 18.9, 22.8, 23.1, 25.3, 30.5, 33.3, 35.6, 36.8, 39.3,
41.9, 46.6, 51.1, 126.5, 126.8 (2C), 128.6 (2C), 145.3, 169.7; IR (KBr,
neat) 2952, 2868, 1636, 1459, 1416, 1332, 1274, 1171, 1017, 758, 700
cm™; HRMS (ESI) caled for CgH,,NO (M + H)* 286.2165, found
286.2169.

(2R*,10b5%)-2-Phenyl-1,3,4,10b-tetrahydropyrido[2, 1-alisoindol-
6(2H)-one (10e): pale yellow solid; mp 86—88 °C; yield 89 mg, 68%;
"H NMR (400 MHz, CDCL;) 6 1.35 (q, J = 12.0 Hz, 1 H), 1.64 (dq, J
= 12.4 and 4.8 Hz, 1 H), 1.96-2.06 (m, 1 H), 2.47—2.58 (m, 1 H),
2.96—3.04 (m, 1 H), 3.16 (dt, ] = 13.2 and 3.2 Hz, 1 H), 446 (dd, ] =
11.6 and 3.2 Hz,1 H), 4.60 (dd, J = 13.2 and 3.6 Hz, 1 H), 7.18 (d, ] =
6.8 Hz, 2 H), 7.25 (d, ] = 7.2 Hz, 1 H), 7.31 (t,] = 7.6 Hz, 2 H), 7.39
(d, J = 6.8 Hz, 1 H), 7.44—7.54 (m, 2 H), 7.87 (d, ] = 7.2 Hz, 1 H);
BC NMR (75 MHz, CDCl;) § 32.9, 38.9, 39.3, 42.0, 58.8, 121.7,
123.8, 126.8 (2C), 128.3 (2C), 128.7 (2C), 131.2, 132.4, 144.6, 145.3,
166.2; IR (KBr, neat) 3026, 2920, 2859, 1688, 1451, 1359, 1289, 1240
1146, 1094, 973, 760, 735, 692 cm™'; HRMS (ESI) caled for
C,sH;;NO (M + H)" 264.1383, found 264.1383.

Methyl 4-((2R*,45%*,10b5%*)-6-0xo0-2-phenyl-1,2,3,4,6,10b-
hexahydropyrido[2,1-alisoindol-4-yl)benzoate (10f): pale yellow
solid; mp 131-133 °C; yield 143 mg, 72%; 'H NMR (400 MHz,
CDCly) 6 145 (q, J = 12.0 Hz, 1 H), 2.12 (dq, = 13.2 and 5.6 Hz, 1
H), 2.44—2.50 (m, 1 H), 2.68—2.74 (m, 1 H), 2.97—3.04 (m, 1 H),
391 (s, 3H), 4.59 (dd, J = 12.0 and 4.0 Hz, 1 H), 5.98 (d, ] = 5.2 Hz,
1H),717 (d,J=72Hz,2H),724 (d,]=76Hz, 1 H), 732 (t, ] =
7.6 Hz, 2 H), 7.37—7.45 (m, 3 H), 7.51-7.58 (m, 2 H), 7.97 (d, ] =
7.2 Hz, 1 H), 8.03 (d, ] = 8.4 Hz, 2 H); *C NMR (75 MHz, CDCl;) §
35.6, 37.4, 38.8, 49.8, 52.1, 56.1, 121.9, 124.0, 126.5 (2C), 126.6 (2C),
126.8,128.4,128.7 (2C), 128.9, 130.0 (2C), 131.5, 131.6, 144.0, 144.8,
145.5, 166.6, 167.2; IR (KBr, neat) 3055, 2951, 2924, 1720, 1692,
1612, 1453, 1280, 1111, 1018, 930, 856, 736, 697 cm™'; HRMS (ESI)
caled for C,HysNO; (M + H)* 398.1751, found 398.1752.

(2R*,45%*,10b5*)-2,4-Diphenyl-1,3,4,10b-tetrahydropyrido[2,1-a]-
isoindol-6(2H)-one (10g): pale yellow liquid; yield 105 mg, 62%; 'H
NMR (400 MHz, CDCl;) § 1.46 (q, J = 12.0 Hz, 1 H), 2.08 (ddd, ] =
5.6,13.2,and 18.8 Hz, 1 H), 2.44 (d, ] = 12.4 Hz, 1 H), 2.69 (d, ] =
12.4 Hz, 1 H), 3.06—3.12 (m, 1 H), 4.58 (dd, J = 3.6 and 12.0 Hz, 1
H), 595 (d,J=52Hz, 1 H),7.18 (d, ] = 7.6 Hz, 2 H), 7.23—7.43 (m,
8 H), 7.49—7.58 (m, 3 H), 7.97 (d, ] = 7.2 Hz, 1 H); 3C NMR (75
MHz, CDCl;) 6 35.6, 37.4, 39.0, 49.8, 56.0, 121.9, 124.1, 126.2, 126.5
(2C), 126.8 (2), 126.9, 127.1, 128.4, 128.8 (2C), 128.9 (2C), 129.0,
131.6, 139.4, 144.5, 167.2; IR (KBr, neat) 3057, 3028, 2923, 1699,
1616, 1494, 1468, 1409, 1234, 1161, 1029, 934, 764, 700 cm™"; HRMS
(ESI) caled for C,H, NO (M + H)* 340.1696, found 340.1697.

(2R*,45*,10bS*)-4-Cyclohexyl-2-phenyl-1,3,4,10b-
tetrahydropyrido[2,1-alisoindol-6(2H)-one (10h): white solid; mp
76—78 °C; yield 122 mg, 71%; 'H NMR (400 MHz, CDCl;) § 1.05—
121 (m, 4 H), 1.33 (q, ] = 12.0 Hz, 1 H), 1.60—1.91 (m, 8 H), 2.18—
224 (m, 1 H), 2.45-2.52 (m, 1 H), 3.13—3.21 (m, 1 H), 4.32 (dd, ] =
10.0 and 5.2 Hz, 1 H), 4.53 (d, J = 12.0 and 3.6 Hz, 1 H), 7.19-7.24

(m,3H),7.31 (t, ] =78 Hz, 1 H), 7.39 (d, ] = 7.2 Hz, 1 H), 7.45—
7.54 (m, 3 H), 7.88 (d, ] = 7.6 Hz, 1 H); *C NMR (75 MHz, CDCl,)
6 259, 26.1, 29.7, 30.3, 33.3, 37.3, 37.8, 38.8, 39.2, 52.9, 55.8, 121.6,
123.9, 124.1, 126.8 (2C), 128.2, 128.7 (2C), 131.1, 131.5, 144.7, 14S.5,
166.8; IR (KBr, neat) 3029, 2926, 2851, 1696, 1616, 1449, 1411, 1265,
1164, 1095, 1017, 950, 760, 737, 696 cm™'; HRMS (ESI) calcd for
CH,,NO (M + H)" 346.2165, found 346.2164.

(2R*,45*,10bS*)-4-(4-Methoxyphenyl)-2-phenyl-1,3,4,10b-
tetrahydropyrido[2,1-alisoindol-6(2H)-one (10i): white solid; mp
71-73 °C; yield 100 mg, 54%; '"H NMR (400 MHz, CDCl,) § 1.43
(q,J=12.0 Hz, 1 H), 2.02—2.10 (m, 1 H), 2.42—2.47 (m, 1 H), 2.63—
2.68 (m, 1 H), 3.08—3.15 (m, 1 H), 3.80 (s, 3 H), 4.56 (dd, J = 12.0
and 4.0 Hz, 1 H), 5.90 (d, ] = 4.4 Hz, 1 H), 6.89 (d, ] = 8.8 Hz, 2 H),
7.19—-7.26 (m, 3 H), 7.33 (t, ] = 7.6 Hz, 2 H), 7.40 (t, ] = 7.6 Hz, 2 H),
7.49-7.56 (m, 3 H), 7.96 (d, ] = 6.8 Hz, 1 H); *C NMR (75 MHg,
CDCL,) § 35.5, 37.4, 39.1, 49.3, 55.3, 55.9, 114.2 (2C), 121.8, 124.0,
126.7 (2C), 127.4 (2C), 127.7, 128.3 (2C), 128.7, 131.4, 131.5, 131.9,
144.5, 145.7, 158.5, 167.1; IR (KBr, neat) 2931, 2857, 1686, 1612,
1512, 1468, 1410, 1298, 1250, 1179, 1032, 835, 763, 737, 696 cm™;
HRMS (ESI) caled for C,sH,;NO, (M + H)* 370.1802, found
370.1801.

Procedure for the Synthesis of (2R*,45%,9a5*)-4-Isobutyl-2-
phenyloctahydro-1H-quinolizine (11). To a stirred suspension of
LiAlH, (38 mg, 1 mmol) in dry THF (S mL) was added compound
10d (86 mg, 0.3 mmol) in an ice bath, and the mixture was refluxed for
6 h. The solution was cooled in an ice bath and quenched by the
addition of EtOAc. The precipitate was filtered off through Celite and
washed with EtOAc. The combined filtrate was concentrated and
purified by column chromatography using ethyl acetate and hexane
(1:4) as eluents, giving (2R*,45*,9aS*)-4-isobutyl-2-phenyloctahydro-
1H-quinolizine (55 mg, 68%) as a colorless liquid: '"H NMR (400
MHz, CDCl,) 6 0.88 (d, ] = 6.4 Hz, 3 H), 0.94 (d, ] = 6.4 Hz, 3 H),
1.44—1.50 (m, 2 H), 1.52—1.71 (m, 4 H), 1.73—1.78 (m, 1 H), 1.81—
1.86 (m, 1 H), 1.96 (dt, ] = 12.8 and 4.4 Hz, 1 H), 2.41-2.48 (m, 2
H), 2.53 (dt, J = 11.2 and 3.2 Hz, 2 H), 2.63—2.70 (m, 2 H), 2.77—
2.85 (m, 2 H), 2.98—3.04 (m, 1 H), 7.15-7.32 (m, 5 H); *C NMR
(100 MHz, CDCL,) & 24.1, 24.5, 26.4, 26.6, 32.1, 32.4, 34.3, 36.4, 36.5,
41.8, 51.8, 54.0, 58.6, 126.3, 127.1 (2C), 128.6 (2C), 146.6; IR (KBr,
neat) 2924, 2852, 1465, 1261, 1086, 800 cm™'; HRMS (ESI) calcd for
CoH,oN (M + H)* 273.2373, found 273.2371.

B ASSOCIATED CONTENT

© Supporting Information

Figures, tables, and CIF files giving 'H and *C NMR and
HRMS spectra of all new compounds and crystal parameters
and ORTEP diagrams of compounds 9c¢ and 10i. This material
is available free of charge via the Internet at http://pubs.acs.org.

B AUTHOR INFORMATION

Corresponding Author

*AKS.: fax, +91-361-2690762; e-mail, asaikia@iitg.ernet.in.
Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We are grateful to the Central Instruments Facility (CIF) of the
Indian Institute of Technology Guwahati for NMR and XRD
facilities. K.I. thanks the Ministry of Human Resource
Development (MHRD), New Delhi, India, for his fellowship.
We are also grateful to Dr. Francis Chipem for DFT
calculations.

B REFERENCES

(1) (a) Michael, J. P. Nat. Prod. Rep. 2008, 25, 139. (b) Michael, J. P.
Nat. Prod. Rep. 2000, 17, 579. (c) Michael, J. P. Nat. Prod. Rep. 2003,
20, 458. (d) Michael, J. P. Nat. Prod. Rep. 2005, 22, 603. (e) Michael, J.
P. Nat. Prod. Rep. 1999, 16, 675.

dx.doi.org/10.1021/jo401450j | J. Org. Chem. 2013, 78, 10629—10641


http://pubs.acs.org
mailto:asaikia@iitg.ernet.in

The Journal of Organic Chemistry

(2) (a) Winchester, B.; Fleet, G. W. J. Glycobiology 1992, 2, 199.
(b) Winchester, B. Biochem. Soc. Trans. 1992, 20, 699. (c) Dorling, P.
R; Huxtable, C. R; Colegate, S. M. Biochem. ]. 1980, 191, 649.
(d) Elbein, A. D.; Solf, R;; Dorling, P. R.; Vosbeck, K. Proc. Natl. Acad.
Sci. U. S. A. 1981, 78, 7393. (e) Kaushal, G. P.; Szumilo, T.; Pastuszak,
L; Elbein, A. D. Biochemistry 1990, 29, 2168. (f) Pastuszak, L; Kaushal,
G. P; Wall, K. A; Pan, Y. T,; Sturm, A.; Elbein, A. D. Glycobiology
1990, 1, 71. (g) Das, P. C.; Roberts, J. D.; White, S. L.; Olden, K.
Oncol. Res. 1995, 7, 425. (h) Wang, S.; Panter, K. E.,; Holyoak, G. R;
Molyneux, R. J.; Lui, G.; Evans, R. C.; Bunch, T. D. Anim. Reprod. Sci.
1999, 56, 19. (i) Heihtman, T. D.; Vasella, A. T. Angew. Chem., Int. Ed.
1999, 38, 750. (j) Lillelund, V. H.; Jensen, H. H.; Liang, X. F.; Bols, M.
Chem. Rev. 2002, 102, 515. (k) Kumari, N.; Vankar, Y. D. Org. Biomol.
Chem. 2009, 7, 2104.

(3) (a) Goss, P. E.; Baker, M. A; Carver, J. P.; Dennis, J. W. Clin.
Cancer Res. 1995, 1, 935. (b) Goss, P. E; Reid, C. L;; Bailey, D,;
Dennis, J. W. Clin. Cancer Res. 1997, 3, 1077. (c) Dennis, . W. Cancer
Res. 1986, 46, 5131. (d) White, S. L.; Schweitzer, K; Humphries, M. J.;
Olden, K. Biochem. Biophys. Res. Commun. 1988, 150, 615.

(4) (a) Lee, M,; Lee, T.; Kim, E.-Y,; Ko, H.; Kim, D.; Kim, S. Org.
Lett. 2006, 8, 754. (b) Biard, J. F.; Guyot, S.; Roussakis, C.; Verbist, J.
F.; Vercauteren, J.; Weber, J. E,; Boukef, K. Tetrahedron Lett. 1994, 35,
2691.

(5) Juge, M.; Grimaud, N.; Biard, J. F.; Sauviat, M. P.; Nabil, M,;
Verbist, J. F.; Petit, J. Y. Toxicon 2001, 39, 1231.

(6) (a) Chausset-Boissarie, L.; Arvai, R.; Cumming, G. R.; Besnard,
C.; Kiindig, E. P. Chem. Commun. 2010, 46, 6264. (b) Blomster, R. N.;
Bobbitt, J. M.; Schwarting, A. E. Lloydia 1964, 27, 15. (c) Kaplan, H.
R; Malone, M. H. Lloydia 1966, 29, 348. (d) Lema, W. J;
Blankenship, J. W.; Malone, M. H. J. Ethnopharmacol. 1986, 15, 161.
(e) Rother, A; Edwards, J. M. Phytochemistry 1994, 36, 911.
(f) Malone, M. H.; Rother, A. . Ethnopharmacol. 1994, 42, 13S.

(7) (a) Raub, M. F; Cardellina, J. H,; Choudhary, M. L; Ni, C.-Z;
Clardy, J.; Alley, M. C. J. Am. Chem. Soc. 1991, 113, 3178. (b) Kong,
F.; Faulkner, D. J. Tetrahedron Lett. 1991, 32, 3667. (c) Agami, C.;
Couty, F.; Evano, G.; Darro, F,; Kiss, R. Eur. ]. Org. Chem. 2003, 2062.
(d) Yu, S;; Pu, X;; Cheng, T.; Wang, R;; Ma, D. Org. Lett. 2006, 8,
3179.

(8) (a) Boulahjar, R;; Ouach, A,; Matteo, C.; Bourg, S.; Ravache, M.;
Guével, R. L; Marionneau, S.; Oullier, T.; Lozach, O.; Meijer, L,;
Guguen-Guillouzo, C.; Lazar, S.; Akssira, M.; Troin, Y.; Guillaumet,
G.; Routier, S. J. Med. Chem. 2012, 55, 9589. (b) Chiurato, M.;
Routier, S.; Troin, Y.; Guillaumet, G. Eur. J. Org. Chem. 2009, 3011.

(9) (a) Maryanoff, B. E.; Zhang, H.-C.; Cohen, J. H; Turchi, L J;
Maryanoff, C. A. Chem. Rev. 2004, 104, 1431. (b) Hiemstra, H;
Speckamp, W. N. N-Acyliminium Ions as Intermediates in Alkaloid
Synthesis. In The Alkaloids: Chemistry and Pharmacology; Brossi, A.,
Ed.; Elsevier, Amesterdam, 1988; pp 271—339. (c) Marson, C. M.
ARKIVOC 2001, 1. (d) Speckamp, W. N.; Hiemstra, H. Tetrahedron
1985, 41, 4367. (e) Yazici, A; Pyne, S. G. Synthesis 2009, 339.
(f) Yazici, A; Pyne, S. G. Synthesis 2009, 513.

(10) (a) Othman, R. B.; Bousquet, T.; Fousse, A,; Othman, M,
Dalla, V. Org. Lett. 2008, 7, 2825. (b) D’Oca, M. G. M.; Moraes, L. A.
B.; Pilli, R. A.; Eberlin, M. N. J. Org. Chem. 2001, 66, 3854. (c) Camilo,
N. S; Pilli, R. A. Tetrahedron Lett. 2004, 4S, 2821. (d) Morgan, L. R;
Yazici, A;; Pyne, S. G.; Skelton, B. W. J. Org. Chem. 2008, 73, 2943.
(e) Sun, H.; Martin, C.; Kesselring, D.; Keller, R.; Moeller, K. D. J. Am.
Chem. Soc. 2006, 128, 13761.

(11) (a) Knowles, R. R;; Lin, S.; Jacobsen, E. N. J. Am. Chem. Soc.
2010, 132, 5030. (b) Dijkink, J.; Speckamp, W. N. Tetrahedron Lett.
1977, 935. (c) Dijkink, J.; Speckamp, W. N. Tetrahedron 1978, 34,
173. (d) Schoemaker, H. E.; Speckamp, W. N. Tetrahedron 1980, 36,
951.

(12) (a) Brabandt, W. V.; Kimpe, N. D. J. Org. Chem. 2005, 70, 3369.
(b) Brabandt, W. V.; Kimpe, N. D. J. Org. Chem. 2005, 70, 8717.
(c) Dekeukeleire, S.; D’hooghe, M.; Kimpe, N. D. J. Org. Chem. 2009,
74, 1644.

(13) (a) Lee, Y. S.; Kang, D. W,; Lee, S. J; Park, H. J. Org. Chem.
1995, 60, 7149. (b) Lukanov, L. K; Venkov, A. P.; Mollov, N. M.

Synthesis 1987, 204. (c) Lee, Y. S.; Kang, D. W,; Lee, S. J.; Park, H.
Synth. Commun. 1995, 25, 1947. (d) Padwa, A; Waterson, A. G.
Tetrahedron 2000, 56, 10159.

(14) (a) Ent, H; Koning, H.; Speckamp, W. N. J. Org. Chem. 1986,
S1, 1687. (b) Ent, H.; de Koning, H.; Speckamp, W. N. Tetrahedron
Lett. 1983, 24, 2109.

(15) (a) Darbre, T.; Nussbaumer, C.; Borschberg, H.-J. Helv. Chim.
Acta 1984, 67, 1040. (b) Nossin, P. M. M,; Speckamp, W. N.
Tetrahedron Lett. 1981, 22, 3289.

(16) Sai, K. K. S.; O’Connor, M. J.; Klumpp, D. A. Tetrahedron Lett.
2011, 52, 219S.

(17) (a) Gesson, J.-P.; Jacqesy, J.-C.; Rambaud, D. Tetrahedron 1993,
49, 2239. (b) Wijnberg, B. P.; Speckamp, W. N.; Oostveen, A. R. C.
Tetrahedron 1982, 38, 209. (c) Schoemaker, H. E.; Dijkink, J;
Speckamp, W. N. Tetrahedron 1978, 34, 163. (d) Speckamp, W. N. In
Stereoselective Synthesis of Natural Products-Workshop Conferences
Hoechst; Bartmann, W., Winterfeldt, E., Eds.; Elsevier: Amesterdam,
1979; Vol. 7, pp 50—61. (e) Hart, D. J. J. Am. Chem. Soc. 1980, 102,
397. (f) Hart, D. J.; Kanai, K. J. Org. Chem. 1982, 47, 1555. (g) Shono,
T.; Matsumura, Y.; Uchida, K; Kobayashi, H. J. Org. Chem. 198S, S0,
3243.

(18) (a) Huang, H.-L.; Sung, W.-H.; Liu, R.-S. . Org. Chem. 2001, 66,
6193. (b) Dijkink, J.; Speckamp, W. N. Heterocycles 1979, 12, 1147.
(c) Pirrung, F. O. H,; Rutjes, F. P. J. T.; Hiemstra, H.; Speckamp, W.
N. Tetrahedron Lett. 1990, 31, 536S. (d) Bayersbergen van
Henegouwen, W. G.; Hiemstra, H. J. Org. Chem. 1997, 62, 8862.

(19) (a) Padwa, A.; Kappe, C. O.; Reger, T. S. J. Org. Chem. 1996, 61,
4888. (b) Wijdeven, M. A.; Wijtmans, R; van den Berg, R. J. F;
Noorduin, W.; Schoemaker, H. E.; Sonke, T.; van Delft, F. L.; Blaauw,
R. H,; Fitch, R. W,; Spande, T. F; Daly, J. W.; Rutjes, F. P. J. T. Org.
Lett. 2008, 10, 4001. (c) Sun, P.; Sun, C.; Weinreb, S. M. J. Org. Chem.
2002, 67, 4337. (d) Lee, Y. S.; Cho, D. J,; Kim, S. N.; Choi, J. H.; Park,
H. J. Org. Chem. 1999, 64, 9727. (e) Remuson, R. Beilstein J. Org.
Chem. 2007, 3, 32. (f) Mondal, P.; Argade, N. P. J. Org. Chem. 2013,
78, 6802.

(20) (a) Santra, S.; Masalov, N.; Epstein, O. L.; Cha, J. K. Org. Lett.
2005, 7, 5901. (b) Kim, S.-H; Kim, S.I; Lai, S; Cha, J. K. J. Org.
Chem. 1999, 64, 6771.

(21) Bootwicha, T.; Panichakul, D.; Kuhakarn, C.; Prabpai, S;
Kongsaeree, P.; Tuchinda, P.; Reutrakul, V.; Pohmakotr, M. J. Org.
Chem. 2009, 74, 3798.

(22) (a) Kapat, A; Nyfeler, E.; Giuffredi, G. T.; Renaud, P. J. Am.
Chem. Soc. 2009, 131, 17746. (b) Iyengar, R; Schildknegt, K.; Aubé, J.
Org. Lett. 2000, 2, 1625. (c) Gu, P.; Kang, X.-Y,; Sun, J.; Wang, B.-J;
Yi, M,; Li, X.-Q.; Xue, P.; Li, R. Org. Lett. 2012, 14, 5796. (d) Iyengar,
R; Schildknegt, K;; Morton, M.; Aubé, J. J. Org. Chem. 200S, 70,
10645. (e) Liu, R.; Gutierrez, O.; Tantillo, D. J.; Aubg, J. J. Am. Chem.
Soc. 2012, 134, 6528. (f) Motiwala, H. F.; Fehl, C.; Li, S.-W.; Hirt, E.;
Porubsky, P.; Aubg, J. J. Am. Chem. Soc. 2013, 135, 9000. (g) Milligan,
G. L; Mossman, C. J.; Aubg, J. . Am. Chem. Soc. 1995, 117, 10449.
(h) Mossman, C. J.; Aubé, J. Tetrahedron 1996, 52, 3403. (i) Aubé, J.;
Milligan, G. L. J. Am. Chem. Soc. 1991, 113, 8965.

(23) (a) Shao, J.; Yang, J.-S. J. Org. Chem. 2012, 77, 7891. (b) Jacobi,
P. A; Lee, K. J. Am. Chem. Soc. 2000, 122, 4295. (c) Jacobi, P. A.; Lee,
K. J. Am. Chem. Soc. 1997, 119, 3409. (d) Khatri, N. A;
Schmitthenner, H. F,; Shringarpure, J.; Weinreb, S. M. J. Am. Chem.
Soc. 1981, 103, 6387.

(24) Liu, X.;; McCormack, M. P.; Waters, S. P. Org. Lett. 2012, 14,
5574.

(25) (a) Hart, D. J.; Tsai, Y.-M. J. Am. Chem. Soc. 1982, 104, 1430.
(b) Burnett, D. A.; Choi, J.-K,; Hart, D. J,; Tsai, Y.-M. J. Am. Chem.
Soc. 1984, 106, 8201. (c) Dorta, R. L.; Francisco, C. G.; Suarez, E. J.
Chem. Soc,, Chem. Commun. 1989, 1168. (d) Das, S.; Kumar, J. S. D,;
Shivaramayya, K; George, M. V. Tetrahedron 1996, 52, 3425.
(e) Song, L.; Liu, K; Li, C. Org. Lett. 2011, 13, 3434.

(26) (a) Ojima, L; Zhang, Z. J. Orgmet. Chem. 1991, 417, 253.
(b) Zhang, Z.; Ojima, 1. J. Orgmet. Chem. 1993, 454, 281.

(27) Ohnuma, T.; Tabe, M,; Shiiya, K; Ban, Y. Tetrahedron Lett.
1983, 24, 4249.

dx.doi.org/10.1021/jo401450j | J. Org. Chem. 2013, 78, 10629—10641



The Journal of Organic Chemistry

(28) Chou, S-S. P.; Ho, C.-W. Tetrahedron Lett. 2005, 46, 8551.

(29) (a) Hunter, R; Richards, P. Org. Biomol. Chem. 2003, 1, 2348.
(b) Safaf, P.; Zaziova, J.; Marchalin, S.; Téthova, E.; Pronayova, N.;
Svorc, L.; Vrabel, V.; Daich, A. Tetrahedron: Asymmetry 2009, 20, 626.
(c) Lee, J. H; Kim, C.; Rhee, Y. H. Bull. Korean Chem. Soc. 2011, 32,
2867. (d) Caturla, F.; Néjera, C. Tetrahedron Lett. 1997, 38, 3789.
(e) Edwards, P. D.; Meyers, A. 1. Tetrahedron Lett. 1984, 25, 939.
(f) Zeng, Y.; Smith, B. T.; Hershberger, J.; Aubé, J. J. Org. Chem. 2003,
68, 8065. (g) Pilipecz, M. V.; Varga, T. R.; Scheiber, P.; Mucsi, Z.;
Favre-Mourgues, A.; Boros, S.; Balazs, L; Toth, G.; Nemes, P.
Tetrahedron 2012, 68, 5547.

(30) (a) Reddy, U. C.; Raju, B. R; Kumar, E. K. P.; Saikia, A. K. J.
Org. Chem. 2008, 73, 1628. (b) Reddy, U. C.; Bondalapati, S.; Saikia,
A. K. Eur. ]. Org. Chem. 2009, 1625. (c) Reddy, U. C.; Bondalapati, S.;
Saikia, A. K. J. Org. Chem. 2009, 74, 2605. (d) Reddy, U. C.; Saikia, A.
K. Synlett 2010, 1027. (e) Indukuri, K; Bondalapati, S.; Kotipalli, T.;
Gogoi, P.; Saikia, A. K. Synlett 2012, 233. (f) Dobbs, A. P.; Guesné, S.
J.; Parker, R. J.; Skidmore, J.; Stephensond, R. A.; Hursthoused, M. B.
Org. Biomol. Chem. 2010, 8, 1064. (g) Reddy, B. V. S.; Ramesh, K;
Ganesh, A. V,; Kumar, G. G. K S. N,; Yadav, J. S; Grée, R
Tetrahedron Lett. 2011, 52, 495. (h) Yadav, J. S;; Reddy, B. V. S,;
Ramesh, K,; G, G. K. S. N.; Grée, R. Tetrahedron Lett. 2010, 51, 818.
(i) Carballo, R. M.; Ramirez, M. A.; Rodriguez, M. L.; Martin, V. S.;
Padrén, J. I. Org. Lett. 2006, 8, 3837. (j) Miranda, P. O.; Carballo, R.
M.,; Martin, V. S.; Padron, J. I. Org. Lett. 2009, 11, 357.

(31) Bondalapati, S.; Indukuri, K.; Ghosh, P.; Saikia, A. K. Eur. J. Org.
Chem. 2013, 952.

(32) (a) Hart, D. J; Yang, T.-K J. Org. Chem. 1985, S0, 23S.
(b) Hughes, D. L. The Mitsunobu Reaction. In Organic Reactions;
Denmark, S., Ed,; Wiley & Sons, 2004; pp 335—656. (c) Hadley, M.
S; King, F. D; Martin, R. T. Tetrahedron Lett. 1983, 24, 91.
(d) McCarty, F. J.; Rosenstock, P. D.; Paolini, J. P.; Micucci, D. D,;
Ashton, L.; Bennetts, W. W.; Palopoli, F. P. J. Med. Chem. 1968, 11,
534. (e) Sikoraiovda, J; Marchalin, S.; Daichb, A,; Decroixb, B.
Tetrahedron Lett. 2002, 43, 4747. (f) Chamberlin, A. R.;; Chung, J. Y. L.
J. Am. Chem. Soc. 1983, 105, 3653.

(33) The crystallographic data for compounds 9c and 10i have been
deposited with the Cambridge Crystallographic Data Centre as
supplementary publication nos. CCDC 946874 and 944753.

(34) Komeyama, K;; Igawa, R.;; Morimoto, T.; Takaki, K. Chem. Lett.
2009, 38, 724.

(35) (a) Johnson, F. Chem. Rev. 1968, 68, 375. (b) Alsarabi, A.;
Canet, J.-L.; Troin, Y. Tetrahedron Lett. 2004, 45, 9003. (c) Kim, S. H.;
Kim, H. G.; Choo, H,; Cha, J. H,; Pae, A. N,; Koh, H. Y.; Chung, B. Y;
Cho, Y. S. Tetrahedron Lett. 2006, 47, 6353. (d) Gardette, D.; Gelas-
Mialhe, Y.; Gramain, J.-C.; Perrin, B.; Remuson, R. Tetrahedron:
Asymmetry 1998, 9, 1823. (e) Gelas-Mialhe, Y.; Gramain, J.-C.; Louvet,
A.; Remuson, R. Tetrahedron Lett. 1992, 33, 73.

10641

dx.doi.org/10.1021/jo401450j | J. Org. Chem. 2013, 78, 10629—10641



