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ABSTRACT: The catalytic enantioselective and divergent
total syntheses of Aspidosperma alkaloids (+)-10-oxocylindro-
carpidine 7, (+)-cylindrocarpidine 1, (−)-N-acetylcylindrocar-
pinol 6, and (+)-aspidospermine 8 have been accomplished in
11 steps from a common precursor (15) on the basis of a
highly concise route. The route features three metal-catalyzed
reactions, including the key Pd-catalyzed decarboxylative
asymmetric allylation of carbazolones developed in our
laboratory. Our syntheses, using a combination of C−H
activation, enantioselective catalysis, and collective synthesis,
represent the first total synthesis of 10-oxocylindrocarpidine
and the first asymmetric total synthesis of cylindrocarpidine
and N-acetylcylindrocarpinol.

■ INTRODUCTION

The Aspidosperma alkaloids have long been the targets in the
chemical synthesis community because of their complex
structures and diverse biological activities.1 To date, more
than 250 members in this family have been isolated from
various biological sources2 and are composed of vastly diverse
structural elements. Cylindrocarpidine 1 (Figure 1), isolated in
1960 from Aspidosperma cylindrocarpon Muell.-Arg. by Djer-
assi,3a,b is a representative member of a series of Aspidosperma
alkaloids with an angular carboxymethyl group. The com-
pounds of this series differ in the nature of their N substituents
(Figure 1). From the same plant source, the same group also
isolated a different alkaloid, named N-acetylcylindrocarpinol 6,

in which the angular carboxymethyl group was replaced by an
angular 2-hydroxyethyl moiety.3c 10-Oxocylindrocarpidine 7 is
a more highly oxidized alkaloid that was isolated from
Tabernaemontana amygdalifolia by Achenbach.4 Aspidosper-
mine 8 is the prototypical member of the group. 8 was first
isolated in 1878 from the bark of Aspidosperma quebracho by
Fraude5 and later from several other natural sources.6 It has
been shown to exhibit a variety of biological activities,7−9

although aspidospermidine 9 with a less oxygenated indole core
is not of pharmacological interest.
The only total synthesis of cylindrocarpidine 1 and N-

acetylcylindrocarpinol 6 disclosed to date was reported in 1975
by Saxton and co-workers, who cleverly employed a late-stage
Fischer indole synthesis via the ketone 10.10 In this report,
however, cylindrocarpidine 1 and N-acetylcylindrocarpinol 6
were synthesized racemically, and chiral total syntheses of these
two targets have not yet been realized.11 With regard to 10-
oxocylindrocarpidine 7, this highly oxidized alkaloid has not yet
been synthesized by means of total synthesis to date.11 This
background in combination with our efforts in the catalytic
enantioselective synthesis of polycyclic alkaloids12 led us to
focus our attention on the enantioselective total syntheses of
these targets.
On the other hand, we noticed that, in contrast to fewer

synthesis reports of the alkaloids cylindrocarpidine 1, N-
acetylcylindrocarpinol 6, and 10-oxocylindrocarpidine 7, the
alkaloid aspidospermine 8 has been successfully synthesized by
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Figure 1. Natural products and intermediate ketones 10 and 11.
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many research groups.13 The first synthesis of aspidospermine
8 was achieved by Stork in 1963, exploiting a Fischer
indolization of the tricyclic ketone intermediate 11.13a In
their classic synthesis, the ketone 11 was prepared as a key
intermediate in approximately 13 steps. Since then, many other
syntheses or formal syntheses have been reported using various
beautiful approaches.13b−u Recently, Boger extended his
signature [4 + 2]/[3 + 2] cycloaddition methodology14 to
accomplish a nice total synthesis of aspidospermine.13v

Resolution of the resulting racemic aspidospermine by chiral
phase chromatography provided (+)-aspidospermine.13v De-
spite these elegant advances, we sought to access aspidosper-
mine by implementation of an approach fundamentally
different from all prior reports.
Recently, Lupton15 and we16 concurrently achieved the

direct enantioselective assembly of C3-chiral carbazolones using
Pd-catalyzed decarboxylative allylation of carbazolones.17 In our
previous work, we preliminarily validated the utility of this
methodology by accomplishing the enantioselective total
syntheses of aspidospermidine16 and limaspermidine.18 Pleas-
ingly, this methodology has been very recently applied to the
total synthesis of methyl chanofruticosinate alkaloids by the
research group of Ma.19 In combination with the nice use of
intramolecular oxidative coupling, they achieved the first
enantioselective total synthesis of (+)-methyl N-decarbome-
thoxychanofruticosinate.19 Herein, we describe another suc-

cessful example toward the catalytic enantioselective total
synthesis of (+)-10-oxocylindrocarpidine 7, (+)-cylindrocarpi-
dine 1, (−)-N-acetylcylindrocarpinol 6, and (+)-aspidosper-
mine 8. Our approach is ideally suitable for (+)-10-
oxocylindrocarpidine 7, as its C10 carbonyl group can be
directly installed from the enantioenriched hydrocarbazole-
piperidine 14 through Heathcock-type E-ring annulation20

(Figure 2). An added advantage of the present approach is that
unlike our previous syntheses of (−)-aspidospermidine16 and
(−)-limaspermidine,18 wherein the angular ethyl side chain and
the angular 2-hydroxyethyl moiety were introduced separately
before the E-ring annulation, late-stage unified installation of
the angular ethyl side chain, the angular 2-hydroxyethyl moiety,
and the angular carboxymethyl function through the manipu-
lations of the allyl group of the common pentacyclic
intermediate 15 also allows a concise and divergent asymmetric
synthesis of (+)-cylindrocarpidine 1, (−)-N-acetylcylindrocar-
pinol 6, and (+)-aspidospermine 8 (Figure 2).

■ RESULTS AND DISCUSSION
Our total synthesis was initiated with the preparation of the
decarboxylative allylation precursor 12 from inexpensive
commercially available 2-methoxyaniline 16 and cyclohexane-
1,3-dione 17 (Scheme 1), which were subject to condensation
in the presence of p-TsOH to afford enaminone 18 in 90%
yield. Cyclization of 18 into carbazolone 19 has previously been

Figure 2. Working plan for the catalytic enantioselective and divergent total synthesis of (+)-7, (+)-1, (−)-6, and (+)-8.

Scheme 1. Synthesis of the Decarboxylative Allylation Precursor 12
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reported by Kibayashi21 using a stoichiometric amount of
Pd(OAc)2; however, this protocol involving electrophilic
aromatic palladation gave 19 in very low yield (19%).21 Thus,
a different practical synthesis of 19 was undertaken. Fischer
indole condensation22 between (2-methoxyphenyl)hydrazine
hydrochloride and cyclohexane-1,3-dione failed to give 19.
After several attempts, we found that C−H bond activation23

was more suitable for the synthesis of carbazolone 19. Using
the procedure developed by Li and co-workers in the synthesis
of carbazolones,24a we obtained carbazolone 19 from
enaminone 18 in 42% yield (Table 1, entry 1). Pleasingly,

using Glorius’s carbazolone synthesis protocol,24b we obtained
the desired 19 from 18 in good yields (Table 1, entries 2−4).
Under the optimized reaction conditions, the carbazolone 19
was obtained in 70% yield. Then protection of the indolyl
nitrogen atom of 19 with BnBr gave 20. Deprotonation of 20
with LDA and acylation of the resulting enolate with allyl
chloroformate provided 21. Subsequent Michael addition with
acrylonitrile afforded the decarboxylative allylation precursor, β-
keto ester 12, in 80% yield.
Then we investigated the palladium-catalyzed enantioselec-

tive decarboxylative allylation of 12. Pleasingly, a methoxyl
group on the benzene ring was well tolerated, and the desired
enantioenriched carbazolone 13 was obtained in 90% yield with
91% ee (Scheme 2).

With the carbazolone 13 in hand, the synthesis of the
planned pentacyclic intermediate 15 was then undertaken
(Scheme 3). Hydrolysis of the nitrile group of 13 gave chiral
amide 22, which was then transformed into the tetracyclic
lactam 23 in good yield without loss of enantiomeric purity.
Then reduction of the amide group with LiAlH4 and
subsequent N-debenzylation with Na/NH3 afforded the
tetracyclic amine 14 in good yield (78% over two steps). The
amine 14 was then ready for the installation of the E ring.

Heathcock-type annulation20 was employed, as it is ideally
suited for the direct introduction of the carbonyl group of
(+)-10-oxocylindrocarpidine 7. At the same time, it was also
suited for the unif ied synthesis of (+)-cylindrocarpidine 1,
(−)-N-acetylcylindrocarpinol 6, and (+)-aspidospermine 8 via a
late-stage chemical selective reduction of the amide group of
the common intermediate 15. Thus, acylation of 14 with 2-
chloroacetyl chloride afforded the amide 25. 25 was subjected
to a Finkelstein reaction with NaI in acetone to produce the
corresponding iodide, which was mediated by AgOTf to deliver
the key pentacyclic intermediate 15.
Having developed a catalytic enantioselective route to the

key pentacyclic intermediate 15, we converted 15 into the
oxidized alkaloids 10-oxocylindrocarpidine, cylindrocarpidine,
N-acetylcylindrocarpinol, and the prototypical alkaloid aspido-
spermine in a highly concise and divergent way. Reduction of
the imine group of 15 with NaBH4 provided 26, which was
acylated using acetic anhydride to afford 27 (Scheme 4A).
Oxidation of the allyl group using the osmate−periodate
procedure led to the aldehyde 28 in 85% yield. Subsequent
oxidation of the aldehyde group with I2 in the presence of
KOH25 gave the target (+)-10-oxocylindrocarpidine,26 thus
completing the total synthesis of this target. Following the same
reaction sequence, the natural enantiomer (−)-10-oxocylin-
drocarpidine could also be synthesized in principle using (R)-t-
Bu-PHOX ligand in the palladium-catalyzed decarboxylative
allylation of 12.
Reduction of the imine and the amide groups of the common

intermediate 15 using LiAlH4 instead of NaBH4 afforded the
amine 29 (Scheme 4B), which was acylated using acetic
anhydride to give 30. Similarly, oxidation of the allyl group
using the osmate−periodate procedure led to the aldehyde 31.
Treatment of 31 with I2/KOH/MeOH and NaBH4,
respectively, provided (+)-cylindrocarpidine and (−)-N-acetyl-
cylindrocarpinol,26 thus completing the asymmetric total
synthesis of these two targets. More flexibly, using a two-step
transformation involving a mercaptalation and a subsequent
Raney nickel hydrogenation, the angular ethyl side chain was
introduced and (+)-aspidospermine 8 was obtained. The 1H
and 13C NMR spectral data obtained on this material matched
those reported13v by Boger et al.

■ CONCLUSION
The catalytic enantioselective and divergent total syntheses of
(+)-10-oxocylindrocarpidine 7, (+)-cylindrocarpidine 1, (−)-N-
acetylcylindrocarpinol 6, and (+)-aspidospermine 8 have been
accomplished in 11 steps from the common precursor 15 on
the basis of a highly concise route. The route features three
metal-catalyzed reactions, including the key Pd-catalyzed
decarboxylative asymmetric allylation developed in our
laboratory. The present syntheses represent the first total
synthesis of (+)-10-oxocylindrocarpidine and the first asym-
metric total synthesis of (+)-cylindrocarpidine and (−)-N-
acetylcylindrocarpinol. The present work also shows an
example of combining C−H activation, enantioselective
catalysis, and collective synthesis in modern natural product
synthesis.

■ EXPERIMENTAL SECTION
General Experimental Methods. 1H NMR and 13C NMR

spectra were recorded with a 300 or 400 MHz spectrophotometer.
Chemical shifts (δ) are expressed in ppm, and J values are given in Hz.
High-resolution mass spectrometry (HRMS) was recorded on a

Table 1. Synthesis of Carbazolone 19 via C−H bond
Activation

entry conditions yield (%)

1 Pd(OAc)2 (0.15 equiv)/Cu(OAc)2 (0.4 equiv), O2, EtOH,
reflux

42

2 Pd(OAc)2 (0.1 equiv)/Cu(OAc)2 (3 equiv)/K2CO3
(3 equiv), DMF, 140 °C

70

3 Pd(OAc)2 (0.07 equiv) /Cu(OAc)2 (3 equiv)/K2CO3
(3 equiv), DMF, 140 °C

70

4 Pd(OAc)2 (0.05 equiv)/Cu(OAc)2 (3 equiv)/K2CO3
(3 equiv), DMF, 140 °C

60

Scheme 2. Palladium-Catalyzed Enantioselective
Decarboxylative Allylation of 12
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spectrometer using a time-of-flight (TOF) analyzer. Optical rotations

were measured on a polarimeter. Flash column chromatography was

performed on silica gel (230−400 mesh). All palladium catalysts were

purchased from Acros and Adamas. All chemicals and solvents were

used as received without further purification unless otherwise stated.

Compound 19. A solution of compound 1821 (1.0 g, 4.6 mmol, 1
equiv), Pd(OAc)2 (72.3 mg, 0.32 mmol, 0.07 equiv), Cu(OAc)2 (2.7 g,
13.8 mmol, 3 equiv), and K2CO3 (1.9 g, 13.8 mmol, 3 equiv) in DMF
(40 mL) was stirred for 3 h at 140 °C. After it was cooled to room
temperature, the solution was filtered through a pad of Celite, and the
residue was washed with ethyl acetate. The solution was washed with

Scheme 3. Synthesis of the Common Pentacyclic Intermediate 15

Scheme 4. End Game for the Divergent Total Synthesis of (+)-10-Oxocylindrocarpidine, (+)-Cylindrocarpidine, (−)-N-
Acetylcylindrocarpinol, and (+)-Aspidospermine
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aqueous ammonia (10%), dried over Na2SO4, and evaporated under
reduced pressure. The crude product was purified by flash silica gel
chromatography (ethyl acetate/petroleum ether 1/2) to give
compound 19 (694 mg, 70% yield) as a black solid: 1H NMR
(CDCl3, 300 MHz) δ 2.24 (m, 2H), 2.59 (t, J = 6.9 Hz, 2H), 2.98 (t, J
= 6.3 Hz, 2H), 3.95 (s, 3H), 6.71 (d, J = 8.1 Hz, 1H), 7.17 (t, J = 7.8
Hz, 1H), 7.80 (d, J = 7.8 Hz, 1H), 8.64 (s, 1H); 13C NMR (CDCl3, 75
MHz) δ 23.5, 23.7, 38.1, 55.4, 103.8, 113.9, 114.2,123.1, 125.7,
126.1,145.5, 150.1, 194.4; HRMS (EI) calcd for C13H13NO2 [M]+

215.0946, found 215.0951.
Compound 21. To a solution of compound 19 (2.45 g, 11.4

mmol, 1 equiv) in DMF (50 mL) at 0 °C was slowly added NaH (328
mg, 13.6 mmol, 1.2 equiv). The resulting mixture was stirred for 2 h
and then warmed to room temperature. To the solution was added
BnBr (2.34 g, 13.6 mmol, 1.2 equiv), and the mixture was stirred for 2
h. The reaction was quenched with H2O. The solution was extracted
with DCM, dried over Na2SO4, and concentrated to dryness. The
crude product 20 was used in the next step without further
purification.
To a solution of the crude product 20 (334 mg, 1.1 mmol, 1 equiv)

in dry THF (10 mL) at −78 °C was slowly added a solution of 2 M
LDA in dry THF (0.65 mL, 1.3 mmol, 1.2 equiv) under an N2
atmosphere, and the resulting solution was stirred for 1 h at −78 °C.
Then a solution of allyl chloroformate (157 mg, 1.3 mmol, 1.2 equiv)
in dry THF (8 mL) was added, and the resulting mixture was stirred
for 1 h at −78 °C. The reaction mixture was quenched by addition of
saturated aqueous NH4Cl (8 mL). After removal of the solvent THF
in vacuo, the resultant residue was taken up in water (10 mL) and the
aqueous mixture was extracted with DCM (3 × 15 mL). The organic
phase was washed with brine and dried over anhydrous Na2SO4. The
solution was concentrated to dryness in vacuo. The residue was
purified by silica gel column chromatography (ethyl acetate/petroleum
ether 1/4) to give pure compound 21 (500 mg, 82% yield over two
steps) as a canary yellow solid: 1H NMR (CDCl3, 300 MHz) δ 2.38
(m, 1H), 2.57 (m, 1H), 2.78 (m, 1H), 3.02 (m, 1H), 3.60 (dd, J = 4.5
Hz, J = 4.8 Hz, 1H), 3.80 (s, 3H), 4.69 (m, 2H), 5.23 (m, 1H), 5.34
(m, 1H), 5.66 (s, 2H), 5.94 (m, 1H), 6.74 (d, J = 7.5 Hz, 1H), 7.01
(m, 2H), 7.20 (t, J = 7.8 Hz, 1H), 7.27−7.34 (m, 3H), 7.92 (d, J = 7.2
Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ 20.7, 26.4, 49.5, 53.4, 55.6,
65.7, 105.3, 112.4, 114.4, 118.3, 123.5, 125.9, 126.6, 127.1, 127.4,
128.8, 132.0, 137.8, 147.1, 151.4, 170.4, 187.8; HRMS (EI) calcd for
C24H23NO4 [M]+ 389.1627, found 389.1633.
Compound 12. To a solution of compound 21 (500 mg, 1.3

mmol, 1 equiv) in dry THF (10 mL) and t-BuOH (1.0 mL) at 0 °C
was added t-BuOK (176 mg, 1.56 mmol, 1.2 equiv), and the resulting
mixture was stirred for 10 min. Then acrylonitrile (83 mg, 1.56 mmol,
1.2 equiv) was added, and the resulting solution was stirred for another
3 min. The reaction mixture was quenched by addition of saturated
aqueous NH4Cl and extracted with DCM (3 × 10 mL). The organic
phase was dried over anhydrous Na2SO4 and concentrated to dryness
in vacuo. The residue was purified by silica gel column
chromatography (ethyl acetate/petroleum ether 1/4) to give pure
compound 12 (455 mg, 80% yield) as a yellow solid: 1H NMR
(CDCl3, 300 MHz) δ 2.21 (m, 1H), 2.35 (m, 2H), 2.59−2.73 (m,
3H), 2.87 (m, 1H), 3.01 (m, 1H), 3.82 (s, 3H), 4.61 (m, 2H), 5.18 (m,
2H), 5.68 (s, 2H), 5.81 (m, 1H), 6.76 (d, J = 7.8 Hz, 1H), 7.01 (m,
2H), 7.22 (t, J = 7.8 Hz, 1H), 7.26−7.35 (m, 3H), 7.90 (d, J = 7.5 Hz,
1H); 13C NMR (CDCl3, 75 MHz) δ 13.4, 19.7, 30.0, 31.4, 49.6, 55.6,
56.1, 66.0, 105.5, 112.3, 114.3, 118.8, 119.8, 123.7, 125.9, 126.8, 127.2,
127.5, 128.9, 131.4, 137.6, 147.2, 150.5, 171.0, 188.8; HRMS (EI)
calcd for C27H26N2O4 [M]+ 442.1893, found 442.1888.
Compound 13. A round-bottom flask (25 mL) was equipped with

a magnetic stirring bar and flame-dried under vacuum. After the flask
was cooled under dry nitrogen, [Pd2(dba)3] (5.5 mg, 0.006 mmol) and
(S)-t-Bu-PHOX (5.9 mg, 0.015 mmol) were added. Then dry toluene
(7 mL) was added and the resulting solution was stirred at room
temperature for 30 min. Compound 12 (106 mg, 0.24 mmol) was
added to the resulting solution, and the mixture was stirred at 70 °C.
When the reaction was complete by TLC (12 h), the reaction mixture
was evaporated under reduced pressure, and the residue was purified

by silica gel column chromatography (ethyl acetate/petroleum ether
1/4) to give the allylated compound 13 (86 mg, 90% yield).: 1H NMR
(CDCl3, 300 MHz) δ 1.78 (m, 1H), 1.98−2.14 (m, 3H), 2.18−2.49
(m, 4H), 2.77 (m, 2H), 3.72 (s, 3H), 4.88−5.07 (m, 2H), 5.59 (s, 2H),
5.69 (m, 1H), 6.65 (d, J = 8.1 Hz, 1H), 6.92 (d, J = 6.6 Hz, 2H), 7.12
(t, J = 7.8 Hz, 1H), 7.16−7.23 (m, 3H), 7.82 (d, J = 8.1 Hz, 1H); 13C
NMR (CDCl3, 75 MHz) δ 12.6, 19.0, 30.8, 31.4, 39.3, 47.0, 49.5, 55.6,
105.3, 112.0, 114.3, 119.0, 120.3, 123.5, 125.9, 126.8, 127.3, 127.5,
128.9, 133.2, 137.8, 147.1, 150.1, 195.6; HRMS (EI) calcd for
C26H26N2O2 [M]+ 398.1994, found 398.1981; [α]D

20 = −11.5° (c =
0.4 M, CHCl3); HPLC (Chiralpak PA-2, 2-propanol/n-hexane 30/70,
flow rate 0.5 mL/min, λ = 214 nm) tmajor = 47.38 min, tminor = 57.18
min.

Compound 22. Compound 13 (1 g, 2.5 mmol) was dissolved in
anhydrous formic acid (15 mL), and the resulting solution was stirred
at room temperature until the starting material disappeared. After
removal of the solvent in vacuo, the resultant residue was taken up in
water (20 mL) and the aqueous solution was extracted with DCM.
The organic extract was washed with saturated aqueous NaHCO3 and
brine and then dried over anhydrous Na2SO4. The solution was
concentrated to dryness in vacuo to give pure compound 22 (940 mg,
90% yield). 1H NMR (CDCl3, 300 MHz) δ 1.84−1.95 (m, 1H), 1.98−
2.14 (m, 3H), 2.19−2.38 (m, 3H), 2.46 (m, 1H), 2.84 (m, 2H), 3.80
(s, 3H), 4.91−5.17 (m, 2H), 5.57 (d, J = 16.2 Hz, 1H), 5.65−5.93 (m,
3H), 6.06 (s, 1H), 6.72 (d, J = 7.8 Hz, 1H), 7.01 (d, J = 6.6 Hz, 2H),
7.18 (t, J = 7.8 Hz, 1H), 7.25−7.33 (m, 3H), 7.91 (d, J = 7.8 Hz, 1H);
13C NMR (CDCl3, 75 MHz) δ 19.1, 30.4, 31.0, 31.6, 39.7, 47.3, 49.4,
55.6, 105.1, 112.2, 114.3, 118.2, 123.3, 125.5, 125.9, 126.8, 127.4,
128.8, 134.1, 137.9, 147.1, 150.6, 176.0, 197.2; HRMS (EI) calcd for
C26H28N2O3 [M]+ 416.2100, found 416.2094; [α]D

20 = −12° (c = 0.85
M, CHCl3).

Compound 23. To a solution of compound 22 (1.2 g, 3 mmol, 1
equiv) in anhydrous THF (25 mL) at −20 °C was added LAH (228
mg, 6 mmol, 2.0 equiv), and the resulting mixture was stirred at −20
°C for 5 h. The reaction mixture was quenched by addition of water (5
mL) and 2 M HCl (10 mL). The reaction mixture was extracted with
DCM (3 × 10 mL). The organic phase was washed with saturated
aqueous NaHCO3 and brine. Then the organic phase was dried over
Na2SO4 and concentrated to dryness. The crude product was purified
by flash silica gel chromatography (DCM/MeOH 30/1) to give pure
compound 23 (1.1 g, 94% yield) as a white solid: 1H NMR (CDCl3,
300 MHz) δ 1.58 (m, 1H), 1.81−1.92 (m, 1H), 1.94−2.12 (m, 3H),
2.22 (m, 1H), 2.33−2.51 (m, 2H), 2.51−2.71 (m, 2H), 3.82 (s, 3H),
4.49 (s, 1H), 4.96 (m, 1H), 5.09 (m, 1H), 5.65 (dd, J = 16.5 Hz, J =
16.5 Hz, 2H), 5.76−5.96 (m, 2H), 6.67 (d, J = 7.5 Hz, 1H), 6.94 (d, J
= 6.9 Hz, 2H), 7.09 (m, 2H), 7.22−7.31 (m, 3H); 13C NMR (CDCl3,
75 MHz) δ 18.7, 25.4, 27.9, 30.5, 34.3, 40.2, 48.8, 53.3, 55.5, 103.4,
109.2, 109.8, 118.7, 120.4, 125.8, 126.5, 127.0, 128.1, 128.6, 133.4,
136.0, 139.4, 147.6, 170.9; HRMS (EI) calcd for C26H28N2O2 [M]+

400.2151, found 400.2157; [α]D
20 = +63.1° (c = 0.75 M, CHCl3);

HPLC (Chiralpak AD-H, 2-propanol/n-hexane 20/80, flow rate 0.8
mL/min, λ = 254 nm) tmajor = 17.40 min, tminor = 27.92 min.

Compound 24. To a solution of compound 23 (1.0 g, 2.5 mmol, 1
equiv) in Et2O (15 mL) was added LAH (570 mg, 15.0 mmol, 6
equiv). The reaction mixture was stirred at reflux for 18 h. The
reaction was quenched with saturated aqueous NaHCO3. The reaction
mixture was extracted with DCM, dried over Na2SO4 ,and
concentrated to dryness. The crude product was purified by flash
silica gel chromatography (DCM/MeOH 20/1) to give pure
compound 24 (830 mg, 86% yield): 1H NMR (CDCl3, 300 MHz) δ
1.41 (m, 1H), 1.50−1.68 (m, 3H), 1.75−1.91 (m, 3H), 2.15 (m, 1H),
2.31−2.46 (m, 1H), 2.47−2.60 (m, 1H), 2.60−2.72 (m, 1H), 2.80 (m,
1H), 3.05 (d, J = 12 Hz, 1H), 3.77 (s, 1H), 3.80 (s, 3H), 4.88 (d, J =
17.1 Hz, 1H), 5.01 (d, J = 10.2 Hz, 1H), 5.65 (dd, J = 16.2 Hz, J = 16.5
Hz, 2H), 5.86 (m, 1H), 6.62 (d, J = 7.8 Hz, 1H), 6.89−7.10 (m, 3H),
7.20−7.31 (m, 4H); 13C NMR (CDCl3, 75 MHz) δ 19.1, 22.9, 24.8,
34.9, 35.0, 42.0, 46.4, 48.6, 55.5, 56.5, 102.7, 110.8, 112.5, 117.2, 119.6,
126.0, 126.5, 126.7, 128.5, 129.3, 134.8, 135.9, 140.0, 147.4; HRMS
(EI) calcd for C26H30N2O [M]+ 386.2358, found 386.2354; [α]D

20 =
−14° (c = 0.3 M, CHCl3).
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Compound 14. To a solution of NH3 at −78 °C were slowly
added Na (345 mg, 15 mmol, 10 equiv) and compound 24 (580 mg,
1.5 mmol, 1 equiv) in THF (15 mL). The reaction mixture was stirred
at −78 °C for 0.5 h. The reaction was quenched with the addition of
MeOH. After NH3 was evaporated at room temperature, the crude
product was purified by flash silica gel chromatography (DCM/MeOH
20/1) to give compound 14 (400 mg, 90% yield): 1H NMR (CDCl3,
300 MHz) δ 1.38 (m, 1H), 1.45−1.60 (m, 3H), 1.76 (m, 1H), 1.82−
1.98 (m, 2H), 2.18 (m, 1H), 2.32 (m, 1H), 2.63−2.79 (m, 3H), 2.98
(m, 1H), 3.70 (s, 1H), 3.90 (s, 3H), 4.88−5.07 (m, 2H), 5.85 (m, 1H),
6.57 (d, J = 7.5 Hz, 1H), 6.97 (t, J = 7.8 Hz, 1H), 7.18 (d, J = 7.8 Hz,
1H), 8.23 (br s, 1H); 13C NMR (CDCl3, 75 MHz) δ 19.9, 22.8, 25.1,
34.7, 35.0, 41.9, 46.1, 55.3, 56.4, 101.6, 110.8, 112.6, 117.3, 119.7,
126.3, 128.8, 133.6, 134.9, 145.7; HRMS (EI) calcd for C19H24N2O
[M]+ 296.1889, found 296.1886; [α]D

20 = +20.3° (c = 0.7 M, CHCl3).
Compound 25. To a solution of compound 14 (200 mg, 0.67

mmol, 1 equiv) in DCM (15 mL) was added Et3N (108 mg, 1.0 mmol,
1.5 equiv). To the resulting solution was added 2-chloroacetyl chloride
(76 mg, 0.67 mmol, 1 equiv) at 0 °C. The reaction mixture was stirred
at room temperature for 2 h. The mixture was quenched with addition
of H2O (10 mL) and extracted with DCM. The solvent was removed
by evaporation to dryness. The crude product was purified by flash
silica gel chromatography (ethyl acetate/petroleum ether 1/3) to give
compound 25 (190 mg, 75% yield) as a yellow oil: 1H NMR (CDCl3,
300 MHz) δ 1.28−1.47 (m, 2H), 1.54−1.99 (m, 4.4H), 2.04−2.27 (m,
1H), 2.31−2.50 (m, 1H), 2.56−2.80 (m, 2.3H), 2.90 (m, 0.7H), 3.61
(m, 0.6H), 3.92 (s, 3H), 4.29 (dd, J = 11.7 Hz, J = 12 Hz, 1.3H), 4.40
(m, 0.6H), 4.54 (m, 0.3H), 4.76 (s, 0.3H), 5.13 (m, 2H), 5.74 (s,
0.6H), 5.85 (m, 1H), 6.60 (t, J = 6.3 Hz, J = 6.3 Hz, 1H), 6.79−7.00
(m, 2H), 8.31 (s, 0.6H), 8.48 (s, 0.3H); 13C NMR (CDCl3, 75 MHz)
δ 19.5, 20.2, 21.6, 24.6, 25.4, 32.1, 36.7, 37.2, 37.7, 40.4, 40.7, 41.7,
41.9, 42.2, 53.1, 55.3, 59.0, 101.8, 101.9, 107.4, 108.1, 111.1, 111.4,
118.3, 118.7, 120.1, 120.7, 126.4, 127.1, 127.4, 133.5, 134.0, 134.4,
134.5, 145.6, 145.7, 166.1; HRMS (EI) calcd for C21H25ClN2O2 [M]+

372.1605, found 372.1604; [α]D
20 = −88.9° (c = 0.82 M, CHCl3).

Compound 15. To a solution of compound 25 (155 mg, 0.42
mmol, 1 equiv) in acetone (10 mL) was added NaI (623 mg, 4.2
mmol, 10 equiv). The reaction mixture was stirred under reflux for 2 h.
EtOAc (10 mL) was added, and the resulting solution was washed
with H2O. The solvent was removed by evaporation to dryness. The
crude product was dissolved in THF (10 mL), and AgOTf (213 mg,
0.83 mmol, 2 equiv) was added. The resulting mixture was stirred at
room temperature for 0.5 h. EtOAc (10 mL) was added. The solution
was washed with saturated aqueous NaHCO3 and purified by flash
silica gel chromatography (DCM/MeOH 40/1) to give pure
compound 15 (77 mg, 55% yield): 1H NMR (CDCl3, 300 MHz) δ
1.37−1.62 (m, 5H), 1.65−1.82 (m, 2H), 2.16 (m, 1H), 2.48 (m, 1H),
2.65−2.79 (m, 2H), 2.84−2.09 (m, 2H), 3.61 (m, 1H), 3.93 (s, 3H),
4.28 (m, 1H), 4.80 (m, 1H), 4.94 (m, 1H), 5.55 (m, 1H), 6.88 (m,
2H), 7.15 (t, J = 7.8 Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ 20.2,
24.1, 24.2, 34.3, 37.2, 38.7, 40.7, 41.1, 54.3, 55.9, 69.2, 111.2, 113.1,
119.1, 127.6, 132.0, 142.3, 147.3, 151.2, 170.3, 185.0; HRMS (EI)
calcd for C21H24N2O2 [M]+ 336.1838, found 336.1844; [α]D

20 =
−36.8° (c = 0.62 M, CHCl3).
Compound 26. To a stirred solution of compound 15 (60 mg,

0.18 mmol, 1 equiv) in MeOH (8 mL) was added NaBH4 (33.7 mg,
0.9 mmol, 5 equiv) at −78 °C. After 5 min, the resulting mixture was
warmed to 0 °C. After the mixture was stirred for 100 min, NaBH4
(6.7 mg, 0.18 mmol, 1 equiv) was added. After the mixture was stirred
for 1 h, the reaction was quenched with saturated aqueous NaHCO3
and the resulting mixture was extracted with DCM. The organic phase
was dried over Na2SO4 and purified by flash silica gel chromatography
(DCM/MeOH 50/1) to give pure compound 26 (54 mg, 88% yield):
1H NMR (CDCl3, 300 MHz) δ 1.07 (m, 1H), 1.22−1.49 (m, 3H),
1.52−1.72 (m, 6H), 2.02−2.19 (m, 2H), 2.59 (m, 1H), 2.78 (m, 1H),
3.43 (m, 1H), 3.64 (s, 1H), 3.82 (s, 3H), 4.16 (m, 1H), 4.87 (m, 1H),
4.99 (m, 1H), 5.63 (m, 1H), 6.63−6.83 (m, 3H); 13C NMR (CDCl3,
75 MHz) δ 19.0, 23.0, 26.0, 34.7, 35.0, 40.5, 41.5, 45.3, 49.3, 55.3, 63.7,
64.6, 110.0, 114.8, 118.4, 120.0, 132.0, 132.9, 138.4, 146.0, 173.1;

HRMS (EI) calcd for C21H26N2O2 [M]+ 338.1994, found 338.2000;
[α]D

20 = −14.8° (c = 0.8 M, CHCl3).
Compound 27. A 25 mL flask was charged with compound 26 (54

mg), pyridine (3 mL), and acetic anhydride (3 mL). The mixture was
stirred at room temperature for 3 h and concentrated. The residue was
dissolved in 15 mL of DCM, washed with saturated NH4OH/brine
(1/1), dried over Na2SO4, and concentrated. The crude product was
purified by flash silica gel chromatography (DCM/MeOH 40/1) to
give pure compound 27 (57 mg, 95% yield) as a white solid: 1H NMR
(CDCl3, 300 MHz) δ 1.12 (m, 1H), 1.19−1.31 (m, 1H), 1.32−1.46
(m, 2H), 1.56−1.65 (m, 3H), 1.68−1.74 (m, 1H), 1.82−2.07 (m, 3H),
2.19 (s, 3H), 2.21−2.30 (m, 1H), 2.52 (m, 1H), 2.56−2.69 (m, 1H),
3.64 (s, 1H), 3.88 (s, 3H), 4.16 (m, 1H), 4.85 (d, J = 16.8 Hz, 1H),
5.00 (d, J = 9.9 Hz, 1H), 5.60 (m, 1H), 6.86 (t, J = 7.8 Hz, 2H), 7.12
(t, J = 7.8 Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ 18.9, 22.9, 23.1,
34.6, 34.9, 40.6, 41.7, 45.3, 48.2, 55.5, 63.7, 67.9, 112.3, 114.9, 118.6,
126.6, 129.4, 132.5, 139.5, 149.7, 170.7, 171.9; HRMS (EI) calcd for
C23H28N2O3 [M]+ 380.2100, found 380.2098; [α]D

20 = +33.9° (c =
0.85 M, CHCl3).

Compound 28. To a solution of compound 27 (40 mg, 0.1 mmol,
1 equiv) in THF/H2O (8 mL, 1/1) were added K2OsO4·2H2O (1.94
mg, 0.005 mmol, 0.05 equiv) and NMO (58.6 mg, 0.5 mmol, 5 equiv).
The reaction mixture was stirred at room temperature for 4 h. Then
NaIO4 (107 mg, 0.5 mmol, 5 equiv) was added, and the resulting
mixture was stirred for 2 h. Saturated aqueous Na2S2O3 (8 mL) was
added, and the resulting solution was stirred for 0.5 h. The reaction
mixture was extracted with DCM. The organic phase was dried over
Na2SO4 and concentrated. The residue was purified by flash silica gel
chromatography (DCM/MeOH 40/1) to give pure compound 28 (34
mg, 85% yield) as a white solid: 1H NMR (CDCl3, 300 MHz) δ 1.27
(m, 1H), 1.43 (m, 1H), 1.56−1.87 (m, 5H), 1.93 (m, 1H), 2.00−2.094
(m, 2H), 2.16−2.22 (m, 4H), 2.22−2.28 (m, 1H), 2.52 (m, 1H),
2.59−2.72 (m, 1H), 3.88 (s, 3H), 3.90 (s, 1H), 4.17 (m, 1H), 6.81 (d,
J = 7.5 Hz, 1H), 6.88 (d, J = 8.1 Hz, 1H), 7.12 (t, J = 7.8 Hz, 1H), 9.66
(t, J = 2.1 Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ 18.8, 23.0, 24.3,
34.7, 35.1, 40.5, 45.0, 48.1, 49.9, 55.5, 62.3, 67.5, 112.5, 114.6, 126.7,
129.4, 138.8, 149.8, 170.9, 171.9, 200.9; HRMS (EI) calcd for
C22H26N2O4 [M]+ 382.1893, found 382.1890; [α]D

20 = +24° (c = 0.88
M, CHCl3).

(+)-10-Oxocylindrocarpidine 7. To a solution of compound 28
(34 mg, 0.09 mmol, 1 equiv) in MeOH (5 mL) at 0 °C was added a
solution of KOH (12.6 mg, 0.23 mmol, 2.6 equiv) in MeOH (3 mL),
followed by a solution of I2 (30 mg, 0.12 mmol, 1.3 equiv) in MeOH
(3 mL). The reaction mixture was stirred for 2 h and then quenched
with saturated aqueous Na2S2O3 (3 mL). The resulting mixture was
extracted with DCM (3 × 6 mL), dried over Na2SO4, and
concentrated. The residue was purified by flash silica gel
chromatography (DCM/MeOH 40/1) to give (+)-10-oxocylindro-
carpidine 7 (23.8 mg, 65% yield) as a canary yellow oil: 1H NMR
(CDCl3, 400 MHz) δ 1.28−1.33 (m, 1H), 1.41−1.49 (m, 1H), 1.50−
1.61 (m, 2H), 1.67−1.74 (m, 2H), 1.86−1.95 (m, 1H), 1.98−2.12 (m,
3H), 2.20 (s, 3H), 2.22−2.29 (m, 1H), 2.54 (d, J = 16.8 Hz, 1H), 2.65
(m, 1H), 3.61 (s, 3H), 3.89 (s, 3H), 4.04 (s, 1H), 4.15−4.21 (m, 1H),
4.47 (br s, 1H), 6.85−6.94 (m, 2H), 7.13 (t, J = 7.9 Hz, 1H); 13C
NMR (CDCl3, 100 MHz) δ 18.8, 23.1, 24.5, 34.3, 34.6, 40.5, 41.6,
45.1, 48.2, 51.4, 55.5, 61.9, 67.6, 112.4, 114.9, 126.6, 129.5, 139.0,
149.8, 171.5, 172.0; HRMS (EI) calcd for C23H28N2O5 [M]+

412.1998, found 412.1994; [α]D
20 = +21.4° (c = 0.8 M, CHCl3).

Compound 29. To a solution of compound 15 (500 mg, 1.49
mmol, 1 equiv) in Et2O (20 mL) was added LiAlH4 (226 mg, 5.95
mmol, 4 equiv). The reaction mixture was stirred at room temperature
for 0.5 h, at reflux for 4 h, and at room temperature for 16 h. H2O (60
μL), KOH (60 μL, 15% aqueous), and H2O (180 μL) were added in
sequence. The resulting slurry was filtered and rinsed with Et2O. The
solvent was removed by evaporation to dryness and then purified by
flash silica gel chromatography (DCM/MeOH 40/1) to give pure
compound 29 (265 mg, 55% yield): 1H NMR (CDCl3, 300 MHz) δ
1.02 (d, J = 13.5 Hz, 1H), 1.21 (m, 1H), 1.35−1.54 (m, 4H), 1.54−
1.84 (m, 4H), 1.90−2.04 (m, 2H), 2.15−2.40 (m, 4H), 3.08 (m, 2H),
3.58 (m, 1H), 3.82 (s, 3H), 4.81 (m, 1H), 4.92 (m, 1H), 5.66 (m, 1H),
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6.63 (m, 1H), 6.66−6.78 (m, 2H); 13C NMR (CDCl3, 75 MHz) δ
21.8, 23.9, 28.1, 35.3, 36.0, 38.2, 42.2, 52.9, 53.8, 54.1, 55.2, 65.8, 70.8,
109.1, 115.3, 117.1, 119.6, 134.3, 136.1, 138.3, 146.0; HRMS (EI)
calcd for C21H28N2O [M]+ 324.2202, found 324.2202; [α]D

20 =
−15.5° (c = 0.4 M, CHCl3).
Compound 30. A 50 mL flask was charged with compound 29

(150 mg), pyridine (5 mL), and acetic anhydride (5 mL). The mixture
was stirred at room temperature for 3 h and concentrated. The residue
was dissolved in 25 mL of DCM, washed with saturated NH4OH/
brine (1/1), dried over Na2SO4, and concentrated. The crude product
was purified by flash silica gel chromatography (DCM/MeOH 50/1)
to give pure compound 30 (156 mg, 92% yield) as a white solid: 1H
NMR (CDCl3, 300 MHz) δ 1.00 (m, 1H), 1.12 (m, 1H), 1.33−1.60
(m, 5H), 1.68 (m, 1H), 1.73−2.09 (m, 6H), 2.10−2.30 (m, 5H), 2.99
(m, 1H), 3.08 (m, 1H), 3.83 (s, 3H), 4.75 (m, 1H), 4.88 (m, 1H), 5.60
(m, 1H), 6.79 (m, 2H), 7.04 (t, J = 7.8 Hz, 1H); 13C NMR (CDCl3,
75 MHz) δ 21.5, 23.1, 23.8, 24.8, 35.1, 35.8, 37.9, 42.3, 52.4, 53.5, 55.5,
69.2, 70.6, 111.4, 115.4, 117.3, 126.2, 129.4, 133.9, 143.1, 149.8, 171.7;
HRMS (EI) calcd for C23H30N2O2 [M]+ 366.2307, found 366.2315;
[α]D

20 = +19.8° (c = 0.78 M, CHCl3).
Compound 31. To a solution of compound 30 (218 mg, 0.6

mmol, 1 equiv) in THF/H2O (20 mL, 1/1) were added K2OsO4·
2H2O (11 mg, 0.03 mmol, 0.05 equiv) and NMO (351.5 mg, 3.0
mmol, 5 equiv). The reaction mixture was stirred at room temperature
for 4 h. Then NaIO4 (642 mg, 3.0 mmol, 5 equiv) was added, and the
resulting mixture was stirred for 2 h. Saturated aqueous Na2S2O3 (15
mL) was added, and the resulting solution was stirred for 0.5 h. The
reaction mixture was extracted with DCM. The organic phase was
dried over Na2SO4 and concentrated to dryness. The crude product
was purified by flash silica gel chromatography (DCM/MeOH 50/1)
to give pure compound 31 (175.6 mg, 80% yield) as a white solid: 1H
NMR (CDCl3, 300 MHz) δ 1.15−1.27 (m, 2H), 1.34−1.71 (m, 6H),
1.80 (m, 1H), 1.97−2.11 (m, 4H), 2.12−2.24 (m, 4H), 2.25−2.32 (m,
1H), 2.42 (s, 1H), 2.96−3.23 (m, 2H), 3.88 (s, 3H), 6.80 (m, 2H),
7.08 (t, J = 8.1 Hz, 1H), 9.70 (t, J = 2.7 Hz, 1H); 13C NMR (CDCl3,
75 MHz) δ 21.3, 23.0, 24.9, 35.4, 36.2, 37.4, 50.8, 52.0, 53.2, 55.4, 68.6,
69.4, 111.6, 115.1, 126.4, 129.4, 142.2, 149.8, 171.1, 202.5; HRMS
(EI) calcd for C22H28N2O3 [M]+ 368.2100, found 368.2117; [α]D

20 =
+16.1° (c = 0.6 M, CHCl3).
(+)-Cylindrocarpidine 1. To a solution of 31 (15 mg, 0.04 mmol,

1 equiv) in MeOH (5 mL) at 0 °C was added a solution of KOH (5.9
mg, 0.11 mmol, 2.6 equiv) in MeOH (3 mL), followed by a solution of
I2 (13.2 mg, 0.05 mmol, 1.3 equiv) in MeOH (3 mL). The reaction
mixture was stirred for 2 h and then quenched with saturated aqueous
Na2S2O3 (3 mL). The resulting mixture was extracted with DCM (3 ×
6 mL), dried over Na2SO4, and concentrated under reduced pressure.
The residue was purified by flash silica gel chromatography (DCM/
MeOH 50/1) to afford the pure compound (+)-cylindrocarpidine 1
(8.7 mg, 54% yield) as a canary yellow oil: 1H NMR (CDCl3, 400
MHz) δ 1.16−1.26 (m, 1H), 1.33−1.44 (m, 1H), 1.47−1.62 (m, 3H),
1.69−1.80 (m, 2H), 1.84−1.91 (m, 1H), 1.95−2.08 (m, 4H), 2.15−
2.23 (m, 4H), 2.25−2.33 (m, 1H), 2.43 (s, 1H), 2.99−3.09 (m, 1H),
3.09−3.20 (m, 1H), 3.56 (s, 3H), 3.87 (s, 3H), 4.62 (m, 1H), 6.82 (m,
2H), 7.07 (t, J = 8.0 Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ 21.5,
23.1, 24.4, 25.0, 34.8, 35.9, 37.5, 42.4, 51.1, 52.1, 53.0, 53.3, 55.5, 68.8,
69.6, 111.7, 115.3, 126.3, 129.6, 142.5, 149.5, 170.9, 172.1; HRMS
(EI) calcd for C23H30N2O4 [M]+ 398.2206, found 398.2197; [α]D

20 =
+135.0° (c = 0.92 M, CHCl3).
(−)-N-Acetylcylindrocarpinol 6. To a solution of compound 31

(22 mg, 0.06 mmol, 1 equiv) in MeOH (5 mL) was added NaBH4 (4.5
mg, 0.12 mmol, 2.0 equiv) at 0 °C, and then the resulting mixture was
stirred at room temperature for 0.5 h. The reaction mixture was
quenched by addition of saturated aqueous NH4Cl (3 mL) and was
extracted with DCM (3 × 10 mL). The organic phase was dried over
anhydrous Na2SO4. The solution was concentrated to dryness in
vacuo. The residue was purified by silica gel column chromatography
(DCM/MeOH 40/1) to give pure (−)-N-acetylcylindrocarpinol 6 (20
mg, 92% yield) as a yellow oil: 1H NMR (CDCl3, 300 MHz) δ 0.99−
1.14 (m, 2H), 1.15−1.28 (m, 2H), 1.43−1.54 (m, 3H), 1.54−1.67 (m,
3H), 1.70−1.78 (m, 1H), 1.93−2.02 (m, 2H), 2.03−2.13 (m, 1H),

2.19 (s, 3H), 2.22−2.31 (m, 2H), 2.96−3.07 (m, 1H), 3.07−3.19 (m,
1H), 3.44−3.65 (bt, J = 6.3 Hz, 2H), 3.87 (s, 3H), 4.56 (q, J = 6.6 Hz,
1H), 6.82 (t, J = 8.7 Hz, 2H), 7.08 (t, J = 7.8 Hz, 1H); 13C NMR
(CDCl3, 100 MHz) δ 21.5, 23.1, 24.3, 25.0, 35.2, 35.3, 37.8, 40.5, 52.3,
53.5, 55.4, 58.4, 69.2, 70.7, 111.3, 115.3, 126.3, 129.4, 143.2, 149.7,
171.8; HRMS (EI) calcd for C22H30N2O3 [M]+ 370.2256, found
370.2266; [α]D

20 = −19.5° (c = 0.52, CHCl3).
(+)-Aspidospermine 8. To a solution of 31 (50 mg, 0.135 mmol,

1 equiv) in DCM (10 mL) was added ethane-1,2-dithiol (12.7 mg,
0.135 mmol, 1 equiv) and BF3·Et2O (0.6 mL). The reaction mixture
was stirred at room temperature for 0.5 h. Then Et2O (6 mL) and
saturated aqueous NaHCO3 (8 mL) were added in sequence. The
resulting solution was stirred for 0.5 h and extracted with DCM. The
organic phase was dried over Na2SO4 and concentrated to dryness.

To a solution of the crude compound obtained above in EtOH (8
mL) was added Raney nickel (80 mg, 1.35 mmol, 10 equiv). The
reaction mixture was stirred at reflux under an atmosphere of hydrogen
for 8 h. The mixture was filtered over Celite and then washed by
EtOH. The solvent was removed by evaporation to dryness. The crude
product was purified by flash silica gel chromatography (DCM/MeOH
40/1) to give the pure (+)-aspidospermine 8 (35 mg, 74% yield) as a
white solid: 1H NMR (CDCl3, 400 MHz) δ 0.61 (t, J = 7.5 Hz, 3H),
0.75−0.81 (m, 1H), 1.02−1.12 (m, 2H), 1.15−1.21 (m, 1H), 1.22−
1.30 (m, 1H), 1.48−1.63 (m, 3H), 1.69−1.76 (m, 1H), 1.89−1.95 (m,
2H), 1.95−2.04 (m, 2H), 2.16−2.25 (m, 5H), 3.01−3.04 (m, 1H),
3.09−3.13 (m, 1H), 3.88 (s, 3H), 4.65 (br s, 1H), 6.78−6.84 (m, 2H),
7.07 (t, J = 7.8 Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ 6.9, 21.7, 23.2,
25.0, 30.2, 34.3, 35.7, 38.2, 52.6, 53.8, 55.6, 69.6, 71.3, 111.4, 115.6,
126.2, 129.6, 143.7, 149.8, 171.8; HRMS (EI) calcd for C22H30N2O2
[M]+ 354.2307, found 354.2304; [α]D

20 = +88.5° (c = 0.72 M,
CHCl3).
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