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Synthesis of Novel D-Secoestrone Isoquinuclidines by an Unpredicted Iminium
Ion-Induced 1,5-Hydride Shift

János Wölfling,*[a] Éva Frank,[a] Gyula Schneider,[a] and Lutz F. Tietze*[b]
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Unique 9,13-bridged D-secoestrone alkaloids have been syn-
thesized and structurally characterized. Treatment of 3-me-
thoxy-16,17-secoestra-1,3,5(10)-trien-17-al (6a) with aniline
(7) or substituted aniline derivatives 8−28 in the presence of
different Lewis and Brønsted acids produces the bridged
azaestrone derivatives 51−67 and the alkenes 68−73 in high
yields in a domino-type process. The imines 29−50 are pro-
posed as intermediates, undergoing 1,5-hydride shifts via the

Introduction

One of the current major aims of steroid chemistry is
the development of new compounds with useful biological
activity. The transformation of external functional
groups[1�4] and the functionalization of the sterane
skeleton[5�7] are most common for the synthesis of novel
derivatives. In addition, ring expansion, resulting in homo
derivatives,[8�10] or ring opening, resulting in
secosteroids,[11�13] are other possible modifications of the
natural framework. Thus, several A- and D-ring-substituted
analogues in the estrone series have already been synthe-
sized and examined for their pharmacological effects.[14�16]

Although position C-9 in aromatic 19-norsteroids is acti-
vated thanks to its benzylic nature, substitution at this car-
bon is rare. As one example, though, the regio- and stereo-
selective introduction of an azido group at this position by
the application of 2,3-dichloro-5,6-dicyano-1,4-benzoquin-
one as an oxidant and hydrazoic acid as an azido donor was
reported by Guy et al.[17] In addition, C-9 hydroxylation of
aromatic steroids by in situ produced dimethyldioxir-
ane,[18,19] ceric ammonium nitrate[20] or chromium triox-
ide[21] is also known. In contrast to these intermolecular
functionalizations, intramolecular reactions that would af-
ford a new ring system have not so far been described, ex-
cept in our work.
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iminium ion salts 75 to give the cations 77, which, depending
on the substitution pattern on the aniline moiety, either afford
the bridged compounds through a nucleophilic addition of
the formed secondary amine to the benzylic carbocation or
give the alkenes through the abstraction of a proton at C-8.

( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Thus, we have recently reported on a Lewis acid-cata-
lyzed cyclization of arylimines from the normal secoestrone
aldehyde 2a and substituted aniline derivatives to give halo-
genated -homosteroids and tetrahydroquinoline deriva-
tives as major products.[22,23] Treatment of 2a with p-
bromoaniline, however, also gave, besides 3 and 4, small
amounts of the bridged steroid alkaloid analogue 5
(Scheme 1). Astoundingly, such side reactions can become
predominant if the aldehyde 6a, in which the propenyl side
chain of 2a is hydrogenated, is used as substrate.

Here we describe the regioselective synthesis of some no-
vel and unusual bridged N-heterocyclic estrone derivatives
51�67, through intermediate Lewis acid-induced formation
of iminium salts from 6.[24] The subsequent reaction pre-
sumably proceeds through an attack of the iminium ion at
the benzylic C�H bond with a 1,5-hydride shift, involving
the formation of a tertiary benzylic carbocation and an am-
ine, which then attacks the cation to form a ring. The reac-
tivity scale of Mayr and Ofial indicates that the iminium
ion has an electrophilicity similar to that of the p-nitro-
benzenediazonium ion or the tropylium cation,[25] and it is
therefore assumed to be able to cleave a hydride from the
activated benzylic position, though such reactions are
rather uncommon. The resulting derivatives 51�67 contain
an isoquinuclidine ring system, a familiar structural moiety
in various synthetic pharmacologically active molecules,
such as 5-HT3 antagonists,[26] epibatidine analogues[27] and
expectorants.[28] Moreover, isoquinuclidine derivatives are
valuable intermediates in alkaloid synthesis.[29]

Results and Discussion
The -secoestrone (2a), easily accessible in four steps

from 3-methoxyestrone (1a) through a Grob fragmentation



Synthesis of Novel D-Secoestrone Isoquinuclidines FULL PAPER

Scheme 1. Reaction of the secoestrone aldehyde 2a derived from 3-methoxyestrone (1a) and p-bromoaniline in the presence of BF3·OEt2

as a key step,[30] was hydrogenated to give the saturated al-
dehyde 6a (Scheme 2). Treatment of 6a with aniline (7) or
with its mono-, di- and trisubstituted derivatives 8�28, con-
taining electron-withdrawing halo, nitro or halomethyl
groups in different positions, produced the imines 29�50,
which readily underwent transformation in the presence of
BF3·OEt2. As expected, the imines proved to be quite un-
stable, and so purification by column chromatography was
difficult, since they are easily converted into the starting
materials. The crude imines were therefore used for further
transformation through the use of a molar amount of
BF3·OEt2 to give two kinds of products, depending on the
natures and the locations of the substituents on the aniline
moiety. More efficiently, though, the transformation could
be carried out as an one-pot reaction with the imines
formed in situ.

Interestingly, different products were obtained in the re-
actions involving aniline (7) and monosubstituted fluoro-
(8�10), chloro- (11�13), bromo- (14�16) and iodoaniline
derivatives (17�19), depending on the substitution pattern.
When aniline (7) or meta- (9, 12, 15 or 18) or para-substi-
tuted haloaniline derivatives (10, 13, 16 or 19) were applied,
the isoquinuclidine derivatives (51a,[31] 53a�60a) with the
unusual molecular framework were obtained nearly exclus-
ively in high yield. Use of aniline derivatives containing an
ortho-halogen function, on the other hand, resulted in the
formation of the unsaturated secondary amines (68a�70a)
in 70�80 % yield, with the exception of the use of o-fluoro-
aniline 8, which resulted in the formation of the bridged
product 52a. It can be assumed that the steric inhibitory
effect of the ortho substituent hinders cyclization at position
9 to give the isoquinuclidine derivative. This assumption is
also consistent with the reaction of 8, since the fluorine
atom is fairly small, with a size comparable to that of a
hydrogen atom. In a similar series, the nitroaniline deriva-
tives 20�22 or di- or trisubstituted aniline derivatives
23�28 were treated with 6a. Again, when the functional
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groups at the aromatic ring were in meta and/or para posi-
tions, the bridged alkaloids 41a, 42a and 43a�47a were ob-
tained, while use of the o-functionalized aniline derivatives
20 and 23 resulted in the 8,9-unsaturated products 71a and
73a. In three cases an additional compound 74 could be
isolated, but in a yield of less than 6 %.

In addition to the secoestrone derivative 6a, we also used
the substrates 6b and 6c, easily accessible from 1b by de-
benzylation (Pd/C/H2) and acetylation, respectively, as the
final step. Treatment of either 6b or 6c with p-nitroaniline
(22) afforded the imines 44b and 44c, containing a hydroxy
group and an acetoxy group, respectively, at C-3 of the es-
trane skeleton. The BF3·OEt2-induced transformation of
44b gave compounds 62b and 72b in a ratio of 2:1 within
6 h at room temperature, while such treatment of 44c merely
yielded 16 % of the bridged compound 62c as the only
product after 24 h, together with unchanged starting mate-
rial. These results indicated that the different substituents
at C-3 of the steroid skeleton influenced the reaction rate
and the nature of the products.

We also examined the effects of various Lewis acids, such
as SnCl4, Me2SnCl2, AlCl3, TiCl4 and trimethylsilyl trifluo-
romethanesulfonate, and also two Brønsted acids (pTsOH
and HBF4·OEt2), on the reaction between 6a and p-nitro-
aniline (22) under similar conditions. All acid-catalysed
transformations of the intermediate imine 44a seemed to be
less chemoselective, and the yield of the desired isoquinucli-
dine derivative 62a was much lower than in the reactions
with BF3·OEt2. In general, all Lewis and Brønsted acids
except for BF3·OEt2 favoured the formation of the unsatu-
rated compound 72a; Me2SnCl2 allowed only 2 % conver-
sion in 24 h.

The following mechanism is proposed for the described
transformation. Reaction between the imines 29�50 and
the Lewis acid BF3·OEt2 results in the iminium ion 75,
which then undergoes a 1,5-hydride shift to give the inter-
mediate tertiary carbocation 77, containing a secondary
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Scheme 2. Reactions of estrone arylimines 29�50 derived from secoestrone aldehyde 6 and aniline 7 as well as aniline derivatives 8�28
in the presence of different Lewis and Brønsted acids

amine moiety (Scheme 3). This hydride shift occurs only if
the aniline derivatives used do not contain an electron-do-
nating group. Thus, treatment of methoxyaniline under the
described conditions did not give any of the desired prod-
ucts, the aldehyde 6a being recovered in 98 % yield after
10 h and aqueous workup. In cases in which the iminium
ion is formed from aniline or from an aniline derivative con-
taining an electron-withdrawing group, however, the imin-
ium ion has an oxidative potential high enough to abstract
a hydride ion from the benzylic position. No 1,2 or 1,3 shift
from the activated benzylic carbon is observed, although
these rearrangements require only a low activation energy.
The benzylic carbocation can be stabilized either by elimin-
ation of a proton to give 68�73 or by an intramolecular
addition of the intermediately formed secondary amine at
position 9 to afford the isoquinuclidines 51�67. The re-
duced reactivity of 75c may be explained by the higher dis-
sociation energy of the C�H bond due to the electron-with-
drawing characteristics of the 3-acetoxy function. With the
electron-donating 3-OH or 3-OMe group, as in 75a or 75b,
in contrast, formation of the benzylic carbocation is feas-
ible. The formation of the tetrasubstituted double bond in
68�73 by deprotonation of the carbocation 77a is consist-
ent with the higher stability of such an alkene. However, it
cannot be excluded that the alkenes 68�73 are at least in
part formed by elimination of the amino function in 51�67.
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Thus, treatment of 62a with an excess of BF3·OEt2 at room
temperature for 24 h furnished 72a in 85 % yield. A mecha-
nism similar to that depicted for the formation of 51�67
and 68�73 can also be assumed for the formation of the
8,9-unsaturated alcohol 74, which was sometimes isolated
in low yield. In this case, the Lewis acid coordinates to the
oxygen of the carbonyl moiety in 6a to give the oxonium
ion 76, which is a weaker electrophile than the analogous
iminium ion 75a, but still seems to be able to abstract a
hydride from the benzylic carbon. The intermediate carbo-
cation can only undergo an elimination to give 74; however,
this side reaction occurs only to a small extent relative to
the reactions of the imines.

The intramolecular 1,5-hydride abstraction by an imin-
ium ion is a rather unusual process and to the best of our
knowledge has not been observed previously. However, ex-
amples of the opposite reaction can be found, when an im-
inium ion is produced from an amine and a carboc-
ation.[32,33]

A rather unexpected compound was found in the reaction
between 6a and p-nitroaniline (22) in the presence of the
Lewis acid TiCl4 at room temperature for 24 h. Besides the
expected alkene 72a, a bridged compound was obtained in
65 % yield. This we have assigned structure 79, for the for-
mation of which an oxidation step must be assumed. Com-
pound 79 could thus be formed either by a hydride abstrac-
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Scheme 3. Proposed mechanism for the formation of the carbocations 77, 78 and compound 79 in the presence of Lewis acids

tion of 72a and subsequent addition, or � more probably
� by a 1,4-shift of 75a followed by addition of the amino
group and oxidation of the benzylic position.

The structures of the synthesized steroid azacycles 51�67
and 79 were determined by NMR spectroscopy, mainly
with the aid of X-ray crystal structure analysis of 5.[31] In
the 1H NMR spectra of compounds 51�67, a triplet is ob-
served for 16a-H3 at δ � 0.94�0.97 ppm with J �
7.0�7.2 Hz, while the corresponding signal in the spectrum
of 79 can be identified at δ � 0.87 ppm. The diastereotopic
protons of the N�CH2 group in 51�67 resonate about
0.5 ppm apart; the axial one as a double of doublets at δ �
2.9�3.0 ppm, and the equatorial one as a doublet with J �
9.2�10.2 Hz at δ � 3.3�3.5 ppm. For the corresponding
protons in 79, two doublets with J � 10.2 Hz are found at
δ � 3.13 and 3.30 ppm. The 13C NMR spectra of 51�74
and 79, obtained by a J-MOD pulse sequence, contain the
expected signals. The peaks for the CH2�N group and the
carbon C-9 in 51�67 and 79 appear at relatively high
chemical shifts, at around δ � 58.0 ppm for C-9 and δ �
63.0 ppm for N�CH2 in 51�67, and at δ � 54.2 ppm for
C-11 and δ � 63.2 ppm for N�CH2 in 78. The signals of
the double-bonded carbons C-8 and C-9 in 79 can be ident-
ified at δ � 137.3 ppm.

Conclusion

In summary, we have developed an efficient route for the
synthesis of bridged -secoestrone azacycles through a
Lewis acid-induced cyclization of steroid arylimines. The
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domino process described is a novel type of transformation
accompanied by a 1,5-hydride shift from a benzylic position
to an iminium ion, involving the formation of a carbo-
cation, which reacts with the resulting secondary amine. Be-
sides their simplicity and the mild reaction conditions, the
cyclizations display high chemo- and regioselectivity.

Experimental Section

General Remarks: All solvents were distilled and dried prior to use.
Reagents and materials were obtained from commercial suppliers
and were used without further purification. The reactions were
monitored by TLC on Kieselgel-G (Merck Si 254 F) layers
(0.25 mm thick). The spots were detected by spraying with 5 %
phosphomolybdic acid in 50 % aqueous phosphoric acid. The Rf

values were determined for spots observed by illumination at 254
and 365 nm. Flash chromatography: silica gel 60, 40�63 µm. All
reactions were run under argon. Melting points were determined
on a Kofler block and are uncorrected. Specific rotation was meas-
ured in CHCl3 (c � 1) at 20 °C with Polamat-A and Perkin�Elmer
241 polarimeters. EI mass spectra were obtained with a Varian
MAT 311A spectrometer with ionization energy of 70 eV. 1H NMR
spectra were obtained in CDCl3 solution at 300 MHz (Bruker
AMX 300), 400 MHz (Bruker AM 400) or 500 MHz (Bruker DRX
500), and the 13C NMR spectra at 75, 100 or 125 MHz with the
same instruments. Chemical shifts are reported relative to TMS; J
values are given in Hz. 13C NMR spectra are 1H-decoupled. For
determination of the multiplicities, the J-MOD pulse sequence was
used. Elemental analyses were carried out in the analytical labora-
tory of the University of Szeged with a Perkin�Elmer model 2400
CHN analyser.
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Table 1. Products of the reactions between 6a�c and the aniline
derivatives 7�28 in the presence of BF3·OEt2 and other Lewis or
Brønsted acids

Substrates Lewis acid Overall yield [%] Product(s) Ratio[a]

6a�7 BF3·OEt2 85 51a �
6a�8 BF3·OEt2 72 52a �
6a�9 BF3·OEt2 76 53a �
6a�10 BF3·OEt2 87 54a � 74 82:5
6a�11 BF3·OEt2 70 68a �
6a�12 BF3·OEt2 87 55a �
6a�13 BF3·OEt2 86 56a �
6a�14 BF3·OEt2 69 69a �
6a�15 BF3·OEt2 89 57a �
6a�16 BF3·OEt2 84 58a �
6a�17 BF3·OEt2 78 70a �
6a�18 BF3·OEt2 85 59a �
6a�19 BF3·OEt2 76 60a�74 72:4
6a�20 BF3·OEt2 69 71a �
6a�21 BF3·OEt2 82 61a �
6a�22 BF3·OEt2 78 62a �
6a�22 SnCl4 77 62a�72a 4:73
6a�22 Me2SnCl2 2 72a �
6a�22 AlCl3 72 62a�72a 15:57
6a�22 TiCl4 86 72a�79 21:65
6a�22 CF3SO2OSiMe3 70 62a�72a 28:42
6a�22 pTsOH 75 72a �
6a�22 HBF4·OEt2 68 62a�72a 10:58
6b�22 BF3·OEt2 95 62b�72b 63:32
6c�22 BF3·OEt2 16 62c �
6a�23 BF3·OEt2 76 73a �
6a�24 BF3·OEt2 90 63a �
6a�25 BF3·OEt2 82 64a �
6a�26 BF3·OEt2 75 65a �
6a�27 BF3·OEt2 78 66a �
6a�28 BF3·OEt2 84 67a�74 78:6

[a] Determined after purification by column chromatography.

3-Methoxyestra-16,17-seco-1,3,5(10)-trien-17-al (6a): A suspension
of 2a (1.0 g, 3.35 mmol) and Pd/C (420 mg, 10 %) in EtOAc
(80 mL) was subjected to 5 bar of H2 pressure at room temperature
for 5 h. The catalyst was then removed by filtration through a short
pad of silica gel. After evaporation of the solvent in vacuo, the
crude product was purified by column chromatography (silica gel,
CHCl3) to give 6a (0.98 g, 97 %) as a colourless oil. Rf � 0.53
(CHCl3). [α]D � �92.7 (c � 1 in chloroform). 1H NMR (400 MHz,
CDCl3): δ � 0.86 (t, J � 6.9 Hz, 3 H, 16a-H3), 1.05 (s, 3 H, 18-
H3), 1.24�2.36 (overlapping multiplets, 13 H), 2.86 (m, 2 H, 6-H2),
3.78 (s, 3 H, 3-OMe), 6.63 (d, J � 2.6 Hz, 1 H, 4-H), 6.73 (dd, J �

8.6, J � 2.6 Hz, 1 H, 2-H), 7.20 (d, J � 8.6 Hz, 1 H, 1-H), 9.44 (s,
1 H, formyl-H) ppm. 13C NMR (100 MHz, CDCl3): δ � 13.0 (C-
18), 14.5 (C-16a), 23.7, 25.4, 26.9 (C-7), 30.3 (C-6), 32.7, 32.9, 40.7
(C-8), 43.1 (C-9), 44.3 (C-14), 51.0 (C-13), 55.2 (3-OMe), 111.8 (C-
2), 113.5 (C-4), 126.4 (C-1), 131.9 (C-10), 137.8 (C-5), 157.6 (C-3),
206.7 (formyl-C) ppm. MS (70 eV, EI): m/z (%) � 300 (100) [M�],
271 (23), 257 (83), 186 (32), 174 (25), 173 (24), 147 (19). C20H28O2

(300.44): calcd. for C 79.96, H 9.39; found C 80.05, H 9.28.

3-Hydroxy16,17-secoestra-1,3,5(10)-trien-17-al (6b): A suspension
of 2b (1.0 g, 2.67 mmol) and Pd/C (420 mg, 10%) in EtOAc (80 mL)
was subjected to 5 bar of H2 pressure at room temperature for 6 h.
The catalyst was then removed by filtration through a short pad of
silica gel. After evaporation of the solvent in vacuo, the crude prod-
uct was purified by column chromatography (silica gel, CHCl3) and
recrystallized from acetone/PE to give 6b (0.75 g, 98 %) as white
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crystals. M.p. 134�135 °C; Rf � 0.42 (CHCl3). [α]D � �102.9 (c �

1 in chloroform). 1H NMR (400 MHz, CDCl3): δ � 0.86 (t, J �

6.8 Hz, 3 H, 16a-H3), 1.05 (s, 3 H, 18-H3), 1.19�2.38 (overlapping
multiplets, 13 H), 2.83 (m, 2 H, 6-H2), 4.90 (s, 1 H, 3-OH), 6.57
(d, J � 2.7 Hz, 1 H, 4-H), 6.64 (dd, J � 8.5, J � 2.7 Hz, 1 H, 2-
H), 7.14 (d, J � 8.5 Hz, 1 H, 1-H), 9.44 (s, 1 H, formyl-H) ppm.
13C NMR (100 MHz, CDCl3): δ � 13.4 (C-18), 15.0 (C-16a), 24.1,
25.8, 27.3 (C-7), 30.5 (C-6), 33.1, 33.4, 41.0 (C-8), 43.5 (C-9), 44.7
(C-14), 51.4 (C-13), 113.3 (C-2), 115.4 (C-4), 127.0 (C-1), 132.4 (C-
10), 138.5 (C-5), 153.9 (C-3), 207.5 (formyl-C) ppm. MS (70 eV,
EI): m/z (%) � 286 (100) [M�], 257 (20), 243 (75), 172 (33), 160
(30), 145 (14), 133 (21). C19H26O2 (286.41): calcd. for C 79.68, H
9.15; found C 79.87, H 9.31.

3-Acetoxy-16,17-secoestra-1,3,5(10)-trien-17-al (6c): A solution of
2b (286 mg, 1.00 mmol) in Ac2O (3 mL) and pyridine (3 mL) was
stirred for 12 h at room temperature. The mixture was then ex-
tracted with CHCl3 (10 mL) and washed with water (3 � 10 mL).
The organic layer was dried with Na2SO4 and the solvents were
evaporated in vacuo to give 3c (312 mg, 95 %) as a colourless oil.
Rf � 0.44 (tert-butyl methyl ether/CHCl3, 5:95). [α]D � �80.8 (c �

1 in chloroform). 1H NMR (400 MHz, CDCl3): δ � 0.85 (t, J �

6.8 Hz, 3 H, 16a-H3), 1.05 (s, 3 H, 18-H3), 1.20�2.20 (overlapping
multiplets, 11 H), 2.28 (s, 3 H, OCOCH3), 2.40 (m, 2 H), 2.87 (m,
2 H, 6-H2), 6.80 (d, J � 2.4 Hz, 1 H, 4-H), 6.86 (dd, J � 8.4, J �

2.4 Hz, 1 H, 2-H), 7.27 (d, J � 8.4 Hz, 1 H, 1-H), 9.44 (s, 1 H,
formyl-H) ppm. 13C NMR (100 MHz, CDCl3): δ � 13.4 (C-18),
14.9 (C-16a), 21.5 (OCOCH3), 24.1, 25.6, 27.1 (C-7), 30.4 (C-6),
33.0, 33.3, 40.7 (C-8), 43.7 (C-9), 44.8 (C-14), 51.3 (C-13), 119.2
(C-2), 121.8 (C-4), 126.9 (C-1), 137.7 and 138.5 (C-5 and C-10),
149.0 (C-3), 170.2 (OCOCH3), 207.1 (formyl-C) ppm. C21H28O3

(328.45): calcd. for C 76.79, H 8.59; found C 76.88, H 8.71.

Typical Procedure: A solution of 6a (300 mg, 1 mmol), 6b (286 mg,
1 mmol) or 6c (328 mg, 1 mmol) and freshly distilled aniline (7)
or the substituted aniline derivatives 8�28 (1.00 mmol) in CH2Cl2
(10 mL) in the presence of molecular sieves (4Å, 150 mg) was
stirred under argon at 40 °C for 4 h. The sieves were removed by
filtration, and BF3·OEt2 (1 mmol) or some other Lewis or Brønsted
acid (1 mmol) was added slowly in two portions at room tempera-
ture. After the addition of half of the acid, the mixture was stirred
overnight. After the addition of the other half of the acid, the reac-
tion was allowed to proceed until complete conversion (TLC) was
achieved. The reaction was then quenched by the addition of ice-
cold NaOH (1 , 30 mL) and the mixture was extracted with
CH2Cl2 (3 � 30 mL). The combined organic layers were washed
with brine, dried with Na2SO4 and concentrated in vacuo, and the
crude product was purified by flash chromatography.

Cyclization of 6a with o-Fluoroaniline (8): Compound 6a (300 mg,
1.00 mmol), o-fluoroaniline (8, 0.10 mL, 1.00 mmol) and BF3·OEt2

(a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol) were allowed
to react as described in the Typical Procedure. The crude product
was purified by column chromatography (silica gel, PE/CH2Cl2,
60:40) and recrystallized from acetone to give 52a (283 mg, 72 %)
as yellowish crystals. M.p. 82�84 °C; Rf � 0.51 (PE/CH2Cl2,
60:40). [α]D � �352.2 (c � 1 in chloroform). 1H NMR (500 MHz,
CDCl3): δ � 0.86 (s, 3 H, 18-H3), 0.97 (t, J � 7.0 Hz, 3 H, 16a-
H3), 1.24�1.92 (overlapping multiplets, 10 H), 2.37 (m, 1 H), 2.70
(m, 1 H), 2.84 (m, 2 H, 6-H2), 3.02 (dd, J � 9.2, J � 2.8 Hz, 1 H,
N�CH2,ax), 3.45 (d, J � 9.2 Hz, 1 H, N�CH2,eq), 3.66 (s, 3 H, 3-
OMe), 6.23 (dd, J � 8.7, J � 2.5 Hz, 1 H, 2-H), 6.50 (d, J �

2.5 Hz, 1 H, 4-H), 6.56 (d, J � 8.7 Hz, 1 H, 1-H), 6.70 (t-like m, 1
H, 4�-H), 6.78 (m, 2 H, 3�-H and 6�-H), 6.91 (m, 1 H, 5�-H) ppm.
13C NMR (125 MHz, CDCl3): δ � 14.8 (C-16a), 21.7, 23.6 (C-18),
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27.2, 28.9, 30.5, 31.7, 33.2 (C-13), 34.2, 48.0 and 48.7 (C-8 and C-
14), 55.0 (3-OMe), 57.3 (C-9), 63.0 (N�CH2), 111.0 (C-2), 112.7
(C-4), 115.6 (J � 22.0 Hz, C-3�), 123.3 and 124.2 (C-4� and C-6�),
129.2 (C-1), 129.8 (C-5�), 130.4 (C-10), 137.5 (J � 21.0 Hz, C-1�),
139.9 (C-5), 157.9 (C-3), 160.3 (J � 246 Hz, C-2�) ppm. MS (70 eV,
EI): m/z (%) � 393 (59) [M�], 351 (26), 350 (100), 282 (21), 239
(11), 124 (15). C26H32FNO (393.54): calcd. for C 79.35, H 8.21, N
3.56; found C 79.51, H 8.35, N 3.72.

Cyclization of 6a with m-Fluoroaniline (9): Compound 6a (300 mg,
1.00 mmol), m-fluoroaniline (9, 0.07 mL, 1.00 mmol) and
BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol)
were treated as described in the Typical Procedure. The crude prod-
uct was purified by column chromatography (silica gel, PE/CH2Cl2,
30:70) to give 53a (299 mg, 76 %) as a colourless oil. Rf � 0.66 (PE/
CH2Cl2, 30:70). [α]D � �362.4 (c � 1 in chloroform). 1H NMR
(500 MHz, CDCl3): δ � 0.93 (s, 3 H, 18-H3), 0.94 (t, J � 7.2 Hz,
3 H, 16a-H3), 1.05�1.88 (overlapping multiplets, 11 H), 2.49 (m, 1
H), 2.84 (m, 2 H, 6-H2), 2.92 (dd, J � 9.4, J � 2.8 Hz, 1 H,
N�CH2,ax), 3.43 (d, J � 9.4 Hz, 1 H, N�CH2,eq), 3.75 (s, 3 H, 3-
OMe), 5.97 (m, 2 H, 2�-H and 6�-H), 6.18 (m, 1 H, 4�-H), 6.57 (dd,
J � 8.7, J � 2.5 Hz, 1 H, 2-H), 6.65 (d, J � 2.5 Hz, 1 H, 4-H),
6.74 (m, 1 H, 5�-H), 6.91 (d, J � 8.7 Hz, 1 H, 1-H) ppm. 13C NMR
(125 MHz, CDCl3): δ � 14.8 (C-16a), 22.2, 23.5 (C-18), 26.3, 28.4,
30.5, 33.4, 34.4 (C-13), 35.5, 46.5 (C-14), 48.9 (C-8), 55.1 (3-OMe),
58.0 (C-9), 61.8 (N�CH2), 102.8 (J � 21.4 Hz, C-2�), 103.8 (J �

25.1 Hz, C-4�), 112.2 (C-2), 112.8 (C-6�), 113.5 (C-4), 128.1 (J �

10.1 Hz, C-5�), 129.8 (C-1), 131.2 (C-10), 138.8 (C-5), 150.9 (J �

10.1 Hz, C-1�), 158.5 (C-3), 162.9 (J � 239.5 Hz, C-3�) ppm. MS
(70 eV, EI): m/z (%) � 393 (80) [M�], 350 (100), 282 (26), 269 (18),
225 (10), 124 (28). C26H32FNO (393.54): calcd. for C 79.35, H 8.21,
N 3.56; found C 79.22, H 8.37, N 3.75.

Cyclization of 6a with p-Fluoroaniline (10): Compound 6a (300 mg,
1.00 mmol), p-fluoroaniline (10, 0.09 mL, 1.00 mmol) and
BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol)
were treated as described in the Typical Procedure. The crude prod-
uct was purified by column chromatography (silica gel, PE/CH2Cl2,
50:50) to give 54a (323 mg, 82 %) and 74 (15 mg, 5 %). Compound
54a was recrystallized from acetone; yellowish crystals; m.p.
146�148 °C; Rf � 0.42 (PE/CH2Cl2, 50:50). [α]D � �406.7 (c � 1
in chloroform). 1H NMR (500 MHz, CDCl3): δ � 0.91 (s, 3 H, 18-
H3), 0.95 (t, J � 7.2 Hz, 3 H, 16a-H3), 1.18�2.01 (overlapping
multiplets, 11 H), 2.50 (m, 1 H), 2.84 (m, 2 H, 6-H2), 2.90 (dd, J �

9.3, J � 2.9 Hz, 1 H, N�CH2,ax), 3.47 (d, J � 9.3 Hz, 1 H,
N�CH2,eq), 3.73 (s, 3 H, 3-OMe), 6.33 (m, 2 H, 2�-H and 6�-H),
6.43 (dd, J � 8.7, J � 2.3 Hz, 1 H, 2-H), 6.58 (m, 3 H, 4-H, 3�-H
and 5�-H), 6.64 (d, J � 8.7 Hz, 1 H, 1-H) ppm. 13C NMR
(125 MHz, CDCl3): δ � 14.8 (C-16a), 22.1, 23.6 (C-18), 26.5, 28.8,
30.5, 33.5, 33.6, 34.0 (C-13), 46.8 (C-14), 48.6 (C-8), 55.1 (3-OMe),
57.8 (C-9), 61.9 (N�CH2), 111.6 (C-2), 113.2 (C-4), 113.9 (2 C,
J � 21.6 Hz, C-3� and C-5�), 121.7 (2 C, J � 7.0 Hz, C-2� and C-
6�), 130.1 (C-1), 131.3 (C-10), 139.0 (C-5), 145.4 (C-1�), 156.3 (J �

236.1 Hz, C-4�), 158.2 (C-3) ppm. MS (70 eV, EI): m/z (%) � 393
(91) [M�], 350 (100), 282 (20), 269 (14), 124 (16). C26H32FNO
(393.54): calcd. for C 79.35, H 8.21, N 3.56; found C 79.17, H 8.29,
N 3.68.

Compound 74: A colourless oil; Rf � 0.23 (PE/CH2Cl2, 50:50).
[α]D � �23.1 (c � 1 in chloroform). 1H NMR (500 MHz, CDCl3):
δ � 0.91 (t, J � 7.1 Hz, 3 H, 16a-H3), 1.00 (s, 3 H, 18-H3),
1.26�2.33 (overlapping multiplets, 11 H), 2.68 (m, 2 H, 6-H2), 2.93
(d, J � 8.5 Hz, 1 H) and 3.07 (d, J � 8.5 Hz, 1 H): O-CH2, 3.78
(s, 3 H, 3-OMe), 6.66 (d, J � 2.2 Hz, 1 H, 4-H), 6.67 (dd, J � 8.2,
J � 2.2 Hz, 1 H, 2-H), 7.05 (d, J � 8.2 Hz, 1 H, 1-H) ppm. 13C
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NMR (125 MHz, CDCl3): δ � 14.9 (C-16a), 22.8, 23.2 (C-18), 23.5,
28.0, 29.2 (2 C), 34.0, 37.1, 45.3 (C-14), 55.3 (3-OMe), 77.6
(O�CH2), 110.8 (C-2), 113.3 (C-4), 122.8 (C-1), 124.5 (C-8), 129.5
(C-10), 135.5 (C-9), 137.4 (C-5), 157.8 (C-3) ppm. MS (70 eV, EI):
m/z (%) � 300 (33) [M�], 282 (29), 254 (100), 228 (34), 139 (23).
C20H28O2 (300.44): calcd. for C 79.96, H 9.39; found C 79.85, H
9.47.

Treatment of 3a with o-Chloroaniline (11): Compound 6a (300 mg,
1.00 mmol), o-chloroaniline (11, 0.10 mL, 1.00 mmol) and
BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol)
were treated as described in the Typical Procedure. The crude prod-
uct was purified by column chromatography (silica gel, PE/CH2Cl2,
55:45) to give 68a (287 mg, 70 %) as a colourless oil. Rf � 0.73 (PE/
CH2Cl2, 30:70). [α]D � �204.2 (c � 1 in chloroform). 1H NMR
(300 MHz, CDCl3): δ � 0.92 (t, J � 7.1 Hz, 3 H, 16a-H3), 1.10 (s,
3 H, 18-H3), 1.32�2.40 (overlapping multiplets, 11 H), 2.74 (m, 2
H, 6-H2), 3.03 (d, J � 5.4 Hz, 2 H, N�CH2), 3.79 (s, 3 H, 3-OMe),
4.33 (t-like m, 1 H, N-H), 6.51�6.75 (overlapping multiplets, 4 H,
2-H, 4-H, 4�-H and 6�-H), 7.04 (t-like m, 1 H, 5�-H), 7.12 (d, J �

8.4 Hz, 1 H, 1-H), 7.21 (dd, J � 8.0, J � 1.4 Hz, 1 H, 3�-H) ppm.
13C NMR (75 MHz, CDCl3): δ � 14.9, (C-16a), 22.6, 23.4, 23.7
(C-18), 28.7, 29.1, 34.2, 36.4 (C-13), 36.5, 46.4 (C-14), 51.0
(N�CH2), 55.2 (3-OMe), 110.8 and 111.0 (C-2 and C-6�), 113.4
(C-4), 116.4 (C-4�), 118.9 (C-2�), 122.9 (C-5�), 124.6 (C-8), 127.7
(C-1), 128.9 (C-3�), 129.0 (C-9), 134.9 (C-10), 137.3 (C-5), 144.7
(C-1�), 157.9 (C-3) ppm. MS (70 eV, EI): m/z (%) � 411 (26) [M�],
409 (71), 368 (36), 366 (100), 282 (28), 270 (38), 254 (22), 227 (50),
174 (30), 160 (45), 140 (28). C26H32ClNO (409.99): calcd. for C
76.17, H 7.87, N 3.42; found C 75.98, H 7.95,N 3.62.

Cyclization of 6a with m-Chloroaniline (12): Compound 6a (300 mg,
1.00 mmol), m-chloroaniline (12, 0.11 mL, 1.00 mmol) and
BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol)
were treated as described in the Typical Procedure. The crude prod-
uct was purified by column chromatography (silica gel, PE/CH2Cl2,
55:45) to give 55a (357 mg, 87 %) as a colourless oil. Rf � 0.75 (PE/
CH2Cl2, 30:70). [α]D � �335.2 (c � 1 in chloroform). 1H NMR
(500 MHz, CDCl3): δ � 0.93 (s, 3 H, 18-H3), 0.94 (t, J � 7.2 Hz,
3 H, 16a-H3), 1.14�1.93 (overlapping multiplets, 11 H), 2.49 (m, 1
H), 2.85 (m, 2 H, 6-H2), 2.91 (dd, J � 9.5, J � 2.8 Hz, 1 H,
N�CH2,ax), 3.44 (d, J � 9.5 Hz, 1 H, N�CH2,eq), 3. 75 (s, 3 H, 3-
OMe), 6.00 (dd, J � 8.5, J � 2.0 Hz, 1 H. 6�-H), 6.31 (t-like m, 1
H, 2�-H), 6.45 (dd, J � 7.8, J � 0.8 Hz, 1 H, 4�-H), 6.56 (dd, J �

8.7, J � 2.5 Hz, 1 H, 2-H), 6.65 (d, J � 2.5 Hz, 1 H, 4-H), 6.66 (t-
like m, 1 H, 5�-H), 6.88 (d, J � 8.7 Hz, 1 H, 1-H) ppm. 13C NMR
(125 MHz, CDCl3): δ � 14.8 (C-16a), 22.2, 23.5 (C-18), 26.3, 28.4,
30.5, 33.4, 34.4 (C-13), 35.3, 46.5 (C-14), 48.8 (C-8), 55.2 (3-OMe),
58.1 (C-9), 61.6 (N�CH2), 112.1 (C-2), 113.6 (C-4), 115.7 and
116.4 and 117.0 (C-2� and C-4� and C-6�), 128.2 (C-5�), 129.9 (C-
1), 131.1 (C-10), 133.5 (C-3�), 138.9 (C-5), 150.2 (C-1�), 158.6 (C-
3) ppm. MS (70 eV, EI): m/z (%) � 411 (30) [M�], 409 (83), 368
(36), 366 (100), 269 (17), 227 (15). C26H32ClNO (409.99): calcd. for
C 76.17, H 7.87, N 3.42; found C 76.05, H 7.76, N 3.25.

Cyclization of 6a with p-Chloroaniline (13): Compound 6a (300 mg,
1.00 mmol), m-chloroaniline (13, 128 mg, 1.00 mmol) and
BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol)
were treated as described in the Typical Procedure. The crude prod-
uct was purified by column chromatography (silica gel, PE/CH2Cl2,
50:50) and recrystallized from acetone to give 56a (353 mg, 86 %)
as yellowish crystals. M.p. 107�109 °C; Rf � 0.64 (PE/CH2Cl2,
20:80). [α]D � �372.6 (c � 1 in chloroform). 1H NMR (500 MHz,
CDCl3): δ � 0.93 (s, 3 H, 18-H3), 0.94 (t, J � 7.1 Hz, 3 H, 16a-
H3), 1.14�1.91 (overlapping multiplets, 11 H), 2.50 (m, 1 H), 2.84
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(m, 2 H, 6-H2), 2.89 (dd, J � 9.4, J � 2.9 Hz, 1 H, N�CH2,ax),
3.45 (d, J � 9.4 Hz, 1 H, N�CH2,eq), 3.75 (s, 3 H, 3-OMe), 6.19
(d, J � 9.1 Hz, 2 H, 2�-H and 6�-H), 6.52 (dd, J � 8.7, J � 2.7 Hz,
1 H, 2-H), 6.63 (d, J � 2.7 Hz, 1 H, 4-H), 6.78 (d, J � 9.1 Hz, 2
H, 3�-H and 5�-H), 6.82 (d, J � 8.7 Hz, 1 H, 1-H) ppm. 13C NMR
(125 MHz, CDCl3): δ � 14.8 (C-16a), 22.2, 23.5 (C-18), 26.3, 28.5,
30.5, 33.4, 34.3 (C-13), 35.0, 46.5 (C-14), 48.7 (C-8), 55.1 (3-OMe),
57.9 (C-9), 61.6 (N�CH2), 111.9 (C-2), 113.4 (C-4), 119.1 (2 C, C-
2� and C-6�), 121.7 (C-4�), 127.3 (2 C, C-3� and C-5�), 129.9 (C-1),
131.2 (C-10), 138.8 (C-5), 147.7 (C-1�), 158.4 (C-3) ppm. MS
(70 eV, EI): m/z (%) � 411 (5) [M�], 409 (14), 366 (15), 272 (23),
270 (34), 266 (36), 227 (100), 225 (56), 149 (22). C26H32ClNO
(409.99): calcd. for C 76.17, H 7.87, N 3.42; found C 76.35, H 7.98,
N 3.55.

Treatment of 6a with o-Bromoaniline (14): Compound 6a (300 mg,
1.00 mmol), o-bromoaniline (14, 172 mg, 1.00 mmol) and
BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol)
were treated as described in the Typical Procedure. The crude prod-
uct was purified by column chromatography (silica gel, PE/CH2Cl2,
40:60) to give 69a (314 mg, 69 %) as a colourless oil. Rf � 0.72
(tert-butyl methyl ether/PE, 10:90). [α]D � �92.7 (c � 1 in chloro-
form). 1H NMR (500 MHz, CDCl3): δ � 0.92 (t, J � 7.0 Hz, 3 H,
16a-H3), 1.10 (s, 3 H, 18-H3), 1.32�2.37 (overlapping multiplets,
11 H), 2.72 (m, 2 H, 6-H2), 3.02 (d, J � 5.3 Hz, 2 H, N�CH2),
3.78 (s, 3 H, 3-OMe), 4.34 (t-like m, 1 H, N-H), 6.47 (t-like m, 1
H, 4�-H), 6.50 (d, J � 13.3 Hz, 1 H, 6�-H), 6.70 (m, 2 H, 2-H and
4-H), 7.05 (t-like m, 1 H, 5�-H), 7.10 (d, J � 8.2 Hz, 1 H, 1-H),
7.36 (dd, J � 7.6, J � 0.7 Hz, 1 H, 3�-H) ppm. 13C NMR
(125 MHz, CDCl3): δ � 14.8, (C-16a), 22.7, 23.4, 23.7 (C-18), 28.8,
29.1, 29.2, 34.3, 36.6 (C-13), 46.6 (C-14), 51.3 (N�CH2), 55.2 (3-
OMe), 109.8 (C-2�), 110.9 (C-6�), 111.3 (C-2), 113.4 (C-4), 117.1
(C-4�), 123.0 (C-5�), 124.7 (C-8), 128.4 (C-1), 129.1 (C-9), 132.2 (C-
3�), 134.9 (C-10), 137.4 (C-5), 145.7 (C-1�), 158.0 (C-3) ppm. MS
(70 eV, EI): m/z (%) � 455 (23) [M�], 453 (23), 412 (16), 410 (15),
282 (34), 254 (100), 225 (15), 184 (17). C26H32BrNO (454.44): calcd.
for C 68.72, H 7.10, N 3.08; found C 68.92, H 7.25,N 3.26.

Cyclization of 6a with m-Bromoaniline (15): Compound 6a (300 mg,
1.00 mmol), m-bromoaniline (15, 0.11 mL, 1.00 mmol) and
BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol)
were treated as described in the Typical Procedure. The crude prod-
uct was purified by column chromatography (silica gel, PE/CH2Cl2,
30:70) to give 57a (404 mg, 89 %) as a colourless oil. Rf � 0.78
(CHCl3). [α]D � �309.1 (c � 1 in chloroform). 1H NMR
(400 MHz, CDCl3): δ � 0.93 (s, 3 H, 18-H3), 0.94 (t, J � 7.2 Hz,
3 H, 16a-H3), 1.12�1.96 (overlapping multiplets, 11 H), 2.50 (m, 1
H), 2.86 (m, 2 H, 6-H2), 2.89 (dd, J � 9.4, J � 2.8 Hz, 1 H,
N�CH2,ax), 3.44 (d, J � 9.4 Hz, 1 H, N�CH2,eq), 3.76 (s, 3 H, 3-
OMe), 6.03 (m, 1 H, 6�-H), 6.46 (m, 1 H, 2�-H), 6.57 (dd, J � 8.7,
J � 2.7 Hz, 1 H, 2-H), 6.62 (m, 2 H, 4�-H and 5�-H), 6.66 (d, J �

2.7 Hz, 1 H, 4-H), 6.89 (d, J � 8.7 Hz, 1 H, 1-H) ppm. 13C NMR
(100 MHz, CDCl3): δ � 14.8 (C-16a), 22.3, 23.6 (C-18), 26.3, 28.4,
30.5, 33.3, 34.4 (C-13), 35.3, 46.4 (C-14), 48.7 (C-8), 55.2 (3-OMe),
58.1 (C-9), 61.5 (N�CH2), 112.1 (C-2), 113.5 (C-4), 115.9 (C-2�),
119.2, 119.7 (C-4� and C-6�), 121.9 (C-3�), 128.4 (C-5�), 129.9 (C-
1), 131.0 (C-10), 138.8 (C-5), 150.3 (C-1�), 158.5 (C-3) ppm. MS
(70 eV, EI): m/z (%) � 455 (73) [M�], 453 (74), 412 (100), 410 (99),
269 (26), 225 (17), 184 (20). C26H32BrNO (454.44): calcd. for C
68.72, H 7.10, N 3.08; found C 68.85, H 7.08, N 3.37.

Cyclization of 6a with p-Bromoaniline (16): Compound 6a (300 mg,
1.00 mmol), p-bromoaniline (16, 172 mg, 1.00 mmol) and
BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol)
were treated as described in the Typical Procedure. The crude prod-
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uct was purified by column chromatography (silica gel, tert-butyl
methyl ether/PE, 40:60) and recrystallized from PE to give 58a
(382 mg, 84 %) as white crystals. M.p. 127�129 °C; Rf � 0.77
(CHCl3). [α]D � �307.1 (c � 1 in chloroform). 1H NMR
(400 MHz, CDCl3): δ � 0.93 (s, 3 H, 18-H3), 0.94 (t, J � 7.2 Hz,
3 H, 16a-H3), 1.13�1.92 (overlapping multiplets, 11 H), 2.48 (m, 1
H), 2.85 (m, 2 H, 6-H2), 2.88 (dd, J � 9.4, J � 2.8 Hz, 1 H,
N�CH2,ax), 3.45 (d, J � 9.4 Hz, 1 H, N�CH2,eq), 3.76 (s, 3 H, 3-
OMe), 6.13 (d, J � 9.0 Hz, 2 H, 2�-H and 6�-H), 6.54 (dd, J � 8.7,
J � 2.6 Hz, 1 H, 2-H), 6.64 (d, J � 2.6 Hz, 1 H, 4-H), 6.86 (d, J �

8.7 Hz, 1 H, 1-H), 6.92 (d, J � 9.0 Hz, 2 H, 3�-H and 5�-H) ppm.
13C NMR (100 MHz, CDCl3): δ � 14.9 (C-16a), 22.3, 23.6 (C-18),
26.2, 28.4, 30.5, 33.3, 34.4 (C-13), 35.3, 46.4 (C-14), 48.7 (C-8),
55.1 (3-OMe), 57.9 (C-9), 61.6 (N�CH2), 108.8 (C-4�), 112.1 (C-
2), 113.4 (C-4), 119.1 (2 C, C-2� and C-6�), 129.9 (C-1), 130.2 (2 C,
C-3� and C-5�), 131.2 (C-10), 138.8 (C-5), 148.0 (C-1�), 158.3 (C-
3) ppm. MS (70 eV, EI): m/z (%) � 455 (61) [M�], 453 (63), 412
(76), 410 (72), 247 (100), 241 (92), 204 (71), 55 (47). C26H32BrNO
(454.44): calcd. for C 68.72, H 7.10, N 3.08; found C 68.67, H 7.32,
N 3.28.

Reaction of 6a with o-Iodoaniline (17): Compound 6a (300 mg,
1.00 mmol), o-iodoaniline (17, 219 mg, 1.00 mmol) and BF3·OEt2

(a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol) were treated
as described in the Typical Procedure. The crude product was puri-
fied by column chromatography (silica gel, PE/CH2Cl2, 55:45) to
give 70a (391 mg, 78 %) as a yellowish oil. Rf � 0.71 (PE/CH2Cl2,
30:70). [α]D � �57.9 (c � 1 in chloroform). 1H NMR (500 MHz,
CDCl3): δ � 0.93 (t, J � 7.1 Hz, 3 H, 16a-H3), 1.12 (s, 3 H, 18-
H3), 1.41�2.42 (overlapping multiplets, 11 H), 2.72 (m, 2 H, 6-H2),
3.01 (d, J � 5.4 Hz, 2 H, N�CH2), 3.78 (s, 3 H, 3-OMe), 6.36 (t-
like m, 1 H, 4�-H), 6.44 (d, J � 8.0 Hz, 1 H, 6�-H), 6.71 (m, 2 H,
2-H and 4-H), 7.09 (m, 2 H, C-1 and 5�-H), 7.60 (dd, J � 7.7, J �

0.8 Hz, 1 H, 3�-H) ppm. 13C NMR (125 MHz, CDCl3): δ � 14.9
(C-16a), 22.7, 23.5, 23.8 (C-18), 28.8, 29.1, 29.2, 34.3, 36.6 (C-13),
46.6 (C-14), 51.7 (N�CH2), 55.2 (3-OMe), 85.7 (C-2�), 110.6 and
110.9 (C-2 and C-6�), 113.4 (C-4), 118.0 (C-4�), 123.0 (C-5�), 125.1
(C-8), 128.9 (C-9), 129.4 (C-1), 135.0 (C-10), 137.1 (C-5), 138.8 (C-
3�), 147.8 (C-1�), 158.0 (C-3) ppm. MS (70 eV, EI): m/z (%) � 501
(37) [M�], 458 (20), 282 (36), 254 (100), 232 (22), 225 (15), 106 (8).
C26H32INO (501.44): calcd. for C 62.28, H 6.43, N 2.79; found C
62.41, H 6.52, N 2.95.

Cyclization of 6a with m-Iodoaniline (18): Compound 6a (300 mg,
1.00 mmol), m-iodoaniline (18, 0.12 mL, 1.00 mmol) and BF3·OEt2

(a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol) were treated
as described in the Typical Procedure. The crude product was puri-
fied by column chromatography (silica gel, PE/CH2Cl2, 20:80) to
give 59a (426 mg, 85 %) as a yellowish oil. Rf � 0.72 (PE/CH2Cl2,
20:80). [α]D � �268.8 (c � 1 in chloroform). 1H NMR (400 MHz,
CDCl3): δ � 0.93 (s, 3 H, 18-H3), 0.94 (t, J � 7.2 Hz, 3 H, 16a-
H3), 1.15�1.92 (overlapping multiplets, 11 H), 2.48 (m, 1 H), 2.84
(m, 2 H, 6-H2), 2.88 (dd, J � 9.5, J � 2.9 Hz, 1 H, N�CH2,ax),
3.42 (d, J � 9.5 Hz, 1 H, N�CH2,eq), 3.76 (s, 3 H, 3-OMe), 6.12
(dd, J � 6.6, J � 2.3 Hz, 1 H, 6�-H), 6.49 (t-like m, 1 H, 5�-H),
6.56 (dd, J � 8.7, J � 2.6 Hz, 1 H, 2-H), 6.62 (s, 1 H, 2�-H), 6.66
(d, J � 2.6 Hz, 1 H, 4-H), 6.80 (d-like m, 1 H, 4�-H), 6.87 (d, J �

8.7 Hz, 1 H, 1-H) ppm. 13C NMR (100 MHz, CDCl3): δ � 14.8
(C-16a), 22.2, 23.5 (C-18), 26.3, 28.4, 30.4, 33.3, 34.3 (C-13), 35.1,
46.4 (C-14), 48.7 (C-8), 55.2 (3-OMe), 58.1 (C-9), 61.4 (N�CH2),
94.1 (C-3�), 112.1 (C-2), 113.6 (C-4), 116.5 (C-6�), 124.3 and 125.4
(C-2� and C-4�), 128.7 (C-1), 129.9 (C-5�), 131.0 (C-10), 138.8 (C-
5), 150.2 (C-1�), 158.6 (C-3) ppm. MS (70 eV, EI): m/z (%) � 501
(99) [M�], 458 (100), 269 (14), 232 (16). C26H32INO (501.44): calcd.
for C 62.28, H 6.43, N 2.79; found C 62.39, H 6.47, N 3.02.
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Cyclization of 6a with p-Iodoaniline (19): Compound 6a (300 mg,
1.00 mmol), p-iodoaniline (19, 219 mg, 1.00 mmol) and BF3·OEt2

(a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol) were treated
as described in the Typical Procedure. The crude product was puri-
fied by column chromatography (silica gel, PE/CH2Cl2, 50:50) to
give 60a (361 mg, 72 %) and 74 (12 mg, 4 %) as a yellowish oil.
Compound 60a was recrystallized from acetone; yellowish crystals;
m.p. 102�104 °C; Rf � 0.65 (PE/CH2Cl2, 50:50). [α]D � �340.3
(c � 1 in chloroform). 1H NMR (500 MHz, CDCl3): δ � 0.93 (s,
3 H, 18-H3), 0.94 (t, J � 7.1 Hz, 3 H, 16a-H3), 1.10�1.94 (overlap-
ping multiplets, 11 H), 2.49 (m, 1 H), 2.83 (m, 2 H, 6-H2), 2.88 (dd,
J � 9.5, J � 2.8 Hz, 1 H, N�CH2,ax), 3.44 (d, J � 9.5 Hz, 1 H,
N�CH2,eq), 3.76 (s, 3 H, 3-OMe), 6.02 (d, J � 9.0 Hz, 2 H, 2�-H
and 6�-H), 6.56 (dd, J � 8.7, J � 2.5 Hz, 1 H, 2-H), 6.63 (d, J �

2.5 Hz, 1 H, 4-H), 6.88 (d, J � 8.7 Hz, 1 H, 1-H), 7.08 (d, J �

9.0 Hz, 2 H, 3�-H and 5�-H) ppm. 13C NMR (125 MHz, CDCl3):
δ � 14.7 (C-16a), 22.2, 23.5 (C-18), 26.2, 28.3, 30.4, 33.3, 34.3 (C-
13), 35.4, 46.4 (C-14), 48.8 (C-8), 55.1 (3-OMe), 57.9 (C-9), 61.5
(N�CH2), 77.9 (C-4�), 112.1 (C-2), 113.4 (C-4), 119.4 (2 C, C-2�

and C-6�), 129.8 (C-1), 131.2 (C-10), 136.1 (2 C, C-3� and C-5�),
138.7 (C-5), 148.7 (C-1�), 158.4 (C-3) ppm. MS (70 eV, EI): m/z
(%) � 501 (100) [M�], 458 (82), 282 (16), 270 (26), 231 (34), 227
(70), 174 (22), 160 (17), 147 (14). C26H32INO (501.44): calcd. for
C 62.28, H 6.43, N 2.79; found C 62.51, H 6.38, N 2.87.

Treatment of 6a with o-Nitroaniline (20): Compound 6a (300 mg,
1.00 mmol), o-nitroaniline (20, 138 mg, 1.00 mmol) and BF3·OEt2

(a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol) were treated
as described in the Typical Procedure. The crude product was puri-
fied by column chromatography (silica gel, hexanes/CHCl3, 20:80)
to give 71a (290 mg, 69 %) as a yellow oil. Rf � 0.68 (CHCl3).
[α]D � �142.9 (c � 1 in chloroform). 1H NMR (400 MHz, CDCl3):
δ � 0.93 (t, J � 7.0 Hz, 3 H, 16a-H3), 1.15 (s, 3 H, 18-H3),
1.34�2.49 (overlapping multiplets, 11 H), 2.73 (m, 2 H, 6-H2), 3.17
(m, 2 H, N�CH2), 3.79 (s, 3 H, 3-OMe), 6.57 (t-like m, 1 H, 4�-
H), 6.73 (m, 3 H, 2-H, 4-H and 6�-H), 7.11 (d, J � 8.1 Hz, 1 H, 1-
H), 7.33 (t-like m, 1 H, 5�-H), 8.15 (dd, J � 8.7, J � 1.4 Hz, 1 H,
3�-H), 8.30 (t-like m, 1 H, N-H) ppm. 13C NMR (100 MHz,
CDCl3): δ � 14.9 (C-16a), 22.6, 23.5, 23.7 (C-18), 28.6, 29.1, 29.3,
34.3, 36.5 (C-13), 46.7 (C-14), 50.4 (N�CH2), 55.3 (3-OMe), 110.9
(C-2), 113.5 (C-4), 113.8 (C-6�), 114.9 (C-4�), 123.0 (C-1), 124.6 (C-
8), 126.9 (C-3�), 128.8 (C-9), 131.7 (C-2�), 134.6 (C-10), 136.2 (C-
5�), 137.4 (C-5), 146.3 (C-1�), 158.0 (C-3) ppm. MS (70 eV, EI): m/
z (%) � 420 (8) [M�], 268 (100), 254 (22), 151 (13). C26H32N2O3

(420.54): calcd. for C 74.26, H 7.67, N 6.66; found C 74.53, H
7.81,N 6.95.

Cyclization of 6a with m-Nitroaniline (21): Compound 6a (300 mg,
1.00 mmol), m-nitroaniline (21, 138 mg, 1.00 mmol) and BF3·OEt2

(a 48 % solution in diethyl ether, 0.29 mL, 1.00 mmol) were treated
as described in the Typical Procedure. The crude product was puri-
fied by column chromatography (silica gel, CHCl3) to give 61a
(345 mg, 82 %) as a yellow oil. Rf � 0.57 (CHCl3). [α]D � �374.0
(c � 1 in chloroform). 1H NMR (400 MHz, CDCl3): δ � 0.95 (t,
J � 7.2 Hz, 3 H, 16a-H3), 0.98 (s, 3 H, 18-H3), 1.12�1.99 (overlap-
ping multiplets, 11 H), 2.51 (m, 1 H), 2.89 (m, 2 H, 6-H2), 2.95
(dd, J � 9.5, J � 2.8 Hz, 1 H, N�CH2,ax), 3.52 (d, J � 9.5 Hz, 1
H, N�CH2,eq), 3.77 (s, 3 H, 3-OMe), 6.36 (dd-like m, 1 H, 6�-H),
6.57 (dd, J � 8.7, J � 2.5 Hz, 1 H, 2-H), 6.71 (d, J � 2.5 Hz, 1 H,
4-H), 6.87 (t-like m, 1 H, 5�-H), 6.90 (d, J � 8.7 Hz, 1 H, 1-H),
7.16 (t-like m, 1 H, 2�-H), 7.29 (dd-like m, 1 H, 4�-H) ppm. 13C
NMR (100 MHz, CDCl3): δ � 14.8 (C-16a), 22.3, 23.5 (C-18), 26.3,
28.2, 30.4, 33.3, 34.5 (C-13), 35.7, 46.4 (C-14), 48.6 (C-8), 55.2 (3-
OMe), 58.4 (C-9), 61.6 (N�CH2), 110.4 and 110.8 (C-2� and C-
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4�), 112.6 (C-2), 113.7 (C-4), 122.3 (C-6�), 127.7 (C-5�), 129.6 (C-
1), 130.4 (C-10), 138.9 (C-5), 148.3 (C-1�), 149.7 (C-3�), 158.7 (C-
3) ppm. MS (70 eV, EI): m/z (%) � 420 (100) [M�], 377 (44), 282
(26), 269 (34), 254 (29), 225 (24), 151 (19), 147 (16). C26H32N2O3

(420.54): calcd. for C 74.26, H 7.67, N 6.66; found C 74.42, H 7.52,
N 6.92.

Cyclization of 6a with p-Nitroaniline (22) in the Presence of
BF3·OEt2: Compound 6a (300 mg, 1.00 mmol), p-nitroaniline (22,
138 mg, 1.00 mmol) and BF3·OEt2 (a 48 % solution in diethyl ether,
0.29 mL, 1.00 mmol) were treated as described in the Typical Pro-
cedure. The crude product was purified by column chromatography
(silica gel, tert-butyl methyl ether/PE, 20:80) to give 62a (328 mg,
78 %) as a yellow oil. Rf � 0.50 (CHCl3). [α]D � �610.4 (c � 1 in
chloroform). 1H NMR (400 MHz, CDCl3): δ � 0.95 (t, J � 7.2 Hz,
3 H, 16a-H3), 0.99 (s, 3 H, 18-H3), 1.10�2.00 (overlapping mul-
tiplets, 11 H), 2.53 (m, 1 H), 2.88 (m, 2 H, 6-H2), 3.01 (dd, J �

10.2, J � 2.6 Hz, 1 H, N�CH2,ax), 3.52 (d, J � 10.2 Hz, 1 H,
N�CH2,eq), 3.80 (s, 3 H, 3-OMe), 6.13 (d, J � 9.5 Hz, 2 H, 2�-H
and 6�-H), 6.64 (dd, J � 8.7, J � 2.6 Hz, 1 H, 2-H), 6.70 (d, J �

2.6 Hz, 1 H, 4-H), 7.01 (d, J � 8.7 Hz, 1 H, 1-H), 7.72 (d, J �

9.5 Hz, 2 H, 3�-H and 5�-H) ppm. 13C NMR (100 MHz, CDCl3):
δ � 14.8 (C-16a), 22.3, 23.4 (C-18), 26.0, 27.8, 30.4, 33.1, 34.5 (C-
13), 36.4, 46.1 (C-14), 48.7 (C-8), 55.2 (3-OMe), 59.3 (C-9), 62.1
(N�CH2), 112.7 (C-2), 113.6 (2 C, C-2� and C-6�), 113.9 (C-4),
124.6 (2 C, C-3� and C-5�), 129.3 (C-1), 130.4 (C-10), 136.3 (C-4�),
138.6 (C-5), 154.4 (C-1�), 158.9 (C-3) ppm. MS (70 eV, EI): m/z
(%) � 420 (70) [M�], 377 (100), 282 (14), 269 (16), 225 (11), 174
(10). C26H32N2O3 (420.54): calcd. for C 74.26, H 7.67, N 6.66;
found C 74.30, H 7.45, N 6.88.

Treatment of 6a with p-Nitroaniline (22) in the Presence of SnCl4:
Compound 6a (300 mg, 1.00 mmol), p-nitroaniline (22, 138 mg,
1.00 mmol) and SnCl4 (99.95 %, 0.12 mL, 1.00 mmol) were treated
as described in the Typical Procedure for 24 h. The crude product
was purified by column chromatography (silica gel, tert-butyl
methyl ether/PE, 20:80) to give 62a (17 mg, 4 %) and 72a (307 mg,
73 %). Compound 72a: Yellow oil; Rf � 0.16 (tert-butyl methyl
ether/PE, 20:80). [α]D � �70.9 (c � 1 in chloroform). 1H NMR
(500 MHz, CDCl3): δ � 0.90 (t, J � 7.2 Hz, 3 H, 16a-H3), 1.06 (s,
3 H, 18-H3), 1.32�2.47 (overlapping multiplets, 11 H), 2.74 (m, 2
H, 6-H2), 3.08 (m, 2 H, N�CH2), 3.78 (s, 3 H, 3-OMe), 4.48 (t-
like m, 1 H, N-H), 6.46 (d, J � 9.2 Hz, 2 H, 2�-H and 6�-H), 6.68
(d, J � 2.7 Hz, 1 H, 4-H), 6.72 (dd, J � 8.1, J � 2.7 Hz, 1 H, 2-
H), 7.10 (d, J � 8.1 Hz, 1 H, 1-H), 8.00 (d, J � 9.2 Hz, 2 H, 3�-H
and 5�-H) ppm. 13C NMR (125 MHz, CDCl3): δ � 14.9 (C-16a),
22.5, 23.4, 23.6 (C-18), 28.6, 29.1, 29.2, 34.2, 36.7 (C-13), 46.3 (C-
14), 50.7 (N�CH2), 55.3 (3-OMe), 110.9 (3C, C-2, C-2� and C-6�),
113.5 (C-4), 123.0 (C-1), 126.4 (2 C, C-3� and C-5�), 124.7 (C-8),
128.7 (C-9), 134.5 (C-10), 137.3 (C-5), 137.6 (C-4�), 154.1 (C-1�),
158.1 (C-3) ppm. MS (70 eV, EI): m/z (%) � 420 (23) [M�], 282
(15), 269 (18), 254 (80), 225 (13), 151 (14), 119 (23), 105 (46), 91
(32), 57 (100), 43 (82). C26H32N2O3 (420.54): calcd. for C 74.26, H
7.67, N 6.66; found C 74.35, H 7.82, N 6.58.

Treatment of 6a with p-Nitroaniline (22) in the Presence of
Me2SnCl2: Compound 6a (300 mg, 1.00 mmol), p-nitroaniline (22,
138 mg, 1.00 mmol) and Me2SnCl4 (220 mg, 1.00 mmol) were
treated as described in the Typical Procedure for 24 h. The crude
product was purified by column chromatography (silica gel, tert-
butyl methyl ether/PE, 20:80) to give only 72a (8 mg, 2 %), together
with starting material.

Treatment of 6a with p-Nitroaniline (22) in the Presence of AlCl3:
Compound 3a (300 mg, 1.00 mmol), p-nitroaniline (22, 138 mg,
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1.00 mmol) and AlCl3 (133 mg, 1.00 mmol) were treated as de-
scribed in the Typical Procedure for 24 h. The crude product was
purified by column chromatography (silica gel, tert-butyl methyl
ether/PE, 20:80) to give 62a (63 mg, 15 %) and 72a (239 mg, 57 %).

Treatment of 6a with p-Nitroaniline (22) in the Presence of TiCl4:
Compound 6a (300 mg, 1.00 mmol), p-nitroaniline (22, 138 mg,
1.00 mmol) and TiCl4 (0.11 mL, 1.00 mmol) were treated as de-
scribed in the Typical Procedure for 24 h. The crude product was
purified by column chromatography (silica gel, tert-butyl methyl
ether/PE, 20:80) to give 72a (88 mg, 21 %) and 79 (272 mg, 65 %).
Compound 79: Yellow oil; Rf � 0.39 (tert-butyl methyl ether/PE,
20:80). [α]D � �50.0 (c � 1 in chloroform). 1H NMR (300 MHz,
CDCl3): 0.87 (t, J � 7.2 Hz, 3 H, 16a-H3), 1.32 (s, 3 H, 18-H3),
1.45�2.31 (overlapping multiplets, 9 H), 2.55 (m, 2 H, 6-H2), 3.13
(d, J � 10.2 Hz, 1 H) and 3.30 (d, J � 10.2 Hz, 1 H): N�CH2,
3.79 (s, 3 H, 3-OMe), 5.02 (d, J � 4.8 Hz, 1 H, 11-H), 6.31 (d, J �

9.5 Hz, 2 H, 2�-H and 6�-H), 6.66 (d, J � 2.6 Hz, 1 H, 4-H), 6.80
(dd, J � 8.4, J � 2.6 Hz, 1 H, 2-H), 7.37 (d, J � 8.4 Hz, 1 H, 1-
H), 7.89 (d, J � 9.5 Hz, 2 H, 3�-H and 5�-H) ppm. 13C NMR
(100 MHz, CDCl3): δ � 14.8 (C-16a), 21.4, 23.1 (C-18), 27.4, 28.9,
32.2, 39.1, 41.9, 53.2 (C-14), 54.2 (C-11), 55.2 (3-OMe), 63.2
(N�CH2), 110.4 (2 C, C-2� and C-6�), 111.1 (C-2), 114.0 (C-4),
122.0 (C-1), 126.3 (2 C, C-3� and C-5�), 127.2 (C-10), 131.7 and
135.8 and 135.9 and 137.3 (C-5, C-8, C-9 and C-4�), 150.2 (C-1�),
158.3 (C-3) ppm. MS (70 eV, EI): m/z (%) � 418 (70) [M�], 281
(21), 267 (89), 225 (100), 210 (23), 152 (67), 44 (21). C26H30N2O3

(418.53): calcd. for C 74.61, H 7.22, N 6.69; found C 74.78, H 7.15,
N 7.05.

Treatment of 6a with p-Nitroaniline (22) in the Presence of Trimeth-
ylsilyl Trifluoromethanesulfonate: Compound 6a (300 mg,
1.00 mmol), p-nitroaniline (22, 138 mg, 1.00 mmol) and
CF3SO2OSiMe3 (0.18 mL, 1.00 mmol) were treated as described in
the Typical Procedure for 24 h. The crude product was purified
by column chromatography (silica gel, tert-butyl methyl ether/PE,
20:80) to give 62a (118 mg, 28 %) and 72a (177 mg, 42 %).

Treatment of 6a with p-Nitroaniline (22) in the Presence of p-Tolu-
enesulfonic Acid Monohydrate: Compound 6a (300 mg, 1.00 mmol),
p-nitroaniline (22, 138 mg, 1.00 mmol) and pTsOH (190 mg,
1.00 mmol) were treated as described in the Typical Procedure for
24 h. The crude product was purified by column chromatography
(silica gel, tert-butyl methyl ether/PE, 20:80) to give only 72a
(315 mg, 75 %).

Treatment of 6a with p-Nitroaniline (22) in the Presence of
HBF4·OEt2: Compound 6a (300 mg, 1.00 mmol), p-nitroaniline
(22, 138 mg, 1.00 mmol) and HBF4·OEt2 (85 %, 0.18 mL,
1.00 mmol) were treated as described in the Typical Procedure for
24 h. The crude product was purified by column chromatography
(silica gel, tert-butyl methyl ether/PE, 20:80) to give 62a (42 mg, 10
%) and 72a (244 mg, 58 %).

Treatment of 6b with p-Nitroaniline (22) in the Presence of
BF3·OEt2: Compound 6b (286 mg, 1.00 mmol), p-nitroaniline (22,
138 mg, 1.00 mmol) and BF3·OEt2 (a 48 % solution in diethyl ether,
0.29 mL, 1.00 mmol) were treated as described in the Typical Pro-
cedure. The crude product was purified by column chromatography
(silica gel, tert-butyl methyl ether/PE, 40:60) to give 62b (256 mg,
63 %) and 72b (130 mg, 32 %). Compound 62b was recrystallized
from acetone/PE; yellow crystals; m.p. 179�181 °C; Rf � 0.50 (tert-
butyl methyl ether/PE, 40:60). 1H NMR (400 MHz, CDCl3): δ �

0.95 (t, J � 7.2 Hz, 3 H, 16a-H3), 0.99 (s, 3 H, 18-H3), 1.05�1.99
(overlapping multiplets, 11 H), 2.51 (m, 1 H), 2.86 (m, 2 H, 6-H2),
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3.01 (dd, J � 10.2, J � 2.8 Hz, 1 H, N�CH2,ax), 3.51 (d, J �

10.2 Hz, 1 H, N�CH2,eq), 4.97 (s, 1 H, 3-OH), 6.14 (d, J � 9.6 Hz,
2 H, 2�-H and 6�-H), 6.56 (dd, J � 8.5, J � 2.7 Hz, 1 H, 2-H),
6.67 (d, J � 2.7 Hz, 1 H, 4-H), 6.97 (d, J � 8.5 Hz, 1 H, 1-H), 7.73
(d, J � 9.6 Hz, 2 H, 3�-H and 5�-H) ppm. 13C NMR (100 MHz,
CDCl3): δ � 15.2 (C-16a), 22.7, 23.8 (C-18), 26.3, 28.2, 30.6, 33.5,
34.9 (C-13), 36.8, 46.4 (C-14), 49.0 (C-8), 59.6 (C-9), 62.5
(N�CH2), 114.1 (2 C, C-2� and C-6�), 114.5 (C-2), 116.0 (C-4),
125.0 (2 C, C-3� and C-5�), 130.0 (C-1), 130.9 (C-10), 136.6 (C-4�),
139.3 (C-5), 154.8 and 155.4 (C-1� and C-3) ppm. MS (70 eV, EI):
m/z (%) � 406 (70) [M�], 363 (100), 286 (52), 243 (50), 159 (46),
133 (46). C25H30N2O3 (406.52): calcd. for C 73.86, H 7.44, N 6.89;
found C 73.70, H 7.55, N 7.08.

Compound 72b: Yellow oil; Rf � 0.29 (tert-butyl methyl ether/PE,
40:60). [α]D � �55.3 (c � 1 in chloroform). 1H NMR (400 MHz,
CDCl3): δ � 0.86 (t, J � 7.2 Hz, 3 H, 16a-H3), 1.07 (s, 3 H, 18-
H3), 1.10�2.50 (overlapping multiplets, 11 H), 2.72 (m, 2 H, 6-H2),
3.11 (m, 2 H, N�CH2), 4.50 (t like m, 1 H, N-H), 4.91 (s, 1 H, 3-
OH), 6.47 (d, J � 9.2 Hz, 2 H, 2�-H and 6�-H), 6.64 (d, J � 2.7 Hz,
1 H, 4-H), 6.67 (dd, J � 8.1, J � 2.7 Hz, 1 H, 2-H), 7.06 (d, J �

8.1 Hz, 1 H, 1-H), 8.02 (d, J � 9.2 Hz, 2 H, 3�-H and 5�-H) ppm.
13C NMR (100 MHz, CDCl3): δ � 15.3 (C-16a), 22.9, 23.8, 24.0
(C-18), 29.1, 29.3, 29.5, 34.6, 37.1 (C-13), 46.7 (C-14), 51.2
(N�CH2), 111.3 (2 C, C-2� and C-6�), 113.1 (C-2), 115.0 (C-4),
123.6 (C-1), 126.9 (2 C, C-3� and C-5�), 125.1 (C-8), 129.2 (C-9),
134.9 (C-10), 138.0 (2 C, C-4� and C-5), 154.5 (2 C, C-1� and C-3)
ppm. MS (70 eV, EI): m/z (%) � 406 (18) [M�], 268 (24), 240 (100),
211 (22), 151 (26), 105 (14). C25H30N2O3 (406.52): calcd. for C
73.86, H 7.44, N 6.89; found C 74.03, H 7.31, N 6.72.

Cyclization of 6c with p-Nitroaniline (22) in the Presence of
BF3·OEt2: Compound 6c (328 mg, 1.00 mmol), p-nitroaniline (22,
138 mg, 1.00 mmol) and BF3·OEt2 (a 48 % solution in diethyl ether,
0.29 mL, 1.00 mmol) were treated as described in the Typical Pro-
cedure. The crude product was purified by column chromatography
(silica gel, tert-butyl methyl ether/PE, 25:75) to give 62c (72 mg, 16
%) as a yellow oil. Rf � 0.29 (CHCl3). 1H NMR (400 MHz,
CDCl3): δ � 0.95 (t, J � 7.2 Hz, 3 H, 16a-H3), 1.00 (s, 3 H, 18-
H3), 1.09�2.01 (overlapping multiplets, 11 H), 2.28 (s, 3 H, OC-
OCH3), 2.50 (m, 1 H), 2.90 (m, 2 H, 6-H2), 3.03 (dd, J � 10.1, J �

2.8 Hz, 1 H, N�CH2,ax), 3.54 (d, J � 10.1 Hz, 1 H, N�CH2,eq),
6.12 (d, J � 9.6 Hz, 2 H, 2�-H and 6�-H), 6.81 (dd, J � 8.6, J �

2.5 Hz, 1 H, 2-H), 6.95 (d, J � 2.5 Hz, 1 H, 4-H), 7.11 (d, J �

8.6 Hz, 1 H, 1-H), 7.74 (d, J � 9.6 Hz, 2 H, 3�-H and 5�-H) ppm.
13C NMR (100 MHz, CDCl3): δ � 15.2 (C-16a), 21.5 (OCOCH3),
22.7, 23.7 (C-18), 26.1, 28.2, 30.6, 33.5, 35.0 (C-13), 36.7, 46.4 (C-
14), 48.9 (C-8), 59.6 (C-9), 62.5 (N�CH2), 114.2 (2 C, C-2� and C-
6�), 120.2 (C-2), 122.6 (C-4), 124.9 (2 C, C-3� and C-5�), 129.8 (C-
1), 136.1 and 137.0 (C-4� and C-10), 139.2 (C-5), 150.4 (C-3), 154.5
(C-1�), 170.2 (OCOCH3). C27H32N2O4 (448.55): calcd. for C 72.30,
H 7.19, N 6.25; found C 72.05, H 7.28, N 6.05.

Treatment of 6a with 2,4-Dinitroaniline (23): Compound 6a
(300 mg, 1.00 mmol), 2,4-dinitroaniline (23, 183 mg, 1.00 mmol)
and BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL,
1.00 mmol) were treated as described in the Typical Procedure. The
crude product was purified by column chromatography (silica gel,
tert-butyl methyl ether/PE, 15:85) to give 73a (354 mg, 76 %) as an
orange oil. Rf � 0.55 (PE/CH2Cl2, 20:80). [α]D � �27.7 (c � 1 in
chloroform). 1H NMR (500 MHz, CDCl3): δ � 0.94 (t, J � 7.0 Hz,
3 H, 16a-H3), 1.17 (s, 3 H, 18-H3), 1.32�2.51 (overlapping mul-
tiplets, 11 H), 2.74 (m, 2 H, 6-H2), 3.28 (m, 2 H, N�CH2), 3.79 (s,
3 H, 3-OMe), 6.71 (m, 2 H, 2-H and 4-H), 6.83 (d, J � 9.6 Hz, 1
H, 6�-H), 7.10 (d, J � 8.1 Hz, 1 H, 1-H), 8.16 (dd, J � 9.6, J �
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2.6 Hz, 1 H, 5�-H), 8.78 (t-like m, 1 H, N-H), 9.10 (d, J � 2.6 Hz,
1 H, 3�-H) ppm. 13C NMR (125 MHz, CDCl3): δ � 14.8 (C-16a),
22.5, 23.4, 23.7 (C-18), 28.5, 29.1, 29.3, 34.3, 36.6 (C-13), 46.7 (C-
14), 51.0 (N�CH2), 55.3 (3-OMe), 111.0 (C-2), 113.6 (C-4), 114.0
(C-4�), 123.0 (C-1), 124.4 (C-3�), 124.8 (C-8), 128.5 (C-9), 130.3 (C-
5�), 134.1 (2 C, C-10 and C-4�), 135.8 (C-2�), 137.3 (C-5), 148.9 (C-
1�), 158.3 (C-3) ppm. MS (70 eV, EI): m/z (%) � 465 (22) [M�],
268 (100), 254 (13), 226 (30). C26H31N3O5 (465.54): calcd. for C
67.08, H 6.71, N 9.03; found C 66.91, H 6.85, N 8.93.

Cyclization of 6a with 3,5-Dinitroaniline (24): Compound 6a
(300 mg, 1.00 mmol), 3,5-dinitroaniline (24, 183 mg, 1.00 mmol)
and BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL,
1.00 mmol) were treated as described in the Typical Procedure. The
crude product was purified by column chromatography (silica gel,
PE/CH2Cl2, 30:40) to give 63a (419 mg, 90 %) as an orange oil.
Rf � 0.56 (PE/CH2Cl2, 30:70). [α]D � �507.1 (c � 1 in chloro-
form). 1H NMR (500 MHz, CDCl3): δ � 0.96 (t, J � 7.2 Hz, 3 H,
16a-H3), 1.03 (s, 3 H, 18-H3), 1.15�2.08 (overlapping multiplets,
11 H), 2.53 (m, 1 H), 2.94 (m, 2 H, 6-H2), 2.99 (dd, J � 9.7, J �

2.7 Hz, 1 H, N�CH2,ax), 3.53 (d, J � 9.7 Hz, 1 H, N�CH2,eq),
3.79 (s, 3 H, 3-OMe), 6.62 (dd, J � 8.7, J � 2.6 Hz, 1 H, 2-H),
6.80 (d, J � 2.6 Hz, 1 H, 4-H), 6.96 (d, J � 8.7 Hz, 1 H, 1-H), 7.25
(d-like m, 2 H, 2�-H and 6�-H), 8.02 (d-like m, 1 H, 4�-H) ppm.
13C NMR (125 MHz, CDCl3): δ � 14.8 (C-16a), 22.2, 23.3 (C-18),
26.5, 27.9, 30.3, 33.2, 34.6 (C-13), 35.8, 46.4 (C-14), 48.5 (C-8),
55.4 (3-OMe), 59.3 (C-9), 62.0 (N�CH2), 104.6 (C-4�), 113.6 (C-
2), 114.2 (3C, C-4, C-2� and C-6�), 129.0 (C-10), 129.1 (C-1), 139.0
(C-5), 148.1 (2 C, C-3� and C-5�), 150.1 (C-1�), 159.5 (C-3) ppm.
MS (70 eV, EI): m/z (%) � 465 (88) [M�], 422 (100), 269 (14).
C26H31N3O5 (465.54): calcd. for C 67.08, H 6.71, N 9.03; found C
67.15, H 6.62, N 9.21.

Cyclization of 6a with 3,4-Dichloroaniline (25): Compound 6a
(300 mg, 1.00 mmol), 3,4-dichloroaniline (25, 162 mg, 1.00 mmol)
and BF3·OEt2 (a 48 % solution in diethyl ether, 0.29 mL,
1.00 mmol) were treated as described in the Typical Procedure. The
crude product was purified by column chromatography (silica gel,
tert-butyl methyl ether/PE, 10:90) to give 64a (364 mg, 82 %) as a
colourless oil. Rf � 0.81 (PE/CH2Cl2, 30:70). [α]D � �352.6 (c �

1 in chloroform). 1H NMR (500 MHz, CDCl3): δ � 0.94 (t, J �

7.2 Hz, 3 H, 16a-H3), 0.95 (s, 3 H, 18-H3), 1.13�1.95 (overlapping
multiplets, 11 H), 2.49 (m, 1 H), 2.85 (m, 2 H, 6-H2), 2.86 (dd, J �

9.4, J � 2.9 Hz, 1 H, N�CH2,ax), 3.40 (d, J � 9.4 Hz, 1 H,
N�CH2,eq), 3.77 (s, 3 H, 3-OMe), 5.92 (dd, J � 9.1, J � 2.9 Hz, 1
H, 6�-H), 6.39 (d, J � 2.9 Hz, 1 H, 2�-H), 6.58 (dd, J � 8.7, J �

2.7 Hz, 1 H, 2-H), 6.66 (d, J � 2.7 Hz, 1 H, 4-H), 6.78 (d, J �

9.1 Hz, 1 H, 5�-H), 6.88 (d, J � 8.7 Hz, 1 H, 1-H) ppm. 13C NMR
(125 MHz, CDCl3): δ � 14.8 (C-16a), 22.2, 23.5 (C-18), 26.3, 28.3,
30.4, 33.3, 34.4 (C-13), 35.3, 46.4 (C-14), 48.7 (C-8), 55.2 (3-OMe),
58.2 (C-9), 61.6 (N�CH2), 112.3 (C-2), 113.7 (C-4), 116.8 and
118.0 (C-2� and C-6�), 119.0 (C-4�), 128.5 (C-1), 129.8 (C-5�), 130.7
(C-10), 131.2 (C-3�), 138.9 (C-5), 148.6 (C-1�), 158.7 (C-3) ppm.
MS (70 eV, EI): m/z (%) � 445 (48) [M�], 443 (73), 400 (100),
282 (83), 269 (56), 239 (24), 225 (28), 174 (35), 161 (67), 147 (39).
C26H31Cl2NO (444.44): calcd. for C 70.26, H 7.03, N 3.15; found
C 70.42, H 6.98, N 3.45.

Cyclization of 6a with 4-Chloro-3-nitroaniline (26): Compound 6a
(300 mg, 1.00 mmol), 4-chloro-3-nitroaniline (26, 173 mg,
1.00 mmol) and BF3·OEt2 (a 48 % solution in diethyl ether,
0.29 mL, 1.00 mmol) were treated as described in the Typical Pro-
cedure. The crude product was purified by column chromatography
(silica gel, PE/CH2Cl2, 55:45) and recrystallized from acetone to
give 65a (341 mg, 75 %) as yellow crystals. M.p. 110�112 °C; Rf �
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0.35 (PE/CH2Cl2, 55:45). [α]D � �415.2 (c � 1 in chloroform). 1H
NMR (500 MHz, CDCl3): δ � 0.94 (t, J � 7.2 Hz, 3 H, 16a-H3),
0.96 (s, 3 H, 18-H3), 1.08�1.98 (overlapping multiplets, 11 H), 2.50
(m, 1 H), 2.86 (m, 2 H, 6-H2), 2.87 (dd, J � 9.5, J � 2.7 Hz, 1 H,
N�CH2,ax), 3.43 (d, J � 9.5 Hz, 1 H, N�CH2,eq), 3.78 (s, 3 H, 3-
OMe), 6.18 (dd, J � 9.1, J � 3.0 Hz, 1 H, 6�-H), 6.61 (dd, J �

8.7, J � 2.5 Hz, 1 H, 2-H), 6.69 (m, 2 H, 4-H and 2�-H), 6.85 (d,
J � 9.1 Hz, 1 H, 5�-H), 6.92 (d, J � 8.7 Hz, 1 H, 1-H) ppm. 13C
NMR (125 MHz, CDCl3): δ � 14.8 (C-16a), 22.2, 23.4 (C-18), 26.3,
28.1, 30.4, 33.2, 34.4 (C-13), 35.7, 46.3 (C-14), 48.6 (C-8), 55.2 (3-
OMe), 58.6 (C-9), 61.6 (N�CH2), 112.0 (C-2�), 112.3 (C-4�), 112.8
(C-2), 113.9 (C-4), 120.5 (C-6�), 129.6 and 130.0 (C-1 and C-5�),
130.7 (C-10), 138.9 (C-5), 147.8 (C-1�), 148.2 (C-3�), 159.0 (C-3)
ppm. MS (70 eV, EI): m/z (%) � 456 (35) [M�], 454 (100), 411 (66),
282 (14), 269 (15). C26H31ClN2O3 (454.99): calcd. for C 68.63, H
6.87, N 6.16; found C 68.81, H 7.02, N 6.25.

Cyclization of 6a with 3,5-Bis(trifluoromethyl)aniline (27): Com-
pound 6a (300 mg, 1.00 mmol), 3,5-bis(trifluoromethyl)aniline (27,
0.13 mL, 1.00 mmol) and BF3·OEt2 (a 48 % solution in diethyl
ether, 0.29 mL, 1.00 mmol) were treated as described in the Typical
Procedure. The crude product was purified by column chromatog-
raphy (silica gel, PE/CH2Cl2, 50:50) to give 66a (399 mg, 78 %) as
a colourless oil. Rf � 0.58 (PE/CH2Cl2, 70:30). [α]D � �326.7 (c �

1 in chloroform). 1H NMR (500 MHz, CDCl3): δ � 0.96 (t, J �

7.2 Hz, 3 H, 16a-H3), 0.99 (s, 3 H, 18-H3), 1.15�2.00 (overlapping
multiplets, 11 H), 2.52 (m, 1 H), 2.89 (m, 2 H, 6-H2), 2.93 (dd, J �

9.4, J � 2.7 Hz, 1 H, N�CH2,ax), 3.50 (d, J � 9.4 Hz, 1 H,
N�CH2,eq), 3.77 (s, 3 H, 3-OMe), 6.54 (s, 2 H, 2�-H and 6�-H),
6.60 (dd, J � 8.7, J � 2.5 Hz, 1 H, 2-H), 6.72 (d, J � 2.5 Hz, 1 H,
4-H), 6.90 (d, J � 8.7 Hz, 1 H, 1-H), 6.92 (s, 1 H, 4�-H) ppm. 13C
NMR (125 MHz, CDCl3): δ � 14.8 (C-16a), 22.3, 23.5 (C-18), 26.4,
28.4, 30.4, 33.3, 34.5 (C-13), 35.6, 46.4 (C-14), 48.7 (C-8), 55.3 (3-
OMe), 58.7 (C-9), 61.4 (N�CH2), 108.8 (C-4�), 112.2 (C-2), 114.1
(C-4), 115.3 (2 C, C-2� and C-6�), 123.7 (q, 2 C, J � 271 Hz, 2
CF3), 129.6 (C-1), 130.3 (2 C, C-3� and C-5�), 130.9 (C-10), 138.9
(C-5), 149.4 (C-1�), 159.3 (C-3) ppm. MS (70 eV, EI): m/z (%) �

511 (81) [M�], 468 (100), 400 (11), 282 (12), 269 (12). C28H31F6NO
(511.54): calcd. for C 65.74, H 6.11, N 2.74; found C 65.52, H 6.27,
N 2.50.

Cyclization of 6a with 3,4,5-Tribromoaniline (28): Compound 6a
(300 mg, 1.00 mmol), 3,4,5-tribromoaniline (28, 330 mg,
1.00 mmol) and BF3·OEt2 (a 48 % solution in diethyl ether,
0.29 mL, 1.00 mmol) were treated as described in the Typical Pro-
cedure. The crude product was purified by column chromatography
(silica gel, PE/CH2Cl2, 50:50) to give 67a (514 mg, 84 %) and 74
(18 mg, 6 %). Compound 67a: Colourless oil; Rf � 0.83 (PE/
CH2Cl2, 50:50). [α]D � �228.1 (c � 1 in chloroform). 1H NMR
(500 MHz, CDCl3): δ � 0.94 (t, J � 7.1 Hz, 3 H, 16a-H3), 0.95 (s,
3 H, 18-H3), 1.11�1.93 (overlapping multiplets, 11 H), 2.49 (m, 1
H), 2.83 (dd, J � 9.5, J � 2.7 Hz, 1 H, N�CH2,ax), 2.85 (m, 2 H,
6-H2), 3.33 (d, J � 9.5 Hz, 1 H, N�CH2,eq), 3.79 (s, 3 H, 3-OMe),
6.35 (s, 2 H, 2�-H and 6�-H), 6.65 (dd, J � 8.7, J � 2.5 Hz, 1 H,
2-H), 6.70 (d, J � 2.5 Hz, 1 H, 4-H), 6.93 (d, J � 8.7 Hz, 1 H, 1-
H) ppm. 13C NMR (125 MHz, CDCl3): δ � 14.8 (C-16a), 22.2,
23.5 (C-18), 26.4, 28.1, 30.4, 33.3, 34.4 (C-13), 35.3, 46.4 (C-14),
48.6 (C-8), 55.4 (3-OMe), 58.6 (C-9), 61.5 (N�CH2), 111.6 (C-4�),
112.6 (C-2), 114.1 (C-4), 120.1 (2 C, C-2� and C-6�), 124.2 (2 C, C-
3� and C-5�), 129.7 (C-1), 130.0 (C-10), 138.9 (C-5), 149.1 (C-1�),
159.1 (C-3) ppm. MS (70 eV, EI): m/z (%) � 613 (98) [M�], 611
(100), 568 (74), 533 (36), 490 (34), 488 (17), 282 (36), 269 (31), 225
(14). C26H30Br3NO (612.23): calcd. for C 51.01, H 4.94, N 2.29;
found C 49.92, H 5.03, N 2.41.
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