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Various differently substituted (2-alkenylbenzylidene)am-
ines 4b−d gave, upon deprotonation with amide bases and
addition of an electrophile, the respective 4,5-dihydro-3H-
benzo[c]azepines 6a−k in moderate to good yields. The im-
ines 4 are easily accessible from 2-bromobenzaldehyde (1)
by Wittig olefination, formylation with DMF, and subsequent
condensation with benzylamine. The ring-closure reaction is
interpreted as an anionic 1,7-electrocyclization reaction in-
volving benzo-annulated 2-azaheptatrienyllithium com-
pounds. This reaction, and the subsequent addition of the
electrophiles, proceed with excellent diastereoselectivity, de-
termined by the (E) or (Z) configuration of the imines 4b−d.

Introduction

Seven-membered heterocycles constitute an important
class of compounds that has found many applications in
medicinal chemistry.[1,2] Of special interest within this class
of compounds are benzo-annulated systems, among them
dibenzoazepines (e.g. imipramine) and benzodiazepines
(e.g. clonazepam, diazepam, chlordiazepoxide).[3] We have
previously reported a new synthetic pathway to partially
unsaturated seven-membered nitrogen heterocycles, based
on an electrocyclization reaction of azapolyenylmetal com-
pounds, where the nitrogen atoms are placed in even posi-
tions of the anionic chain (Scheme 1).[4,5] Only when this
condition is fulfilled can facile ring-closure reactions by
anionic electrocyclization take place; azapolyenylmetal
compounds with nitrogen atoms in odd positions are
thermodynamically stable and do not cyclize easily. These
experimental observations were rationalized by molecular
orbital arguments (topological charge stabilization[6]); since
nitrogen atoms are electronegative, they strongly prefer the
odd positions within an unsaturated hydrocarbon chain, as
this is where the bigger coefficients in the HOMO are
located. For the corresponding cations, the opposite rules
apply (ring closure is favored when the nitrogen atoms are
in the odd positions).
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The corresponding allylimines 4e,f do not give nine-
membered heterocycles 7, but rather the corresponding 3-
vinyl-4,5-dihydro-3H-benzo[c]azepines 6l,m. Molecular
structures of several compounds 6 in the solid state were de-
termined by X-ray crystallography, including the structure of
a 14-membered ring dimer 8. High-level quantum chemical
calculations on model anions concerning structures and rel-
ative energies of possible intermediates and transition states
support the pericyclic mechanism suggested for the ring-
closure reaction.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Scheme 1

In this report, we extend our studies from simple 2- or 4-
azaheptatrienylmetal compounds to 2-aza-4,5-benzohepta-
trienyllithium systems, in order to investigate the scope of
the electrocyclic ring-closure reaction, and eventually gain
access to differently substituted benzo-annulated seven-
membered nitrogen heterocycles. Special emphasis in our
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studies is directed towards the elucidation of the stereoelec-
tronic properties of the ring-closure reaction and the sub-
sequent electrophilic addition to the intermediate anionic
species. For a more detailed discussion of the reaction
mechanism, we include high level quantum chemical calcu-
lations in this study.

Anionic electrocyclization reactions to form seven-mem-
bered rings are rare.[4,5,7,8] However, many examples are
known that involve neutral [1,7]-dipoles; these species are
isoelectronic to the corresponding anions.[9�12]

Results and Discussion

For the preparation of the anionic reactive intermediates
by deprotonation, the corresponding 2-(alkenyl)benzaldim-
ine derivatives 4 were synthesized using a three-step pro-
cedure starting from 2-bromobenzaldehyde (1). In the first
step, the alkenyl moiety of the styrene derivatives 2 was es-
tablished by a Wittig reaction as reported by Hibino et
al.[13] (Scheme 2). This gave an (E)/(Z) mixture of 2 [(Z)/
(E) � 1:0.5�0.7]. Pure (E)-2b was obtained by isomeriz-
ation of the (E)/(Z) mixture using iodine.[14] Formylation of
2 to yield the 2-(alkenyl)benzaldehydes 3 was accomplished
by metalation with n-butyllithium and subsequent addition
of dimethylformamide, also according to a procedure given
by Hibino et al.[13] In the third step, condensation with ben-
zylamine in the presence of molecular sieves yielded the 2-
(alkenyl)benzaldimines 4a�d (Scheme 2).[15] Condensation
with allylamine produced the imines 4e�g (Scheme 3). The
solid-state structure of derivative 4g was determined by X-
ray crystallography.[16] It shows the (E) configuration of the
C�C bond, and a conformation of the imine moiety rela-
tive to the benzene ring resulting from rotation around the
C�CN bond away from the stilbene part of the molecule
(Figure 1).

Scheme 2
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Scheme 3

Figure 1. Molecular structure of compound 4g in the solid state
(X-ray diffraction)

The deprotonation of the imines 4 to generate the inter-
mediate anions requires a carefully optimized protocol,
which starts with the preparation of a small excess (ca. 20%)
of lithium diisopropylamide (LDA) from n-butyllithium
and diisopropylamine in THF at �40 °C, warming to room
temperature and subsequent cooling to �78 °C. At this
temperature, a solution of the imine 4b�d in THF is added
dropwise to the base over 30 min. The reaction is completed
by warming the mixture to 0 °C and stirring at this tem-
perature for 30 min before addition of the respective elec-
trophile 5 and aqueous workup (Scheme 4). After column
chromatography on silica gel, using petroleum ether/ethyl
acetate (10:2 to 10:1) as eluent, the major component of the
reaction mixture could be isolated as the first fraction.

In this way, the 4,5-dihydro-3H-benzo[c]azepines 6 were
obtained in moderate to good isolated yields (Scheme 4), as
oily or slowly crystallizing materials. They were fully
characterized, and in some cases, X-ray analysis was ob-
tained. For the preparation of 6k, LiTMP (lithium 2,2,6,6-
tetramethylpiperidide) proved to be superior to LDA. The
reaction is interpreted as a 1,7-electrocyclic ring-closure re-
action, as indicated above. The driving force of the reaction
is the generation of the energetically favored bicyclic 1-aza-
pentadienyl anion, in which the nitrogen atom is in a posi-
tion with a large HOMO coefficient, from the disfavored 2-
azaheptatrienyl anion, in which the nitrogen atom is in a
nodal position of the HOMO.[4]

However, deprotonation of the styrene derivative 4a and
subsequent electrophilic addition does not lead to cyclic
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Scheme 4

products, presumably due to anionic polymerization. Simi-
larly, 4g decomposes on deprotonation to give polymers.

In order to investigate the possible extension of this syn-
thetic method to nine-membered benzo-annulated hetero-
cycles, the allylimine derivatives 4e,f were synthesized and
deprotonated (Scheme 5). However, after addition of the
electrophiles, workup and characterization of the products,
all spectroscopic and analytical evidence was in full agree-
ment with the 4,5-dihydro-3H-benzo[c]azepine structures
6l,m with vinyl groups in the 3-positions. There was no indi-
cation of the formation of nine-membered ring derivatives
7 with the structure shown (Scheme 5) or isomeric products
resulting from electrophilic attack at any of the other posi-
tions.

After isolation by column chromatography and crystalli-
zation, we were able to obtain the molecular structures in
the solid state of the main fractions of four 4,5-dihydro-3H-
benzo[c]azepine derivatives 6b,c,d,f by X-ray diffraction (see
Figure 2 for the structures of 6b and 6d). This allowed an
easy and unambiguous assignment of the relative configu-
rations. Since we are dealing here with racemic compounds,

Figure 2. Molecular structure of compounds (3R*,4R*,5R*)-6b (left) and (3R*,4S*,5S*)-6d (right) in the solid state (X-ray analysis; only
one enantiomer of each is shown)
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Scheme 5

we use the Chemical Abstracts (R*,S*) system for the
assignment of the relative configurations.[17] Compounds
6d and 6f show the same relative configuration at the
carbon atoms C3 and C4 of the seven-membered ring
[(3R*,4S*,5S*) for 6d and (3R*,4S*) for 6f]. This is differ-
ent from the configuration of 6b and 6c, which both have a
(3R*,4R*,5R*) configuration. On the basis of these crystal
structures, the 1H and 13C NMR spectra of all compounds
6 could be clearly differentiated with respect to the relative
configurations of the possible diastereomers. We found the
X-ray diffraction study of one other example of a 4,5-di-
hydro-3H-benzo[c]azepine (dibromo derivative) in the lit-
erature.[18]

These crystal structures exemplify nicely how sensitively
the conformations of such 4,5-dihydro-3H-benzo[c]azepines
react to changes in substitution pattern and relative con-
figuration. Table 1 summarizes the dihedral angles around
the seven-membered rings (note that 6f has no substituent
at position 5).

Interestingly, in all cases, the successful reactions of the
(E)/(Z) mixtures of 4 led to crude mixtures of products,
from which pure diastereomers (with the exception of 6b
and 6i) with relative (3R*,4S*) configuration could be sepa-
rated by column chromatography (Scheme 6). From the
yields obtained, one can trace back the formation of this
particular diastereomer to the major isomer of 4, which is
the (Z) form (Z)-4 (major isomer), as obtained from the
Wittig reaction in the first step. In the case of 6b, small
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Table 1. Dihedral angles [°] of the seven-membered ring of four 4,5-dihydro-3H-benzo[c]azepines 6, as determined by X-ray crystallogra-
phy

(3R*,4R*,5R*)-6b (3R*,4R*,5R*)-6c[a] (3R*,4S*,5S*)-6d (3R*,4S*)-6f

C7�C1�N2�C3 �4.9(2) 4.5(8) �1.8(3) �4.76(19)
C1�N2�C3�C4 76.82(17) �77.1(6) 31.3(2) 80.58(13)
N2�C3�C4�C5 �53.19(17) 54.0(6) �71.35(16) �53.44(12)
C3�C4�C5�C6 �28.75(18) 28.5(6) 74.25(15) �33.61(14)
C4�C5�C6�C7 63.16(18) �62.3(6) �36.95(19) 67.27(15)
C5�C6�C7�C1 �7.3(2) 6.3(7) 3.3(2) �4.80(17)
C6�C7�C1�N2 �41.7(2) 43.0(8) 1.2(3) �45.05(19)

[a] One of two similar, independent molecules in the asymmetric unit cell.

Scheme 6

amounts of the minor isomer (ca. 14%) (3R*,4R*,5R*)-6b,
originating from (E)-4b, could be isolated and charac-
terized. The fate of the minor isomers, originating from the
other olefins (E)-4, could not be clarified in most cases, due
to their less favorable chromatographic properties.

These observations are in agreement with an experiment
in which pure (E)-4b was subjected to the conditions of the
deprotonation reaction. In this case, diastereomer 6b, with
the relative (3R*,4R*,5R*) configuration, was obtained ex-
clusively in 68% yield.

Hence, the formation of the new C3�C4 single bond dur-
ing the cyclization reaction is a highly diastereoselective
process, which is in full agreement with a conrotatory
electrocyclization mode, as predicted by the
Woodward�Hoffmann rules for 8π systems.[19] Further-
more, the addition of the electrophile to position 5 of the
intermediate anion obviously occurs with high diastereosel-
ectivity, as the incoming electrophile is always found in the
trans position to the substituent at center C4. In summary,
of the four possible diastereomers of the (racemic) product,
only one is formed during the reaction sequence, as deter-
mined by the stereochemistry of the ethenyl moiety of the
starting material 4 and the subsequent stereoselective ad-
dition of the electrophile.
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In one experiment (deprotonation of 4b and quenching
with water to form 6a), a surprising dimeric compound 8
was isolated, in very low yield. Nevertheless, it was possible
to characterize this compound by X-ray analysis (Figure 3).
It crystallizes centrosymmetrically, forming an approximate
rectangle with (R*,S*) configuration, as observed in the
corresponding seven-membered ring 6a. Acid-catalyzed
equilibria between dimers and monomers of 4,5-dihydro-
benzo[c]azepines have been reported previously by Gold-
man et al.[20]

Figure 3. Molecular structure of the macrocycle 8 in the solid state
(X-ray diffraction)

Using low-temperature 1H NMR techniques (600 MHz),
we were able to investigate the ring-closure reaction of the
imine derivative (E,Z)-4b directly. The deprotonation using
LDA was performed at �78 °C in [D8]THF in an NMR
tube. At �20 °C, two sets of signals (among others) could
be identified; the more intense set was assigned to the pre-
dominant anion Li-4b, having a (Z) configuration at the
C�C bond (Table 2). In comparison to the neutral starting
material, a high-field shift of most of the signals was ob-
served, which was particularly pronounced at the odd posi-
tions of the conjugated anionic system. This was as ex-
pected, given the electron distribution in the HOMO. This
species may be considered as a benzo-annulated 2-aza-
heptatrienyl anion.

On warming of the sample to temperatures above �10
°C, new signals appeared. The new signals became more
intense at 25 °C, and the initially observed signals disap-
peared. The two new sets of signals may be unambiguously
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Table 2. Selected 1H NMR chemical shifts [ppm] for starting mate-
rial (Z)-4b, the corresponding lithium compound Li-4b at �20 °C,
the resulting cyclic lithium compound Li-6b at 25 °C, and for the
product (3R*,4S*,5S*)-6b (after hydrolysis) (600 MHz); com-
pounds 4 are numbered as 2-azaheptatrienyl anions; compounds 6
as 4,5-dihydro-3H-benzo[c]azepines

H1 H3 H6 H7

(Z)-4b 4.79 8.58 6.65 5.92
Li-4b 6.62 7.58 6.28 5.38

H3 H1 H5 H4

Li-6b 3.86 7.35 5.13 1.90
(3R*,4S*,5S*)-6b 4.44 8.76 2.42/2.80 2.80

attributed to the bicyclic anion Li-6b, of which the more
intense set was assigned to the (3R*,4S*) diastereomer. The
most significant change in chemical shift was observed for
the protons H1 and H7 of the open-chain anion, since the
respective carbon atoms change their hybridization from
sp2 to sp3, due to the formation of the new single bond.
Interestingly, the protons of the benzo ring of the depro-
tonated starting material (E,Z)-4b, as well as of the bicyclic
anion show alternately high and low relative shifts, indicat-
ing substantial involvement of these centers in the conju-
gation of the anion.

Quantum Chemical Calculations

In order to obtain an estimate of the thermodynamics
and kinetics of the ring-closure reaction to form the seven-
membered ring, quantum chemical model calculations on
the RHF, MP2, SCS-MP2[21] and G3MP2[22] level were per-
formed. Previous studies have shown that DFT calculations
of the B3LYP/6-31G* level underestimate both barriers and
products.[23] The program package GAUSSIAN98[24] was
used throughout for the calculations. All stationary points
were characterized by frequency calculations. All energies
are given in kcal/mol, including zero point corrections
(ZPE, unscaled for RHF, MP2 and SCS-MP2).

Table 3. Relative energies of various structures of 9 and 10 and of some relevant transition states at different levels of theory [kcal/mol]

RHF//6- MP2-Full/6- SCS-MP2-Full/6- MP2/GTMP2Large// SCS-MP2/GTMP2Large// G3MP2
31G*//RHF/6- 31G*//MP2/6- 31G*//MP2/6- MP2/6-31G*�ZPE MP2/6-31G*�ZPE
31G*�ZPE 31G*�ZPE 31G*�ZPE

9a 0.00 0.00 0.00 0.00 0.00 0.00
9b 2.36 1.73 1.86 1.98 2.11 1.98
9c 2.70 1.88 2.07 1.44 1.69 1.47
9d 8.07 6.19 6.77 5.08 5.72 5.51
9e 8.91 6.82 7.24 6.59 7.13 6.57
9f 11.38 8.37 9.18 7.04 7.97 7.53
9g 12.95 9.69 10.40 7.93 8.86 8.50
TS-9h 20.07 20.48 20.29 18.97 18.70 18.86
TS-9i 20.41 22.34 20.41 21.16 19.22 18.76
TS-9j 18.86 14.60 15.16 12.12 12.97 12.86
10 �12.49 �14.47 �13.92 �11.89 �11.55 �11.07
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At first, we did a conformational search of the anionic
imine derivative, using the 1-(2-ethenylphenyl)-2-azaallyl
anion (9) as a simplified model for the experimentally
studied lithium compounds. With the exception of 9e, which
is kept planar by an intramolecular hydrogen bond, all
structures are more or less twisted with respect to the vinyl
groups (9a,b,c) or to the vinyl- and 2-azaallyl moieties
(9d,f,g). Structure 9a, with the W-shape of the 2-azaallyl
moiety, was found to be lowest in energy. It corresponds
exactly to the structure of the imine precursor 4g, as deter-
mined by X-ray crystallography (see Figure 1); 9b and 9c
are only slightly more energy-rich. The formation of the
cyclic structure 10 from the open-chain structures is signifi-
cantly exothermic, indicating a gain of energy during the
ring-closure reaction of 8�10 kcal/mol with respect to the
best open-chain structure 9a. The methods employed (RHF,
MP2, SCS-MP2, G3MP2) produce quite similar data sets.
Since MP2 values are already quite good, the performance
of SCS-MP2 is not as superior as was observed earlier.[23]

Secondly, we looked for some relevant transition states,
in order to obtain an estimate for the kinetics of the ring-
closure reaction. Here, the methods disagree markedly over
the existence of a U form and a related barrier for ring
closure to form 10. RHF finds a minium for such a U form
(Erel � 14 kcal/mol), and predicts a substantial barrier (ca.
23 kcal/mol). MP2 optimization (as integrated in the
G3MP2 model chemistry) does not localize a U-shaped

Figure 4. Conformations and configurations of the anions 9a�g
and 10



K. Gerdes, P. Sagar, R. Fröhlich, B. Wibbeling, E.-U. WürthweinFULL PAPER

Figure 5. Calculated structures of three relevant transition states
for internal rotation and ring closure [9a � TS-9h � 9b (top left),
9b � TS-9i � 9g (top right) and 9g � TS-9j � 10 (bottom) (MP2/
6-31G*//MP2(6-31G*)]

structure at all, the small barrier towards cyclization TS-9j
(12�13 kcal/mol) is connected to the internal rotation of
9g, which is directly transformed into the cyclic form 10.
Similarly, other internal rotations also proceed without
higher barriers (e.g. TS-9h for the conversion of 9a into 9b,
and TS-9i for the conversion of 9b into 9g, both ca. 19 kcal/
mol at G3MP2),[25] in agreement with the mild reaction
conditions used experimentally. All these data fit well with
a one-step pericyclic ring-closure reaction without involve-
ment of intermediates.

Some additional calculations (on lower levels of theory)
for the ring-closure reaction of the experimentally studied
systems (E)-4b and (Z)-4b as anions, as well as neutral sys-
tems including lithium cations as counterions, came to simi-
lar conclusions as the model calculations described above.

Conclusion

In this report, we describe a novel, straightforward
method for the preparation of various differently substi-
tuted 4,5-dihydro-3H-benzo[c]azepines 6a�k by depro-
tonation of the corresponding [2-(alkenyl)benzylidene]am-
ines 4b�d with amide bases, and addition of electrophiles.
The reaction proceeds smoothly on warming the lithiated
imine 4 from �78 °C to room temperature. The imines 4
were prepared from 2-bromobenzaldehyde (1) by Wittig ole-
fination, formylation using DMF, and subsequent conden-
sation with benzylamine. The ring-closure reaction is inter-
preted in terms of an anionic 1,7-electrocyclization reaction
involving benzo-annulated 2-azaheptatrienyllithium com-
pounds. This reaction and the subsequent addition of the
electrophile proceed with excellent diastereoselectivity, de-
termined by the (E) or (Z) configuration of the imines
4a�d. The corresponding allylimines 4e,f do not give nine-
membered heterocycles 7, but rather the corresponding 3-
vinyl-4,5-dihydro-3H-benzo[c]azepines 6l,m. Structures of
several compounds 6 in the solid state, as determined by X-
ray crystallography, show variable ring conformations de-
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pending on the substitution pattern and relative configura-
tion. A 14-membered ring dimer 8 was isolated in low yield,
and characterized by X-ray crystallography. High-level
quantum chemical calculations on model anions 9 and 10,
which serve as models of of possible intermediates and tran-
sition states, are in good agreement with the pericyclic
mechanism suggested for the ring-closure reaction.

Experimental Section

Materials and Methods: IR: Nicolet FT-IR 5DXC, 1H NMR:
Bruker WM 300 (300.13 MHz), AMX 400 (400.13 MHz) and
Varian Unity plus (599.86 MHz), internal reference tetramethylsil-
ane. 13C NMR: Bruker WM (75.47 MHz), Varian Unity Plus
(150.85 MHz), internal reference tetramethylsilane or solvent. GC:
Hewlett-Packard 6890 with HP5 quartz capillary (30 m). GC/MS:
Varian MAT CH7A with GC Varian 3400 plus data system SS 200;
Varian MAT 8230 with GC Varian 3400 plus data system SS300.
CHN: Perkin-Elmer Dia CHN 240. Column chromatography: Sil-
ica gel 60 (Merck), 0.063�0.200 mm. Melting points (uncorrected):
Büchi B-540. All solvents were rigorously dried by standard meth-
ods. When necessary, the experiments were carried out with com-
plete exclusion of moisture (argon, septum-syringe technique) in
glassware that had been thoroughly dried by repeated heating un-
der argon and subsequent evacuation. The 2-(alkenyl)bromobenz-
enes 2a,[13] 2b, 2d,[14] 2c[26] were prepared by Wittig olefination of
2-bromobenzaldehyde (1) in accordance and analogy to literature
procedures. Pure (E) isomer (E)-2b was obtained upon isomeriz-
ation of (E,Z)-2b in the presence of iodine.[14] The 2-alkenylbenzal-
dehydes 3a,[13] 3b, 3d,[14] 3c[27] were prepared by formylation of the
compounds 2a�d using n-butyllithium and dimethylformamide ac-
cording to a literature procedure.[13] For the preparation of (E)-3b
pure (E)-2b was used.

General Procedure for the Synthesis of 4a�d: 1 equiv. of the 2-
(alkenyl)benzaldehyde 3 was added to 1 equiv. of benzylamine in
the presence of molecular sieves (4 Å) in 15 mL of dry dichloro-
methane in analogy to a published procedure.[15] After 16 h of stir-
ring at room temperature, the molecular sieves were removed by
filtration and carefully washed with 25 mL of dichloromethane.
The solvent was removed under reduced pressure and the product,
if necessary, was purified by kugelrohr distillation or crystallisation.
Benzyl(2-vinylbenzylidene)amine (4a) was prepared form 3a as re-
ported in ref.[15]

(E,Z)-Benzyl(2-propenylbenzylidene)amine [(E,Z)-4b]: The imine
was prepared from 1.17 g (8.0 mmol) of (E/Z)-2-(1-propenyl)benz-
aldehyde (3b) and 0.85 g (8.0 mmol) of benzylamine in dichloro-
methane. After removal of the molecular sieves, the solvent was
evaporated under reduced pressure to give 4b (1.83 g, 7.7 mmol,
96%) as a colorless liquid. (Z)/(E) ratio � 1:0.55. IR (film): ν̃ �

3091 cm�1 (m, CHarom.,olef.), 3070 (m, CHarom.,olef.), 3021 (s,
CHarom.,olef.), 2940 (m, CHaliph.), 2905 (m, CHaliph.), 2878 (m,
CHaliph.), 2864 (m, CHaliph.), 1632 (vs, C�N), 1590 (m), 1487 (m),
1473 (w), 1446 (s), 1370 (m), 1349 (w), 1281 (m), 1026 (m), 964
(m), 757 (s), 696 (s). 1H NMR (300.13 MHz, CDCl3): δ � 1.65
(dd, 3J � 6.92, 4J � 1.91 Hz, 3 H, CH3, Z), 1.91 (dd, 3J � 6.67,
4J � 1.90 Hz, 3 H, CH3, E), 4.79 (d, 4J � 1.43 Hz, 2 H, N�CH2,
Z), 4.83 (d, 4J � 1.43 Hz, 2 H, N�CH2, E), 5.92 (dq, 3J � 6.92,
3J � 11.21 Hz, 1 H, CH�CH�CH3, Z), 6.06 (dq, 3J � 6.68, 3J �

15.49 Hz 1 H, CH�CH�CH3, E), 6.65 (m, 3J � 11.21 Hz, 1 H,
CH�CH�CH3, Z), 6.88 (m, 3J � 15.50 Hz, 1 H, CH�CH�CH3,
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E), 7.16�7.40 (m, 8 H, CHarom., E/Z), 7.93 (m, 1 H, CHarom., E),
8.07 (m, 1 H, CHarom., Z), 8.58 (d, 4J � 1.43 Hz, 1 H, N�CH, Z),
8.72 (t, 4J � 1.43 Hz, 1 H, N�CH, E) ppm. 13C NMR (75.47 MHz,
CDCl3): δ � 14.48 (CH3, Z), 19.25 (CH3, E), 65.77 (N�CH2, Z),
65.83 (N�CH2, E), 122.77 (CH�CH�CH3, Z), 127.26, 127.49,
127.83, 128.13, 128.34, 128.87, 129.58, 130.08, 130.42, 130.73
(Carom., CH�CHCH3, E/Z), 133.20, 134.23, 138.53, 139.00, 140.01
(Cipso, E/Z), 161.02 (N�CH, Z), 161.30 (N�CH, E) ppm. MS (70
eV): m/z (%) � 235 (2) [M�], 220 (80) [M� � CH3], 144 (3) [M�

� PhCH2], 129 (6), 115 (8), 91 (100) [PhCH2
�], 65 (10). C17H17N

(235.3): calcd. C 86.77, H 7.28, N 5.95; found C 86.34, H 7.03,
N 5.63.

(E)-Benzyl(2-propenylbenzylidene)amine [(E)-4b]: 0.73 g (5.0 mmol)
of (E)-3b[14] and 0.53 g (5.0 mmol) of benzylamine were mixed to-
gether in dry dichloromethane (20 ml) and stirred in the presence
of molecular sieves (4 Å) at room temperature for 16 h. The molec-
ular sieves were removed by filtration and washed with dichloro-
methane (20 ml). The solvent was removed in vacuo to afford (E)-
4b (1.10 g, 4.7 mmol, 95%) as brownish oil. IR (film): ν̃ � 3014
cm�1, 3000 (m, CHarom.,olef.), 2867, 2850 (m, CHaliph.), 1616 (vs,
C�N), 1579 (m), 1475(m), 1428 (s), 1359 (s), 1326 (s), 1270 (s),
1014 (s), 950 (s), 742 (s), 725 (s), 688 (s). 1H NMR (300.13 MHz,
CDCl3): δ � 1.87 (dd, 3J � 6.68, 4J � 1.67 Hz, 3 H, CH3), 4.80
(d, 4J � 1.19 Hz, 2 H, N�CH2), 6.02 (dq, 3J � 6.68, 3J � 15.73
Hz, 1 H, CH�CH�CH3), 6.84 (m, 3J � 15.74 Hz, 1 H, CH�

CH�CH3), 7.21�7.38 (m, 8 H, CHarom.), 7.90 (m, 1 H, CHarom.),
8.70 (s, 1 H, N�CH) ppm. 13C NMR (75.47 MHz, CDCl3): δ �

18.71 (CH3), 65.30 (N�CH2), 126.78, 126.83 (CH�CHCH3),
127.06, 127.63, 127.78, 127.81, 128.35, 129.80, 130.20, 132.68,
138.46, 139.47, 160.46 (N�CH) ppm. MS (70 eV): m/z (%) � 235,
220 (67), 144 (4), 129 (5), 115 (10), 91 (100), 77 (3), 65 (13) ppm.
C17H17N (235.32): calcd. C 86.77, H 7.28, N 5.95; found C 86.33,
H 7.62, N 6.02.

(E,Z)-Benzyl(2-pent-1-enylbenzylidene)amine [(E,Z)-4c]: The imine
was prepared from 1.74 g (10.0 mmol) of (E,Z)-3c and 1.07g (10.0
mmol) of benzylamine in dichloromethane. After removal of the
molecular sieves, the solvent was evaporated under reduced press-
ure to give 3c (2.12 g, 8.0 mmol, 80%) as a colorless liquid. (Z)/(E)
ratio � 1:0.5. IR (film): ν̃ � 3085 cm�1 (w, CHarom.,olef.), 3062 (m,
CHarom.,olef.), 3026 (m, CHarom.,olef.), 2958 (s, CHaliph.), 2929 (m,
CHaliph.), 2871 (m, CHaliph.), 1637 (vs, C�N), 1596 (m), 1494 (m),
1452 (s), 1377 (m), 1342 (w), 1286 (m), 1226 (w), 1028 (m), 964
(m), 798 (w), 754 (s), 696 (s). 1H NMR (300.13 MHz, CDCl3): δ �

0.85 (t, 3J � 8.83 Hz, 3 H, CH3, Z), 0.97 (t, 3J � 7.40 Hz, 3 H,
CH3, E), 1.38 (m, 2 H, CH2, Z), 1.52 (m, 2 H, CH2, E), 2.00 (m,
3J � 7.39 Hz, 2 H, CH2, Z), 2.22 (m, 3J � 6.91 Hz, 2 H, CH2, E),
4.80 (s, 2 H, N�CH2, Z), 4.83 (s, 2 H, N�CH2, E), 5.83 (dt, 3J �

7.39, 3J � 11.44 Hz, 1 H, CH�CH�CH3, Z), 6.05 (dt, 3J � 6.91,
3J � 15.50 Hz, 1 H, CH�CH�CH3, E), 6.63 (d, 3J � 11.45 Hz,
CH�CH�CH3, 1 H, Z), 6.86 (d, 3J � 15.49 Hz, CH�CH�CH3,
1 H, E), 7.10�7.40 (m, 8 H, CHarom., E/Z), 7.92 (d, 1 H, CHarom.,
E), 8.06 (d, 1 H, CHarom., Z), 8.61 (s, 1 H, N�CH, Z), 8.72 (s, 1
H, N�CH, E) ppm. 13C NMR (75.47 MHz, CDCl3): δ � 14.48
(CH3, Z), 19.25 (CH3, E), 65.77 (N�CH2, Z), 65.83 (N�CH2, E),
122.77 (CH�CH�CH3), 127.26, 127.49, 127.83, 128.13, 128.34,
128.87, 129.58, 130.08, 130.42, 130.73 (Carom.), 133.20, 134.23,
138.53, 139.00, 140.01 (Cipso), 161.02 (N�CH, Z), 161.30 (N�CH,
E) ppm. GC-MS (70 eV): m/z (%) � 263 (2) [M�], 248 (5) [M� �

CH3], 220 (35) [M� � C2H5
�], 172 (30) [M� � PhCH2], 129 [M�

� PhCH2 � C2H5], 115 (8), 91 (100) [PhCH2
�], 65 (12). C19H21N

(263.3). C 86.65, H 8.04, N 5.32; found C 86.33, H 8.20, N 5.00.
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(E)-Benzyl(2-styrylbenzylidene)amine [(E)-4d]: The imine was pre-
pared from 1.04 g (5.0 mmol) of 3d and 0.53 g (5.0 mmol) of ben-
zylamine in dichloromethane. After removal of the molecular si-
eves, the solvent was evaporated under reduced pressure to give
(E)-4d (1.34 g, 4.5 mmol, 90%) as a yellow solid. M.p. 115 °C. IR
(film): ν̃ � 3091 cm�1 (m, CHarom.,olef.), 3070 (m, CHarom.,olef.), 3021
(s, CHarom.,olef.), 2940 (m), 2905 (m, CHaliph.), 2878 (m, CHaliph.),
2864 (m, CHaliph.), 1632 (vs, C�N), 1590 (m), 1487 (m), 1473 (w),
1446 (s), 1370 (m), 1349 (w), 1281 (m), 1026 (m), 964 (m), 757 (s),
696 (s). 1H NMR (300.13 MHz, CDCl3): δ � 4.77 (s, 2 H,
N�CH2), 6.85 (d, 3J � 16.22 Hz, 1 H, PhCH), 7.10�7.40 (m, 12
H, CHarom., PhCH) 7.50 (m, 1H , CHarom.), 7.65 (m, 1 H, CHarom.),
7.80 (m, 1 H, CHarom.), 8.68 (s, 1 H, N�CH) ppm. 13C NMR
(75.47 MHz, CDCl3): δ � 65.55 (N�CH2), 125.97, 126.70, 126.80,
127.60, 127.83, 128.00, 128.48, 128.64, 128.73, 129.09, 130.28,
132.24, (Carom.), 133.48, 137.32, 137.82, 139.44, (Cipso), 160.64 (N�

CH) ppm. MS (70 eV): m/z (%) � 297 (10) [M�], 220 (75) [M� �

Ph], 208 (32), 178 (34) 165 (10), 128 (6), 91 (100) [PhCH2
�], 65

(10). C22H19N (297.3): calcd. C 88.85, H 6.44, N 4.71; found C
88.69, H 6.07, N 4.66.

(E,Z)-Allyl(2-propenylbenzylidene)amine [(E,Z)-4e]: The imine was
prepared from 1.17 g (8.0 mmol) of (E,Z)-3b and 0.46 g (8.0 mmol)
of allylamine in dichloromethane. After removal of the molecular
sieves, the solvent was evaporated under reduced pressure. The
crude product was purified by kugelrohr distillation (80 °C/3 �

10�3 mbar) to give (E,Z)-4e (1.42 g, 7.7 mmol, 96%) as a colorless
liquid. (Z)/(E) ratio � 1:0.5. IR (film): ν̃ � 3070 cm�1 (m,
CHarom.,olef.), 3050 (m, CHarom.,olef.), 2974 (m, CHaliph.), 2919 (m,
CHaliph.), 2878 (s, CHaliph.), 2816 (m, CHaliph.), 1652 (vs, C�N),
1597 (m), 1473 (m), 1446 (s), 1356 (s), 1315 (w), 1288 (m), 1033
(m), 1012 (m), 971 (m), 923 (s), 813 (w), 764 (s), 716 (m). 1H NMR
(300.13 MHz, CDCl3): δ � 1.63 (dd, 3J � 6.92, 4J � 1.91 Hz, 3
H, CH3, Z), 1.91 (dd, 3J � 6.67, 4J � 1.90 Hz, 3 H, CH3, E), 4.25
(m, 4J � 1.67 Hz, 2 H, N�CH2, E/Z), 5.20 (m, 2J � 1.91, 3J �

10.26, 3J � 17.24 Hz, 2 H, CH�CH2, E/Z), 5.92 (dq, 3J � 7.15,
3J � 11.44 Hz, 2 H, CH�CH�CH3, Z, CH�CH2), 6.07 (m, 2 H,
CH�CH�CH3, E, CH�CH2), 6.65 (d, 3J � 11.44 Hz, 1 H, CH�

CH�CH3, Z), 6.88 (m, 3J � 15.50 Hz, 1 H, CH�CH�CH3, E),
7.10�7.41 (m, 3 H, CHarom., E/Z), 7.90 (m, 1 H, CHarom., E), 8.02
(m, 1 H, CHarom., Z), 8.48 (s, 1 H, N�CH, Z), 8.63 (s, 1 H, N�

CH, E) ppm. 13C NMR (75.47 MHz, CDCl3): δ � 13.95 (CH3, Z),
14.25 (CH3, E), 63.80 (N�CH2, Z), 63.87 (N�CH2, E), 115.84
(CH�CH2) 126.65, 126.80, 126.90, 126.96, 127.06, 127.40, 127.48,
127.77, 128.92, 129.13, 129.64, 129.94, 129.26, (Carom.), 133.80,
(Cipso), 136.13 (CH�CH2), 138.00, 138.48, (Cipso), 160.53 (N�CH,
Z), 160.88 (N�CH, E) ppm. MS (EI): m/z (%) � 185 (68) [M�],
171 (12), 158 (20), 157 (18), 144 (43), 131 (100). C13H15N (185.3):
calcd. C 84.28, H 8.16, N 7.56; found C 83.77, H 8.45, N 7.24.

(E,Z)-Allyl(2-pent-1-enylbenzylidene)amine [(E,Z)-4f]: The imine
was prepared from 1.74 g (10.0 mmol) of (E,Z)-3c and 0.57g (10.0
mmol) of allylamine in dichloromethane. After removal of the mo-
lecular sieves, the solvent was evaporated under reduced pressure
to give 4f (1.93 g, 9.0 mmol, 90%) as a colorless liquid. (Z)/(E)
ratio � 1:0.4. IR (film): ν̃ � 3062 cm�1 (m, CHarom.,olef.), 3014 (s,
CHarom.,olef.), 2933 (s, CHaliph.), 2912 (m, CHaliph.), 2875 (m,
CHaliph.), 2817 (m, CHaliph.), 1641 (vs, C�N), 1596 (m), 1477 (m),
1444 (s), 1375 (m), 1315 (m), 1288 (m), 1107 (w), 1022 (m), 991
(m), 964 (m), 918 (s), 810 (w), 761 (s), 713 (w). 1H NMR (300.13
MHz, CDCl3): δ � 0.85 (t, 3J � 7.39 Hz, 3 H, CH3, Z), 0.97 (t,
3J � 7.40 Hz, 3 H, CH3, E), 1.38 (m, 3J � 7.39 Hz, 2 H, CH2, Z),
1.52 (m, 3J � 7.40 Hz, 2 H, CH2, E), 2.02 (m, 3J � 7.39, 4J � 1.67
Hz, 2 H, CH2, Z), 2.22 (m, 3J � 7.16, 4J � 1.67 Hz, 2 H, CH2,
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E), 4.25 (m, 2 H, N�CH2, E/Z), 5.15 (m, 2J � 1.67, 3J � 10.25
Hz, 1 H, CH�CHcis, E/Z), 5.25 (m, 2J � 1.67, 3J � 17.16 Hz, 1
H, CH�CHtrans, E/Z), 5.83 (dt, 3J � 7.39, 3J � 11.44 Hz, 1 H,
CH�CH�CH2, Z), 6.05 (m, 1 H, CH�CH�CH2, E, and 1 H,
CH�CH2, E/Z), 6.63 (m, 3J � 11.45 Hz, 1 H, CH�CH�CH3, Z),
6.86 (m, 3J � 15.49 Hz, 1 H, CH�CH�CH3, E), 7.10�7.43 (m, 3
H, CHarom., E/Z), 7.90 (m, 1 H, CHarom., E), 8.03 (m, 1 H, CHarom.,
Z), 8.50 (s, 1 H, N�CH, Z), 8.63 (s, 1 H, N�CH, E) ppm. 13C
NMR (75.47 MHz, CDCl3): δ � 14.12 (CH3, Z), 14.35 (CH3, E),
22.86 (CH2), 23.34 (CH2), 30.91 (CH2, Z), 35.79 (CH2, E), 64.17
(N�CH2, Z), 64.26 (N�CH2, E), 116.25 (CH�CH2), 126.82,
126.92, 127.02, 127.45, 127.88, 128.39, 130.02, 130.35, 130.63
(Carom., E/Z), 133.29 (Cipso), 134.19 (Cipso), 135.42, 135.76, 136.50
(Carom., E/Z), 138.80, 138.97, (Cipso), 160.98 (N�CH, Z), 161.27
(N�CH, E) ppm. MS (70 eV): m/z (%) � 213 (10) [M�], 198 (7)
[M� � CH3], 183 (23) [M� � C2H5

�], 170 (100) [M� � C3H7
�],

130 (35), 113 (28), 91 (8), 77 (10). C15H19N (213.3): calcd. C 84.46,
H 8.98, N 6.57; found C 84.03, H 9.12, N 6.47.

(E)-Allyl(2-styrylbenzylidene)amine [(E)-4g]: The imine was pre-
pared from 1.04 g (5.0 mmol) of (E)-3d and 0.28 g (5.0 mmol) of
allylamine in dichloromethane. After removal of the molecular si-
eves, the solvent was evaporated under reduced pressure to give
(E)-4g (1.13 g, 4.5 mmol, 88%) as a yellow solid. M.p. 88 °C. IR
(KBr): ν̃ � 3091 cm�1 (m, CHarom.,olef.), 3070 (m, CHarom.,olef.),
3021 (s, CHarom.,olef.), 2940 (m, CHaliph.), 2905 (m, CHaliph.), 2878
(m, CHaliph.), 2864 (m, CHaliph.), 1632 (vs, C�N), 1590 (m), 1487
(m), 1473 (w), 1446 (s), 1370 (m), 1349 (w), 1281 (m), 1026 (m),
964 (m), 757 (s), 696 (s). 1H NMR (300.13 MHz, CDCl3): δ � 4.30
(m, 4J � 1.43 Hz, 2 H, N�CH2), 5.19 (m, 2J � 1.91, 3J � 10.25
Hz, 1 H, CH�CHcis), 5.21 (m, 2J � 1.91, 3J � 17.17 Hz, 1 H,
CH�CHtrans), 6.10 (m, 3J � 10.25, 3J � 17.17 Hz, 1 H, CH�CH2),
6.95 (d, 3J � 16.21 Hz, 1 H, PhCH), 7.25�7.90 (m, 10 H, CHarom.,

PhCH), 8.68 (s, 1 H, N�CH) ppm. 13C NMR (75.47 MHz,
CDCl3): δ � 63.95 (N�CH2), 115.91 (CH�CH2), 125.72, 126.69,
126.80, 127.57, 127.88, 128.31, 128.68, 130.30, 132.48, (Carom.,
PhCH), 133.50 (Cipso), 136.00 (Carom.), 137.31, 137.88 (Cipso),
160.51 (CH�N) ppm. MS (70 eV): m/z (%) � 235 (2) [M�], 220
(80) [M� � CH3], 144 (3) [M� � PhCH2], 129 (6), 115 (8), 91 (100)
[PhCH2

�], 65 (10). C18H17N (247.3): calcd. C 87.41, H 6.93, N
5.66; found C 86.80, H 6.93, N 5.22.

X-ray Crystal Structure Analysis of (E)-4g:[16] Formula C18H17N,
M � 247.33, colorless crystal, 0.25 � 0.10 � 0.05 mm, a �

5.586(1), b � 8.654(1), c � 14.630(1) Å, β � 99.47(1)°, V �

697.6(2) Å3, ρcalcd. � 1.177 g·cm�3, µ � 0.68 cm�1, empirical ab-
sorption correction (0.983 � T � 0.997), Z � 2, monoclinic, space
group P21 (No. 4), λ � 0.71073 Å, T � 198 K, ω and ϕ scans,
7140 reflections collected (�h, �k, �l), [(sinθ)/λ] � 0.65 Å�1, 3144
independent (Rint � 0.052) and 1901 observed reflections [I � 2
σ(I)], 172 refined parameters, R � 0.063, wR2 � 0.124, max. re-
sidual electron density 0.20 (�0.26) e·Å�3, hydrogen atoms calcu-
lated and refined as riding atoms.

General Procedure for the Synthesis of 4,5-Dihydro-3H-benzo[c]-
azepines 6: For the deprotonation of the benzaldimines 4 the sep-
tum-syringe technique was applied. Lithium diisopropylamide
(LDA) was freshly prepared under argon from 1.2 equiv. (1�2
mmol) of diisopropylamine and 1.1 equiv. of n-butyllithium (1.6 

in n-hexane) at �40 °C in dry THF; 1 equiv. of the benzaldimines
4 was dissolved in 10 mL of THF and added dropwise over a period
of 30 min to the LDA solution at �78 °C. After 1 h of stirring at
�78 °C, the reaction mixture was warmed up to 0 °C and was kept
at this temperature for another 30 min. The reaction mixture was
then treated with a surplus of the respective electrophile. After
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aqueous work up and extraction with diethyl ether, the combined
organic layers were dried with magnesium sulfate. The solvent was
evaporated under reduced pressure and the crude product was puri-
fied by column chromatography [silica gel; petroleum ether (PE)/
ethyl acetate (EA), 5:1 to 10:1].

(3R*,4S*)-4-Methyl-3-phenyl-4,5-dihydro-3H-benzo[c]azepine
[(3R*,4S*)-6a]: The imine (E,Z)-4b (352 mg, 1.50 mmol) was de-
protonated with 1.07 equiv. of LDA (1.60 mmol) in 30 mL of THF.
After warming to 0 °C, the reaction mixture was poured into a
sodium bicarbonate solution (10%; 200 ml). After extraction with
diethyl ether and evaporation of the solvent under reduced pres-
sure, the crude product was purified by column chromatography
(silica gel; petroleum ether/ethyl acetate, 10:1). (3R*,4S*)-6a (147
mg, 0.62 mmol, 42%) was isolated as a colorless powder. Rf � 0.15
(silica gel; PE/EA, 10:1). M.p. 85 °C. IR (KBr): ν̃ � 3060 cm�1 (m,
CHarom.), 3024 (m, CHarom.), 2956 (s, CHaliph.), 2927 (s, CHaliph.),
2869 (m, CHaliph.), 2850 (m), 1693 (w), 1620 (s, C�N), 1600 (m),
1571 (m), 1492 (m), 1450 (s), 1375 (m), 1311 (w), 1218 (m), 1191
(m), 1112 (w), 1074 (w), 1029 (w), 964 (m), 943 (m), 923 (m), 896
(m), 848 (w), 752 (s), 725 (s), 702 (s), 657 (w), 648 (m), 601 (s).
1H NMR (600 MHz, CDCl3): δ � 0.86 (d, 3J � 6.52 H, 3 Hz,
PhCH2CHCH3), 2.42 (dd, 3J � 2.82, 2J � 12.50 Hz, 1 H, PhCH2),
2.80 (m, 3J � 6.63 Hz, 2 H, PhCH2, CH2CH�CH3), 4.44 (d, 3J �

3.16 Hz, 1 H, PhCH�N), 7.20�7.50 (m, 9 H, CHarom.), 8.76 (s, 1
H, CH�N) ppm. 13C NMR (75.47 MHz, CDCl3): δ � 18.02
(CH3), 41.45 (CH2), 49.12 (CH�CH3), 68.53 (PhCH),
120.50�130.78 (Carom.), 136.52, 140.24, 142.77 (Cipso), 164.52
(CH�N) ppm. MS (70 eV): m/z (%) � 235 (90) [M�], 206 (5) [M�

� C2H5], 165 (5), 131 (100) [C9H9N�], 115 (22) [C8H8N�], 91 (28)
[C7H7

�], 77 (8). C17H17N (235.3): calcd. C 86.77, H 7.28, N 5.95;
found C 86.34, H 7.03, N 5.63.

As a byproduct in very little yield crystals of 6,13-dimethyl-
7,14-diphenyl-3,4;10,11-dibenzo-1,8-diazacyclotetradeca-1,3,8,10-
tetraene (8) were isolated.

X-ray Crystal Structure Analysis of 8:[16] Formula C34H34N2, M �

470.63, colorless crystal, 0.60 � 0.40 � 0.25 mm, a � 12.465(1),
b � 9.641(1), c � 21.937(1) Å, V � 2636.3(4) Å3, ρcalcd. � 1.186 g
cm�3, µ � 5.20 cm�1, empirical absorption correction with ψ-scan
data (0.746 � T � 0.881), Z � 4, orthorhombic, space group Pbca
(No. 61), λ � 1.54178 Å, T � 223 K, ω/2θ scans, 2679 reflections
collected (�h, �k, �l), [(sinθ)/λ] � 0.62 Å�1, 2679 independent
and 2224 observed reflections [I � 2 σ(I)], 165 refined parameters,
R � 0.039, wR2 � 0.117, max. residual electron density 0.17
(�0.15) e·Å�3, hydrogen atoms calculated and refined as riding
atoms.

4,5-Dimethyl-3-phenyl-4,5-dihydro-3H-benzo[c]azepines [(3R*,4S*,
5S*)-6b) and [(3R*,4R*,5R*)-6b]: From (E,Z)-4b (252 mg, 1.1
mmol), LDA (1.18 mmol) and methyl iodide (340 mg, 2.4 mmol).
The crude product was purified by column chromatography (silica
gel; petroleum ether/ethyl acetate, 10:1). Two diastereomeric iso-
mers (3R*,4S*,5S*)-6b (120 mg, 48%) and (3R*,4R*,5R*)-6b (35
mg, 0.14 mmol, 13%) were isolated as colorless oils. Rf � 0.23, 0.15
(silica gel; PE/EA, 10:1). Analytical data for (3R*,4S*,5S*)-6b: IR
(film): ν̃ � 3062 cm�1 (m, CHarom.), 3026 (m, CHarom.), 2968 (s,
CHaliph.), 2929 (s, CHaliph.), 2879 (CHaliph.), 1770 (w), 1712 (m),
1654 (s, C�N), 1622 (s), 1571 (m), 1533 (w), 1492 (m), 1450 (s),
1380 (m), 1272 (m), 1215 (m), 1188 (m), 1126 (w), 1101 (w), 1060
(w), 1029 (m), 975 (w), 945 (m), 898 (m), 757 (s), 725 (s), 702 (s),
667 (m). 1H NMR (600 MHz, CDCl3): δ � 0.89 [d, 3J � 6.68 Hz,
3 H, PhCH(CH3)CHCH3], 1.41 [d, 3J � 6.68 Hz, 3 H,
PhCH(CH3)CHCH3], 2.30 [m, 3J � 2.15, 3J � 6.68 Hz, 1 H,
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PhCH(CH3)CHCH3], 2.58 [m, 3J � 6.67, 3J � 2.14 Hz, 1 H,
PhCH(CH3)CHCH3] 4.48 (m, 3J � 2.14 Hz, 1 H, PhCH�N),
7.10�7.55 (m, 9 H, CHarom.), 8.65 (d, 3J � 2.15 Hz, 1 H, CH�N)
ppm. 13C NMR (75.47 MHz, CDCl3): δ � 13.48
[PhCH(CH3)CHCH3] 17.64 [PhCH(CH3)CHCH3], 41.82
[PhCH(CH3)CH], 54.92 [PhCH(CH3)CH], 68.37 (PhCH�N),
126.56, 126.62, 127.30, 127.83, 128.47, 128.71, 130.36, (Carom.),
135.06, 143.21, 144.11 (Cipso), 162.88 (CH�N) ppm. MS (70 eV):
m/z (%) � 249 (50) [M�], 213 (18), 145 (50) [C11H13

�], 127 (100),
115 (10) [C8H8N�], 91 (28) [C7H7

�], 77 (8), 57 (44). C18H19N
(249.3): calcd. C 86.70, H 7.68, N 5.62; found C 85.94, H 7.66, N
5.50. For analytical data of (3R*,4R*,5R*)-6b see below.

(3R*,4R*,5R*)-4,5-Dimethyl-3-phenyl-4,5-dihydro-3H-benzo[c]-
azepine [(3R*,4R*,5R*)-6b]: From (E)-4b (235 mg, 1.00 mmol),
LDA (1.10 mmol), and methyl iodide (300 mg, 2.00 mmol). The
crude product was purified by flash chromatography (pentane/ethyl
acetate, 10:1) to give (3R*,4R*,5R*)-6b (169 mg, 0.68 mmol, 68%)
as colorless solid, m.p. 113 °C, Rf � 0.31 (pentane/EA, 10:1). IR
(KBr): ν̃ � 3050 (w), 3030 (m, CHarom.,olef.), 2929 (w), 2906 (w),
2873 (m, CHaliph.), 1596 (s, C�N), 1469 (m), 1428 (s), 1346 (s),
1184 (s), 1051 (s), 987 (m), 941 (s), 919 (s), 883 (s), 754 (s), 690 (s).
1H NMR (400.13 MHz, CDCl3): δ� 0.81 [d, 3J � 7.12 Hz, 3 H,
PhCH(CH3)CHCH3], 1.31 [d, 3J � 7.37 Hz, 3 H,
PhCH(CH3)CHCH3], 2.50 [m, 3J � 1.52, 3J � 7.12, 3J � 11.19
Hz, 1 H, PhCH(CH3)CHCH3], 2.74 [m, 3J � 7.4, 3J � 1.53 Hz, 1
H, PhCH(CH3)CHCH3], 3.80 (m, 4J � 2.29, 3J � 11.19 Hz, 1 H,
PhCH�N�CH), 7.21�7.35 (m, 9 H, CHarom.), 8.60 (d, 4J � 2.29
Hz, 1 H) ppm. 13C NMR (100.62 MHz, CDCl3): δ � 20.69
[PhCH(CH3)CHCH3], 24.84 [PhCH(CH3)CHCH3], 47.08
[PhCH(CH3)CH], 54.58 [PhCH(CH3)CH], 71.71 (PhCH�N),
126.54, 126.73, 128.17, 128.19, 128.71, 130.05, 130.08, 132.73
(Carom.), 144.27 (Cipso), 145.33 (Cipso), 163.05 (CH�N) ppm. MS
(70 eV): m/z (%) � 249 (53), 213 (27), 145 (49), 127 (100), 91 (29).
C18H19N (249.35): calcd. C 86.70, H 7.68, N 5.62; found C 85.76,
H 7.73, N 5.92.

X-ray Crystal Structure Analysis of (3R*,4R*,5R*)-6b:[16] Formula
C18H19N, M � 249.34, colorless crystal, 0.40 � 0.25 � 0.20 mm,
a � 10.623(1), b � 12.487(1), c � 11.036(1) Å, β � 107.85(1)°, V �

1393.4(2) Å3, ρcalcd. � 1.189 g·cm�3, µ � 0.68 cm�1, no absorption
correction (0.973 � T � 0.986), Z � 4, monoclinic, space group
P21/c (No. 14), λ � 0.71073 Å, T � 198 K, ω and ϕ scans, 5550
reflections collected (�h, �k, �l), [(sinθ)/λ] � 0.66 Å�1, 3306 inde-
pendent (Rint � 0.044) and 2236 observed reflections [I � 2 σ(I)],
174 refined parameters, R � 0.057, wR2 � 0.114, max. residual
electron density 0.22 (�0.17) e·Å�3, hydrogen atoms calculated and
refined as riding atoms.

(3R*,4R*,5R*)-5-Ethyl-4-methyl-3-phenyl-4,5-dihydro-3H-benzo-
[c]azepine [(3R*,4R*,5R*)-6c]: From (E)-4b (235 mg, 1.00 mmol),
LDA (1.10 mmol), and ethyl bromide (220 mg, 2.00 mmol). The
crude product was purified by flash chromatography (pentane/ethyl
acetate, 10:1) to give (3R*,4R*,5R*)-6c (173 mg, 0.66 mmol, 66%)
as colorless solid, m.p. 100 °C, Rf � 0.24 (pentane/EA, 10:1). IR
(KBr): ν̃ � 3070 cm�1, 3050 (m, CHarom.), 2881 (m), 2854 (m,
CHaliph.), 1608 (s, C�N), 1467 (s), 1436 (s), 1349(s), 1182(s), 1058
(w), 1018 (w), 933 (w), 873 (w), 746 (s), 692 (s). 1H NMR (300.13
MHz, CDCl3): δ � 0.56 (t, 3J � 14.79 Hz, 3 H, CH2CH3), 0.72 (d,
3J � 7.15 Hz, 3 H, CH3), 1.64 (m, 2 H, CH2CH3), 2.33 (m, 1 H,
CH3CH2CH), 2.49 [m, 1 H, PhCH(CH3)CHCH2CH3], 3.75 (m,
4J � 1.9 Hz, 1 H, PhCH�N), 7.10�7.30 (m, 9 H, CHarom.), 8.50
(d, 4J � 1.9 Hz, 1 H, CH�N) ppm. 13C NMR (75.47 MHz,
CDCl3): δ � 13.25 (CH3), 21.51 (CH3), 31.74 (CH2CH3), 53.86
[PhCH(CH3)CHCH2CH3], 55.56 [PhCH(CH3)CHCH2CH3], 71.99
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(PhCH�N), 127.05, 127.21, 128.67, 128.67, 128.95, 130.12, 131.67,
133.35, 144.15, 144.85, 163.55 (CH�N) ppm. MS (70 eV): m/z
(%) � 263 (100), 234 (7), 220 (16), 193 (3), 159 (44), 117 (50), 91
(44), 77 (8), 57 (2). C19H21N (263.38): calcd. C 86.65, H 8.04, N
5.32; found C 86.46, H 7.92, N 5.15.

X-ray Crystal Structure Analysis of (3R*,4R*,5R*)-6c:[16] Formula
C19H21N, M � 263.37, colorless crystal, 0.40 � 0.20 � 0.10 mm,
a � 11.676(2), b � 11.250(1), c � 23.090(2) Å, β � 99.36(1)°, V �

2992.6(6) Å3, ρcalcd. � 1.169 g·cm�3, µ � 5.07 cm�1, no absorption
correction (0.823 � T � 0.951), Z � 8, monoclinic, space group
P21/c (No. 14), λ � 1.54178 Å, T � 223 K, ω/2θ scans, 5357 reflec-
tions collected (�h, �k, �l), [(sinθ)/λ] � 0.59 Å�1, 5086 indepen-
dent (Rint � 0.038) and 2208 observed reflections [I � 2 σ(I)], 366
refined parameters, R � 0.077, wR2 � 0.168, crystals are weakly
diffracting, leading to limited quality of data set and analysis,
asymmetric unit contains two nearly identical independent mol-
ecules, max. residual electron density 0.25 (�0.25) e·Å�3, hydrogen
atoms calculated and refined as riding atoms.

(3R*,4S*,5S*)-5-Allyl-4-methyl-3-phenyl-4,5-dihydro-3H-benzo-
[c]azepine [(3R*,4S*,5S*)-6d]: From (E,Z)-4b (235 mg, 1.00 mmol),
LDA (1.10 mmol) and allyl bromide (242 mg, 2.00 mmol). The
crude product was purified by column chromatography (silica gel;
petroleum ether/ethyl acetate, 10:1) (3R*,4S*,5S*)-6d (155 mg, 0.56
mmol, 56%) was isolated as yellow solid, m.p. 88 °C. Rf � 0.20
(silica gel; PE/EA, 10:1). IR (KBr): ν̃ � 3060 cm�1 (s, CHarom.,olef.),
3024 (m, CHarom.), 2972 (s, CHaliph.), 2927 (s, CHaliph.), 2877 (s,
CHaliph.), 1645 (s, C�N), 1622 (s), 1571 (m), 1492 (m), 1450 (s),
1415 (w), 1379 (m), 1342 (m), 1313 (m), 1267 (m), 1211 (m), 1178
(m), 1124 (w), 1076 (w), 1053 (w), 995 (m), 970 (m), 950 (m), 914
(s), 850 (w), 810 (w), 757 (s), 730 (s), 702 (s), 665 (m). 1H NMR
(600 MHz, CDCl3): δ � 0.75 (d, 3J � 6.96 Hz, 3 H, CH3), 2.42
[m, 3J � 7.04 Hz, 1 H, PhCH(CH2CH�CH2)CH], 2.58 (m, 2 H,
CH2�CH�CH2), 2.75 [dt, 3J � 6.41, 3J � 7.86 Hz, 1 H,
PhCH(CH2CH�CH2)CH], 4.76 (d, 3J � 6.41 Hz, 1 H, PhCH�N),
5.10 (m, 2 H, CH�CH2), 5.82 (m, 1 H, CH�CH2), 7.20�7.24 (m,
1 H, CHarom.), 7.31�7.46 (m, 8 H, CHarom.), 8.69 (s, 1 H, CH�

N) ppm. 13C NMR (75.47 MHz, CDCl3): δ � 13.02 (CH3), 38.03
(CH2�CH�CH2), 46.97 (CH�CH3), 48.70 [PhCH(CH2CH�

CH2)], 65.31 (PhCH�N), 116.83 (CH�CH2),126.22, 126.45,
127.37, 128.03, 128.70, 130.04, 131.15, (Carom.), 133.84 (CH�CH2),
142.43 (Cipso), 143.45 (Cipso), 162.00 (CH�N) ppm. MS (70 eV):
m/z (%) � 275 (15) [M�], 274 (35) [M� � H], 260 (40) [M� �

CH3], 232 (15), 218 (20) [M� � CH3 � H � C3H5], 172(18), 143
(85), 129 (100) [M� � C5H9 � Ph], 115 (50) [C8H8N�], 91 (30)
[C7H7

�], 77 (9). C20H21N (275.4): calcd. C 87.23, H 7.69, N 5.09;
found C 86.58, H 7.01, N 4.85.

X-ray Crystal Structure Analysis of (3R*,4S*,5S*)-6d:[16] Formula
C20H21N, M � 275.38, colorless crystal, 0.30 � 0.15 � 0.15 mm,
a � 6.705(1), b � 7.419(1), c � 16.359(1) Å, α � 79.39(1), β �

79.84(1), γ � 77.84(1)°, V � 773.9(2) Å3, ρcalcd. � 1.182 g·cm�3,
µ � 5.13 cm�1, no absorption correction (0.861 � T � 0.927), Z �

2, triclinic, space group P1̄ (No. 2), λ � 1.54178 Å, T � 223 K, ω
and ϕ scans, 5434 reflections collected (�h, �k, �l), [(sinθ)/λ] �

0.59 Å�1, 2615 independent (Rint � 0.028) and 2115 observed re-
flections [I � 2 σ(I)], 192 refined parameters, R � 0.039, wR2 �

0.100, max. residual electron density 0.17 (�0.15) e·Å�3, hydrogen
atoms calculated and refined as riding atoms.

(3R*,4R*,5R*)-5-Allyl-4-methyl-3-phenyl-4,5-dihydro-3H-benzo-
[c]azepine [(3R*,4R*,5R*)-6d]: From (E)-4b (235 mg, 1.00 mmol),
LDA (1.10 mmol), and allyl bromide (240 mg, 2.00 mmol). The
crude product was purified by flash chromatography (pentane/ethyl
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acetate, 100:8) to yield (3R*,4R*,5R*)-6d (198 mg, 0.72 mmol,
72%) as colorless viscous oil; Rf � 0.20 (pentane/EA, 10:1). IR
(film): ν̃ � 3080 (w), 3000 (m, CHarom.), 2915 (w), 2892 (m,
CHaliph.), 1687 (s), 1625 (s, C�N), 1535 (w), 1471 (w), 1438 (w),
1346 (w), 1278 (w), 1070 (w), 1006 (w), 975 (s), 906 (w), 750 (s),
696 (s). 1H NMR (300.13 MHz, CDCl3): δ � 0.71 (d, 3J � 6.92
Hz, 3 H, CH3), 2.30 [m, 1 H, PhCH(CH2CH�CH2)CH], 2.50 (m,
2 H, CH2�CH�CH2), 2.65 [m, 1 H, PhCH(CH2CH�CH2)CH],
3.72 (d, 3J � 11.2 Hz, 1 H, PhCH�N), 4.79 (m, 2 H, CH�CH2),
5.40 (m, 1 H, CH�CH2), 7.10�7.26 (m, 9 H, CHarom.), 8.52 (s, 1
H, CH�N) ppm. 13C NMR (75.47 MHz, CDCl3): δ � 20.79
(CH3), 42.27 (CH2�CH�CH2), 52.21 (CH�CH3), 52.73
[PhCH(CH2CH�CH2], 71.60 (PhCH�N), 116.22 (CH�CH2),
126.78, 127.37, 128, 128.23, 128.54, 129.88, 130.88, 133.09 (Carom.),
136.66 (CH�CH2), 143.19, 144.24, 163.26 (CH�N) ppm. MS (70
eV): m/z (%) � 275 (36), 260 (39), 232 (14), 218 (15), 193 (7), 146
(17), 129 (100), 115 (50), 91 (61), 77 (13), 55 (8). C20H21N (275.39):
calcd. C 87.23, H 7.69, N 5.09; found C 86.83, H 7.83, N 5.14.

(3R*,4S*,5S*)-5-Benzyl-4-methyl-3-phenyl-4,5-dihydro-3H-benzo-
[c]azepine [(3R*,4S*,5S*)-6e]: From (E,Z)-4b (235 mg, 1.00 mmol),
LDA (1.10 mmol) and benzyl bromide (340 mg, 2.00 mmol). The
crude product was purified by column chromatography (silica gel;
petroleum ether/ethyl acetate, 10:1). (3R*,4S*,5S*)-6e (155 mg,
0.56 mmol, 56%) was isolated as yellow oil, which contains small
amounts of a diastereomeric compound of unkown configuration.
Rf � 0.12 (silica gel; PE/EA, 10:1). IR (film): ν̃ � 3105 cm�1 (sh,
CHarom.), 3085 (m, CHarom.), 3032 (s, CHarom.), 2973 (s, CHaliph.),
2933 (s, CHaliph.), 1663 (s, C�N), 1630 (s), 1492 (m), 1453 (m),
1380 (m), 1308 (w), 1262 (w), 1189 (m), 1025 (m), 952 (m), 906
(m), 762 (m), 709 (s). 1H NMR (600 MHz, CDCl3): δ � 0.59 (d,
3J � 6.92 Hz, 3 H, CH3), 2.33 [m, 1 H, PhCH(PhCH2)CHCH3],
3.02 [m, 3 H, PhCH(PhCH2)CH], 4.89 (m, 1 H, PhCH�N),
7.10�7.40 (m, 14 H, CHarom.), 8.62 (s, 1 H, CH�N) ppm. 13C
NMR (75.47 MHz, CDCl3): δ � 13.07 (CH3), 41.25
[PhCH(PhCH2)CH], 44.71 [PhCH(PhCH2)CH�CH3], 50.84
[PhCH(PhCH2)CH], 65.20 (PhCH�N), 126.16, 126.54, 126.87,
127.35, 128.00, 128.11, 128.24, 128.55, 129.53, 129.96, 131.04,
132.31 (Carom., Cipso), 161.40 (CH�N) ppm. MS (70 eV): m/z (%) �

325 (100) [M�], 234 (22) [M� � C7H7], 205 (10), 193 (8), 165(5),
129 (25) [M� � C5H9,�Ph], 115 (13) [C8H8N�], 91 (68) [C7H7

�].
C24H23N (325.4): calcd. C 88.57, H 7.12, N 4.30; found C 87.56, H
7.42, N 4.07.

(3R*,4S*)-3-Phenyl-4-propyl-4,5-dihydro-3H-benzo[c]azepine
[(3R*,4S*)-6f]: (E,Z)-4c (263mg, 1.00 mmol) was deprotonated
with 1.10 equiv. of LDA (1.10 mmol) in 30 mL of dry THF. After
warming to 0 °C, the reaction mixture was poured into sodium
bicarbonate solution (10%; 200 ml). After extraction with diethyl
ether and evaporation of the solvent under reduced pressure, the
crude product was purified by column chromatography (silica gel;
petroleum ether/ethyl acetate, 10:1). (3R*,4S*)-6f (200 mg, 0.51
mmol, 51%) was isolated as a colorless powder. Rf � 0.27 (silica
gel; PE/EA, 10:1). M.p. 90 °C. IR (KBr): ν̃ � 3051 cm�1 (m,
CHarom.), 3026 (m, CHarom.), 2956 (s, CHaliph.), 2925 (s, CHaliph.),
2856 (m, CHaliph.), 1704 (m), 1689 (m), 1625 (m), 1608 (s, C�N),
1577 (m), 1512 (s), 1496 (m), 1456 (m), 1379 (m), 1330 (w), 1307
(m), 1263 (w), 1209 (m), 1170 (m), 1109 (m), 1043 (m), 1020 (m),
973 (w), 846 (w), 811 (m), 750 (s). 1H NMR (600 MHz, CDCl3):
δ � 0.77 (t, 3J � 7.16 Hz, 3 H, CH3), 1.05 (m, 1 H, CHCH2),
1.21�1.40 (m, 3 H, CH2CH2CH3, CH2CH2CH3), 2.38 (dd, 2J �

13.95, 3J � 10.89 Hz, 1 H, PhCH2CH), 2.69 (m, 3J � 10.89, 3J �

6.30, 3J � 5.63 Hz, 1 H, PhCH2CH), 2.84 (dd, 2J � 13.95, 3J �

6.49 Hz, 1 H, PhCH2CH), 4.50 (d, 3J � 3.73 Hz, 1 H, PhCH�N),
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7.20 (m, 1 H, CHarom.), 7.26�7.38 (m, 6 H, CHarom.), 7.46 (m, 2
H, CHarom.), 8.66 (s, 1 H, CH�N) ppm. 13C NMR (75.47 MHz,
CDCl3): δ � 14.01 (CH3), 20.04 (CH2CH3), 31.87 (CHCH2), 37.71
(PhCH2CH), 53.35 (PhCH2CH), 67.00 (PhCH�N), 126.20, 126.46,
127.51, 128.03, 128.18, 129.06, 129.79, 134.79 (Carom.), 140.37,
142.48 (Cipso), 162.77 (CH�N) ppm. MS (70 eV): m/z (%) � 263
(52) [M�], 220 (100) [M� � C3H7], 206 (10), 159 (28), 129 (58)
[C9H9N�], 117 (69), 106 (10), 91 (52) [C7H7

�], 77 (10), 65 (5).
C19H21N (263.3): calcd. C 86.65, H 8.04, N 5.32; found C 86.19, H
7.93, N 4.98.

X-ray Crystal Structure Analysis of (3R*,4S*)-6f:[16] Formula
C19H21N, M � 263.37, colorless crystal, 0.50 � 0.40 � 0.20 mm,
a � 7.599(1), b � 19.064(1), c � 10.413(1) Å, β � 94.73(1)°, V �

1503.4(3) Å3, ρcalcd. � 1.164 g·cm�3, µ � 5.04 cm�1, no absorption
correction (0.787 � T � 0.906), Z � 4, monoclinic, space group
P21/n (No. 14), λ � 1.54178 Å, T � 223 K, ω and ϕ scans, 4351
reflections collected (�h, �k, �l), [(sinθ)/λ] � 0.59 Å�1, 2537 inde-
pendent (Rint � 0.022) and 2253 observed reflections [I � 2 σ(I)],
183 refined parameters, R � 0.036, wR2 � 0.089, max. residual
electron density 0.15 (�0.13) e·Å�3, hydrogen atoms calculated and
refined as riding atoms.

(3R*,4S*,5S*)-5-Methyl-3-phenyl-4-propyl-4,5-dihydro-3H-benzo-
[c]azepine [(3R*,4S*,5S*)-6g]: From (E,Z)-4c (263 mg, 1.00 mmol),
LDA (1.10 mmol) and methyl iodide (284 mg, 2.00 mmol). The
crude product was purified by column chromatography (silica gel;
petroleum ether/ethyl acetate, 10:1). (3R*,4S*,5S*)-6g (136 mg,
0.49 mmol, 49%) was isolated as a colorless solid. Rf � 0.22 (silica
gel; PE/EA, 10:1). M.p. 92�94 °C. IR (KBr): ν̃ � 3060 (m,
CHarom.), 3024 (m, CHarom.), 2958 (s, CHaliph.), 2929 (s, CHaliph.),
2869 (s, CHaliph.), 1645 (m), 1622 (s, C�N), 1571 (m), 1492 (m),
1450 (s), 1377 (m), 1340 (m), 1303 (m), 1290 (m), 1213 (w), 1176
(w), 1101 (w), 1070 (w), 1029 (m), 983 (w), 952 (w), 916 (m), 898
(m), 759 (s), 736 (m), 702 (s). 1H NMR (600 MHz, CDCl3): δ �

0.55 (t, 3J � 7.29 Hz, 3 H, CH2CH2CH3), 0.78 (m, 1 H,
CH2CH2CH3), 0.93 (m, 1 H, CH2CH2CH3), 1.02 (m, 1 H,
CH2CH2CH3) 1.34 [d, 3J � 6.93 Hz, 3 H, PhCH(CH3)CH], 1.36
(m, 1 H, CH2CH2CH3), 2.10 [m, 3J � 6.93 Hz, 1 H,
PhCH(CH3)CH], 2.85 [m, 3J � 14.22, 3J � 7.11 Hz, 1 H,
PhCH(CH3)CH], 4.65 (m, 1 H, PhCH�N), 7.17 (m, 1 H, CHarom.),
7.22�7.35 (m, 6 H, Carom.), 7.42 (m, 2 H, Carom.), 8.54 (s, 1 H,
CH�N) ppm. 13C NMR (75.47 MHz, CDCl3): δ � 14.18
(CH2CH2CH3), 20.64 (CH2), 20.84 [PhCH(CH3)CH], 29.56 (CH2),
40.25 [PhCH(CH3)CH], 55.76 [PhCH(CH3)CH], 65.49
(PhCH�N), 126.14, 126.24, 127.34, 128.03, 128.08, 130.13, 130.80,
133.80 (Carom.), 143.96 (Cipso), 144.42, 161.65 (CH�N) ppm. MS
(70 eV): m/z (%) � 277 (43) [M�], 219 (35), 205 (5), 171 (10), 132
(100), 117 (5), 106 (18) 91 (28) [C7H7

�]. C20H23N (277.3): calcd. C
86.59. H 8.36, N 5.05; found C 86.19, H 7.93, N 4.98.

(3R*,4S*,5S*)-5-Ethyl-3-phenyl-4-propyl-4,5-dihydro-3H-benzo-
[c]azepine [(3R*,4S*,5S*)-6h]: From (E,Z)-4c (263 mg, 1.00 mmol),
LDA (1.10 mmol) and ethyl bromide (284 mg, 2.00 mmol). The
crude product was purified by column chromatography (silica gel;
petroleum ether/ethyl acetate, 10:1). (3R*,4S*,5S*)-6h (110 mg,
0.38 mmol, 38%) was isolated as a colorless oil. Rf � 0.15 (silica
gel; PE/EA, 10:1). IR (film): ν̃ � 3062 (m, CHarom.), 3026 (m,
CHarom.), 2964 (s, CHaliph.), 2931 (s, CHaliph.), 2873 (s, CHaliph.),
1710 (m), 1650 (s, C�N), 1602(m), 1575 (m), 1492 (m), 1450 (s),
1379 (m), 1342 (m), 1294 (m), 1253 (m), 1180 (w), 1116 (w), 1074
(w), 1029 (m), 986 (w), 958 (w), 916 (m), 892 (w), 829 (w), 757 (s),
727 (m), 702 (s). 1H NMR (600 MHz, CDCl3): δ � 0.57 (t, 3J �

7.12 Hz, 3 H, CH2CH2CH3), 0.82 (m, 2 H, CH2CH2CH3), 1.03 (t,
3J � 7.40 Hz, 3 H, CH2CH3), 1.04 (m, 1 H, CH2CH2CH3) 1.16
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(m, 1 H, CH2CH2CH3), 1.78 (m, 2 H, CH2CH3), 2.25 [m, 1 H,
PhCH(CH2CH3)CH2], 2.83 [dt, 3J � 14.52, 3J � 8.06 Hz, 1 H,
PhCH(CH2CH3)CH], 5.05 (m, 3J � 3.28 Hz, 1 H, PhCH�N), 7.24
(m, 1 H, CHarom.), 7.28�7.46 (m, 7 H, CHarom.), 7.51 (m, 1 H,
CHarom.), 8.54 (d, 3J � 3.28 Hz, 1 H, CH�N) ppm. 13C NMR
(75.47 MHz, CDCl3): δ � 12.19 (CH2CH2CH3), 13.95 (CH2CH3),
20.34 (CH2), 28.11 (CH2), 29.47 (CH2), 46.71
[PhCH(CH2CH3)CH], 48.99 [PhCH(CH2CH3)�CH(CH2CH2-
CH3)], 64.97 (PhCH�N), 126.11, 126.43, 127.44, 128.02, 128.08,
128.29, 130.22, 130.54, (Carom.), 132.86 (Cipso), 134.08 (Carom.),
143.50, 144.10 (Cipso), 160.94 (CH�N). MS (70 eV): m/z (%) � 291
(43) [M�], 219 (35), 205 (5), 171 (10), 132 (100), 117 (5), 106 (18)
91 (28) [C7H7

�]. C21H25N (291.4): calcd. C 86.55, H 8.65, N 4.81;
found C 85.98, H 8.81, N 4.70.

(3R*,4S*,5S*)-5-Allyl-3-phenyl-4-propyl-4,5-dihydro-3H-benzo-
[c]azepine [(3R*,4S*,5S*)-6i]: From (E,Z)-4c (394 mg, 1.50 mmol),
LDA (1.50 mmol) and allyl bromide (363 mg, 3.00 mmol). The
crude product was purified by column chromatography (silica gel;
petroleum ether/ethyl acetate, 10:1). (3R*,4S*,5S*)-6i (330 mg, 1.08
mmol, 72%) was isolated as a colorless solid, containing a second
diastereoemer of unknown configuration. Rf � 0.12 (silica gel; PE/
EA, 10:1). M.p. 97 °C. IR (KBr): ν̃ � 3062 (m, CHarom.), 3026 (m,
CHarom.), 2964 (s, CHaliph.), 2931 (s, CHaliph.), 2873 (s, CHaliph.),
1710 (m), 1650 (s, C�N), 1602(m), 1575 (m), 1492 (m), 1450 (s),
1379 (m), 1342 (m), 1294 (m), 1253 (m), 1180 (w), 1116 (w), 1074
(w), 1029 (m), 986 (w), 958 (w), 916 (m), 892 (w), 829 (w), 757 (s),
727 (m), 702 (s). 1H NMR (600 MHz, CDCl3): δ � 0.57 (t, 3J �

7.30 Hz, 3 H, CH2CH2CH3), 0.85 (m, 2 H, CH2CH2CH3), 1.12 (m,
2 H, CH2CH2CH3), 2.28 [m, 1 H, CH(CH2CH2CH3)], 2.52 [m, 2
H, PhCH(CH2CH�CH2)], 3.08 [m, 3J � 13.25, 3J � 7.40 Hz, 1
H, PhCH(CH2CH�CH2)CH], 5.07 (m, 1 H, PhCH�N), 5.15 (m,
2 H, CH�CH2), 5.88 (m, 1 H, CH�CH2) 7.24 (m, 2 H, CHarom.),
7.30�7.40 (m, 5 H, CHarom.), 7.44 (d, 3J � 7.20 Hz, 1 H, Carom.),
7.50 (m, 1 H, CHarom.), 8.59 (s, 1 H, CH�N) ppm. 13C NMR
(75.47 MHz, CDCl3): δ � 13.94 (CH2CH2CH3), 20.32 (CH2), 27.99
(CH2), 41.19 (CH2CH�CH2), 46.40 [PhCH(CH2CH�CH2)CH],
46.87 [PhCH(CH2CH�CH2)CH], 64.41 (PhCH�N), 117.19 (CH�

CH2), 126.11�144.20 (Carom., Cipso), 136.12 (CH�CH2), 160.82
(CH�N) ppm. GC-MS (70 eV): m/z (%) � 303 (10) [M�], 274 (45)
[M� � C2H5], 260 (60) [M� � C3H7], 220 (75) [C16H14N�], 158
(56), 143 (90), 129 (100) [C9H7N�], 115 (80), 91 (83) [C7H7

�].
C22H25N (303.4): calcd. C 87.08, H 8.30, N 4.62; found C 86.10, H
8.32, N 4.31.

(3R*,4S*,5S*)-5-Benzyl-3-phenyl-4-propyl-4,5-dihydro-3H-benzo-
[c]azepine [(3R*,4S*,5S*)-6j]: From (E,Z)-4c (406 mg, 1.60 mmol),
LDA (1.60 mmol) and benzyl bromide (513 mg, 3.00 mmol). The
crude product was purified by column chromatography (silica gel;
petroleum ether/ethyl acetate, 10:1). (3R*,4S*,5S*)-6j (155 mg, 0.44
mmol, 27%) was isolated as a yellow oil. Rf � 0.17 (silica gel; PE/
EA, 10:1). IR (film): ν̃ � 3085 cm�1 (m, CHarom.), 3062 (s,
CHarom.), 3028 (m, CHarom.) 2958 (s, CHaliph.), 2929 (s, CHaliph.),
2871(s), 1739 (w), 1649 (s, C�N), 1602 (m), 1575 (m), 1494 (s),
1456 (m), 1379 (m), 1340 (m), 1292 (m), 1259 (w), 1178 (m), 1114
(w), 1076 (w), 1029 (w), 983 (w), 956 (w), 916 (m), 892 (w), 844
(w), 759 (m), 721 (m), 700 (s), 657 (m). 1H NMR (600 MHz,
CDCl3): δ � 0.59 (m, 3 H, CH2CH2CH3), 0.80 (m, 2 H,
CH2CH2CH3), 1.05 (m, 2 H, CH2CH2CH3), 2.15 [m, 1 H,
PhCH(PhCH2)CH], 3.02 [m, 2 H, PhCH(PhCH2)CH], 3.35 (m, 1
H, PhCH(PhCH2)CH), 4.89 (m, 1 H, PhCH�N), 7.10�7.40 (m,
14 H, CHarom.), 8.62 (s, 1 H, CH�N) ppm. 13C NMR (75.47
MHz, CDCl3): δ � 13.78 (CH3), 20.19 (CH2CH2CH3), 27.88
(CH2CH2CH3), 43.56 [PhCH(PhCH2)CH], 45.14

Eur. J. Org. Chem. 2004, 3465�3476 www.eurjoc.org  2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 3475

[PhCH(PhCH2)CH], 48.74 [PhCH(PhCH2)CH], 64.55 (PhCH�N),
126.05, 126.38, 126.68, 127.39, 127.93, 128.47, 129.04, 130.30,
131.00 (Carom.), 132.82 (Cipso), 134.77 (Carom.), 139.09, 142.72,
144.10 Cipso), 160.69 (CH�N) ppm. MS (70 eV): m/z (%) � 353
(45) [M�], 310 (10) [M� � C3H7], 262 (13), 220 (100) [C16H14N�],
193 (6), 129 (15), 115 (13) [C8H8N�], 91 (72) [C7H7

�].

(3R*,4R*)-3,4-Diphenyl-4,5-dihydro-3H-benzo[c]azepine [(3R*,4R*)-
6k]: (E)-4d (297 mg, 1.00 mmol) was deprotonated with lithium
2,2,6,6-tetramethylpiperidide (TMP; 1.00 mmol) in 40 mL of dry
THF at �78 °C. To the reaction mixture were added some drops
of water at �78 °C. After aqueous workup and evaporation of
solvents, the crude product was purified by column chromatogra-
phy (silica gel; petroleum ether/ethyl acetate, 10:1). Small amounts
of remaining tetramethylpiperidine could not be separated from the
product (3R*,4R*)-6k (GC purity ca. 81%, 155 mg, 29%). Rf �

0.17 (silica gel; PE/EA, 10:1). 1H NMR (300.13 MHz, CDCl3): δ �

2.77 ppm (dd, 2J � 14.07, 3J � 1.43 Hz, 1 H, H1), 3.22 (dd, 2J �

14.07, 3J � 8.34 Hz, 1 H, H2), 3.71 (ddd, 3J � 1.43, 3J � 8.34,
3J � 11.68 Hz, 1 H, H3), 4.33 (dd, 3J � 11.68, 4J � 2.14 Hz, 1 H,
H4), 6.75 (m, 2 H, CHarom.), 7.00 (m, 9 H, CHarom.), 7.18 (m, 1 H,
CHarom.), 7.33 (m, 2 H, CHarom.), 8.62 (d, 4J � 2.14 Hz, 1 H, CH�

N) ppm.

(3R*,4S*,5S*)-5-Ethyl-4-methyl-3-vinyl-4,5-dihydro-3H-benzo-
[c]azepine [(3R*,4S*,5S*)-6l]: From (E,Z)-4e (278 mg, 1.60 mmol),
LDA (1.70 mmol) and ethyl bromide (327 mg, 3.00 mmol). The
crude product was purified by column chromatography (silica gel;
petroleum ether/ethyl acetate, 5:1) and (3R*,4S*,5S*)-6l (151 mg,
0.71 mmol, 44%) was isolated as a yellow oil. Rf � 0.23 (silica gel;
PE/EA, 5:1). IR (film): ν̃ � 3060 cm�1 (s, CHarom.,olef.), 3024 (m,
CHarom.), 2972 (s, CHaliph.), 2927 (s, CHaliph.), 2877 (s, CHaliph.),
1645 (s, C�N), 1622 (s), 1571 (m), 1492 (m), 1450 (s), 1415 (w),
1379 (m), 1342 (m), 1313 (m), 1267 (m), 1211 (m), 1178 (m), 1124
(w), 1076 (w), 1053 (w), 995 (m), 970 (m), 950 (m), 914 (s), 850
(w), 810 (w), 757 (s), 730 (s), 702 (s), 665 (m). 1H NMR (300.13
MHz, CDCl3): δ � 0.92 (m, 6 H, CH2CH3, CH3), 1.74 (m, 2 H,
CH2CH3), 2.23 (m, 1 H, H2), 2.43 (m, 1 H, H1), 4.04 (m, 3J �

3.17, 4J � 2.61 Hz, 1 H, H3), 5.18 (m, 2J � 1.59, 3J � 10.44, 3J �

3.17 Hz, 1 H, CH�CHcis), 5.30 (m, 3J � 17.16, 3J � 3.36 Hz, 1
H, CH�CHtrans), 6.12 (m, 3J � 10.45, 3J � 17.16 Hz, 1 H, CH�

CH2), 7.28�7.40 (m, 4 H, CHarom.), 8.69 (d, 4J � 2.61 Hz, 1 H,
CH�N) ppm. 13C NMR (75.47 MHz, CDCl3): δ � 12.38
(CH2CH3), (13.80 (CH3), 26.00 (CH2CH3), 45.74 (CH), 50.73
(CH), 64.26 (CH), 114.92 (CH�CH2), 126.19, 128.30, 130.04,
131.22, (Carom.), 133.15 (Cipso), 139.99 (CH�CH2), 142.77 (Cipso),
161.85 (CH�N) ppm. MS (70 eV): m/z (%) � 213 (10) [M�], 212
(22) [M� � H], 198 (100) [M� � CH3], 184 (95) [M� � 2CH3],
168 (33), 159 (25), 143 (68), 129 (60), 115 (50) [C8H8N�], 91 (13)
[C7H7

�]. C15H19N (213.2): calcd. C 84.46, H 8.98, N 6.57; found
C 84.43, H 9.25, N 6.66.

(3R*,4S*,5S*)-5-Methyl-4-propyl-3-vinyl-4,5-dihydro-3H-benzo-
[c]azepine [(3R*,4S*,5S*)-6m]: From (E,Z)-4f (213 mg, 1.00 mmol),
LDA (1.10 mmol) and methyl iodide (284 mg, 2.00 mmol). The
crude product was purified by column chromatography (silica gel;
petroleum ether/ethyl acetate, 10:1) and (3R*,4S*,5S*)-6m (30 mg,
0.13 mmol, 13%) was isolated as a yellow oil. Rf � 0.28 (silica gel;
PE/EA, 10:1). IR (film): ν̃ � 3057 cm�1 (m, CHarom.,olef.), 2974 (s,
CHaliph.), 2933 (s, CHaliph.), 2843 (m, CHaliph.), 1728(m), 1639 (s,
C�N), 1487 (m), 1473 (s), 1377 (s), 1342 (m), 1313 (m), 1170 (m),
1129 (w), 1109 (s), 1033 (m), 930 (m), 914 (s), 757 (s). 1H NMR
(300.13 MHz, CDCl3): δ � 0.83 (t, 3J � 7.27 Hz, 3 H,
CH2CH2CH3), 1.18 (m, 1 H, CH2CH2CH3), 1.25�1.36 (m, 5 H,
CH2CH2CH3, CH3), 1.56 (m, 1 H, CH2CH2CH3), 2.01 (m, 1 H),
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2.85 (m, 1 H), 4.04 (m, 1 H), 5.18 (m, 2J � 1.59, 3J � 10.44, 3J �

3.17 Hz, 1 H, CH�CHcis), 5.30 (m, 3J � 17.16, 3J � 3.36 Hz, 1
H, CH�CHtrans), 6.12 (m, 3J � 10.45, 3J � 17.16 Hz, 1 H, CH�

CH2) 7.28�7.40 (m, 4 H, CHarom.), 8.69 (d, 4J � 2.61 Hz, 1 H,
CH�N) ppm. 13C NMR (75.47 MHz, CDCl3): δ � 14.42
(CH2CH2CH3), 20.37 (CH3), 21.32 (CH2CH2CH3), 30.42
(CH2CH2CH3), 40.19 (CH), 53.94 (CH), 64.21 (CH), 114.59 (CH�

CH2), 126.09, 127.91, 130.05, 130.65, (Carom.), 133.87 (Cipso), 140.60
(CH�CH2), 144.45 (Cipso), 161.36 (CH�N) ppm. MS (70 eV):
m/z (%) � 227 (60) [M�], 212 (22) [M� � CH3], 198 (25) [M� �

C2H5], 184 (100) [M� � C3H7], 170 (95) [M� � C3H7 � CH2], 159
(30), 143 (72), 127 (53), 117 (32), 91 (13) [C7H7

�].

Acknowledgments
Support by the Graduiertenkolleg ‘‘Hochreaktive Mehrfachbin-
dungssysteme’’ (DFG), the Sonderforschungsbereich 424 (DFG),
the International Graduate School of Chemistry NRW and by the
Fonds der Chemischen Industrie (Frankfurt) is gratefully acknowl-
edged. We thank Prof. Dr. D. Hoppe for helpful discussions and
Mr. Ralph Reiermann for valuable technical assistance.

[1] R. K. Smalley, ‘‘Azepines: Benzo-, Dibenzo-, and Triben-
zoazepines’’ in Methods Org. Chem. (Houben-Weyl), 1997, vol.
E9d (Hetarenes IV: Six-Membered and Larger Hetero Rings
with Maximum Unsaturation), p. 207�298.

[2] D. O�Hagan, Nat. Prod. Rep. 1997, 14, 637�651.
[3] L. H. Sternbach, J. Med. Chem. 1979, 22, 1�7.
[4] S. Klötgen, E.-U. Würthwein, Tetrahedron Lett. 1995, 36,

7085�7068.
[5] S. Klötgen, R. Fröhlich, E.-U. Würthwein, Tetrahedron 1996,

52, 14801�14812.
[6] B. M. Gimarc, J. Am. Chem. Soc. 1983, 105, 1979�1984.
[7] H. Kloosterziel, J. A. A. van Drunen, Recl. Trav. Chim. Pays-

Bas 1969, 88, 1084�1087.
[8] R. B. Bates, S. Brenner, C. M. Cole, J. Am. Chem. Soc. 1972,

94, 2130�2132.
[9] K. Hassenrück, H. D. Martin, Synthesis 1988, 569�586.

[10] P. W. Groundwater, M. Nyerges, Adv. Heterocycl. Chem. 1999,
73, 97�129.

[11] W. Friebolin, W. Eberbach, Tetrahedron 2001, 57, 4349�4358.
[12] K. Marx, W. Eberbach, Chem. Eur. J. 2000, 2063�2068 and

references cited therein.
[13] S. Hibino, E. Sugino, Y. Adachi, K. Nomi, K. Sato, K. Fukum-

oto, Heterocycles 1989, 28, 275�282.
[14] D. P. Munro, J. T. Sharp, J. Chem. Soc., Perkin Trans. 1 1984,

849�858.
[15] M. Yamato, T. Ishikawa, T. Kobayashi, Chem. Pharm. Bull.

1981, 29, 720�725.
[16] Data sets were collected with Enraf Nonius CAD4 and Nonius

KappaCCD diffractometers, which, in the case of Mo radi-
ation, were equipped with a rotating anode generator Nonius
FR591. Programs used: data collection: EXPRESS (Nonius B.

 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org Eur. J. Org. Chem. 2004, 3465�34763476

V., 1994) and COLLECT (Nonius B. V., 1998), data reduction:
MolEN (K. Fair, Enraf�Nonius B. V., 1990) and Denzo-SMN
(Z. Otwinowski, W. Minor, Methods Enzymol. 1997, 276,
307�326), absorption correction for CCD data: SORTAV (R.
H. Blessing, Acta Crystallogr., Sect. A 1995, 51, 33�37; R. H.
Blessing, J. Appl. Crystallogr. 1997, 30, 421�426), structure
solution: SHELXS-97 (G. M. Sheldrick, Acta Crystallogr.,
Sect. A 1990, 46, 467�473), structure refinement: SHELXL-
97 (G. M. Sheldrick, University of Göttingen, 1997), graphics:
SCHAKAL (E. Keller, University Freiburg, 1997). CCDC-
230966 [(3R*,4S*)-6f], -230967 (8), -230968 [(3R*,4S*,5S*)-
6d], -230970 [(3R*,4R*,5R*)-6b], -230971 [(3R*,4R*,5R*)-6c],
and -230972 [(E)-4g] contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or from
the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; Fax: (internat.) � 44-1223-336033;
E-mail: deposit@ccdc.cam.ac.uk].

[17] E. L. Eliel, S. H. Wilen, Stereochemistry of Organic Compounds,
Wiley, New York, 1993, p. 119�120.

[18] E. J. Trybulski, R. I. Fryer, E. Reeder, S. Vitone, L. Torado, J.
Org. Chem. 1986, 51, 2191�2202.

[19] R. B. Woodward, R. Hoffmann, Angew. Chem. 1969, 81,
797�800; Angew. Chem. Int. Ed. Engl. 1969, 8, 781.

[20] I. M. Goldman, J. K. Larson, J. R. Tretter, E. G. Andrews, J.
Am. Chem. Soc. 1969, 91, 4941�4942.

[21] S. Grimme, J. Chem. Phys. 2003, 118, 9095�9102.
[22] L. A. Curtiss, P. C. Redfern, K. Raghavachari, V. Rassolov, J.

A. Pople, J. Chem. Phys. 1999, 110, 4703�4709.
[23] T. P. M. Goumans, A. W. Ehlers, K. Lammertsma, E.-U.

Würthwein, S. Grimme, Chem. Eur. J., in press.
[24] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M.

A. Robb, J. R. Cheeseman, V. G. Zakrzewski, J. A. Montgom-
ery Jr., R. E. Stratmann, J. C. Burant, S. Dapprich, J. M. Mil-
lam, A. D. Daniels, K. N. Kudin, M. C. Strain, O. Farkas, J.
Tomasi, V. Barone, M. Cossi, R. Cammi, B. Mennucci, C. Po-
melli, C. Adamo, S. Clifford, J. Ochterski, G. A. Petersson, P.
Y. Ayala, Q. Cui, K. Morokuma, P. Salvador, J. J. Dannenberg,
D. K. Malick, A. D. Rabuck, K. Raghavachari, J. B. Foresman,
J. Cioslowski, J. V. Ortiz, A. G. Baboul, B. B. Stefanov, G. Liu,
A. Liashenko, P. Piskorz, I. Komaromi, R. Gomperts, R. L.
Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A.
Nanayakkara, M. Challacombe, P. M. W. Gill, B. Johnson, W.
Chen, M. W. Wong, J. L. Andres, C. Gonzalez, M. Head-Gor-
don, E. S. Replogle, J. A. Pople, Gaussian 98, Revision A.11,
Gaussian, Inc., Pittsburgh PA, 2001. Details of the quantum
chemical calculations may be obtained from E.-U. Würthwein
upon request.

[25] N. Habersaat, R. Fröhlich, E.-U. Würthwein, Eur. J. Org.
Chem. 2004, 2567�2581.

[26] G. W. Kabalka, D. Tejedor, N.-S. Li, R. R. Malladi, S. Trot-
man, Tetrahedron 1998, 54, 15525�15532.

[27] K. Hinterding, P. Hagenbuch, J. Retey, H. Waldmann, Angew.
Chem. Int. Ed. 1998, 37, 1236�1239; Angew. Chem. 1998,
110, 1298�1301.

Received March 26, 2004


