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An efficient synthesis of both enantiomers of methyltetrahydro-3-benzazepines 10 and 15 has been elabo-
rated following a very short reaction sequence. The two diastereomeric oxazolo[3]benzazepinones 6 and
7 were prepared by condensation of keto acid 4 with (R)-phenylglycinol 5. Benzylation of 6 and 7 was
controlled by the newly established N/O-acetalic stereogenic center leading to products 11 and 12.
Reduction of the diastereomeric pairs 6, 7 and 11, 12 with LiAlH4/AICl3 (3:1) occurred under retention
of configuration yielding tetrahydro-3-benzazepines 8 and 9 with de >98%, as well as 13 and 14 with
complete diastereoselectivity. Hydrogenolytic cleavage of the N-substituent led to the enantiomerically
pure 2-methyltetrahydro-3-benzazepines (R)-10 and (S)-10 and 1-benzyl-4-methyltetrahydro-3-benz-
azepines (R,R)-15 and (S,5)-15. The relative and absolute configuration of the formed products were
deduced from X-ray crystal structure analysis of the 3-benzazepine 14-HCl still bearing the original

stereochemical information in the N-substituent.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Seven-membered nitrogen heterocycles, such as 3-benzaze-
pines, are constituents of several compounds with interesting
pharmacological properties.!~> Derivatives with the 3-benzazepine
framework are well known for their agonistic and antagonistic
activity at dopamine D;*° and dopamine D; receptors.® They also
show neuroprotective effects by activation of D, receptors.” Very
recently, 1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepines have
been described as selective 5-HT,c receptor agonists, which can
be used for the treatment of obesity.®® Furthermore, 3-benzaze-
pines are also active in animal models of various neurological
disorders, for example, Parkinson’s disease!® and Alzheimer’s
disease.'!

Recently, we have shown that racemic'? and enantiomerically
pure 1-substituted 3-benzazepines!>'# 1 show moderate to high
affinity to the phencyclidine (PCP) binding site of the NMDA recep-
tor. The NMDA receptor, which is the best investigated subtype of
the class of glutamate receptors, plays a crucial role in processes
such as learning and memory. However, overactivation of the
NMDA receptor results in neuronal damage due to uncontrolled
opening of the NMDA associated Ca?'-channel (excitotoxicity).
Therefore, NMDA receptor antagonists are of great interest for
the prevention of neuronal damage, for example, following ische-
mic conditions and traumatic brain injuries.!>16
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In order to find novel potent antagonists for the NMDA receptor,
we focused our attention on the tetrahydro-3-benzazepine system
bearing various substituents in different ring positions. For this
purpose, a general method for the preparation of enantiomerically
pure tetrahydro-3-benzazepines is required allowing the flexible
introduction of various substituents at different ring positions.
Herein, we report on a very short and efficient synthesis of enanti-
omerically pure tetrahydro-3-benzazepines bearing one substitu-
ent at the 2 position or two substituents at the 1 and 4 positions
(see compounds 2 and 3 in Fig. 1).

Figure 1. Lead compound 1 in comparison with new potential NMDA receptor
antagonists 2 and 3.

2. Results and discussion
2.1. Synthesis

The tricyclic oxazolo[3]benzazepinones 6 and 7 represent key
compounds in the planned asymmetric synthesis. In analogy to
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the procedure of Meyers,!” the keto acid 4'®'° was heated at reflux
with (R)-phenylglycinol 5 in toluene for 3 days to provide, in a sin-
gle reaction step, the diastereomeric tricyclic lactams 6 and 7,
which were separated by flash chromatography (6: yield 41%; 7:
yield 31%) (Scheme 1). This transformation occurred without dia-
stereoselectivity leading to a 52:48 mixture of the tricyclic lactams
6 and 7. The ratio of the two diastereomers was determined by 'H
NMR spectroscopy of the crude reaction mixture (Fig. 2, spectrum
e).
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Scheme 1. Reagents and conditions: (a) toluene, reflux, 3 d, 72% (6:7 = 52:48); yield
of 6: 41%, yield of 7 31%.

The configuration at position 11a of the two diastereomers 6
and 7 was determined by NOE experiments. After irradiation at
4.93 ppm (3-H of 7), the intensity of the singlet for the CH3-moiety
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(1.55 ppm) increased indicating a cis arrangement of these groups.
However, in the control experiment with diastereomer 6, no such
increase in intensity was observed after irradiation at 5.44 ppm
(3-H of 6) confirming the trans-configuration of 3-H and 11a-CHs.
In order to obtain one of the two diastereomers 6 or 7 stereose-
lectively in high yield, the condensation of 4 and 5 was performed
at lower temperatures. Stirring the reaction mixture in toluene for
3 days at room temperature (Fig. 2, spectrum a) and for 3 days at
50 °C (Fig. 2, spectrum b) did not result in formation of either 6
or 7 at all, but gave a side product (or intermediate) exhibiting a
dd at 5.20 ppm. However, heating of the mixture at reflux, even
for 2h led to the production of both diastereomers 6 and 7
(Fig. 2, spectrum c). Although the conversion was as low as 10%,
the ratio of 6 and 7 was 1:1. The same reaction mixture was heated
at reflux for an additional 3 days giving the same ratio (1:1) of 6
and 7 (Fig. 2, spectrum d). So we assume that the diastereomeric
ratio is not the result of a thermodynamic equilibrium between 6
and 7. This assumption was confirmed by the fact that an intercon-
version of the purified diastereomers 6 and 7 into each other by
refluxing of the corresponding solutions in toluene (3 days)
and CHCl; (6 days) with trifluoroacetic acid did not take place.
The diastereomeric lactams 6 and 7 were reduced using a 3:1
mixture of LiAlH; and AICl;, which forms alane (AlH3) in situ
(Scheme 2). As described in the literature,?° this reduction took
place with retention of configuration and provided the diastereo-
meric 3-benzazepines 8 and 9, respectively. The retention of con-
figuration is explained by coordination of Al of the Lewis acid
AlH; to the oxygen atom of the oxazolidine ring, and subsequent
delivery of a hydride from the same side as the departing oxygen,
which provides the observed products 8 and 9. Prior to purification,
the diastereomeric excess was 86%2! for crude 8 and 95%2! for
crude 9; after purification the diastereomeric purity was greater
than 98% for both diastereomers (8: de >98%, yield 36%; 9: de
>99%, yield 63%). In the final step, the N-substituent was cleaved

Haq (0]
N wH
(0]
6 7
N\/LJ reflux, 3 d NMJMLCA
reflux, 3 d d
reflux, 2 h
c
50 °C, 3 days
Y b
rt, 3 days a
T T 1T rrrrrrrrrrrrrrrrrrrrrr>
5.40 5.30 5.20 5.10 5.00

ppm

Figure 2. 'H NMR spectra were recorded after the reaction of 4 with 5 under various reaction conditions using toluene as a solvent. Compound 6 gives a characteristic triplet
at 5.44 ppm (3-H), whereas compound 7 gives a characteristic dd at 4.93 ppm (3-H). The signal at 5.20 ppm is caused by a side product (or intermediate). Spectra a-d were
recorded from the same experiment reacting 4 with 5 in toluene using increasing temperature and time, whereas 'H NMR spectrum e was recorded after heating 4 and 5 at

reflux for 3 days in toluene.
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Scheme 2. Reagents and conditions: (a) AICl; 1.0 equiv, LiAlH, 3.0 equiv, THF, 0 °C,
2 h, 67%, dr (8:9)=93:7; after fc purification dr (8:9)>99:1, yield 36%;%° (b) H,,
1 bar, Pd/C (10%), aq HCl (1 M) 1.0 mL, MeOH, rt, 88%; (c) AICl; 1.0 equiv, LiAlH,
3.0 equiv, THF, 0 °C, 2 h, 62%, dr (8:9) = 11:89; after fc purification dr (8:9) = 0.4:99.6,
yield 63%;2° (d) Hy, 1 bar, Pd/C (10%), aq HCI (1 M), 1.0 mL, MeOH, rt, 73%.

off with H, in the presence of Pd/C and HCl to afford the enantio-
meric 2-methyl-3-benzazepines (R)-10 (ee >98%) and (S)-10 (ee
>99%) in 88% and 73% yield (Scheme 2).22

According to the literature'>'* the diastereomeric lactams 6
and 7 were deprotonated with LDA and subsequently trapped with
benzyl bromide to yield the monobenzyl derivatives 11 (80%) and
12 (78%), respectively. The configuration of the new stereogenic
center at the 6-position was determined to be (6R) for 11 and
(6S) for 12 by NOE experiments. Obviously, the formation of the
stereogenic center at the 6-position was controlled by the N/O-
acetalic stereogenic center at the 11a-positions, leading to like con-
figuration at the 6- and 11a-positions, respectively, irrespective of
the configuration of the chiral auxiliary (Scheme 3).

Reduction of the benzylated derivatives 11 and 12 with LiAlH,/
AlCl5 (3:1) provided the trisubstituted 3-benzazepines 13 (72%)
and 14 (66%) in diastereomerically pure form, respectively. Finally,
the N-substituent of 13 and 14 was hydrogenolytically removed to
give the enantiomeric 1-benzyl-4-methyl-3-benzazepines (R,R)-15
(73%) and (S,5)-15 (94%).23

2.2. X-ray crystal structure analysis of 14-HCl

In order to unequivocally prove the configuration of the prod-
ucts, in particular the retention of configuration during the reduc-
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tive opening of the oxazolidine moiety, the reduced trisubstituted
3-benzazepine 14 was transformed into its HCI salt by the addition
of HCI to a solution of 14 in CH,Cl,. The solid formed was recrystal-
lized from CH,Cl,/n-hexane to give crystals, which were suitable
for X-ray crystal structure analysis. The X-ray crystal structure of
14-HCl (Fig. 3) clearly demonstrates (S)-configuration at the 1-po-
sition (corresponds to the 6-position of 12) and an (S)-configura-
tion at the 4-position (corresponds to the 11a-position of 12).
The (S)-configuration at the 4-position confirms the retention of
configuration during AIHs; reduction of the N/O-acetal. Further-
more, the (S)-configuration at the 1-position demonstrates the
attack of benzyl bromide opposite to the 11a-methyl moiety.

};\{CIZ
O C17
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Figure 3. X-ray crystal structure analysis of 14-HCI.

3. Conclusion

Enantiomerically pure 2-methyl and 1-benzyl-4-methyl substi-
tuted tetrahydro-3-benzazepines were synthesized in good yields,
following a very short procedure (3-4 reaction steps). The config-
uration of the newly formed stereogenic centers was unequivocally
proven by an X-ray crystal structure analysis of 14-HCL
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Scheme 3. Reagents and conditions: (a) BnBr 1.0 equiv, LDA 1.2 equiv, THF, 3 h, 11: 80%; 12: 78%; (b) AlCl5 1.0 equiv, LiAlH, 3.0 equiv, THF, 0 °C, 2 h, 13: 72%; 14: 66%; (c) Hp,

1 bar, Pd/C (10%), aq HCI (1 M) 1.0 mL, MeOH, rt, (R.R)-15: 73%; (S.5)-15: 94%.
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4. Experimental
4.1. Details for the X-ray crystal structure of 14-HCI

Formula CygH3oCINO, M =407.96, colorless crystal 0.20 x
0.15x 0.10 mm, a=11.3379(1), b=9.2898(2), c=12.0980(1)A,
B=117.770(1)°, V=1127.4812)A3  peac=1202gcm™3, u=
1.61 mm™!, empirical absorption correction (0.739 < T < 0.856),
Z=2, monoclinic, space group P2; (No. 4), A=1.54178A,
T=223(2)K, o and ¢ scans, 8666 reflections collected (+h, tk, *I),
[(sin0)/4] =0.60 A~!, 2637 independent (Rin = 0.073) and 2637 ob-
served reflections [I > 2a(I)], 264 refined parameters, R =0.076,
WR?=0.210, max. (min.) residual electron density 0.38
(—0.37) e A3, Flack parameter 0.05(4), hydrogen atoms calculated
and refined as riding atoms.

Data set was collected with a Nonius KappaCCD diffractometer.
Programs used: data collection cottect,?* data reduction pENzo-smN, %>
absorption correction penzo,?® structure solution sHexs-97,27 struc-
ture refinement sHeixt-97,2% and graphics scHaxaL.?®

CCDC 685859 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge at
www.ccdc.cam.ac.uk/conts/retrieving.html [or from the Cam-
bridge Crystallographic Data Centre, 12 Union Road, Cambridge
CB2 1EZ, UK; fax: (internat.) +44(1223)336-033, E-mail: deposit@
ccdc.cam.ac.uk].
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