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Synthesis of Racemic 6,7,8,9-Tetrahydro-3-hydroxy-1H-1-benzazepine-2,5-diones
as Antagonists of N-Methyl-D-aspartate (NMDA) and
r-Amino-3-hydroxy-5-methylisoxazole-4-propionic Acid (AMPA) Receptors
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The synthesis and pharmacological properties of several racemic 6,7,8,9-tetrahydro-3-hydroxy-
1H-1-benzazepine-2,5-diones (THHBADs) are described. Synthesis was accomplished via a
Schmidt reaction with 5,6,7,8-tetrahydro-2-methoxynaphthalene-1,4-diones (THMNDs) followed
by demethylation. THMNDs were prepared via a Diels-Alder reaction with 2-methoxyben-
zoquinone (5) or 2-bromo-5-methoxybenzoquinone (14) and substituted 1,3-butadienes. The
pharmacology of THHBADs was characterized by electrical recordings in Xenopus oocytes
expressing rat brain NMDA and AMPA receptors. THHBADs are antagonists of NMDA and
AMPA receptors with functional potency being dependent upon the substitution pattern on
the tetrahydrobenzene moiety. The 7,8-dichloro-6-methyl (18a) and 7,8-dichloro-6-ethyl (18b)
analogs are the most potent THHBADs prepared and have apparent antagonist dissociation
constants (Kb values) of 0.0041 and 0.0028 µM, respectively, for NMDA receptors and 0.51 and
0.72 µM, respectively, for AMPA receptors.

Introduction
N-methyl-D-aspartate (NMDA) and R-amino-3-hy-

droxy-5-methylisoxazole-4-propionic acid (AMPA) recep-
tors represent two major subtypes of ionotropic glutamate
receptors found in the mammalian central nervous
system.1 Glutamate receptors have been associated
with a variety of neurological disorders including the
brain damage found in cerebral ischemia, epilepsy,
Alzheimer’s disease, and AIDS-related dementia.2
NMDA and AMPA receptors are thought to contribute
to the pathology of these diseases through glutamate-
induced excitotoxicity.3 This toxicity results from acute
or chronic receptor overstimulation which promotes the
influx of pathological levels of intracellular Ca2+, result-
ing in eventual neuronal death. NMDA receptors
possess strychnine insensitive glycine binding sites.4
Occupation of these sites by glycine is necessary for
receptor activation. On the basis of this observation,
various antagonists of NMDA receptor glycine sites have
been synthesized and characterized as potential thera-
peutic agents designed to limit the excitotoxic effects of
glutamate.5
Previously, we investigated the pharmacology and

structure-activity relationship (SAR) of 3-hydroxy-1H-
1-benzazepine-2,5-diones (HBADs, e.g., 1a-c),6 a known
class of NMDA receptor glycine site antagonists.7,8 The
synthetic methodology developed during this investiga-
tion9 lent itself to the facile preparation of racemic
6,7,8,9-tetrahydro analogs of 1. In a preliminary com-
munication, we reported that the 6,7,8,9-tetrahydro-3-

hydroxy-1H-1-benzazepine-2,5-diones (THHBADs) 2a,b
and 3 are antagonists at NMDA receptor glycine sites
with 2b possessing moderate binding affinity ([3H]-5,7-
dichlorokynurenic acid (DCKA), see Table 1).10 In this
paper, we describe new, high-potency analogs. We also
detail the synthetic methods employed and further
delineate THHBAD pharmacology.

Chemistry
Synthesis. Racemic THHBADs were prepared via

a Schmidt reaction of 5,6,7,8-tetrahydro-2-methoxynaph-
thalene-1,4-diones (THMNDs) followed by demethyla-
tion employing methods previously described for HBADs.6
THMNDs were prepared via a Diels-Alder reaction
with 2-methoxybenzoquinones and substituted 1,3-
butadienes as described below.
The synthesis of THHBADs 2a,b and 3 is shown in

Scheme 1. A Diels-Alder reaction of diene 4a or 4b
with dienophile 511 followed by enolization of the result-
ing adducts (not shown) gave diol 6a or 6b, respec-
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tively.12,13 Hydrogenation of the 6,7-double bond of 6a
proceeded readily. The reduction product (not shown)
underwent slow oxidation upon standing, and therefore,
this product was immediately treated with periodate to
give THMND 7.14 Alternatively, 6a was oxidized with
periodate, and the 6,7-double bond of the resulting 5,8-

dihydronaphthalene-1,4-dione (not shown) was chlori-
nated to give racemic dichloro-THMND, 9. Hydrogen-
ation of the tetrasubstituted 6,7-double bond of 6b
proceeded slowly compared to the reduction of the
disubstituted double bond of 6a. Periodate oxidation
of the crude hydrogenation reaction mixture gave 11 as
a diastereomeric mixture (8:2, NMR). The presence of
diastereomers indicates that the hydrogenation of 6b
does not proceed by exclusive syn addition.15 A Schmidt
reaction of THMNDs 7, 9, and 11 gave THHBADmethyl
ethers 8, 10, and 12, respectively. Treatment of 8, 10,
and 12 with BBr3 in CH2Cl2 followed by crystallization
gave 2a, racemic 2b, and a diastereomeric mixture of 3
(8:2, NMR), respectively.16 The structure of 2a was
confirmed by single-crystal X-ray analysis.10

Trisubstituted THHBADs 18a,b were prepared as
shown in Scheme 2. A Diels-Alder reaction of diene
13a or 13b with bromodienophile 146 followed by in situ
treatment of the resulting bromo adducts (not shown)
with Et3N gave dihydronaphthalene-1,4-dione 15a or
15b, respectively. The regiochemistry 15a had been
established earlier.6 The regiochemistry of 15b was
based on analogy with that of 15a. Chlorination of 15a
or 15b gave dichloro-THMND 16a or 16b, respectively,
each as a 6:4 mixture of diastereomers (by NMR). Ring
expansion followed by demethylation gave THHBADs
18a,b as diastereomeric mixtures after crystallization
(9:1 and 8:2, respectively, NMR).16 The stereochemistry
for the predominant diastereomer of THHBAD 18a is
tentatively assigned as having a cis relationship be-
tween the C(6) methyl group and the C(7) chlorine atom
employing 1H NMR coupling constants.
THHBADs with a methano (23a) or an ethano bridge

(23b) linking C(6) and C(9) of the tetrahydrobenzene
moiety were prepared as described for 2a but starting
with cyclic diene 19a or 19b, respectively (Scheme 3).
The Schmidt reaction of 21a proceeded vigorously
compared to that of the other THMNDs, 21a being
consumed in one minute at 0 °C. For other THMNDs,
the Schmidt reaction was allowed to warm to 25 °C, and
the reaction mixture was stirred for several hours. The

Table 1. Radioligand Binding Data and Functional Antagonist Potencies for Racemic THHBADs

Kb (µM)compd
no. R6 R7 R8 n

IC50 (µM)a
[3H]DCKA NMDA (glycine)b AMPA (glutamate)c

Kb AMPA/
Kb NMDAd ne

2a H H 3.2 0.74f (0.69-0.80)g 23 (20-27) 31 3,3
2b Cl Cl 0.13 0.042 (0.040-0.044) 0.78 (0.72-0.84) 19 4,4
3 0.23 0.12 (0.11-0.12) 5.3 (4.9-5.7) 44 4,3
18a Me 0.0041 (0.0037-0.0045) 0.51 (0.46-0.57) 120 4,4
18b Et 0.0028 (0.0027-0.0030) 0.72 (0.67-0.78) 260 4,4
23a 1 2.8 (2.5-3.0) 210 (130-350) 75 3,3
23b 2 0.26 (0.25-0.27) 79 (58-110) 300 4,3
a Data taken from ref 10. b Inhibition of NMDA receptors was measured in oocytes expressing cloned rat brain receptor subunits (NR1A/

2C). Apparent antagonist dissociation constants (Kb values) were determined from inhibition of currents elicited by 1 µM glycine and
100 µM glutamate assuming simple competitive inhibition; mean response ) 161 ( 5 nA (n ) 26), holding potential ) -70 mV (all
experiments). c Inhibition of AMPA-preferring non-NMDA receptors was measured in oocytes expressing rat brain poly(A)+ RNA isolated
from the cerebral cortex. Kb values were determined from inhibition of currents elicited by 10 µM AMPA (a selective AMPA receptor
agonist); mean response ) 276 ( 35 nA (n ) 24). d Steady-state selectivity index was estimated by dividing Kb AMPA by Kb NMDA.
e Number of cells examined for NMDA and AMPA, respectively. f Kb values given to two significant figures. g 95% confidence intervals
adjusted to the linear scale.

Scheme 1a

a (a) Toluene, hydroquinone, 65 °C; (b) K2CO3, MeOH, 25 °C
then HCl/H2O; (c) H2, Pd/C, MeOH, 25 °C; (d) NaIO4, CHCl3/H2O,
25 °C; (e) NaN3, H2SO4, 0-25 °C; (f) BBr3, CH2Cl2, 25 °C; (g) Cl2,
CHCl3, 25 °C.
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yields of the Schmidt reactions ranged from 1.4% (21a)
to 41% (16b).

Pharmacology
Functional antagonism of racemic THHBADs on

NMDA receptors was assessed by measuring inhibition
of membrane current responses in Xenopus oocytes
expressing the cloned rat NMDA receptor subunit
combination NR1A/2C as described in ref 6. Previous
studies indicate that different diheteromeric NMDA
receptor subunit combinations have only minor differ-

ences in apparent affinity for glycine site antagonists.17
Moreover, site-directed mutagenesis indicates that the
glycine site is located on the NR1 subunit.18 In the
present experiments, the NR1A/2C subunit combination
was chosen because these responses have the lowest
levels of variability and, therefore, give the most reliable
values for SAR comparisons.
For THHBADs 2a,b and 3, the NMDA inhibition data

obtained from the electrical assays on recombinant
NMDA receptors (Table 1) parallels affinities obtained
from [3H]DCKA radioligand binding experiments on
native receptors in rat neuronal membranes.10 Fur-
thermore, inhibition of NMDA receptors by THHBADs
in the electrical assays was surmounted by increasing
the glycine concentration in a manner consistent with
competitive inhibition. Both results confirm that inhi-
bition of NMDA receptors by THHBADs is the result of
competitive antagonism at glycine sites.
With the exception of 23a, the potency of THHBADs

at NMDA receptors increases with increased substitu-
tion on the tetrahydrobenzene moiety. This is in
contrast to the SAR observed for the HBAD series where
only monosubstitution at C(8), e.g., 1a, increases po-
tency relative to the unsubstituted analog and potency
is reduced by multiple substitution.6 The hydrophobic
region of THHBADs is nonplanar10 and possesses con-
formational freedom not allowed in the HBAD series.
These factors appear to contribute to more favorable
substituent-receptor pocket interactions for the THH-
BAD series.
Compound 23a, which has a methano bridge linking

C(6) and C(9) of the tetrahydrobenzene moiety, is the
least potent THHBAD assayed. It is 3-4 times less
potent than the unsubstituted 2a and about 10 times
less potent than the analogous ethano-bridged com-
pound 23b. This reduced potency suggests that the
methano-bridge constrains the tetrahydrobenzene por-
tion of 23a into a conformation that compromises
interaction with the receptor pocket.
THHBAD 23b possesses a methylene substituent at

C(9). Even though this methylene substituent is peri
to the amide hydrogen, compound 23b retains moderate
potency. For HBADs,6 such peri substitution results in
a total loss in activity. The peri substituent’s steric bulk
on the planar benzene portion of the HBAD molecule is
believed to prevent effective hydrogen bonding of the
amide hydrogen with the receptor pocket. In contrast,
the nonplanar tetrahydrobenzene portion of 23b appar-
ently alleviates this adverse steric effect by allowing the
substituent to be above or below the mean plane
containing the amide hydrogen and the heterocyclic
ring.
Substituents at C(7) and C(8) enhance THHBAD

potency with the dimethyl analog 3 being about 6 times
more potent than 2a and the dichloro analog 2b being
about 18 times more potent. Higher potency analogs
of 2b are obtained by placing an additional substituent
at C(6). The addition of a methyl group (18a) gives a
10-fold increase in potency relative to 2b while an ethyl
group (18b) increases the potency 15-fold. The increase
in potency is presumably due to favorable hydrophobic
interactions. Similar potency enhancement is observed
for quinoxalinediones (QXs) possessing chloro and alkyl
trisubstitution at C(5-7).19

Potency of AMPA receptor antagonism was assayed

Scheme 2a

a (a) Toluene, 80 °C; (b) Et3N, MeOH/toluene, 25 °C; (c) Cl2,
CHCl3, 25 °C; (d) NaN3, CF3SO3H, 0-25 °C; (e) BBr3, CH2Cl2, 25
°C.

Scheme 3a

a (a) Toluene, hydroquinone, 25 °C (19a) or 60 °C (19b); (b)
K2CO3, MeOH, 25 °C then HCl/H2O; (c) H2, Pd/C, MeOH, 25 °C;
(d) NaIO4, CHCl3/H2O, 25 °C; (e) NaN3, H2SO4, 0 °C (21a) or 0-25
°C (21b); (f) BBr3, CH2Cl2, 25 °C.
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in oocytes expressing rat brain poly(A)+ RNA isolated
from the cerebral cortex as described in ref 6 (Table 1).
Inhibition of AMPA receptor responses by THHBADs
was reversed by increasing the concentration of agonist
(AMPA) as would be predicted for competitive antago-
nism. THHBADs antagonize AMPA receptors with
lower potency than NMDA receptors. The rank order-
ing of potency for AMPA receptors generally parallels
that for NMDA receptors. This trend is also observed
for HBADs6 and the majority of QXs.19 The exception
is the ethano-bridged compound 23b, which is moder-
ately active at NMDA receptors but is not well tolerated
at AMPA receptors. The inhibition of both NMDA and
AMPA receptors by THHBADs provides yet further
evidence that structural similarities exist between the
binding pockets that form NMDA receptor glycine sites
and AMPA receptor glutamate sites.

Experimental Section
Chemistry. The Diels-Alder adducts resulting from the

separate reactions of 4a, 4b, 19a, and 19b with 5 have been
previously described.12,13,20,21 Compound 15a was prepared as
previously described.6 Reagents were used as received unless
otherwise noted. Melting points were measured on a Thomas
Hoover or a Mel-Temp melting point apparatus and are
uncorrected. For compounds melting above 260 °C, a pre-
heated block was employed. CH2Cl2 was distilled from CaH2

immediately prior to use. Solvent removal was routinely
performed on a rotoevaporator at 30-40 °C. All reactions were
performed under N2 unless otherwise noted. TLC analyses
were performed on plastic backed F-254 silica gel plates. 1H
NMR spectra were recorded on a General Electric QE-300
spectrometer. Chemical shifts are reported in δ units refer-
enced to the residual 1H signal of the deuterated solvent
(CHCl3, δ 7.26; CD3SOCD2H, δ 2.49). Microanalyses were
performed by Desert Analytics Laboratory, Tuscon, AZ.
5,8-Dihydro-2-methoxynaphthalene-1,4-diol (6a). A

solution of 4a,5,8,8a-tetrahydro-2-methoxynaphthalene-1,4-
dione12 (6.40 g, 33.3 mmol) in MeOH (400 mL) was purged
with N2 for 10 min, and K2CO3 (4.60 g, 33.3 mmol) was added.
The mixture was stirred at 25 °C for 20 min, and 10% aqueous
HCl (150 mL) was added in one portion. The MeOH was
removed to give a colorless suspension. The solid was collected
and washed with dilute aqueous HCl. The collected solid was
dried in vacuo to yield 6a as a colorless solid (4.50 g, 70%):
mp 143-144 °C (lit.12 mp 123-124 °C); 1H NMR (CDCl3) δ
3.17-3.35 (m, 4H), 3.84 (s, 3H), 4.25 (s, 1H), 5.25 (s, 1H), 5.80-
6.00 (m, 2H), 6.36 (s, 1H).
5,8-Dihydro-2-methoxy-6,7-dimethylnaphthalene-1,4-

diol (6b). Diol 6b was prepared as described for 6a from
4a,5,8,8a-tetrahydro-2-methoxy-6,7-dimethylnaphthalene-1,4-
dione13 (4.00 g, 18.2 mmol) to yield 6b as a colorless solid (3.90
g, 98%): mp 200-201 °C (lit.13 mp 209-211 °C); 1H NMR
(CDCl3) δ 1.79 (s, 6H), 3.10-3.26 (m, 4H), 3.83 (s, 3H), 4.25
(s, 1H), 5.25 (s, 1H), 6.35 (s, 1H).
5,8-Dihydro-5,8-methano-2-methoxynaphthalene-1,4-

diol (20a). Diol 20a was prepared as described for 6a from
4a,5,8,8a-tetrahydro-5,8-methano-2-methoxynaphthalene-1,4-
dione20 (3.10 g, 15.2 mmol) to yield 20a as a colorless solid
(3.00 g, 97%): mp 150-151 °C; 1H NMR (CDCl3) δ 2.14 (d, J
) 6.9 Hz, 1H), 2.20 (d, J ) 7.2 Hz, 1H), 3.79 (s, 3H), 3.99 (s,
1H), 4.17 (s, 1H), 4.33 (s, 1H), 5.21 (s, 1H), 6.03 (s, 1H), 6.70-
6.80 (m, 2H).
5,8-Ethano-5,8-dihydro-2-methoxynaphthalene-1,4-

diol (20b). Diol 20b was prepared as described for 6a from
5,8-ethano-4a,5,8,8a-tetrahydro-2-methoxynaphthalene-1,4-di-
one21 (2.10 g, 9.62 mmol) to yield 20b as a colorless solid (2.05
g, 98%): mp 112-115 °C; 1H NMR (CDCl3) δ 1.38-1.58 (m,
4H), 3.79 (s, 3H), 4.14 (s, 1H), 4.34 (s, 1H), 5.21 (b, 1H), 6.21
(s, 1H), 6.47-6.55 (m, 2H).
5,6,7,8-Tetrahydro-2-methoxynaphthalene-1,4-dione (7).

A solution of 6a (1.84 g, 9.57 mmol) in MeOH (50 mL) was
hydrogenated over Pd/C (180 mg, 10%) at 20 psig for 30 min

at 25 °C. The catalyst was removed by filtration (Celite), and
the solvent was removed to yield a beige solid (1.80 g).
Without purification, the solid was dissolved in CHCl3 (100
mL) and the resulting solution was vigorously stirred with a
solution of NaIO4 (6.14 g, 28.7 mmol) in H2O (150 mL) for 20
min at 25 °C. The layers were separated, and the aqueous
portion was extracted with CHCl3 (20 mL). The combined
organic portion was washed with brine (20 mL), and the
solvent was removed to yield a brown solid (1.80 g). The solid
was crystallized from 95% EtOH to yield 7 as brilliant yellow
plates (1.26 g, 68%): mp 167-168 °C (lit.14 mp 172 °C); 1H
NMR (CDCl3) δ 1.66-1.72 (m, 4H), 2.30-2.50 (m, 4H), 3.79
(s, 3H), 5.85 (s, 1H).
5,6,7,8-Tetrahydro-2-methoxy-6,7-dimethylnaphthalene-

1,4-dione (11). Dione 11 was generally prepared as described
for 7 from 6b (2.00 g, 9.08 mmol). The hydrogenation of 6b
was performed at 30-40 psig for 24 h. Crude 11 was purified
by chromatography (silica gel, CHCl3) to yield a diastereomeric
mixture (8:2, NMR) of 11 as an orange oil (787 mg, 39%): 1H
NMR (CDCl3) δ 0.85-1.10 (m, 6H) 1.82-2.05 (m, 2H), 2.15-
2.30 (m, 2H), 2.43-2.58 (m, 2H), 3.79 (s, 3H), 5.85 (s, 1H).
5,6,7,8-Tetrahydro-5,8-methano-2-methoxynaphthalene-

1,4-dione (21a). Dione 21a was generally prepared as
described for 7 from 20a (2.72 g, 13.3 mmol) to yield 21a as a
yellow powder (2.47 g, 91%): mp 107-109 °C; 1H NMR (CDCl3)
δ 1.10-1.22 (m, 2H), 1.40 (d, J ) 9.3 Hz, 1H), 1.60-1.68 (m,
1H), 1.85-1.98 (m, 2H), 3.47-3.51 (m, 2H), 3.78 (s, 3H), 5.72
(s, 1H).
5,8-Ethano-5,6,7,8-tetrahydro-2-methoxynaphthalene-

1,4-dione (21b). Dione 21b was generally prepared as
described for 7 from 20b (2.05 g, 9.39 mmol) to yield 21b as a
yellow powder (1.71 g, 83%): mp 144-145 °C; 1H NMR (CDCl3)
δ 1.27 (d, J ) 7.2 Hz, 4H), 1.71 (d, J ) 7.5 Hz, 4H), 3.32-3.40
(m, 2H), 3.80 (s, 3H), 5.82 (s, 1H).
5-Ethyl-5,8-dihydro-2-methoxynaphthalene-1,4-di-

one (15b). Dione 15b was prepared from 1,3-hexadiene (13b;
5.00 g, 61.0 mmol) and 2-bromo-5-methoxybenzoquinone (14;
8.70 g, 40.0 mmol) as previously described for 15a6 to yield
15b as a yellow/green crystalline solid (4.12 g, 47%): mp 99-
101 °C; 1H NMR (CDCl3) δ 0.81 (t, J ) 7.5 Hz, 3H), 1.50-1.78
(m, 2H), 2.80-3.00 (m, 1H), 3.10-3.25 (m, 1H), 3.41-3.52 (m,
1H), 3.81 (s, 3H), 5.83-5.98 (m, 3H).
6,7-Dichloro-5,6,7,8-tetrahydro-2-methoxynaphthalene-

1,4-dione (9). Diol 6a (5.70 g, 29.7 mmol) was treated with
NaIO4 (12.7 g, 59.4 mmol) as described for the preparation of
7 to yield 5,8-dihydro-2-methoxynaphthalene-1,4-dione as a
yellow powder (5.55 g, 97%): mp 171-172 °C; 1H NMR (CDCl3)
δ 3.08 (s, 4H), 3.81 (s, 3H), 5.81 (s, 2H), 5.89 (s, 1H).
A solution Cl2 (1.10 g, 15.5 mmol) in CHCl3 (50 mL) was

added to a solution of the above powder (2.75 g, 14.3 mmol) in
CHCl3 (60 mL) over 30 min. After addition, the solvent was
removed to yield a yellow syrup. The addition of 95% EtOH
(10 mL) followed by solvent evaporation (performed twice)
yielded a yellow solid. The solid was crystallized twice from
95% EtOH to yield 9 as a yellow crystalline solid (1.89 g,
51%): mp 123-128 °C; 1H NMR (CDCl3) δ 2.98-3.25 (m, 4H),
3.83 (s, 3H), 4.47 (s, 2H), 5.94 (s, 1H).
6,7-Dichloro-5,6,7,8-tetrahydro-2-methoxy-5-methyl-

naphthalene-1,4-dione (16a). Dichloride 16a was prepared
by the chlorination of 15a (950 mg, 4.65 mmol) as described
for 9. The crude reaction product was purified by chromatog-
raphy (silica gel, 1:1 CHCl3/hexanes) to yield a diastereomeric
mixture of 16a (6:4, NMR) as a yellow oil (425 mg, 33%): 1H
NMR (CDCl3) δ 1.48-1.60 (m, 3H), 2.95-3.05 (m, 1H), 3.18-
3.38 (m, 2H), 3.82 (s, 3H), 4.18-4.26 (m, 1H), 4.34-4.42 (m,
1H), 5.92 (s, 1H).
6,7-Dichloro-5-ethyl-5,6,7,8-tetrahydro-2-methoxynaph-

thalene-1,4-dione (16b). Dichloride 16bwas prepared by the
chlorination of 15b (2.00 g, 9.16 mmol) as described for 9 to
yield a diastereomeric mixture of 16b (6:4, NMR) as a yellow
granular solid (1.37 g, 52%): mp 115-118 °C; 1H NMR (CDCl3)
δ 0.98-1.07 (m, 3H), 1.75-2.08 (m, 2H), 2.86-3.00 (m, 1H),
3.19-3.40 (m, 2H), 3.78-3.88 (m, 3H), 4.30-4.51 (m, 2H),
5.85-5.93 (m, 1H).
6,7,8,9-Tetrahydro-3-methoxy-1H-1-benzazepine-2,5-

dione (8). Solid 7 (600 mg, 3.12 mmol) was added in portions
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to stirred, ice bath cold, concentrated H2SO4 (10 mL) to give a
deep red solution. NaN3 (406 mg, 6.24 mmol) was added in
portions to the stirred, ice bath cold solution. After addition,
the reaction mixture was allowed to warm to 25 °C. The
reaction mixture was stirred for 16 h and added to crushed
ice (100 mL) to give a yellow/brown solution. The solution was
extracted with 30% MeOH/CHCl3 (4 × 30 mL) and CHCl3 (2
× 30 mL). The extract was washed with water (20 mL),
saturated NaHCO3 (20 mL), and brine (20 mL) and filtered.
The solvent was removed to give a red solid (280 mg). An
additional portion of crude 8 (350 mg) was obtained in exactly
the same manner. The combined solids were purified by
chromatography (silica gel, CHCl3 followed by 2% EtOH/
CHCl3) to yield a pink solid. The solid was crystallized from
95% EtOH to yield 8 as a pale pink solid (242 mg, 19%): mp
227-228 °C; 1H NMR (DMSO-d6) δ 1.48-1.65 (m, 4H), 2.24-
2.32 (m, 2H), 2.40-2.47 (m, 2H), 3.72 (s, 3H), 6.23 (s, 1H),
10.57 (s, 1H).
7,8-Dichloro-6,7,8,9-tetrahydro-3-methoxy-1H-1-benza-

zepine-2,5-dione (10). Benzazepine 10 was prepared via a
Schmidt reaction of 9 (600 mg, 2.30 mmol) with NaN3 (598
mg, 9.20 mmol) in concentrated H2SO4 (10 mL) as described
for 8. The reaction was performed three times, and the
combined crude reaction product was purified by repeated
crystallization from 95% EtOH to yield 9 as a colorless powder
(112 mg, 6% for the three reactions): mp 229-230 °C; 1H NMR
(DMSO-d6) δ 2.67 (dd, J ) 18, 5.4 Hz, 1H), 2.87 (dd, J ) 19,
5.1 Hz, 1H), 3.03 (dd, J ) 18, 4.5 Hz, 1H), 3.22 (dd, J ) 19,
4.8 Hz, 1H), 3.75 (s, 3H), 4.52-4.68 (m, 2H), 6.28 (s, 1H), 10.89
(s, 1H).
6,7,8,9-Tetrahydro-3-methoxy-7,8-dimethyl-1H-1-ben-

zazepine-2,5-dione (12). A solution of 11 (560 mg, 2.54
mmol) in TFA (2 mL) was added in portions to stirred, ice bath
cold, concentrated H2SO4 (10 mL) to give a deep red solution.
NaN3 (330 mg, 5.08 mmol) was added in portions to the stirred,
ice bath cold solution. After addition, the reaction mixture
was allowed to stir at 25 °C for 60 min. The reaction workup
was as described for 8. The crude reaction product was
purified by chromatography (silica gel, CHCl3) followed by
crystallization from 95% EtOH to yield a diastereomeric
mixture (8:2, NMR) of 12 as a brown granular solid (98 mg,
16%): mp 232-235 °C; 1H NMR (CDCl3) δ 0.88-1.07 (m, 6H),
1.80-2.65 (m, 6H), 3.84 (3H), 6.38 (s, 1H), 7.96 (b, 1H).
7,8-Dichloro-6,7,8,9-tetrahydro-3-methoxy-6-methyl-

1H-1-benzazepine-2,5-dione (17a). A solution of 16a (410
mg, 1.49 mmol) in TFA (2 mL) was added in portions to stirred,
ice bath cold triflic acid (20 mL) to give a deep red solution.
NaN3 (387 mg, 5.96 mmol) was added in portions to the stirred,
ice bath cold solution. After addition, the reaction mixture
was allowed to stir at 25 °C for 2.5 h. The reaction workup
was as described for 8. The crude reaction product was
purified by crystallization from 95% EtOH to yield a diaster-
eomeric mixture (9:1, NMR) of 17a as a brown solid (135 mg,
31%): mp 165 °C dec;22 1H NMR (DMSO-d6 and D2O) δ 1.16-
1.18 (m, 3H), 2.95 (dd, J ) 18, 10 Hz, 1H), 3.07-3.28 (m, 2H),
3.70 (3H), 4.14 (dd, J ) 10, 6.9 Hz, 1H), 4.35-4.45 (m, 1H),
6.24 (s, 1H).23
7,8-Dichloro-6-ethyl-6,7,8,9-tetrahydro-3-methoxy-1H-

1-benzazepine-2,5-dione (17b). Benzazepine 17b was pre-
pared via a Schmidt reaction of 16b (1.30 g, 4.50 mmol) with
NaN3 (585 mg, 9.00 mmol) in triflic acid (6 mL) as described
for 8. The reaction time was 4 h. The crude reaction product
was purified by crystallization from 95% EtOH to yield a
diastereomeric mixture (8:2, NMR) of 17b as a yellow powder
(563 mg, 41%): mp 196-200 °C; 1H NMR (DMSO-d6 and D2O)
δ 0.73-0.85 (m, 3H), 1.27-1.78 (m, 2H), 2.88-3.00 (m, 1H),
3.11 (dd, J ) 17, 4.8 Hz, 1H), 3.38-3.45 (m, 1H), 3.74 (s, 3H),
4.22 (dd, J ) 9.3, 6.0 Hz, 1H), 4.40-4.68 (m, 1H), 6.28 (s, 1H).24
6,7,8,9-Tetrahydro-6,9-methano-3-methoxy-1H-1-ben-

zazepine-2,5-dione (22a). Solid 21a (2.47 g, 12.1 mmol) was
added in portions to stirred, ice bath cold, concentrated H2-
SO4 (40 mL) to give a deep purple solution. NaN3 (3.15 g, 48.4
mmol) was added in portions over 1 min. Vigorous foaming
occurred during the addition, which was controlled by rapid
magnetic stirring. The reaction mixture was allowed to stir
in the ice bath for 1 min after azide addition. The reaction

workup was as described for 8. The crude reaction product
was triturated with acetone (2 mL) to give a yellow powder
(78 mg). An additional portion of 21a (1.64 g, 8.03 mmol) was
treated in a similar manner to give a yellow powder (60 mg).
The combined crude reaction product was crystallized from
95% EtOH to yield 22a as a near colorless granular solid (64
mg, 1.4%): mp 285-287 °C; 1H NMR (CDCl3) δ 1.28-1.47 (m,
2H), 1.67-1.75 (m, 1H), 1.80-2.05 (m, 3H), 3.08 (s, 1H), 3.60
(s, 1H), 3.83 (s, 3H), 6.43 (s, 1H), 9.08 (s, 1H).
6,9-Ethano-6,7,8,9-tetrahydro-3-methoxy-1H-1-benza-

zepine-2,5-dione (22b). Benzazepine 22b was prepared via
a Schmidt reaction of 21b (1.40 g, 6.41 mmol) with NaN3 (833
mg, 12.8 mmol) in concentrated H2SO4 (22 mL) as described
for 8. The crude reaction product was purified by crystalliza-
tion from 95% EtOH to yield 22b as pale yellow flakes (471
mg, 31%): mp 276-278 °C; 1H NMR (CDCl3) δ 1.30-1.81 (m,
8H), 2.56-2.59 (m, 1H), 3.64 (s, 1H), 3.84 (s, 3H), 6.46 (s, 1H),
8.67 (s, 1H).
6,7,8,9-Tetrahydro-3-hydroxy-1H-1-benzazepine-2,5-di-

one (2a). A solution of BBr3 in CH2Cl2 (2.0 mL, 1 M) was
added in one portion to a stirred suspension of 8 (207 mg, 1.00
mmol) in dry CH2Cl2 (2 mL) at 25 °C. A brown precipitate
immediately formed. The reaction was stirred at 25 °C for 45
min. The reaction was added to saturated aqueous NaHCO3

(15 mL), and the resulting orange solution was allowed to stir
for 15 min. The solution was extracted with CH2Cl2 (1 × 4
mL). The aqueous portion was made acidic (pH 2) with
concentrated HCl. The resulting precipitate was collected by
filtration and washed with water (6 × 2 mL). The filter cake
was crystallized from 95% EtOH to yield 2a as beige flakes
(115 mg, 60%): mp 237-238 °C dec; 1H NMR (DMSO-d6) δ
1.46-1.65 (m, 4H), 2.23-2.31 (m, 2H), 2.40-2.50 (m, 2H), 6.30
(s, 1H), 10.14 (s, 1H), 10.84 (s, 1H). Anal. (C10H11NO3) C, H,
N.
7,8-Dichloro-6,7,8,9-tetrahydro-3-hydroxy-1H-1-benza-

zepine-2,5-dione (2b). THHBAD 2b was prepared as de-
scribed for 2a from 10 (100 mg, 362 µmol) to yield 2b as a
beige solid (68 mg, 71%): mp 246-248 °C dec; 1H NMR
(DMSO-d6) δ 2.70 (dd, J ) 18, 5.4 Hz, 1H), 2.91 (dd, J ) 19,
5.4 Hz, 1H), 3.06 (dd, J ) 18, 4.8 Hz, 1H), 3.26 (dd, J ) 19,
4.8 Hz, 1H), 4.50-4.69 (m, 2H), 6.34 (s, 1H), 10.46 (s, 1H),
11.11 (s, 1H). Anal. (C10H9Cl2NO3) C, H, N.
6,7,8,9-Tetrahydro-3-hydroxy-7,8-dimethyl-lH-1-benza-

zepine-2,5-dione (3). THHBAD 3 was prepared as described
for 2a from 12 (90.0 mg, 367 µmol) to yield a diastereomeric
mixture (8:2, NMR) of 3 as pale beige needles (56 mg, 67%):
mp 242-243 °C dec; 1H NMR (DMSO-d6) 0.72-0.96 (m, 6H),
1.69-1.90 (m, 2H), 1.98-2.65 (m, 4H), 6.29 (s, 1H), 10.15 (b,
1H), 10.82 (s, 1H). Anal. (C12H15NO3) C, H, N.
7,8-Dichloro-6,7,8,9-tetrahydro-3-hydroxy-6-methyl-

1H-1-benzazepine-2,5-dione (18a). THHBAD 18a was pre-
pared as described for 2a from 17a (120 mg, 413 µmol) to yield
a diastereomeric mixture (9:1, NMR) of 18a as a colorless solid
(67 mg, 59%): mp 180-181 °C dec; 1H NMR (DMSO-d6 and
D2O) δ 1.00-1.25 (m, 3H), 2.97 (dd, J ) 17, 9.6 Hz, 1H), 3.13
(dd, J ) 17, 4.8 Hz, 1H), 3.22 (dq, J ) 6.6, 6.6 Hz, 1H), 4.13
(dd, J ) 9.3, 6.6 Hz, 1H), 4.37 (ddd, J ) 9.6, 9.3, 4.8 Hz, 1H),
6.32 (s, 1H).25 Anal. (C11H11Cl2NO3) C, H, N.
7,8-Dichloro-6-ethyl-6,7,8,9-tetrahydro-3-hydroxy-1H-

1-benzazepine-2,5-dione (18b). THHBAD 18b was pre-
pared as described for 2a from 17b (525 mg, 1.73 mmol) to
yield a diastereomeric mixture (8:2, NMR) of 18b as a beige
solid (236 mg, 47%): mp 197 °C dec;22 1H NMR (DMSO-d6 and
D2O) δ 0.75-0.81 (m, 3H), 1.22-1.79 (m, 2H), 2.94 (dd, J )
17, 9.9 Hz 1H), 3.11 (dd, J ) 17, 4.8 Hz, 1H), 3.25-3.45 (m,
1H), 4.20 (dd, J ) 9.3, 5.7 Hz, 1H), 4.32-4.64 (m, 1H), 6.31-
6.33 (m, 1H).26 Anal. (C12H13Cl2NO3) C, H. N.
6,7,8,9-Tetrahydro-3-hydroxy-6,8-methano-1H-1-ben-

zazepine-2,5-dione (23a). THHBAD 23a was prepared as
described for 2a from 22a (65.0 mg, 296 µmol) to yield 23a as
a near colorless granular solid (32 mg, 52%): mp 268-270 °C
dec; 1H NMR (DMSO-d6 and D2O) δ 0.97-1.10 (m, 1H), 1.15-
1.28 (m, 2H), 1.44-1.53 (m, 1H), 1.68-1.90 (m, 2H), 3.21 (s,
1H), 3.31 (s, 1H), 6.27 (s, 1H).27 Anal. (C11H11NO3) C, H, N.
6,8-Ethano-6,7,8,9-tetrahydro-3-hydroxy-1H-1-benza-

zepine-2,5-dione (23b). THHBAD 23b was prepared as
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described for 2a from 22b (350 mg, 1.50 mmol) to yield 23b
as colorless needles (169 mg, 51%): mp 252-254 °C dec; 1H
NMR (DMSO-d6) δ 1.08-1.23 (m, 2H), 1.29-1.45 (m, 2H),
1.47-1.67 (m, 4H), 2.96 (s, 1H), 3.46 (s, 1H), 6.35 (s, 1H), 10.04
(b, 1H), 11.46 (b, 1H). Anal. (C12H13NO3) C, H, N.
Pharmacology. Methods employed were as described in

ref 6.
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