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(±)-(iV-Alkylamino)benzazepine analogs were prepared as novel dopamine Di receptor antago­
nists to further elucidate the role of these receptor subtypes in the pharmacology and toxicology 
of cocaine. In the first series of compounds, (±)-7-chloro-8-hydroxy-3-[6-(2V,iV-dimethylamino)-
hexyl]-l-phenyl-2,3,4,5-tetrahydro-lif-3-benzazepine (15) showed the highest affinity CKi = 49.3 
nM) and subtype-selectivity for dopamine Di over dopamine D2, 5-HT2a, and 5-HT2C receptors. 
Compounds 7a {(±)-7-Chloro-8-hydroxy-3-[4-(iV^v"-dimethylamino)butyl]-l-phenyl-2,3,4,5-tet-
rahydro-lH-3-benzazepine}, 11 {(±)-7-chloro-8-hydroxy-3-[6-[(A^^-dimethylamino)hexyl]-l-
phenyl-2,3,4,5-tetrahydro-LH-3-benzazepine-cyanoborane}, and 15 were moderately potent 
dopamine Di receptor antagonists as evidenced by their ability to block dopamine-stimulated 
adenylyl cyclase activity in rat caudate (predicted Ki values = 60, 34, and 21 nM, respectively). 
Compound 7a appears to be unique in that, despite its relatively potent inhibition of dopamine 
stimulated adenylyl cyclase, it demonstrated relatively weak binding affinity at the dopamine 
Di receptors CKi = 811 nM). Unlike previously reported iV-alkylbenzazepines, where a 
significant loss in dopamine Di receptor binding affinity was observed when successive increases 
in the alkyl side chain size at the benzazepine nitrogen were made, several of these novel 
iV-alkylamino analogs demonstrated high-affinity binding with an optimal chain length of six 
carbons. This initial series of compounds appears to be identifying another binding domain 
on the dopamine Dx receptor protein that has not previously been characterized and that accepts 
an amino function. Further, these compounds may serve as templates for the design of 
peripherally active dopamine Di receptor antagonists. 

Introduction 

The neurotransmitter dopamine plays a critical role 
in the etiology and pharmacotherapy of a number of 
neurodegenerative and psychiatric disorders that in­
clude Parkinson's disease, Huntington's disease, and 
psychosis.1,2 In addition, evidence suggests that the 
inhibition of uptake from or release of dopamine into 
the synapse are the primary mechanisms by which 
psychostimulant drugs such as cocaine and amphet­
amine produce their actions and are associated with the 
reinforcing and subjective effects of these drugs.3-5 

Dopamine receptors have been classified into two major 
groups, Di and D2, based on the pharmacology of the 
compounds that selectively bind to the receptor sub­
types.6 Further, five dopamine receptor subtypes have 
been cloned, whereby Di and D5 are in the first subclass 
and D2, D3, and D4 belong to a second subclass.7-10 The 
discovery of highly selective and potent ligands for each 
of the subtypes is required to further explore the 
physiological relevance of each of the Di-D5 subtypes, 
and these compounds may potentially be developed into 
novel therapeutics for treatment of dopamine-related 
disorders. 

Dopamine Di antagonists have been prepared with 
the prototype antagonist being SCH 23390 (CR)-(+)-7-
chloro-8-hydroxy-3-methyl-l-phenyl-2,3,4,5-tetrahydro-
lif-3-benzazepine), a highly potent and relatively se­
lective ligand for the Di site.11-13 The discovery of this 
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ligand initiated dramatic and revealing investigation of 
dopamine Di receptors.14 [3H]SCH 23390 has proven 
to be an invaluable tool to characterize dopamine Di 
receptors and elucidate their physiological roles as well 
as to identify the interaction that occurs between Di and 
D2 receptor subtypes.15-17 Structure-activity relation­
ships (SAR) have been described for a wide range of 
benzazepines, yet with few exceptions, none of these 
analogs have proven to be more potent than the parent 
drug.1318 Conformational analyses and molecular mod­
eling of the benzazepine class of dopamine Di antago­
nists as well as the structurally related phenyl-
substituted tetrahydroisoquinolines have been described, 
and a hypothetical model of the Di pharmacophore has 
been devised.19"22 Since SCH 23390 also binds with 
high affinity to the 5-HT2a (previously called 5-HT2) and 
5-HT2c (previously called 5-HTi0) receptors,23-25 consid­
erable effort has been directed toward synthesizing more 
selective Di antagonists.24,26'27 

Peripheral dopamine Di receptors have been demon­
strated to be involved in the regulation of blood flow, 
ganglionic neurotransmission, cardiac adrenergic trans­
mission, and other physiological processes.28-30 Recent 
studies implicated that central and particularly periph­
eral dopamine Di receptors may be mediating the 
lethality exhibited by high doses of cocaine.31-33 In the 
absence of a peripherally-active dopamine Di antagonist 
(i.e. a compound that does not penetrate the blood-
brain barrier), the role of peripheral dopamine receptors 
in the toxicity of cocaine could not be directly investi­
gated.33 Therefore, it was of interest to prepare a 
peripheral dopamine Di-selective antagonist that would 
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Scheme 1 
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Figure 1. Chemical structures of SCH 23390 and quaternary 
analogs. 

not penetrate the blood—brain barrier. This compound 
would be a useful tool for studying the relationship 
between cocaine toxicity and peripheral dopamine Di 
receptors and further would allow direct elucidation of 
the physiological functions of these receptors. 

Our first attempts at preparing a peripheral dopam­
ine Di receptor antagonist focused on synthesizing 
quaternary analogs of SCH 23390.34 The first two 
compounds synthesized had a quaternary nitrogen at 
position 3 or at the para position of the pendant phenyl 
ring (Figure 1). Neither of these compounds retained 
high-affinity binding to dopamine Di sites, and therefore 
they were unsuitable for our purposes. It was deduced 
that a quaternary function on the 1-phenylbenzazepine 
ring was not tolerated at the receptor, and therefore, 
another approach was undertaken. 

It was anticipated that by extending an amino func­
tion away from the pharmacophore via an alkyl chain, 
the pharmacophore would still be recognized by its 
binding site without interference from the pendant 
amino function. This approach has previously been 
successful with quaternary peripheral-type benzodiaze­
pine receptor ligands.35 It was apparent from previous 
studies that small alkyl chains at the 3-position would 
not be tolerated, i.e. the 3-propyl derivative of SCH 
23390 has a decreased binding affinity at [3H]SCH 
23390-labeled Di binding sites (Ki = 3600 nM) as 
compared to the parent compound C-Ki = 0.3 nM).13 

However, to our knowledge, further exploration into 
amino-substituted alkyl chains had not been pursued. 
Therefore, alkylamino analogs of SCH 23390, starting 
with a four-carbon methylene chain with a terminal 
amino group, were explored. Compounds with variable 
methylene chain lengths (4 and 6) were prepared to 
determine the optimal chain length for binding to 
dopamine Di receptors. Further, exploration of the 
terminal amine function was achieved by preparing the 
primary, secondary, and tertiary amines. Amido sub­
stitutions at either the benzazepine 3-nitrogen or at the 
terminal amine were evaluated to determine whether 
the basic nitrogen was necessary for optimal activity. 
Finally, replacement of the 7-Cl with a Br group was 
undertaken to determine whether this substitution 
would retain high affinity as is observed with SCH 
23390 and its Br derivative, SCH 24543.13'18 The 7-OH-
substituted analogs were prepared based on the proto-
typic dopamine Di agonist SKF 38393 (CR)-(+)-7,8-
dihydroxy-l-phenyl-2,3,4,5-tetrahydro-li/-3-benz-
azepine) to determine whether the N-alkylamino side 
chain would be tolerated on a dopamine Di agonist 
pharmacophore. All of the compounds were evaluated 
for binding to dopamine Di and D2 sites in rat brain. 
Selected compounds were then tested for inhibition of 
dopamine-stimulated adenylyl cyclase and for binding 
at 5-HT2a and 5-HT2C sites to ascertain the selective 
dopamine Di antagonist actions of these compounds. 

7c, X= OH AIH3/ THF (e) BBr3ZCHCI3 

Chemistry 

In Scheme 1, the benzazepines 4a—c were synthe­
sized by a modification of the procedure of Baindur et 
al.36 The 3-substituted-4-methoxyphenylacetonitriles 
were reduced to the respective (3-substituted-4-meth-
oxyphenyDethylamines ( la and lb; Ic was purchased 
from Aldrich Chemical Co.) with alane (AlH3) in THF 
according to the procedure of Yoon et al.37 Compounds 
la—c were condensed with styrene oxide in THF to 
obtain the benzyl alcohols 3 a - c . Cyclization of 3 a - c 
in a mixture of refluxing trifluoroacetic acid and meth-
anesulfonic acid formed the benzazepines 4 a - c in 9 0 -
95% yield. A coupling reaction between the benza­
zepines 4 a - c and (A^^V-dimethylamino)butyric acid 
using dicyclohexylcarbodiimide (DCC) and 1-hydroxy-
benzotriazole (HOBt)38 gave the amides 5a -c . The 
amides 5a—c were reduced with AIH3 in THF to give 
the (iV-alkylamino)benzazepines 6 a - c following a modi­
fication of the procedure of Yoon et al.37 The use OfAlH3 

instead of IJAIH4 for the amide reduction was chosen 
to prevent dehydrohalogenation of the 7-Cl or 7-Br 
groups on the benzazepine ring, in intermediates 5a and 
5b. O-Demethylation of the resulting (TV-alkylamino)-
benzazepines 6 a - c with BBr3 in CHCl3 yielded target 
compounds 7 a - c in 60-70% yield. 

In Scheme 2, the coupling reaction of 6-aminocaproic 
acid and 4-aminobutyric acid with the benzazepine 4a 
involved first the protection of the amino group of the 
amino acids with benzyl chloroformate. The resulting 
carbobenzoxy-protected amino acids 8a and 8b were 
reacted with benzazepine 4a in the presence of DCC and 
HOBt38 to give the amides 9a and 9b. The products 9a 
and 9b, after N-deprotection with iodotrimethylsilane,39 

were reduced with AlH3 in THF to give products 10a 
and 10b. 
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" (a) DCC, HOBT/DMF, 48 h; (b) ISi(Me)3ZCH3CN; (c) AlH3/ 
THF; (d) NaBH3CN/HCHO 37%; (e) BBr3ZCHCl3. 

In an attempt to synthesize 15 directly from 10a by 
using sodium cyanoborohydride in aqueous formalde­
hyde (37%) and acetonitrile,40 the formation of 11 (60%) 
instead of 15 resulted. It appeared that when the acetic 
acid was added to the reaction mixture, the sodium 
cyanoborohydride generated cyanoborane which formed 
a stable complex with the (alkylamino)benzazepine to 
give compound 11. This complex appeared to be stable 
under acidic and basic conditions, was purified by 
column chromatography, and formed a stable HCl salt. 
To further confirm this trend of complex formation 
between cyanoborane and amino compounds, (3-chloro-
4-methoxyphenyl)ethylamine was reacted with sodium 
cyanoborohydride in the presence of formaldehyde (37%) 
in acetonitrile. The reaction mixture was treated with 
acetic acid, and after workup, the AT^V-dimethyl(3-
chloro-4-methoxyphenyl)ethylamine—cyanoborane com­
plex, as confirmed by 1H NMR, IR, and combustion 
analysis, was formed in 70% yield. 

The O-demethylation of 10a and 10b using BBr3 
formed the primary amino derivatives 12a and 12b. The 
N-formylation of 10a and 10b using ethyl formate and 
formic acid followed by O-demethylation with BBr3 gave 
compounds 13a and 13b, as depicted in Scheme 3. The 
reduction of 13a and 13b with AlH3 in THF formed the 
secondary amines 14a and 14b. Compound 15 was 
obtained by the repeated N-formylation and reduction 
of 10a followed by O-demethylation. The product 16 
was made first by reacting 4a with bromobutane in the 
presence of K2CO3 in DMF,41 followed by O-demeth­
ylation with BBr3 (Scheme 4). Compound 17 was 
prepared by first deprotecting 9b with iodotrimethyl-
silane followed by O-demethylation with BBr3 (Scheme 
5). 

Discussion of Results 
All of the compounds were evaluated for binding to 

dopamine Di and D2 receptors in rat caudate putamen. 
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[3H]SCH 23390 was used as the radiolabeled ligand for 
dopamine Di receptors, and [3H]sulpiride was used for 
radiolabeling dopamine D2 receptors. Results of these 
binding experiments are depicted in Tables 1 and 2, 
where all of the compounds in Table 1 have four-carbon 
side chains and the compounds in Table 2 have six-
carbon side chains. The parent compound SCH 23390 
CKi = 0.21 nM) demonstrated the highest affinity for 
dopamine Di sites and remains one of the most potent 
dopamine Di antagonists described to date.18 It has 
been reported that lengthening the side chain of the 
1-phenylbenzazepines in the 3-position drastically de­
creases binding affinity for dopamine Di sites.13 For 
example, the iV-ethyl derivative of SCH 23390 has a K 
= 41 nM for dopamine Di sites which is a 100-fold 
decrease in binding affinity compared to the parent 
drug.13 Further, the iV-propyl derivative has a K; = 
3600 nM which is 10 000-fold less potent than SCH 
23390.13 Despite this trend, it was envisioned that at 
some further distance away from the pharmacophore, 
binding affinity might be restored to an acceptable level. 
In fact, the AT-butyl analog, compound 16, had a K = 
634 nM. Although this was not a potent compound it 
had approximately 6-fold higher affinity than the previ­
ously reported iV-propyl analog. Further, when a pri­
mary amine was added to the end of the AT-butyl chain 
(12b, K = 75.0 nM) a nearly 10-fold increase in binding 
affinity was obtained as compared to the simple butyl 
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Table 1. Radiolabeled Binding Data for Benzazepine Analogs 

compound 

SCH 23390 
6a 
6b 
6c 
7a 
7b 
7c 
12b 
14b 
16 
17 

X 

Cl 
Cl 
Br 
OMe 
Cl 
Br 
OH 
Cl 
Cl 
Cl 
Cl 

R 

H 
Me 
Me 
Me 
H 
H 
H 
H 
H 
H 
H 

R' 

CH3 

(CH2)4N(CH3)2 
(CH2J4N(CHs)2 

(CH2)4N(CH3)2 

(CH2)4N(CH3)2 

(CH2J4N(CHs)2 
(CHs)4N(CHs)2 

(CHa)4NH2 

(CHa)4NHCH3 

C4H9 
C(O)(CHz)3NH2 

Ki (nM) 

D1C' 

0.21 ± 0.03 
> 10 000* 
> 10 00Cr= 
> 10 000s 

811 ± 73.0 
1490 ± 104 
4820 ± 627 
75.0 ± 4.50 
106 ± 6.37 
634 ± 25.4 
607 ± 24.0 

D2C' 

N T d 

9150 ± 1920 
2490 ± 923 
> 10 000* 
4130 ± 1360 
> 10 000" 
> 10 000* 
4280 ± 1540 
> 10 000* 
2360 ± 1820 
7410 ± 1110 

a K\ values (nM) are means (±SEM) of at least three determina­
tions, each performed in triplicate. Affinities for dopamine Di and 
D2 binding measured by competition against b [3H]SCH 23390 or 
c [3H]sulpiride, respectively, to rat striatal membranes. d NT = not 
tested.e >10 000 indicates less than 50% inhibition of binding at 
a concentration of 10 fiM. 

Table 2. Radiolabeled Binding Data for Benzazepine Analogs 

compound 

11 
12a 
13a 
14a 
15 

X 

Cl 
Cl 
Cl 
Cl 
Cl 

R 

H 
H 
H 
H 
H 

R' 

(CH2)6N(CH3)2-BH2CN 
(CHa)6NH2 

(CHa)6NH(CHO) 
(CHa)6NHCH3 

(CHa)6N(CHa)2 

K (nM) 

Di°'6 D 2 ^ 

142 ± 18.0 NAd 

321 ± 16.1 2490 ± 423 
553 ± 33.2 2030 ± 729 
75.7 ±5.30 3570 ±893 
49.3 ± 3.94 3450 ± 1450 

" Ki values (nM) are means (±SEM) of at least three determina­
tions, each performed in triplicate. Affinities for dopamine Di and 
D2 binding measured by competition againstb [3H]SCH 23390 or 
c [3H]sulpiride, respectively, to rat striatal membranes. d NA = not 
available due to insolubility problems at higher concentrations of 
the compound. 

chain. These results suggested that the amino function 
may be interacting at the receptor. Interestingly, in this 
series of butylamino analogs, by increasing steric bulk 
at the terminal amine to the iV-methyl amino group 
(14b), dopamine Di receptor binding affinity began to 
slightly decrease CK; = 106 nM). The iV,2V-dimethyl 
group (7a) further decreased binding affinity to within 
the range of the iV-butyl analog (K = 811 nM). The 
amide 17 CKi = 607) demonstrated decreased binding 
affinity as compared to its reduced congener 12b, 
suggesting that a basic amine at position 3 of the 
benzazepine ring is favored. In addition, the 7-Cl 
function of compound 7a showed a slightly higher 
binding affinity than the 7-Br substitution on the 
structural analog 7b. This trend was comparable to the 
Br derivative of SCH 23390 ((i?)-(+)-SCH 24543).18 

Finally, the compounds that have methoxy groups at 
position 8 (6a, 6b, and 6c) were totally inactive at 
dopamine Di receptors. Further, the catechol compound 
7c had a Ki = 4820 nM as compared to the prototypic 
dopamine Di agonist SKF 38393 CKi = 1.1 nM),42 

demonstrating that addition of an alkylamino side chain 
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to a dopamine Di receptor agonist significantly de­
creased binding affinity. 

In Table 2, the six-carbon side chain series demon­
strated a distinct binding pattern as compared to the 
four-carbon side chain series. The most potent in this 
series was the iV,2V-dimethyl analog, compound 15. This 
compound had a K = 49.3 nM and thus was ap­
proximately 17-fold more potent than its analog in the 
four-carbon series, 7a. Somewhat surprisingly, the 
iV-methyl analog 14a was slightly less potent (K = 75.7) 
than the tertiary amine and had a similar affinity to 
the iV-methyl analog, 14b. The unsubstituted primary 
terminal amine analog 12a had a further reduced 
binding affinity for dopamine Di sites (K = 321 nM) 
and was thus less potent than the four-carbon chain 
analog (12b). The terminal iV-formyl analog 13a (K = 
553 nM) was less potent than the Af-methyl compound 
14a, suggesting that the basic terminal amine was 
favored for binding, as was the benzazepine 3-position 
amine function. The borane-complexed compound 11 
demonstrated only slightly lower affinity than the non-
borane-complexed analog 15, suggesting that additional 
steric bulk and charge at the terminal amine may be 
tolerated. An alternative explanation is that under the 
experimental conditions the borane complex may be 
partly dissociated, hence resulting in some of the parent 
compound, 15, at the receptor. 

All of the compounds weakly recognized dopamine D2 
receptors with binding affinities in the 2 — 10 /uM range 
of affinities, and thus the alkylamino side chains did 
not severely reduce or increase binding potency at these 
sites. As a result, within this series, binding affinity 
at the dopamine Di sites dictated selectivity, and hence 
the most potent dopamine Di compounds were the most 
selective for Di over D2 sites. 

Compounds 7a, 11, and 15 were selected for further 
evaluation of binding affinities at the 5-HT2a and 5-HT2C 

receptors since SCH 23390 binds with high affinity to 
both of these 5-HT receptor subtypes. Compound 15 
was the most potent dopamine Di ligand in this series 
and one of the most selective (70-fold) over D2 sites. 
Compound 15 demonstrated a K = 112 nM at 5-HT2a 

sites43 and a K = 2390 nM at 5-HT2c sites.43 Therefore 
this compound was only 2-fold selective for dopamine 
Di over 5-HT23 sites (as compared to SCH 23390 having 
a 50-fold selectivity).25 However, it was 56-fold selective 
over 5-HT2c sites, similar to SCH 23390 (75-fold).24 

Compound 11, which is the boron-complexed analog of 
15, demonstrated a K = 800 nM at 5-HT2a sites43 and 
was not evaluated at 5-HT2c sites. Compound 7a 
demonstrated a K = 1720 nM at 5-HT2a sites43 and a 
K= >10 000 nM at 5-HT2c sites.43 It must be noted 
that all of the compounds reported here are the racemic 
mixtures. SCH 23390 is the (R)-(+)-enantiomer which 
is far more potent and selective than its optical anti-
pode.12,18 Should similar enantioselectivity be observed 
in this series, the (R)-(+)-enantiomers of these com­
pounds will demonstrate higher affinity and selectivity 
for dopamine Di sites. 

These three (iV-alkylamino)benzazepines (7a, 11, and 
15) were further evaluated for the inhibition of dopam-
ine-stimulated adenylyl cyclase in rat caudate (Figure 
2). It is known that dopamine Di antagonists, but not 
D2 antagonists or Di agonists, inhibit dopamine-
stimulated adenylyl cyclase. SCH 23390 inhibited 
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Figure 2. SCH 23390 (n = 3), 7a (n = 6), 11 (n = 5), and 15 
(n = 5) antagonize adenylyl cyclase activity stimulated by 100 
ptM dopamine. Dopamine (100 ̂ tM) stimulated adenylyl cyclase 
activity approximately 200% over basal levels (expressed as 
100% in figure.) Predicted K values, based on these data, as 
described in the Experimental Section are as follows: SCH 
23390, Ki = 0.11 ± 0.12 nM; 7a, K = 60 ± 39 nM; 11, K = 34 
± 13 nM; 15, Ki = 21 ± 13 nM. Each data point represents 
mean ± SEM from n independent experiments, each performed 
in triplicate. 

dopamine-st imulated adenylyl cyclase, under these 
conditions, with a predicted K = 0.11 nM. Interest­
ingly, compounds 7a, 11, and 15 showed somewhat more 
potent inhibition of dopamine-st imulated adenylyl cy­
clase (predicted K's = 60, 34, and 21 , respectively) t h a n 
would be anticipated by the i r binding affinities. This 
was especially apparen t for compound 7a which was 
>13 t imes more potent in the functional assay t h a n 
would be predicted by its binding affinity a t the dopam­
ine Di receptors. One possible explanation for this 
difference in in vitro b inding and function is the exist­
ence of subpopulations of dopamine Di receptors . 4 4 - 4 6 

Prel iminary in vivo es t imat ions of central nervous 
system (CNS) activity of compounds 7a, 11 , 15, and 
SCH 23390 were obtained us ing locomotor activity in 
Swiss -Webs te r mice. In these experiments, potency to 
suppress locomotor activity appeared to be consistent 
with affinity of the compounds for dopamine Di recep­
tors suggesting t h a t these drugs are permeable to the 
CNS upon systemic adminis t ra t ion (subcutaneous ad­
ministrat ion) . Evaluat ion of other compounds in th is 
series as well as a te rminal qua te rnary amino analog 
of compound 15 is planned. 

C o n c l u s i o n 

A series of (iV-alkylamino)benzazepine analogs have 
been prepared and evaluated as dopamine Di antago­
nis ts . Results of binding experiments demonstra ted 
t h a t several of these analogs were moderately potent 
and selective dopamine Di antagonis ts . Although the 
alkylamino side chain did decrease binding affinity 
relat ive to the iV-methyl group of the pa ren t compound 
SCH 23390, reasonably potent binding affinity (Ki < 100 
nM) was regained when the side chain was extended to 
a t leas t four carbon a toms away from t h e benzazepine 

nitrogen. The terminal amino functions appeared to be 
impor tan t for binding as was the 7-position Cl group in 
both the four- and six-carbon chain series. All of the 
compounds reported are the racemic mixtures , and 
efforts to separa te and evaluate the enant iomers are 
underway. In addition, benzazepine analogs with dif­
ferent te rminal amino side chains may also prove to 
have higher affinity and selectivity for the dopamine Di 
receptors while possessing chemical moieties t h a t are 
not compatible with b lood-bra in barrier passage. Com­
pounds of this n a t u r e are current ly being prepared. 

E x p e r i m e n t a l S e c t i o n 

Synthesis. Melting points were obtained on a Thomas-
Hoover capillary melting point apparatus and are uncorrected. 
Thin layer chromatography (silica gel GF, Analtech, Newark, 
DE) was used to detect product homogeneity. Flash column 
chromatography (silica gel, grade 60, 230-400 mesh, Aldrich 
Chemical Co., Milwaukee, WI) was used for purification. The 
solvent system used for all chromatography was CHCV 
methanol/NH40H (90:10:1) unless otherwise specified. Drying 
refers to the use of anhydrous Na2SO4 followed by suction 
filtration. The 1H NMR data were recorded on a Bruker 
(Billerica, Mass) AC-300 instrument. Proton chemical shifts 
were reported as parts per million (<5) relative to tetrameth-
ylsilane (Me4Si; 0.0 ppm) which was used as an internal 
standard. Infrared spectra were recorded in KBr or neat (NaCl 
plates) with a Perkin-Elmer 1600 Series FTIR. Microanalyses 
were performed by the Atlantic Microlab, Inc. (Norcross, GA) 
and agree within 0.4% of calculated values. All chemicals and 
reagents were purchased from Aldrich Chemical Co. or Lan­
caster Synthesis Inc. unless otherwise indicated. 

(3-Chloro-4-methoxyphenyl)ethylamine ( la) . A 6.0 g 
(160 mmol) portion of LiAlH4 in 250 mL of anhydrous THF 
was treated carefully with 7.6 g (80 mmol) of 98% sulfuric acid 
at 0 0C.37 After 30 min stirring, 18.16 g (100 mmol) of 3-chloro-
4-methoxyphenylacetonitrile (Parrish Chemical Co., Orem, 
UT) in 25 mL of THF was added dropwise at 0 0C to the 
reaction mixture. After 1 h stirring at room temperature, the 
reaction mixture was hydrolyzed by adding 25 mL of a 1:1 
mixture of THF and H2O at 0 0C. The gelatinous product was 
dissolved in 100 mL of ethyl ether, and then a solution of 7.0 
g of sodium hydroxide in 50 mL of H2O was added to the 
reaction mixture to form a thick precipitate of aluminum 
hydroxide. The precipitate was separated by suction filtration. 
The organic filtrate was dried and evaporated to yield 18.1 g 
(90%) of la as a light brown viscous oil: 1H NMR (CDCl3) <5 
7.1(s, IH), 6.95 (d, IH, J = 8.3 Hz), 6.8 (d, IH, J = 8.4 Hz), 
3.95 (s, 3H), 2.9 (t, 2H, J = 6.8 Hz), 2.65 (t, 2H, J = 6.8 Hz), 
1.3 (broad, 2H); IR (neat) 3400, 3250 cm"1. 

(3-Bromo-4-methoxyphenyl)ethylamine (lb).47 Com­
pound l b was prepared (10.2 g, 45 mmol, 90%) from 3-bromo-
4-methoxyphenylacetonitrile according to the procedure de­
scribed for the synthesis of la. 

2-[AT-[2-(3-Chloro-4-methoxyphenyl)ethyl]amino]-l-
phenylethanol (3a). A solution of 6.0 g (50 mmol) of styrene 
oxide (2) and 9.3 g (50 mmol) of (3-chloro-4-methoxyphenyl)-
ethylamine (la) in 50 mL of dry THF was stirred at reflux for 
18 h.36 After completion of the reaction the solvent was 
evaporated to give a viscous crude product. Purification by 
flash column chromatography resulted in 8.0 g (65%) of a 
viscous product. Addition of anhydrous ethyl ether resulted 
in a white crystalline product, which was separated by suction 
filtration, washed with ether, and dried under reduced pres­
sure. Alternatively, after the THF was removed, the viscous 
crude product was dissolved in 100 mL of ether and left to 
stand overnight to give a white crystalline product (50%) which 
was separated by suction filtration and washed with ether: 
mp 95-96 0C (lit.36 mp 94-96 0C); 1H NMR (CDCl3) <5 7.4-
7.25 (m, 5H, phenyl H), 7.2 (s, IH), 7.05 (d, IH, J = 8.3 Hz), 
6.85 (d, IH, J = 8.4 Hz), 4.7 (dd, IH, J = 9.0 Hz), 3.85 (s, 3H), 
3-2.6 (m, 6H); IR 3418 (OH) cm"1. 

2-[iV-[2-(3-Bromo-4-methoxyphenyl)ethyl]amino]-l-
phenylethanol (3b). Compound 3b was prepared (6.9 g, 20 
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mmol, 45%) from lb and styrene oxide (2) according to the 
procedure described for the synthesis of 3a except acetonitrile 
was used as a solvent instead of THF and the product was 
purified by flash column chromatography and recrystallized 
from ethyl ether to give the product as white crystals: mp 9 0 -
92 0C; 1H NMR (CDCl3) 6 7.4-7.2 (m, 5H, phenyl H), 7.15 (s, 
IH), 7.05 (d, IH, J = 8.5 Hz), 6.8 (d, IH, J = 8.4 Hz), 4.7 (dd, 
IH, J = 9.1 Hz), 3.85 (s, 3H), 3-2.6 (m, 6H); IR 3418 (OH) 
cm"1. 

2- [N- [2-(3,4-Dimethoxyphenyl)ethyl] amino] -1 -phen-
ylethanol (3c). Compound 3c was prepared (13.9 g, 46 mmol, 
50%) from (3,4-dimethoxyphenyl)ethylamine (Ic) and styrene 
oxide (2) according to the procedure described for the synthesis 
of 3a. After the THF was removed, the viscous crude product 
was dissolved in 100 mL of ether, and after 2 h standing white 
crystalline product was formed which was separated by suction 
filtration and washed with ether: mp 94-96 0C; 1H NMR 
(CDCl3) <5 7.38 (s, IH), 7.35-7.25 (m, 5H), 6.8 (d, IH, J = 8.2 
Hz), 6.75 (d, IH, J = 8.3 Hz), 4.7 (dd, IH, J = 8.9 Hz), 3.9 (s, 
3H), 3.85 (s, 3H), 3-2.6 (m, 6H), 2.4 (broad, IH, OH); IR 3400 
(OH) cm"1. 

(±)-7-Chloro-8-methoxy-l-phenyl-2,3,4,5-tetrahydro-
Lff-3-benzazepine (4a). Cyclization of 3a was performed by 
modifying the procedure of Baindur et al.36 Product 3a (3.05 
g, 10 mmol) was dissolved in 30 mL of trifluoroacetic acid 
(99%), and then 1.0 mL (10 mmol) of methanesulfonic acid 
(99%) was added under an atmosphere of argon. The reaction 
mixture was stirred at reflux for 18 h. After completion of 
the reaction, the excess of trifluoroacetic acid was evaporated 
on the rotary evaporator and the remaining viscous mixture 
was poured into ice-cold H2O (50 mL) and made alkaline with 
a 15% aqueous NaOH solution. Extraction with CHCl3 (2 x 
100 mL) followed by washing with H2O (50 mL) and brine (50 
mL), drying, filtration, and evaporation gave 2.60 g (95%) of 
4a as a viscous product: 1H NMR (CDCl3) 6 7.4-7.25 (m, 3H), 
7.2 (s, IH), 7.1 (d, 2H, J = 7.2 Hz), 6.45 (s, IH), 4.2 (d, IH, J 
= 8.4 Hz), 3.7 (s, 3H), 3.6-2.7 (m, 6H), 2.0 (broad, IH, N-H); 
IR 3318 (NH), 3000, 1596, 1498 cm"1. 

(±)-7-Bromo-8-methoxy-l-phenyl-2,3,4,5-tetrahydro-
lif-3-benzazepine (4b). Compound 4b was prepared (1.5 g, 
4.5 mmol, 90%) from 3b according to the procedure described 
for the synthesis of 4a: 1H NMR (CDCl3) 6 7.35 (t, 2H, J = 
7.2 Hz), 7.3 (s, IH), 7.25 (t, IH, J = 6.9 Hz), 7.1 (d, 2H, J = 
7.2 Hz), 6.45 (s, IH), 4.2 (d, IH, J = 8.6 Hz), 3.7 (s, 3H), 3.6-
2.7 (m, 6H), 2.0 (broad, IH, NH); IR 3310 (NH), 3000, 1596, 
1498 cm"1. 

(±)-7,8-Dimethoxy-l-phenyl-2,3,4,5-tetrahydro-lff-3-
benzazepine (4c). Compound 4c was prepared (5.1 g, 18 
mmol, 90%) from 3c according to the procedure described for 
the synthesis of 4a: 1H NMR (CDCl3) d 7.4 (t, 2H, J = 7.1 
Hz), 7.3 (t, IH, J = 7.0 Hz), 7.05 (d, 2H, J = 6.9 Hz), 6.7 (s, 
IH), 6.4 (s, IH), 4.25 (d, IH, J = 8.6 Hz), 3.8 (s, 3H), 3.65 (s, 
3H), 3.6-2.8 (m, 6H), 2.5 (broad, IH, NH); IR 3300 (NH), 3000, 
1596, 1490 cm"1. 

(±)-7-Chloro-8-methoxy-3-[4-(AyV-dimethylamino)bu-
tanoyl]-l-phenyl-2,3,4,5-tetrahydro-lff-3-benzazepine(5a). 
A mixture of 1,3-dicyclohexylcarbodiimide (DCC, 2.47 g, 12 
mmol), 1-hydroxybenzotriazole hydrate (HOBT, 1.76 g, 13 
mmol),38 (dimethylamino)butyric acid hydrochloride (1.68 g, 
10 mmol), 4a (2.87 g, 10 mmol), and triethylamine (3 mL) in 
150 mL of dry DMF was stirred for 48 h at room temperature. 
After completion of the reaction (assessed by TLC), 200 mL of 
H2O was added. The reaction mixture was basified by adding 
a few drops of 15% aqueous NaOH solution, and the organic 
products were extracted from 3 x 100 mL portions of a 1:1 
mixture of ethyl ether and ethyl acetate. The combined 
organic layers were washed with 2 x 100 mL of H2O and 1 x 
100 mL of brine, dried, and evaporated to yield 3.6 g (80%) of 
a light brown viscous product. The 1H NMR spectra (complex 
spectra due to rotamers) confirmed the product to be 5a: IR 
3000, 1638 (NC=O) cm"1. 

(±) - 7-Bromo-8-methoxy-3- [4- (AT,iV-dimethylamino)bu-
tanoyl]-l-phenyl-2,3,4,5-tetrahydro-Lff-3-benzazepine (5b). 
Compound 5b was prepared (1.56 g, 3.5 mmol, 65%) from 4b 
according to the procedure described for the synthesis of 5a. 

(±)-7,8-Dimethoxy-3-[4-(JV^V-dimethylamino)butanoyl]-
l-phenyl-2,3,4,5-tetrahydro-Lff-3-benzazepine (5c). Com­
pound 5c was prepared (1.6 g, 4 mmol, 60%) from 4c according 
to the procedure described for the synthesis of 5a. 

(±)-7-Chloro-8-methoxy-3-[4-(AT^V-dimethylamino)bu-
tyl]-l-phenyl-2,3,4,5-tetrahydro-l-H-3-benzazepine (6a). 
Into a suspension of 0.8 g (20 mmol) of LiAlHj in 150 mL of 
THF was added 98% H2SO4 (1.0 g, 10 mmol) carefully dropwise 
at 0 0C.37 After 30 min of stirring, product 5a (2.01 g, 5 mmol) 
in 10 mL of anhydrous THF was added carefully. The 
temperature of the reaction mixture was raised to room 
temperature and stirred for 2 h. The hydrolytic workup was 
performed by adding 3.2 mL of H20/THF (1:1) mixture 
dropwise at 0 °C. After stirring for 15 min, ether (100 mL) 
was added followed by 6 mL of 15% aqueous NaOH solution 
to form a thick precipitate of aluminum hydroxide. The 
reaction mixture was diluted with 50 mL of ether while stirring 
continued for 15 min. The white aluminum hydroxide pre­
cipitate was separated by suction filtration, and the filtrate 
was evaporated to give 1.6 g (85%) of a viscous white product. 
The HCl salt was formed by dissolving the product in 2 mL of 
2-propanol and then adding HCl-saturated 2-propanol to pH 
2. The solvents were evaporated, and the salt of 6a was 
recrystallized from ethanol/2-propanol: mp 271-273 0C; 1H 
NMR (CDCl3) <5 7.35 (t, 2H, J = 7.2 Hz), 7.3 (t, IH, J = 7.6 
Hz), 7.18 (d, 2H, J = 7.1 Hz), 7.1 (s, IH), 6.25 (s, IH), 4.30 (d, 
IH, J = 8.6 Hz), 3.6 (s, 3H), 3.2-2.2 (m, 10H), 2.15 (s, 6H), 
1.45 (m, 4H); IR 2995, 1596, 1490 cm"1. Anal. (C23H33N2-
OCl3-V2H2O) C, H, N. 

(±)-7-Bromo-8-methoxy-3-[4-(A^^V-dimethylamino)bu-
tyl]-l-phenyl-2,3,4,5-tetrahydro-lH-3-benzazepine (6b). 
Compound 6b was prepared (1.1 g, 2.5 mmol, 90%) from 5b 
according to the procedure described for the synthesis of 6a. 
The HCl salt was formed by dissolving the product in 10 mL 
of HCl saturated methanol solution. The solvents were 
evaporated, and the salt was recrystallized from methanol/ 
2-propanol: mp 273-275 0C; 1H NMR (CDCl3) 0 7.35 (t, 2H, 
J = 7.6 Hz), 7.25 (t, IH, J = 7.4 Hz), 7.18 (s, IH), 7.15 (d, 2H, 
J = 6.9 Hz), 6.25 (s, IH), 4.30 (d, IH, J = 8.6 Hz), 3.6 (s, 3H), 
3.2-2.2 (m, 10H), 2.2 (s, 6H), 1.40 (m, 4H); IR 2999,1590,1490 
cm"1. Anal. (C23H33N2OCl2Br) C, H, N. 

(±)-7,8-Dimethoxy-3-[4-(AT^V-dimethylamino)butyl]-l-
phenyl-2,3,4,5-tetrahydro-l.H-3-benzazepine (6c). Com­
pound 6c was prepared (1.87 g, 4.9 mmol, 80%) from 5c 
according to the procedure described for the synthesis of 6a. 
The HCl salt was formed by dissolving the product in HCl-
saturated methanol solution. The solvents were evaporated, 
and the salt was recrystallized from 2-propanol/ether: mp 
260-262 0C; 1H NMR (CDCl3) d 7.35 (t, 2H, J = 7.6 Hz), 7.3 
(t, IH, J = 7.3 Hz), 7.2 (d, 2H, J = 6.9 Hz), 6.7 (s, IH), 6.25 (s, 
IH), 4.30 (d, IH, J = 8.5 Hz), 3.8 (s, 3H), 3.6 (s, 3H), 3.2-2.2 
(m, 10H), 2.2 (s, 6H), 1.40 (m, 4H); IR 2990, 1560, 1490 cm"1. 
Anal. (C24H36N2O2Cl2-V4H2O) C, H, N. 

(±)-7-Chloro-8-hydroxy-3-[4-(Ar,JV-dimethylamino)bu-
tyl]-l-phenyl-2,3,4,5-tetrahydro-lfl'-3-benzazepine (7a). 
O-Demethylation was performed by modifying the procedure 
of Baindur et al.36 A 0.43 g (1.1 mmol) portion of 6a was 
dissolved in dry CHCl3 (10 mL), and then 3.5 mL OfBBr3 (1 
M solution in CH2CI2) was added at 0 0C under an atmosphere 
of argon. The reaction mixture was allowed to stir for 1 h at 
room temperature, and then 10 mL of methanol (anhydrous) 
was added dropwise at 0 0C. After the reaction mixture was 
refluxed in an open-mouthed reaction flask for 20 min, the 
solvents were evaporated. The product was dissolved in 20 
mL of a 95:5 ethyl acetate and methanol mixture, basified with 
10% aqueous Na2CO3 solution, diluted with 20 mL of ethyl 
acetate, and separated. The aqueous phase was extracted with 
ethyl acetate/methanol (9:1) (2 x 20 mL). The combined 
organic phase was washed with H2O (20 mL) and brine (20 
mL), dried, filtered, and evaporated to give 0.35 g (80%) of a 
foamy solid. Some impurities were removed by dissolving the 
product in ether followed by filtration. The HCl salt was 
formed from HCl/2-propanol saturated solution and recrystal­
lized from 2-propanol/ether: mp 185-186 0C; 1H NMR (CDCl3) 
d 7.35 (t, 2H, J = 7.5 Hz), 7.25 (t, IH, J = 6.7 Hz), 7.1 (d, 2H, 
J = 6.9 Hz), 7.05 (s, IH), 6.1 (s, IH), 4.20 (d, IH, J = 7.3 Hz), 
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3.2-2.2 (m, 10H), 2.1 (s, 6H), 1.4 (m, 4H); IR 2995, 2650 
(hydrogen-bonded OH group) 1596,1490 cm"1. Anal. (C22H3IN2-
OCl3-

3Z4H2O) C, H, N. 
(±)-7-Bromo-8-hydroxy-3-[4-(2V,iV-dimethylamino)bu-

tyl]-l-phenyl-2,3,4,5-tetrahydro-Lff-3-benzazepine (7b). 
Compound 7b was prepared (0.63 g, 1.5 mmol, 70%) from 6b 
according to the procedure described for the synthesis of 7a. 
The HBr salt was formed by dissolving the product in 10 mL 
of ether and then bubbling in HBr gas. The solvents were 
evaporated, and the salt was recrystallized from 2-propanol/ 
ether: mp 180-183 0C; 1H NMR (CDCl3) 6 7.25 (t, 2H, J = 
7.6 Hz), 7.15 (t, IH, J = 7.0 Hz), 7.1 (s, IH), 7.0 (d, 2H, J = 
6.9 Hz), 6.0 (s, IH), 4.15 (d, IH, J = 7.7 Hz), 3.05-2.05 (m, 
10H), 2.0 (s, 6H), 1.30 (m, 4H); IR 2999, 2650 (hydrogen-
bonded OH group), 1590, 1490 cm"1. Anal. (C22H3IN2OBr3) 
C, H, N. 

(±)-7,8-Dihydroxy-3-[4-(AT^V-dimethylamino)butyl]-l-
phenyl-2,3,4,5-tetrahydro-li/-3-benzazepine (7c). Com­
pound 7c was prepared (1.1 g, 2.8 mmol, 70%) from 6c 
according to the procedure described for the synthesis of 7a 
except that after the reaction was quenched with methanol, 
the mixture was heated under reflux for 1 h and the HBr gas 
was bubbled into the reaction mixture. Finally the solvents 
were evaporated, and the salt was recrystallized from meth-
anol/ethanol: mp 150-153 0C dec; 1H NMR (CDCl3) <3 7.3 (t, 
2H, J = 7.5 Hz), 7.25 (t, IH, J = 7.1), 7.05 (d, 2H, J = 7.0), 6.6 
(s, IH), 5.95 (s, IH), 4.25 (d, IH, J = 7.8 Hz), 3.2-2.2 (m, 10H), 
2.15 (s, 6H), 1.40 (m, 4H); IR (HBr salt) 3440, 3000, 2740 
(hydrogen-bonded OH group), 1600,1490 cm"1. Anal. (C22H32-
N2O2Br2-EtOH-V2H2O) C, H, N. 

iV-Carbobenzoxy-6-aminohexanoic Acid (8a). A 6.55 g 
(50 mmol) portion of 6-aminocaproic acid was dissolved in 100 
mL of 3 N NaOH solution, and then 7.1 mL (50 mmol) of benzyl 
chloroformate was added at 0 0C. The reaction mixture was 
stirred at room temperature for 2 h and then neutralized by 
adding 50% aqueous HCl solution until acidic (pH 2). The 
protected amino acid was extracted from a 1:1 mixture of ether 
and ethyl acetate. The organic layer was dried, filtered, and 
evaporated to give a white viscous product (12.1 g, 90%) which 
solidified on standing overnight: mp 56-58 0C; 1H NMR 
(CDCl3) 6 7.3 (m, 5H, aromatic), 5.1 (s, 2H, benzylic), 4.95 (s, 
IH, broad, NH), 3.15 (m, 2H), 2.3 (m, 2H), 1.6-1.1 (m, 6H). 

iV-Carbobenzoxy-4-aminobutyric Acid (8b). Compound 
8b was prepared (0.63 g, 1.5 mmol, 70%) according to the 
procedure described for the synthesis of 8a, mp 59-61 °C. 

(±)-7-Chloro-8-methoxy-3-[6-(N-carbobenzoxyamino)-
hexanoyl] - l-phenyl-2,3,4,5-tetrahydro-Iff-3-benzaze-
pine (9a). Into a solution of 2.47 g (12 mmol) of DCC, 1.76 g 
(13 mmol) of HOBT,38 and 2.65 g (10 mmol) of JV-carbobenzoxy-
6-aminocaproic acid (8a) in 200 mL of dry DMF was added a 
solution of 2.87 g (10 mmol) of 4a in 10 mL of DMF. After 3 
mL of triethylamine was added, the reaction mixture was 
stirred for 48 h at room temperature. After completion of the 
reaction (assessed by TLC), 200 mL of H2O was added, the 
reaction mixture was basified by adding a few drops of 15% 
NaOH solution, and the organic products were extracted from 
a 1:1 mixture of ethyl ether and ethyl acetate (3 x 100 mL). 
The combined organic layers were washed with H2O (2 x 100 
mL) and brine (1 x 100 mL), dried, and evaporated to yield 
3.6 g (80%) of 9a as a light brown viscous oil. The product 
was confirmed by TLC and IR spectra and used in the next 
reaction with out further purification. 

(±)-7-Chloro-8-methoxy-3-[4-(iV-carbobenzoxy amino )-
butanoyl] -1 -phenyl-2,3,4,5-tetrahydro- lff-3-benzaze-
pine (9b). Compound 9b was prepared (1.56 g, 3.1 mmol, 
65%) by a coupling reaction between 8b and benzazepine 4a, 
according to the procedure described for the synthesis of 9a. 

(±)-7-Chloro-8-methoxy-3-(6-aminohexyl)-l-phenyl-
2,3,4,5-tetrahydro-lff-3-benzazepine (10a). Compound 9a 
(1.86 g, 3.5 mmol) was deprotected39 in 50 mL of dry acetoni-
trile, with 2.2 mL (15 mmol) of iodotrimethylsilane at room 
temperature. The color of the reaction mixture changed to red 
immediately. After stirring for 30 min, reaction mixture was 
quenched with 20 mL of methanol, the volatiles were evapo­
rated in the rotary evaporator, and the viscous product was 
dissolved in 50 mL of 10% aqueous HCl. The acidic layer was 

washed with ethyl ether (3 x 100 mL) and separated. The 
aqueous layer was neutralized with 15% NaOH solution, and 
the product was extracted with CHCl3 (2 x 100 mL), dried, 
filtered, and evaporated to give the deprotected intermediate 
(1.2 g, 79%). The product was confirmed by TLC and IR 
spectra and used in the next reaction without further purifica­
tion. The reduction of the resulting intermediate amide to the 
desired amine (10a) was performed as described for product 
6a using AlH3 in THF to give 1.1 g (85%) of a white foamy 
product: 1H NMR (CDCl3) 6 7.35 (t, 2H, J = 7.4 Hz), 7.3 (t, 
2H, J = 7.1 Hz), 7.1 (d, IH, J = 6.9 Hz), 7.0 (s, IH), 6.2 (s, 
IH), 4.25 (d, IH, J = 7.7 Hz), 3.5 (s, 3H, OMe), 3.1-2.7 (m, 
6H), 2.65 (t, 2H, J = 6.5 Hz), 2.5 (t, 2H, J = 6.6 Hz), 1.6-1.2 
(m, 8H); IR 3273 (NH2), 1480 cm"1. 

(±)-7-Chloro~8-methoxy-3-(4-aminobutyl)-l-phenyl-
2,3,4,5-tetrahydro-lff-3-benzazepine (10b). Compound 10b 
was prepared (0.7 g, 2 mmol, 65%) according to the procedure 
described for the synthesis of 10a: 1H NMR (CDCl3) 6 7.3 (t, 
2H, J = 7.6 Hz), 7.25 (t, 2H, J = 7.0 Hz), 7.1 (d, IH, J = 7.0 
Hz), 7.0 (s, IH), 6.25 (s, IH), 4.2 (d, IH, J = 7.7 Hz), 3.5 (s, 
3H, OMe), 3.1-2.6 (m, 6H), 2.65 (t, 2H, J = 6.5 Hz), 2.5 (t, 
2H, J = 6.6 Hz), 1.6-1.1 (m, 4H); IR 3270 (NH2), 1490 cm"1. 

(±)-7-Chloro-8-hydroxy-3-[6-(AT^V-dimethylamino)hex-
yl] -1 -phenyl-2,3,4,5-tetrahydro- Iff-3-benzazepine - Cy-
anoborane (11). In an attempt to synthesize 15 directly from 
10a by a known procedure,40 compound 11 was formed instead. 
Aqueous formaldehyde (37%, 2.4 mL) and NaBH3CN (0.63 g, 
10 mmol) were added at 0 0C to a solution of 10a (0.77 g, 2 
mmol) in 10 mL of dry MeCN. The reaction mixture (pH 12) 
was allowed to react at 0 0C for 5 min and then allowed to 
warm to room temperature. After a reaction time of 30 min, 
glacial HOAc (0.3 mL) was added, and the reaction mixture 
(pH 6) was allowed to stir at room temperature for another 
45 min. The volatiles were removed in vacuo, and the residue 
was basified with 2 N NaOH (1 x 20 mL) and extracted with 
a 1:1 mixture of ethyl acetate/ether (2 x 20 mL). The combined 
organic fraction was washed with H2O, dried and evaporated 
to give a viscous product. The crude product was purified by 
flash column chromatography (CHCl3/methanoiyNH4OH, 95: 
4.5:0.5) to give 0.5 g (55%) of a white viscous product: 1H NMR 
(CDCl3) 6 7.4 (t, 2H, J = 7.2 Hz), 7.3 (t, IH, J = 7.3 Hz), 7.2 
(d, 2H, J = 7.2 Hz), 7.15 (s, IH), 6.25 (s, IH), 4.35 (d, IH, J = 
8.5 Hz), 3.6 (s, 3H), 3.2-2.7 (m, 6H), 2.65 (s, 6H), 2.5 (m, 4H), 
1.8-1.2 (m, 8H); IR 2950, 2415 (BH2CN), 1480 cm"1. O-
Demethylation of this intermediate was performed as for 
compound 7a by using BBr3 to give a white viscous product 
(11). The HCl salt was formed by dissolving the product in 
HCl-saturated 2-propanol. The solvents were evaporated, and 
the salt was recrystallized from CH2Cl2/ether: mp 140-143 
0C; 1H NMR (CDCl3) <5 7.35 (t, 2H, J = 6.9 Hz), 7.3 (t, IH, J = 
7.2 Hz), 7.1 (d, 2H, J = 7.3 Hz), 7.05 (s, IH), 6.25 (s, IH), 4.25 
(d, IH, J = 8.6 Hz), 3.2-2.7 (m, 6H), 2.65 (s, 6H), 2.5 (m, 4H), 
1.8-1.2 (m, 8H); IR 3300 (OH), 2950, 2440 (BH2CN), 1480 
cm"1. Anal. (C25H37N3OBCl2) C, H, N. 

(±)-7-Chloro-8-hydroxy-3-(6-aminohexyl)-l-phenyl-
2,3,4,5-tetrahydro-lff-3-benzazepine (12a). The O-de-
methylation of 10a (0.8 g, 2 mmol) by BBr3 was performed 
under the same conditions as for product 7a to give a white 
foamy product 12a (0.55 g, 70% yield). The HBr salt was 
formed by bubbling HBr gas in to a 2-propanol solution of the 
product. On evaporation of the solvent, a white solid was 
obtained which was recrystallized from 2-propanol/ether to 
give pure 12a: mp 170 0C dec; 1H NMR (CDCl3) 6 7.4 (t, 2H, 
J = 7.0 Hz), 7.3 (t, 2H, J = 7.0 Hz), 7.15 (d, IH, J = 7.2 Hz), 
7.05 (s, IH), 6.25 (s, IH), 4.25 (d, IH, J = 8.4 Hz), 3.1-2.7 (m, 
6H), 2.65 (t, 2H, J = 6.7 Hz), 2.5 (t, 2H, J = 6.8 Hz), 1.6-1.2 
(m, 8H); IR 3473 (OH), 3260 (NH2), 1480 cm"1. Anal. 
(C22H3IN2OClBr2-H2O) C, H, N. 

(±)-7-Chloro-8-hydroxy-3-(4-aminobutyl)-l-phenyl-
2,3,4>5-tetrahydro-lff-3-benzazepine (12b). Compound 12b 
(0.7 g, 2 mmol, 65%) was prepared according to the procedure 
described for the synthesis of 10a: mp 111-113 °C; 1H NMR 
(CDCl3) 6 7.4 (t, 2H, J = 6.9 Hz), 7.3 (t, 2H, J = 7.0 Hz), 7.15 
(d, IH, J = 7.2 Hz), 7.05 (s, IH), 6.25 (s, IH), 4.2 (d, IH, J = 
8.6 Hz), 3.1-2.7 (m, 6H), 2.6 (t, 2H, J = 6.6 Hz), 2.5 (t, 2H, J 
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= 6.7 Hz), 1.4-1.2 (m, 4H); IR 3470 (OH)1 3265 (NH2), 1480 
cm"1. Anal. (C20H27N2OClBr2-2H2O) C, H, N. 

(±)-7-Chloro-8-hydroxy-3-(6-formamidohexyl)-l-phen-
yl-2,3,4,5-tetrahydro-lJf-3-benzazepine (13a). A 1.93 g (5 
mmol) portion of product 10a was dissolved in 20 mL of ethyl 
formate (dry) and then 60 /uL of formic acid was added. After 
the reaction mixture was stirred for 18 h at room temperature, 
TLC showed the formation of new product with a Rf value 
higher than that of the starting amine. After the completion 
of the reaction the ethyl formate was evaporated to dryness 
to give a foamy solid. The O-demethylation of the resulting 
solid with BBr3 as for 7a resulted in the formation of 13a in 
70% yield (1.6 g). The HBr salt was formed by bubbling the 
HBr gas into an 2-propanol solution of the product. On 
evaporating the solvent, a white product was obtained which 
was recrystallized from 2-PrOH/ether to give pure product 
13a: mp 87-90 0C; 1H NMR (CDCl3) d 8.1 (s, IH, amide), 7.3 
(t, 2H, J = 7.2 Hz), 7.25 (t, 2H, J = 7.2 Hz), 7.1 (d, IH, J = 7.3 
Hz), 7.05 (s, IH), 6.25 (s, IH), 4.8 (s, IH, NH), 4.2 (d, IH, J = 
8.6 Hz), 3.25 (t, 2H, J = 6.8 Hz), 3.1-2.2 (m, 8 H), 1.6-1.2 
(m, 8H); IR 3460 (OH), 1679 (NHC=O), 1500 Cm"1. Anal. 
(C23H30N2O2ClBr^H2O) C, H, N. 

(±)-7-Chloro-8-hydroxy-3-(4-formamidobutyl)-l-phen-
yl-2,3,4,5-tetrahydro-li/-3-benzazepine (13b). Compound 
13b (1.8 g, 5 mmol, 70%) was prepared according to the 
procedure described for the synthesis of 13a, starting with 10b. 

(±)-7-Chloro-8-hydroxy-3-[6-(AT-methylamino)hexyl]-l-
phenyl-2,3,4,5-tetrahydro-lfl-3-benzazepine (14a). The 
reduction of the amide 13a to the secondary amine was 
performed under the same conditions as for 6a using AlH3 to 
give 14a (0.9 g, 75%). The HCl salt was formed from a 
saturated solution of HCl/2-propanol and recrystallized from 
2-propanol/ether: mp 101-103 0C; 1H NMR (CD3OD) 6 7.65 
(t, 2H, J = 7.0 Hz), 7.55 (t, IH, J = 7.2 Hz), 7.5 (d, 2H, J = 7.3 
Hz), 7.25 (s, IH), 6.45 (s, IH), 4.55 (d, IH, J = 8.6 Hz), 3.7-
2.75 (m, 10H), 2.7 (s, 3H), 1.9-1.7 (m, 8H); IR 3473 (OH), 3180 
(NH), 1480 cm"1. Anal. (C23H33N2OCl3-1.25H20) C, H, N. 

(±)-7-Chloro-8-hydroxy-3-[4-(iV-methylamino)butyl]-l-
phenyl-2,3,4,5-tetrahydro-l/7-3-benzazepine (14b). The 
reduction of the amide 13b to the secondary amine was 
performed under the same conditions as described for 6a using 
AlH3 to give 14b (0.7 g, 70%). The HCl salt was formed from 
a saturated solution of HCl/2-propanol and recrystallized from 
2-propanol/ether: mp 181-184 0C; 1H NMR (CDCl3) 6 7.35 (t, 
2H, J = 6.9 Hz), 7.25 (t, 2H, J = 7.2 Hz), 7.1 (d, IH, J = 7.2 
Hz), 7.05 (s, IH), 6.15 (s, IH), 4.2 (d, IH, J = 8.5 Hz), 3 . 1 -
2.65 (m, 6H), 2.5 (m, 4H), 2.3 (s, 3H), 1.6-1.3 (m, 4H); IR 3473 
(OH), 3210 (NH), 1480 cm"1. Anal. (C2IH29N2OClBr2-V2H2O) 
C, H, N. 

(±)-7-Chloro-8-hydroxy-3-[6-(AyV-dimethylamino)hex-
yl]-l-phenyl-2,3,4,5-tetrahydro-Lff-3-benzazepine (15). A 
1.93 g (5 mmol) portion of product 10a was dissolved in 20 
mL of ethyl formate (dry), and 60 fiL of formic acid was added. 
After the reaction mixture was stirred for 18 h at room 
temperature, the TLC analysis showed the formation of a new 
product with a Rf value higher than that of the starting amine. 
After completion of the reaction the ethyl formate was 
evaporated to dryness to give a foamy solid. The crude product 
was purified by flash column chromatography, eluting with 
CHCl3/methanol/NH4OH (95:4.5:0.5) to give 1.8 g (80%) of a 
white viscous product: IR 3000,1679 (amide), 1490 cm-1. This 
intermediate amide was reduced to the secondary amine by 
AlH3 under the same conditions as described for 6a to give a 
white viscous product. N-Formylation of this product was 
conducted as above to give a foamy white solid which was 
reduced to the tertiary amine under the same conditions as 
for 6a using AlH3 to give the tertiary amine intermediate: 1H 
NMR (CDCl3) 6 7.35 (t, 2H, J = 7.1 Hz), 7.3 (t, IH, J = 7.1 
Hz), 7.2 (d, 2H, J = 7.2 Hz), 7.15 (s, IH), 6.25 (s, IH), 4.3 (d, 
IH, J = 8.6 Hz), 3.6 (s, 3H), 3.2-2.25 (m, 6H), 2.2 (s, 6H), 
1.5-1.25 (m, 12H); IR 2950, 1480 cm"1. Finally, the O-
demethylation of the above product was performed as for 
compound 7a using BBr3 to give the desired phenol, 15. The 
HCl salt was formed from HCl/2-propanol-saturated solution 
and recrystallized from 2-propanol/ether: mp 245-247 0C; 1H 
NMR (CDCl3) <5 7.35 (t, 2H, J = 7.0 Hz), 7.25 (t, IH, J = 7.0 

Hz), 7.1 (d, 2H, J = 7.2 Hz), 7.05 (s, IH), 6.05 (s, IH), 4.2 (d, 
IH, J = 8.5 Hz), 3.15-2.1 (m, 6H), 2.05 (s, 6H), 1.5-1.2 (m, 
12H); IR 2995, 2650 (hydrogen-bonded OH group), 1600,1495 
cm"1. Anal. (C24H35N2OCl3-V4H2O)C1H1N. 

(±)-7-Chloro-8-hydroxy-3-butyl-l-phenyl-2,3,4,5-tetrahy-
dro-llf-3-benzazepine (16). Into a solution of 4a (0.58 g, 2 
mmol) in 20 mL of DMF was added 1 mL of H2O.41 To this 
stirring solution was added anhydrous K2CO3 (0.3 g, 2.2 mmol) 
followed by dropwise addition of bromobutane (0.22 mL, 2 
mmol) in 5 mL of CH2Cl2. After stirring for 18 h the reaction 
mixture was quenched with 40 mL of H2O, and the solution 
was then extracted with 50 mL of CH2Cl2. The CH2Cl2 layer 
was washed with H2O (2 x 25 mL) and brine (25 mL), dried, 
and evaporated. The crude product was purified by flash 
column chromatography, eluting with CHCl3/methanol/NH4-
OH (95:4.5:0.5) to give (0.7 g, 70%) of a white viscous product 
as 7-chloro-8-methoxy-3-butyl-l-phenyl-2,3,4,5-tetrahydro-
l#-3-benzazepine: 1H NMR (CDCl3) <5 7.35 (t, 2H, J = 7.2 Hz), 
7.25 (t, IH, J = 7.2 Hz)1 7.15 (d, 2H, J = 7.3 Hz), 7.1 (s, IH), 
6.25 (s, IH), 4.3 (d, IH, J = 8.4 Hz), 3.55 (s, 3H), 3.2-2.7 (m, 
4H)1 2.5 (m, 4H), 2.4 (m, 2H), 1.5 (p, 2H) 1.35 (p, 2H), 0.9 (t, 
3H, J = 6.6 Hz ); IR 2955 cm"1. Finally, O-demethylation of 
the above product was performed as for compound 7a using 
BBr3 to give the desired phenol, 16. The HBr salt was formed 
by bubbling the HBr gas into an ether solution of the product. 
On evaporation of the solvent, a white product was obtained 
which was recrystallized from 2-PrOH/ether to give pure 
product (0.5 g, 70%): mp 142-144 0C; 1H NMR (CDCl3) d 7.35 
(t, 2H, J = 7.1 Hz), 7.3 (t, IH 1 J = 7.2 Hz), 7.15 (d, 2H1J = 7.2 
Hz)1 7.1 (s, IH)1 6.25 (s, IH)1 4.2 (d, IH1 J = 8.6 Hz)1 3.1-2.7 
(m, 4H), 2.5 (m, 4H), 2.4 (m, 2H)1 1.5 (p, 2H)1 1.3 (p, 2H), 0.95 
(t, 3H1 J = 6.6 Hz ); IR 2995, 2690 (hydrogen-bonded OH 
group), 1600,1495 cm"1. Anal. (C20H25NOClBrV2H2O) C, H, 
N. 

(±)-7-Chloro-8-hydroxy-3-[4-aminobutanoyl]-l-phenyl-
2,3,4,5-tetrahydro-lif-3-benzazepine (17). Compound 9b 
(2.02 g, 4 mmol) was deprotected39 in 30 mL of dry acetonitrile, 
with 1.85 mL (13 mmol) of iodotrimethylsilane at room 
temperature following the same procedure as described for 
compound 10a. Deprotection was directly followed by O-
demethylation with BBr3 as described for product 7a in CH2-
Cl2 to give the desired product 17 (0.9 g, 80%). The 1H NMR 
spectra was complex due to rotomers: mp 110-112 0C dec; 
IR 3380 (OH), 3270 (NH2), 1670 (NHC=O),1490 (C-O) cm"1. 
Anal. (C20H24N2O2ClBr-V2H2O) C, H, N. 

Biological Evaluation. Chemicals and reagents were 
obtained from the following sources: [3H]SCH 23390 (specific 
activity 71.3 Ci/mmol), [3H]sulpiride (specific activity 70 Ci/ 
mmol), and [3H]cAMP (adenosine 3',5'-cyclic phosphate, am­
monium salt; specific activity 31.4 Ci/mmol) from New England 
Nuclear (Boston, MA); dopamine, ATP, GTP, imidazole, theo­
phylline, and all other buffer components from Sigma Chemi­
cal Co. (St. Louis, MO); SCH 23390 and sulpiride from 
Research Biochemicals International (Natick, MA). 

[3H]SCH 23390 and [3H] Sulpiride Binding Assays. 
Male Sprague-Dawley rats (200-250 g, Taconic, German-
town, NY) were decapitated, their brains were removed, and 
caudate putamen were dissected on ice. The tissue was 
suspended in 100 volumes of ice-cold buffer (50 mM Tris, pH 
7.4) and homogenized for 10 s with a polytron (setting 7). The 
homogenates were centrifuged at 3500Og for 10 min at 4 0C. 
The supernatants were discarded, and the tissue was resus-
pended in buffer and centrifuged again. This was repeated, 
and the final pellet was resuspended in 3.75 mg/mL of binding 
buffer (50 mM Tris, 120 mM NaCl, 5 mM CaCl2,1 mM MgCl2, 
pH 7.4). (This equals approximately 3 mg of tissue per assay 
tube, as determined by Lowry assay.) 

Fresh tissue homogenate was used in all experiments. 
Triplicate samples of membranes were incubated in binding 
buffer for 30 min at 37 0C in a final volume of 1 mL. [3H]SCH 
23390 (final concentration 0.3 nM) or [3H]sulpiride (final 
concentration 3 nM) was used to determine binding to dopam­
ine Di or D2 receptors, respectively. Nonspecific binding was 
determined as binding in the presence of 1 ^M unlabeled SCH 
23390 or 10 ^M unlabeled sulpiride, as appropriate. The 
incubation was terminated by rapid filtration through What-



4292 Journal of Medicinal Chemistry, 1995, Vol. 38, No. 21 Shah et al. 

man GF/B glass fiber filter paper using a Brandel Cell 
Harvester (Gaithersburg, MD). The filters were washed with 
three additional 4 mL washes of buffer and transferred to 
scintillation vials. Absolute ethanol (0.5 mL) and Beckman 
Ready Value Scintillation Cocktail (2.75 mL) were added to 
the vials which were counted the next day at an efficiency of 
approximately 40%. Ko values (for the labeled ligands) and 
K values were determined using LIGAND.48 

Adenylyl Cyclase Assays. Male Sprague-Dawley rats 
(200-250 g, Taconic, Germantown, NY) were decapitated, 
their brains were removed, and caudate putamen were dis­
sected on ice. A crude membrane preparation was made by 
homogenizing the tissue in a Teflon/glass homogenizer. Dis­
sected tissue from caudate putamen of one rat was homog­
enized and diluted into 25 mL of homogenization buffer (10 
mM imidazole HCl (pH 7.4) and 2 mM EGTA) and centrifuged 
at 2700Og for 15 min at 4 0C. The pellet was resuspended in 
25 mL of fresh buffer and centrifuged again for 15 min. The 
supernatant was discarded, and the tissue was homogenized 
in 30 volumes (w/v) of ice-cold homogenization buffer contain­
ing 10% glycerol and stored at - 7 0 0C until determination of 
adenylyl cyclase activity. 

Tissue homogenate was thawed (20-50 jxg of protein in 10 
fiL) and added on ice to assay tubes (final volume 0.06 mL) 
containing final concentrations of 10 mM imidazole hydro­
chloride (pH 7.4), 10 mM theophylline, 6 mM MgSO4, 0.6 mM 
EGTA, 1.5 mM ATP, 0.01 mM GTP, and either the drug being 
tested or H2O. Triplicate samples for each treatment were 
incubated at 30 0C for 5 min. Adenylyl cyclase activity was 
terminated by placing the tubes into boiling H2O for 2 min. 
The amount of cAMP formed was determined by a [3H]cAMP 
protein binding assay, as described previously.49,60 [3H]cAMP 
(final concentration 4 nM) was added to each test tube followed 
by a binding protein prepared from bovine adrenal glands. The 
samples were incubated on ice for 90 min, and the assay was 
terminated by the addition of charcoal and centrifugation to 
separate the free tritiated cAMP from that which was bound 
to the binding protein. Aliquots of the supernatant containing 
bound cAMP were placed into scintillation vials to which 
Beckman Ready Value Scintillation Cocktail was added, and 
radioactivity was determined by liquid scintillation spectrom­
etry. 

The amount of cAMP formed as a function of concentration 
of agonist was analyzed using ANOVA and linear regression 
techniques.51 From this analysis, IC50 values and their 95% 
confidence limits were derived from data using the linear 
portion of the concentration-effect curves. Predicted K values 
were determined using the equation K = KW[I + [3H-DA]/ 
DA Ko]. All assays used 100 /«M dopamine (DA), and the Ko 
for dopamine to stimulate adenylyl cyclase activity was 1023 
nM.62 
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