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ABSTRACT 

Rigid analogues of the tricyclic antidepressant 

imipramine and the phenothiazine tranquilizer promazine 

were designed and their syntheses were attempted. 

Conformational rigidity was expected to reduce the side 

effects of these drugs by limiting their binding to 

multiple receptors. Ortho-directed metalation followed by 

acylation provided synthetic intermediates for the 

formation of the desired pentacyclic congeners. 

The known dilithiation of phenothiazine and 

iminodibenzyl with n-butyllithium, followed by acylation 

with dimethylformamide, gave carboxaldehydes at the I and 4 

positions respectively. Ortho-lithiated nicotinamides were 

acylated by these aldehydes exclusively at the 4 position 

to provide the key intermediate alcohol amides. 

Difficulties in amide hydrolysis are discussed. Catalytic 

hydrogenation over palladium-on-carbon in refluxing acetic 

acid yielded carboxylic acids, apparently via the gamma-

lactones formed in situ. The lactones could not be 

isolated easily due to instability to oxidation. 

Pentacyclic lactams were formed by dehydration, and borane 

was used to reduce the carbonyl function. Only the 

iminodibenzyl lactam was reduced, and problems encountered 

ix 
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in subsequent pyridine ring reduction are discussed. Cis 

and trans ring fusion isomers were identified by l3C nmr. 

Attempted one-pot synthesis of this pentacycle and 

a regioisomer by double acylation of 4 , 5 -

dilithioiminodibenzyl with 2,3-pyridinedicarboxylic 

anhydride, and 3,4-pyridinedicarboxylic anhydride failed. 

Mechanistic considerations are discussed regarding 

regiochemistry and reactivity of the nitrogen and carbon 

anions involved. Ortho-lithiation of 3-bromopyridine to 

form 3-pyridyne in the presence of the preformed N

lithioiminodibenzyl-4-carboxaldehyde was unsuccessful in 

providing a pentacyclic benzonaphthyridinobenzazepine. The 

resulting 2- and 4-lithiated 3-bromopyridines were trapped 

by the aldehyde instead. Both hydroxymethylbromopyridines 

were identified by their proton coupling patterns in the 

pyridine ring. These compounds are discussed as potential 

precursors to pentacyclic benzazepinopyridobenzazepines. 

Several other attempts at forming benzo

naphthyridinobenzazepines and naphthyridinophenothiazines 

were unsuccessful. Intermediates were obtained by carbon 

acylation of the dilithiated iminodibenzyl and 

phenothiazine with arecoline esters, arecaidine, and 

pyridine-3-carboxaldehyde. Dibenzylic alcohol reduction is 

discussed, as is its labile oxidation. None of the 

resulting pyridylmethyl heterocycles could be cyclized. 



INTRODUCTION 

Dibenzazepine antidepressant and phenothiazine 

antipsychotic compounds have been mainstays of psychiatric 

chemotherapy for a generation and are at least to some 

degree model compounds for these activities. Both were 

discovered to be so effective quite by accident, and the 

exact mechanisms of these activities have been elusive. 

The magnitude and serious consequences of depressive and 

psychotic illness indicate the necessity for continued 

study of these compounds to better understand their 

activity and the diseases they treat. Depression is the 

most common psychiatric disorder due in part to its diverse 

nature. Apparently 8-20 million Americans suffer from one 

or more episodes of depressive illness annually, with 

400,000 cases of endogenous depression accounting for 

25,000 suicides each year. Suicide is considered the tenth 

major cause of death. Antidepressants are taken by 2.1% of 

adults in the United states and account for 15 million 

prescriptions annually (Blain, Prien and Levine, 1983). 

Some depressions are of course milder and self 

limiting. Such reactive depressions usually signal no 

underlying metabolic or functional aberation, and require 

little if any treatment. Endogenous depression is, on the 

1 
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other hand, associated with complex biochemical and 

possibly structural lesions leading to well known symptoms 

such as fatigue, melancholy, insomnia, physical complaints 

and preoccupation with death. 

Severa I therapeutic modal i ties exist for treating 

depressive illness including monamine oxidase inhibitors, 

electro-convulsive therapy (ECT), lithium, and 

benzodiazepines. Certainly the most widely used class of 

drug is the tricyclic antidepressants of which imipramine 1 

(Fisure 1) is the prototype. Each therapy has its place, 

ECT for refractory depression and lithium for bipolar 

disorder, monoamine oxidase inhibitors with competent 

patients and when tricyclics fail, and benzodiazepines for 

agi tated depressions. 

The tricyclics possess individually unique 

properties making 

types. Seconda ry 

them amenable to various depressive 

amines cause less sedation and are 

generally less effective. Tertiary amines have more 

anticholinergic, cardiac, and sedative effects. All 

tricyclic compounds vary in their ability to block, 

regu la te, desensitize, and stimu la te various CNS receptor 

types, as well as block biogenic amine reuptake by 

presynaptic nerve cells. A slow onset of action, usually 

months, and the variety of drug actions have made 

elucidation of the cause of depression difficult. The 



3 

discovery of atypical antidepressants such as mianserin ~, 

a serotonin (5-HT) antagonist without any 5-HT or 

norepinephrine (NE) uptake blocking activity, and iprindole 

1, which has neither 5-HT nor NE receptor binding or uptake 

blocking activity, have further confused the picture (Hall 

and Ogren, 1981). 

cf)o 000 ~ N 

~ ~ ~ 
< 

N(CH 3)2 N(CH3) 2 

1 2 3 

Brru ]Nj 

~-~ 
H CH2N(CH3)2 

5 

4 

CI CH3 

H N hCH-CH2-NH-~-CH3 2)=T1 I 
CI OH CH3 

6 

Figure 1. Antidepressant Compounds 



Antidepressant Mechanisms and Structure Activity 

Relationships 

4 

Historically the neurochemical effects of tricyclic 

antidepressants, of which imipramine is the prototype, and 

monoamine oxidase inhibitors gave rise to the biogenic 

amine hypothesis of depression. Since the mechanism of 

action of both drugs led to a potential increase in 

available norepinephrine at the synaptic cleft it was 

assumed that endogenous depressions were the the result of 

a neurotransmitter deficiency. Subsequent work over the 

past twenty years has proven that such is not the case, and 

that the actual mechanisms of depression may be varied, and 

the disease itself not a single entity (Ankier, 1986). 

Much work on the structure-activi ty relationships 

of tricyclic antidepressants has characterized these 

compounds as two distinct groups, tertiary and secondary 

amines. The tertiary amines are more active at inhibiting 

uptake of serotonin in vitro, and have more anticholinergic 

muscarinic receptor blocking activity. Both these 

characteristics are considered to increase sedative 

properties. Antimuscarinic activities, coupled with 

quinidine-like actions, are responsible for serious cardiac 

toxicity which is often attributed with deaths in suicide 

attempts using these agents. The secondary amines are 

norepinephrine uptake inhibitors, and have less 
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anticholinergic activity. Antihistaminic activity occurs 

with both classes of compounds, as does some monoamine 

oxidase inhibiting activity. In vivo metabolism leads 

rapidly to the formation of secondary amines from tertiary 

amines via N-demethylation, and may ablate the differences 

found among agents in vitro (Frazer and Conway, 1984). 

st udies have found tha t shortening or lengthen ing 

the aminopropyl side chain, or adding substituents to the 

three carbon chain, leads to inactivity of compounds as 

amine uptake inhibitors (Callingham, 1966). Substitution 

of a planar tricyclic functionality or replacement of the 

ethylene bridge of imipramine with sulfur also greatly 

reduced amine uptake inhibition and antidepressant activity 

(BOpp and Biel, 1974). It was determined that a dihedral 

angle of >90 0 and <180 0 between the aromatic rings was 

required for optimal activity (van der Burg et a1., 1970; 

Maxwell et a1., 1974). 

Noradrenergic alpha-2 receptors pre-synaptically 

may serve as auto receptors on noradrenergic neurons to 

modulate the release of norepinephrine (Clark, Michel and 

~\Thiting, 1986). The presence of excess norepinephrine 

brought about by reuptake inhibition was suggested to 

reduce alpha-2 receptor density and sensitivity. 'This 

would theoretica lly allow greater transmitter release by 

blocking its feedback inhibitory regulation. Several 
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studies indicated equivocal effects on alpha-2 receptor 

densi ty, and there is some question a s to the pre sence or 

importance of these as autoreceptors in the central nervous 

system. Alpha-l receptors post-synaptically may be 

blocked, especially by tertiary amines, and help to account 

for the anti-anxiety effects of these compounds (Frazer and 

Conway, 1984). 

Langer et al. (1980) reported the discovery of 

high-affinity 3H-imipramine binding sites that could be 

correlated with 3H-serotonin uptake but not 3 H-

norepinephrine uptake. Separate high affinity binding 

sites for 3H-desipramine and 3H-rnianserine were also 

reported, and those for desipramine correlated to 

norepinephrine uptake (Slater, 1984). These findings 

suggest the possibility of an endogenous antidepressant 

ligand, but may be merely recognition sites rather than 

true receptors (Laduron, Robbyns and Schotte, 1982). These 

sites were distinct from 3H-serotonin and 3H-norepinephrine 

receptor binding sites. There has been one report of 

isolation of a non-peptide endogenous ligand in a crude 

form (Barbaccia et al., 1983), and the suggestion that it 

may act as a neuromodulator of serotonin uptake. 

The activity of several compounds as 

antidepressants has further confused the mechanistic 

considerations in depression. Mianserine is a serotonin 
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receptor antagonist with little or no uptake blocking 

activity (van der Burg et al., 1970; Watthey et al., 1983). 

Iprindole has neither receptor blocking nor uptake 

inhibiting activity (Hall and Ogren, 1981), and zimelidine 

4 is a potent and highly specific serotonin uptake 

inhibitor with little or no other known activity (Hogberg 

et a 1., 1981). Tra zodone 5 is a weak seroton in uptake 

inhibi tor and serotonin antagonist whcse major metabol i te 

m-chlorophenylpiperazine is a direct serotonin agonist 

potentially responsible for its antidepressant effect 

(Lemberger, Fuller and Zerbe, 1985). All of these data, 

and the antidepressant acti vi ty of such beta -adrenoceptor 

agonists as clenbuterol .§. and salbutamol, have led to the 

theory of beta-receptor down regulation and desensitization 

as the unifying activity of all antidepressants (Finnegan 

et al., 1987). 

Post-synaptic beta-adrenoceptors are linked to 

cyclic-AMP synthesis which apparently mediates 

intraneuronal responses to receptor stimulation. While 

beta-receptor agonists such as norepinephrine and 

clenbuterol can cause homeostatic down regulation of 

receptor density when they are in overabundance in the 

synaptic cleft, mianserine and zimelidine may act in a more 

indirect way to down regulate or desensitize receptors 

(Finnegan et al., 1987). Following specific lesioning of 
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the serotonergic system with 5,7-dihydroxytryptamine in rat 

cortex, it was shown that desipramine (a norepinephrine 

uptake inhibitor) could no longer down regulate beta

adrenoceptors (Ankier and Leonard, 1986). 

Unlike the other effects mentioned above, receptor 

down regulation occurs after 14 days of chronic treatment 

thus mimicking the delayed onset of action of most 

antidepressant drugs (Blain, Prien and Levine, 1983). 

Iprindole, monoamine oxidase inhibitors, and ECT are a Iso 

known to cause down regulation of norepinephrine stimulated 

cyclic-AMP (Sulser, 1978). The phosphodiesterase inhibitor 

rolipram, and adenylate cyclase activator forskolin, have 

shown antidepressant activity, further indicating a 

functional role for cyclic-AMP regulation (Wachtel and 

Loschmann, 1986). Clearly this is a potentially unifying 

theory of antidepressant action. 

Conformational studies of several classes of 

antidepressant compounds (Koe, 1976; dePaulis, Kelder and 

Ross, 1978) and the neurotransmitters serotonin and 

norepinephrine establish some correlations between 

structure and activity. Both serotonin and norepinephrine 

have a flexible ethylamine functionality that can assume 

any number of conformations in solution. It has been 

established that serotonin 7 (Figure 2) in the fully 

staggered trans conformation has an interatomic distance of 
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5.7 angstroms between the center of the aryl ring and the 

amino function (Horn, 1977), and that norepinephrine ~ has 

a similar interatomic distance of 5.09 angstroms (Ison, 

Partington and Roberts, 1973). The rigid monoamine uptake 

inhibitor EXP-561 9 has an interatomic distance of 7.0 

angstroms between the aryl ring and nitrogen, and blocks 

the reuptake of both NE and 5-HT (Horn, 1977; Koe 1976). 

*
NH 2 

H H 

H H 
Ar 

HO*

NH

2 H 

H H 

Ar 

7 

o 

5.09~ ____ .... r-NH2 
HO~" .. HO DH 

8 

Figure 2. Conformations of Serotonin and Norepinephrine 

The solid state conformation of chlorimipramine lQ 

shows a distance of 6.1 angstroms by X-ray of these two 

functionalities (Post and Horn, 1977). Imipramine has two 
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o-&-NH2 

9 10 

X-ray conformations with aryl ring to nitrogen distances of 

7.22 and 6.06 angstroms (Post, Kennard and Horn, 1974), the 

latter closely resembling that of chlorimipramine. Since 

there are rather large differences between interatomic 

distances in uptake inhibitors and the two 

neurotransmitters, it is doubtful that this distance is the 

main criterion for activity. Speculation that all eNS 

receptors have a common evolutionary background (Ankier, 

1986) and that antagonists are generally larger than 

agonists suggests that it may be the overall shape and size 

of a ligand that specifies activity and not necessarily 

close similarity to the endogenous ligand. 

Mianserine and another serotonin receptor 

antagonist, cyproheptadine, were compared to related 

structures with varied dihedral angles in the tricyclic 

portion of the molecule. It was found that a 1200 angle 

produced optimal activity (van der Burg et al., 1970). 
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Mianserine is also only active in one enantiomeric 

configuration. variations in the dihedral angle of 

tricyclic drugs lead to inactive compounds when the three 

rings approach planarity (Maxwell et al., 1974). This 

suggests that only one of the aromatic rings is involved in 

binding and that the other ~ing must be directed away from 

the receptor to remove 

prevent binding. 

steric interactions that could 

While solution conformational studies have 

indicated that the tricyclic compounds show little barrier 

to conformational interconversion (Munro et al., 1986), 

rigid compounds have been constructed in an attempt to 

mimic the extended X-ray conformation of imipramine. Grol 

eta 1. (1 9 8 3) f 0 u n d t hat the t e t r a c y c 1 i cst r u c t u r e 1..1.. had 

11 12a 

12b 

cis 

trans 

potential activity in antidepressant screens which may be 

explained by its ability to mimic this conformation. The 

aryl-amine interatomic distance varies from 4.2-6.1 
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angstroms. The trans isomer of the 

octahydrodibenzazepinonaphthyridine 12b, showed good 

~ctivity as a norepinephrine uptake inhibitor (Martin et 

al., 1980a) while its cis isomer 12a was only active in 

neuroleptic screens. Here again the active form is the 

extended one. 

4-Aryl-l-aminotetralins have been studied for 

structure activity relationships (Sarges et al., 1974; 

Welch et al., 1984) and it was shown that optimally active 

trans compounds have good overlap with desipramine ll, 

where the amine nitrogen mimics the extended conformation 

of norepinephrine. In the case of norepinephrine, the 

preferred conformation has the nitrogen functionality above 

the plane of the aromatic ring (Figure 2 ) as would be the 

case in trans aminotetralins 14a. These and other studies 

ccS
2 NR2 0)0 

:::,- N --

\t;J.CH 3 
c 

0 H 

13 14a 14b 

(Asscher et al., 1982) indicate that the actual 

conformation of tricyclic compounds may involve folding of 
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the amino propyl function toward the aromatic ring, rather 

than being fully extended. The cis 4-aryl-l-aminotetralins 

l4b are active as serotonin uptake inhibitors, and further 

support the contention that it may be the position of 

auxiliary binding sites that specify the selectivity of 

compounds as well as the primary aryl and amine binding 

site spatial orientations. It is felt that agonists such 

as serotonin and norepinephrine may not completely fill out 

their respective binding sites and and thus cause a 

conformational change in their receptors that induces the 

resulting activity, while antagonists and uptake inhibitors 

would not (Ankiers, 1986). 

Antipsychotic Mechanisms and Structure Activity 

Relationships 

In contrast to the antidepressant case, the 

mechanism of action of antipsychotic drugs is at least in a 

gross sense well defined. For years it has been accepted 

that excess dopaminergic activity especi~lly in the 

mesolimbic area of the caudate nucleus is responsible for 

the behavioral aberrations of psychoses (Sayed and 

Garrison, 1983). The simplistic view that excess release 

of dopamine, and thus overstimulation of postsynaptic 

receptors is causative, has been extended to a more 

realistic realization that more complex processes are 
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involved. For one thing dopamine receptors are now 

delineated into two types with apparently different 

functional and anatomic consequences. 

It has been suggested (Cools and Van Rossum, 1976) 

that rather than simply an overabundance of dopamine 

release, or post-synaptic sensitivity to the 

neurotransmitter, there is an irregularity of balance in 

dopaminergic tracts. Post-synaptic receptors are 

considered to be capable of generating an inhibitory post

synaptic potential in the neurons they modulate. The pre

synaptic dopaminergic receptors on the other hand are 

thought to perhaps be associated with GABA neurons that 

also have inhibitory effects on these same post-synaptic 

neurons. Since the pre-synaptic dopamine receptors elicit 

an inhibitory potential in these GABA neurons, it is 

possible they may provide a modulating effect on the level 

of inhibition as dopaminergic transmission increases. 

Clearly a lack of proper balance between the two receptor 

types could lead to dysfunction. 

Dopamine also provides transmission in the 

striatal-nigral neurons and it is well known that a 

decrease in normal innervation leads to extrapyramidal 

symptoms such as parkinsonism and tardive dyskinesias. 

These anatomically discrete pathways are also regulated by 

acetylcholine which elicits an excitatory post-synaptic 
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potential and responses opposite to those of dopamine. 

Most neuroleptics have dopaminergic receptor blocking 

activities that affect both neural pathways, and cause 

serious extrapyramidal side effects, as well as providing 

relief of psychotic symptoms. A major goal of 

antipsychotic research has been to provide discrete agents 

that provide receptor blockade only in the desired nerve 

tracts and no extrapyramidal symptoms. 

A relationship of pharmacological function to 

chemical structure is well established but not completely 

15 16 17 

~
'I S I~HO" 
~ h- CF- 1 

H N~ 

19 20 

Figure 3. Dopamine Receptor Agonists and Antagonists 
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Originally it was discovered that dopamine 15 

(DA) had a most stable conformation in solution, solid and 

gas phases that was planar and trans (Bustard and Egan, 

1971). Agonist and antagonist compounds were compared to 

this known conformation and overlapping portions of the 

molecule were sought. The dopamine receptor agonists 

apomorphine 1...§. and AD'rN 11 were found to closely resemble 

the trans dopamine conformation (Horn, Post and Kennard, 

1975), and have interatomic distances quite close to 5.14 

angstroms between the aromatic ring and terminal nitrogen 

as found with dopamine. 

These two functional groups have been studied at 

length using X-ray crystal conformations of a number of 

dopamine receptor antagonists used as antipsychotics 

clinically, and a distance of approximately 6.0 angstroms 

has been suggested as predictive of, but not neccessarily 

sufficient for, dopamine receptor blockade (Horn, Post and 

Kennard, 1975; Tollenaer, Moreels and Koch, 1977). 

Phenothiazine major tranquilizers have a 3-carbon chain 

separating the phenothiazine nitrogen from the basic 

nitrogen. It is possible that the intrinsic flexibility of 

this aminopropyl chain is responsible for the many side 

effects associated with these drugs. Different 

conformations may allow interaction with structurally 

unrelated cholinergic, histaminic and adrenergic receptors. 
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In fact it is thought that the reduced extrapyramidal side 

effects seen with thioridazine 1~ may be a result of 

anticholinergic actions centrally (Sayed and Garrison, 

1983). 

The phenothiazine sulfur atom may isosterically 

substitute for the meta hydroxyl group of dopamine and 

enhance binding. Halogen and other electronegative 

substitutions on the aromatic ring of phenothiazine at the 

2 position are known to enhance potency, and are suggested 

to have either an electronic inductive or conformational 

effect rather than merely increasing lipophilicity (Horn, 

Post and Kennard, 1975; Feinberg and Snyder, 1975). 

Feinberg and Snyder (1975) have suggested that it is the 

favorable van der Waals interactions between the 

electronegative 2 sUbstituent and the side chain that help 

mimic the dopamine trans conformation. They use this 

the 0 r y toe x p 1 a i nth e h i g h pot e n c y 0 f flu P hen a z in e 1.2. and 

flupenthixol ~Q. Both compounds contain piperazino and 

hydroxyethyl functions that purportedly enhance the 

interactions. 

Thioxanthenes (Figure 4) which can exist as cis 21a 

(alpha) or trans 21b (beta) isomers support this idea, and 

the general theory of dopaminergic overlap, by being active 

mainly as the cis isomer where van der Waals interactions 

and aromatic ring to nitrogen distances are most correlated 
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x 

21a 21b 

Figure 4. Thioxanthenes 

(Feinberg and Snyder, 1975). Neither the sulfur atom nor 

electronegative substitution is necessary in compounds for 

high neuroleptic activity, however. Butaclamol 22 

(Bruderlein, Humber and Voith, 1975), which is highly 

potent as a neuroleptic, is also highly stereoselective, 

and in fact isobutaclamol 23 is much more active in the 

correct stereochemical form than the stereoisomer of 

butaclamol (Phillipp, Humber and Voith, 1979). This result 

suggests that the exact position of the aromatic ring not 

23 24 
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involved in binding is less important than the relationship 

of the aromatic ring and basic nitrogen. 

Humber et al. (1979) have refined the nature of 

this relationship using butaclamol (Figure 5), and have 

provided a schematic of binding site topography including 

two aryl ring binding sites (Ar), an amine (+N) and 

hydrogen bond donor site (OH). Possibly requisite for high 

antagonistic activity is the presence of a large 

hydrophobic auxiliary binding site (R) on the dopamine 

receptor. The idea that receptor antagonists are larger 

than agonists, allowing binding but not a response, is 

supported in the case of dopamine receptors by the 

suggestion of a dynamic dopamine receptor (Wikstrom, Lii 

and Allinger, 1987). The smaller agonist may not fill out 

the binding site, but instead bind strongly to part of it 

y 

z 

----~~--~~----------x 
25 

Figure 5. Butaclamol Binding Site Topography 
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and attract another portion, causing a conformational 

change and hence activity. 

Some dopamine antagonist benzamide drugs ~~ have 

been corre la ted to the but a cl a mo 1 receptor mode 1 by 

suggesting that hydrogen bonding can lead to formation of a 

six membered ring that acts isosterically as the aromatic 

portion of the molecule, and allows a similar receptor 

bound conformation (van de Waterbeemd and Testa, 1983). 

Modeling based on molecular orbital calculations supports 

this possibility as well. 

Attempts to synthesize conformationally rigid 

phenothiazines with the proper aromatic ring to nitrogen 

interatomic distance have led to inactive compounds ~-~ 

despite the relative trans conformation (Martin et al., 

1980bi Grol et al., 1982). Comparisons of these compounds 

to butaclamol and clozapine suggest that not only must the 

aromatic ring and nitrogen be trans but also coplanar. 

Clozapine 24 has been studied extensively due to its 

relative lack of extrapyramidal side effects (DeMaio, 

1 9 7 2 ) , w h i chI ike t h io r ida z i n e c 0 u 1 d res u 1 t f rom 

antimuscarinic activity, or could indicate selective 

dopamine 

greatly 

receptor 

diminished 

blockade. 

by the 

Its clinical utility is 

ca us a ti on of ser ious blood 

dyscrasias. Aromatic ring substitution with thiophene, 

changes in aromatic electronegative substitution, and 
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isosteric substitutions in the diazepine and piperazine 

rings have provided no improvements over the parent 

compound, however (Press et al., 1979; dePaulis et al., 

1981; Harris et al., 1982). 

Rationale 

While it is clear that conformational 

characteristics influence the activities of antipsychotics 

and antidepressants, the exact parameters required for 

specific activities are still unclear. In general, 

compounds that are very well defined conformationally tend 

to have limited pharmacological activity. Compounds with 

great conformational flexibility are apparently able to 

bind to several receptor types and elicit a plethora of 

activities, some of these being undesirable side effects. 

It is assumed, in designing new molecules, that steric 

constraints introduced to provide conformational stability 

will not adversely affect compound activity. This 

assumption is of course not necessarily valid. 

Since dopamine receptor blockade leads to both 

antipsychotic activity and extrapyramidal side effects, it 

is hoped that conformational control can separate activity 

of compounds based on selectivity of binding to receptor 

subtypes as is possibly the case with clozapine. Three 

rigid tetracyclic phenothiazines, ~, ~, and ~, have been 
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tested and found to be inactive as antipsychotics (Martin 

eta 1 . 1 9 80 b ; G r 0 1 et a 1 . 1 9 82 ) . Lack of activity was 

apparently due to inability to mimic the planar trans 

conformation of dopamine despite close structural 

similarity. Extension of the aminopropyl side chain, as in 

peri substituted phenothiazines £~, has indicated some 

potential for antidepressant 5-HT uptake blocking activity 

(Hintermeister, 1984; Peters, 1987). 

26 27 28 

29 30 

Two dibenzazepine tetracyclic structures, 11 and lQ 

(Draper, Klohs, and Petrocek, 1971), have shown potential 

as antidepressants when compared to imipramine. The trans 

fused pentacyclic imipramine analog l2b was found to be a 

potent norepinephrine uptake inhibitor, while its cis fused 
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isomer l~~ showed more activity in antipsychotic screens 

(Martin et ale 1980a). These results suggest that 

extension of the side chain provides good antidepressant 

activity. Since this conformation mimics one known 

conformation of imipramine by X-ray crystallography, an 

attempt was made to synthesize conformationally rigid 

analogs ll, l~, 33 and ii, of both imipramine and 

promazine with extended amino propyl side chains. Only 

compound 31 was synthesized completely, although 

potentially useful synthetic intermediates to l~-li are 

discussed. 

x X X 

31 ~,E. CH2CH 2 33 ~,~ CH
2

CH 2 li ~,b CH 2CH 2 
B~,E. S li~,~ s 

a=cis b=trans 

Measurements of bond angles on Dreiding models 

indicate the close similarity of the side chain 

conformations of these compounds to those of imipramine 
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Table 1 

Side Chain Dihedral Angles and Nitrogen Atom to Aryl Ring 
Distances 

Compound 

Imipramine Ab 
Imipramine Bb 
(+)-Butaclamol AC 
(+)-Butaclamol BCd 
(-)-Apomorphine Ad 
(-)-Apomorphine B 
31a half chair 
31a half boat 
31b 
33a a,e 
33b 
35a half chair 
35a half boat 
35b 

Dihedral Anglesa Distancesa Angstroms 

Tl 

+137 
+59 
+17 

+5 
-146 
-135 
+110 
+165 
+170 
-120 
-10 

+110 
+165 
+110 

T2 

180 
+161 

-170 
+165 
-170 
-170 
+170 
-170 
+160 

+55 

T3 

+174 
+61 

-169 
-155 
+178 
+178 

+70 
+60 

-170 
+170 

-60 
-60 
-60 
180 

A-N 

7.22 
6.06 
5.10 
5.10 
5.12 
5.12 
5.8 
5.6 
6.6 
5.2 
6.2 
3.9 
5.1 
5.1 

A-NP B-N 

0.85 
1 .29 
0.19 

-0.09 
-0.9 
-0.9 

3.3 
3.9 
2.0 
2.3 
1 .3 
2.4 
0.9 
1.1 

6.24 
6.53 

6.5 
7.3 
6.8 
6.8 
5.8 
6.6 
6.3 
6.7 

2.61 
2.53 

2.6 
2.1 
2.7 
1.8 
2.5 
0.1 
1.2 
0.5 

aDihedral angles and intramolecular distances estimated by 
measurements of Dreiding models except where indicated. 
The A ring is arbitrarily chosen as the aromatic ring on 
the left as the structure is conventionally drawn. 

bx- ray data from Post, et al., Nature, 252, 493, (1974). 

cx- ray data from Bird, et al., Can. J. Chern., 2!, 2715, 
(1976). 

dx- ray data from Giesecke, Acta Crystallogr., B29, 1785, 
(1973). 

PDistance between plane of the aryl ring and nitrogen. 
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Synthesis of the regio isomer 35 was also 

attempted to approximate the known folded conformations of 

both phenothiazine and tricyclic drugs, as well as the x

ray conformations of apomorphine and butaclamol. It should 

be mentioned that while the trans ring fusion isomers of 

these pentacyclic structures should be quite rigid, the cis 

fused isomers are able to interconvert among several 

conformations when Dreiding models are examined. The 

measurements made in Table 1 of the cis compounds are based 

on arbitrary selection of likely conformations. 

Synthetic Background 

Some of the reactivity of 4,5-dilithio-10,11-

dihydro-5!:!-dibenz[.e,!.]azepine 38 and 1,10-

d i 1 it h i 0 ph e not h i a z in e 12. had bee n stu die dan d f 0 un d to be 

synthetica 11 y usefu 1 (Cauqui 11, Casadevall and Casadeva 11, 

1960; Dahlgren et al., 1983; Gilman, Shirley and Van Ess, 

1944; Hallberg and Martin, 1982; Svensson and Martin, 

1985). It was found that acylation with amides and CO 2 

gave only the carbon acylated products iQ and il (Figure 6) 

on aqueous work up (Hallberg and Martin, 1982; Dahlgren et 

al., 1983). Acylation with acid chlorides gave a 

preponderance of amide product as would be expected. 

Hallberg and Martin (1982) suggested that the amides also 

acylated nitrogen, but rearranged to the carbon anion, due 
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(XX)[) a 

> [OC)Q] b, c >(XX:O 
~ N ~ ~ N ~ 

H Li LI H COR 

x x X 

36 CH
2

CH2 38 CH2CH2 40 a-e CH2CH 2 

37 S 39 S 

iQ~ il.~ R = ° H ; iQ~ 4 1 ~ R = H ; i 0 c i~ R = C 6 H 5 ; 

40d 4ld R=p-CH 30C6H5 i 40e 4le R=3-pyrido 

a) nBuLi xs b) amide c) H20 

41 a-e S ---

Figure 6. Acylation of Dilithiated Heterocycles 

to the unstable nature of the intermediate thus formed. In 

an effort to further study the reactivity and synthetic 

utility of these dilithiated heterocycles several syntheses 

were attempted with various acylating reagents to provide 

intermediates for the desired 7- and 6-membered ring rigid 

analogs 1l.-35. 



7-MEMBERED RING PENTACYCLES 

Pyridine Dicarboxylic Anhydrides 

Saulnier and Gribble (1982 and 1983) were able to 

synthesize ellipticine alkaloids by acylating 2-li thio-l

(phenylsulfonyl)indole and 3-lithio-l

(phenylsulfonyl)indole with 3,4-pyridinedicarboxylic 

anhydride (cinchomeronic anhydride). The possibility of 

regioselectivity based on the position of acyl functions 

on the pyridine ring was of interest. Carbonyls at the 2 

or 4 position of pyridine are of course most electron 

deficient, 'and provided 92-100% regioselectivity on 

acylating the indole anions. It was hoped that similar 

regio-control would be established by reactivity 

differences between anions in 4,5-dilithio-10,11-dihydro-

5~-dibenz[~,i]azepine l~. If the carbon anion was most 

readily acylated by the most reactive carbonyl it would 

yield the two products 42b and 42d. 

For this reaction sequence to provide the fully 

cycl ized intermediates .1..i and ~, the nitrogen anion must 

be acylated by a carboxylate, which is not likely. Earlier 

studies suggested that the nitrogen anion of the dilithio 

species ~ might react first with the anhydride (Cauquill, 

Casadevall and Casadevall, 1960; Dahlgren et al., 1983). 

27 
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10 11 

o 

()i 
N 0 ~ ~N.~ 

Li Li 

~ ~N~ 
O~~OOH 
JJ N -

43 a-d 42 a-d 

~ 
N~O 

o 

44 45 

~: 3-carbonyl-2-pyridine carboxylic acid b: 4-carbonyl-

nicotinic acid ~: 3-carbonyl-4-pyridine carboxylic acid 

d: 2-carbonyl-nicotinic acid 

Figure 7. Acylation with Pyridine Dicarboxylic Anhydrides 

In fact a series of reactions with both lO,ll-dihydro-5!!-

dibenz[~,f]azepine and ortho-bromoanilines indicated that 

on dilithiation and acylation with anhydrides (phthalic, 

maleic, pyridine dicarboxylic) the nitrogen anion would 

react first yielding the amide acids; regio-chemistry was 

not determined. Considering this reaction sequence, it 
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would seem the resulting intermediate amide carboxylate 

anion could acylate the aromatic ring. However, no 

cyclized keto-lactam was observed in isolable quantities. 

The amides obtained from dilithio iminodibenzyl ~ showed 

nonequivalence of the ethyl bridge protons at positions 10 

and 11, which ordinarily appear as a sharp singlet even in 

the nmr of 4-acyl adducts. Hindered rotation about the 

amide bond due to steric bulk apparently accounts for this 

effect which aids in the identification of these amides. 

Although no rigorous isolations were undertaken it 

was obvious that not only was the reactivity of the anions 

reversed, but that probably both amide acids 43 and both 

keto-acid isomers i~ were present (four spots on TLC) in 

various percentages following acylation with either 

anhydride, and that the reaction would not be useful 

synthetically without tedious separations. Incorrect 

regio-chemistry was also probably predominant due to the 

tendency of the amine nitrogen to react first with the 

anhydride carbonyls. Changes in temperatures, reaction 

times, and sol vents provided no apparent improvements in 

the product selectivity or yield. 

Halogen Metal Exchange 

Several attempts at selective halogen metal 

exchange of 4-bromo-lO,11-dihydro-5~-dibenz[E,i]azepine and 
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Table 2 

Selective Metalation and Acylation 

OBr(RI o?o ~ ~H (R) ~ N --
TMS H Br 

A B (R) (R) 

% Yielda 

Reagent Reaction Conditions R N-R Aryl-R 

A 1 ) TMSCI leg, -78 °c Tf;lS 9 91 
2 ) nBuLi leg 

B 1 ) TMSCI leg, -78 °c TMS 50 50 
2 ) nBuLi leg 

A 1 ) nBuLi leg, -78 °c Me 67 33 
2 ) Mel leg 

B 1 ) nBuLi leg, -78 °c Me 90 10 
2 ) Mel 3eg 

A 1 ) nBuLi leg, -78 °c Me 100 0 
2 ) 25 °c 
3 ) Mel leqb 

A 1 ) nBuLi 2eg, 25 °c Me 48 c 62 
2 ) Mel xs 

A 1 ) nBuLi leg, -78 °c Benzoyl 98 d 0 
2 ) 25 °c 

leg b 3 ) Benzoyl Chloride 

B 1 ) sBuLi leg, -78 0 C Benzoyl 4g e l3 f 

2 ) Benzoyl Chloride leg 

a Yields based on peak integration values in nmr (60MHz) of 
b crude product mixtures unless otherwise noted. 

Inverse addition of reagents used. 
c Aryl group alkylation may have sterically inhibited N
d alkylation ~f it occurred first. 

lr, 1655 cm ; ms, m/z 275, 277; yield based on weight of 
crystals obtained. 

e lr, 1650 cm-; halogen present on Beilstein test; yield 
based on weight. 

fIr, 3390, 1715 cm- l ; yield based on weight. 
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~-trimethylsilyl-ortho-bromoaniline in the presence of an 

active amine hydrogen provided little indication that this 

reaction could be used synthetically to control 

regiochemistry. Most compounds produced by acylation with 

anhydr ides were am ide ac ids, and other e 1 ectrophi 1 es 

(benzoyl, methyl iodide, TMSCl) also reacted most with 

nitrogen (Table 2). Only when the TMSCI is added prior to 

the alkyl lithium reagent does the reaction result in the 

carbon alkylated product. Peter Beak and Chin-Wen Chen 

(1985) found the same reactivity in ortho-bromobenzamides, 

where the active hydrogen of the secondary amides used was 

exchanged for lithium faster than the aryl bromide. 

Ortho-lithiation and Acylation of Nicotinamide 

Consequently another route was explored involving 

the little used ortho lithiation of nicotinamide, followed 

by acylation, amide hydrolysis, and cyclization to form 

the pentacyclic ring system. Much work has been done in 

this regard involving benzamides, and several natural 

products have been almost totally synthesized by this 

methodology (Snieckus, 1980; Narasimhan and Mali, 1983; and 

references therein). Generally these reactions involve 

acylation of the lithiated arylamide with a carboxyaryl 

compound such as benzaldehyde. The readily available 

10,11-dihydro-5~-dibenz[~,i]azepine-4-carboxaldehyde 40b 
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(Dahlgren et al., 1983) would make a good acylating group 

due to its low steric bulk. Both ~,~-diethylnicotinamide 

and ~,~-diisopropylnicotinamide have been ortho Ii thiated 

and used synthetically (Epsztajn et al., 1980; Iwao and 

Kuraishi, 1983; Narasimhan and Mali, 1983), and the steric 

bulk of the diisopropyl group has been credited with the 

better yields produced with it. 

o 
c(R 

N 

46 a-c 

a or b or 

c or d 
) ~

o R 

1"'-': ::71 
N~ ~ N 

47 a,b 

46a 47a R=OEt; 46b 47b R=NEt 2 ; 46c R=NPri2 

48 

a) LOA b) LiNEt2 c) sBuLi, THF d) sBULi, TMEOA 

Highly reactive ethyl nicotinate ester 46a readily 

formed the keto-ester 47a on lithiation with LOA at -40 °c 

(Ferles and Silhankova, 1979). A similar keto-amide 47b 

resulted from metalation of N,N-diethylnicotinamide 46b 

wi th either diethyl or diisopropyl 1 i thium amide, and the 

yield was increased at higher temperatures (Epsztajn et 

a 1. , 1980). Even ~,~-diisopropylnicotinamide 46c is 

susceptible to side reactions despite its steric bulk as 
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evidenced by the i so la tion of the ketone i.!! on 1 i th iat ion 

with sBuLi at -78 °c under basic conditions. 

It was found that in reactions with lO,ll-dihydro-

5g-dibenz·[b,f]azepine-4-carboxaldehyde the diisopropyl 

amide achieved 80% yields and diethyl amide only 60% yields 

of product. The bulky diisopropyl amide prevents acylation 

of one ortho lithiated nicotinamide by the amide function 

of another, to produce keto-amide side products 47. 

L" 0 

5~NR2 
6~)~ 

1 

R 

49a Et 
49b Pr i 

O=::Q 
H CHO 

40b or 41b 
> 

50 -
51 
52 

NRZ 

X R 

CH2CH2 
Pr i 

CH2CH2 Et 
S Et 

Figure 8. Acylation of Ortho-lithiated Nicotinamides 

Lithiation of either amide occurs only in the 4 position 

excluding the formation of any regioisomers. steric 

constraints in the base used to lithiate the nicotinamide 

also appear to facilitate the reaction for presumably 

simi lar reasons stemming from their poor nucleophil icity 

and steric bulk (Epsztajn et al., 1980). l-Lithio-2,2,6,6-
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tetramethylpiperidide was found to provide much greater 

yields than LDA, when reacted with the B,B-

diethylnicotinamide. The Cannizzaro reaction product 4-

hydroxymethy 1-10, ll-d ihydro- 5g-dibenz [b,i J azepine .2l was 

pronounced in the reactions with LDA, and in THFi 

indicating that wet solvent could contribute to its 

formation. The corresponding acid 2i was not isolated, but 

was ob','lous by its red color at the or ig in of col umns. 

~ 
~~y 

H CHO 

40b 

a )~ + 
~~V 

H CHZOH 

53 

Nicotinic Acid Formation 

~ 
~~V 

H COOH 

54 

The alcohol amides 2Q-2l produced are highly polar 

and poorly soluble in organic solvents, as well as 

immiscible in water, simplifying their isolation. Several 

attempts at basic and acidic hydrolysis of the amide 

functionality produced no carboxylic acid 57 in either the 

diisopropyl 50 or diethyl amide 51 case. This could be 

the result of steric hindrance, or perhaps internal 



35 

hydrogen bonding preventing hydrolysis. Examples exist of 

phtha1ide formation from alcohol-amide products formed from 

ortho-1ithiated benzamides and aryl aldehydes (de Silva and 

Snieckus, 1978; de Silva, Watanabe and Snieckus, 1979; Iwao 

NR2 

R 

50 Pr i 

51 Et 

a 
) 

OH 
55 

j~ 

OH 

57 

a) TsOH, toluene b) H30+ or OH 

pyridine e) AcOH, H2 , Pd-C 

+ 

e 
) 

56 

OH 

58 

c) NaBH 4 d) Zn-Cu, KOH, 

et a1., 1981). The reaction usually involves tosic acid or 

TFA catalyzed cyc1ization. The phtha1ides are 

hydrogeno1ized either under catalytic conditions such as 
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palladium-on-carbon, or with pyridine, KOH and zinc-copper 

couple (Newman, Sankaran and Olson, 1976). Several 

attempts at isolating the lactone ~~ derived from the 4-

[(lO,11-dihydro-5H-dibenz[b,K]azepin-4-yl)hydroxymethyl]

~,~-diethylnicotinamide 21 resulted in poor yields and very 

poor reproducibility despite seemingly unchanged conditions 

of reflux with catalytic tosic acid in toluene. The 

diisopropylamide 50 gave mostly starting material with some 

slight product identified only by thin layer 

chromatography. 

Once isolated, the lactone was unstable and 

decomposed to a yellow, highly polar compound on standing 

at room temperature in ambient" atmosphere. The yellow 

compound was identified as a keto-acid 22, and shown to be 

a major side product of the reaction. A yellow keto-amide 

compound of proposed structure 59 was also found to be a 

59 60 
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major side product. Originally a yellow amide side product 

was isolated from the lactonization reaction involving the 

di i sopropy 1 amide 50. It may have the structure ~Q, wh ich 

is quite unusual. Analysis of the nmr and FAB mass spectra 

of this compound does not indicate the presence of a ketone 

like 22, and seems to support the proposed structure 60 as 

a possibility with MH+=m/z 412. 

Apparently temperature and exposure to ambient 

atmosphere were critical to the lactonization, and the 

lactone was quite unstable despite the lack of reports of 

problems with the similar phthalides in the literature. 

The zinc-copper couple reduction was effective, though the 

yield was difficult to determine due to incomplete 

isolation of the lactone starting material, and resu 1 ting 

acid 58. Difficulty in obtaining the lactone starting 

material precluded the use of this synthetic method. On 

standing in ambient atmosphere over a period of days the 

iso la ted (chroma tography) 1 actone wou Id decompose to the 

yellow acid 55. 

Another method for potentially obtaining the 

desired reduced acid 58 involved first dehydroxylating the 

benzylic position of 50 or 21, and then attempting the 

amide hydrolysis. Both the diisopropyl amide 2Q and the 

diethyl amide 51 could be dehydroxylated by TFA and 

triethylsilane at room temperature (Carey and Tremper, 
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1971; West et al., 1973; Doyle and West, 1975). This ionic 

hydrogenation succeeded where other conventional methods 

such as NaBH 4 and TFA, and catalytic hydrogenolysis failed. 

Acylation with acetic anhydride in pyridine provided a 

substrate 61 from the alcohol amide 21 that was readily 

deoxygenated on catalytic hydrogenation to form 63. 

a 

NRZ 

51 Et 

OH 
58 

) 

62 

R 

Et 

63 Et 

a) AC20, pyridine b) EtOH, H2, Pd-C c) TFA, Et 3SiH 

d) MeOH, KOH 
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Hydrolysis of the reduced amides ~~ and ~l was 

unsuccessful, despite finding ~,~-diethylnicotinamide to be 

hydrolyzed in refluxing methanol with 20% KOH. lH Nmr 

studies of the two reduced amides indicate much greater 

steric constraints in the diisopropyl compound~. Here it 

is seen that the diaryl methylene protons are geminally 

coupled indicating hindered rotation and slow 

+ 

N~~ H OH 
62 64 

I 
65 

66 

conformational interconversion, while the diethyl amide 63 

methylene protons are a singlet indicating faster rotation. 

steric constraints could certainly hinder the hydrolysis in 
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the diisopropyl case, but are not necessarily the problem 

considering lack of hydrolysis in the more conformationally 

mobile diethyl amide ~. 

Attempts to reduce the diisopropylamide ~~ to an 

aldehyde 64 or alcohol 65 with lithium aluminum hydride 

(Micovic and Mihailovic, 1953) failed, but did yield the 

diisopropylamine ~. This compound could not subsequently 

be acylated in refluxing acetic anhydride (Tiffenau and 

Fuhrer, 1914) to yield the alcohol, and no further attempts 

were made. It was felt that the alcohol 65 could be 

tosylated and cyclized if available, since this method had 

been used to form lO-pyridylmethylphenothiazines (Fujii, 

1956; Fujii and Oka, 1958). 

A one step lactonization and reduction in acetic 

acid at reflux in the presence of palladium-on-carbon and 1 

atm hydrogen was found to be the best method for obtaining 

the 4-[(lO,11-dihydro-5~-dibenz[~,i]azepin-4-

yl)methyl]nicotinic acid 2~' 4-[(lO,11-Dihydro-5H

dibenz[~,i]azepin-4-yl)hydroxymethyl)-~,~-diethylnicotin

amide 21 is reduced directly to the acid in high yield 

providing the subtrate for the cyclization reaction. 

Previously a similar reaction had been used to reduce 

phthalides (de Silva and Snieckus, 1978; de Silva, Watanabe 

and Snieckus, 1979). The mechanism could involve the 

intermediacy of a lactone which is then reduced open to the 
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carboxylic acid (Hauser and Adams, 1977). strict exclusion 

of oxidizing conditions allows the lactone to be reduced in 

situ once formed, rather than giving the side products 

found on lactonization with TsOH in toluene. The keto-acid 

NEt2 
X 

51 CH 2CH
2 

52 S 

a) AcOH, H2 , Pd-C 

a 
) 
~x 
~N 

H 

58 

67 

b)POCl 3 

b 
) 

OH 
X X 

CH
2

CH2 68 CH2CH
2 

S 69 S 

Figure 9. Hydrolysis, Reduction and Lactamization 

~ was reduced almost quantitatively to 4-[(lO,11-dihydro-

5H-dibenz[b,f]azepin-4-yl)hydroxymethyl]nicotinic acid 57 - - - -

with NaBH 4 in methanol. Catalytic reduction in refluxing 

acetic acid was again successful in providing the reduced 

acid compound ~ as in the alcohol amide case (Figure 9). 

Lactam Cyclization 

Cyclization to the lactam was attempted under 

various dehydrating conditions often used in cyclizing 
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amino acids. Dec did not cyclize the compound but did add 

to it giving a mixed anhydride type of product by nmr 

(Szmuszkovicz, 1964). Silica and alumina in refluxing 

toluene (Blade-Font, 1980), hexamethyldisilazane in 

acetonitrile (Pellegata, Pinza and Piferi, 1978), and 

triphenylphosphine with carbon tetrachloride in THF 

(Barstow and Hruby, 1971), though able to form an amide 

between benzoic acid and diphenylamine, were ineffective. 

Szabo, Sapi and Nogradi (1983) lactamized an indole 

nitrogen with POe1 3 in the synthesis of vinca alkaloids by 

letting the amino acid stand at room temperature for 3 

days. The same reaction conditions provided the novel 

pentacyclic 9,10-dihydro[1]benzazepino[3,2,1-jt]pyrido[3,4-

~][1]benzazepin-16(5~)-one ~ in good yield (Figure 9). 

Reaction of phenothiazine-l-carboxaldehyde 41b with 

4-lithio-~,~-diethylnicotinamide !2~ provided the ~,~

diethyl-4-(hydroxyphenothiazin-l-ylmethyl)nicotinamide 2l 

in good yield; further reduction with refluxing acetic acid 

palladium-on-carbon, and 1 atm hydrogen provided the 

corresponding carboxylic acid 67. eyclization of the amino 

acid was accomplished in neat POe1 3 as in the dibenzazepine 

cas e g i v i n g t he pen t a c y c 1 i c I act am §.2 . The 0 ve r a 11 y i e 1 d 

was reduced in the phenothiazine case but this may have 

been due to the use of small scale reactions, and no 

attempt was made to improve the yield. 
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Both the phenothiazine and dibenzazepine 1 actams, 

68 and .§.~, were found to be rigid compounds as indicated by 

their nmr spectra. A geminally coupled AB quartet (J=13Hz) 

between 4.5ppm and 3.5ppm representing the diaryl methylene 

protons is seen in both spectra, and in the dibenzazepine 

case the ethylene bridge protons are also nonequivalent 

giving rise to complex coupling patterns in the 3.5-2.5ppm 

region. Dreiding models of both molecules are also highly 

strained and support the rigidity suggested by the nmr 

data. Steric strain in the transition state could 

certainly account for the difficulty found in cyclizing 

both of these pentacyclic lactams by conventional methods. 

Reductions 

9,10-Dihydro[1]benzazepino[3,2,1-~]pyrido[3,4-

~] [1]benzazepin-16(5~)-one.§.~ was reduced with borane in 

THF 0.9M (Aldrich) in good yield to the novel heterocycle 

70 (van der Burg et al., 1970: Martin et al. 1980a). 

Several other methods for this reduction were considered, 

but previous experience (Peng, 1972: Paradkar, 1979) 

indicated that borane reduction would be synthetically 

ex p e die n t . The he t e roc y c 1 icc 0 m po u n d lQ (F i g u reI 0) was 

guaternized with Mel in ethanol and the unisolated crude 

salt 71 reduced with NaBH 4 in methanol to give the 

1,2,3,4,5,9,10,16-octahydro-2-methyl[1]benzazepino[3,2,1-
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i~]pyrido[3,4-£]benzazepine 72 (Lyle and Anderson, 1966; 

Schenker and Druey, 1960). 

Solvolysis of the methiodide salt in alcohol may 

have lowered the yield of this reaction sequence. The us~ 

of tetrahydrofuran as a solvent prevents this, causing 

a b 
) ) 

68 70 
71 

W 9 

d 
> + 

72 31a 31b 

a) BH 3-THF b) Mel c) NaBH 4, MeOH d) TFA, Et 3SiH 

Figure 10. Reductions to 7-Membered Ring Pentacycles 
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the product to precipitate as it forms. The potential for 

formi~g the dihydropyridine from this reaction sequence 

certainly exists and usually occurs, but no such products 

were obtained in isolable quantities. The position of the 

remaining tetra substituted double bond was indicated by the 

lack of methine carbons in l3C nmr cross polarization 

transfer studies. This is the expected result based on the 

known mechanism of pyr idinium ion reduction with comp lex 

metal hydrides (Figure 11). The sulfate salt of 72 was 

formed with dilute sulfuric acid in methanol in low yield. 

o 
N 
Me 

Figure 11. pyridinium Ion Reduction 

Several attempted reductions of the tetra 

substituted double bond were unsuccessful. Borane 

reduction with an acidic work up produced the Hoffman type 

elimination product 11, as well as other unidentified side 

products. Catalytic hydrogenation with palladium was 

ineffective in various neutral and acidic solvents; 

platinum oxide provided either starting material or over 
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reduced products 2!, depending on the solvent and pressure 

employed. The mixture of products was identified only by 

low resolution mass spectrometry. Triethylsilane and TFA 

catalyzed ionic hydrogenation was effective in reducing the 

72 
a 

) ) 

73 

double bond exclusively in acceptable yield as well as 

providing both the cis 3la and trans 3lb isomers. The use 

of a cosolvent (CHCI3) gave no products, and only when the 

74a 74b 
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reagents were used neat as a two phase system did the 

reduction occur. As is expected the cis isomer 

predominated for steric reasons in the transition state 

(Carlson and Hill, 1969; Kursanov, Parnes and Loim, 1974), 

giving a 5:1 mixture of cis:trans ring fusion isomers. 

Ring fusion geometry was assigned based on work 

with similar compounds, where upfield shifts were detected 

in 13 C nmr for the ring fusion carbons in the cis fused 

cases due to a, p, and ,-shielding effects (Booth and 

Griffiths, 1973 and 1979; Paradkar, 1979). Further 

evidence comes from the proton nmr where the more rigid 

trans compound ex hi bi ts much more fine struct ure for 

aliphatic protons, and from the downfield shift of the N-

methyl singlet. Compounds II and ll~ have N-methyl 

singlets at 2.48ppm and 2.34ppm respectively, while 31a has 

an N-methyl singlet at 2.12ppm. This might be explained by 

the ability of the N-methyl substituent to be 

anisotropically shielded in the cis case by being 

positioned over one of the aromatic rings which is not 

possible in either of the other two more rigid compounds. 



6-MEMBERED RING PENTACYCLES 

Bromopyridine Lithiations 

In attempting to synthesize the 6-membered ring 

analog in both the dibenzazepine and phenothiazine cases a 

reaction of Watanabe, Kurosaki and Furukawa (1984) provided 

a nove 1 approach. They formed acridones (Figure 12) from 

benzynes and N-lithioanthranilate esters. Thus by 

) 

Figure 12. Acridone Synthesis 

generating a pyridyne and reacting it with N-lithio-lO,ll-

dihydro-5H-dibenz[b,f]azepine-4-carboxaldehyde or N-lithio-- --
phenothiazine-4-carboxaldehyde, the same procedure could 

provide the pentacyclic intermediates 75a and 75b for 33 or 

34. Phenothiazine-4-carboxaldehyde il~ provided no 

isolable product after several reactions with different 

lithiating conditions, bases and solvents. lO,ll-Dihydro-

48 
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5g-dibenz[~,i]azepine-4-carboxaldehyde 40b provided two 

isolable products on chromatography, one of which had the 

same coupling pattern in the pyridine portion of the proton 

nmr as the expected product 75a. 

0 X 'I(1 
~NY 

Li CHO 

76 

a) Mel 

Li 
~Br 

~"IJ N O Br 

IN'" Li 

+ 

77 

a 
) 

75a 

75b 

Figure 13. Acylation of Ortho-lithiated 3-Bromopyridine 
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On methiodide formation and microanalysis of the 

salt I~, it was found to be the 4-[(l0,11-dihydro-5.!:!

dibenz[E,i]azepin-4-yl)hydroxymethyl]-3-bromopyridine 

adduct 77. The other product"in greater yield was the 2-

[(10,11-dihydro-5.!:!-dibenz[E,i]azepin-4-yl)hydroxymethy1]-3-

b rom 0 p y rid i n e add u c t IE. , i n d i cat i n g t hat the 3 -

bromopyridine was ortho lithiated at both the 2 and 4 

positions in a 2:1 ratio. This is in contrast to the work 

of Gribble and Saulnier (1980) which indicates a preference 

for 4-lithiation over 2-lithiation of 3-chloropyridine to 

the extent of 96% when treated with LDA at -78 °c in THF, 

as was done in the above reactions. Both isomers had 

molecular ions at 380 and 382 indicating the presence of 

the bromine atom, and the pyridine proton coupling 

established the regiochemistry. 

The 2,3-disubstituted pyridine 76 gave a doublet of 

doublets for all three protons with ortho coupling 

constants of 8Hz for the C(4) and C(5) protons and 5Hz for 

the C(5) and C(6) protons; long range coupling of the C(4) 

and C(6) protons of 1.25-1.4Hz was also detected. In 

contrast the 3,4-disubstituted pyridine II gave a singlet 

for the C(2) proton, and doublets for the C(5) and C(6) 

protons with coupling constants of 5Hz. Results of several 

reactions indicated that the pyridyne may be formed at 

higher temperatures but the ortho lithio 3-bromopyridine is 
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highly reactive at the -78 °c temperatures employed in the 

reaction. Attempts at inceasing the reaction temperature 

to -20 °c resulted in several pyridyne based side products 

(amino pyridines, hydroxy pyridines, dimers) detected by 

nmr, and no isolable products. 

76 or 77 _a_..!;) 

81 

79 OH 80 

a) nBuLi 3eq. b) CO 2 c) AcOH, H2 , Pd-C d) POC13 e) H20 

The resulting bromopyridines provide another 

potential route to the seven-membered ring compounds, and 
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especially the regio isomer 35. Halogen metal exchange 

followed by acylation with CO 2 to form the hydroxy acids 21 

and ]2, and reduction followed by lactamization would give 

the pentacyclic intermediates .§.~ and!!Q. This reaction 

sequence was attempted with marginal yields of poorly 

identified products (TLC). Yields can no doubt be improved 

by better acylating conditions, since a large quantity of 

the lO,11-dihydro-Q-4-pyridyl-5~-dibenz[~,i]azepine-4-

methanol 81 resulted from one reaction. This indicated 

that the halogen metal exchange occurred in high yield, and 

that the acylation may be a problem due to insolubility, 

the presence of water in the CO 2 , or other factors. 

Protonation of the lithiated intermediate to form 81 was 

the result of aqueous workup. 

~CHO 

~~I~ N 

[OC:J)] 
Li LI 

) ~XI 
~N 

H 
HO 

Figure 14. pyridine-3-carboxaldehyde Reactions 
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Pyridylmethyl Iminodibenzyl and Phenothiazine 

4,5-Dilithio-lO,ll-dihydro-5g-dibenz[b,f]azepine 38 

and l,lO-dilithiophenothiazines 39 were acylated with 

pyridine-3-carboxaldehyde to provide intermediates for the 

6-membered compounds 11 and li. The lO,ll-dihydro-Q-3-

pyridyl-5g-dibenz[b,i]azepine-4-methanol ~ was obtained in 

36% yield as a crystalline solid. Acylation of the 

phenothiazine was attempted on a small scale and no yield 

was available, but some product ~l seemed apparent on lH 

nmr. l3C Nmr established that the product was a ketone ~, 

which was further supported by its red color and oily 

nature at room temperature in contrast to the nearly 

colorless crystals of ~~. Apparently oxidation occurs 

readily at this dibenzylic position as evidenced by the 

keto-acid ~, keto-amide 59 and ketone 84. 

~s I 
~N 

H 
o 

84 

The intermediate lO,ll-dihydro-Q-3-pyridyl-5H-

dibenz[~,f]azepine-4-methanol ~~ was deoxygenated at the 

benzylic position by three methods: Catalytic transfer 

hydrogenation with limonene, AlCl 3 and palladium-on-carbon 
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(Brieger and FUu, 1976; Olah and Prakash, 1978), and ionic 

hydrogen transfer with triethylsilane and TFA gave low 

yields of the product 85. Acylation with acetic anhydride 

a or b 

85 

c 

f 
) 

) 

* 
R 

87a CH
3 

87b COOEt 

a) Pd-C, AIC1 3 , limonene b) TFA, Et 3SiH c) AC20, pyridine 

d) MeOH, H2 , Pd-C e) 1. Mel, 2. NaH f) CICOOEt, LDA 

in pyridine to obtain the acetate ~, followed by catalytic 

hydrogenation provided nearly quantitatively lO,ll-dihydro-

4-(3-pyridylmethyl)-5H-dibenz[£,i] azepine ~. 

Commins and Abdullah (1982), and Akiba, lseki fnd 

Wada (1982) indicate that 4-alkyl and 4-amino pyridines are 
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easily synthesized from the corresponding Grignards or 

lithium amides and pyridinium cations generated in situ. 

Attempted cyclization of 85 by treatment with ethyl 

chloroformate and LOA, and by forming the quaternary 

methiodide and treating it with NaH did not provide the 

desired cyclized products 87a or 87b. It is possible that 

steric constraints hinder the cyclization, and in the case 

of the NaH reaction, heating to reflux may have led to 

polymerization rather than cyclization. Because ethyl 

chloroformate reacts preferentially with pyridine even in 

the presence of a Grignard reagent (Comins and Abdullah, 

1982), the reaction was attempted both by first forming the 

pyridinium salt and then adding LOA to deprotonate the 

dibenzazepine nitrogen, and by first adding the LOA, then 

ethyl chloroformate. 

Arecaidyl Iminodibenzyl and Phenothiazine 

Arecoline esters and acids were reacted with 4,5-

dilithio-10,11-dihydro-5g-dibenz[~,i]azepine and 1,10-

dilithiophenothiazine to provide the keto adducts 88 and 89 

at the carbon anion exclusively (Figure 15). Even in the 

ester acylations no amide products were isolated. Several 

attempts at Michael cyclization to provide the pentacyclic 

products 90 and 91 failed under both acidic and basic 

conditions. Proton decouplings at 250MHz provided complete 
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assignment of the nmr in the case of 1-(l-methyl-l,2,5,6-

tetrahydro-3-pyridylketomethyl)phenothiazine ~. 

a) nBuLi 

a, b or 
c or d > 

b) arecoline c) Ethyl-~-methyl-l,2,5,6-

tetrc3hydronicotinate d) arecaidine e) Triton B or H 2 S0 4 

or KOH 

Figure 15. Arecaidyl Adducts 



EXPERIMENTAL 

Infrared spectra were recorded on a Beckman IR-33 

spectrophotometer or Beckman 1100 FT-IR. NMR spectra were 

recorded on a Varian EM-360 (60MHz), Jeol FX-90Q (90MHz), 

or a Bruker WM-250 (250MHz) spectrometer using 

tetramethylsilane or DSS as an internal standard in either 

deuterochloroform or d 6-DMSO. Mass spectra were recorded on 

a Varian MAT 311A double focusing mass spectrometer or a 

Varian MAT 90. Melting points were taken on an 

Electrothermal apparatus and are uncorrected. All reactions 

requiring inert atmosphere were done using the septum 

technique, in oven dried glass, under nitrogen. Ether 

refers to diethyl ether. 

4-[(lO,11-Dihydro-5H-dibenz[b,f]azepin-4-yl)hydroxymethyl]-- --

N,N-diethylnicotinamide ~: 

Lithium tetramethylpiperidide was prepared by 

dropwise addition of 2.4M nBuLi in hexane (40.6ml, 

97.4mmol) to 2,2,6,6,-tetramethylpiperidine (16.4ml, 

97.4mmol) in anhydrous ether (lOOml) at 0 °c under 

nitrogen. After warming to room temperature over 1 hour, 

this cloudy solution was added via a transfer needle over 5 

minutes to a sol ution of ~,~-diethylnicotinamide (l6.4ml, 

57 
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97.4mmol) in anhydrous ether (500ml) at -78 °c under 

ni trogen. The resulting orange suspension was stirred for 

15 more minutes at -78 °C. 10,11-Dihydro-5~-

diben z [Q,.f] azepine- 4 -carboxa 1 dehyde (10.8 7g, 48.7 mmol ) 

dissolved in anhydrous ether (lOOml) was added rapidly via 

a transfer needle under nitrogen giving a dark red 

suspension, which was stirred for 20 minutes at -78 °C. 

The temperature was then raised slowly to 25 °c and 

stirring was continued overnight. The suspension was 

quenched with ice cold water (lOOml), the ether layer was 

decanted, and the aqueous layer was filtered to yield 6.8g 

of product. The aqueous layer was extracted with THF and 

combined with the ether layer, which was then washed with 

saturated NaCl, dried over MgS0 4 and evaporated. 

Trituration of the combined residues with 100ml of cold 

diethyl ether afforded 4.5g ~l (11.3g, 58% overall) as a 

white solid mp 193-195 °C; ir, 3380, 3060, 2980, 1630, 1590 

cm- l ; lH nmr (60MHz), 8.9 d J=5 lH, 8.4 m lH, 8.0 s lH, 7.6 

bs lH, 7.3-6.4 m 8H, 6.3 bs 1 H, 3.7-2.3 m 4H, 3.0 s 4H, 

1.3-0.6 m 6H; l3C NMR (62.9MHz), 167.27 amide, 70.0 COH, 

42.69 and 38.607 CH 2 N, 34.798 and 34.125 CH 2 R, 13.304 and 

12.519 CH 3. Anal. calculated for C25H27N302: C 74.79, H 
----

6.78, N 10.47. Found C 75.01, H 6.77, N 10.33. 
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4-[(10,11-Dihydro-5H-dibenz[b,f]azepin-4-yl)hydroxymethyl]-

N,N-diisopropylnicotinamide 50: 

Prepa,ration is similar to 21:. above except for the 

use of ~,~-diisopropylnicotinamide (4.1g, 20mmol) in the 

ortho lithiation step and 10,11-dihydro-5!!

dibenz[~,i]azepine-4-carboxaldehyde (2.23g, 10mmol) , as 

well as equimolar quantities of all other reagents. Workup 

yielded 3.4g (80%) of 2Q as a white solid mp 195-198 °C. 

Ir, 3360b, 2980, 2940, 1635s, 1615, 1495, 1470; IH nmr 

(90MHz), 8.65 d J=5 IH, 8.48 bs IH, 8.327 bs IH, 7.91 d J=5 

IH, 7.58 bs IH, 7.306-6.565 m 8H, 6.27 d J=4 IH, 5.97 d J=4 

IH, 3.5 septet J=7 2H, 2.998 bs 4H, 1.560-1.216 m 8H, 1.0 d 

J=7 2H, 0.25 d J=7 2H; 13 C nmr (22.5MHz), 167 amide, 68.537 

COH, 50.443 and 44.809 CHN, 34.732 and 33.974 CH 2 , 33.974, 

20.323, 19.998, 19.131 CH 3 ; Ms m/z 429. ~na1:.. calculated 

for C25H29N302: C 75.49, H 7.27, N 9.78. Found: C 75.65, H 

7.45, N 9.49. 

N,N-Diethyl-4-(hydroxyphenothiazin-l-ylmethyl)nicotinamide 

52: 

The procedure was the same as 21:. above except for 

the use of 8.8mmol LiTMP and diethylnicotinamide, and 

phenothiazine-l-carboxaldehyde (lg, 4.4mmol). Work up and 

column chromatography (silica, ethyl acetate, rf=0.35) 

yielded l.lg (61.7%) of 52 as pinkish crystals mp 96-99 °C. 
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Ir, 3300m, 1620s; IH nmr (60MHz), 8.5 IH d J=5, 8.3 IH s, 

7.7 IH bs , 7.3 IH d J=5, 7.1-6.3 7H m, 5.9 IH bs, 5.7 IH 

bs, 3.3 2H q J=7, 2.9 2H q J=7, 1.1 3H t J=7, 0.9 3H t J=7; 

13 C nmr (22.5MHz), 168.98 amide, 72.01 COH, 43.73 and 39.73 

CH 2 , 13.83 and 12.64 CH 3 . Anal. calculated for C23H23N302S: 

C 68.124, H 5.7, N 10.36. Found: C 66.46, H 5.45, N 9.86, 

carbon reproducible to 0.4% in reanalysis. 

4-Hydroxymethyl-lO, 1 I-dihydro-5H-dibenz [b,f]azep ine 53: 

Obtained in varying yield from reactions above, 

especially in the presence of strongly basic conditions 

such as sBuLi and TMEDA. Column chromatography (silica, 

hexanes/ ethyl acetate 95:5, rf=0.14) gave a white solid mp 

80-85 °C; IH nmr (60MHz), 7.7 bs IH, 7.2-6.5 m 8H, 4.7 bs 

2H, 5.05 s 4H; Ms, m/z 225. 

4-[(lOrll-Dihydro-5H-dibenz[b,f]azepin-4-

yl)methyl]nicotinic acid 58: 

a) To a solution of 51 (l0.3g, 25.6mmol) in glacial 

acetic acid (300ml) under nitrogen was added 5% palladium

on-carbon (2.5g) with stirring. Hydrogen gas was admitted 

via a balloon, and the suspension was heated at 85 °c on an 

oil bath for 24 hours. After cooling to room temperature, 

the acetic acid was filtered and the filtrate was extracted 

with more acetic acid. The residue resulting from 
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evaporation of the combined acetic acid solutions was taken 

up in 200ml ether and extracted with 0.5M NaOH. The 

combined aqueous phases were acidified to pH 2-3 with 1M 

HCl and extracted exhaustively with ethyl acetate, which 

was then washed with water and saturated NaCl and dried 

over MgS0 4 . Evaporation of the solvent gave 7.07g (84%) 2.§. 

as a tan solid mp 200-203 °C; ir, 3360, 3260-2220, 1720, 

1710, 1690, 1670, 1580, 1490, 1460 cm- l ; IH nmr (60MHz), 

9.1 s IH, 8.6 d J=5 IH, 7.2-6.5 m 9H, 4.6 bs 2H, 3.0 bs 4H; 

13 C nmr (22.5MHz), 169.766 acid, 36.296 and 35.646 2C CH 2 ; 

ms, m/z 330. ~~~. calculated for C21H18N202: C 76.34, H 

5.49, N 8.48. Found C 75.64, H 5.45, N 8.20, carbon was 

consistently low in reanalysis. 

b) Alternatively the lactone 56 was reductively 

opened with zinc-coppe r coup 1 e, made with z inc powder 

(4.56g) activated by stirring in 10ml H20 with 100mg CuS04. 

The lactone (850mg, 2.6mmol) was added dissolved in 4ml 

pyridine, and 40ml 10% KOH was added prior to reflux. 

After refluxing 18 hours the reaction was quenched with 

300ml 0.5N HCl and extracted with ether to give 450mg (50%) 

crude 58. 

4-(Phenothiazin-l-ylmethyl)nicotinic acid 67: 

The procedure was the same as 58 above, except for 

the use of 2~ (l.lg, 2.7mmol) dissolved in 75ml acetic 
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acid, and Pd/c 5% (250mg). Following hydrogenation at 1 

atmosphere for 16 hours, workup yielded l60mg (18%) of 67 

as crude solids; ir, 3660-2240mb, 1720-l685sb em-I. 

9,lO-Dihydro[1]benzazepino[3,2,1-~]pyrido[3,4-

c][1]benzazepin-16(5H)-one 68: 

The car box Y 1 i c a c i d 2~ (7. 0 7 g, 2 1 . 4 m mol) was 

dissolved slowly, to give a dark yellow solution, in 85 ml 

POC1 3 , and left to stand at room temperatur8 for 48 hours. 

Excess POC1 3 was evaporated; the residue taken up in 250ml 

ice cold water, and then basified to pH 8-9 with 30% NH 40H. 

The suspension was extracted with chloroform and the 

combined organics were washed with water and dried over 

MgS0 4. Evaporation of the chloroform gave 5.2g (78%) of 68 

as a greenish solid mp 225-227 °C; ir, 3060, 3020, 2920, 

1640,1590 em-I; 1H nmr (90MHz), 9.002 s IH, 8.53 d J=5 IH, 

7.30-6,95 m 8H, 4.55 d J=13 C5eq, 3.62 d J=13 C5ax, 3.68-

2.72 m 4H; 167.146 lactam, 38.537 Ph 2CH 2 , 32.795 and 29.435 

CH 2CH 2. Anal. molecular weight calculated for C21 H16 N20: 

312.1262. Found: (high resolution mass spectrum) 312.1261. 

Pyrido[4',3':5,6]azepino[3,2,1-kl]phenothiazine-15(5H)-one 

69: 

The procedure was the same as £~ above except for 

the addition of 4-(phenothiazin-l-ylmethyl)nicotinic acid 
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(l60mg, 0.48mmol) to 4ml POC1 3 and letting the mixture 

stand at· room temperature for 3 days. Work up yielded 8mg 

(5.2%) pure lactam ~~ as crystals after preparative 

chrcmatography (silica, ethyl acetate, rf=0.45); mp 110-115 

°C; ir (KBr), 1660 (s) em-I; IH nmr (60MHz, CDC1 3 ): 9.1 IH 

s, 8.7 IH d J=5, 7.9-7.1 8H m, 4.4 IH d J=13, 3.6 IH d 

J=13; 13 C nmr (22.5MHz), 164.1 lactam, 38.247 CH 2 ; Ms, 

Found: 316.0662, Calc. for: C19H12N20S, 316.0670. 

5,9,10,16-Tetrahydro[1]benzazepino[3,2,1-~]pyrido[3,4-

c][l]benzazepine 70: 

Commercial 0.9M borane in THF 185ml(Aldrich) was 

added slowly via syringe at room temperature to~!!. (5.2g, 

16.7mmol) under nitrogen with stirring. The resulting white 

suspension was refluxed for 17 hours to give a yellow 

solution. After cooling to room temperature and evaporating 

the solvents, the residue was dissolved in 210ml methanol 

and 40ml concentrated HCl was added. This yellow solution 

was refluxed with stirring for 12 hours. On cooling to room 

temperature the solvents were removed in vacuo, the solid 

residue taken up in 250ml water, and then basified to pH 12 

with 2N NaOH. Following exhaustive extraction with 

chloroform, because of emulsions, the organic layer was 

washed once with water and dried over MgS0 4 . The solution 

of crude product was rotary evaporated, and the solids were 
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eluted through a bed of silica gel 60 with ethyl acetate 

(TLC rf=0.55) to give 3.44g (69%) of 2Q from ethyl acetate 

as light yellow crystals mp 217-219 °C; ir, 3050, 3020, 

1590, 1560 cm- l ; IH nmr (250MHz), 8.40 d J=5 IH, 8.33 s IH, 

7.17-6.95 m 7H, 6.85 t J=7 IH,· 4.90 bs 2H, 3.55 m IH, 3.62 

m IH, 3.06 bs 4Hi 13 c nmr (62.9MHz), 56.8266 NCH 2 , 39.411 

Ph 2CH 2 , 34.5594 and 31.1535 CH 2 CH 2 . Anal. molecular weight 

calculated for C21H18N2: 298.1469. Found: (high resolution 

mass spectrum) 298.1452. 

Methiodide 71: 

The heterocycle lQ (126mg, 0.4mmol) was dissolved 

in 10ml THF and 0.5ml Mel (20 eq.) was added. The 

characteristic red solution was allowed to stand overnight. 

Evaporation of the solvents yielded 170mg (95%) of 71 as a 

red solid mp 297-300 °C; ir, 3420 b, 3000, 2920, 1640 w, 

1590,1570,1485,1470 cm- l ; IH nmr (60MHz), 9.5 s IH, 9.1 

d J=5 IH, 8.6 d J=5 IH, 5.1 bs 2H, 4.4 s 3H, 4.3 m 2H, 3.0 

bs 4H; ~~~l. Calculated for C22 H2 1N 2 l: C 60.01, H 4.8, N 

6.36. Found: C 59.09, H 4.51, N 5.85. Carbon was 

consistently low in reanalysis. 

1,2,3,4,5,9,10,16-0ctahydro-2-methyl[l]benzazepino[3,2,1-

~]pyrido[3,4-c][l]benzazepine 72: 

The novel heterocycle 70 (3.44g, l1.5mmol) was 
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dissolved in 200ml ethanol with heating, cooled to room 

temperature, and 10 equivalents of iodomethane was added. 

This red solution was refluxed with stirring for 36 hours 

during which time two more 5 equivalent portions of 

iodomethane were added. At 36 hours no further changes on 

TLC were noted, though some starting material remained. The 

solvents were removed, leaving a reddish-orange residue of 

crude 71. This substance was dissolved in 300ml methanol, 

cooled to 0 °C, and NaBH 4 (874mg, 23mmol) was added slowly 

with stirring to the red suspension. On complete addition, 

the resulting yellow suspension was stirred for 2 hours at 

room temperature, then filtered and the solvents were 

evaporated. Remaining solids were then taken up in ether, 

filtered, and again rotary evaporated to dryness. This 

crude product was chromatographed (silica, ethyl acetate/ 

methanol 50:50, rf=0.38) to yield 1.43g (40%') of 72 as an 

amorphous yellow solid mp 145-148 °C; ir, 2900, 2770, 1585, 

1560, 1485, 1470 cm- l ; lH nmr (250MHz), 7.11-6.93 m 6H, 

6.80 t J=7 lH, 4.00 bs 2H, 3.80-2.60 m 10H, 2.48 s 3H, 

2.40 m 2H; nmr (62.9MHz), 56.5593, 54.9292, 51.9548 

NCH 2 , 44.48 NCH 3 , 38.5248, 34.8675, 31.2912, 30.9208 CH 2 

(no aliphatic methines by DEPT). An~l. molecular weight 
, 

calculated for C22H24N2: 316.193948. Found: (high 

resolution mass spectrum) 316.1942. 
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Sulfate salt of 72: 

The sulfate was formed on dissolving 1£ (175mg, 

0.55mmol) in 12ml methanol and adding 2ml of 10% H2 S0 4 at 0 

°C. After letting the mixture stand 2 hours, 75ml ether was 

added and the solution left to stand 1 week in the freezer. 

The crystals formed were collected by filtration; mp 238 °c 

with bubbling; ~na.l. calculated for C22H26N204S·1/2H20: C 

62.39, H 6.61, N 6.61. Found: C 62.40, H 6.26, N 6.47. 

Cis- and trans-I,2,),4,4a,5,9,IO,16,16a-Decahydro-2-

methyl[l]benzazepino[3,2,1-~]pyrido[3,4-£][I]benzazepine 

3la and 31b: 

To 72 (lOOmg, 0.3lmmol) dissolved in TFA (lml, 

13mmol) was added triethylsilane (103ml, 8 mmol) at room 

temperature. The vigorously stirred solution was heated at 

60 °c for 24 hours, then cooled to room temperature. The 

resulting two-phase reaction mixture was poured into 

sa tura ted NaHC0 3 50m 1 (pH8-9), extracted with ch loroform, 

and the combined organic layers were dried over MgS0 4 . On 

evaporation of the solvent, preparative TLC (silica, 

chI 0 r 0 for m / met han 0 1) g a v e 5 7 . 5 m g (5 7 %) 0 f l.l~ and 1 1. 5 m g 

(11%) of l.l!2., both as amorphous yellow solids. l.l~: ir, 

2920, 2840, 2780, 1590, 1560, 1480, 1460 em-I. , nmr 

(250MHz) 7.17 d J=8.l IH, 7.08 t J=7.5 IH, 6.94 m 4H, 6.74 

t J=7.1 IH, 3.72 d J=ll.l 2H, 3.24 m 3H, 2.71 m 6H, 2.21 dd 
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J=3.3 J=11.8 IH, 2.12 s 3H, 1.90 m 2H, 1.27 m 2H; 13 C nmr 

(62.9MHz), 46.77 NCR 3 , 40.12 C4a or C16a, 33.68 C4a or 

C16a. ~~~l. calculated for C22H26N2 : 318.2096. Found: 

(high resolution mass spectrum.) 318.2100 31b: ir, 2920, 

2850, 2790, 1590, 1560, 1490, 1460 em-I; IH nmr (250MHz), 

7.20 d J=7.5 IH, 7.08 t J=8.6 IH, 6.99 m 4H, 6. 7 6 t . J-= 7 • 3 

IH, 3.75 dd J=2.8 J=14.8 IH, 3.36 dt J=2.2 J=13 IH, 3.15 

dd J=2.5 J=14 IH, 2.85 m 4H, 2.46 d J=13.3 IH, 2.34 s 3H, 

2.30 m 2H, 1.97 dt J=2.8 J=11.8 IH, 1.79 dd J=3 J=lO IH, 

1.65 dt J=3.9 J=12.5 IH, 1.50 t J=ll.l IH, 1.25 bs IH, 1.15 

ddd J=3.4 J=11.3 J=11.3 IH; 13 c nmr (62.9MHz), 46.18 t~CH3' 

44.83 C4a or C16a, 40.98 C4a or C16a. ~nal. calculated for 

C22H26N2: 318.2096. Found: (high resolution mass spectrum) 

318.2106. 

1-(lO,11-Dihydro-5H-dibenz[b,f]azepin-4-yl)furo[3,4-- --

c]pyridin-3(lH)-one 56: 

To a stirred white suspension of 4-[(10,11-dihydro-

5~-dibenz[~,i]azepin-4-yl)hydroxymethyl]-~,~-

diethylnicotinamide.2l. (2.0g, 5mmol) in 50ml toluene, was 

added tosic acid (313mg, 1.65 mmol), giving a yellow 

solution on refluxing. After 6 hours the solution was 

cooled to room temperature, washed with sat. Na2C03' the 

aqueous layer was extracted twice with toluene (50ml), and 

the combined organics were dried over Na2S04' Saturated 
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NaCl was used to break emulsions formed during the workup. 

Column chromatography (silica, hexane/ethyl acetate 1:1, 

rf=0.36) provided 850mg (43%) ~ as a light yellow powder, 

mp 100 °c (decomposes); ir, 3420, 3040, 2920, 2840, 1770 s, 

1600,1535,1490,1460 cm- 1 ; IH nmr (60MHz), 9.3 s IH, 8.9 

d J=5 IH, 7.9 s IH, 7.5-6.5 m 9H, 3.1 bs 4H; ms, m/z 328. 

4-[(lO,11-Dihydro-5H-dibenz[b,f]azepin-4-

yl)carbonyl]nicotinic acid 55: 

The same procedure as above was used. Product was 

extracted from the aqueous phase by acidifying and 

extracting with ethyl acetate; the yield of yellow solid 

was undetermined, mp 165-167 °c (decomposes); ir, 3700-

2300, 3400, 2920, 2840, 1740, 1640, 1610, 1590, 1530, 1485, 

1460 cm- 1 ; IH nmr (90MHz), 11.649 s IH, 9.200 s IH, 9.13 d 

J=5 IH, 7.37-6.56 m 8H, 3.09 s 4H; 13 C nmr (22.5MHz), 

197.472 ketone, 164.968 acid, 34.841 and 33.974 CH 2 ; ms, 

m/z 344. 

4-[(lO,11-Dihydro-5H-dibenz[b,f]azepin-4-yl)carbonyl]-N,N-- - - --

diethylnicotinamide 59: 

The same procedure as above was used. 

Chromatography (silica, ethyl acetate, rf=0.38) provided a 

yellow solid, yield undetermined; ir, 2940, 2860, 1635, 

1595, 1570, 1530, 1490, 1460 cm- 1 ; IH nmr (90MHz), 11.487 s 
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1H, 8.695 d J=4.5 1H, 8.675 s 1H, 7.336-6.511 m 8H, 3.331 m 

4H, 3.086 s 4H, 1.12 m 6H; 13 C nmr (22.5MHz), 197.592 

imine, 167.146 amide, 53.413 and 39.079 NCH 2 , 35.937 and 

34.962 CH 2 CH 2 , 14.486 and 12.102 CH 3 ; ms, m/z 399. 

4-[(10,11-Dihydro-4H-dibenz[~,f]azepin-4-ylidene)methyl]

N,N-diisopropylnicotinamide 60: 

The same procedure as above was used and the yield 

was undetermined. Chromatography (silica, ethyl 

acetate/hexanes 50:50, rf=0.24) yielded the crude yellow 

solid, mp 147-155 °C; ir, 2940, 2870, 1640, 1620, 1590, 

1490 em-I; 1H nmr (60MHz), 11.5 bs 1H, 8.7 m 2H, 7.5-6.5 m 

8H, 3.5 m 2H, 3.1 s 4H 1.2 m 6Hi ms (FAB), MH+ m/z 412. 

4-[(10,11-Dihydro-5H-dibenz[~,f]azepin-4-

yl)hydroxymethyl]nicotinic acid 57: 

To a stirred solution of 4-[(10,11-dihydro-5!:!

dibenz[~,f]azepin-4-y1)carbonyl] nicotinic acid 22 (1.95g, 

5.7 mmol) in methanol (100m1), was added NaBH 4 (2.15g, 57 

mmol) slowly at room temperature. The yellow solution 

became clear, indicating the formation of product. Stirring 

was continued for 2 hours; following which the methanol was 

removed by rotary evaporation and the residue was dissolved 

in 100ml 0.5N HCl. The solution was then basified with 2N 

HCl and extracted with ether, which was discarded. Then 
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the solution was reacidified to pH2 with 1N HC1 and 

extracted with ethyl acetate. This last organic fraction 

was washed with saturated NaC1, dried over MgS0 4 and 

evaporated to yield 1.95g (100%) i2 as a crude solid, mp 

135-138o C (decomposes with gas evolution); ir, 3700-2300b, 

3360, 3060,2920,2840,1730,1710,1640,1590,1490 1460 

cm- 1 ; 1H nmr (90MHz), 8.9 s 1H, 8.7 d J=5 1H, 7.95 bs 1H 

(D 2 0 exchangeable) 7.7 d J=5Hz 1H, 1.2-6.6 m 9H, 3.0 bs 4Hi 

13 c nmr (22.5MHz), 167.460 acid, 67.995 COH, 34.624 and 

34.082 CH 2 • 

4-[(lO,11-Dihydro-SH-dibenz[b,f]azepin-4-yl)hydroxymethyl]-

N,N-diethylnicotinamide acetate (ester} 51~ 

To a stirred solution of 4-[(10,11-dihydro-5!:!

dibenz[£,i]azepin)hydroxymethy1]-~,~-diethy1nicotinamide ~ 

(2g, 5 mmo1) in pyridine (20m1) was added acetic anhydr ide 

(4.7m1, 50 mmol) at room temperature. After 2.5 hours of 

stirring, CHC1 3 (150ml) was added and the resulting 

solution extracted with IN HCl, water, and finally 5% 

NaHC0 3 . The organic layer was then dried over. MgS0 4 and 

rot a rye v a po rat edt 0 g i v e 2. 3 g (1 0 0 %) &.1 a sal i g h t ye 1 low 

solid, mp 70 °C. Ir, 3380, 2980, 2940, 1740, 1630, 1590, 

1490, 1460 cm- 1 ; 1H nmr (60MHz), 8.5 d J=5 1H, 8.4 s IH, 

7.5 m 2H, 7.2-6.6 m 8H, 3.4 m 4H, 3.0 bs 4H, 2.0 bs 3H, 1.0 

m 6H. 



4-[(lO,11-Dihydro-SH-dibenz[b,f]azepin-4-yl)methyl]-N,N

diethylnicotinamide 63: 

71 

a) The acetate 61 (650mg, 1.5 mmol) was dissolved 

in acetic acid (37ml), and palladium-on-carbon 10% (370mg) 

was added. This mixture was hydrogenated at room 

temperature and 20psig for 17 hours. The acetic acid was 

filtered and the filter was washed with ether, then the 

combined organics were washed three times with saturated 

NaHC0 3 . On evaporation, the resulting yellow sticky gum 

4 30m g (7 6 % ), was f 0 un d t 0 be a 5 0 : 5 0 mix t u reo f pro d u c t &.1 

and starting material by ir and nmr. Since both compounds 

were found to elute at the same Rf on silica they were 

first treated with NaBH 4 (lOOmg) in 20ml methanol to 

regenerate the alcohol 21, from the remaining acetate, with 

its very different Rf. Chromatography (silica, ethyl 

acetate/hexane 50:50, rf=0.36) yielded 220mg (38%) § as a 

glassy yellow solid, mp 46 o C; ir, 3380, 2980, 2920, 1620, 

1580, 1490, 1460 cm- l ; IH nmr (60MHz), 8.5 s IH, 8.4 d J=5 

IH, 7.2-6.6 m 9H, 4.05 bs 2H, 3.4 q J=7 4H, 3.0 bs 4H, 1.2 

t J=7 6H; 13 c nmr (22.5MHz), 168.34 amide, 43.09 and 39.19 

NCH 2 , 34.64 CH 2 , 14.05 and 12.75 CH 3 . 

b) The 4-[(10,11-dihydro-5g-dibenz[~,i]azepin-4-

yl)hydroxymethyl]-~,~-diethylnicotinamide 2l (300mg, 0.75 

mmol) was dissolved in triethylsilane (1.2ml) and 

trifluoroacetic acid (1.2ml), 10 and 20 equivalents 
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respectively, and stirred vigorously for 24 hours. The 

reaction mixture was then poured into 50ml of ice cold 

saturated NaHC0 3 . Extraction with a 2:1 mixture of THF and 

ether was followed by washing with saturated NaCl and 

drying over MgS0 4 . Chromatography (silica, ethyl 

acetate/hexane 50:50, rf=0.36) gave 100mg (34.6%) ~l as a 

yellow gum, and elution with methanol gave 120mg acid 2~ 

(41.5%); minor amounts of yellow amide 22 were also 

obtained. 

4-[(lO,11-Dihydro-5H-dibenz[b,f]azepin-4-yl)methyl]-~,~

diisopropylnicotinamide 62: 

The same procedure as (b) above was used except 

that the diisopropylamide 2Q (200mg, 0.46 mmol) was 

dissolved in TFA (lml, 30 eq.) and Et 3SiH (O.5ml, 7 eq.). 

This procedure provided 110mg (58%) of 62 as a yellow 

powder after column chromatography (silica, ethyl 

acetate/hexane 50:50, rf=0.47) mp 108-111 °C. Ir, 3380 s, 

2960, 2920, 2840, 1600, 1575, 1490, 1460 cm- l ; IH nmr (60 

MHz), 8.5m 2H, 7.2-6.6 m 8H, 6.5 bs IH, 4.3 d J=16 IH, 3.9 

d J=16 IH, 3.7 sep J=6 2H, 3.0 bs 4H, 1.6 d J=6 6H, 1.3 d 

J=6 6H; 13 C nmr (22.5MHz), 167 amide, 51 and 46 NCH, 35 2C 

and 30 CH 2 , 21.5 and 21 CH 3 ; ms, m/z 413. 



4-[[3-[(Diisopropy1amino)methy1]-4-pyridy1]methy1]-10,11-

dihydro-5H-dibenz[b,f]azepine 66: 

73 

Lithium aluminum hydride (SOmg, 1.3mmol) was added 

to 12ml of dry ether and cooled to -20 °c (dry ice/CC1 4 ). 

Compound 62 (2S0mg, O.Smmol) was added dropwise in 12ml dry 

ether. The addition was complete in 30 minutes and the ice 

bath was removed, then the solution was stirred 1.5 hours 

at room temperature. The reaction was quenched by adding 

water (with foaming) and extracting with ether. After 

drying over MgS0 4 and evaporating the solvent, preparative 

thin layer chromatography (silica, hexane/ethyl acetate 

50:50, rf=0.18) yielded 3Smg (17.5%) of the crude solid 66. 

1 H nmr (60MHz), 8.5 m 2H, 7.8 m IH, 7.5 m IH, 7.2-6.4 m 6H, 

6.1 bs IH, 4.9m IH, 4.6 m 3H, 3.1 bs 4H, 2.5-0.5 m -14H. 

10,11-Dihydro-4-[(1-methy1-3-methy1ene-4-pyridy1)methy1]-

5H-dibenz[b,f]azepine 73: 

Reflux was begun on a solution of 

1,2,3,4,S,9,10,16-octahydro-2-methyl[1]benzazepino[3,2,1-

~]pyrido[3,4-~][1]benzazepine II (360mg, 1.14 mmol) in 

30ml of dry THF and 0.9M BH3-THF (4.Sml, 4 equivalents). 

After 24 hours the resulting yellow solution turned clear. 

It was cooled to room temperature and quenched with excess 

methanol, added dropwise. The solution was evaporated to 

dryness, 4Sml methanol and 4.Sml concentrated HCl were 
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added and then it was refluxed 12 hours. On cooling to 

room temperature 50ml water was added and the solvents were 

evaporated, another 25ml water was then added. The 

resulting suspension was basified to pH 12 and extracted 

with chloroform. Evaporation of the organic phase, after 

drying over MgS0 4 and after column chromatography (silica, 

chloroform/methanol 95:5, rf=0.36)of the crude mixture, 

provided 81mg (23%) of 21 as a yellow solid, mp 65 °C: ir, 

3440, 2940, 2840, 2780, 1580, 1490, 1460 cm- l . , nmr 

(250MHz), 7.05-6.66 m 7H, 5.82 s IH, 4.98 s IH, 4.90 s IH, 

3.20 d J=l1.6 IH, 3.07 bs 4H, 3.03 m IH, 2.70-2.52 m 4H, 

2.28 bs 3H, 2.11 t J=ll IH, 1.75 m IH, 1.45 ddd IH: 13 c nmr 

(62.9MHz), 45.97 NCH 3 , 40.01 methine (by DEPT): ms, m/z 

318. 

l,2,3,4,4a,5,9,lO,lOa,11,12,13,14,14a,16,16a-Hexadecahydro-

2-methyl[1]benzazepino[3,2,1-~]pyrido[3,4-c][1]benzazepine 

74: 

The s tar tin gal ken e 2l (1 4 0 m g , O. 4 4 m mol) was 

dissolved in 10mi of ethanol and 3 drops of concentrated 

HCI were added. Hydrogen was admitted via balloon after 

adding Pt0 2 (90mg) and stirring was continued 20 hours. 

The ethanol was then filtered and evaporated to dryness, 

50ml water was added and the solution was basified with 2N 

NaOH. Chloroform extracts were dried over MgS0 4 and rotary 
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evaporated to yield 110mg mixed over-reduced products 

including li (yield undetermined); IH nmr (60MHz), 7.3 bs 

IH, 6.9 m 3H, 3.6-1.0 m -28H; ms m/z 324 

4-[(lO,11-Dihydro-5H-dibenz[b,f]azepin-4-yl)hydroxymethyl]-

3-bromopyridine 77 and 2-[(lO,11-dihydro-5H

dibenz[b,f]azepin-4-yl)hydroxymethyl]-3-bromopyridine 76: 

Diisopropylamine (1.8ml, 13 mmol) was added to 

nBuLi (1.6M) in hexanes (8.1ml, 13 mmol) with stirring at 

room temperature in dry THF (50ml) under nitrogen. After 

45 minutes the temperature was lowered to -78 oC and 10,11-

dihydro-5~-dibenz[~,i]azepine-4-carboxaldehyde (2.9g, 

13mmol) was added in dry THF (15ml), giving a dark red 

suspension. After 1.5 hours, 3-bromopyridine (2.5ml, 26 

mmol) was added at -78 o C followed by LDA (26 mmol), 

generated as described above, added dropwise over 5 

minutes. The reaction was raised to room temperature after 

1 hour and quenched by adding 30ml water after another 

hour. The THF was decanted and the aqueous phase was 

extracted with ether, then the combined organics were dried 

over MgS0 4• Chromatography (silica, ethyl acetate/hexane 

25:75) provided 1.2g (24%) of 22 (rf=0.21) and 2.25g (43%) 

o f 2&.. (r f = 0 . 5 8) a s ye 1 low cry s tal s. 22: M p 1 5 8 - 1 5 9 0 C; i r , 

3360 s, 3060 b, 2920, 2860, 1610, 1580, 1510, 1490, 1470 

cm- l ; IH nmr (90MHz), 8.597 s IH, 8.5 d J=5 IH, 8.057 s IH, 
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7.70 d J=5 IH, 7.036-6.448 m 8H, 6.075 s IH, 3.062 s 4H; 

13 C nmr (22.5MHz), 78.408 COH, 34.420 and 33.878 CH 2 ; ms, 

m/z 380, 382. 76: Mp 200 °C; ir, 3360 s, 3300 b, 3060, 

2920, 2820, 1610, 1580, 1520, 1490, 1465 ern-I; IH nmr 

(250MHz), 8.82 s IH, 8.645 dd J=4.5, 1.25 IH, 8.07 dd J= 8, 

1.4 IH, 7.302 dd J= 8, 4.5 IH, 7.14-6.97 m 6H, 6.74-6.64 m 

2H, 6.414 d J=4.2 IH, 6.215 d J=4.1 IH, 2.9607 s 4H; 13 c 

nmr (62.9MHz), 74.4638 COH, 34.8069 and 34.0921 CH 2 ; ms, 

m/z 380-382; ~Q~.!.. calculated for C20H17BrN20: C 63.01, H 

4.49, N 7.35. Found: C 62.95, H 4.50, N 7.30. 

4-[(lO,11-Dihydro-5H-dibenz[b,f]azepin-4-yl)hydroxyrnethyl]-- --

3-bromo-l-methylpyridinium iodide 78: 

To the pyridine compound 12 (150mg, 0.4 mmoles) in 

10ml methanol was added iodomethane (lml, 16mmoles) and 

stirring was continued for 2 days at room temperature in a 

sealed vessel. The yellow crystals that formed were washed 

with ether and dried to give 100mg (48%) of~, mp 164-170 

°C; ir, 3400 s, 3200 b, 3080, 2920, 2860, 1630, 1590, 1520, 

1490, 1465 ern-I; IH nmr (60MHz), 9.4 s IH, 9.1 d j=5 IH, 

8.4 d J=5 IH, 7.8 s IH (exchangeable), 7.2-6.2 m 9H, 4.35 

+ bs 3H N CH 3 , 3.05 bs 4H. Anal. calculated for C21H20BrIN20: 

C 48.21, H 3.85. Found: C 48.0, H 3.78. 
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lO,11-Dihydro-Q-3-pyridyl-5H-dibenz[b,f]azepine-4-methano1 

82: 

4,5-Dilithio-l0,11-dihydro-5g-dibenz[~,f]azepine 38 

(20 mmol) was generated in 200ml dry ether (Dahlgren et 

al., 1983) and added dropwise to pyridine-3-carboxaldehyde 

(2.14g, 20mmol) neat at room temperature under nitrogen. 

Stirring was continued overnight, and the reaction was 

quenched with ice cold water. After exhaustive extraction 

with ether and concentration, the crude product was 

crystallized from acetone giving 1.2g of .!!~J and the 

concentrated mother liquor was chromatographed (silica, 

ethyl acetate/hexane 60:40, rf= 0.36) to give another 19 of 

product (36% overall) as light yellow crystals mp 195-199 

°C; ir, 3360 s, 3100 b, 3060, 2920, 2820, 2680, 1610, 1590, 

1570, 1515, 1490, 1460 cm- l ; IH nmr (90MHz), 8.589 s IH, 

8.40 d J=5 IH, 8.185 s IH, 7.725 d J=8 IH, 7.30 dd J=5,8 

IH, 7.223-6.543 m 8H, 6.04 d J=4 IH, 2.951 bs 4H; 13c nmr 

(22.5MHz), 72.492 COH, 34.624 and 33.974 CH 2 . Ana 1. 

calculated for C20H18N20: C 79.44, H 6.00, N 9.26. Found: C 

79.37, H 6.23, N 9.10. 

lO,11-Dihydro-a-4-pyridyl-5H-dibenz[b,f]azepine-4-methano1 

81: 

The pro d u c t .!!.!.. was 0 b ta in e d fro m 22 by 1 it h i a t ion 

and attempted acylation with CO 2 gas or dry ice to obtain 



the acid 57. 
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The yield was estimated to be 50% from 

sevt::!ral combined reactions, and after chromatography 

(silica, ethyl acetate/hexanes 50:50, rf= 0.25), mp 160-162 

°Ci ir, 3360 s, 3100 b, 2920, 2860, 1620, 1600, 1530, 1490, 

1465 cm- l ; lH nmr (60MHz), 8.5 d J=5 2H, 8.1 s lH, 7.35 d 

J=5 2H, 7.2-6.5 m 7H, 5.9 m 2H, 2.95 bs 4H; 13 C nmr 

(22.5MHz), 74.923 COH, 36.242 and 35.646 CH 2 ; ms, m/z 302. 

U-3-Pyridylphenothiazine-l-carbonyl 84: 

1,10-Dilithiophenothiazine 39 (lOmmol) was 

generated in 35ml of ether (Hallberg and Martin, 1982) and 

added at room temperature under nitrogen to a stirred 

solution of pyridine-3-carboxaldehyde (0.94ml, 10mmol) in 

THF (lOml). After 12 hours the suspension was quenched by 

adding concentrated ammonium chloride and the ether 

fraction was decanted, dried over MgS0 4 , and evaporated to 

give, after chromatography (silica, hexane/ethyl acetate 

50:50, rf=0.5), 230mg (7.5%) of ~i as a red solid mp 105 

°C; ir, 3380, 3050, 2950,2920,1625,1580,1560,1470, 

1430 cm- l ; lH nmr (90MHz), 8.7 s lH, 8.6 d J=8 lH, 7.9 s 

lH, 7.4-6.4 m 7H, 6.2 d J=8 lH, 6.0 d J=6 lH; 13 c nmr 

(22.5MHz), 196.5 (ketone). 
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lO,11-Dihydro-a-4-pyridyl-5H-dibenz[b,f]azepine-4-methanol 

acetate (ester) 86: 

The alcohol ~~ (l.63g, 5.4mmol) was dissolved in 

pyridine (20ml), and acetic anhydride (5ml) was added at 

room temperature. After stirring 2 hours, chloroform 

(lOOml) was added, and the organic phase washed with 0.25N 

HCl and ~.5N NaOH, and then dried over MgS0 4. Evaporation 

of the chloroform left 1.8g (97%) of 86 as a yellow oil; IH 

nmr (60MHz), 8.7 s IH, 8.4 d J=5 IH, 7.5-6.5 m IlH, 2.95 bs 

4H, 2.0 s 3H. 

lO,11-Dihydro-4-(3-pyridylmethyl)-5H-dibenz[b,!]azepine 85: 

a) The acetate ~ (1.5g, 4.3 mmol) was dissolved in 

acetic acid (60ml) and 5% palladium-on-carbon (lg) was 

added. The solution was hydrogenated at room temperature 

and 40psig for 20 hours, then filtered and the acetic acid 

was evaporated. The crude residue was taken up in ether and 

washed with 0.5M NaOH and saturated NaCl, then dried over 

MgS0 4. Evaporation of the ether gave 1.25g (100%) of 85 as 

a yellow oil; IH nmr (60MHz), 8.6 s IH, 8.4 d J=5 IH, 7.3 d 

J=8 IH, 7.1-6.5 m 7H, 6.3 d J=8 IH, 5.75 s IH, 3.85 s 2H, 

2.95 s 4H; MS, m/z 286. 

b) The alcohol 82 (800mg, 2.6mmoles) was dissolved 

in TFA (2ml, 10 equivalents) and Et 3 SiH (2ml, 5 

equivalents) at OOC and stirred vigorously with warming to 
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room temperature. After 24 hours stirring, the mixture was 

poured into saturated ice cold NaHC0 3 (40ml), extracted 

with THF, and the organics were dried over MgS0 4 . 

Chromatography (silica, ethyl acetate/hexane 50:50, 

rf=0.39) gave 250mg (34%) ~ as a yellow oil. 

c) The alcohol ~ (300mg, Immol) was dissolved with 

heating in (+)limonene (3ml, 18mmol) and Pd/C 10% (120mg) 

and AIC1 3 (12mg) were added prior to refluxing. Workup 

yielded 250mg (87%) crude ~ after chromatography (silica, 

ethyl acetate/hexanes 50:50, rf= 0.39). 

3-[(lO,11-Dihydro-5H-dibenz[b,f]azepin-4-y1)methy1]-1-_ __ 
methy1pyridinium iodide : 

The 10,11-dihydro-4-(3-pyridylmethyl)-5~-

dibenz[.e,i]azepine ~ (l.25g, 4.3 mmoles) was dissolved in 

10ml ether and iodomethane (2.6ml, 10 equivalents) was 

added. The solution was left to stand at room temperature 

for 2 days. Filtration of the resulting mixture provided 

1.8g (98%) of the methiodide as crude red crystals mp 75-80 

°c with bubbling (hygroscopic); ir, 3400 b, 3300 b, 3010, 

2920, 2840, 1720 w, 1620, 1600, 1570, 1480, 1455 cm- l . 

Phenothiazine-1-y1-1,2,5,6-tetrahydro-1-methyl-3-pyridy1 

ketone 91: 

1,10-Dilithiophenothiazine 39 (6mmol) was generated 
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in 60ml dry ether and added dropwise to arecaidine ethyl 

ester HCl (350mg, 2mmol) in 20ml dry THF and stirred 

overnight at room temperature. The yellow solution thus 

obtained was quenched with ice water and the layers were 

separated. The organic phase was dried over MgS0 4 and 

chromatographed (silica, ethyl acetate/methanol 95:5, rf= 

0.2) to yield 120mg (20%) 91 as a red film, mp 78-88 °C; 

ir, 3320 b, 3060, 2940, 2830, 2790, 1650 sh, 1610, 1590, 

1560, 1470, 1440, 1425; IH nmr (250MHz) (decoupled), 

9.6213 s IH, 7.345 dd J=1.4, 8 IH, 7.035 dd J=1.2, 8 IH, 

6.961 dt J=1. 7, 7.5 IH, 6.885 dd J=1.5, 7.7 IH, 6.803 dt 

J=l, 7 IH, 6.68 t J=7.7 IH, 6.555 dd J=l, 7.7 IH, 6.42 m 

IH, 3.268 q J=2 2H, 2.548 t J=6 2H, 2.4374 bs 5H; 13 c nmr 

(22.5MHz), 197.79 ketone, 53.38 and 50.78 NCH 2 , 48.47 NCH 3 , 

24.4 CH 2 . 

10,11-Dihydro-5H-dibenz[b,f]azepin-4-yl-l,2,5,6-tetrahydro

I-methyl-3-pyridyl ketone 90: 

Same procedure as 21 above, except with the 

formation of dilithioiminodibenzyl ~ (3 equivalents) and 

adding at room temperature to arecoline hydrochloride 

(4mmol). This provided 330mg (25.7%) of crude 2Q after 

workup and chromatography (si lica, ethyl acetate/methano 1 

95:5, rf= 0.14). IH nmr (90MHz), 11.708 s IH, 8.437 d J=8 

IH, 7.272-6.570 m 7H, 3.076 s 4H, 3.076-2.345 m 9H. 
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