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ABSTRACT

Pentacyclic rigid analogs of tricyclic antidepressant

imipramine were synthesized to study the conformational structure

pharmacological activity relationships. The synthetic route to these

compounds involved photocyclization of enacylenamines obtained from

1-methyl-1,2,5,6-tetrahydronicotinyl chloride and diaryl secondary

amines such as diphenylamine, 10,ll-dihydro-5H-dibenz[b,f]azepine and

5H-dibenz [b,f]azepine. The ratio of ring fusion isomers formed during

the photolysis was found to be a function of the nature of solvent

used as well as the structure of starting enacylenamine. The 1

stereochemical assignments of the ring fusion geometry in the

photolysis products (lactams) were based on mechanistic considerations
13and were further supported by equilibration, C nmr, and lanthanide 

shift reagent nmr studies. The lactams were reduced to the 

corresponding amines using borane-tetrahydrofuran complex. Where 

this reduction procedure was inapplicable due to the presence of a 

borane-sensitive functional group, sodium borohydride-trifluoroacetic 

acid or aluminum hydride was used.'

The synthesis of the corresponding rigid pentacyclic analogs 

of the major tranquilizer promazine has not yet been accomplished. 

Photocyclization of N-(l-methyl-l,2,5,6-tetrahydronicotinyl)- 

phenothiazine, or the corresponding sulfoxide failed. Similarly 

unsuccessful were attempts to thionate 3-methy1-6-phenyl-l,2,3,4,- 

4a,5,6,lOb-octahydrobenzo[c]-2,7-naphthyridine using a variety of

ix



sulfur halides. " Utilization of 1,2-dihydro-3H~pyrido[3,2,l~kl]- 

phenothiazin-3-one as a tetracyclic precursor for the construction of 

the rigid promazine analog was partially explored and a key inter

mediate , 2-hydroxymethyl-l,2-dihydro-3H-pyrido[3,2,1-kl]phenothiazin-

3-one, has been prepared.



INTRODUCTION

The tricyclic antidepressants and phenothiazine tranquilizers 

constitute two major classes of psychoactive agents used in the treat

ment of mental disorders. Two general types of mental disorders known 

to man since the early days of his existence are (1) a psychotic 

condition, which is generally accompanied by severe agitation as well 

as anxiety and (2) an emotional and psychiatric disorder in which the 

major symptom is depression. The drugs which are generally effective 

in alleviating the symptoms of the first type of mental illness are 

called "antipsychotics" or "neuroleptics." Promazine _1 is a prototype 

structure representing this class. The major group of drugs which are 

used in the management of depression are called "antidepressants" or 

"thymoleptics." The tricyclic antidepressants, of which imipramine 2_ 

is a prototype, are structurally similar to phenothiazines and are 

generally used in the treatment of endogenous depression rather than 

for exogenous or reactive depressions.

Mechanism of Action and Structure Activity Relationships 
of Tricyclic Antidepressants

The tricyclic antidepressants are known to influence several 

neuronal 'systems and exhibit a wide spectrum of pharmacological 

properties. Some of these actions clearly contribute to the specific 

adverse side effects such as dryness of mouth and tachycardia. They 

are clearly indicative of the anticholinergic properties of these 

drugs. Although the precise molecular mechanism of action of the



2

GHg

GHg
1 W. CH3 c h3GH3

1 X = H Promazine 2_ Imipramine

2  X = Cl Chlorpromazine

tricyclics is not presently known with certainty, various hypothetical 

mechanisms have been proposed to explain their observed effectiveness in 

the management of depression.

The catecholamine hypothesis (Glowinski and Axelrod 1964; ,

Axelrod, Hertting, and Whiteby 1961) suggests that some depressions are 

the result of a relative deficiency of norepinephrine (NE) at central 

receptors. Antidepressants are suggested to overcome this deficiency by 

increasing the availability of NE at synapses through the inhibition of 

neuronal uptake of the transmitter. Norepinephrine is the catecholamine

considered to be principally involved in depression. Although a role 

for dopamine has been proposed (McClure 1973), it is noteworthy that 

virtually all tricyclic antidepressants do not significantly inhibit 

uptake in dopaminergic neurons (CarIsson et al. 1966; Horn, Coyle, and

I



Snyder 1971) and do not affect the rate of accumulation or disappearance
14of C-dopamine formed in the brain from intravenously administered 

^C-tyrosine (Schubert, Nyback, and' Sedvall 1970), The steric require

ments for the inhibition of NE uptake have been investigated in some 

detail (Horn et al. 1971; Maxwell et al. 1974; Salama, Insalaco, and 

Maxwell 1971) and the compounds with two aromatic rings were found to be 

more potent uptake inhibitors than the monophenyl compounds. Further

more, tricyclic compounds with the phenyl rings held in a non-coplanar 

conformation were more potent NE uptake inhibitors than the correspond

ing carbazole derivatives, or the non-bridged diaryl methanes and 

biarylazines (such as the anti-histaminic agents), wherein the aryl 

rings are likely to prefer a more nearly perpendicular arrangement with 

respect to one another.

Studies with rigid analogs of amphetamine (Horn and Snyder

1972) indicate that the most likely conformation of NE at the uptake 

site is the fully extended anti conformer 4_ which has been found to be 

its preferred conformation in solution (Ison, Partington, and Roberts

1973), as well as in the solid state (Carlstrom and Bergin 1967).

H'Vv'-'H
A ,



X-ray crystallographic studies on imipramine hydrochloride (Post,

Kennard, and Horn 1974) have revealed the existence of two solid state 

conformations, 5_ and 6_ (see Fig. 1). In conformation 5_ the side chain 

is fully extended. That is, all torsion angles except are close to 

± 180°, whereas in conformation 6̂ the aminopropyl side chain is partially 

folded back. An X-ray crystallographic study of the highly 

stereospecific and potent NE uptake inhibitor 1R, 4S-N-methy1-4- 

phenyl-1, 2,3,4-tetrahydro-l-naphthylamine (7_) , revealed a conformation 

with pseudo-1,4 diaxial 1-methylamino and 4-phenyl groups (Sarges et al. 

1974) ..

The structural similarity between 7_ and the conformationally 

rigid tetracyclic analog _8 of desimipramine 9_ is quite apparent, 

wherein the 1-methylamino and 4-phenyl groups of 7_ correspond to the 

basic nitrogen atom and A-ring of 8_ respectively. The spatial distance 

between these functions is also similar to the 5.09 A functional group 

distance in the extended NE conformation 4̂,

The neuronal uptake of 5-hydroxytryptamine (serotonin, 5-HT) in 

brain is also characterized (Snyder, Shaskan, and Kuhar 1973) by a high 

affinity uptake process, associated with uptake into serotoninergic 

neurons, and a low affinity uptake system, associated with 5-HT uptake 

into catecholaminergic neurons. The histochemical technique has been, 

used (Carlsson et al. 1969) to demonstrate that the tertiary amine 

tricyclics such as imipramine 2_ are more effective inhibitors of 5-HT 

uptake than the secondary amine desimipramine 9_. On the other hand 9_ 

is more effective in inhibiting NE uptake than 2_. Further confirmation 

for the involvement of norepinephrine and serotonin in depressive
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Fig. 1. Crystal structure of imipranine hydrochloride.
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NHMe

NHMe NHMe

disorders comes from the determination of urinary and cerebrospinal 

fluid (CSF) levels of principal metabolites of these neurotransmitters, 

namely 3-methoxy-4-hydroxy-phenethylene glycol (3-MHPG, 10) and 5- 

hydroxyindole-3-acetic acid (5-HIAA, 11) in patients with primary 

endogenous depression.

c h 2c o o h

c h 2o h

10 11
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Asberg et al. (1976) have found a bimodal distribution in these

patients based on cerebrospinal fluid (CSF) levels of 5-HIAA. In one 

group 5-HIAA levels were significantly lower than in controls, whereas 

in the other group they were not. Thus, one form of endogenous depres

sion appears to result from a disorder in 5-HT turnover, while it is 

speculated that depression in the normal 5-HIAA mode may originate from 

a defect in NE turnover which results in reduced CSF 3-MHPG.

the 5-HT mechanism (Todrick and Tait 1969, Horn and Trace 1974).

Reduced potencies observed for compounds with a- or (3-branching of the 

side chain probably result from energetic preference for inactive or 

poorly active conformations. Aryl halogen substituents appear to 

increase the activity. For example, chlorimipramine 12_ is significantly 

more active than imipramine 2̂ as an inhibitor of 5-HT uptake.

Limited information is known about the steric requirements for

c h 2

12
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However, the conformation of chlorimipramine in the solid state 

(Post and Horn 1977) is similar to one of the two solid state conforma

tions of imipramine, suggesting that the halogen substituent may improve 

the binding to the carrier but does not influence the conformation of 

the side chain. The probable existence of both extended (trans, 13) 

and folded (gauche, 14) 5-HT conformations predicted by MO theory (Kang 

and Cho 1971) and empirical methods (Kumbar and Sankar 1975) is 

supported by solid state (Karle, Dragonette, and Brenner 1965) and 

solution findings (Ison, Partington, and Roberts 1972).

Ar

NH
Ar

NH2

HO

Ar =

H

13 14

Another potent and selective inhibitor of 5-HT uptake, ORG 6582 (15), 

was found to have a virtually rigid structure with phenyl and amino 

groups fixed in the trans (anti) conformation resembling the solid 

state conformation 13 of 5-HT.
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15

One of the major criticisms of the catecholamine and 

indoleamine hypotheses stems from the observation that mianserin 16, 

which inhibits the uptake of neither NE nor 5-HT, is a potent 5-HT 

receptor antagonist (Van der berg et al. 1970) and clincial trials have 

proved it to be an effective antidepressant.

16

The alternative cholinergic-adrenergic mechanism, proposed 

(Janowsky et al. 1972) to explain depressive disorders seems even less 

attractive than the catecholamine and serotonin hypotheses because the 

tricyclics show (Rehavi, Maayani, and Sokolovsky 1977) considerably



10
less central anti-cholinergic activity than the classical tertiary amine 

anticholinergics which in turn appear to lack antidepressant activity.

Another pharmacological action of tricyclic antidepressants 
known for some time is their ability to inhibit a-adrenergic receptors.
A good correlation has recently been shown (U'prichard et al. 1978) 

between the binding affinities of several tricyclics for a-adrenergic 

receptors in rat brain and their relative potencies in both reducing 

psychomotor agitation in depressed patients and in causing sedation and 

hypotension. However, the clinical significance of this effect is yet 

to be clearly established.

One other fact that is not explained by any of the above 

hypotheses, is the delayed onset of action of tricyclic antidepressants. 

The effects of chronic administration of these agents on neurochemical 

systems are being investigated and one of particular interest is the 

effect on the sensitivity of neuronal receptors following long term 

administration (Bunney et al. 1977, Friedman 1978). It has been 

discovered that chronic administration of the tricyclic antidepressants 

and electroconvulsive therapy decrease the threshold of the noradrenergic 

cyclic-AMP generating system in rat brain (Vetulani and Sulser 1975, 

Vetulani et al. 1976). Although this and various other research reports 

(Banerjee et al. 1977, Crews and Smith 1978) support the hypothesis of 

receptor subsensitivity induced by chronic administration of tricyclics, 

the exact correlation between receptor subsensitivity and the clinical 

effectiveness of these agents is presently unknown. In conclusion it 

seems that the tricyclic antidepressants influence more than one



11
neuronal system, but to date there is no unique mechanism known which 

can explain all of their therapeutic properties.

Mechanism of Action and Structure Activity Relationships 
of Phenothiazine Tranquilizers

Unlike that of tricyclic antidepressants, the mechanism of

action of phenothiazine tranquilizers appears to be quite firmly 

established. Antischizophrenic and extrapyramidal side effects of 

neuroleptic phenothiazines have been attributed to a blockade of 

dopamine receptors in the brain (Horn and Snyder 1971). Furthermore, 

a molecular mechanism for the antagonism of dopamine at dopaminergic 

receptors by chlorpromazine J3 has been proposed, wherein the 

dialkylaminopropyl side chain of substituted phenothiazine assumes a 

dopamine like conformation. In the solid state dopamine (17) exists 

in the "trans" conformation 1£3 (Bergin and Carlstrom 1968) which is 

comparable to the overlapping, partially folded conformation found by 

x-ray analysis for a variety of phenothiazines (Horn, Post, and 

Kennard 1975).

OH

^  — CHgCHgNHg
n h 2

17 18
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The A ring of chlorpromazine _3. for example is superimposable at the 

dopamine receptor with the aromatic ring of dopamine, wherein the sulfur 

atom of the phenothiazine ring substitutes for the meta catechol 

oxygen of dopamine, and the basic side chain nitrogen folds over toward 

the A ring to resemble the trans conformation of the side chain of 

dopamine (see Fig. 2). The cis-(a)-thioxanthene neuroleptic, 

chlorprothixene (19), appears to prefer this active conformation in the 

solid state, whereas the much less active trans (3) isomer 20_ does not. 

The dopamine hypothesis is further supported by the observation 

(Burt, Creese, and Snyder 1976) that the rank order displacement of 

tritiated dopamine and tritiated haloperidol from dopamine receptors, 

in membrane preparations from the caudate nucleus by phenothiazines, 

shows a positive correlation with their pharmacological potencies.

OH

Fig. 2. Dopamine overlapping chlorpromazine conformation.
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CH<

Cl

19 20

Rationale

The major disadvantage of currently marketed phenothiazene 

tranquilizers (e.g., chlorpromazine) and tricyclic antidepressants 

(e.g., imipramine) is their tendency to cause undesirable side effects. 

The extrapyramidal Parkinson like side effects of phenothiazines appear 

to be directly related to the blockade of dopaminergic receptors in the 

corpus striatum. Antidepressants also exhibit a wide range of un

desirable side effects such as tachycardia and dryness of mouth, which 

are clearly indicative of anticholinergic properties of these drugs. 

Such nonspecific behavior of these drugs may be the result of the high 

degree of conformational freedom of their basic side chain. A study 

of conformationally restricted compounds could lead to the development 

of analogs with greater selectivity of action and with fewer and/or 

less severe side effects.



14
Although the conformation of the drug bound to the receptor can 

be deduced by various techniques such as MO calculations (Pullman

1974) and. x-ray crystallography, no single technique is completely 

reliable- Many of the reported MO calculations overlook the drug- 

solvent interactions and are, therefore, applicable only to the molecules 

in the gas phase. The theoretical calculations which take such solva

tion effects in consideration (Pullman and Pullman 1975) have recently 

been published -for enzyme-substrate interaction and are likely to be 

applied to drug-receptor interaction as knowledge concerning the

precise nature of receptor binding site becomes more complete. X-ray
*

crystallography on the other hand, predicts the solid state conformation 

of the drug molecule. The solid state conformations are, in part, 

governed by intermolecular forces in the crystal lattice which may be 

unimportant or non-existent in solution. The solution conformation, 

therefore, may differ from the solid-state conformation. An NMR 

investigation (Abraham, Kricka, and Ledwith 1974) of tricyclic anti- 

depressants has provided clear evidence in favor of a high degree of 

conformational flexibility of these molecules in solution. Of the 

energetically allowable conformers for a drug molecule, the conformer 

at the receptor may not be the one of lowest energy or the one found to 

be the most stable in solution. This results from the fact that the 

drug-re ceptor binding forces could easily overcome the barrier to 

conformational interconversion in a conformationally mobile molecule.

This concept is analogous to the "Strain Theory" of enzyme catalysis 

(Jencks 1969), wherein reaction rate enhancements are, in part.



attributed to conformational deformation of substrates induced by 

enzymes.

The main advantage of the use of" rigid structures over other 

methods in conformational structure activity relationship studies is 

that the receptor activity of the individual conformers can be 

separately determined. The assumption is made that structural changes 

required to create molecular rigidity do not create steric interactions 

which interfere with receptor binding. Where possible, more than one 

rigid structure representing a given conformer should be investigated. 

Compounds 21 through 23 represent the first class of conformationally 

rigid analogs of imipramine prepared in our laboratory.

21a X = H, H cis 
22a X = CH2-CH2 cis 
23a X = CH=CH cis 
24a X '= S cis

; Me
ch3

21b X = H, H trans
22b X CH2-CH2 trans
23b X = CH=CH trans
24b X = S trans

The synthesis of corresponding promazine analogs 24a and 24b is 

incomplete; however, synthesis of some key intermediates is reported.



PHOTOCYCLIZATIONS AND AMIDE REDUCTIONS

Conformationally restricted analogs 21 through 23 of the 

tricyclic antidepressant imipramine were synthesized according to 

procedures outlined in Figs. 3 , 4, and 5,

Photocylization of Enacylenamines 

During synthesis of these analogs we were confronted with the 

problem of cyclizing enacylenamine 27 to two stereo isomeric lactams 

28a and 28b.

The enacylenamines are enamides with one additional double bond 

in conjugation with the carbonyl group.

^COC=C jb-R
R~\  R—N

CH-CRg ' ^CH =CRg

enacylenamine enamide

In both enacylenamine and enamide one C-C double bond occurs next to 

the nitrogen atom of an amide group and it is this which distinguishes 

them from vinylogous amides and enacylamines.

/R 
•R -N

R/
R-NV

XCH=CH-CO-R : CO-CH-CRa

vinylogous amide enacylamine

16
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MeOH

BH. BH.

Me21a

Pig. 3. Synthesis of diphenylamine analogs of imipramine.
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29

K CO A
+ 26 -t, ---- >—  Toluene

Me30

30
hV

Me
BH 31a

22a

MeOH THF

OH

BH
31b

Me
22b

Fig. 4. Synthesis of pentacyclic rigid imipramine analogs



Me OH
CF COOH

1) BHPTS acid
2) H O  /OH O

23a
Me

H 35
OH 36

34a

OH

Me

MH.

Me
23b 34b

Fig. 5. Synthesis of iminostilbene analogs of rigid imipramine.
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Though enacylenamines contain an enamine moiety, the presence of an acyl 

group on the nitrogen makes it electron deficient. Therefore, 

enacylenamines lack the normal ground state reactivity of enamines 

toward electrophiles and are resistant to acid catalyzed cyclization.

On the other hand, the photochemistry of enacylenamines has been 

found to be exceedingly interesting and useful, both from mechanistic 

and synthetic points of view. The photocyclization of enacylenamines 

finds its major applications in the synthesis of benzylisoquinoline, 

amaryllidaceae, and indole alkaloids (Ninomiya 1974, Kametani and 

Fukumoto 1972), and a wide range of otherwise difficultly accessible 

heterocycles (Ogata and Matsumoto 1972). The photochemistry of the 

enacylenamine chromophore is dominated by the aza analog of hexatriene- 

cyclohexadiene photocyclization, wherein one of the vinylic double 

bonds is replaced by an amide group (Fig. 6). Much evidence has 

accumulated to indicate that the enacylenamines undergo a conrotatory 

6tt electron electrocyclization to generate an intermediate or ID 

(Fig. 7) (Ninomiya, Naito, and Mori 1969).

Fig. 6. Six tt electron photocyclization.
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< >

+

Me

c

Me
E

Me

Aproti \rotic

HO

Me

Me
F

Fig. 7. Mechanism of enacylenamine photocyclization.
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This intermediate then undergoes a concerted [1,5] t-hydrogen 

shift to generate the cyclized product. This [1,5]-shift must be 

suprafacial since the antarafacial shift is forbidden for steric 

reasons. A concerted hydrogen shift has been demonstrated (Lenz 1978) 

in the photo cycliz at ion of enbenz amide 31_ containing a pentadeuterio- 

phenyl group. The ortho deuteron was transferred quantitatively to the 

expected position in the isolated product 38.

MehvMe
Me

37

OMe
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Several additional examples of concerted [1,5]-hydrogen migration have 

been reported (Ninomiya, Kiguchi, and Naito 1974). A 6tt electron 

electrocyclic reaction is conrotatory in the excited state and leads to 

a trans arrangement of the substituents (hydrogen in our case) about 

the newly formed bond in the intermediates and ID (Fig. 7) . The 

subsequent suprafacial [1,5]-hydrogen shift maintains this trans 

relationship between the substituents, giving the trans ring fused 

product. However, there are known instances (Ninomiya, Yamaguchi, 

et al. 1974) when photocyclization of enacylenamine has resulted in the 

formation of cis-fused as well as expected trans-fused product. The 

irradiation of enacylenamine 319. gave a mixture of cis and trans fused 

photo-products 40̂  and 41.

hv
H +

39 40 41
R = CH^Ph

The ratio of trans to cis products in this experiment was found to be 

strongly solvent dependent, being 15.6 in nonpolar aprotic ethyl ether 

and 0.4 in polar protic methanol. Ninomiya, Yamaguchi, et al. (1974) 

have interpreted this result as a partitioning of the intermediate.
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similar to dr I) (.Fig. 7) , with a portion undergoing a concerted 

stereospecific [1,5]-hydrogen shift to give trans lactam 4£ and the 

remainder undergoing a solvent mediated stepwise deprotonation- 

reprotonation to yield the thermodynamically more stable cis lactam 41. 

Similar results were obtained in the photocyclization of 27» Thus, 

when 2_7 was photolyzed in dry benzene the trans ring fused product 28b 

was formed exclusively, whereas photolysis of the same enacylenamine in 

methanol gave a 2:1 mixture of cis and trans ring fused isomers 

(see Table 1). Experiments with other, more rigid, enacylenamines 30 

and 33̂  indicated that the stereochemistry of the cyclized product and 

the ratio of stereoisomers formed were governed by the nature of the 

solvent as well as the structure of the starting enacylenamine. The 

enacylenamines 3_0 and 33 gave exclusively cis lactams 31a and 34a 

on photolysis in methanol, whereas photolysis of j3(3 in aprotic medium 

(tetrahydrofuran and ether) gave trans lactam 31b as the sole product. 

Enacylenamine 33 failed to photocyclize in aprotic medium.

The general trend of photolysis thus indicates that the 

reaction is much more efficient in protic than in aprotic medium, and 

also leads to much slower decomposition of the starting material. The 

rate of photocyclization was found to be ten times faster in the 

presence of a mineral acid (methanolic hydrochloric acid) than in pure 

methanol. As mentioned earlier, the, 6IT electron intermediate B 

(Fig. 7) that must undergo cyclization is a dipolar species with a 

negative charge on the carbonyl oxygen. This species could be better 

stabilized in protic medium (through protonation of the amide oxygen) 

than in aprotic medium. Once the cyclized intermediate (3 is formed in



Table 1. Photocyclization of enacylenamines.
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Dienamide Solvent Time (hr s) Cis/Trans
% Yield 
Total

27 Benzene
Methanol

8.0
8.0

<ofoi
2.0

65
58

Benzene 48.0 No reaction
Tetrahydrofuran 1.0 <0,01 10

30 Ether 1.0 <0.01 5
Methanol 70.0 -100,0 38
Methanol/H 10.0 -100.0 - 50

Tetrahydrofuran 10.0 No reaction
33 • Ether 10.0 No reaction

Methanol + 48.0 -100,0 15
Methanol/H 4.0 -100.0 15
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protic medium, the .only path available for product formation is the 

suprafacial [1,5]-hydrogen shift. Much of the existing evidence 

(Kanaoka et al. 1975; Kanaoka, Nakao, and Hatanaka 1976) suggests that 

the [1,5]-hydrogen shift is the rate determining step of the sequence.
- X

The lack of product formation during the photolysis of 33_ in an 

aprotic medium can then be explained by the relatively high energy of 

activation in going from intermediate of type C_ (Fig. 7) to the product 

via a [1,5]-hydrogen shift. In the protic medium the intermediate I)

(Fig. 7) has at least two reaction paths: (1) a concerted [1,5]-hydrogen 

shift to give a trans ring fused product or (2) a stepwise deprotonation- 

reprotonation to give a mixture of cis and trans stereoisomers. Since 

no trans lactam was isolated during the photolysis of enacylenamines 

30 and 33_ in methanol, it can be concluded that the intermediates of 

type _D must follow the stepwise mechanism in both instances. However, 

this still does not explain the exclusive formation of cis lactams from 

30 and 33. Kanaoka and coworkers (1976) have reported an exclusive 

formation - of the thermodynamically more stable cis lactam 43 from 

enacylenamine 412 during photolysis in benzene-ethanol.

The same enacylenamine on photolysis in acetonitrile containing 

10% D^O afforded the cis ring fused product 44 indicating that the 

cis 14-H is incorporated from the medium. Kanaoka et al. (1976) have. 

also shown•that the,cis and trans ring fused compounds are non- 

inter convertible under photolytic as well as thermal conditions, 

indicating that the cis-14H of 43_ is primarily established during and 

not after the hydrogen shift. The mechanism proposed by Kanaoka et al. 

(1976) for the exclusive formation of 43_ from 42_ involves a "solvent
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Eton
43

CH CN
H

42

44

mediated pathway" in which the amide carbonyl participates, presumably, 

resulting in the intervention of "enol" 45̂  which leads to more stable 

cis lactam 43.

OH
45

However, in our case, the base catalyzed equilibration experiments with 

lactams 31a and 34a proved that the trans isomer was more stable than 

the cis in either case. Thus the exclusive formation of cis lactams 31a
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and 34a during photolysis in methanol can not be explained by the 

thermodynamic stability of the product. The Dreiding model of enol 

intermediate 46 (similar to one proposed by Kanaoka) indicates that in

HO

46

Me

the preferred conformation, the enolic hydroxyl group is preferentially 

oriented above the cis face to give cis ring-fused lactam 31a. In other 

words, since both cis and trans isomers arise from the enol intermediate, 

46, and are essentially non-interconvertible under photolytic conditions, 

it might be reasonable to expect that the "solvent mediated" hydrogen 

shift is kinetically controlled, leading to the kinetically-favored cis 

product.

Reduction of Lactams 

The tertiary amides and lactams on reduction with lithium 

aluminum hydride (Cope and Ciganek 1963) are converted in good yield 

into the corresponding amine. The ease of reduction depends on the 

structure of starting lactam, and products other than the saturated 

amine have been isolated (Weygand and Mitgau 1962) from the reaction 

mixture. One of the side reactions during lithium aluminum hydride 

reduction is cleavage of the N-C bond to give an aldehyde which can be 

reduced further to an alcohol (as shown in Fig. 8).
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R— C-
I]

/\E

B-C-H + R̂  RgNH 
O

H

W • 
CH2OH
F

Fig. 8. LiAlH^ reduction of amides. .

With proper control of the amount of hydride, hydrolysis of 

iminium salt (3 (Fig. 8) should afford an aldehyde * However, the 

structure of the amide seems to be of prime importance and good yields 

of aldehyde have been obtained only with N-methylanilides, 1- 

acylaziridines and N-acylimidazoles (Brown and Tsukamoto 1961, Staab 

and Braunling 1962)*

Lactams 28b, 31a, and 31b were found to be resistant to lithium

aluminum hydride and sodium bis-(2-methoxyethoxy) aluminum hydride and



in no instance could the desired amine be isolated. Borch (1968) has 

reported the reduction of secondary and tertiary amides to the 

corresponding amine in excellent yields using triethyloxonium 

tetrafluoroborate and sodium borohydride. This procedure was un

fortunately inapplicable in case of lactams 28b, 31a, or 3lb because of 

the probability of quaternizing the piperidine nitrogen. Sodium 

borohydride-phosphorus oxychloride reduction (Kuehne and Shannon 1977) , 

though selective and efficient for carboxamides and lactams, cannot be 

used for N-aryl substituted lactams due to dealkylation and trans- 

alkylation side reactions. Finally, borane-tetrahydrofuran complex 

(Brown and Heim 1964) was found to be the reagent of choice for 

reduction of all lactams except 34a and 34b. The reductions proceeded 

smoothly in refluxing tetrahydrofuran using borane generated in situ 

from sodium borohydride and boron trifluoride etherate. In all cases 

studied, 4-5 moles of borane per mole of lactam were used. About 15-20% 

excess to that of theoretically required boron trifluoride etherate was 

found necessary for complete reduction. In the absence of excess boron 

trifluoride etherate or when a commercially available solution of borane 

in tetrahydrofuran was used, an extraneous band at 1720 cm ^ appeared in 

the IR spectrum of the reduced product. However, the' exact role of 

boron trifluoride etherate is presently unknown. The only other problem 

encountered during borane reduction was the decomposition of the

amine-borane complex (which could be detected in the IR spectrum of the
-1product as a strong band at 2400 cm ) . The decomposition of the amine- 

borane complex by refluxing with methanolic hydrochloric acid was found
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to be superior to the earlier procedure reported (Brown and Heim 1964) 

in which 6N hydrochloric acid in tetrahydrofuran was used.

Due to the presence of a double bond in lactam 34a, hydrobora- 

tion was an expected side reaction during the borane reduction and 

therefore, it was necessary to dehydrate the alcohols 35 and 36 

(formed after alkaline hydrogen peroxide treatment of the hydroborated 

product) to regenerate the double bond. The model compound, 5-ethyl- 

10-hydroxy-10,ll-dihydro~5H~dibenz [b,f] azepine 48 was studied for this 

purpose and its synthesis is shown in Fig. 9 (Gipstein, Barrall, and 

Bredefeldt 1970). With lactam 34a hydroboration and reduction of the 

amide functionality proceeded smootlily and treatment with alkaline 

hydrogen peroxide brought about oxidation of the hydorborated product 

to alcohols _35_ and ̂ 36̂  as well as decomposition of the amine-borane 

complex to the free amine. The alumina catalyzed alcohol dehydration 

that was effective in the model system unfortunately failed with 

alcohols 35_ and 36. The dehydration of 35_ and 3_6 was effected in 

refluxing benzene containing p-toluenesulfonic acid, but gave low 

yields of 23a. We were thus prompted to investigate reagents which could 

reduce an amide linkage without causing hydroboration of the double 

bond. Sodium borohydride-trifluoroacetic acid (Umino, Iwakama, and Itoh 

1976) was found suitable for this purpose and the reduction of 34a to.

23a was effected in 40% yield.. This product and the p-to luene sulfonic 

acid dehydration product of alcohols 35_ and 3j5 were^ shown to be 

identical by TLC and NMR comparison.

The reduction of trans lactam 34b with sodium ■ borohydride/ 

trifluoroacetic acid failed to give the trans amine 23b. The stepwise
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1) BH.

Active
Alumina

2) Base

2) h2°2/OH

HO

X:
or

PTS acid

1) MsCl/Pyr
Et 48

Fig. 9. Synthesis of 5-ethyl-5H-dibenz[b,f]azepine.
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treatment of 34b with borane, alkaline hydrogen peroxide, and p-toluene 

sulfonic acid to give 23b was also unsuccessful. Yoon and Brown (1968) 

have reported the use of aluminum hydride for the reduction of various 

tertiary amides to tertiary amines in the presence of a double bond in 

almost quantitative yields. We decided to apply this method for the 

reduction of lactam 34b, The solution of aluminum hydride in tetrahydro- 

furan was prepared by the procedure of Yoon and Brown (1968) , and the 

reduction of 34b to 23b was effected in over 90% yield at room 

temperature. The high yield of aluminum hydride reduction, coupled 

with its inertness to the double bond and the easy work-up procedure 

should make it a reagent of choice for the reduction of tertiary amides 

and lactams to the corresponding amines.



SYNTHETIC APPROACHES TO PENTACYCLIC PHENOTHIAZINES

A synthesis of the conformationally restricted pentacyclic 

analogs 24a and 24b of the phenothiazine tranquilizer, promazine 1, 

has not yet been completed. However, three chemical routes have been 

investigated and several potentially useful intermediates have been 

synthesized. The results of this investigation are described in this 

section.

CH
I

CHXMe^ Me Me

24a 24b

Attempted Photocyclization of N-(1-methyl-1,2,5,6- 
tetrahydronicotinyl)-phenothiazine and the 

Corresponding Sulfoxide



35

52
Me

O

h\)
>

53
Me

Photolysis of dienamide jH) and the corresponding sulfoxide 52̂  

in protic as well as aprotic solvent, under nitrogen, failed to give the 

cyclized product. In the former case, the major product isolated was 

the phenothiazine itself, which results presumably from the cleavage 

of the N-C bond in the starting enacylenamine. Only in one experiment, 

in which _50 was photolyzed in methanol using a Pyrex filter, was some 

cyclized product isolated, partially characterized by TLC and IR. 

However, due to the poor yield (< 0.5%) and the extremely sluggish 

nature of the photolysis reaction, this route was not pursued further. 

The results of the photolysis experiments are tabulated in Table 2.

Thionation of N-Substituted Diphenylamines

SCI

>
or

S/I

24b
Me21b
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Table 2. Photocyclization of arecaidyl phenothiazine and the 

corresponding sulfoxide.

Starting
Material Solvent Time (h) Filter Comments

50 Benzene 72.0 Pyrex Decomposition of the 
starting material

50 THF 10.0 Pyrex Decomposition of the 
starting material

50 Methanol o o Corex Decomposition of the 
starting material

50 Methanol 96.0 Pyrex Sane product, yield 
< 0.5%

50 Methanol/H+ 10.0 Pyrex Decomposition of the 
starting material

52 Methanol 48.0 Pyrex Decomposition of the 
starting material

The use of sulfur and iodine for the preparation of phenothiazine 

from diphenyl amine was reported by Knovenagel in 1914. Since then, 

several modifications (Massie and Kadaba 1956) of this procedure have 

been used for the preparation of N-unsubstituted phenothiazines. To 

our knowledge, there are no reports of successful thionation of N- 

substituted diphenylamines; however, thionation of 21b was attempted 

using sulfur-iodine alone and also in o-dichlorobenzene as a solvent.

In both instances the reaction was carried out at 150°C under a 

nitrogen atmosphere. However, both reactions failed to yield a 

phenothiazine product.
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British patent 890,912 (1962) has described the use of sulfur 

dichloride as a thionating agent for conversion of S4 to _55_ and 56 

without chlorination of the aromatic ring.

SR.

N

C H 2 CHo

54 55

R = lower alkyl, aryl, aralkyl

R = lower alkyl 2

56

Treatment of 21b with sulfur dichloride in benzene did not give any 

phenothiazine. The lack of reactivity of 21b toward various thionating 

agents could possibly be attributed to two factors:

1. The thionation reactions are electrophilic substitutions and

the lack of an additional electron donating group (such as

thiomethyl) on the aromatic ring can decrease its reactivity

toward an electrophile.

2. The dihedral angle between the planes of the benzene rings in 

phenothiazine is about 145° whereas a Dreiding model of 21b 

indicates that in its preferred conformation the two benzene 

rings should be perpendicular to each other and the conformation 

required to form the phenothiazine (one in which the dihedral



angle between the planes of the aromatic rings is Z 145°) seems 

to be energetically unfavorable♦ Hence it may not be achieved 

under the reaction conditions. .The results of the attempted 

sulfur insertion reaction are given in Table 3.

Table 3. Thionation of N-substituted diphenylamines.

Reagent Reaction Conditions Comments

S/I2 . Heat to 150°C neat, under 2 No product could be 
isolated

S/12 Heat to 150°C in o-dichlorobenzene No product could be 
isolated

sci2 Methylene chloride No reaction

SC12 Benzene Green intractable ‘ 
tar

S2C12 Methylene chloride No reaction

SC12/A1C13 Nitrobenzene Green intractable 
tar

The Use of 1,2-Dihydro-3H-pyrido[3,2,l-kl]phenothiazin- 
3-one as a Potential Starting Material for the 

Synthesis of Pentacyclic Phenothiazines

The chemistry of tetracyclic phenothiazine ketone ■ 57_was

explored in the quest of an intermediate for preparation of 24a and 24b.

Three different strategies that were investigated are discussed below.

A Wittig-Homer Reaction of 57 using triethyl phosphonoacetate

and sodium hydride gave a mixture of isomeric a,B-unsaturated esters

58 and 59_ in excellent yield. Ikekawa, Kajikawaz and Morisaki (1975)
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(EtO) P(O)-CH CQOEt

NaH, DME
57

58

59

have recently reported an extensive y-coupling reaction in the aldol 

condensation of a-6 unsaturated esters with various aldehydes. However, 

the reaction of 58_ and _59 with gaseous formaldehyde in the presence of 

lithium diisopropylamide (LDA) failed to yield y-coupling products 60 

or 61.

58 + 59 HCHO (g)
COOEt

60 61
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The y-coupling reaction is known (Ikekawa et al. 1975) to proceed 

through a lithium dienolate 62.

Li +
COOEt

62

In the present case it seems that the participation of the lone pair 

of electrons on nitrogen resists the formation of lithium dienolate as 

shown below.

LDA>

EtO

This is quite obvious, since in 5>8 and the carbonyl group is in

direct conjugation with the lone pair of electrons on nitrogen and the 

formation of lithium dienolate 62̂  would form a competing cross

conjugated system.

Adaptation of the Stork synthesis (Stork and Matthews 1970) 

of dihydropyrroles and dihydropyridones:
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DCC/CH.C1- 
\  / P  2 2 Q' (EtO) (P (O) CH C O O H \ ^ '

X
n h 2

63

64

OEt
W H C O C H 2-^-OEt

65

V

NaH/DME

X
,N.

66

The first step in this synthesis is a simple dicyclohexylcarbodiimide 

catalyzed condensation between an amine 63_ and a carboxylic acid 64_ to 

form an amide A complicating factor in this synthesis is that the

nitrogen in jS5_ is 3 to the carbonyl group and under the basic conditions 

of cyclization (sodium hydride-DME) there exists the possibility that 

3-elimination could supervene. Should this process take place faster 

than the cyclization, the desired product would not be formed. If 

elimination took place after the cyclization, the possibility of " 

readdition of the nitrogen to the resulting dienone would still remain 

as shown in Fig. 10. In any event it was* decided to investigate the 

possibility of using this procedure for constructing the piperidine 

ring of pentacyclic phenothiazines. The preparation of starting
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^-elimination 
 >

NHCOCH2-P(OEt)2

O  9  x
+  -NhpOCH2 P(OEt)2

Cyclization

H

3-elimination 
 >

Fig. 10. Mechanism of dihydropyridone formation by internal Wittig 
Reaction.



g-aminoketone 69 was found to be exceedingly difficult; however, some 

interesting intermediates were synthesized in the attempt.

HCOOEt
NaH57

(COOEt) 67 68LAH

1) HCHO/KHCO, CH^NH
2) KHCO

70 71 69

The enaminoketone 6*3 was prepared from 5_7 in good yield by a 

two step procedure involving formylation and amination. Lithium 

aluminum hydride (LAH) reduction of 68̂  failed to give the desired 

g-aminoketone 69. A study of LAH reduction (Walker 1962) of enamino

ketone indicates that the hydride should add in a 1,4 fashion to an 

06, g-unsaturated carbonyl system to give a lithium enolate (72) . 

Precipitation of the insoluble enolate prevents the further attack of
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LAH >

R

72R1 and = Alkyl groups

hydride. However, the presence of an acidic amine hydrogen in 

enaminoketone 8̂̂  seems to be responsible for its failure to reduce.

None of the (as yet unidentified) products from the LAH reduction of 68 

had the spectral properties of the desired 6-aminoketone 69. 1,4 Addi

tion of methylamine to ot-methyleneketone T1 to give 69̂  was also 

unsuccessful.

The third approach was based on the following sequence of 

reactions:

1. The introduction of a one carbon fragment (such as hydro- 

xymethylene or hydroxymethyl group) in either free or protected 

form, in the a position of tetracyclic ketone 57.

2. Wittig olefination or other 1,2 carbonyl addition reaction of 

this functionalized ketone using a "two carbon" nucleophile.

3. Closing of the piperidine ring using a suitable amine.
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NaCN/HMPA
-------- %r

NaCl/Wet DMSO
77 CHgOTHP or _

A
DHP/H+

Lil-2H20/Collidine

76 C H g O H

kAlH^ or 
‘NaCNBH_

THPOCHg ^COOEt
75

ECHO
KHCO_

^ COOEt ^

1) (COOEt)
2) Glass powder

CHOH

DHP/H

HOCH2 COOEt
74

Isopropyl iodide 
V HMPA

NaH

n 0
CHOiPr

(EtO)2?(0)-CH2COOEt

78

^CH COOEt 
CHOiPr
79 ,
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Preliminary studies (Martinf Kimf and Paradkar n,d.) with 

tetracyclic ketone 57̂  had indicated its high order of reactivity toward 

1,2 carbonyl adding reagents such as nitromethane, and phosphonium or 

phosphonate ylides. Therefore we decided to prepare various ex- 

substituted derivatives of this ketone, which' would serve as substrates 

for Wittig Reactions. Thus, treatment of a-hydroxymethylene ketone 67_ 

with isopropyl iodide in HMPA gave isopropyl enol ether _78_ in good 

yield. A Wittig-Horner Reaction (Radscheit et al. 1972) of this enol 

ether with triethyl phosphonoacetate was, however, unsuccessful. The' 

lack of reactivity of the enol ether 7j8 can be explained by the fact 

that it is actually a vinylogous ester and not a true ketone.

In the light of the above observation, a-hydroxymethyl ketone 76 

(or a protected derivative) seemed.to be the substrate of choice for 

the Wittig Reaction. The reduction of 67_ with aluminum hydride (Corey 

and Cane 1971) or with sodium cyanoborohydride at controlled pH (Rosi 

et al. 1977) failed to give the desired hydroxymethy1 ketone 76. Direct 

hydroxymethylation of 57_ (Grieco and Hiroi 1972) with gaseous formalde

hyde in the presence of lithium diisopropylamide also failed. However, 

the g-ketoester 73_ could be converted into hydroxymethyl derivative 74 

using formalin and potassium bicarbonate and the primary hydroxyl group 

of 74_ was successfully protected as its tetrahydropyranyl ether 75 

(Miyashita, Yoshikoshi, and Grieco 1977). Unfortunately, all attempts 

to remove the carbethoxy group from 75 to give a tetrahydropyranyl ether 

77 of a-hydroxymethyl ketone 76y using various nucleophiles in 

aprotic solvents, were fruitless. A successful synthesis of 77 from . 

g-ketoester 73 was finally achieved as described below.



Yoon and Brown (1963) in their comparative studies with 

aluminum hydride and lithium aluminum hydride as reducing agents, have 

reported a significant difference in the behavior of these reagents 

toward highly enolizable 3“ketoesters such as 2-carbethoxycyclopentanone 

80. The lithium aluminum hydride reduction of 2-carbethoxycyclopentanone 

gives a complex mixture of unsaturated alcohols 81, 82 and a small amount 

of diol 83.

OH

83828180

NaBH

83
(80%)

On the other hand, successive treatment of 80_ with aluminum hydride 

and sodium borohydride gives the diol 83̂  in over 80% yield. Yoon and 

Brown have proposed a keto alcohol 84_ as an intermediate in the 

process.
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Treatment of 3-ke toes ter such as Q0_ with lithium aluminum 

hydride or aluminum hydride appears to form the hypothetical metal 

complexes A, B_, and C_ (Fig. 11) with evolution of hydrogen. These 

metal complexes are practically inert toward aluminum hydride and the 

addition of water gives a mixture of ketoalcohol 84_ and hydroxyaldehyde 

85. Further treatment of 84 and _85̂ with sodium borohydride gives the 

diol 83. Thus it should be possible to utilize aluminum hydride for 

selective reduction of carbethoxy group in enolate salts without attack 

on the enolate functioni This would provide a convenient synthetic 

route to ketoalcohols, such as 2-carbethoxycyclopentanone 80 to 2- 

hydroxymethylcyclopentanone 84. However, Yoon and Brown (1968) 

apparently did not directly explore this possibility.

From the above discussion it seems that the higher the enol 

content of a 3-ketoester, the greater is the likelihood for selective 

reduction of the ester function. It is interesting to note that the 

3-ketoester 73 in its enol form 86 has an endocyclic double bond in 

conjugation with an aromatic ring, making it energetically more favored. 

The participation from the nitrogen lone pair of electrons also helps 

to stabilize the enol form (as shown in Fig. 12). Thus 3-ketoester 73_ 

is an ideal candidate to verify the ketoalcohol intermediate proposed by 

Yoon and Brown and to prepare the desired ketoalcohol 76. Indeed, the 

aluminum hydride reduction of 3-ketdester 73_ gave a-hydroxymethyl 

ketone 76 in over 40% yield; 75 was characterized as its tetrahydro- ■■ 

pyranyl ether by IR, NMR, and MS.
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COOEt

NaBH4

V
83

Fig. 11. Mechanism Qf aluminum hydride reduction of B^ketoesters.
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COOEt
H /4-n

OH

COOEt COOEt
86

Fig. 12. Mechanism of enol formation in 2-carbethoxy-l,2-dihydro-3H- 
pyrido[3,2,1-kl]phenothiazin-3-one.



STRUCTURE ELUCIDATION OF RING FUSION ISOMERS

The ring fusion stereochemistry of the photolysis products 

represented by A and 13 was initially based on mechanistic considerations 

and analogy to similar photocyclizations (see p. 16). Since the

Me

A

28a x = H, H 

31a x = CH -CHg 

34a x = CH=CH

Me

B

28b x = H, H 

31b x = CH2-CH2 

34b x = CH=CH

assignments of stereostructure primarily on the basis of reaction 

mechanisms is risky, at best, a physical method of structure determina

tion that would differentiate A from 13 was sought. Several attempts to 

determine the x-ray crystal structures of 28a (as the hydrochloride 

salt) and 31a (as the hydrobromide salt and as the free base) were 

unsuccessful. The failure to solve the structure of 28a was due to a 

twinned crystal. Application of "direct method" to solve the crystal



structure of 31a as the free base also failed. "^C NMR and the 

lanthanide induced shift reagent studies were therefore undertaken.

13C NMR Studies of Lactams
Chemical shifts"due to aromatic ring carbons are spaced over a

very narrow range, hence individual assignment of these signals was

not attempted. Other assignments made are based on off-resonance spectra

and correlation charts (Stothers 1972). Due to the highly rigid

structure of trans lactams 28b, 31b, and 34b, one would expect a

similar environment for these carbons in all three cases. This was
indeed true as seen (Table 4) from the nearly equal values of chemical

shifts for the ring junction carbons in the trans lactams. On the
other hand, the chemical shift of the benzylic methine carbon at the 

x  ' •

ring junction in cis lactam 28a is much different from the chemical

shift of the corresponding signal in 31a or 34a.

An additional interesting observation is that the methine carbon

adjacent to the carbonyl group is less shielded in all the trans ring

fused isomers than in the cis, whereas the benzylic methine carbons

are less shielded in the cis ring fused isomers 31a and 34a than in the

corresponding trans isomers. In 28a and 28b chemical shifts for the

benzylic methine carbons are nearly equal. Based on the literature one

would have predicted (Lippmaa and Pehk 1968, Booth and Griffiths 1973,

Booth and Bailey 1979) a higher shielding for the ring junction carbon

4a in the cis (3la or 34a) than in the trans (31b or 34b) lactams. The

exact reason for the apparently anomalous behavior of benzylic methine

carbons of cis lactams 31a and 34a is presently unknown; however, it is



13Table 4. C Chemical shifts of lactams.

15a]

Me

153]

MeMe

28 31 34

Cis
(28a)

Trans
(28b) Assignments

Cis
Ola)

Trans
(31b) Assignments

Cis
(34a)'

Trans
Y34b)' Assignments

168.09 170.13 C=0 172.25 172,85 C=0 174.56 174.36 C=0

53.58 55.64 C2 °r C4 55,57 56.40 C1 or C3 55.56 56.40 C1 C3
52.48 5/4.76 C2 °r C4 54.63 54.96 C1 or C3 55,24 54.78 C1 or C3
45.13 46.38 n -c h 3 46.90 46.51 N-CHg 46,98 46.46 N-CH3

39.61 42.74 C4a 40.54 43.13 c15a 41.59 44.19 C15a
35.65 35.76 C10b 38.91 36.17 C4a 38.73 35.74 C4a
28.89 28.16 C1 34.88

30,01

29,85

34.67

28.69

29.86

C8 or C9 

C4

S

. 30,02 28,53 C4

inu>



reasonable to expect that the preferred conformation of 31a and 34a may 

be different from the preferred conformation of 28a, because of non- 

bonding interactions involving the peri-protons at position 13 of 31a 

and 34a. Thus, the benzylic methine carbons may experience different 

shielding in lactams with (31a and 34a) and without (28a) the ethano 

(or ethylidene) bridge.

C NMR Studies of the Pentacyclic Amines 22a and 22b
13ONMR studies on the stereoisomeric decalines (Lippmaa and

. ■ . . ■ /
Pehk 1968), decahydroquinolines (Booth and Griffiths 1973), and

decahydroisoquino1ines (Booth and Bailey 1979) indicated that the ring

junction carbons absorb at higher field in cis than in trans isomers.
13Booth and Bailey (1979) calculated the C chemical shifts for cis- and 

trans_-decahydroisoquino 1 ines from the "^C chemical shifts in cis- and 

trans-decalins using empirical parameters for the replacement of a 

ring CH^ by a nitrogen atom. The results of these calculations are 

given in Table 5 along with the observed values.

The effectiveness of such empirical "caluclations is apparent 

from the close agreement between the calculated and the observed values 

in Table 5. Therefore, we decided to use the similar approach to 

calculate the chemical shifts for the ring junction carbons in 

pentacyclic amines 22a and 22b. The detailed procedure is described 

below.

The piperidine ring "A" was considered as the parent system and 

the base values of 27.73 ppm and 25.89 ppm were taken for and

respectively. The parameters used in the calculations were those



Table 5. C chemical shifts of the ring junction carbons in decalins 
and decahydroisoquinolines.

Observed Calculated
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1

Me

Me
Me Me

22a 22b 91

reported by Booth and Griffiths (1973) and are given in Table 6. (These 

parameters were derived from their "^C NMR studies of various methyl

Two basic assumptions made in our calculations are:
3 2 131. The effects of sp and sp carbons on C chemical shifts of

the adjacent nuclei are equal. In other words, molecular 

framework of 22a and 22b was considered similar to 2,5,6,7- 

tetramethyl-decahydro-2,7-naphthyridine (91).

2. Since ring "B" of 22a and 22b is probably not exactly in chair
2conformation due to the presence of sp carbons, and C^,

orientations of Ct „ -C. and C - C _  bonds (with respect to 14a 14b 4b 5
ring B) were determined by examining the Dreiding models of 

22a and 22b. In either case, it appears that these bonds have 

orientations somewhere between axial and equatorial with respect

substituted piperidines in C^D as solvent.)6 6
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Table 6. Effects on C shifts in piperidines caused by replacement of 

ring hydrogens by methyl substituents (p.p.m., positive = 
increasing downfield shift).

Position, orientation 
of methyl

Ring carbon 
affected

Description 
of effect Effect

1 2' 3(n ) 9.01

1 3 Y(n) -1.50

1 4 5(n ) — 0.84

2e 2 % (2) 5.40

2e 3 Be<2> 7.77

2e 4 - ye(2) 0.43

2a 2- aa(2) -2.54

2a 3 Ba(2) 3.39

2a 4 Ya (2) -6.23

3e 3 ae(3) 5.28
3e 2 ee <3> . . 8.91
3e 4 Be(3) 8.91
3e 5 . Ye(3) 0.00

3a 3 aa(3) 1.91

3a 2 Ba(3) 5.41

3a 4 ea (3) 5.66

3a 5 Ya(3) -6.23

4e 4 ae(4) 6.69
4e 3 Be(4) 9,17

4e 2 Ye<4) 0.00.



58
to ring B. Hence the average value of axial and equatorial

contributions were used in the chemical shift calculations.

These assumptions are obviously not entirely valid and the chemical

shift values thus calculated should be interpreted with caution. Apart

from the values given in Table 6, two other parameters needed for the
13calculations are the effects of the "B" ring nitrogen on the C

chemical shifts of C. and C_ _ in 22a and 22b. These were taken4a 15a--- --- ---
+1.2 and -0.6 ppm for and respectively (Booth and Griffiths

1973). Since the shielding parameters given in Table 6 are only for

the more probable equatorial orientation of the methyl group at 4-

position of piperidine ring, calculation for only one of the two

possible conformers of 22a was possible. The observed and calculated

*^C chemical shifts of 22a and 22b given (Table 7) show surprising

agreement despite the assumptions made.

It should be further noted that the exact assignment of the

signal corresponding to Cn in the cis isomer (22a) was not possible i 15a ---  — —
because of the accidental chemical equivalence of one three

low field methylene carbons. Nonetheless, the greater shielding 

observed for the ring junction carbons in cis isomer C22a) as compared 

with the trans is in well agreement with the literature cited 

earlier.

Lanthanide Shift Reagent Studies on Lactams
1It was decided to also utilize H-nuclear magnetic resonance 

methods in an attempt to confirm the ring fusion geometry of the lactams 

(28, 31, and 34). An obvious way to differentiate between the isomeric
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13Table 7. C chemical shifts of nonaromatic carbons of 22a and 22b.

15'

Me Me
22a 22b

57.229 C1 or C15 58.113 or C15
54.759 C3 54.773 C3
50.210 C1 or C15 53.238 C 1 or C15
45.791 NCH3 44.920 n c h3

35.719 (37.57*) C4a 39.266 (41.62a) C4a
33.637 C8 °r C9 36.146 (34.96a) C15a
30.778 (30.79*) C8 °r C9 °r C4 °r C15a 33.676 C3 or C9
30.518 C8 °r Cg or C4 or C15a 30.362

28.412
C8 or 

C4

C9

^Calculated chemical shifts.



lactams is to determine the coupling constant between the ring junction

protons. In the trans lactam this coupling constant is ^axial-axial and

should be higher (8 to 13 Hz) than the corresponding ^axial-equatorial

(2 to 6 Hz) in the cis isomer (Huitric et al, 1963). Unfortunately 
1the 60 MHz H NMR spectra of these lactams are complex and the assign

ment of signals to individual protons proved to be a difficult task. 

Furthermore, coupling of each of the ring junction protons to two other 

adjacent protons made the determination of J values still more difficult.

Lanthanide shift reagents (LSR) have become extremely valuable 

tools for the elucidation of structures of varying complexity. The 

most commonly used shift reagents are lanthanide B-diketonates. They 

function by acting as Lewis acids, forming a complex with the substance 

under analysis, which acts as a nucleophile. Induced shifts are 

attributed to a pseudo-contact, or dipolar, interaction between the 

shift reagent and the nucleophile (Sievers 1973). The "shifted 

spectrum" represents averaged environments of the nuclei in the 

complexed and uncomplexed nucleophiles. The position of a given peak 

(lanthanide induced shift or LIS) is consequently related to the 

stability of the complex formed and the amount of shift reagent added, 

and can be calculated according to the McConnell-Robertson Equation 

(McConnell and Robertson 1958). The McConnell-Robertson Equation 

shows the -relationship between the induced chemical shift of the ith 

nucleus, A\h , and the location of the nucleus. Here K is a constant,

r. is the distance from the ith nucleus to the lanthanide ion, and 0. is i r
the angle between the principal magnetic axis of the complex, usually 

assumed to be essentially colinear with the lanthanide nucleophile



bond axis, and a line drawn from the nucleus of interest to the 

lanthanide ion (Fig, 13),

Av. KC3Co s 20.-1)

Eu = Europium 

Fig. 13. McConnell-Robertson relationship.

A reasonably large number of different combinations of (3- 

diketonates and lanthanide metals can serve as shift reagents. The 

most commonly used metal chelates are those of europium (III) and 

ytterbium (III) which normally induce downfield shifts, and 

praseodynium (III), which induces upfield shifts. In the earlier 

studies, complexes of 2,2,6,6-tetramethyl-3,5-heptanedione (thd) 

ligands (Fig. 14) were usually employed. Rondeau and Sievers (1971). 

reported that shift reagents which contained the fluorinated ligand, 

6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-octanedione (fod), Eu(fod) 

and Pr(fod)^, were superior to Eu(thd)^ in clarifying spectra.



CHg-j C C--- C— C--- CH3 (thd)

c h 3 h c h 3

9^  0  _ 9  9h 3

CF3CF2CF2— c--- c--c— C---- CH3 (fod)

H CH.

Fig. 14. Shift reagent ligands.

The success of the fluorinated shift reagents was attributed to

their improved solubility and increased Lewis acidity due to the

electron withdrawing effect of the fluorine atoms.

The angle term in Equation 1 gives positive values, except when

0 is greater than 55° but less than 125°. At these angles induced

shifts will be in the opposite direction to the normal shifts, e.g.,

upfield for Eu and downfield for Pr. The reversal in the direction of
2the shift is a result of the (3Cos 0-1) term becoming negative when 0 

lies between 55° and 125°. This accounts for the occasional observation 

that as one adds a shift reagent such as Eu(fod)3, most peaks are 

shifted downfield, but some are shifted upfield or remain unchanged 

(Rondeau and Sievers 1973).

Although a large amount of information can be gleaned by a 

visual analysis of a series of spectra obtained from incremental 

additions of lanthanide shift reagent (LSR), the information is more 

conveniently expressed in graphical form, usually as a plot of induced
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shift vs. the ratio of 1LSR]/ [substrate]. In the majority of cases/ 

these plots are not linear over the entire range from 0 to 1 mole ratio 

for [LSR] / [substrate] . Usually some curvature is apparent at both 

extremes of the plot, with a good linear correlation being noted for 

the range 0.2 to 0.6 mole ratio (Cockerill et al„ 1973)*

The compounds under investigation are bifunctional species and 

have two potential coordinating sites for the lanthanide ion: CD the 
amide oxygen and (2) the piperidine nitrogen. The degree of complexing 

at these potentially competing sites - depends not only on the extent of 

delocalization of the donor electron pair but also on the inductive 

and steric effects of the proximate groups. Literature evidence 

(Barciszewski z Rafalski, and Wiewiorowski 1971; Wamhoff, Materne, and 

Knoll 1972; Skolik et al. 1971) indicates that despite the basicity 

of a tertiary amino group, steric factors relegate the amino function 

to the role of minor donor in compounds containing lactams.

The choice of lactams 28a and 28b for the LIS study was based 

on observation of Dreiding molecular models which suggested that the 

cis isomer 28a would favor a conformation A (Fig. 15) where in signals 

due to N-methyl protons would be strongly shifted as a result of their 

close proximity to the lanthanide. In this conformation, the europium 

of the shift reagent can bind simultaneously to the amide oxygen and 

the piperidine nitrogen to form a six^membered ring chelate in which 

the metal is octacoordinate * Such octacoordinate complexes of 

lanthanide shift reagents with bidentate ligands such as 2,21-dipyridyl 

and 1,10-phenanthroline are well documented (Selbin, Ahmadf and Bhacca 

1971) * On the other handy the geometry of conformer B (Fig. 15)
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B

Fig. 15. Conformations of cis lactam.

precludes the formation of a six-membered ring chelate with europium, 

since the amide oxygen and piperidine nitrogen are sufficiently 

separated so as to be unable to bind simultaneously to the lanthanide 

ion. This is also true for the trans isomer which is locked in an 

extended conformation shown in Fig. 16. In either case, the europium 

will bind preferentially to the amide oxygen.

Inspection of Dreiding models of 28a and 31a in conformations 

A and _B (Fig. 15) indicates that due to non-bonding interactions 

conformation A will be preferred to B in the former case, whereas, in
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• Eu

Fig. 16. Conformation of trans lactam.

the pentacyclic cis lactam 31a conformation, _B will be favored over 

conformation _A.

Based on the above considerations, one would expect at least 

part of the europium-ligand complex to exist as a six-membered ring 

chelate in case of cis lactam 28a which would lead to a much larger 

LIS for the N-methyl signal than the corresponding LIS in the trans 

isomer, at a given ligand/substrate ratio. This was indeed the case 

as indicated in the plot of chemical shift vs. mole ratio (Fig. 17 and 

Table 8). The equatorial proton at in 28a as well as 28b should 

have almost the same LIS since the proximity of europium with this 

proton is not much affected by the chelate formation. Plots of
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Table 8. chemical shift data in the presence of En (fod) ̂ .

Cis Lactam Trans Lactam
Chemical Shift3" (Hz) Chemical Shifta (Hz)

Mole Ratio      — ---
Eu(fod) -/Substrate N-CTL H N~CH0 H_______ 3_________ ;____________3_____________ eg  3_____________ eg

0.0 137 214 144 210

0.1 229 276 164 290

0.2 320 340 176 360

0.3 187 414

0.4 5.38 202

0.5 608

ain Hz from TMS-
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chemical shift vs. mole ratio for equatorial protons of 28a and 28b 

certainly had almost equal slopes.
13These results were further confirmed by C NMR studies of

lactams 28a and 28b in the presence of Eu(fod) For an EuCfod) _/3 3
substrate ratio 0.15, the N-CH^ carbon signal shifted downfield by 

130 Hz in the cis lactam whereas the corresponding shift in the trans 

lactam 28b was only 14 Hz (Table 9) . The upfield shift of 42 Hz 

observed for the carbonyl carbon of the trans lactam could be 

interpreted as a contact shift contribution. The contact shift 

contributions, although unimportant for hydrogen, are quite common 

in "shifted" NMR spectra of amines and alcohols (Hawkes et al.

1973, Marzin et al. 1973).

13Table 9. C chemical shift data in the presence of Eu(fod)^.

Chemical

n-c h3

Shift (Hz)a 

C=0

Cis Lactam 1021.4 3804.0

Cis Lactam + Eu(fod)_ 1153.0 . 3812.1

AHz cis 131.6 H00

Trans Lactam 1049.6 3850.1

Trans Lactam + Eu(fod) 1063.3 3807.7

AHz trans 13.7 ’xFCM1

=» ' 
Relative to TMS in CDCl^.



EXPERIMENTAL

Melting points were determined on Fischer-Johns and Mel-Temp 

apparati and are uncorrected. Infrared spectra were determined on a 

Beckman IR-33 spectrophotometer. The proton NMR spectra were determined 

on Varian T-60 and EM-360 NMR spectrometers using tetramethylsilane as

an internal standard. Carbon-13 magnetic resonance spectra were 

recorded on a Brucker WH-90 spectrometer in deuteriochloroform with 

tetramethylsilane as an internal standard. Mass spectra were recorded 

on Hewlett-Packard 5930-A mass spectrometer at an ionizing voltage of

70 eV. The microanalyses were performed by Galbraith Laboratories

(Knoxville, Tennessee).

All glassware was oven dried at 120°C overnight prior to use. 

Tetrahydrofuran was distilled from lithium aluminum hydride under 

nitrogen and was stored over 5 A molecular sieves. Boron trifluoride 

etherate was distilled from calcium hydride under vacuum. Benzene and 

toluene were distilled from sodium. All solvents used were commercial 

reagent grade chemicals except the methanol used in photolysis 

experiments, which was Baker photrex grade.

Preparative thin layer chromatography (TLC) was performed on 

E. Merck silica gel 60F-254 20 x 20 cm plates. Column chromatography 

was conducted with E. Merck silica gel 60 (70-230 mesh) and E. Merck 

aluminum oxide (acidic).

69
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General Procedure for Making Hydrochloride Salts 

of Amines 2̂7, 28a, 21b, 30, and 31b

The free amine was dissolved in methanol and the solution was 

cooled to 0°C- Methanolic hydrochloric acid was added till the solution 

was strongly acidic. The hydrochloride salt was precipitated upon the 

addition of ethyl ether. The salt was collected by filtration.

General Procedure for Making Sulfate Salts 
of Amines 22a, 22b, and 23a

The free amine was dissolved in methanol and the solution was 

cooled to 0°C. Methanolic sulfuric acid (10%) was added till the 

solution was strongly acidic. The sulfate salt was precipitated upon 

the addition of ethyl ether. The salt was collected by filtration.

l-Methyl-l,2,5,6-tetrahydronicotinyl Chloride 
Hydrochloride (Arecaidyl Chloride 

Hydrochloride 26)

A mixture of l-methyl-l,2,5,6-tetrahydro nicotinic acid 

hydrochloride (arecaidine hydrochloride, 6.0 g, 33.8 mmol), oxalyl 

chloride (6.0 mb, 68.7 mmol), and 80 ml of dry benzene was stirred 

under reflux for 6 h. The reaction mixture was cooled to room 

temperature, arecaidyl chloride hydrochloride was, filtered off, washed 

with dry petroleum ether, dried in a vacuum desiccator overnight, and 

used in the preparation of 27.

R- (l-Methyl-l,2,5,6-tetrahydronicotinyl)- 
diphenylamine (27)

A stirred suspension of diphenylamine 25_ (10.14 g, 60.0 mmol), 

anhydrous potassium carbonate (11.0 g, 79.7 mmol), and arecaidyl 

chloride hydrochloride 26, was heated under reflux in 150 ml of dry
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toluene for 15 h. After the mixture was cooled to room temperature,

100 ml of water were added and the aqueous layer was discarded. The 

toluene layer was extracted with three 50 ml portions of cold 5% 

hydrochloric acid solution. The cold acid extracts were combined and 

adjusted to pH 12 with 10% sodium hydroxide solution and the liberated 

free base was extracted into chloroform. The chloroform layer was 

washed with water, dried over anhydrous sodium sulfate, and the solvent 

was evaporated to give 6.8 g (68% based on arecaidine hydrochloride) of 

light yellow solid: mp 101-102°C; hydrochloride mp 189°C (lit, 189°C, 

Peng 1972).

trans-3-Methyl-6-phenyl-l,2,3,4,4a,5,6,IQb-octahydro^ 
benzo[c]-2,7-naphthyridin-5-one (28b)

A solution of 21_ (1.0 g, 3.42 mmol) in 350 mL of dry benzene

. was photolyzed under nitrogen using a Hanovia medium pressure mercury

lamp (pyrex filter) for 8 h. The solvent was evaporated at reduced

pressure and the residue was recrystallized from acetone to give 650 mg

(65%) of trans lactam 28b: mp 173°C; IR(KBr) 1670 (6-lactam) and 
- 1 11590 cm ; H NMR(CDC13) 7.6-6.76(m, 8H, ArK), 6.4(m, 1H, ArH), 3.46 

(brd, 1H, J=12 Hz); 3.05(d, 1H, J=12 Hz ), and 2.38 ppm (s, 3H, N C H ^ .

Anal. Calcd for c19H20N2O: C/ 79-21; H ' 6.96; N, 8.79. Found: C, 79.03;
!

H, 7.05; N, 8.71.

cis-3-Methyl-6-phenyl-1,2,3,4,4a,5,6,IQb-octahydro- 
benzo[c]-2,7-naphthyridin-5-one (28a)

The enacylenamine 27 (1.0 g, 3.42 mmol) was photolyzed in 350 mL 

of. methanol using a Hanovia medium pressure mercury lamp (Vycor filter) 

for 8 h under nitrogen. The methanol was removed at reduced pressure
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and the residue was chromatographed on grade III acidic alumina.

Elution with chloroform gave cis-lactam 28a (400 mg, 40%) and 180 mg 

of trans lactam 28b: cis-laptam (free base), mp 88°C; IR (hydrochloride) 

(KBr) 2440, 1670 (6-lactam), 1595 and 1580 cm""1,- ^  NMR (CDC10) 7.65- 

6. 7 (m, 8H, ArH)- f , 6.26 (m, 1H, ArH) , 3.53 (brd, 1H, J=12 Hz), 3.23-2.45 

(m, 3H), and 2.27 ppm(s, 3H, NCH^). Hydrochloride, mp 268°C, 

crystallized from methano1-ether. Anal. Calcd for C^^H^qN^O'HCI:

C, 69.39; H, 6.43; N, 8.51; Cl, 10.78. Found: C, 69.43; H, 6.44;

N, 8.40; Cl, 10.83.

.tran^-3-Methyl-6-phenyl-l,2,3,4,4a,5,6,lOb-octahydro- 
benzo [c]-2,7-naphthyridine (21b)

A mixture of trans lactam 28b (7.577 g, 25.8 mmol), sodium 

borohydride (2.579 g, 68.0) mmol), and 100 mL of dry tetrahydrofuran 

was stirred in a 500 mL three-necked flask fitted with a condenser, 

pressure equalizing funnel and a nitrogen inlet. Freshly distilled 

boron trifluoride e the rate (11.14 mL, 90.5 mmol) in 50 mL of dry 

tetrahydrofuran was added dropwise over 30 min. The reaction mixture 

was brought to reflux and maintained there for 18 h. After the flask 

was cooled to room temperature, the excess borane was decomposed by 

dropwise addition of methanol. The solvent was evaporated in vacuo,

200 mL of fresh methanol and 25 mL of methanolic hydrochloric acid were 

added and the contents were refluxed for an additional 12 h. The 

reaction mixture was cooled to room temperature, methanol was 

evaporated and the crude hydrochloride was suspended in water. The 

pH was adjusted to 12 with cold 10% sodium hydroxide solution and the 

liberated free base was extracted in chloroform. The organic layer was
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washed with water, dried over anhydrous sodium sulfate and the solvent 

was evaporated to give an oil. The oil was dissolved in hexane, the 

solution was filtered and the filtrate was evaporated to dryness to 

leave white solid (mp 75°C). The free base was converted into its 

hydrochloride, salt C6,78 g, 83%); crystals from methanol^ether, mp 

280°C; IR of the free base (KBr) 3055, 3030, 1585, and 565 cm \

1H NMR (CDCl3) 67.6-6,43(m, 9H, ArH), 4.33-3.33(m, 3H) and 2.2 ppm 

(s, 3H, NCH3). Anal. Calcd for C19H22N2*HC1: C ' 72-48'' H ' 7-36? N,

8.89; Cl, 11.25. Found: C, 72.36; H, 7.42; N, 8.86; Cl, 11.25.

cisr3-Methyl-6-phenyl-l,2,3,4/4a,5,6,lOb-octahydro- 
benzo[c]-2,7-naphthyridine [21a)

To the stirred suspension of cis lactam 28a (223 mg, 0.76 mmol) 

and sodium borohydride (92 mg, 2.43 mmol) in 20 inL of dry tetrahydro- 

furan, boron trifluoride etherate (0.5 mb, 4.06 mmol) in 5 mL of dry 

tetrahydrofuran was added dropwise over 15 min. The reaction mixture 

was refluxed.for 24 h under nitrogen, cooled to room, temperature and 

the excess borane was decomposed by dropwise addition of methanol. The 

solvent was evaporated and the amine-borane complex was decomposed by 

refluxing with methanolic hydrochloric acid overnight. The methanol 

was removed, the residue was suspended in water, cooled, and basified 

with 10% sodium hydroxide solution. The free base was extracted into 

chloroform, washed with water, dried over anhydrous sodium sulfate and 

the solvent was evaporated to give 200 mg of oil. This oil was 

chromatographed on acidic alumina (grade III) and eluted with chloroform 

to give 120 mg (56%) of 21a as light yellow oil. IR(film) 3050, 3020,

1585, and 1565 cm"1; 1H NMR (CDC1-) 67.6-6.43(m, 9H, ArH), 4.33-3.333



(m, 3H) and 2.2 ppm(s, 3H, NCH^) ; MS m/e 278 CM+) 9 Efforts to prepare 

acid salts using mineral acids (hydrogen chloride, hydrogen bromide, 

sulfuric acid) and organic acids (fumaric, maleic and succinic acid) 

gave oils in each case, indicating that the salts are probably 

hygroscopic.

N-(1-Methyl-1,2,5,6-tetrahydronicotinyl)-10,11- 
dihydro-5H-dibenz[b,f]azepine (30)

Arecaidyl chloride hydrochloride 26 prepared from arecaidine 
hydrochloride (6.0 g, 33,8 mmol) was refluxed with iminodibenzyl 29_

(11.73 g, 60.0 mmol) and anhydrous potassium carbonate (12.0 g, 87.0 
mmol) in 150 mL of dry toluene for 15 h to give 5.55 g (51% based on 
arecaidine hydrochloride) of 30_ (crystals from ether): mp 101-102°C; 

hydrochloride mp 156°C (lit. 156°C, Peng, 1972).

cis-2-Methyl-l,2,3,4,4a,8,9,15a-octahydro-15H-dibenzlb,f]- 
azepino[5,4a,4-bc]2,7-naphthyridin-15-one (31a)

A solution of enacylenamine 30_ (1.0 g, 3.14 mmol) in 350 mL of 
methanol was irradiated with a Hanovia medium pressure mercury lamp 
(Corex filter), under nitrogen fgr 72 h. The solvent was removed at re
duced pressure, the residue was taken up in chloroform and the chloroform 

layer was extracted repeatedly with 10% hydrochloric acid solution. The 

cooled acid extract was brought to pH 12 with 10% sodium hydroxide solu
tion in cold and the free base was extracted with chloroform. The or
ganic layer was washed with water, dried over anhydrous sodium sulfate, 
and the solvent was removed at reduced pressure. The oil thus obtained 
was"triturated with acetone to yield 570 mg (38%) of cis.lactam which 
was recrystallized from ethyl acetate: mp 240°C; IR (KBr) 3000, 2930,
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2780, 1675 (6-lactam) and 1580 cm"1; 1H NMR (CDCl ) 67.16(s, 4H, ArH),

6.9 (m, 3H, ArH) z 3.83-2.43 (m, 7H) and 2.3 ppm ('s, 3H, NCH^) * Anal.

Calcd for C21H22N2°: 79,21, H, 6.96; N, 8,79. Found: C, 79.03;

H, 7.05? N, 8.71.

Photolysis of Enacylenamine 30 in Acidic Methanol

Enacylenamine 30 (500 mg, 1.57 mmol) was dissolved ifi 350 mL of 

methanol. The solution was made strongly acidic by addition of 

methanolic hydrochloric acid and the solution was photolyzed using 

Hanovia medium pressure mercury lamp ("Corex filter) for 10 h. Work-up, 

similar to one described in the previous experiment (preparation of 31a), 

gave 250 mg (50%) of cis lactam 31a.

trans-2-Methyl-l,2,3,4,4a,8,9,15a-octahydro-15H-dibenz[b,f]- 
azepino[5,4a,4-bc]2,7-naphthyridin-15-one (31b)

A solution of enacylenamine 3j3 (1.0 g, 3.14 mmol) in 350 mL of 

dry tetrahydrofuran was photolyzed under nitrogen using a Hanovia medium 

pressure mercury lamp (Vycor filter) for 90 min. The tetrahydrofuran 

was removed and the residue was chromatographed on acidic alumina (grade 

III) and eluted with chloroform to give 80 mg (8%) of trans lactam 31b. 

This product was identical with the more stable isomer obtained from 

equilibrium experiment (see below) as indicated by TLC, IR, and NMR 

comparison.

Equilibration of 31a

A mixture of 31a (670 mg, 2.1 mmol), potassium hydroxide (2.0 g, 

17.8 mmol) , and 40 mL of methanol was heated under reflux for 12 h.

After cooling to room temperature, the solvent was evaporated and the
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residue was partitioned between water and chloroform. The chloroform 

layer was separated, washed with water, dried over anhydrous sodium 

sulfate and the solvent was evaporated. The viscous oil obtained was 

chromatographed on acidic alumina (grade 111) and eluted with 

chloroform to give 473 mg of trans lactam 31b. Further elution with 

chloroform gave 160 mg of cis lactam 31au The trans lactam was 

recrystallized from acetone, giving light yellow needles: free base, 

tap 180°C; IR (KBr) 2940, 2780, 1670 (6-lactam) and 1585 cm”1; 1H NMR 

(CDClg) 67.46-6.56 (m, 7H, ArH) and 2.33 ppm(s, 3H, NCH^). Hydro

chloride, crystals from methanol, mp 309°C. Anal, Calcd for 

C21H22N2°"HC1* °* 5H20: C' 69.31; H, 6.65; N, 7.70. Found: C, 69.27;

H, 6.93; N, 7.46.

cis-2-Methyl-l,2,3,4,4a,8,9,15a-octahydro-15H-dibenz [b,f] 
azepino[5,4a,4-be]2,7-naphthyridine (22a)

Cis lactam 31a (350 mg, 1.1 mmol) was reduced with diborane 

generated in situ from sodium borohydride (145 mg, 3.82 mmol) and boron 

trifluoride etherate (.0.75 mL, 6.09 mmol), in refluxing tetrahydrofuran. 

After 30 h the reaction mixture was worked up as described in the 

preparation of 21b to give 275 mg (82%) of 22a, characterized after 

chromatography on acidic alumina (grade III, eluting with chloroform).

IR (film) 3060, 3000, 2935, and 1590 cm""1; 1H NMR (CDCl^) 67.23-6.5 •

(m, 7H, ArH), 2.2 ppm(s, 3H, NCH^). Sulfate salt, crystals from 

methanol, mp 252°C. Anal. Calcd for C21H24N2”H2S°4: C/ 62-66; H, 6.51; 

N, 6.96. Found: C, 62.46; H, 6.71; N, 6.86.



trans-2-Methyl-1,2,3,4,4a,8,9,15a-octahydro-15H-dibenzlb,f]- 
azepino15,4a,4-bc]2,7-naphthyridine [22b)

Trans lactam 31b (140 mg, 0.44 mmol) was reduced with diborane 

generated in situ from sodium borohydride (60 mg, 1.58 mmol) and boron 

trifluoride etherate (0.3 mL, 2.43 mmol) in refluxing tetrahydrofuran. 

After 30 h the raction mixture was worked up as described in the 

preparation of 21b to give 94 mg (70%) of trans amine 22b. Crystals
-1from acetone, mp. 135°C; IR (KBr) 3050, 3020, 2900, 1580, and 1565 cm 

1H NMR (CDCl )' S7.2-6.53(m, 7H, ArH), 3,8-2„7(m, 8H) and 2.33 ppm 

(s, 3H, NCH^). Sulfate salt, crystals from methanol-acetonitrile,

mp 227°C. Anal. Calcd for C2iH24N2’H2S04: G' 62e66; H ' 6-51  ̂ 6.96.

Found: C, 62.52; H, 6.63, N, 6.86.

N r (1-Methyl-1,2,5,6-tetrahydronicotinyl)-5H- 
dibenz[b,f]azepine (33)

Arecaidyl chloride hydrochloride 26_ prepared from arecaidine 

hydrochloride (6.0 g, 33.8 mmol) was refluxed with iminostilbene 32_ 

(10.0 g, 5.17 mmol) and anhydrous potassium carbonate (12.0 g, 87.0 

mmol) in 150 mL of dry toluene for 15 h to give 6.0 g (56% based on 

arecaidine hydrochloride) of enacylenamine 33. Crystals from ether: 

mp 109°C; IR (KBr) 3040, 3020, 1655 (C=0), 1635 (C=C), 1585, and 1560 

cm-1; 1H NMR (CDCl^) 67.3-7.Kin, 8H, ArH), 6.86(s, 2H, CH=CH), 5.6 

(m, H, CO-C=CH), 2.96 (m, 2H) , 2,2(s, 3H, NCH^). Anal. Calcd for 

C21H20N2°: C ' 79*71; H ' 6-37? N, 8.85. Found: C, 79.87; H, 6.49;
N, 8.64.
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cis_-2~Methyl--l, 2, 3 y4 r 4a^ 15a~hexahydro-15Hrdibenz [b,f]- 

azepino[5,4az 4~bc]2,7~naphthyridin-15-one (34a)

A solution of enacylenamine 33_ (1.0 g, 3.16 mmol) in 350 mL of

methanol was irradiated with a Hanovia medium pressure mercury lamp

(Corex filter) for 48 h under nitrogen. The solvent was removedz the

residue was dissolved in chloroform and extracted repeatedly with 10%

hydrochloric acid solution., The cooled acid extract was brought to

pH 12 by addition of 10% sodium hydroxide solution and the free base

was extracted into chloroform. The chloroform layer was washed with

waterz dried over anhydrous sodium sulfate and the solvent was

evaporated to leave a yellow oil. Chromatography of this oil on

acidic alumina (grade III, eluting with chloroform) gave 140 mg (14%)

of cis lactam 34a. Crystals from ethyl acetate: mp 212°C; IR (KBr)

3020, 2780, 1680 ('5-lactam) and 1580 cm"1; "Si NMR- (CDCl^) 67.33-7.0

(m, 7H, ArH), 6.53(q, 2H, J=12 Hz, CH=CH), 3,63(d, 1H, J=12 Hz) and

2.33 ppm(s, 3H, NCH^) . Anal. Calcd for C21H20N2°: C ' 79.71; H, 6.37;

N, 8.85. Found: C, 79.51; H, 6.38; N, 8.68.

Photolysis of Enacylenamine 33_ in Acidic Methanol 

Enacylenamine _33_ (500 mg, 1.58 mmol) was dissolved in 350 mL 

of methanol. The solution was made strongly acidic by addition of 

methanolic hydrochloric acid and the solution was photolyzed using a 

Hanovia medium pressure mercury lamp (Corex filter) for 4 h. The 

work-up similar to one described in the previous experiment (preparation 

of _34̂) gave 75 mg (15%) of cis lactam 34a.

i



Equilibration of 34a

A mixture of 34a (70 mg, 0*22 mmol) , potassium hydroxide 

(100 mg, 1.78 mmol) , and 10 mL of methanol was refluxed overnight. 

After cooling to room temperature, solvent was removed and the residue 

was partitioned between chloroform and water. The chloroform layer 

was separated, washed with water, dried over anhydrous sodium sulfate 

and the solvent was evaporated. Preparative tic of the equilibrium 

mixture on silica gel (acetone as developing solvent) gave 48 mg of 

trans lactam 34b and 12 mg of cis lactam 34a. The trans lactam was 

recrystallized from methanol: mp 147°C; IR (KBr) 3035, 3940, 1670 

(6-lactam) and 1640 cm ^ (C=C) "*"H NMR (CDCl^) 6|. 33l-6.85 (m, 7H, ArH) ,

6.58 (q, 2H, J=12 Hz, CH=CH) and 2.35 ppm(s, 3H, NC:H^) . Anal. Calcd 

for C21H2()N20: C, 79.71; H, 6.37; N, 8.85. Found: C, 79.46; H, 6.61; 

N, 8.59.

cis-2-Methyl-9-hydroxy-1,2,3,4,4a,8,9,15a-octahydro-15Hr 
dibenz [b, f jazepino [5,4a,4-bc] 2,7-naphthyridine and 

cisr2-Methyl-8-hydroxy-l,2,3,4,4a,8,9,15a- 
octahydro-15Hrdibenz[b,f]azepino- 

[5,4a,4-bc]2,7-naphthyridine 
(35) and (36)

To a stirred suspension of cis lactam 34a (139 mg, 0.44 mmol) 

and sodium borohydride (58 mg, 1.52 mmol) in 25 mL of dry tetrahydro- 

furan, boron trifluoride etherate (0.3 mL, 2.43 mmol) in 5 mL of dry 

tetrahydrofuran was added dropwise over 15 min. The reaction mixture 

was refluxed for 24 h under nitrogen, cooled to room temperature and 

the excess borane was decomposed by dropwise addition of water. The 

reaction mixture was made strongly alkaline with 4N sodium hydroxide 

solution, 0.5 mL of 30% hydrogen peroxide solution was added and the
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solution was mildly refluxed overnight. The contents were cooled to
room temperature; saturated aqueous sodium chloride solution was added

and the tetrahydrofuran layer was separated. Tetrahydrofuran was

removed and the residue which was a mixture of alcohols 35_ and 36

(130 mg, 92%) was used for the next step without further purification.
-1IR (film) 3380 (OH), 2800, 1595, and 1585 cm .

cis.-2-Methyl-l,2/3,4,4a, 15a-hexahydro-15H-dibenz [b,f] azepino- 
[5,4a,4-bc32,7-naphthyridine (23a) Prepared by

Dehydration of 35 and 36

The mixture of hydroxy compounds 35. C100 mg, 0.31 mmol)
was refluxed overnight with p-toluene sulfonic acid (20 mg, 0.105 mmol) 
in 20 mL of dry benzene, with simultaneous removal of water using a 
Dean-Stark apparatus. The reaction mixture was cooled to room tempera
ture, poured into ice water and the aqueous layer was basified with 
10% sodium hydroxide solution. The organic layer was separated and the

iaqueous layer was further extracted with chloroform. The chloroform 

and benzene extracts were combined, washed with water, dried over 

anhydrous sodium sulfate and the solvent was evaporated to give a light 

yellow oil. Preparative tic of the oil on silica gel (acetone as 

developing solvent) gave 20, mg (21%) of 23a. NMR spectrum and tic

behavior of this sample were identical to those of the sodium 

borohydride-trifluoracetic acid reduction product of cis lactam 34a 

(see below) .

cis-2-Methyl-1,2,3,4,4a,15a-hexahydro-15H-dibenz[b,f]azepino- 
[5,4a,4-bc]2,7-naphthyridine (23a) Prepared by 

Reduction of 34a
To a stirred suspension of cis lactam 34a (100 mg, 0.136 mmol) 

and sodium borohydride (62 mg, 1.63 mmol) in 5 mL of dry 1,4-dioxane



(distilled from lithium aluminum hydride) trifluoracetic acid (0.122 mL,

1.63 mmol) was added dropwise at 10°C. The reaction mixture was

refluxed for 20 h, cooled to room temperature and the excess reagent

was decomposed by dropwise addition of water. The contents were poured

into ice water, basified with 10% sodium hydroxide solution and

extracted with chloroform. The organic layer was washed with water,

dried over anhydrous sodium sulfate and the solvent was evaporated.

Preparative tic of the oil obtained on silica gel (acetone as developing

solvent) gave 38 mg (40%) of cis amine 23a. Sulfate salt, crystals from
-1methanol, mp 245°C. IR of sulfate (KBr) 3020, 2770, and 1580 cm ;

1H NMR (CDC13) 67.3-6.56(m, 7H, ArH), 6.43(s, 2H, CH=CH) and 2.16 ppm

(s, 3H, NCH3). Anal. Calcd for c2iH22N2*H2S04*0*5H20: C' 61*59; H '

6.15; N, 6.84. Found: C, 61.75; H, 6.41; N, 6.66.

trans-2-Methyl-1,2,3,4,4a,15a-hexahydro-15H-dibenz[b,f]- 
azepino[5,4a,4-be]2,7-naphthyridine (23b)

To lithium aluminum hydride (634 mg [95%], 15.87 mmol) in 17.5 

mL of dry tetrahydrofuran, 100% sulfuric acid (0.425 mL, 7.93 mmol) 

was added dropwise at 0°C. When the addition was complete, the mixture 

was stirred for 1 h and then allowed to stand overnight to settle the 

lithium sulfate precipitate. This solution was found to be 0,87 M (Yoon 

and Brown 1968).

To a solution of trans lactam 34b (40 mg, 0.13 mmol) in 5 mL 

of dry tetrahydrofuran, 1.5 mL of 0.87 M aluminum hydride solution in 

tetrahydrofuran was added at ice temperature. The reaction mixture was 

stirred under nitrogen for 48 h.- The excess aluminum hydride was 

decomposed by dropwise addition of tetrahydrofuran-water (1:1) solution.



Saturated sodium chloride solution was added r the aqueous layer was

made basic with 5% sodium hydroxide solution and the tetrahydrofuran

layer was separated. The solvent was removed and the residue was
crystallized from acetone to give 35 mg (95%) of trans amine 23b: mp

^1 1220°C; IR (KBr) 3050, 3000, 2910, and 2840 cm ; H NMR (CDCl^) 7.38- 

6.35 Cm, 9H, ArH), 3.95-1.6 (m, 13E), Anal. Calcd for C2iH22N2: C' 83e40

H, 7.33; N, 9.26. Found: C, 82.92; H, 7.41; N, 9.03.

Since the synthesis of pentacyclic phenothiazines 24a and 24b 

is incomplete, most of the compounds described in the following section 

were characterized only by IR and NMR. In case of compound 77 

where IR and NMR data were less informative additional mass 

spectral evidence was obtained. The analytical data are reported

only for compounds S8 and 59,

2-Hydroxymethylene-l,2-dihydrQ-3H-pyrido[3,2,1-kl]- 
phenothiazin-3-one (67)

Sodium hydride (66.8 mg of 57% dispersion in mineral oil,

I.587 mmol) contained in a 50 mL three necked flask to which an 

addition funnel, condenser, and a nitrogen inlet were attached, was 

washed three times with dry hexane and suspended in 15 mL of dry
i

tetrahydrofuran. A solution of tetracyclic ketone 57_ (367 mg, 1.44 

mmol) and ethyl formate (0.141 mL, 1.74 mmol) in 10 mL of dry 

tetrahydrofuran was added to the stirred suspension over 15 min. Dry 

ethanol (0,05 mL) was added and the reaction mixture was stirred

overnight. The tetrahydrofuran was removed, the residue was

triturated with benzene and filtered. The 300 mg (68%) of the sodium



83
salt of a-hydroxymethylene ketone obtained was used for the next

reaction without further purification. IR of a-hydroxymethylene ketone
- 1 1(film) 2920, 2860, 1640 (C=0) and 1590 cm ; H NMR (CDCl^) <38.05 (s,

1H), 7.71(d of.d, 1H, J =8 Hz, J2=2 Hz, ArH), 7.5-6.6 (m, 8H), and 

5.68 ppm(s, 2H, NCH2).

2-Methylaminomethylene-l,2-dihydro-3H-pyrido[3,2,1-kl]- 
phenothiazin-3-one (68)

The sodium salt (300 mg) of the hydroxymethylene ketone 67_ from 

the previous experiment was suspended in 12 mL of dry 1,2- 

dimethoxyethane (freshly distilled from lithium aluminum hydride), 

methylamine hydrochloride (195 mg, 2.8 mmol) was added and the 

suspension was stirred overnight in the presence of 4 A molecular sieves 

under nitrogen. The reaction mixture was filtered and the filtrate 

was evaporated to dryness to give an oil, which was chromatographed on 

silica gel and eluted with chloroform to give 150 mg (50%) of
-ienaminoketone 68. IR (film) 3260, 1650 (C=0), 1590 and 1570 cm ;

■̂ H NMR (CDC13) 69.63 (broad, 1H, NH) , 7.75 (d of d, 1H, J^=8 Hz, J2=2 Hz, 

ArH), 4.53 (s, 2H, NCHg) and 3.00 ppm(d, 3H, J=5 Hz, NCH^).

2-Isopropoxymethylene-l,2-dihydro-3H-pyrido[3,2,1-kl]- 
phenothiaz in-3~ one (78)

The sodium salt of hydroxymethylene ketone 67_ (152 mg, 0.5 mmol) 

in 3 mL of dry hexamethyIphosphoramide (distilled from sodium under 

vacuum) was stirred with isopropyl iodide (0.055 mL, 0.55 mmol) at 

room temperature overnight. The reaction mixture was poured on ice, 

extracted with chloroform and the chloroform layer was washed several 

times with water to remove the hexame thy Iphosphoramide. The chloroform
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layer was dried over anhydrous sodium.sulfate and the solvent was .

evaporated to give a reddish brown oil, which was chromatographed on

silica gel and eluted with benzene to give 81 mg (50%) of the isopropyl
- i ienol ether 78. IR (film) 1675 (C=0) and 1590 cm ; H NMR (CDCl^)  d

67.83(d of d, 1H, J^=8 Hz, J2=2 Hz, ArH), 7:51(d, 1H,J=1 Hz, CHOiPr)

7.33-6.73(m, 6H, ArH), 4.76(d, 2H, J=1 Hz, NCH^), 4.38(septet, 1H,

J=6.5 Hz, HC(CH3)2) and 1.41 ppm(d, 6H, J=6.5 Hz, CH(CH3)2).

2-Methylene-l,2-dihydro-3H-pyrido[3,2,1-kl]- 
phenothiazin-3-one (71)

Sodium hydride (84 mg of 57% dispersion in mineral oil,.2.0 

mmol) contained in a 50 mL three necked flask fitted with a condenser, 

addition funnel and a nitrogen inlet, was washed three times with dry 

hexane and suspended in 15 mL of dry tetrahydrofuran. A solution of 

glyoxalate 7d (706 mg, 2.0 mmol) in 20 mL of dry tetrahydrofuran was 

added dropwise. Hydrogen evolution was noted. When the evolution of 

hydrogen was complete, dry formaldehyde gas (generated by pyrolysis 

of paraformaldehyde) was bubbled through the solution for 20 min.

At this stage the color of the reaction mixture changed from brown to 
orange-red. The contents of the flask were filtered, the solvent 

was evaporated and the residue was dissolved in methylene chloride.
The methylene chloride layer was washed with saturated potassium 

bicarbonate solution for 20 min, and the solvent was dvaporated to 

leave a red oil which was chromatographed on silica gel and eluted 

with benzene to give 180 mg (34%) . of exocyclic methylene ketone 71.

IR (film) 3060, 3030, 1670 (0=0), 1620 (C=C), 1590, 1570cm-1; 1H NMR 

(CDC13) 67.8(d of d, 1H, 0^=8 Hz, J2=2 Hz, ArH), 7.3-6.7(m, 6H, ArH),
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6.23 (dz 1H, J=1 Hz, C=CH) , 5.6(d, 1H, J=1 Hz, C=CH) and 4.63 ppmCd,

2H, J-l Hz, NGH2).

Z_~~ and E.~3-Carbethoxymethylene-l,2~dihydro"-3Hr 
pyrido[3,2,l~kl]phenothiazine (59 and 58)

Sodium hydride (52 mg of 57% dispersion in mineral oil, 1.25 

mmol) contained in a 25 mL three necked flask to which an addition 

funnel, condenser and a nitrogen inlet were attached, was washed three 

times with dry hexane and suspended in 12 mL of dry 1,2-dimethoxyethane 

(freshly distilled from lithium aluminum hydride). Triethyl 

phosphonoacetate (0.25 mL, 1.25 mmol) was added and the mixture was 

stirred for 2 h at room temperature. Tetracyclic ketone 57 (254 mg,

1.0 mmol) in 10 mL of dry 1,2-dime thoxy ethane was added dropwise and 

the reaction mixture was refluxed for 16 h.

After cooling to room temperature, the reaction mixture was 

diluted with a large amount of water, and extracted with chloroform.

The chloroform layer was washed with water, dried over anhydrous sodium 

sulfate and the solvent was evaporated to give 260 mg (80%) of a mixture 

of a, 3-unsaturated esters 5-8 and 59. The Z_- and E-isomers were 

separated by column chromatography on silica gel eluting with benzene.

Z- and E-isomers were differentiated on the basis of chemical shifts 

of olefinic protons. In the E-isomer this proton lies in the de

shielding zone of the aromatic ring and absorbs at a lower field 

(6.22 ppm) than the corresponding proton (5.7 ppm) in the Z_-isomer.

Zj-isomer: mp 108-110°C; IR (KBr) 1700 (0=0) , 1620 (C=C) and 

1590 cm"'1; 1H NMR (CDCl^) 67.3 Cd of d, 1H, J^=8 Hz, J2=2 Hz, ArH) , 

7.20-6.5(m, 6H, ArH), 5.7 (s, 1H, ^C=CH-C02Et), 4.15(q, 2H, J=10 Hz,



ppm(t, 3H, J=10 Hz, COOCH2CH3). Anal. Calcd for c19H17m 2S: C' 70.55;

H, 5.29; N, 4.33. Found: C, 70.50; H, 5.50; N, 4.22.
-1E-isomer:.mp 140°C; IR (KBr) 1685(C=0), 1620 (C=C) and 1590 cm 

1H NMR (CDC13) 7.25-6.55 On, 611, ArH) , 6.22(s, 1H, ̂ C=CHOOEt) , 4.22 

(q, 2H, J=10 Hz, COOCH„CH ), 3.88-3.21(m, 4H, NCH„CH„) and 1.32(t, 3H, A J  z--z
J=10 Hz, COOCH CH ) . Anal. Calcd for C, ^NOS:- C, 70.55; H, 5.29;Z 6 ----  19 1 / z
N, 4.33. Found: C, 70.72; H, 5.45; N, 4.34.

2~Hydroxymethyl~2-“carbethoxy-l, 2-dihydro-3H-pyrido- 
[3,2,1-kl]phenothiazin-3-one (74)

A mixture of (3-ketoester 73̂  (650 mg, 2 mmol) , 37% formalin 

(320 mg, 0.295 mL, 4.0 mmol) and potassium bicarbonate (100 mg, 1.0 

mmol) was stirred in 50 mL of methanol for two days. A 10% hydrochloric 

acid solution (0.5 mL) was added, the reaction mixture was diluted 

with a large amount of water and extracted with chloroform. The 

chloroform layer was washed with water, dried over anhydrous sodium 

sulfate and the solvent was evaporated to give an oil which was 

chromatographed on silica gel and eluted with benzene-chloroform (1:1) 

to give 350 mg (50%) of slightly impure hydroxymethy1 compound 74.

The hydroxymethyl compound was characterized as its tetrahydropyranyl 

ether 75_ (see below) .

2-(2-TetrahydropyranyToxy)methyl-2-carbethoxy-1,2-dihydro- 
3H-pyrido [3,2,1-kl]phenpthlazin-3-one (75)

A solution of hydroxymethyl compound 74 (177 mg, 0.5 mmol) and 

dihydropyran (0.68 mL, 0.75 mmol) in 5 mL of dry methylene chloride
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(distilled from phosphorus pentoxide) containing pyridinium p^ 

touenesulfonate (25 mg, 0.09 mmol) was stirred for 6 h at room 

temperature. Half saturated sodium chloride solution was added, the 

methylene chloride layer was separated, dried over anhydrous sodium 

sulfate and the solvent was evaporated to leave an oil, which was 

chromatographed on silica gel, eluting with benzene-chloroform (1:1) 

to give 175 mg (80%) of tetrahydropyranyl ether 75. IR (film) 3060, 

3030, 2935, 2860, 1725 (0=0 ester), 1680 (C=0 ketone) and 1590 on"1;

1H NMR (CDC13) 67.63(d of d, 1H, J^=8 Hz, J2=2 Hz, ArH), 7.36-6.6(m,

6H, ArH), 4.1(q, 2H, J=8.5 H z , COOCH^CH^) and 1.07 ppm(t, 3H, J=8.5 Hz,

COOCH CH_).2--3

2-Hydroxymethyl-l,2-dihydro-3H-pyrido[3,2,1-kl]- 
phenothiaz in-3-one (76)

To a slurry of lithium aluminum hydride (362 mg of 95%,

9.06 mmol) in 10 mL of dry tetrahydrofuran, 100% sulfuric acid 

(0.242 mL, 4.53 mmol) was added dropwise at 0°G. When the addition was 

complete the reaction mixture was stirred for an additional 1 h and 

then allowed to stand Overnight to settle the lithium sulfate precipi

tate. This solution was found to be 0.87 M. To this aluminum hydride 

slurry, a solution of (3-ketoester 73 (500 mg, 1.538 mmol) in 5 mL of 

dry tetrahydrofuran was added dropwise at 0-5°C with stirring under 

nitrogen. The stirring was continued for about 50 min, maintaining 

the bath temperature at 5°C» The excess aluminum hydride was de- • 

composed by dropwise addition of tetrahydrofuran-water (1:1) and the 

reaction mixture was filtered. The inorganic precipitate was 

thoroughly washed with tetrahydrofuran and saturated sodium chloride
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solution was added to the filtrate. The tetrahydrofuran layer was 

separated and the solvent was evaporated to leave an oil which was 

chromatographed on silica gel with chloroform elution to give 200 mg 

'(48%) of slightly impure a-hydroxymethyl ketone 76, characterized as 

its tetrahydropyranyl ether 11_ (see below) .

2-(2-Tetrahydropyranyloxy)methyl-l,2-dihydro-3H- 
pyrido[3,2,1-kl]phenothiazin~3-one (77)

To a solution of a-hydroxymethyl ketone 76. (150 mg, 0.53 mmol)

and dihydropyran (0.2 mL, 2.0 mmol) in 10 mL of dry methylene chloride

(distilled from phosphorus pentoxide) pyridinium p~toluenesulfonate

(25 mg, 0.09 mmol) was added and the contents were stirred under

nitrogen for 8 h at room temperature. Half saturated sodium chloride

solution (10 mL) was added, the methylene chloride layer was separated,

dried over anhydrous sodium sulfate and the solvent was evaporated.

The oil obtained was chromatographed on silica gel, eluting with

benzene-chloroform (9:1) to give 150 mg (77%) of tetrahydropyranyl

ether 77, which should be a mixture of diastereomers. IR (film) 3060,
-1 12940, 2920, 2865, 2845, 1685 (C=0), 1680 (0=0) and 1590 cm ; H NMR 

(CDC13) 67.55 (d of d, 1H, J^=8 Hz, 0^=2 Hz, ArH), 7,43-6.56 (m, 7H,

ArH), 4.7-2.7 (m, 8H) and 2.1-1.1 ppm (broad, 6H); MS: m/e 367 (M+),

265 (M-102), 252 (M-115), 85 (base peak).
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