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CHAPTER I
INTRODUCTION

Phenothiazine is one of the more widely investigated hetero-
cyclic molecules known to modern chexﬁstry. The founding of the syn-
thetic ctye industry in the lattér part of the nineteenth century stimu-
lated many new fields of organic research, one of which was pheno-
thiazine chemistry. Bernthsen, known as the father of phenothiazine
chemistry, first synthesized (1) this compound in 1883, after suspect-
ing its presence in the mucleus of the methylene blue dyes.

Since that time phenothiazine and its derivatives have found
uses as antioxidants (2), antihistamines (3), antiemetics (4), and in
the treatment of Parkinson's disease (5). During the past decade, con-
siderable attention has beén given to N-(dialkylaminoalkyl) -phenothiazine
types because of their excellent effect in suppressing nausea (4) and in
the treatment of neuropsychiatric disorders (6). More recently, the
tranquilizing activity of certain N-(dialkylaminoalkyl)-phenothiazine types
has been reported (7). Thus, the pharmacological usefulness of pheno-
thiazine derivatives is well-established.

On the other hand, the known chemistry of the benzophenothiazines
is quite limited, Vast dppoz'huﬁity exists for chemotherapeutic inves-
tigations in this area, and only recently some penetration :I.nfo this
field of endeavor was begun. In 1942, it was (8) demonstrated that tumor
growth inhibition occur;'ed with some simple benzophenothiazine types.

Talukdar and Shirley (9) recently prepared a series of 12-(dialkylamino-



2
alkyl)-benzo (@) phenothiazines for pharmacological evaluation, but the
results of these tests are not yet available.

In view of such a wide spectrum of pharmacological application
enjoyed by phenothiazine and its derivatives, and the opportunity for
chemotherapeutic investigation in the field of benzophenothiazine chem-
istry, it is felt that benzophenothiazines structurally related to some
of the more useful phenothiazine types should be synthesized and pharm-
acologically evaluated. This research is primarily concerned with the
preparation of 7-(dialkylaminoalkyl)-benzo (c) phenothiazines, compounds
similar in structure to the therapeutically useful phenothiazine types.

In connection with the synthesis of these N-alkylated benzopheno-
thiazines, there was considerable interest in finding new and better
methods of introducing substituents into the lesser accessible positions
of the benzophenothiazine nucleus. In an effort to do this, a study of
the metalation of T7H-benzo (c) phenothiazine with n-butyllithium was
undertaken.

The compoxinds prepared in this investigation are currently being
tested by the Eli Lilly Company of Indianapolis, Indiana, for central
nervous system effects and by the National Cancer Institute for anti-
cancer activity. It is hoped that the results of this research will in
some way benefit the e#tensive program now being conducted for the de-

velopment of new and more useful drugs.



CHAPTER II1

HISTORICAL

A. Chemotherapeutic History of the Phenothiazines

1. Introduction

One of the most interesting phases of scientific endeavor con-
ducted during the past century has been the search for new and more use-
ful drugs. In recent years, phenothiazine ‘a.nd its derivatives have made
a large contribution to this effort since many important medical uses
of this series of compounds have been discovered. It was the many pharm-
acological applications of compounds belonging to the phenothiazine
series that stimulated the work described in this dissertation. However,
it is not the purpose of the following discussion to present a detailed
and complete review of the physiological properties of phenothiazine
and its derivatives, but rather to provide a background of the more
significant phenothiazine drugs which are st_mcimr&llv related to the
type of compounds prepared in this investigation.

It is significant to note at this point that in 194k, Gilman and
Shirley (10) prepared a series of N-(dialkylaminoalkyl)-phenothiazines
for biological evaluation as a.ntimalé.rials, -but the compounds were found
to be ineffective in this respect. In l9ﬁ6; Halpern ( 3) tested these
and similar N-alkylated derivatives and found them to be very good anti-
histamines. It was primarily this discovery that initiated extensive
chemotherapeniio study of phenothiazine derivatives.



2. Phenothiazine

The numbering system for phenothiazine, as used by Chemical

Abstracts, is shown in II-1. An excellent review on the chemistry

10
9 H %
8 2
7 3 3
g N
II-1

of phenothiazine has been given by Massie (11). Phenothiazine's role
as the parent compound of the thiazine dyes has already been mentioned
in Chapter I. It was not, however, until 1934 that phenothiazine was
first employed biologically, when Campbell, Sul]ivan,‘ Smith,and Haller
(12) found that it had a lethal action on the larvae of culicine mos-
quitos. Findlay (13) has given an excellent review of the use of pheno-
thiazine as an anthelmintic, both in animals and in man.

| In 1942, DeEds, Stockton, and Thomas (1) introduced phenothiazine
as a urinary antiseptic after clinical tests had proved successful. No
undesirable effects were noted in the gastrointestinal tract, circula-
tion, kidneys, or liver. Secondary anemia sometimes occurred in patients
treated for a prolonged period.

. Freedlander (15) has reported phenothiazine's usefulﬁéss as an
antituberculostatic compound. FPhenothiazine in diiution of 1:1,000,000
inhibited the growth of tubercle bacilli in vitro, but in the presence
of serum the bacteriostatic effect was diminished. Oxidized forms of

phenothiazine showed only moderate inhibition of growth.



3. Diparcol
Gilman and Shirley (10) originally synthesized 10-(2-diethyl-

aminoethyl) -phenothiazine, or diparcol (II-2). In 1947, Bovet, Fourmel,

H2CH2N(C2HS) 2
II-2

and Charpentier (16) investigated diparcol for use in the symptomatic
treatment of Parkinson's disease. It is in the treatment of Parkinson'!s
disease, where it has been shown to be clinically effective (5 ), that
diparcol has found its most important use. In clinical treatment of 250
cases of Parkinsonism, Durel (17) reported that diparcol was effective
(moderate to very good in action) in all but 6.1 per cent of the cases.

Schaepdryver (18) reported in 1950 that diparcol prevented or
suppressed the bronchospasm produced in guinea pigs by acetylcholine,
histamine, nicotine, and anaphylactic shock.

A more complete survey of the pharmacological properties of di-
parcol has been given by Heymans, Estable, andde Bonneveaux (19). Hopkins
(20) has discussed diparcol in relation to its use in treatment of Park-

insonism.

L. Chloropromazine

By far the most useful member of the phenothiazine series of drugs
is 2-chloro-10-(3-dimethylaminopropyl)-phenothiazine, or chloropromazihe
(11-3).



N i &
6H20H2032N( CH3)2
II-3

In 1955, Moyer, Kinross-Wright, and Finney (g ) reported the
excellent results of studies made on the use of chloropromazine in
treatment of neuropsychiatric disorders. A group of 412 ambulatory
and hospitalized patients having various types of mental disorders was
given chloropromazine therapy and observed. Of this group, only 38
patients failed to respond to the drug. Excellent response was observed
in 231 patients while the remainder displayed varying degrees of thera-
peutic response. Of particular importance ;fas the observation that
ch_lOropromazine_was quite effective in the treatment of schizophrenia.
The patients observed encompassed almost all the clinical variants of
t;his polymorphous disease, and the response observed was excellent.

Clinical investigations of Friend and Cummins ( 4) proved that
chlorapromazine had a powerful selective effect against nausea and
vomiting caused by a variety of conditions. It was much more effective
than diphenylhydramine and other well-known antiemetics, since it prompt-
1y proved effective in patients whose nausea and vomiting had not been
relieved by these drugs. It is significant that the vomiting of preg-
nancy was successfully con‘i;r011eli.

Preliminary clinical investigations by Moyer, Kinross-Wright,
and Finney ( 6:) have also suggested possible use of chloropramazine

for treatment of intractable hiccoughs.



5. The Relation of Structure to Physiological Activity

Iq view of the numerous physiological applicatvions of the N-
alkylated phenothiazines, some investigators have attempted to estab-
lish stx"nctural correlation between a given campound and a specific
physiological use. Friebel, Flick, and Reichle (21) tested numerous
phenothiazine derivatives with substituents on the nitrogen atom for
antihistamine, antiacetylcholine, analgetic, and antiallergic action
on mice. The substituents tested were: MepNCHpCH2-(I); Et2NCH20H2-
(II); MepNCHoCH2CH2-(III); 2-Cl-Et2NCHMeCH2-(IV); MezﬁCHHeCHz-(V);
Et2NCHMeCH2-(VI); Me3(BGHHeCH2-(VII) . The antihistamine,antiacetyl-
choline, and broncholytic action of the dimethyl derivatives was
stronger than that of the diethyl derivatives and most pronounnced in
I, II, V, VI, and VII. III and IV potentiated the analgetic and tem-
ﬁ?eratm'e-lawering effect of pyramidone (VIII). Quaternization of the
nitrogen in VII increased the antihistamine and antiacetylcholine ac-
tion as well as toxicity.

Certain observations have been made by Barlow (22) concerning
the relative activity of the N-alkylated phenothiazines as antihista-
mines. In this group of drugs, members with branched chains are more
potent than those with straight chains and the dimethylamino group can
be replaced by pyrrole or pyrrolidine without much loss in activity.
The introduction of a methoxy group para to the nitrogen reduges activ-

ity and replacement of sulfur by oxygen destroys it completely.



B. Chemistry of 7H-Benzo (c) phenothiazine

1. Nomenclature

Unfortunately, several different names for 7H-benzo (c] pheno-
thiazine still appear in modern chemical literature. This compound
was first prepared :Ln 1890 by Kym (23) who called it thiophenyl-p-
naphtﬁylamine, probably because of its synthesis from sulfur and N-
phenyl-f-naphthylamine. The name a,f-naphthophenothiazine for
this compound first appeared in the literature (24 ) in 1921. More
recently, Wahl and Ringeissen (25) called the compound benzonaphtho-
thiazine.

Different ways of numbering the ring have also been used in
the literature. Beilstein (26) conforms to a system of numbering shown in

II4;. Buu-Hoi (27,28) has employed a different system (II-S) which is quite

10 10

II-4 II-5
common in foreign publications although it is seldom found in domestic
literature. However, a thorough literature surveﬁr revealed its presence
in at least one very recent domestic publication (29). The current-
ly accepted numbering and nomenclature for the isomeric benzopheno-

thiazines, according to Chemical Abstracts and the Ring Index (30), is

illustrated in II-6.
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12H-benzo (b) phenothiazine ' 12H-benzo (&) phenothiazine

TH-benzo (¢) phenothiazine
II-6
In view of the variety of nomenclature employed for TH-benzo (c]
phenothiazines, extreme care should be exercised when surveying the
literature for this compound or its derivatives. All names in this
dissertation are expressed in the manner recommended by Chemical Ab-
stracts even though other nomenclature was employed in the original

work.

2. Methods of Preparation

a. From N-phenyl-2-naphthylamines. The first preparation of:

TH-benzo [c] phenothiazine involved the reaction of N-phenyl-2-naphthyl-
amine and sulfur at 200-240° for five hours (23). A poor yield of product
was obtained. The conditions of this reaction have been greatly im-

proved by the discovery (31) that the addition of catalytic amounts of



10
iodine shortened the reaction time, lowered the reaction temperature,
and gave much better yields of product. This reaction, referred to
as "thionation", has been used to prepare substituted TH-benzo (¢}~
phenothiazines. Knpeveqagel (32) used this method to prepare methyl-
and chloro-substituted 7H-benzo () phenothiazines. Recently 9-fluoro-
TH-benzo (c) phenothiazine was synthesized by thionation (29).

A preparation of TH-benzo (c) phenothiazine by a modified thiona-
tion has been reported (33) in which a mixture of B-naphthol, aniline,
sulfur, and iodine was heated and the product obtained directly from

the crude reaction mixture.

b. From sulfides. Wahl and Ringeissen (25) prepared TH-benzo
(c) phenothiazine, together with B-naphthol, by heating aniline and 2,2!-
dihydroxy-1,1!-dinaphthylsulfide under reflux for six hours. A possible
reaction path for this rather unexpected process was indic.ated by Wahl
and Ringeissen to be as shown in II-7. Chemical evidence to indicate

a probable mechanism was not cited.

II-7 ' H
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3. MNuclear Substitution Reactions

a. Nitration. In 1921, Ludwig-Semelic (2 ) reported the nitra-
tion of TH-benzo (¢) phenothiazine. At least two nitro derivatives re-
sulted when TH-benzo (c] phenothiazine was nitrated. One of these, a
nitrosulfoxide (II-8), was crystallized directly from the crude nitra-
t}on product. The other was a dinitro derivative, which was not iso-
lated but reduced with stannous chloride and hydrochloric acid to a

chlorodiamino-7H-benzo (c) phenothiazonium chloride (II-9).

wif

II1-8 . - dil=9

In the Chemical Abstracts reference cited for this work (2L)

no evidence for the structures of the nitration products was given.
Experimental details, melting points, and other data were also unavail-
able. The original article appeared in a Yugoslavian journal which was

apparently discontinued after only one publication, and further reference

work could not be accomplished. (Chemical Abstracts indicated that the
original article is not available in this country.)

\ b. Acylation via the Friedel-Crafts reaction. Burger and

Clements (34) recently prepared 7-acetylbenzo (¢] phenothiazine in 98 per
cent yield and then subjected this compound to a Friedel-Crafts reaction
with acetyl chloride.  The N-acetyl group was subsequently removed by acid

hydrolysis to yield an x-acetyl-TH-benzo (¢) phenothiazine. The position
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of the acetyl group was not established.
c. Oxidation. Kehrmarmm and Christopoulos (35) subjected TH-
benzo (c] phenothiazine to mild oxidation with sodium nitrite solution in

acetic acid and obtained 7H-benzo (¢) phenothiazine-12-oxide (II-10), m.p.

II-10

225° with decomposition.

H

4. Substitution of the Amino Hydrogen

a. Alkylation. Kym (23) in 1890 reported the first N-alkylation
reaction of TH-benzo (¢) phenothiazine. He obtained 7-methylbenzo (c] pheno-
thiazine as light yellow-green needles, m.p. 132-133°, by reaction of
equimolar amounts of methyl iodide and TH-benzo (c]) phenothiazine in meth-
anol at 150° for five hours. |

Smith (36) recently reported the synthesis of 7-(2~cyanoethyl)-
benzo (c) phenothiazine by reaction at room temperation of 7H-benzo (g] -
phenothiazine with acrylonitrile, in the presence of a small amount of
"Triton B". The product was isolated as yellow crystals melting at
215°.

b. Acylation. The N-acetyl derivative of TH-benzo (¢) phenothiazine
was prepared by Kehrman and Christopoulos (35) in 1921 employing acetic

anhydride and zinc chloride. The colorless crystals, from benzene, were
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reported to melt at 126°. However, Burger and Clements (34) in a more re-

‘cent synthesis of T-acetylbenzo [c) phenothiazine reported its melting point
as 134-135°.

5. Miscellaneous Derivatives of TH-Benzo [c) phenothiazine

A few nuclearly substitutedYH—benzo[éj phenothiazines have been pre-
viously prepared by thionation of substituted N-phenyl-2-naphthylamines,

and are listed in Table I.

C. Chemistry of Organolithium Compounds

l. Introduction

The metalation reaction, 1. e., the replacement of hydrogen of an
organic compound by a metallic atom to yleld an organometallic compound,
is of large importahce in organic synthetic work. The combination of
high-reactivity, relatively easy preparation, and solubility in inert sol-
vents which is characteristic of organolithium compounds has made them of
ever increasing value in chemical synthesis. A number of reactions which
do not occur with Grignard reagents can be accomplished by use of organo-
lithium compounds (38). Organolithium metalations of both aromatic and
heterocyclic rings tend to occur in a position ortho to a hetero atom pos-
sessing an unshared electron pair. Thus, positions in ring compounds not
readily substituted by ordinary electrophilic reagents are quite fre-
quently made available by the metalation reaction. An outstanding example
of the synthetic usefulness of this reaction is the metalation of resor-
cinol dimethyl ether, as shown in II-11, to yield, after reaction with

carbon dioxide (carbonation), 2,6-dimethoxybenzoic acid (39) in 55 per



TABLE I

SUBSTITUTED 7H-BENZO (c) PHENOTHIAZINES

Melting
2-Naphthylamine Point
Substituent Used oC Reference

9-Methyl N-(m-tolyl)- 168-169 32
10-Methyl N-(p-tolyl)- 182 31
9-Chloro N-(m-chlorophenyl)- 163 32
8,11-Dimethyl N-(2, S-dimethylphenyl)- 170 28
10-Hydroxy N-(p-hydroxyphenyl) - #* 37
9-Fluoro N-(m-fluorophenyl) - 159-160 29

*Not reported.
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cent yield. Metalation at this position provides the only clean-cut
CH3 OCH3 OCH3

oCHeld M. 35000 ; CO0H
0CH3 - OCH3 2) H0, BY € OCHj

II-11

means of entering the position between the two methoxy groups of resor-
cinol dimethyl ether. Further, phenyllithium metalates resorcinol di-
methyl ether (LO) to give a 55 per cent yield of the corresponding alde-
hyde after treatment of the reaction mixture with N-methylformanilide

(I112). ‘ Orientation of lithium at this position would seem to indicate

CH3 OCH3 OCH3
Cgisld | 1 CgHoN(CH3)CHO CHO
[4
OCH3 OCH3 £ OCH3
II-12

that the steric requirements for lithium substitution in the metalation
reaction are not wvery pronounced.

The most frequently used metalating agent of the alkyllithium
compounds is g_fbutyllithinm, because of its ease of preparation, stability,
and high degree of reactivity (4O). The position of metalation can be
identified in a number of ways, but this is most commonly done by converting
the organolithium compound to its carboxylic acid by treatment with car-
bon dioxide. However, by appropriate treatment, the lithium atom may be
replaced by hydroxyl (41), amino (42), halogen (43), formyl (Lhi), acetyl
(45), venzoyl (46), methyl (47), vbenzyl (48), benzhydryl (49), allyl
(48), or substituted hydroxymethyl (50).
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2, Methods of Preparation

Schlenk and Holtz (51) first prepared organolithium compounds
by the action of lithium on dialkyl- and diarylmercury compounds (II-
13). The preparative util:l.ty of this reaﬁﬁion depénds largely upon

R2Hg + 2Li &——2RLi + Hg
II-13
solubility differences between ‘reactants and products. In some specifiec
cases, it is sfill of synthetic value. At present, the maqst widely
used method of preparation, introduced in 1930 by Ziegler and Colonius
(52), involves the reaction of lithium with alkyl or aryl organic halides,
as illustrated in II-1L. Thus, n-butyllithium may be prepared in good
RX + 2Li &==RIL1 + LiX
II-1h

yield (53) by the reaction of an ethereal solution of n-butyl bromide
with 1ithium metal. The me't.;alation work described in this dissertation
involves use of this reagent. | F '

The metal-metal interconversion reaction (54) (II-15) is frequently
used for preparation of specific organometallic reagents, and onc;e ‘again a
reversible process is involved. There is a stx'iki;ng similarity between

 RM 4 R'M! =2R'M + RM'
| ~ II-15

these reactions and the classical ionic reactions of i._norganicv chemistry.
The course of the metal-metal interconvefsion reaction is influenced by
the insolubility of one of the products in the solvex'rh used. Thus,

methyllithium, which is insoluble in benzene, has been prepared utiliszing
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the exchange between ethyllithium and dimethylmercury in this solvent
(55).

Various organolithium compounds, which are unavé.ilable by direct
reaction between a halide and the metal, are readily prepared by means
of the halogen-metal exchange reaction (38), as shown in II-16. For
example, 3-bromopyridine does not react satisfactorily with metallic

RLi + R'X = RX + R'Li
I1-16 )
1lithium but gives 3-pyridyllithium (38) with n-butyllithium in ether at
-35° (II-17).

r Br
n-ClHgLi + @ — @“ + n-C)HyBr

II-17
Several other preparative methods have been evolved throughouf
the years and include the addition of lithium (56) or organolithium com-
pounds (57) to olefinic linkggeé 'a.nd the cleavage of ethers with metallic
1lithium (58). Jones and Gilman (59) have summarized the methods of prepa-

ration of organometallic compounds.

3. Structure

s The chemical oonstitution of organclithium compounds is still quite
obscure. Their solubility in non—pol#r solvents would strongly indicate
that they are not salts. Further, fused ethyllithium does not conduct
electricity, although it gives a conducting solution in diethylzinc. The
latter is due to chemical interaction wit.h} the formation of a complex
salt (38). |
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On the other hand, the non-volatility of these compounds would
indicate that they are not simple monomeric covalent substances. De-
termination of molecular weights of these substances in ether and in
benzene solution (—GO) indicates association (seg Table II), and this,
too, would point toward non-covalency of the coinp&unds. Although a
monomeric alkyllithium molecule would probably be somewhat polar,
{(—{;, dipole interaction is unlikely to be solely responsible for the
observed association and low volatility of organolithium compounds. It
has been shown (38) that highly polar compounds are often more volatile,
for emample aluminum-chloride-diethylether, Glﬁ-%—Etg, whose dipole
moment. is 6.5 D., a value not likely to be exceeded by any alkyllithium,
distils at 147°/11 mm. The corresponding bromide has an association
factor of only 1l.1-1.5 in benzene solution. The fact that 1§?jbhium can
attain a covalency of two or three was recently made apparent by syn-
thesis of complexes such as N PhoLi(OEt)2 © by Wittig, Ludwig, and

Polster (61).

L. Typical Metalation Studies

The use of organolithium compounds as metalating agents dates
from 1928, when it was discovered that ethyllithium reacted with fluorene

‘to produce 9-fluorenyllithium, as shown in II-18, and with other hydro-

H H H Ii

T Yveme — T e

II-18
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DEGREE OF ASSOCIATION OF ORGANOLITHIUM COMPOUNDS IN SOLUTION (60)

Approximate Degree

Compound of Association Solvent
CH3Li 3 Boiling Ether
CoHSIi 6 Freezing Benzene
n-CLH9L4 5 Boiling Ether
E—ChﬁéLi 1 Boiling Benzene
Céﬂsni | 2 Boiling Ether
CSHSCHzLi_ 2 Boiling Ether




20
carbons in a similar manner (58). Since that time, numerous metalation
reactions have been studied in an effort to learn more about orienta-
tion effects, mechanism, effect of varied reaction conditions, and types
of compounds which are particularly susceptible to metalation. These
studies soon pointed out the pronounced tendency of the entering lithium
atom to replace a muclear hydrogen atom ortho to the hetero atom, or a
lateral hydrogen atom (i. e., one attached to a side chain) on a carbon
adjacent to the hetero atom. Thus, n-butyllithium metalates thiophene
in the 2-position (62), dibenzothiophene in the 4-position (63), and
methyl phenyl sulfide on the methyl carbon atom (6&); to give the organo-

metallic compounds, II-19, II-20, and II-2]1, respectively. The téndency

(e O

II-19 II-20 . II-21
of the metalation reaction to produce ortho substitution, usually uncon-
taminated by para or other isomers, distinguishes it from the more
familiar types of substitution and makes possible the preparation of
many products not readily available through other routes.

Different hetero atoms and groups show different activating powers
in the metalation reaction. Some studies have been made to determine the
relative activating influence of various hetero atoms in the metalation
reaction., Competitive metalation (65), or metalation in which equimolar
qua:;tities of two (or more) compounds are allowed to compete for a common

reactant present in insufficient amount for complete reaction, has been
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employed for these studies. The observation that only dibenzofuran is

metalated when a mixture of dibenzofuran and dibenzothiophene is
allowed to react with an insufficient quantity of n-butyllithium (11-

22) indicates that the ether linkage has a greater activating effect in

II-22

metalation than does the sulfide linkage (66). This observation was fur-
ther exemplified by the metalation of phenoxathiin by n-butyllithium (II-

23) which occurs ortho to the oxygen rather than to the sulfur atom (66).

feasi Heae

I1-23

Reéu.lts from several investigations seem to indicate that the sul-
fide linkage activates an ortho posifion toward metalation more strongly
than a tertiary amino linkage. Gilman and Stuckwisch (67) found that
only dibenzothiophene was metalated when equimolar quantities of dibenzo-
thiophene and 9-ethylcarbazole were allowed to compete for an insufficient
quantity of n-butyllithium. Further, they observed that 1-(9-ethyl-
carbazoy)) lithium metalated dibenzothiophene in the L-position, as shown

in II-2);, whereas L-dibenzothienyllithium had no effect on 9-ethylcar-
bazole.
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Gilman, Van Ess and Shirley (68) studied the metalation of 10-
ethyl- and 10-phenylphenothiazine with n-butyllithium and observed that

metalation occurred (II-25) in both cases in the l-position, but in poor

yield.
2H5 F2H5
1) n-ClH9lL = ‘
?
2) 002, H20 et
OOH
6%
6Hs 6Ho
1) n-ClHOIL
2) CO2, H20
3 3) B*
; OCH
9.5%
II-25

Shirley and Goan (69) recently investigated a series of campetitive
metalations in order to substantiate previous observations that. the sulfide
linkage has a stronger activating power toﬁard ortho metalation than does
a tertiary amino linkage. Only thiophene was metalated when an equimolar

mixture of thiophene and N-methylpyrrole was allowed to compete for an in- ‘
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sufficient amount of n-butyllithium (II-26). It was further shown that

o T =22

II-26

thiophene could be metalated by 2-lithio-l-methylpyrrole (II-27), but the

+ o
[ gl T A
: (|3H3

&3

I1-27
reverse reaction did not occur. In a similar manner, it was shown that
only thjanaphthene was metalated when a mixture of thiané.phthene and N-
methylindole was reacted with an insufficient quantity of n-butyllithium,

as illustrated in II¥28. In connection with these studies, N-methylpheno-

i |
'éH3

I1-28
thiazine was metalated with grbutyllithium, and again the site of metala-
tion, as in the cases of N-ethyl and N-phenylphenothiazine, was adjacent
to sulfur, or in the lL-position, as is shown in II—29.‘

fH3 1) n-G)HgLi i3
2) Co2, H20 a
3) Bt £

OCH

‘II-29
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On the other hand, the rule of precedence of sulfur over nitro-

gen in determining position of metalation does not hold for secondary
amines, because phenothiazine itself has been shown to undergo metalation

(70) in the l-position to give, on carbonation, a 52 per cent yield of

phenothiazine-l-carboxylic acid (II-30).

. 1) n-ClHgLd
2) C0p, H20 g
3) B* f
II-30

Further evidence for this type of orientation with secondary
amines was recently observed by Shirley (71) in studying the metalation
of 12H-benzo (g) phenothiazine. It was shown by a series of reactions
outlined in II-32L that metalation of this compound with E-bﬁtyllithium

occurred in the l-position.

HOOC
s ‘ 1) n-CLHSLL H O
‘ O 2) COz, H20_ A
3) H* : or SmI'f 5

N\

_Independent ., . g g—p ,ldentical .
synthesis s

II-31
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5. Theoretical Considerations

A single mechanism capable of explaining the numerous metalation
reactions already accomplished has not yet been proposed. Several con-
flicting mechanisms have been set forth, but no single one is consistent
with the results observed in all metalations. Morton (72) has proposed
an "electrophilic™ mechanism which placed emphasis on the electrophilic
character of the cation of the metalating compound. This mechanism has
met with considerable opposition because of its inability to interpret a
very large percentage of metalation results available.

In 1946, Roberts and Curtin (73) proposed a "nuclepphilic" mechan-
ism which, contrary to Morton's postulation, emphasized the role of the
carbanion of the metalating aéent in determining the course of the re-
action. As the basis for their mechanism, Roberts and Curtin metalated
trifluoromethylbenzene with n-butyllithium. The trifluoromethyl group,
known to be a strong meta director toward electrophilic substitution,
shoqld cause metalation to occur in the meta position if the electrophilic
mechanism of Morton were correct. However, carbonation of the reaction
mixture yielded a mixture of o- and m-trifluoromethylbenzoic acids in an
appfoximgte ratio of five to one, respectivel}‘f. This result, coupled
with previous observations that highly negative substituent groups tended
to cause metalation in a position ortho to the substituent, led Roberts
and Cixrt_.:l.n to the proposal of the "nucleophilic mechanism.® This mechan-
ism postulates an initial coordination of the metallic atom of the meta-
lating agent with an unshared electron pair on the substituent group,

followed by the removal of an o-hydrogen by the anion of the metalating
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agent, as outlined in II-32. The coordination step of this mechanism

:Li:th9 111®
H 1 e

Li
+ n-Cl10
II-32
would be expected to aid the reaction by increasing the polarization of
the carbon-metal bond of the metalating agent and by enhancing the polar-
ization of an adjacent carbon-hydrogen bond on the molecule undergoing
metalation in a manner to facilitate removal of the proton.

However, the "mucleophilic®" mechanism does not satisfactorily ex-
plain a number of apparently contradictory observations. For example,
ltert.-butylbenzene undergoes metalation primarily in the para position
(7h) and this observation is not satisfactorily interpreted on the basis
of the above mechanism. Bryce-Smith (75) has modified the “nucleophilic“.
mechanism set forth by Roberts and Curtin in an effort to explain this
type of metalation reaction. This mechanism retains the idea of :!.nduc-
tive polarization of the carbon to hydrogen bonds of the ring by sub—
stituent groups, but postulates formation of an intermediate four-membered

ring transition state as shown in II-33. Thus, the electron-releasing
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© g x

II-33
effect of the tert.-butyl group would tend to decrease the acidity of
all the ring hydrogens, but the hydrogen atom in the position para to
the tert-butyl group would be least affected, thus promoting metalation
at that position. This mechanism, which combines the ideas of Roberts

and Curtin with those of BryceSmith, has received wide acceptance.



CHAPTER III

DISCUSSION-

A, Synthetic Methods

The series of reactions illustrated schematically in III-1

was used for the synthesis of all 7-(dialkylaminoalkyl)-benzo (c) -
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phenothiagines prepared in this investigation.

III-1

1. N-Phenyl-2-naphthylamines

‘A1l of the N-phenyl-2-naphthylamines prepared as intermediates
in this work have been previously reported. Sinée the synthetio pro-
cedures reported in the literature for preparation of the different
amines varied considerably, it was the initial objective of this in_ves-

tigation to find a satisfactbry, general method for synthesis of all
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the desired N-phenyl-2-naphthylamines. Knoevenagel (32) first employed
iodine as catalyst in preparation of amines of this type, and reported
much higher ylelds of product amine than when iodine was not used.
Knoevenagel'!s procedure involved condensation of a substituted aniline
with p-naphthol, and this general procedure was found to be quite sat-
isfactory in work reported in this dissertation.

After a thorough investigation of reaction variables in synthesis
of the desired N-phenyl-2-naphthylamines, the following procedure was
found to give optimum yields. A mixture of 1.0 mole of PB-naphthol,
approximately 1.3 moles of the appropriately substituted aniline, and
a catalytic amount of iodine was heated under reflux for fifteen to
forty hours. The dark reaction mixture obtained was then fractionated
by distillation in vacuo and the product crystallized from an appropriate
solven‘tf.

One method of isolating the substituted N-phenyl-2-naphthylamines
after the appropriate heating period has been described by Buu-Hol' (28,
76) in current chemical publications. It consists of extracting the
dark reaction product with benzene, washing with aqueous sodium hydroxide,
and drying the benzene extracts over sodium sulfate. After removal of
the solvent, the residue is fractionated by distillation under vacuum.
In the work reported in this dissertation, it was found more convenient.
to fractionate directly the dark reaction mixture, thus avoiding
emulsions which were encountered while using the above procedure.

A few other experimental observations recorded during a study of

the conditions of this condensation reaction are worthy of mention. The
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amount of iodine employed as catalyst did not have an observable effect
on the yields of N-phenyl-2-naphthylamines obtained. On the other hand,
the effect of the,;-atio of concentrations of substituted aniline and B-
naphthol on the yield of secondary amine was quite proncunced. For
example, when a mixture of equimolar amounts of 2,5-dimethylaniline
and B-naphthol was heated under reflux for either eighteen or thirty-
five hours (using iodine catalyst), a 21 per cent yield of N-(2,5-di-
methylphenyl)-2-naphthylamine was obtained. However, reflux of a mix-
ture of 2,5-dimethylaniline and B-naphthol, in a molar ratio of approxi-
mately 1.3 to 1.0 for twenty-four hours, gave a 50 per cent yield of
product.

Periods of reflux, ranging from fifteen to forty hours, were em-
ployed. The optimum heating period for a specific amine was determined
by "trial and error" although this particular reaction variable was
much less important than the reactant concentrations employed. It was
found desirable to allow escape of water vapor formed during the reac-

tion. This was accomplished by use of an air condenser.

2. TH-Benzo [c] phenothiazines

The reaction of N-phenyl-2-naphthylamines with sulfur using iodine
catalyst, referred to as thionation, is a reaction quite sensitive to
varied experimental conditions. The effects of variations in tempera-
ture, reastion time, method of product isolation, etc. are quite pro-
nounced. Roe, Montgomery, Yarnall, and Hoyle (29) recently reported
the experimental conditions for preparation of 9-fluoro-7H-benzo [c) -

phenothiagine, and indicated that several other runs under slightly
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different conditions gave none of the desired product.

Each substituted TH-benzo (c] phenothiazine prepared in this work,
even 1f previously reported in the literature, required several prepa-
rative attempts in order to select the most satisfactory set of experi-
mental conditions. The effects bf_temperature and reaction time are
illustrated for each substituted 7H-benzo [c) phenothiazine by data
appearing in Chapter IV (for example, see Tables III and V). The use
of chromatography over "Florisil" adsorbent aided in purification of
some of the substituted TH-benzo (c] phenothiazines. However, this puri-
fication technique was somewhat limited in usefulness since only a few
grams could be conveniently chromatographed in one operation, and larger
quantities of the purified 7TH-benzo (¢) phenothiazines were necessary for
subsequent reagtions. .

In thionaﬁion reactions, an important question is the proper
length of the heating period. An initial, vigorous evolution of hydro-
gen sulfide followed by a steady (and much slower) evolution is char-
acteristic of the reaction. After a certain length of time, usually
only a few mimates, the evolution of hydrogen sulfide (bubbling of the
reaction mixture) ceases,and it is at this point that the reaction should
be stopped. Further heating seems to promote tar formation, resulting
‘in a considerable loss of product. On the other hand, an insufficient
heating period results in incomplete conversion of reactants to product,
and separation of unchanged starting materials from product may be

quite tedious.
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For preparation of several of the desired 7-(dialkylaminocalkyl)-
benzo (c) phenothiazines, a large supply of 7TH-benzo [¢]) phenothiazine was
necessary. Kym (23) first reported the preparation of this compound
by heating a mixture of sulfur and N-phenyl-2-naphthylamine, but iodine
was not utilized as catalyst and consequently a heating period of five
hours was necessary. Kehrmann and Dardel (77) prepared this compound
by heating a mixture of sulfur, N-phenyl-2-naphthylamine, and iodine
in vacuo. A modification of this procedure was found most desirable in
this ﬁork, since attempts to carry out this preparation in vacuo, as de-
scribed by Kehrmann and Dardel, were not completely satisfactory. For
example, the solid reactants, when heated in vacuo, tended to sublime
from the reaction mixture and caused considerable "clogging" of the
rubber tubing connected to the apparatus. It was found most satisfactory
sinpl& to heat the reactants (under the hood) in a round-bottom flask,
using a Wood'!'s metal bath for. accurate temperature control.

Thionation of N-phenyl-2-naphthylamines substituted in the meta
position of the phenyl groﬁp can lead to two products, since ring-closure

can occur ortho or para to the substituent (III-2). Earlier workers in

4 25, Ip S '
0002000 -
; L g

X = substituent

III-2
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the phenothiazine series have carefully examined situations in which
thionation could lead to two isomeric products, and this work clearly
demonstrated (7,78,79,80) that thionation occurred predominately para

to the substituent (III-3). The application of infrared spectra in

O =200 - QU
X = substituent Lh-isomer 2-isomer
(major product)
ITI-3
assigmment of the particular structure has proved rather successful.
For example, the isomer showing a band at about 12.2 microns was con-
cluded to be the 2-isomer since 1,2, h-trisubstituted benzenes show a char-
acteristic deep band in the region 12.0-12.5 micromns (7,78,79). On the
other hand, the isomer showing a ba.nd at about 12.7 microns was assigned
a structure corresponding to the l-isomer, since 1,2,3-trisubstituted
benzenes exhibit a characteristic deep band in the region 12. 5-;13.15 mi-
crons (7,78,79).

The structure of each substituted 7H~benzo (c) phenothiazine reported
in this dissezftation is indiecated by its method of preparation with the
exception of 9-chloro-TH-benzo (¢) phenothiazine. Thionation of N-(m-
chlorophenyl)-2-naphthylamine could lead to two isomeric products, but
Knoevenagel (32) reported that only one product was obtained. Thionation
of N-(g—chlorophenyl)-2-naphthylamine in this investigation gave the
same product reported by Knoevenagel, as indicated by identical melting

points, and this product was the only one isolated from the reaction.
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Application of infrared spectra to the structural problem in-

volved in thionation of N-(g-chlorophervl)-i’—naphthylgnﬂne unfortunately
did not provide an unequivocal answer to the problem. TH-Benzo (¢]) -
phenothiagine itself shows a sharp band at 12.4 microns (attributed to
B-naphthalene (81) substitution), and this band simply broadens in the
chloro-substituted compound with no new bands appearing in the 12-13
micron region. Thus, evidence fram infrared spectra for the structure
of the proposed 9-chloro-TH-benzo (c) phenothiazine cannot be presented,
and the structure indicated should be regarded as tentative. However,
in view of the evidence presented for preferential para ring closure
in similar thionation reactions in the phenothiazine series (7,78,79,
80), assigmment of the structure corresponding to 9-chloro-TH-benzo (c) -

phenothiazine seems quite logical.

3. T7-(Dialkylaminoalkyl)-benzo [¢) phenothiazines

The desired 7-(dialkylaminoalkyl)-benzo (c) phenothiazines were pre-
pared by conventional condensation methods (9) in yields ranging from
O to 63 per cent. These condensations involved reaction of Substituted
TH-bensgo (¢) phenothiazines with various dialkylaminoalkyl chlorides in
xylene or toluene in the presence of freshly-prepared sodamide. All of
the N-alkylated benzo (c) phenothiazines reported in this dissertation were
highly viscous yellow or yellow-orange oils with a characteristic green
fluorescence.

Several N-alkylation reactions on TH-benzo (¢) phenothiazine were

carried out employing modified reaction conditions before a satisfactory
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procedure was found. Use of a large excess of dialkylaminoalkyl chlo-
ride in this reaction greatly improved the yields of 7-(dialkylamino-
alkyl)-benzo (¢) phenothiazines. Further improvement of yields resulted
from use of a short Vigreux column in distillation of the products.
Usually, a single distillation of the crude product through the Vigreux
coluﬁn was sufficient for purification of the N-alkylated materials,
whereas two or three distillations were necessary when this column was
not employed.

One of the most critical factors in the condensation reaction in-
volved the time of rgflux required for complete formation of the N-sodio
salt of the TH-benzo (c] phenothiazine. If complete formation of the N-
sodio salt is not allowed, competition occurs between the TH-benzo (c] -
phenothiazine and the dialkylaminoalkyl chloride for the sodamide pres-
ent, resulting in reduced yields of 7-(dialkylaminoalkyl)-benzo [¢) pheno-
thiazines. About one hour was~usualLy required for complete formation
of the N-sodio salt, but this time varied some depending upon the par-
ticular substituted 7H-benzo [c) phenothiazine used. The formation of
this salt was conveniently followed by observation of the ammonia evolved
in the process.

The role of the reaction solvent should also be noted. Mixed
xylenes (b.p. about 138°) seemed to be quite satisfactory for all con-
densations except those involving use of 2-dimethylaminoethyl chloride.
The boiling point of this particular chloride (b.p. 108-109°) made it
desirable to employ toluene (b.p. 111°) as solvent medium rather than

the higher-boiling xylene, The effect of reaction solvent on the yield
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of 7-(2-dimethylaminoethyl)-benzo () phenothiasine is illustrated in
Table IV of this dissertation (see page 51).

Picrate derivatives or quaternary salts with methyl iodide were
prepared for further characterization the 7-(dialkylaminoalkyl)-benzo-

" [¢) phenothiazines.

B. A Study of the Metalation of TH-Benzo (c] phenothiazine With

n-Butyllithium

l. Significance

The synthetic usefulness of the metalation reaction has already
been discussed in Chapter II. During the course of this research, it
became of interest to metalate TH-benzo (¢] phenothiazine with n-butyl-
lithium in order to determine the potential synthetic utility of the meta-
lation reaction toward future synthesis of substituted TH-benzo (c) -

' phenothiazines.

As indicated in Chapter II, metalation has been observed to occur
ortho to nitrogen rather than to sulfur in a heterocyclic system con-
taining both the sulfide and secondary amine linkages (70,71). The
metalation of TH-ben3zo [c] phenothiazine was of some further interest
since it would provide additional information as to the relative activ-
ating effects of heterocyclic sulfur and nitrogen atoms in systems of
this type. It would also be of interest to observe whether the benzene
ring or the naphthalene ring became the primary site of metalation.

Most of the substitution reactions of naphthalene (82) occur in

the more active l-position, i. e., halogenation, nitration, etc. Con-
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trolled sulfonation provides the principal method for introducing a
functional group into the less-active 2-position. However, metalation
of naphthalene (63) with n-butyllithium gave a 20 per cent yield of a

mixture of 1- and 2-naphtheic acids (III-4). The l-naphthoic acid was

COOH
1) n-GhHgLi
2) .602, H2 + OOH

III-4
present in the larger amoynt. Metalation of l-methoxynaphthalene (83)
gave a 20-25 per cent ;rield of l-methoxy-2-naphthoic acid (III-5).

Q HB 1) n-CjHgLi
2) coz, HzO OOH ‘

II1-5

Metalation in the 2-position is not surprising since metalation might .
be expected to occur next to the methoxy group. However, when 2-methoxy-
naphthalene was metalated (83), the position of attack was in the 3-

position rather than in the l-position (III-6), giving a 50 per cent
1) n-GhHgLi

e Ol

I111-6

yield of 2-methoxy-3-naphthoic acid. Thus, reaction of TH-benzo (c] -

phenothiazine with n-butyllithium would afford an opportunity for meta-
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lation to occur in either an a- or B-position of the napthalene ring.
It would be of interest to compare the result of this metalation with
those obtained from metalation of naphthalene and its 1l- and 2-methoxy

derivatives.

2. Experimental Results

The metalation of TH-benzo (¢) phenothiazine was accomplished with
an excess of n-butyllithium. Carbonation of the reaction m:lxt;ure gave
an orange-brown acidic material having a neutralizatidn equivalent of
approximately 304. The neutralization equivalent calculated for a
monocarboxy-TH-benzo [¢) phenothiazine is 293.3. Purificlza‘bion of this
crude acidic material gave a L1 per cent yield of orange-red needles
melting at 292-295° with decomposition. Subsequent recrystallizations
with considerable loss raised the melting point to 300-301° with de-
composition. The neutralization equivalent of the product was 296. Ele-
mental analytical values for this acid agreed with the empirical formula
C17H11NO2S, which corresponds to a monocarboxy-7H-benzo [c] phenothiazine.
A methyl ester which melted at.150-151° was prepared (III-7) from the
acid and diazomethane in almost quantitative yield. The elemental ana-
lytical values for this ester agreed with the empirical formula C18H13NO2S,
which corresponds to a monocarbomef:hom—'{H-benzo (c) phenothiazine.

The position of metalation in the benzophenothiazine nucleus
was established by desulfurization (8l4) of the acid (m.p. 292-295° with
decomp_osition) with Raney nickel (III-7). The melting point and infrared

spectrum of the product obtained from the desulfurization reaction were



1) n-GLHOLL |
2) T0z, H20

)

III-7

identical with the melting point and infrared spectrum of a synthetic
sampie of N-phemyl-3-amino-2-naphthoic acid, prepared according to a

modification of the procedure (III-8) of Schépff (85).

O - LD == QL
NH2 H = e : x
H
III-8
A sample of N-phenyl-3-amino-2-paphthoic acid obtained from the
desulfurization of 6-carboxy-TH-benzo (¢) phenothiazine was heated with

an excess of polyphosphoric acid to give (III-9) a 90 per cent yield of

benz (b) acridone, m.p. 304-305°. Benz (b acridone, m.p. 304-305°, was
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III-9

also‘obtained (III-9) by reaction of polyphosphoric acid with a sample
of N-phenyl-3-amino-2-naphthoic acid synthesized from am‘.iine and 3-
hydroxy-2-naphthoic aéid. Infrared spectra of both éamples of benz (b) -
acridone obtained from the different samples of N-phenyl-3-amino-2-
naphthoic acid (synthetic and desulfurization product) were‘ identical..
Albert; Brown, and Duewell (86) reported the melting point of benz [b) -
acridone as 303°.

Had TH-benzo (¢] phenothiazine been metalated in the 8-position
(the position ortho to nitrogen in the benzene ring) in any detectable
amount, then N-(o-carboxyphemyl)-2-naphthylamine should also have been
isolated as a product of the R;ney nickel desulfurization reaction, as

shown in III-10. A synthetic sample of N-( g-cuboquherwl)-Z-mﬁhﬂwl-
1) n-ClHoLi
2) 302. H20 a
3 R
oon B

COOH H

III-10
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amine was prepared (III-1l) according to the procedure of Ullmann and

- ROH-Q, 00

III-11

00K

Rasetti (87). The product (white needles) melted at 210-211°, whereas
Ullmann and Rasetti reported the melting point as 212°. The infrared
spectrum (and melting point) of this acid were not identical with the
melting point and infrared spectrum of the N-phenyl-3-amino-2-naphthoic
acid obtained from a Raney nickel desulfurization of the TH-benzo (g) -
phenothiazine metalation acid.

As only one product, N-phenyl-3-amino-2-naphthoic acid, was iso-
lated each time the Raney nickel desulfurization reaction was carried
out, it was concluded that metalation of TH-benzo [c) phenothiazine occurred
primarily in the 6-position. In one case, a Raney nickel desulfurization
of the crude metalation acid (obtained directly from carbonation of T7H-
benzo (¢) phenothiazine) was carried out, and also yielded only N-phemyl-
3-amino-2-naphthoio acid, but in very poor yield. The poor yields (2L
per cent or less) are partially attributed to adsorption of product
(or reactant) on the surface of the rather large amount of Raney nickel
present in the reaction mixture.

It is of interest at this point to note tha1:. treatment of N-(_g-
carboxyphenyl)-2-naphthylamine with polyphosphoric acid could lead to

both benz (&) acridone and benz (b) acridone (III-12). Ullmann and Rasetti
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benz (a) acridone benz (b) acridone

) ITI-12
(87) reported that only benz (@) acridone, m.p. > 360°%, was obtained when
N-( g—oarboxyphenyl)-Z-gnphthylmrdne was heated with phosphorous penta-
chloride and aluminum chloride. Evidence for assignment of the struc-
ture benz (a) acridone tol the product was based on reduction of the com-
pound to benz () acridine and comparison of physical properties with
those given previously by Ullmann and Baezner (88) for benz (a) acridine.
‘In work reported in this dissertation, treatment of N-(o-carboxyphenyl)-
2-naphthylamine with polyphosphoric acid gave an 89 per cent yield of

benz (&) acridone, m.p.> 360°.

3. Interpretation of Results

The results of metalation of TH-benzo (¢) phenothiazine with n- -
butyllithium were highly satisfactory in. terms of the potential syxithetic
utility of this reaction. Since metalation occurred in the 6-position,
which is a B-position of the naphthalene ring, this reaction will afford
a method of introducing several different substituents at this position.
The 6-position of TH-benzo [c) phenothiazine would certainly be difficult

to reach by use of other chemical reagents.
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The results of metalation of TH-benzo (c) phenothiazine with n-
butyllithium afford further evidence that the rule of precedence of
sulfur over nitrogen (LO) in determining the position of metalation
apparently does not hold for secondary amines. Thus, TH-benzo [c] -
phenothiazine, like phenothiazine (70) and 12H-bengzo [a) phenothiazine
(71), was metalated in a position ortho to nitrogen rather than ortho
to sulfur. t

The micleophilic mechanism set forth by Roberts and Curtin (see
pages 25-26 of this dissertation) appears to explain satisfactorily the
results of metalation of TH-benzo (c) phenothiazine with n-butyllithium.
However, it should be pointed out that in metalation of aromatic sec-
ondary amines, such as TH-benzo (c) phenothiazine, the first equivalent
of' n-butyllithium is consumed in replacing the active hydrogen atom of
the nitrogen with lithium., Thus, in these cases, the species actually
metalated is the N-lithio salt of the compound. Application of the
mechanism of metalation proposed by Roberts and Curtin to the case of

TH-benzo (¢) phenothiazine is shown in III-13. The postulation of forma-




g
tion of the six-membered-ring transition state is particularly attrac-
tive since it places the anion in a favorable position to remove the
ortho hydrogen.

A satisfactory explanation for metalation in the 6-position of
TH-benzo (¢] phenothiazine rather than in the 8-position, which is also
ortho to nitrogen, cannot be given. It appears that the six-membered-
ring transition state shown in IIT-13 could be formed just as easily
by utilizing the 8-position.



CHAPTER IV
EXPERIMENTAL*
A. Synthesis of 7-(Dialkylaminoalkyl)-benzo (¢] phenothiazines and
Reaction Intermediates

The following abbreviated structural formulas represent types of
compounds synthesized in thigs investigation. Frequent reference will
"be made to these structures as an aid in clarification of chemical namen-

clature.

R,

koL

i

1

*Me. melting and boiling points are not.corrected.

Melting points were determined with a Kofler micro hot stage
apparatus, unless indicated otherwise. 3§

Elemental microanalyses were performed by the Weiler and Strauss
Microanalytical LabGtratory, Oxford, England.
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1. T7H-Benzo Lc] phenothiazine (Structure II: Rj=R2=R3=R);=H)

A modification of the procedure of Kehrmann and Dardel (77) was

used in preparing this compound. A mixture of 21.9 g. (0.l mole) of N-
phenyl-2-naphthylamine®, 6.42 g. (0.2 mole) of sulfur, and 0.25 g. of
iodine was heated at 175-180° for twenty‘minutes in a Wood's metal bath,
The warm mass was then dissolved in the minimum quantity of boiling ace-
tone. The acetone extract was filtered and then concentrated to a volume
of about 4O-50 ml. on a steam bath. Approximately 150 ml. of benzene was
added to the acetone solution aftér which the remainder of the acetone
was removed by evaporation. The benzene extract was theh concentrated
to a volume of approximately 70 ml. and placed in the cold room to allow
crystallization of the product. The crude yellow solid thus obtained
was collected by filtration and recrystallized from benzene to yield 1L.9
g. (61 per cent) of pure 7H-benzo [cjphenothiazine, m.p. 186-1810. Kehrmann
a.hd Dgrdel (77) report a melting point of 178° for this compound.

~ Other runs employ;J.ng different reaction conditions gave yields of
7H—benzo.[cj phenothiazine ranging from U6 to 60 per cent. The effect of
varied reaction conditions on the yield of 7H-benzo (¢] phenothiazine ob-

tained is illustrated in Table III.

2. N,N-Dialkylaminoalkyl Chlorides

@il of the dialkylaminoalkyl chloride hydrochlorides used were ob-

tained commereially except 2-diethylaminoethyl chloride hydrochloride

¥Eastman White Label Grade, m.p. 108-109°, was used.



TABLE III

EFFECT OF VARIED REACTION CONDITIONS ON THE YIELD OF TH-BENZO (c] PHENOTHIAZINE

Solvent Used No. of Recorystal- ' Melting
Reaction Reaction to Extract lizations Required Solvent for Point of
Temperature Time Crude on Extracted Recrystalli- Product Yield
(°0) (Mins.) Product Product zation (°c) (Per Cent)
180 35 Benzene 1 Acetone- 178-179 L6
: Ligroin
| (bapo 60"750 ) -
180-190 Lo 95 Per Cent Ethanol® 1 Benzene 177 -179 L8
178-182 15 Acetone - Benzene 180-181 55
180-190 60 9% Per Cent Ethanol 1 Benzene 178-179.5 5s
170-173 20 95‘ Pex; Cent Ethanol 2 Benzene 178-179 55
178-182 20 Acetons 1 Benzene 179-180 57
180 25 Acetone—95 Per Cent 1 Benzene 180-181 60

Ethanol

- o
pracremmen -

%en 95 per cent ethanol was used to extract the crude product, the subsequent step always
involved the addition of water to precipitate the crude 7H-benzo [¢) phenothiazine.

L
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which was prepared by the procedure of Slotta and Behnisch (89). The
freevbases were prepa;ed from the hydrochlorides by the procedure of
Gilman-and Shirley (10).

a., 2-Diethylaminoethyl chloride hydrochloride. To a chilled

(ice bath) solution of 156 g. (1.32 moles) of 2-diethylaminoethyl alco-
hol in 1500 ml. of benzene was added a solution of 321 g. (2.7 moles)
of thionyl chloride in 300 ml. of benzene. The mixture was stirred
rapidly throughout the addition period. The contents of the flask were
refluxed for two hours on a water bath, cooled and filtered. There was
obtained 213 g. (95 per cent) of the white hydrochloride.

b. 2-Diethylaminoethyl chloride. One hundred grams (0.58 mole)

of the above hydrochloride was dissolved in the minimum amount of boil-
ing water and then treated with 150 ml. of 4O per cent aqueous sodium
hydroxide. The liberated chloride was extracted with 500 ml. of ether.
The ethereal extract was dried with anhydrous sodium sulfate and dis-
tilled. The material boiling at 146-147° was collected, diluted with

50 ml. of dry xylene® and stored in the cold room. The yielc} of color-
less liquid product was 55 g. (70 per cent). |

Other dialkylaminoalkyl chlorides used were obtained from the cor-

responding hydrochlorides by this same procedure.

#A11 of the dialkylaminoalkyl chlorides employed in this inves-
tigation tended to dimerize on standing. To minimize this reaction, the
free bases were diluted with dry xylene and stored in the cold room.



L9

3. Sodamide

A modification of Vogel's suggested procedure (90) was used to
prepare all sodamide employed in this investigajbion. In a 500-ml.,
three-necked flask having ground joints and equipped with a removable
giass stopper, a ball-joint stirrer and a"Dry-Ice" condenser, was
placed approximately 100 ml. of liquid ammonia. Sufficient sodium to
produce a permanent blue color was added, then one very small crystal
of ferric nitrate was added followed by the remainder of the 0.9 g. of
sodium (thirty minutes). Following the addition of the last piece of
sodium, stirring was contimued until the mixture turned into a grey
suspension. The ammonia was then evaporated by means of a water bath,
during which sufficient anhydrous xylene (or toluene) was added through
a dropping funnel in order that the volume of liquid remained at about
100 ml. After complete removal of the ammonia, the sodamide suspensioh
was stirred and warmed on the .steam bath fof'five minutes, and then
cooled to room temperature. The sodamide thus prepared was used immedi-
ately in subsequent reactions. A theoretical yield may be assumed in

the sodamide preparation (90).

L. 7-(2-Dimethylaminoethyl)-benzo (¢) phenothiazine (Structure III:

x=2; R=CH3; R1=Rp=R3=R),=H)

This compound was prepared according to the procedure of Talukdar
and Shirley (9 ) employing only minor modifications. Freshly prepared
sodamide (0.09 mole), contained in a 500-ml., three-necked flask equipped .
with a ball-joint stirrer and dropping funnel, was covered with 80 ml.

of dry toluene. To this warm suspension was added 20 g. (0.08 mole) of



50
powdered TH-benzo (¢) phenothiazine. A wine color developed immediately
upon addition of the benzophenothiazine, and the resulting mixture was
refluxed with stirring for 1.25 hours (no more ammonia evolution detected),
after which 11.8 g. (0.11 mole) of dimethylaminoethyl chloride in 10 ml.
of dry toluene was added over a period of forty minutes. During addition
of the chloride solution, the wine color of the suspension gradually dis-
appeared and was replaced by a yellow-green color. After one further hour
of reflux, the solution was cooled in an ice bath, and an excess of 10
per cent acetic acid solution was added. The resulting layers were sepa-
rated, and the toluene layer extracted twice more with 10 per cent acetic
acid solution. The combined acid extracts were washed once with toluene
and then basified with 4O per cent aqueous sodium hydroxide solution. The
dark oil which separated was extracted several times with ether. The
ether extracts were combined and dried with anhydrous sodium sulfate.
After removal of the ether on a steam bath, the dark oily residue was
distilléd in vacuo, yielding 15.0 g. of crude, viscous oil, b.p. 235-
240°/0.5 mm. Redistillation of this crude oil yielded 11.0 g. (43 per
cent) of highly viscous, yellow-orange oil, b.p. 212-214°/0.2 mm.

Anal. Caled. for CgoHpoN2S: C, 7L.96; H, 6.293 N, 8.7L.
Found: C, 75.093 H, 6.103 N, 8.80.
Several modifications of this procedure gave ylelds ranging from
23 to 39 per cent. Pertinant experimental details for these other runms
are listed in Table IV.



TABLE IV

EFFECT OF VARIED REACTION CONDITIONS ON THE YIELD OF 7-(2-DIMETHYLAMINOETHYL)-BENZO (c) PHENOTHIAZINE

Reflux Time
Reflux Time#* Required
Moles of for N-sodio After Acid Used
Benzo (¢) Moles of Moles of Salt Chloride in Work-Up B.P. of-" Yield
phenothiazine Chloride Sodamide Formation Additien Reaction ‘of Product (Per
Used Used Used _(Mins.) (Hrs.) Solvent  Product (°c) Cent)
0.035 0.037 0.038 15 2.5 Xylene 5 per cent 220-230 23
hydrochlo- at
ric acid 0.3-0.5
mm.
0.036 0.102 0.042 30 L Xylene S per cent 212-21l 25
hydrochlo- at
ric acid 0.2 mm
0.0l 0.050 0.043 90 2.5 Xylene S per cent 212-21); 3L
hydrochlo- at
ric acid 0.2 mm.
0.040 0.055 0.04S 75 0.5 Toluene 10 per cent 212-21) 39
; ' acetic acid at
0.2 mm.,

#*This represents(the time of reflux from
chloride. addition.

addition of benzophenothiazine up to the beginning of

A48



52

5. T7-(2-Dimethylaminoethyl)-benzo (¢) phenothiazine Methiodide

The proeedure followed was similar to that given by Shriner and
Fuson (91). An excess of methyl iodide was added to an ethereal solu-
tion of 7-(2-dimethylaminoethyl)-benzo [c) phenothiazine. The solution
was then warmed on a steam bath and placed in the cold room. The white
solid which precipitated was collected by filtration and melted at 220.5-
221°. The crude methiodide was recrystallized from a hot 95 per cent
ethanol solution by add;Lng sufficient ether to prbdt;ce slight cloudiness
and chilling the solution. The faint yellow glassy crystals obtained
melted at 231-233°. A subsequent recrystallization from the same solvent
mixture did not alter the melting point. .

Anal. Caled. for C21H23IN2S: C, 5L.5hs H, 5.013 N, 6.06.

Found: C, S5L.50, SL.49; H, L.84, 5.23; N, 5.95, 5.70.

6. 7-(2-Dimethylaminoethyl)-benzo [c] phenothiazine Picrate

The procedure is that of Shriner and Fuson (91) g -A saturated solu-
tion of 0,5 g. of 7-(2-dimethylaminoethyl)-benzo () phenothiazine in 95
per cent ethanol was prepared and filtered. The filtrate was added to 10
ml, of a saturated solution of picric acid in 95 per cent ethanol, and
the resulting solution was heated to boiling. The solution was allowed
to cool slowly. The crude orange solid thus obtained wz;.s recrystallized
twice from 95 per cent ethanol, yielding yellow crystals of the picrate,
m.p. 222-224°.

Anal. Calcd. for 026H23N507S: N, 12.7k.

Found: N, 12,60 and 12.95.
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7. T7-(3-Dimethylaminopropyl)-benzo [6] phenothiazine (Structure III:

x=33 R=CH33 Ry=R2=R3=R)=H)

A suspension of freshly prepared sodamide (0.115 mole) in xylene (9)
was heated under reflux and stirred during addition of 27.4 g. (0.11
moie) of powdered TH-benzo (¢) phenothiazine. Immediately the character-
istic red N-sodio salt formation was observed. The red suspension was
refluxed with stirring for 1.5 hours, after which the 3-dimethylaminopropyl
chloride in 15 ml. of dry xylene was added over a period of forty-five
minutes. The mixture was then further refluxed with continued stirring
for ten hours. The reaction mixture was cooled in an ice bath and then
extracted 3 times with 5 per cent aqueous hydrochloric acid solution.
The acid extracts were combined, washed with ether, and then basified with
sodium hydroxide pellets. The basic solution was extracted with ether
during which an emulsion was encountered. The emulsion was broken with
benzene. The ether-benzene extracts were dried over anhydrous sodium sul-
fate and then both solvents were removed on a steam bath. Distillation
in vacuo of the residual oil yielded 16.7 g. of yellow oil, b.p. 235-2L4°/
0.35 mm., largely at 240-244°/0.35 mm. The crude oil was redistilled to
give a viscous yellow oil, b.p. 219-221°/0.2 mm., of which 1L4.7 g. (LO
per cent) was obtained.

Anal. Caled. for CpjHpoNpS: C, 75.l1; H, 8.38; N, 6.63.

Found: C, 75.53; H, 8.30; N, 6.61.

8. 7-(3-Dimethylaminopropyl)-benzo (¢) phenothiazine Methiodide

This derivative was prepared in the usual manner (91). Two recrys-

tallizations of “the crude material from a 95 per cent ethanol and ether
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solvent mixture gave faint yellow crystals, m.p. 238.5-240°.

Anal. Caled. for Co2H25IN2S: C, 55.463 H, 5.29; N, 5.88.
Founds C, 55.31; H, 5.66; N, 5.61.

9. 7-(3-Dimethylaminopropyl)-benzo (¢] phenothiazine Picrate

This picrate was prepared in 95 per cent ethanol solution as pre-
viously described (91). After recrystallization from 95 per cent ethanol,
the yellow picrate melted at 177-178°.

Anal. Caled. for C27H25N507S: N, 12.43. Found: N, 12.35, 12.60.

10. 7-(2-Diethylaminoethyl)-benzo [¢] phenothiazine (Structure IIIs x=23

R=C2Hgs Rj=R2=R3=R)=H)

To a reflwdng and stirred suspension of 0.15 mole of freshly pre-
pared sodamide in xylene (9) was added 30.0 g. (0.12 mole) of TH-benzo (g] -
phenothiazine. The suspension was refluxed for one hour, after which 30.0
g. (0.22 mole) of 2-diethylaminoethyl chloride in 30 ml. of xylene was
added over a period of forty-five minutes. The reaction mixture was then
refluxed with stirring for 0.5 hour, and then stirred (without reflux) for
another 2.5 hours. After cooling the reaction mixture, 10 per cent acetic
acid was added and the’ fesulting layers were separated. The xylene layer
was extracted twice more with 10 per cent acetic acid. The acid extracts
were combined and then basified with LO per cent sodium hydroxide solution.
The basic solution was extracted 3 times with ether. The ethereal extracts
were combined and washed 5 times with water. After removal of the ether,
the oily residue was distilled in vacuo and the product collected at 208-

214°/0.08 mm., the main portion coming over at 210-212°9/0.08 mm. The
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crude product was redistilled to yileld 25.1 g. (60 per cent) of yellow-
orange oil, b.p. 210-212°/0.08 mm.

Anal. Calcd. for C22H2N2S: C, 75.82; H, 6.94; N, 8.0L.
Found: C, 75.88, 75.L49; H, 6.56, 6.463 N, 7.85, 7.61.

11. 7-(2-Diethylaminoethyl)-benzo (¢) phenothiazine Picrate

A picrate derivative of the above compound was prepared (91) in
95 per cent ethanol. Recrystallization of the crude compound from 95 per
cent ethanol gave a golden yellow solid, m.p. 152.5-153.5°.

Anal. Calcd. for C28H27N507S: N, 12.13. Found: N, 12.05, 12.20.

12. N-SB-Tolyl)-Z-nqphthylamine (Structure I: R1=R2=R),=H; R3=CH3)

'Fhe general procedure followed was that given by Knoevenagel (32).
Thus, ra.mixture of 160.7 g. (1.5 mole) of p-toluidine, 144.2 g. (1.0 mole)
of B-naphthol, and 3.0 g. of iodine was heated under reflux for forty-two
hours. Upon cooling,the reaction mixture solidified into a hard, solid
mass. This mixture was fractionated i_x_x vacuo to yield 122.8 g. of amine,
b.p. 218-219°/3.5-3.7 mm. The crude amine was then recrystallized from 95
.per cent ethanol to yield 106.7 g. (L6 per cent) of faint yellow solid,
m.p. 102-103°. Merz and Weith (92) report m.p. 102-103°.

Several other runs employing different reaction conditions gave

lower yields of the desired product.

13. 10-Methyl-7H-benzo [c) phenothiazine (Structure II: R1=R2=R)=H; R3=CH3)

a. Run 1. The procedure of Ackermann (31) was employed. A mixture
of 10 g. (0.0L3 mole) of p-tolyl-2-naphthylamine (m.p. 103-104°), 2.8 g.
(0.087 mole) of sulfur and a small iodine crystal was heated at 175-180°
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in a 100-ml., round-bottom flask for twenty minutes. The reaction mix-

ture was cooled to about 110° and at this temperature sufficient toluene
was added to dissolve the reaction mixture. ‘As the toluene solution
cooled, the product crystallized and was removed by filtration. After
washing with cold petroleum ether (b.p. 30-60°), the yellow product
melted at 188-190° and was sufficiently pure for subsequent reactions.
The yield was 6.8 g. (60 per cent). Subsequent recrystallizations from
chlorobenzene and toluene raised the melting point to 192-193°. Ackermamm
reports the melting point to be 182° (31).

Anal. Calcd. for G17H13NSs C, 77.55; H, L.98; N, 5.32.

Found: G, 77.20, 77.263 H, L.81, 5.113 N, 5.08, 5.12.

b. Run 2. A’procedure involviné heating the reactants at 175-180°
for thirty minutes with the same work-up as in (a) gave a yleld of 53 per
cent.

- ¢. Run 3. Reaction at _l75° for fifteen minutes with the same work-
up as in (a) gave a yleld of 54 per cent.

d. Run L. Identical procedure as in (a) was followed except the
work-up was modified. The ' crude product was extracted with a benzene and
acetone mixture. After removal of the acetone on a steam bath, the resi-
dual benzene solution was treated with "Norit-A" decolorizing carbon, fil-
tefed, and the filtrate was placed in the cold room to allow crystalliza-
tion of the product. The 24.0 g. of crude product obtained was recrystal-
lized from benzene to give 20.0 g. (L8 per cent) of yellow solid, m.p. 188-

190°.
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14. 10-Methyl-7-(3-dimethylaminopropyl)-benzo (¢) phenothiazine

(Structure III: x=3; R=CH3; Rj=R2=R)=H; R3=CH3)

To a stirred suspension of 0.075 mole of sodamide in 60 ml. of
dry xylene was added ( 9) 16.43 g. (0.07 mole) of 10-methyl-TH-benzo (¢ -
phenothiazine, followed by 15 ml. of additional dry xylene to wash in the
benzophenothiazine. The characteristic wine color of the N-sodio salt
was again observed. The suspension was refluxed and stirred for one
hour, after which approximately 11.0 g. (0.09 mole) of 3-dimethylamino-
propyl chloride in 15 ml. of xylene was added,over a period of forty-
five minutes. The solution was then refluxed with continued stirring
for 1.5 hours. The cooled solution was extracted 3 times with 10 per
cent acetic acid and once more with 5 per cent hydrochloric acid. The
combined acid extracts were washed once with xylene and then basified
with sodium hydroxide pellets. The product (a dark green oil which sepa-
rated to the top) was extracted 3 times with ether. The combined ethereal
extracts were dried over anhydrous magnesium sulfate. The ether and
other low-boiling constituents were removed on a steam bath.and under
water pump vacuum. The residue was then distilled in vacuo using a Claisen
head (Vigreux modification) and the yellow oil which distilled at 2L8-
250°/1.75 mm. was collected. The yield was 15.3 g. (63 per cent).

Anal. Caled. for C22H2)N2S: C, 75.82; H, 6.943 N, 8.0L.

. Found: C, 75.65, 76.023 H, 6.93, 7.04s N, 8.08, 8.20.

15. 10-Methyl-7-(3-dimethylaminopropyl)-benzo (¢) phenothiazine Methiodide

The methiodide of 10-methyl-T7-(3-dimethylaminopropyl)-benzo (¢) -

phenothiazine was prepared by the dropwise addition of methyl iodide to
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an ether solution of the compound (91). Recrystallization of the crude
methiodide from 95 per cent ethanol and ether gave a pale yellow solid
which melted at 243-244°.

Anal. Calcd. for Cp3Hp7IN2S: C, 56.323 H, 5.553 N, 5.71.
Found: C, 56.2L4, 56.21; H, 5.26, 5.56; N, 5.60, 5.50.

16. N-(2,5-Dimethylphenyl)-2-naphthylamine (Structure I: R1=R);=CH3;
Ry=Ry=H) |

A modification of Buu-Hoi's procedure was used (76). A mixture of
35 g. (0.289 mole) of 2,5-dimethylaniline, 28.0 g. (0.194 mole) of B-
naphthol, and 0.15 g. of iodine was heated for twenty-four hours in a 200-
ml., round-bottom flask equipped with an air condenser. The reaction mix-
ture was then distilled in vacuo and the material distilling at 195—2000/
1.5-2,0 mm. was collected. This crude amine was redistilled at 194-195°/
1.5 mm. to yield 24.2 g. (50 per cent) of a yellow viscous oil which
reddened rapidly in the air. This amine was obtained as a yellow solid,
m.p. 39-40°, by dissolving in petroleum ether (ligroin, b.p. 30-60°) the
oll obtained from the distillation and allowing the mixture to stand in
the cold room for a few hours. Buu-Hoi (76) reports an 8L per cent yield
of this amine, m.p. approximately L4O0°.

Several modifications of the above procedure gave lower yields of

the desired product.

17. B8,11-Dimethyl-TH-benzo (c) phenothiazine (Structure II: R)=R)=CH3;

Ro=R3=H)
~a. Run 1. A mixture of 10.0 g. (0.0l mole) of N-(2,5-dimethyl-
_phenyl)-2-naphthylamine, 2.92 g. (0.091 mole) of sulfur, and 2 small iodine
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crystals was heated at 180° for twenty minutes (28). The cooled reaction
mixture was extracted with benzene, treated with ®Norit-A" decolorizing
carbon, filtered, and placed in the cold room to allow crystallization
of the product. There was obtained 8.6 g. (77 per cent) of golden yellow
solid, m.p. 180-182°. Subsequent recrystallizations of the compound
from benzene, toluene, and carbon tetrachloride brought the melting point
to 181-183°. Chromatography of this material in benzene solution on a
2 x 50 cm, column of "Florisil" adsorbent (60/100 mesh) followed by elu- ‘
tion with benzene, gave golden yellow needles, m.p. 180-181°. Buu-Hoi
(28) reported the melting point of this compound as 170°.

Anal. Caled. for CgH)gNS: C, 77.94s H, 5.L53 N, 5.05.

Found: C, 77.85, 77.99; H, 5.51, 5.22; N, L.7kL, L.86.

b. Run 2. A mixture of 10.0 g. (0.041 mole) of N-(2,5-dimethyl-
phenyl)-2-naphthylamine, 2.92 g. (0.091 mole) of sulfur, and 2 small
iodine crystals was heated at 185-195° for twenty minutes. The crude
product was extracted from the reaction mixture with toluene and then re-
crystallized twice from benzene ‘and once from toluene. A L5 per cent
yield of product melting at 181-182.5° was obtained.

c. Run 3. The same quantities of reactants, as in (b), were
heated first at 160-170° for twelve minutes and then at 170-180° for ten
minutes. The cooled reaction mixture was extracted with benzene and the
benzene extracts were treated with TNorit-A" decolorizing carbon and then
filtered. Upon cooling the filtrate, the product crystallized and was re-
moved ‘Sy filtration. Recrystallization of this material first from carbon
tetrachloride and then from benzene, yielded the yellow crystalline prod-

uct, m.p. 181-182.5% in 52 per cent yield.



d. Run 4. A mixture of 3L.6 g. (0.14 mole) of N-(2,5-dimethyl-
phenyl)-2-naphthylamine, 8.98 g. (0.28 mole) of sulfur, and 0.3 g. of
iodine was heatéd at 180° for twenty-five minutes. The reac;tion mixture
was cooled, extracted with carbon tetrachloride, treated with "Norit-A",
filtered, and placed in the cold room. The yellow powder thus obtained
was recrystallized twice from benzene to yleld 26.0 g. (67 per cent) of

yellow product, m.p. 177-179°.

18. 8,11-Dimethyl-7-(3-dimethylaminopropyl)-benzo (¢) phenothiazine

(Structure III: x=33; R=CH3; R1=R}=CH3; R2=R3=H)

The N-alkylation reaction was carried out in the usual manner (9 ).
Freshly prepared sodamide (0.65 mole) was covered with 75 ml. of dry
xylene. To this solution was added 16.85 g. (0.606 mole) of 8,1l-dimethyl-
TH-benzo (¢] phenothiazine. The resulting suspension was refluxed and
stirred for one hour. Approximately 12.2 g. (0.1 mole) of 3-dimethylamino-
propyl chloride in 15 ml. of dry xylene was then added dropwise over a
period of one hour. The solution was then refluxed and stirred for two
more hours. The reaction mixture was cooled in an ice bath, extracted
several times with 10 per cent acetic acid, and the acid e:;tracts were
combined. The xylene layer was then extracted twice with 6 per cent
hydrochloric acid solution. All the acid extracts were combined, washed
once with xylene, and then basified with sodium hydroxide pellets. The
dark oil which separated was extracted 4 times with ether. The ethereal
extracts were combined and dried with anhydrous magnesium sulfate. The

ether was then removed and the residue distilled in vacuo, using a Claisen
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head (Vigreux modification) for distillation. The yellow o0il, distilling

at 236-238°/1.25 mm., was collected. There was obtained 12.1 g. (55 per
cent) of pure product;
Anal. Caled. for Cp3Ho6NeS: G, 76.205 H, 7.23; N, 7.73.
Found: C, 75.81, 75.703 H, 6.99, 6.843 N, 8.07, 8.2L.

19. 8,11-Dimethyl-7-(3-dimethylaminopropyl)-benzo (¢} phenothiazine Methiodide

This methiodide was prepared in the usual manner (91). Two recrystal-
lizations of the crude methiodide from a 95 per cent ethanol and ether mix-
ture gave faint yellow crystals, m.p. 251-252.5°.

Anal. Calcd. for C2)H29IN2S: C, 57.1Lks H, 5.793 N, 5.55.

Found: C, 57.78; H, 5.95; N, 5.19.

20, N-(p-Methoxyphenyl)-2-naphthylamine (Structure I: R1=R2=R)=H; R3=

OCH3)

Following the general procedure described by Knoevenagel (32) for
preparation of secondary amines of this type, a mixture of 28.8 g. (0.2
mole) of B-naphthol, 30.8 g. (0.25 mole) of p-anisidine, and 0.5 g. of
jodine was heated for twenty-four hours under reflux using an air condenser.
The desired amine was obtained by distillation of the reaction mixture in
vacuo followed by recrystallization of the crude product from 95 per cent
ethanol solution. There was obtained 24.5 g. (L9 per cent) of faint pink
crystalline product, m.p. 104-104.5°, The melting point reported for N-

(R-methoxyphenwl)-2-naphthylamine by Bucherer and Seyde (93) was 104°.
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21. 10-Methoxy-TH-benzo (¢) phenothiazine (Structure II: Rj=R2=R)=H;

R3=0CH3)

After investigating numerous conditions for the preparation of
10-methoxy-TH-benzo (¢) phenothiazine, the following procedure was found
to be superior. A mixture of 6.25 g (0,025 mole) of N-(p-methoxyphenyl)-
2-naphthylamine, 1.6 g. (0.05 mole) of sulfur, and two small iodine crys-
‘tals was heated at 180-185° for eight minutes. After allowing the reac-
tion mixture to cool, the product was extracted with benzene. The ben-
zene solution was filtered, placed on a 2 x 50 cm. column of "Florisil"
adsorbent (60/100 mesh), and then eluted with benzene. The chromatographed
product, after recrystallization from benzene using a "Norit-A" decolorizing
carbon treatment, appeared as golden yellow needles and melted at 167-167.5°.
The yield obtained was 3.61 g. (52 per cent). Subsequent recrystalliza-
tions from benzene and toluene did not alter the melting point.

Anal. Caled. for C17H13NOS: G, 73.09; H, L.69; N, 5.01.

Found: C, 73.0l1, 72.30; H, L.72, 4.86; N, 5.01, L.69.

Other runs employing modifications of the above procedure gave lower
yields of product. These modifications are tabulated in Table V in order
to illnstrate the effect of a change in reaction variables on the yield of

10-methoxy-TH-benzo (¢) phenothiazine.

22. 10-Methoxy-7-(3-dimethylaminopropyl)-benzo (¢) phenothiazine (Structure

III: x=3; R=CH3; R1=R2=R}=H; R3=0CH3)
This compound was prepared in the usual manner ( 9). To a refluxing
and stirred suspension of freshly prepared sodamide (0.065 mole) in 80 ml.

of dry xylene was added 16.0 g. (0.057 mole) of 1l0-methoxy-TH-benzo (¢ -



TABLE V

EFFECT OF REACTION PROCEDURE MODIFICATIONS ON THE YIELD OF 10-METHOXY-TH-BENZO (¢] PHENOTHTAZINE

Solvent Used No. of Recrystal- Melting
Reaction Reaction to Extract lizations Required Solvent for Point of
Temperature Time Crude on Extracted Recrystalli- Product Yield
(°c) (Mins.) Product Product zation (°c) (Per Cent)
180 10 Toluene 2 Benzene 167 L7
175-185 12 'Benzene 2 1) Toluene 165-167 Lus
h 2) Benzene
180-185 15 Benzene 1 Benzene 167 L3

180-185 20 Benzene 2 Benzene 166-167 NN

€9
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phenothiazine. The resulting red mixture was refluxed and stirred for
forty-five minutes. The 3-dimethylaminopropyl chloride (0.075 mole) in
15 ml. of xylene was then added over a period of forty-five minutes,
during which the red color of the solution was replaced by a greenish
color. PFollowing addition of the chloride, the solution was refluxed
for five hours and then allowed to cool to room temperature. The product
was extracted several times with 5 per cent hydrochloric acid solution.
The acid extracts were combined and washed with xylene. The acidic solu-
tion was basified with sodium hydroxide pellets and the dark oil thus 1lib-
erated was extracted several times with ether. The ether extracts were
combined and dried with anhydrous sodium sulfate. After removal of the
ether, the residue was distilled in vacuo (using a modified Claisen head)
to yield 10.1 g. of yellow-orange oil, b.p. 260-266°/1.3-1.4 mm. This
0il was redistilled at 245-247°/1.45 mm., yielding 8.4 g. (L3 per cent)
of highly viscous yellow-orange oil.

Anal. Calcd. for C22H2|N20S: C, 72.L9; H, 6.6L3 N, 7.69.

Found: C, 72.72, 72.27; H, 6.49, 6.513 N, 7.20, 7.L2.

Other attempts to improve the yield in this reaction were unsuccess-
ful.

A satisfactory derivative of the above compound could not be pre-
pared. The compound formed both a methiodide and picrate, but neither

could be satisfactorily purified.
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23. N-(ﬂhlorophenyl)-Q-naphthylamine (Structure I: Rj=R3=R)=H;

R2=Cl)
This amine was prepared (32) by refluxing a mixture of 95.7 g.

(0.75 mole) of m-chloroaniline, 72.1 g. (0.5 mole) of B-naphthol, and

1.0 g. of iodine for forty-five hours. The product was obtained by dis-
tillation in vacuo of the crude reaction mixture. The amine was collected
at 218-221°/2.5 mm. and then recrystallized from 95 per cent ethanol. The
yield was 92.0 g. (73 per cent) of faint pink crystalline amine, which
melted at 100-100°. Knoevenagel (32) reports N-(m-chlorophenyl)-2-naph-

thylamine, b.p. 250-253°/11 mm., to melt at 101°.

2Lh. 9-Chloro-7H-benzo (¢} phenothiazine (Structure II: Rj=R3=R)=H; R2=Cl)

A mixture of 15 g. (0.059 mole) of N-(m-chlorophenyl)-2-naphthyl-
amine, 3.75 g. (0.117 mole) of sulfur, and 0.2 g. of iodine was heated at
180° for exactly nine minutes. After cooling the reaction mixture to about
llO°, the product was extracted with hot toluene. The toluene extract was
filtered and placed in the cold room to permit crystallization of the prod-
uct. The crude product thus obtained was recrystallized from toluene using
"Norit-A" to yield 9.4 g. (56 per cent) of yellow crystals, m.p. 163-163.5°.
The y'iel_d reported by Knoevenagel (32) for the preparation of this compound
according to the gbove procedure was 70 per cent.

Anal. Caled. for cigﬂloclns= 0, 67.723 H, 3.553 N, L.9L.

Found: C, 68.15, 68.53; H, 3.75, 3.93; N, L4.95, 5.02.
Other preparations of this compound, carried out in a similar manner,

resulted in-ylelds ranging from L1 to 55 per cent.
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25. 9-Chloro-7-(3-dimethylaminopropyl)-benzo (¢) phenothiazine (Structure

IIIs x=3; R=CH3; R1=R3=R)=H; Ré-Gl)

The procedure followed was similar to that used in previous N-alkyla-
tion reactions ( 9). Freshly prepared sodamide (0.085 mole) was covered
with 75 ml. of dry xylene. To this was added 21.3 g. (0.075 mole) of 9-
chloro-7H-benzo (¢ phenothiazine, and the resulting red suspension was re-
fluxed and stirred for forty-five minutes. The 3-dimethylaminopropyl chlo-
ride (approximately 0.10 mole) was added dropwise with continued stirring
and reflux over a period of forty-five minutes. After one further hour of
refluxing and stirring, the solution was stirred at 100° for six hours
and then cooled in an ice bath. The mixture was extracted twice with 8
per cent acetic acid and then once with L per cent hydrochloric acid solu-
tion. The acid extracts were combined, washed once with xylene, and basi-
fied with sodium hydroxide pellets. The product separated to the top as a
dark, viscous oil which was extracted L times with ether. The combined
ethereal extracts were dried over anhydrous sodium sulfate. After removal
of the ether and other low-boiling constituénts s the oily 'residue was dis-
tilled in vacuo to yield 15.3 g. of crude product boiling at 250-260°/1.3
mm. Redistillation of the crude oil yit;lded 12.1 g. (LL per cent) of
yellow, viscous oil, b.p. 253-256°/1.3 mm.

Anal. Caled. for C21H21G1N28: C, 68.37; H, 5.7h; N, 7.59.

Found: C, 68.27, 68.763 H, 5.53, 5.43; N, 7.32, 7.36.

26. 9-Chloro-7-( 3-dimethylaminopropyl)-benzo (¢) phenothiazine Methiodide

The methiodide of 9-chloro-7-(3-dimethylaminopropyl)-berzo [c] -

phenothiazine was prepared (91) in ether solution. Two recrystallizations
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of the crude material from 95 per cent ethanol and ether gave a faint
yellow methiodide melting at 217-218.5°.

Anal. Caled. for O22Hp),ClIN2S: G, 51.72; H, L.7ls N, 5.L8.
Found: G, 51.87, 51.58; H, L.81, L.613 N, 5.6, 5.54.

B. A Study of the Metalation of TH-Benzo [c] phenothiazine With n-

Butyllithium®

1. Preparation of 2—Butyllithium

The procedure is essentially that of Gilman, Beel, Brannen, Bullock,
Dunn, and Miller ‘(53). A 1-1., three-necked flask was equipped with a re-
flux cox;denser, mechanical stirrer, and a graduated dropping funnel. The
apparatus was swept out thoroughly with dry nitrogen. A mixture of 17.2
g. (2.48 g. atoms) of lithium (cut into small pieces) and LOO ml. of
sodium-dried ether was placed in the flask. About 30 drops of a solution
of 137 .0 g (1.0 mole) of reagent grade n-butyl bromide in 100 ml of dry
ether was then added to initiate reaction. After the reaction had com-
menced (as was evidenced by a steady ether reflux and the appearance of
shiny lithium surface), the reaction mixture was cooled to ~10° in a bath
of acetone and crushed solid carbon dioxide. The temperature of the reac-
tion mixture was maintained at -10° while the remainder of the n-butyl
bromide-ether solution was added dropwiée over a period of one hour. After

the addition was complete, the mixture was allowed to warm to 0-10° over

#Several of the acids synthesized in this metalation work tended to
sublime before melting. It was therefore desirable to determine the melt-
ing points of all acids prepared in this investigation by use of sealed
capillary tubes.
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a period of two hours. The mixture was then decanted into a graduated
dropping funnel through a narrow glass tube plugged with glass wool.
The transfer was made under an atmosphere of dry nitrogen. The yields
of n-butyllithium thus obtained were determined by the double-titration

method of Gilman and Haubein (9}), and ranged between 60 and 75 per cent.

2. Metalation of TH-Benzo [¢] phenothiazine With n-Butyllithium

a. Run 1. A 500-ml., three-necked flask having ground joints was
equipped with a dropping funnel, reflux condenser, and magnetic stirrer.
The system was flushed with dry nitrogen and maintained under an atmos-
phere of nitrogen. Finely pulverized TH-benzo (¢) phenothiazine (12.5 g.,
0.05 molt;.) melting at 180-181° was placed in the flask and covered with
200 ml. of dry ether. A solution of 0.l4l mole of n-butyllithium in
125 ml. of ether was added with stirring over a period of twenty minutes.
The mixture was allowed to stir under reflux for twenty-six hours. After
cooling in a Dry Ice-acetone bath, the mixture was carbonated by addition
of small pieces of Dry Ice to the flask. As soon as the mixture warmed
to room temperature, it was hydrolyzed with 150 ml. of distilled water.
The two layers were separated, and the ether layer was extracted 3 times
with 5 per cent aqueous sodium hydroxide solution. The aqueous extracts
were combined with the initial water layer and then washed twice with
ether. Evaporation of the ethereal layer from the metalation reaction
mixture and subsequent recrystallization of the crude solid thus obtained
yielded 0.5 g. of yellow crystalline solid, m.p. 179-181°. A mixture of
this solid and a sample of TH-benzo (¢] phenothiazine, m.p. 180-1810,

melted at 180-181°. Acidification of the cooled (ice bath) aqueous solu-
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tion from above with 50 per cent hydrochloric acid solution yielded
an orange-brown solid which was collected by filtration. After dry-
ing in a vacuum oven, the crude acidic material weighed 1L.1l g. A
neutralization equivalent of this material was determined in an ethanol-
benzene solvent mixture and gave a value of approximately 30L4. The
value calculated for a monocarboxybenzo (¢] phenothiazine is 293.3. The
acidic material melted at 248-257° with decomposition. Fractional crys-
tallization of this crude material initially from a benzene and ligroin
(b.p. 60-75°) solvent mixture and then from an acetone and ligroin (b.p.
60-75°) mixture ylelded about 0.8 g. of a red-orange solid melting at
300-301° with decomposition and approximately 50 mg. of an orange mate-
rial, m.p. 264-266° with decomposition. A yield is not reported here
due to considerable mechanical loss.

(1) 6-Carboxy-TH-benzo (¢) phenothiazine. Subsequent physical and

chemical evidence pbtained from degradation reactions, infrared analyses,
etc. indicated that the red-orange solid melting at 300-301° with decom-
position was 6-carboxy-TH-benzo (¢) phenothiazine. Two further recrystal-
lizations of the compound from a tetrahydrofuran-ligroin (b.p. 90-120°)
mixture falled to alter the melting point of the acid. The acid was in-
soluble in warm 5 per cent sodium bicarbonate solution, moderately sol-
uble in cold acetone and benzene, and very soluble in tetrahydrofuran.

An infrared spectrum® of the compound was determined. A very pronounced

*¥A11 infrared spectra were determined using a Perkin-Elmer, Model 21,
double beam infrared spectrophotometer employing the potassium bromide dise.
technique. Concentrations of approximately 1 mg. of sample in 250-300 mg.
of potassium bromide were employed, and a sodium chloride prism was used.
All spectra determined in this work are on file in the Department of Chem-
istry, University of Tennessee. '
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band at 5.97 microns (carbonyl band (81) of the carboxylic acid group) was
observed which did not a.ppea‘r in the spectrum of TH-benzo (c) phenothiazine.

The neutralization equivalent of this acid was measured in a sol-
vent mixture consisting of 80 per cent absolute ethanol and 20 per cent
benzene. Titration was made with standard sodium hydroxide solution,
employing phenolphthalein as indicator. After correcting for the sol-
vent blank, a value of 295.8 was found, and this is in reasonable agree-
ment with the calculated value of 293.3.

Anal. Calcd. for C17H11NO2S: G, 69.60; H, 3.78; N, L.80.

Found: C, 69.38, 69.25; H, 3.80, 3.87; N, L.68, 5.11.

(2) Unknown metalation acid. The orange solid melting at 264-266°

with decomposition and some prior darkening, was recrystallized from an
acetone and ligroin (b.p. 60-750) solvent mixture, but the decomposition
point was unchanged. The solid was insoluble in warm, 5 per cent sodium
bicarbonate solution, moderately soluble in cold acetone and benzene, and
very soluble in tetrahydrofuran. The acidic material gave a neutraliza-
tion equivalent of 294.1 as compared to the calculated value of 293.3 for
a monocarboxy-TH-benzo (c) phenothiazine.

Anal. Calecd. for Gy7H;1NOpSs C, 69.60; H, 3.78, N, L.80.

Found: C, 69.L7, 69.57; H, 3.80, 3.85; N, 486, L.Sh.

The pronounced similarity of the infrared spectrum of this material
with that of the other metalation acid, m.p. 300-301° with decomposition,
seems to indicate that this solid may possibly be an impure sample of the
higher melting acid.
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An attempt to prepare the methyl ester of this acid with diazomethane
was unsuccessful, i.e., the ester obtained could not be satisfactorily puri-
fied. This, too, would strongly indicate that the acid was impure. Insuf-
ficient material prevented further study of this acid.

b. Run 2. The procedure followed here was similar to Run 1, except
that 25 g. (0.1 mole) of 7TH-benzo (¢) phenothiazine in 300 ml. of ether was |
metalated with 0,24 mole of freshly prepared n-butyllithium in 200 ml. of
ether. Carbonation, hydrolysis, and extraction of the water layer were per-
formed as previously described in (a). Acidification of the aqueous layer
yielded 23.6 g. of tan acidic solid. Repregipitation of this acid through
the sodium salt gave 21.1 g. of acidic material. Purification of this solid
was accomplisheéd by dissolving it in the minimum amount of tetrahydrofuran,
treating the solution with "Norit-A" decolorizing carbon, and filtering.

The filtrate was then heated. to boiling, ligroin (b.p. 60-75°) was added,
and the remainder of the tetrahydrofuran was removed. The ligroin solution
was then placed in the cold room to allow crystallization of the product.
There was obtained 12.1 g. (41 per cent) of red-orange needles melting at
292-295° with decomposition. This material was sufficiently pure for sub-
sequent reactions. |

Other metalation runs were made, .but the procedure and work-up em-

ployed were similar to that of Run 2 and therefore will not be described.

3. Preparation of 6-Carbomethoxy-7H-benzo [c] phenothiazine

A .solution of approximately O.l mole of diazomethane in 150 ml. of
ether was prepared from N—-methyl-N—nitroso-g-toluenesulfOnamide according

to the procedure of DeBoer and Backer (95). To this cooled (ice bath) solu-
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tion was added 0.1 g. (0.0034 mole) of acid in ether. An evolution
of gas from the solution was observed. The solution was allowed to
remain overnight under a hood to permit evaporation of the ether.
There was obtained 96 mg. (92 per cent) of red-orange crystals melt-
ing at 149-150°. Recrystallizations from petroleum ether and then from
methanol raised the melting point to 150<151°. An infrared spectrum of
this ester exhibited a pronounced band at 5.90 microns, which is char-
acteristic of the carbonyl of an ester group (81).

Anal. Caled. for C18H13NO2S: G, 70.33; H, L.26; N, L.56.

Found: G, 70.40, 70.42; H, L.25, L.30; N, L.67, L.90.

4. Activation of Raney Nickel

Following the procedure of Covert and Adkins (96), 100 g. of
commercial nickel-aluminum alloy was added during two hours to a solu-
tion of 100 g. of sodium hydroxide in L4OO ml. of distilled water, con-
tained in a 2-1. beaker surrounded by ice. The mixture was then heated
on a hot plate for 2,5 hours,with occasional stirring, at 115-125°. A
further 133 ml. of a 19 per cent solution of sodium hydroxide was added
and the mixture held at 115-120° for two more hours. The suspension was
then diluted to a volume of one liter. The solution of sodium aluminate
was decanted and the nickel washed by decantation about 20 times (or until
the wash solution was neutral to litmus) . The nickel was then washed L
times with 95 per cent ethanol and then stored in the cold room under abso-

lute ethanol in glass-stoppered bottles.
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5. Raney Nickel Desulfurization Reactions (8L4)

a. Desulfurization of crude TH-benzo (c) phenothiazine metalation

acid. Five grams (0.017 mole) of crude acidic material obtained direct-
ly from acid precipitation of the aqueous solutic;n resulting from metala-
tion of TH-benzo (¢) phenothiazine with n-butyllithium, was subjected to a
Raney nickel desulfurization reaction. The acid was placed in a 1-1. ,
three-necked flask containing 250 ml. of 95 per cent ethanol. Only a
portion of the acidic material dissolved. To this suspension was added
approximately 50 g. of activated Raney nickel in about 100 ml. of abso-
lute ethanol. . Sufficient 95 per cent ethanol to bring the total volume
of the“ solution to 450 ml. was added. The mixture, reddish-brown in
color, was refluxed and stirred (magnetic stirrer) for 4.5 hours after
which time the solution was light yellow in color. The solution was
cooled and the catalyst was removed by filtration. The filtrate was con-
centrated on a hot plate to a very small volume and placed in the cold
room. The crude yellow-green solid thus obtained was recrystallized from
benzene, using "Norit-A" decolorizing carbon treatment to yield 0.110 g.
of yellow needles, m.p. 235-237°. The structure corresponding to N-phenyl-
3-amino-2-naphthoic acid was assigned to this compound, since its melting
point and infrared spectrum were identical with the melting point and in-
frared spectrum of an authentic synthetic sample of N-phenyl-3-amino-2-
naphthoic acid (see page 75). Both samples of N-phenyl-3-amino-2-
naphthoic acid above were observed to sublime readily below the melting
point. Thus, sealed capillary tubes were used to determine the melting

points. On the other hand, the infrared spectra and melting points of
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this acid, m.p. 235-2379, (obtained from the desulfurization reaction)
and a synthetic sample of N-(o-carboxyphenyl)-2-naphthylamine (see page
78) were not identical.

The poor yield of N-phenyl-3-amine-2-naphthoic acid probably re-
sulted from loss of material due to adsorption of product (or reactant)
on the large surface of Raney nickel available in the reaction mixture,

rather than from mechanical losses.

b. Desulfurization of purified é-carboxy-7H-benzo (¢) phenothiazine.
Seven grams (0,02 mole) of 6-carboxy-TH-benzo (¢) phenothiazine melting at
292-295° with decomposition was placed in a 1-1., three-necked flask
equipped with a reflui condenser and magnetic stirrer. The acid was
covered with about 300 ml. of 95 per cent ethanol. To this solution was
added about 80 g. of freshly activated Raney nickel in 150 ml. of abso-
lute ethanol. After stirring and refluxing the red suspension for thirty
minutes, the color of the solution changed to a light yellow, but reflux-
ing and stirring was continued for another 1,5 hours. The reaction mix-
ture was cooled in an ice bath and the catalyst removed by filtration.
The yellow filtrate was concentrated to a volume of 150 ml., treated
with "Norit-A" decolorizing carbon, and filtered. This filtrate was con-
centrated to a volume of approximately 20 ml. and a few drops of 5 per
cent hydrochloric acid solution were added to the hot solution to produce
cloudiness. Cooling precipitated a yellow solid which was removed by
filtration. There was obtained 1.6 g. (25 per cent) of yellow solid
melting at 233-23’6°. Recrystallization of the material from benzene gave

1.4 g. of yellow needles, m.p. 235-237°. The melting point and infrared
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spectrum of this material were also identical with the melting point

-and infrared spectrum of the synthetic sample of N-phenyl-3-amino-2-

naphthoic acid.

6. Preparation of Benz [ acridone

To a 100-ml., round-bottom flask was added 200 mg. of N—phenyl;
3-amino-2-naphthoic, acid, m.p. 235-237°, which was obtained from a Raney
nickel desulfurization of 6-carboxy-TH-benzo [¢) phenothiazine. This acid

was covered with an excess (perhaps 30-40O ml.) of polyphosphoric acid.

‘ As the solution was warmed on a steam bath and stirred, a deep red color
‘developed. The contents of the flask were heated at 85-90° for ten
minutes, cooled, and an excess of water was added to. precipitate the
yellow-orange product. Recrystallization of the crude benz () acridone
from 95 per cent ethanol ylelded 167 mg. (90 per cent) of yellow-orange
leaflets, m.p. 304-305°. The ethanol solution of this compound showed a
strong green fluorescence. The structure corresponding to benz (b acridone
was assigned to this compound since its melting point and infrared spec-
trum were identical with the melting point and infrared spectrum of an

authentic, synthetic sample of benz (i acridone (see page T77).

7. Synthesis of N-Phenyl-3-amino-2-naphthoic Acid

The procedure of Schopff (85) was followed with minor modifications.
A mixture of 65.2 g. (0.7 mole) of aniline, 94.1 g. (0.5 mole) of 3-hydroxy-
2-naphthoic acid, and 1.0 g. of iodine was placed in a 500-ml., round-
bottom flask equipped with reflux condenser and magnetic stirrer. The re-

action mixture was refluxed with stirring for 8.25 hours and while the mix-
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ture was still hot and in the liquid form, it was poured into 200-250
ml. of 5 per cent hydrochloric acid solution. This dissoived unreacted
aniline. The residue was treated with hot, 95 per cent ethanol, where-
by 9.3 g. (7.1 per cent) of the anilide 'of 3-hydroxy-2-naphthoic acid,
m.p. 243-244°, remained undissolved. Schépff (85) reports m.p. 23-2u4°.
The alcoholic filtrate was then precipitated with water to yield a
greenish~yellow solid. This crude solid was treated with about 300-400
ml. of 7 per cent sodium carbonate solution in order to. dissolve the N-
phenyl=3-amino-2-naphthoic acid. The undissolved solid, after recrystal-
lization from glacial acetic acid, melted at 168-170°. Schdpff (85) re-
ports m.p. 168-169.5° for the anilide of N-ptwnyl-3mo-2-ngpnbho1e
‘acid. The yield was 2.1 g. (1.2 per cent). The sodium carbonate filtrate
contained both unchanged 3-lwd;~oxy-2-naphthoic acid and N-phenyl-3-amino-
2-naphthoic acid. A crude sapéfation of the two acids was obtained by
fractional precipitation from basic solution by addition of concentrated
hydrochloric acid. This gradual ﬁeutraliza.tion caused the ‘gold-yellow
N-phenyl-3-amino=2-naphthoic acid to precipitate first. The first
appearance of unchanged 3-hydraxy-2-naphthoic acid was detectable since
it appeared as a very light yellow (almost white) precipitate. However,
the recovery of unchanged 3-hydroxy-2-naphthoic acid was not made. Then
the crude yellow N-phenyl-3-amino-2-naphthoic acid thus obtained was col-
lected by filtration and allowed to air dry. Recrystallization of the
crude material from benzene using "Norit-A* decolorizing carbon, gave 12.2
g. (10 per cemt) of golden yellow needles, m.p. 235-237°. Schbpff (85)

did not report a yleld in this preparation but indicated the melting point
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of N-phenyl-3-amino-2-naphthoic acid to be 235-237°, Albert, Brown

and Duewell reported a 1L per cent yield of N-phenyl-3-amino-2-naphthoic
acid, m.p. 229°, from a similar synthesis (86).

Benz [b) acridone was prepared in 91 per cent yleld from the N-phenyl-
3-amino-2-naphthoic acid synthesized above using polyphosphoric acid and
following exactly the procedure previously given for its preparation.

The benz (1) acridone thus obtained melted at 304-305°. Albert, Brownm,

and Duewell (86) report the melting point of benz () acridone to be 303°.

8. Attempted Preparation of the Anilide of N-Phenyl-3-amino-2-naphthoic

Acid

Approximately 0.5 g. of the N-phenyl-3-amino-2-naphthoic acid,
m.p. 235-237°, synthesized from 3-hydroxy-2-naphthoic acid, aniline, and
iodine, was placed in a 50-ml., round-bottom flask equipped with a con-
denser and magnetic stirrer. To this was added 3 ml. of thionyl chloride,
after which the mixture was warmed on a steam bath for fifteen minutes.
The solution was brown-black in color. After removal of the condenser,
the excess thionyl chloride was boiled off and the flask then cooled to
room temperature in an ice bath. Addition of a solution of 3 ml. of
aniline in 30 ml. of benzene and warming of the mixture for about two
minutes on a steam bath precipitated a crude green solid which was removed
by filtration, washed with water, 5 per cent hydrochloric acid solutien,
5 per cent sodium hydroxide solution, and finally again with water. '/All
attempts to purify this crude material were unsuccessful. Thionyl chlo-
ride used inm this reaction may have promoted cyclization of the N-phenyl-

3-amino-~2-nsphthoic acid to benz (i) acridone. No further attempts were
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made to prepare the anilide of N-phenyl-3-amino-2-naphthoic acid by this

method.

9. Synthesis of N—So-carbompherxyl)-z-qaphﬂlylamine
The procedure is similar to that of Ullmann (87). A mixture of

25 g. (0.175 mole) of P-naphthylamine and 25 g. (0.129 mole) of potassium-
o-chlorobenzoate was placed in a 500-ml., round-bottom flask equipped with
a magnetic stirrer and reflux condenser. The mixture was covered with 85
ml. of n-amyl aleohol and the suspension was heated to the bolling point
to give a homogeneous system. While the solution was at the boiling point,
6.5 g. of anhydrous potassium carbonate and 0.7 g. of copper bronze cata-
lyst were added. The mixture was refluxed and stirred for twelve hours

and then cooled to room temperature. The insoluble solid (unchanged B-
naphthylamine) was removed from the cooled solution by filtration. The
filtrate was placed in a 500-ml. flask and steam-distilled to remove the
amyl alcohol. The resildual aqueous solution was acidified with concentrated
hydrochloric acid to precipitate a crude, purple solid. Three recrystalli-
zations of this material from 95 per cent ethanol, using "Norit-A" decolor-
izing carbon, yielded 2.2 g. (7 per cent) of white needles, m.p. 210-211°.
Ullmann (87) did not report a yield in this preparation, but indicated

the melting point of N-(o-carboxyphenyl)-2-naphthylamine to be 212°.

10. Preparation of Bens [a) acridone

To a 100-ml., round-bottom flask was added 0.5 g. (0.0019 mole) of
N-(o-carboxyphenyl)-2-naphthylamine, m.p. 210-211°. About 30-40 ml. of

polyphosphoric acid was added and the resulting mixture was stirred and
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warmed on a steam bath to 90°. As the solution was warmed a red color
developed. The contents of the flask were heated at 90° for 1.25 hours,
cooled, and water was added to precipitate the crude product. The
yellow solid thus obtained was removed by filtration and recrystallized
from pyridine to yleld yellow needles which melted above 360°. Ullmann

and Rasetti (87) report benz (&) acridone to melt above 360°.

C. Physiological Testing

The compounds synthesized in this investigation are currently
being testeq by the Eli Lilly Company for central nervous system effects
and other miscellaneous biological properties and by the National Cancer
Institute for anticancer activity. Although testing of these materials
is still incomplete, physiological results from a few of the compounds

have been obtained.

1l. Anticancer Effects

The compounds examined in the routine anticancer screen tests are
observed for activity against three mouse tumors. The selection of these
particular tumors was made because all clinically-tested compounds of
value are effective against at least one of these mouse tumors. Thus, all
three mouse tumors are necessary for detection of new positive compounds.
The three tumor systems employed are Sarcoma (5-180), Adenocarcinoma
(Ca-755), and Leukemia (1~1210).

Preliminary testing of four 7-(dialkylaminoalkyl)-benzo (c] -

phenothiazines an the Sarcoma (S-180) tumors has indicated a fair degree
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of toxicity in these compounds, but detectable inhibition of tumor
growth has not yet been observed. Anticancer tests of the benzo (¢ -
phenothiazine derivatives synthesized in this work are quite incomplete

at this time.,

2. Central Nervous System Effects

In these tests, conducted on mice, the compounds are examined for
several physiological properties. Irritability, respiration, salivation,
skin color, tall erection, analgesia, and numerous other effects are ex-
amined. Preliminary reports indicated that 9-chloro-7-(3-dimethylamino-
propyl)-benzo [¢) phenothiazine may be a central nervous system depressant,
whereas the pattern of activity observed with 7-(3-dimethylaminopropyl)-
benzo (¢l phenothiazine suggested that it might have mixed central nervous

system stimulant and depressant properties.,

3. Antimicrobial Effects

The compounds prepared in this investigation are also being examined
by the Eli Lilly Co. for antimicrobial activity toward rmumerous pathogenic
bacteria and fungal plant pathogens. It has been observed that 8,11-di-
methyl-~7-(3-dimethylaminopropyl)-benso (€] phenothiazine and 7-(2-dimethyl-
aminoethyl)-benzo (¢) phenothiazine exhibit inhibitory properties toward
a long series of test organisms and fungal plant pathogens. However, con-
clusions on potential uses of these compounds as antimicrobial agents can-

not be known at this time.



CHAPTER V
SUMMARY

In view of the pharmacological importance of phenothiazine and
its derivatives, this investigation was undertaken to synthesize a series
of 7-(dialkylaminoalkyl)-benzo [¢) phenothiazines, compounds structurally
related to the more important phenothiazine types. In connection with
preparation of these compounds, the metalation of TH-benzo (c) phenothiazine
was studied in an effort to find a synthetic route for introduction of
substituents into a position of the benzophenothiazine nucleus not readily
accessible by other preparative techniques. Metalation of this compound
was found to occur in the 6-position in yields up to Ll per cent.

The following compounds which were prepared during the course of
this work, have not been previously reported.

10-Methoxy-TH-benzo (c) phenothiazine

10-Methoxy-7-(3-dimethylaminopropyl)-benzo (c) phenothiazine

7-(2-Dimethylaminoethyl)-benzo (¢) phenothiazine
7-(2-Dimethylaminoethyl)-benzo (¢) phenothiazine methiodide

7 -(2-Dimethylaminoethyl)-benzo (¢) phenothiazine picrate

7-(3-Dimethylaminopropyl)-benzo (¢] phenothiazine

7-(3-Dimethylaminopropyl)-benzo (c) phenothiazine methiodide
7-(3~Dimethylaminopropyl)-benzo [¢) phenothiazine picrate
7-(2-Diethylaminoethyl)-benzo () phenothiazine
7-(2-Diethylaminoethyl) -benzo (¢) phenothiazine picrate
10-Methyl-7-(3-dimethylaminopropyl)-benzo (¢) phenothiazine



82
10-Methyl-7-(3-dimethylaminopropyl)-benzo [c) phenothiazine
methiodide
8,11-Dimethyl-7-(3-dimethylaminopropyl)-benzo (¢) phenothiazine
8,11-Dimethyl-7-(3-dimethylaminopropyl)-benzo [c) phenothiazine
methiodide |
9-Chloro-7-(3~-dimethylaminopropyl)-benzo (c) phenothiazine
9-Chloro-7-(3~dimethylaminopropyl )-benzo (¢} phenothiazine methiodide
6-Carboxy=-TH-benzo (¢) phenothiazine
6=-Carbomethoxy~-7H-benzo (¢) phenothiazine
Pharmacological evaluation of the compounds prepared during this

research is being conducted by the Eli Lilly Company and by the Nﬁtional

Cancer Institute.
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