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I, INTRODUCTION

The earliest studles on the physlologlcal action of the
phenothiazine derivative methylene blue, by Guttmann and
Ehrlich,l showed that thils compound had a specific action in
humen malarla, Kot until forty~three years later was 1t

discovered, in connection with the investigation of the

- toxicity of organic sulfur compounds to mosquito 1arvae,2

that phenothiezine possessed insecticidal properties. Ad-
ditional research later revealed that phenothiazine itself
is also useful as a larvicide, fungicide, bactericide,
parasiticide, urinary antiseptic, anthelmintic agent and an
antioxidant. In contrast to its high toxicity to lower
forms of 1ife, phenothlazine possesses a low toxicity to man
and other higher forms of animal life, These discoveries,
as well as its low cost of production, make phenothiazine a

very useful compound,

Currently, consliderable interest 1s shown in pheno=~

thiazine derivatives because of the discovery by Halpern,s’4

iP. Guttmann and P, Ehrlich, Berlin, klin. Wochschr.,
28, 593 (1891), [Chem._Zentr., 63, I, 221 (1802)

2p, L. Campbell, W. N. Sullivan, L. E. Smith and
H. L, Haller, J, Econ. Entomol., 27, 1176 (1934).

3B, N, Halpern and R. Duerot, Compt, rend. soc. biol.,
140, 361 (1946).

45, N. Halpern, J. Allergy, 18, 263 (1947).
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that certain 10~(dlalkylaminoalkyl)phenothlazines are very
active antihistaminic agents possessing a low degree of
toxicity toward the host. A number of these derivatives also
exhiblt entianaphylactic, local anesthetic, anticonvulsant
and antinicotinic action, A more detailled discussion of
these properties will be given In a later sectlion of this
dissertation,

The purpose of thls investigation has been: (1) to
study further the metalation of phenothiazine derivatives
with the view in mind to use this reaction as a means to
introduce various substituents iInto the benzene nuclel;

(2) to modify the structure of certain dialkylaminoalkyl
derivatives and thereby compare the effect of changing the
molecular structure on the physiological properties; (3) to
extend the application of scdamide as a condensing agent in
the preparation of l0-substituted phenothiazines; (4) to
prepare various 1l0-acyl derivatives; and (5) to develop
satlsfactory methods to oxidize the sulfide linkage of the
various derivatives to the sulfoxide and the sulfone,; re-

spectively.



IXI. HISTORICAL

A study of the chemistry of phenothlazine and its de-
rivatives was initlated in 1883 by August Bernthsen® who
suspected that the phenothiazine nucleus was present in
methylene blue. In his series of experiments, he success-
fully determined the structure of both methylene blue and
phenothiazine; the latter is given below with the numbering

system in current use by Chemical Abstracts.

®
/
o¥—iy

\
wan

The synonym of phenothiazine, thiodiphenylemine, was
used in the early papers on this compound and also appears

occasionally in the current literature.
' Meyer snd Jacobson®in their"Ld%rbucH’presented a summery

of the chemistry of phenothiagine in respect to its

54, Bernthsen, Ber., 16, 2896 (1883); 17, 2854, 2857,
2860 (1884); Ann,, 230, 73 (1885),

GV. Meyer end P, Jacobson, "Lehrbuch der orgenischen
Chemie", Vol., 2, Part 3, Veit and Co., Leipzig, 1920,
P. 1490,
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connection with methylene blue. A review of the substitu-
tion resctions has been given by Van‘Ess.7 Shirleye briefly
summarized these substitution reactions end presented a re-
view on the chemotherapy of phenothliazine and its derivatlves.
Two other review§ are given on the chemistry of phenothiazine;
however, they are not readlly accessible. The one periodicalg
18 not received by the Iowa State College Library and the
otherlO 1s at present missing from the Library files,

In the historical section of this dissertation, an ate
tempt has been made to completely review the chemistry of
rhenothiazine and 1ts derivatives since 1933 with the exe
ception of the derivatlves of methylene blue and benzo-
phenothiezine, However, some of the earlier work will be
included as well, in order to try to give a complete picture

of the chemlstry of phenothiagzine up to the middle of 1951,

VP. R. Van Ess, Doctoral Dissertation, Iowa State Col-
lege (1936).

8D, A. Shirley, Doctoral Dissertation, Jowa State
College (1943).

9E. C. Beeler, Bull. Natl., Formulary Comm., 10, 84
(1942), [ C. A., 36, 5318 (1942) —

105, L., Metcalf, Chem. Blol. Coordination Center, Natl.

Research Council, WashIngton, D, C., Rev. No., 1, 84 pp.
(1948), [ C. &.» gg,""ﬁ’fz&a (1949)_/.
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A. Ring Closure Reactions

Phenothlazine was first prepared in rather poor yleld
8
by Bernthsen, by heating together sulfur and diphenylamine
at 200-230°, This thionatlon reaction was greatly improved

with the discovaryll’12

that the presence of 1% lodine gave
an almost quantitative yield of phenothiazine, as well as

reducing the tempersture and time necessary for the reaction.

B "
|
N N
I
+ 23 > + HoS
3

The application of lodine as a catalyst in the reaction was
further demonstratedl??13 by applying the method to the
preparation of some benzophenothlazines.

A number of mono- and disubstituted phenothlazines have
been prepared by fusing the sppropriate diphenylamine with
an equlivalent amount of sulfur using iodine as a catalyst.

Phenethiazone-314’15 wag prepared by seration of the

IlF, Ackermann, German patent 224,348, July 9, 1909,
[C. Ay 5, 210 (1911) /.

12g, Knoevenagel, J. prakt. Chem., 89 (2), 1 (1914).
13F7, Kehrmenn and J. H. Dardel, Ber., 55B, 2346 (1922),

145.0.3. Olivier and W, P, Combe, Rec. trav. chem., 89,
526 (1950).

15D. F. Houston, E. B. Kester and F. DeEds, J. Am. Chem.
Soc., 71, 3816 (1949). -



B

resulting crude 3~hydroxyphenothiazine from the iodine cata-
lyzed thionation of p~hydroxydiphenylamine. These two

papora14’l5

also list references of earlier methods for pre-
paring phenothliazone-3. p-Methoxydiphenylamine was cyclized
to S-methoxyphenothiazine,13 using sulfur and lodine, in a
higher yield than that reported by earlier workers.17 A
number of long chain alkyl ethers of 3~hydroxyphenothiazine
were prepared in 80-84% yield by the action of sulfur on the
corresponding 4-a1koxydiphenylaminesls’18 at 160-170° for
forty-five minutes, 5-Mothy1phenothiazinel7 was prepared in
quantitative yleld by heating together p-methyldiphenylamine,
sulfur and iodine at 280° for twenty minutes. The thiona-
tionl€ of p-anilinophenoxyacetic acid (with lodine as catalyst)
giving 3-phenothiazinyloxyacetic acid was successful, but the
methyl ester ylelded no isolable product. Smithl® reported
the preparation of 3-fluoro- and 3,7-bia(l,1,3,3-tetramethyl-
butyl)phenothiazine in 39% end 31% respectively by heating
together sulfur with the appropriate diphenylamine in the

presence of lodine at 150-170° for about an hour,

18R, Baltzly, H. Harfenist snd F, J. Webb, ibid., 68,
2675 (1946).

174, Gilman and D. A. Shirley, 1ibid., 66, 888 (1944).

18p, P, Houston, U. S. Fatent 2,505,772, May 2, 1950,
[C. A., 44, 7068 (1950)_7/.

19N, L. Smith, J. Org. Chem,, 16, 415 (1951),
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Fusion of sulfur, p,p'=-dihydroxydiphenylamine and & amall
amouﬁt of iodine gave 5,7-dihydroxyphenothiaz1n920 (leuco-
thionol) which was readily oxidized to 7«hydroxyphencothiazone-
3 (thionol). The attempts to prepare l-carboxyphenothis-
zinazl by thionation of g-carboxydiphenylamine or 1its ethyl
ester were unsuccessful, A asmall amount of phenothiazine re-
sulted from the latter reaction showing that pyrolysis had
ocecurred as one of the steps of the reaction,

It 1s obvious that thionation of an ortho-substituted
diphenylamine would produce a l-substituted phenothlazine,
while that of a para-substituted diphenylamine results 1n
the 3-gubstituted phencothlaezine, provided, of course; that
no molecular rearrangement has taken place. On the other

hand, thionetion of a meta-substituted diphenylamine could

i
; N R
[i::::r/ \1:::::1 + 8 —>
i
N R N
CLO" =X
S 8

éoD. F. Houaton, E, B, Kester and F, DeEds, J. Am.
Chem, Soc., 71, 3819 (1949).

R

214, Gilman, D. A. Shirley and P. R, Van Ess, ibid.,
66, 625 (1944).
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conceivably result in the formation of elither a 2- or 4-
subatituted phenothiazine or a mixture of the two., Work done
by Smith22 indicates that the reaction results in the forma-
tion of the 2-isomer on the besis of infra-red analysis, He
prepared a trifluoromethylphenothiazine in 44% yield by the
reaction of 3-trifluoromethyldiphenylamine, sulfur and lodine
at 140-150° for one hour. An infra-red spectrum of the
product showed a strong band at 12.13u which was not present
in the phenothlazine spectrum. Barnes 9 reported that
vicinal-trisubstituted benzene derivatives produced a
characteristie infra-red absorption band in the reglon from
about 12,5 to 13.%ﬁk, whereas unsymmetrical trisubstituted
benzene compounds produced a band in the reglon of 12,0

to 12.§f~. Since the trifluoromethylphenothiszine had a

band in the latter region, Smith provisionally assigned the
trifluoromethyl group to position 2, The 4-isomer, which
contains a vieinal«trisubstituted benzine ring, would be
expected to have a strong band in the region of 12.5 to

4 obtalned from the thlonation of

lS.Q/A. Buu~Ho1l and Lecocqz
m-tolyle X~naphthylamine a methylbenzophenothiszine which

they consldered to be 8~methyl~l,2~benzophenothiazine in which

22y, L. Smith, J. Org. Chem., 15, 1125 (1950),

2%, B. Barnes, R. C. Gore, R. W. Stafford and
Ve Z. Williama, Anal, Chen. , _2_9_, 402 (1948)'

24Ng. Ph., Buu-Hol and J, Lecoeq, Compt. rend,, 218,
648 (1944),
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the methyl group 1s para to the sulfur without giving any
reagon for thelr decislon.

Some phenothiazine derivatives, for Instance 3~-hydroxy-
phenothfuauz.ine25 and 3~hydroxy-‘7-methylphenothiaz1ne25, have
been prepared by fusing together sulfur, hydroquinone and the
appropriately para-substituted anlline.

A number of substituted phenothlazines have been pre-
pared by the cyclization of some substituted diphenylsulfides

or diphenylamines, Kehrmanng7

s by reduction of big-2-
picramidodiphenyl disulfide, obtained 2«picramidothiophenol
which, when treated with alkalil, ylelded l,3-dinitropheno=
thiazine, Mohlau and his co-workersga, wanting to prepare
the 1lsomeric 2;4-dinitro derivative, converted 2-benzemido~
thiophenol into 2-benzamidophenylpleryl sulfide by reaction
with pleryl chloride in the presence of sodium acetate.

The sulfide ylelded, on treatment with alkall, a l0O-benzoyl-
dinitrophenothlazine which on hydrolysis gave l,3-dinitro-

phenothiazine, No satisfactory explanation could be given

“OSwiss patent 204,521, Aug, 1, 1939, /C.A., 36, 23537
(1941)_7.

263yiss patents 209,500, 209,501, 209,502, July 16,
1940, /[ C.A., 35, 4607 (1941)_7.

27p, Kehrmenn end J. Steinberg, Ber., 44, 3011 (1911).
See also F. Kshrmann and L. Schild, 1b1d., 3%, 2605 (1899)
and F, Kehrmann and F, Ringer, ibid., 35, 3014 (1913).

28R, Mohlau, H. Beyschlag and H, Kohres, ibid., 45,
131 (1912). . E—
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Alkall

NOo
SH NOo

N
(1) Alkell

NH
3 NOg 51(2)Hydrolysis SQNOQ
NOo

for this phenomenon until Smiles and co-workeragg’so discovered

that rearrangements of the type 2«nltro-2!'-asecylamidcdiphenyl

‘}c %c NOo

NH N

— (I
S SH
NOg

sulfide to N~acyl«Z2e-nitro-2!-mercaptodiphenylamine readily
took place in alkaline media.

The rearrangement and cyclization of a substituted

aminodiphenyl sulfide to give a phenothiazine derivative was

v§§w. J, Evans and S, Smiles, J. Chem. Soc,, 181 (1935).

30c, F. Wight and S. Smiles, ibid., 340 (1935),



demonstrated by Sm119331 In the following fashlon., 2,4~
Dinitro-a'-acatamidodiphenyl sulfide readlly underwent re-
arrangementgs in an acetone~alcohol solution containing
sodium hydroxide to give N~acetyl=2,4-dinitro-2'-mercapto~
diphenylamine. After bolling the solution one-half hour,
d3=-nitro~l0~acetylphenothiazine was 1solated., The acetyl
group wes removed by hydrolysis giving 3-nitrophenothiazine.
The latter compound was also prepared by treating an aqueous
solution of 4-nltrodiphenylamine~2-sulfinic acld, containing
sulfurous acid, with hydriodic acid,

fas g
? = 0 ? = 0
NH NO2 N
COO™ == 1 1
5 NO
NOg SE NOg 2

(1) Cyclization
(2) Hydrolysis

i i
N N
o0, = L2
—_—
HOoS NOg 8 N0z

Sly, J. Evans and S. Smiles, ibid., 1263 (1935).
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Mohlau and co-workersS?® reported that 2,4-dibenzamido-
5-tolylpicryl sulfide in alcohol contalning sodium hydroxide
cyclized to give a 90% yleld of 2,4-dinitro-7-methyl-8-
benzamido-1l0-benzoylphenothiazine, while in a bolling aolu-
tion, containing somewhat more alkali, the sulfide cyclized
to 2,4«~dinitro-7-methyl-8~benzamidophenothlazine, It would
seem obvious from Smiles' work that rearrangement would occur
prlor to cyclization and therefore, Méhlau obtained the 1,3~
dinitro derivatives instead of the 2,4-isomers as he had
concluded. sym-Tri(picrylmercapto)aniline in an alcoholie
potasslum hydroxide solution gave, upon warming, 1,3-dinitro-
7,9-[51(p1crylmereaptol7;phenoth1az1ne.35 In the same paper,
it wes reported that 4~chloro-2-aminothiophenol hydrochloride
gave a pleryl derivative and if, immediately upon adding the
pleryl chloride to the thiophenol, concentrated aqueoua‘
sodium acetate was added, 1l,3-dinitro-8-chlorophenothiazine
resulted, 2-Bromo-7-nitrophenothiazine was prepared in 64%
yleld by the reasrrangement and cyeclization of 2-acetamido-
4-bromo=-2', 4'-dinitrodiphenyl sulfide whereas 2-acétamido-
4~bromo-2'=nitrodiphenyl sulfide falled to undergo the Smiles

reaction to give a bromophenothiazine.16 On the other hend,

32r, Mitsugl, H, Beyschlag and R. Méhlau, Ber., 43,
927 (1910).

537, Pollak, E. Rlesz and Z. Kahane, Monatsh., 49,
213 (1928)., -
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S-cblorophenothiazin031 was obtained from the thlol formed
by rearrangement of 4-chloro-2-nitro-2'-acetamidodiphenyl
sulfide in bolling acetone solution containing sodium hy-
droxide. 3-Carboxyphenothiazine could not be formed by the
eyclization of 2'~acetamido~4-carboxy~2~nitrodiphenyl aulfid035
In contrast to the latter fallure, the action of alkali on
2,6-dinltro~4-carboxy~2'-mercaptodiphenylamine gave l-nitro-
‘ :Sv-caz-mnrqrplmnm:m.tauz:lne.:""l

Thus, it 1s aspparent from the foregoing resactions that
a number of factors are involved in determining the success
of this type of cyclizetion reaction. In one case, the re-
placement of the chlorine atom in 4-chloro-2-nitro-2'-
acetamlidodiphenyl sulfide by a carboxyl group, resulted in
the failure of cyclization. However, beginning with the
appropriate carboxydinitrodiphenylamine, l-nitro=3-carboxy-
phenothlazine could be prepared, Hence, the carboxyl group,
as well as the nitrovgroup, has some influence on the suc-
coess of the reaction., 2«Bromophenothiazine could not be
prepared, but 2«bromo-7-nitrophenothiazine was prepared,
Thusy these facts confirm Smiles! observation that cyclization
occurs only 1f the one phenyl group contalns sufficlent nitro
groups. In addition, the number of nitro groups necessary

seems to be determined by the presence of other substituents

54?. Ullmenn, G. Engl, N. Wosnessensky, E., Kuhn and
E., Herre, Ann., 3686, 79 %1909).



in the molecule, @.g., chloro-, bromo=- or the carboxyl group.
Therefore it seems that the problem might be explored more
fully to determine the factora governing this oyecllzation re-
actlon,

Hodgson and co=workersS®

were unsble to obtain any
phenothiagzine derivatives by the attempted cyclization of
some diphenyl sulfides. The reduction of 2,2', 4,4'-tetra-
nitrodiphenyl sulfide failed to give the corresponding
tetramine with possible oyclization en route but resulted
only in the formation of m-phenylenediamine, Attempts to
condense 2,2'«dichloro-4,4'-dinltrodiphenyl sulfide with
ammonla under high pressure or with potaassium phthalimide,
both at 200°, resulted only in unchanged starting material.
2,2'+»Diamino~4,4'-dinitrodiphenyl sulfide, upon heating with
various aclds, could not be made to undergo ring closure,
Heating 2-chloro-4,4!'-dinitro-2'~acetamidodiphenyl sulfide
in nitrobenzene with potassium carbonate and cuprous chloride
resulted only in decomposition., Michels and Amstutz®® found
that 2,8«diilodophenothiazine could not be produced by cycli-
zation of 2,2'~diamino-4,4'-diiododiphenyl sulfide either by
heating its stannous chloride complex or its hydrochloride.

However, they obtained 2,8-dinitrophenothiazine in 50% yield

ﬁgﬁ. H, Hodgson, D, P. Dodgson and E, W. Smith, J.
Chem. Soc., 1104 (1948).

567, G, Michels and E., D, Amstutz, J. Am. Chem. Soc.,
72, 888 (1950).
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by heating, at 220-230° for thirty hours, a mixture of 2«
amino=2t=i0do«4,4'~dinitrodiphenyl sulfide, cuprous lodide
and sodlium carbonate, Thls was the first reported preparation
of a phenothlazine derivative by the direct ring c¢losure of a
diphenyl sulfide. They rule out the posslibility of a Smiles
rearrangement having occurred on the basis that: (1) such re-
actions take place in elther aqueous or alcoholic alkaline
solutions; (2) amino sulfides such as 2~amino=2'-nitrodi-
phenyl sulfide and varlous of 1ts substitution derivatives
do not undergo the rearrangement whereas the corresponding
sulfones and/or N-acetyl derivetives do; (3) the diamino-
phenothiazine-5~-dioxide obtained by the reduction and oxi-
dation, under sappropriate conditiona, of the ring closure
product was identical with the diamino compound obtained by
means of the Friedel-Crafts and subsequent reactions,
Bis-(z-picramidophenjl) disulfide on reduction by sodium
sulfide in an ethanol-benzene solution gave a poor yleld of
1-n1trophanoth1azine.57 No ring c¢losure product resulted
upon treating 2,2'-diaminodiphenyl disulfide with 2-bromo=3-
nitrobenzoic acld in ethanol containing sodium acetate or by
heating & mixture the dlsulfide, potassium o-chlorobenzoate,
sodium acetate and copper bronze in amyl alcohol.21
Treatment of 2«hydroxy-3-pleryle2,3«dihydrobenzothliazole

with hot squeous sodium carbonate for one hour gave a

st. Kehrmann and O. Nossenko, Ber., 46, 2809 (1913),
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quantitative yleld of 1,3-dinitro-10-formylphenothiazine.%®
The cleavage of the thlazole ring by alkall to give a salt
of N~formyle-2-picramidothliophenol was demonstrated to be an
intermediate step in the reaction,

The potassium salt of l-nitrophenothleazine-3~sulfonic
aeids4 was prepared by bolling a water solution of go-amino-
thiophenol hydrochloride and 4-chloro=3,5-dinitrobenzene-
sulfonic ascid with sodium acetate followed by treatment with
potassium hydroxide, Sodium 3-nitrophenothiazine-l-sulfo~

nate:54

was also prepared in a similar manner by the reaction
of o~aminothiophenol hydrochloride and 2-chloro«3,5-dinitro-
benzenssulfonic acid. The action of sodium acetate and
potassium hydroxide on & water solution of the potessium
salts of 4-chloro-3,5~dinitrobenzenesulfonic acid and 3-aminoe
4~mercaptobenzene sulfonlc acid gave the dipotassium salt of
l-nitrophenothiazine-3,8«-disulfonic acid.39

The presence of a nitro group in either of the reactants
is not always necessary for the production of phenothiazine
derivatives from g-aminothiophenol., By refluxing a solution

of cyclohexene oxide end o-eminothiophenol in alcoholic potas~

sium hydroxide, 1,2,3,4,43,10a~hexahydrophenothiaz1ne4° was

. gSM. L. Tomlinson, J. Chem. Soc., 1607 (1936).
597, Pollak and K, Deutacher, Monatsh., 56, 365 (1930).

%0s.c, 4. Culvenor, W. Davlies and N. 8. Heath, J. Chem,
Soc., 278 (1949).
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formed in 99% yield., A patent?t

described the preparation of
2«(1,1,3,3~-tetramethylbutyl)phenothiazine by heating a mixture
of o~aminothiophenol amd 4~(1,1,3,3-tetramethylbutyl)-1,2-
dihydroxybenzene at 260-280° for forty houra. No reason was
given for assigning the alkyl group to position 2 of phenow
thiazine, the chance of 1ts being in position 3 seems to be
Just as great, Desulfurization of the phenothiazine deriva-
tive would indicate whether the alkyl group occupied the 2=
or 3=-position,

When the blue solution, which was obtained by dissolve
ing 4enitrodiphenylamine~2-gulfinic acid in sulfuric acid,
wag immediately diluted with water, 3~nitrophenothlazine«5«
oxide was obtained.42 However, if the solution was allowed
to stand one~half hour before dilution, then 3-nitropheno-
thiszine*d was formed and sulfur dioxide was evolved. In hot
acetic acid, N,4~dimethyl-2'«nitrodiphenylamine-2-sulfinic
acid cyclized, with the liberation of oxides of nitrogen, to
give 5,10-dimethylphenothlazine~5-dioxide, whereas, only a

small amount of this compound was formed in alkaline media.44

417, B, Niederl, U. S. Patent 2,483,838, Oct. 4, 1949,
[ C.A., 44, 2036 (1950)_7.

423, Krishua and M. S. Jain, Proec. 15th Indian Sci.
Cong., 153 (1928), /[ C.A., 25, 300T (193 .

43306 page 1l of this dissertation.

44L. A. Warren and S. Smiles, J. Chem. Soc., 2774 (1932).
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The action of oleum on diphenylamine45 at 50-80° resulted
in the formation of a tetrasulfonic acld derivative of pheno-
thiazlne-b-dloxide. The sulfonic acld groups of the latter
could be removed by hydrolysis with dilute mineral acids under
suiteble conditions., By starting with substituted diphenyl-
amines, provided there was in each nucleus an unsubstituted
position ortho to the imino group, various derivatives of
phenothiszine-5~-dloxide were prepared., (Contrast the action
of sulfuric acid on phenothiazine itself.46) It is very'
llkely that the diphenylamine derivative was first sulfonated
and then the resultant product underwent cyclization, possibly

by intramolecular sulfonation.

B, Nuclear Substitution Resactions

Since Van Essv has given a complete review of the substi-
tution reactions of phenothiazine up until 1932, only & brief
summary of these reactions will be given in this disserta-
tion, Nitration5 of phenothiazine gave 3-nltrophenothiazine-
S-oxide or, depending on the conditions, 3,7-dinitropheno=-
thiazlne-5-oxlde and an unidentifled lsomeric dinitro~5-oxide.
Likewise, nitration of 10-methyl-phenothiazine gave 3-nitro-

451, G, Ferbenind, A.-G., German patent 582,268, Aug.
11, 1933, /[ C.A., 27, 5196 (1933)_/; I. G. Farbenind, A.=G.,

British patent 420,444, Dec, 3, 1934, / C.A., 20, 3530 (1935)7,

4630e page 26 of this dissertation.



and 3,7-dinitro~10-methylphenothiaz1ne-5~oxide.47

10-Acetyl-~
phenothiazine underwent nitration with nitric acid (d. 1.5)

in acetlic acid to give the 3,7—&1n1tro-5-oxide.48 The 10-
ethyl-, decyl- and phenyle-derivatives have been nitrated to
glve the corresponding 3-nitro-5-oxides.l7 More highly ni-
trated ﬁroducts of phenothiazine have been reported, but their
structures have not bheen provon.57’49’ 50 It was assumed, on
the basls of the directing influence of nitrogen, that the
third and fourth nitro groups entered the positions ortho to
the nitrogen., Direct chlorination of phenothlazine gave

small ylelda of 3,7-dichlorophenothiazine and a tetrachloro-
phenothiszine whose structure was not determined.51 The mer-
curation of 1lO-methyl- and lO-ethylphenothiazine gave the
corresponding 3J-acetoxymercuri- and 3,7-dlacetoxymercuri-lo0-
alkylphancthiazine.52 These in turn were converted to the
corresponding halo derivatives and arsonic acids by appropriate

reactions.

47p, Kehrmsnn and P, Zybs, Ber., 52B, 130 (1919).
48\, Bernthsen, Amn., 230, 122 (1885).

498, DeB. Barnett and S. Smiles, J. Chem. Soc., 95,
1253 (1909).

50g, Pfaff, Relchsamt Wirtschaftsausbau Chem. Ber,,
PB52021, 1183 (194%), Z g.g,, 32, 5533‘(1§Z§) 7.

519, Unger and K. A. Hofmann, Ber., 29, 1362 (1896).

52¢. Finzi, Gesz. chim. ital., 62, 175 (1932) C.A
. » . 3 ok ~ 7 p ete
26, 4338 (1932) 7. L4




The first Frledel-Crafts reaction involving phenothliazine
was carried out by Scholl and Seer,53 who reacted phenothia-
zine, phthalic anhydride and aluminum chloride in refluxing
carbon disulfide. They obtained, in poor yield, a ecompound
consldered to be phenothlazlne-3,7-diphthaloylic acid.

This substance was cyclized by sulfuric acid to a bls~quinone
which they regarded as linear. Under simllar conditions,
10-methylphenothiazine gave a 25% yleld of a diphthaloylic
acid which in turn gave a linear bls-quinone., This acld was
also consldered to be the 3,7-derivative,

Baltzly, Harfenlst and Webb,16 snd later, Michels and
Amstutz®® found that under Friedel-Crafts conditions in a re=-
action using an aecyl compound and phenothiszine, orlentation
was due mainly to the sulfur rather than the nitrogen since
the latter was deactivated by N-acylation. Baltzly and co=-
workers deduced by indirect evidence that aecylation affected
position 2 as shown by first hydrolyzing the 2,10-diacetyl-
phenothiazine, resulting in 40-50% yield from the reaction
of l0-acetylphenothiazine with acetyl chloride under appro-
priate conditions, to a monoacetylphenothiazine, The latter
underwent the haloform resction to gilve a carboxy acid which
on cleavaege wlth hydrlodic acid or Reney nickel gave m-carboxy-

diphenylamine., Therefore, either the 2« or 4«position of

53R, Seholl and C. Seer, Ber., 44, 1233 (1911).
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phenothiazine had been substituted., The acld was ethylated
and the resulting l0-ethyl derivative was shown to be dif-
ferent from the ac¢ld formed by carbonation, and subsequent
acldification, of the metalatlion product from lO-ethyl-
phenothiazine and p-butyllithium,54 The latter acid was
very likely the 4-carboxy derivative due to the stronger
orienting influence of sulfur over nitrogen in metalation
reactions, X-ray analysis and optical observations fur-
nlshed additlional evidence that the former was the 2-
carboxy acid,

By increasing the ratio of lO~acetylphenothlszine and
acetyl chloride, Michels and Amstutz®® utilized the PFriedel-
Crafts reaction to prepare 2,8~dlacetylphenothiazine, m.p.
249-251°, The structure of the latter was unambiguously
proven in the following manner. The triacetylphenothiazine,
formed in 30-55% yield by acylation, was oxidized by means
of hydrogen peroxide to the dioxide which, in turn, was
converted to 2,8=-dicarboxyphenothiazine«5~dioxide using the
haloform reaction, The acid was transformed into the azide
going through the acid chloride, The azide, via the urethan,
was converted Into 2,8-dlaminophenocthiazine-5-dioxide which

wasg shown to be ldentical with sn authentie speeiman55 of

544, Gilmen, P. R. Van Ess end D. A, Shirley, J. Am.
Chem. Soc., 66, 1214 (1944).

53306 page 15 of thils dissertation.
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the diamine, 3Since the work done by Michels and Amstutz

has definitely shown that the Friedel-Crafts reaction employ-
ing scetyl chloride involves the 2= and 8«positions of
phenothliazine, then Baltzly's acid can be consldered to be
phenothiazine-~2-carboxylic acid,

Maauiess treated a mixture of phenothiazine and an=-
hydrous aluminum chloride in carbon disulfide with excess
acetic snhydride obtaining lO-acetylphenothiazine and a di-
acetyl compound which melted at 253-254°, Neither of the
acetyl groups of the latter could be removed by hydrolysis,
The structure of the compound was never determined but from
the foregoing work it would appear to be the 2,8~derivative.

Two ketonlc product357

were formed by the reaction of pheno-
thiazine, stearoyl chloride and aluminlium chloride in carbon
disulfide. The one product melting at 78-79° was conaidered
to be a monostearoyl compound and the second melting at
125-135°%, a distearoyl derivative.

In the case of intramolecular condensations of the
appropriate Nesubastituted phenothiazines, position 1 is ine
volved in the Friedel-Crafts reaction. When 10=-(2-carboxy-
phenyl)phenothiazine was treated with phosphorus penta-

chloride and stannic chloridesrespectively, in xylene, a 60%

568. P, Massie, Doctoral Dissertation, Iowa State
College (1946) p. 103,

57M. R. McCorkle, unpublished studies.



yield of the carbonyl containing derivative, 9-qu1no[—3,2,
1-k1_7bhenoth1az1none (1), resulted.21 Smit:hg2 reported a

Ho
C<
C =0 H?C/ C =0
N N
2 3
I II

similar reaction. 2,3-Dihydro-3-keto~-lH-pyrido/3,2,l-kl_/-
phenothiazine (II) was formed in 76% yleld by the action of
phosphorus pentoxide on ,/3-(10-phenothiazyl)propionic acid

in refluxing benzene solution.

In connection with the reaction of carbonyl compounds
with phenothiazine, Buu~Hol and Hoénsa found that lQ0=methyl-
phenothlazine readily underwent reaction with N-methyl-
formanllide in the presence of phoaphorus oxychloride and
g~dlchlorobenzene to give an 80% yield of 3-formyl-l0=
methylphenothiazine, Wolff-Kishner reduction of the latter
gave 3,10-dimethylphenothiazine, which was identical with
an authentic sample, thus showing that the aldehyde group
had entered the 3-position exclusively. They concluded

( ggﬁg. Ph, Buu-Hol and Ng. Hoén, J., Chem. Soc., 1834
1951).



that the orientation was determined by the nitrogen since 1t
had not been deactivated by acylatilon.

In view of the orienting influences of nitrogen and
sulfur discussed by Buu-Hol and Hoén and by Baltzly and co-
workers, the phthaloylatlion of phenothiazin353 very likely
geve phenothiazine-2,8=diphthaloylic acid instead of the
3y7=-1isomer, as suggested by Scholl and Seer; whereas, the
phthaloylation of lO-methylphenothlazine conceivably may
have given the 3,7=-diphthaloylic acid, as the workers had
indicated. Thus, two types of substitutlion with the Friedel-
Crafts reaction may be possible depending upon the sub?
stutlent attached to the nitrogen of phenothlazine. Addile
tional research 1s necessary to throw light on thls inter-
esting problem,

Metalation®l of phenothlagine with n-butyllithium fol-
lowed by carbonation, hydrolysis and acldification, gave a
52% yleld of phenothiazine-l-carboxylic acid. The structure
of the acid was proven by the following series of reactions.
The methyl ester of the acid was refluxed with lodobenzene
in the presence of potaasium carbonate and copper bronze
to give l-carbomethoxy-lO-phenylphenothiazine, This compound
was hydrolyzed and the resulting free acid treated with
phosphorus pentechloride and stannic chloride to give 9«
quino/3,2,1~kl/phenothiazinone (I). Metalation®® of 10-

ethyl- snd 1l0-phenylphenothiazine, respectively, with



grbutyllithium gave a monocarboxy-lO-ethylphenothiazine and
a monocarboxy«~lO-phenylphenothlazine, The former acid was
cleaved with hydrlodlc acid to gilve m-carboxydiphenylamine,
thus showing that metalation had cccurred at either the 2
or 4-position. The latter was preferred because of the
stronger orienting influence of sulfur over nitrogen in the
case of metalation reactions.®® The Investigation of the
Friedel~Crafts reaction in connection with phenothlazine had
resulted in the preparation of lO-ethylphenothiazine«2«
carboxyllic acid which was different from the above acld,
Thus, the only alternative was that metalation of 10~
ethylphenothlazine with n-butyllithium in ether, and very
likely the 1lO~phenyl derivative as well, Involved position
4. 10-(¥-Diethylaminopropyl)phenothiazine was metalated
with n-butyllithium in ether at room temperature and the
metalation product was then reacted with benzonitrile.60
An infra-red analysis of the resulting uncrystallizable oil
indicated 1t to be 10-(Y-dlethylaminopropyl)-4-benzoyl=
phenothiazine. The reasction of 4«lithlo-10-(¥-diethyleamino-
propyl)phenothiazine with triphenyltin chloride resulted in
cnly the isolation of tetraphenyltin. The metalation pro-

duct of S-methoxyphenothiazinel6 upon carbonation gave,

594, Gilman and C. G. Stuckwlsch, J. Am. Chem. Soc.,
67, 877 (1945).

6OT. N. Goresu, Master's Thesls, Iowa State College
(1951).
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following hydrolysis and acidification, a monocarboxy acid
which was not ldentified. In view of the metalation of
phenothiazine 1tself and the directing influence of oxygen,

59,61 it seems

sulfur and nitrogen on metalation reactions,
that, in the preceding case, each of positions 1l, 2 or 4 of
the phenothlazine derivative could have been susceptible to
attack,

Magnesium reacted with 3-ilodo~lO-ethylphenothiazine in
an ether-~benzene solution to give the Grignard reagént.s4
Carbonation of the organometalllic compound resulted in a
76% yleld (on the basis of the iodo compound) of lO-ethyle
phenothiazine-3=-carboxylic acid,

337=Dinitrophenothiazine was obtained as the chilef
product by means of the portionwise addition of powdered
sodium nitrite to a suspenslon of phenothiazine in glacial
acetic acid.57 The additlon of four moles of powdered sodium
nitrite to a suspension of 1l,3-dinitrophenothiagine in cold
glaclal acetic acld resulted In the formatlion of 1,3,7-
trinitrophenothiazine.27

A reaction whilch cannot be classed as a substitution
reaction, yet resulted in the production of a phenothiazine
derivative containing nuclearly substituted functional groups,

was the digestion of phenothiazine with sulfuric acid to

6lg, Gilmen, M. W. Van Ess, H. B, Willis and C. G.
Stuckwisch, J. Am. Chem., Soc., 62, 2606 (1940).
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give V-hydroxyphenothiazone»ﬁ.62 The procedure was improved
by Houston and co-workers<-C?63 who obtained a 15% yield of
7-hydroxyphenothiazone-3 (28 the lithium salt) by heating
phenothiszine with 75-90% sulfuric acld at 160-165° for six
hours, This compound was also formed by the oxidation of
phenothiazine with 30% hydrogen peroxide and hydrochlorie
acid in aquecus ethanol, 54 However, in the latter resaetion,
the product was contaminated with compounds containing
chlorine. PFerric chloride oxidation of phenothiazine in hot
alecohol gave phenothiazone~3.14’15’65 An attempted forma-
tion of V-Qroctyloxyphenothiazone-Szo by ferrlc chloride
oxidation of 3-n~cctyloxyphenothlezine caused cleavage of the
ether linkage and ylelded chlefly phenothiaszone«3, Traces
of 7-hydroxyphenothiazone-3 were noted, but no octyloxy com=
pound,

From a conslderation of these reactions it is readily
apparent that the four different nuclear positions of phenow~
thlazine are susceptible to monosubstitution, the point of
substitution depending, of course, upon the particular re-

action involved. Nuclear digubstitution reactions produce

625, Bernthsen, Ann., 230, 187 (1885).

©33ee also 8. Granick and L. Michaelis, J. Am. Chem.
oc., 69, 2982 (1947).

64F, DeEds and C. W. Eddy, ibid., 60, 1446 (1938),
65p, Kehrmenn, Ann,, 322, 54 (1902),
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a symmetrical molecule, at least In the cases where the struc-

ture of the product was definitely established.

C. Reactions Involving the Imino Group

Phenothiazine was first alkylated® by heating it with
en alkyl halide and the corresponding alkyl alcohol in a
sealed tube at 100-110°, The 1l0-methyl and l0-ethyl derive
atives were prepared in this fashion. Later these two
compounds were prepared in 60% and 35% yield, respectively,
by heating together the appropriate alcohol, a small amount
of dry hydrogen chloride and phenothlazine in a sealed tube
at 100’.66 The higher molecular welght alcohols did not
react at all under these conditions. Refluxing a methanol
solution of phenothiazine and methyl iodide for several days
gave the l0-methyl derivative.%6 10-a11yl-, 10-(n-decyl)-
and 10-(groctadecy1)phenothiazinal7 were prepared in 62%,
9.4% and 20% yleld, respectively, by heating together the
alkyl bromide and phenothisazine in the presence of sodium
caerbonate and copper powder. The condensation of a ji-
diethylaminopropyl halide or its hydrohalide with pheno-
thiazine by direct heating was unsucceasful.lv

A mixture of phenothliazine, ethyl bromoacetate,

potassium carbonate and copper powder, heated at 150-160°,

664, I. Bernstein and L. R. Rothstein, J. Am. Chem.
Soc., €66, 1886 (1944),



gave ethyl 1l0-phenothiazylacetate.,b7 In the saeme manner,
ethyl/437(lo-phenothiazyl)propionata was prepared using ethyl
Aﬁybromopropionate. ‘These esters were saponified to the re-
spective free acid. 10-Phenothiazylacetic acid lost carbon
dioxide on bolling in acetic acid to give lO-methylpheno=
thiazine; the proplonic acid was stable under these condi-
tlons.

Phenothiazine was not alkylated by dlethyl sulfate,54
However, methylation of,phenothiazine with dimethyl sulfate
and sodium hydroxide in acetone was successful,58

The refluxing of a mixture of phenothiazine, ethanol,
40% aqueous formaldehyde and a small smount of primary
sodium phosphate resulted in the formation of 1l0O-ethoxy-
methylphenothiazine in 80% yield.,®® Besides ethanol, various
alcohols up to and including hexadeeyl alcohol were employed
in preparing additional 10-alkoxymethylphenothiazine deriva=-
tives. Alicylic alcohols, with an alkoxy or other non-
reactive substituent, were also used in the above type of
reaction,

l0-~Lithlophenothiazine was prepared by the action of
n-butyllithlum on phenothiazine in ether; the former compound

was then reacted with ~chlorcethyl p~-toluenesulfonate

EVG. Cauquil and A, Cassadevall, Compt. rend., 225,
578 (1947).

patent 2,415,252, Feb. 4, 1947, C.A,, 41, 2756 (1947)

685, A, Levi, Imperial Ghemiéal Industries Ltd., U, S.
British patent 554,309, June 29, 1943, / C.A., 39, 311 945)_7
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giving 10-(%§ychloroethyl)phenothiazine in 47% yleld.
32% yleld of 10(_¥ -chloropropyl)phenothiazine was obtained
on using ji-chloropropyl p-toluenesulfonate as the alkylat=-
ing agent., These halogen contalning phenothiazine deriva-
tives were treated with a number secondary amlnes to glve
the corresponding 10~(dislkylaminoalkyl)phenothiazines,
10-Benzylphenothiazine could not be isolated from the re-
action of benzyl chloride and 1lO-lithiophenothisaszine in
ether, 89

Alkylationavo employing a l-dialkylamino-2-chloropropane
resulted in the formation of two lsomeriec products: the
antieipated product (III) and the 2-alkylamino-le-propyl
derivative (IV), The same result was obtained in alkyla-
tions using the lsomeric l-chloro-2-d1a1kylaminopropanes.71 '
It has been proposod7°’72 and shown’® that under the influ-
ence of alkaline condensing agents, alkylaminochloropro=

panes gave rise to a ¢yclic ethylenelmmonium ion, which then

reacted with an anion R'™ to yleld two lsomeric compounds

5§I.
(1949).
70E. M. Schultz, C. M. Robb and J. M. Sprague, J. Am.

Chem, Soc., 69, 188 (1947); 1bid., 69, 2454 (1947); W. H.
Brode and M. W. Hill, ibid., 69, 727 (1947).

Zarember, Master's Thesls, Iowa State College

"lg, M. Schultz and J. M. Sprague, ibid., 70, 48 (1948),

723, F. Kerwin, G. E. Ullyot, R. C, Puson and C, L.
Zirkle, ibido, _6_2., 2961 (1947).

733, D. Ross, ibid., 69, 2982 (1947),



(III)and IV), depending on whether the reagent R'” attacked
the ethyleneimmonium ion at (&) or (b). Since the position
(a) was least substituted, it seemed probable that it was
the favored pdint of attack, the main product thus being the

one represented by structure IV,

o
RoNCHoCHCH RoNCHCHC1
- _
(b)
CHCHz
32;/////, c1-
\\\\\CHQ
(a) |
R'"™
?H5 ?H3
RoNCHoCHR! RoNCHCHoR!
III Iv

The reaction of phenothiazine with l-dimethylamino-2-
chloropropane in the presence of sodamide gave a compound
which was reported to be 10«(l~dimethylamino-2-propyl)-
phenothiazine;s The foregoing results of the alkylations

involving a l-dlialkylamino-2-chloropropsne led Charpentier74

74p, Charpentier, Compt. rend., 225, 306 (1947).




to investigate the structure of the compound believed to be
10«(l-dimethylamino-2-propyl)phenothiazine, He found the
product, from the alkylation of phenothlazine with l-
dimethylamino-2=chloropropane in the presence of sodamide,
to be instead 1l0-(2-dimethylamino-l-propyl)phenothiazine by
means of the following reactions, Exhaustive methylation of
the phenothiazine derivative gave 10-(l-propenyl-l)pheno=
thiazine which was identified by: (1) potassium permanganate
oxidation 1n cold acetone to 10-formylphenothiazine; and

(2) hydrolysis by boiling normal sulfuric acid to give
phenothlazine and propanal. 10=-(2-Dimethylamino-l~propyl)-
phenothiazine was also prepared from phenothiazine and le
chloro-z-dimethylaminopropano.74’75 Additlonal investiga-
tion of the reaction’® of phenothlagine, sodemide and l-
diaslkylamino=-2-chloropropanes (the alkyl groups were either
methyl or ethyl groupa) in refluxing xylene reaulted in the
isolation of two products: 1l0-(l-dialkylamino-2-propyl)-
phenothiagine and 10-(2-dialkylemino-l-propyl)phenothiazine.
The latter was formed in the larger amount. The structures

of these compounds were proven' by cleavage with hydrobromile

75p, Charpentier, U. S, patent 2,530,451, Nov. 21, 1950,
[ C.A., 45, 3428 (1951)_7; Société des usines chimiques
Rhéne-Poulenc, British patent, 649,150, Jan. 7, 1951, / C.A.,
46, 7156 (1951)_7.

75?. Charpentier, P, Gailliot and J. Gaudechon, Compt.,
rend., 232, 2232 (1951); P. Cherpentier and R. Duecrot,

es 232, 415 (1951); P. Charpentier, U, S. patent
2,5%6,118, Oct. 17, 1950, / C.A., 45, 2511 (1951) /.
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gcld of the dialkylaminoalkyl group of the two phenothiazine
derivatives, respectively, giving the l~dlalkylamino-2-
bromopropane and the l-bromo-2«dialkylaminopropane. The
picrates of the last two compounds were prepared and compared
with the respective authentle specimens, They were found to
be 1ldentical,

Some l=-piperidyl- and 4-morpholinylalkyl derivatives of
phenothiazin077 were prepared by condensing the hydrochlor=
ides of‘Agf(lupiperidyl)ethylchloride,va l-(l-piperidyl)-
2-chloropropane and l=-(4-morpholinyl)-2~chloropropane with
phenothiazine in the presence of two equivalents of sodamide.
Only one reaction product was 1isolated from the reaction bew~
tween phenothiazine and l-(l-piperidyl)-2-chloropropsne or
l-(4-morpholinyl)=-2-chloropropane. It was shown that re-
arrangement had occurred in both cases and the compounds ob-
tained were 10-/ 2-(l~piperidyl)-l-propyl_/phencthiazine and
' 10=/Z~(4~=morpholinyl)-l-propyl_/phenothlazine, respectively.
This was performed by preparing these two compounds by a dif=-
ferent method. Phenothlazine reacted smoothly with pro-

Pylene oxide in the presence of sodamide to give

77R. Dahlbom, Acts Chem. Scand., 3, 247 (1949)

78366 also Soclété des usines chimiques Rhéne-Poulenc,
British patent 632’277’ Nov, 18’ 1949. Qoéc’ ﬁ’ 5399
(1950)_7%



10-(z-hydroxy-l-propyl)phenothiazine.79 On treating this
compound with phosphorus tribromide, 10-(2-bromo-l-propyl)-
phenothiazine was formed. The structure of the hydroxypropyl
and bromopropyl derivatives was established by hydrogenation
of the latter, which ylelded a compound identical with 10~
propylphenothiazine prepared by the hydrogenation of 10~
allylphenothiazine., On treating 10-(2-bromoel-propyl)-
phenothiazine with piperidine and morpholine, respectively,
10-/Z-(1-piperidyl)-l-propyl/- end 10~/Z-(4-morpholinyl)-
l-propy;7bhenothiazine were obtained,

Various other lo-dialkylaminoalkylphenothiazineaso have
been prepared in good ylelds from 1l0-sodiophenothlazine
(formed by reaction of phenothiaszine with sodamlide) and =
dialkylaminoalkyl halide in an organic solvent such as xylene
at an elevated temperature, The reaction was alsc success-
ful in cases where the benzene nuclei of phenothiazine con-
talned substituted alkyl or alkoxy groups. Lithium amide,

as well as sodamlde, was used In the prepsration of a series

793ee also R, Dshlbom, Swedish patent 129,843, Oct. 24,
1950, / C.A., 45, 5193 (1951)_/. Phenothliazine and some of
its derlivatives were reacted with propylene oxide or ethylene
oxide in the presence of an alkaline condensing agent, such
as an alkall amide, sodium phenoxide or lithium propionate,
to give the corresponding l0-(2-hydroxyalkyl)phenothiazine.

BOSociété des usines chimiques Rhéne-Poulene, British
patent 608,208, Sept. 10, 1948, /[ C.A., 43, 2647 (1949)_7/;
P, Charpentier, U. S. patent 2,519,886, Aug. 22, 1950,

[ C.A., 45, 673 (1951)_7.



of dlalkylaminoalkyl derivatives of phenothiazine.81 The
yields varled from poor to good for the different compounds,
A atudy of the relationship between sntihistaminiec activity
and varlatlion of structure was made on these compounds,

The alkylation of phenothiazine with various Nepyrro-
lidylethyl chlorides in the presence of sodamide proceeded
smoothly giﬁing from 36 to 61% yields of the respective
producta.82 The l-(l-pyrrolidyl)-2-chloroproranes were con-
sidered to give the 10-/Z«(l-pyrrolidyl)-le-propyl/pheno=-
thiazines, in yilelds of 20-88%, on the basis that rearrange=
ment occurs in this type of reaction., No attempt was made
to prove the structures of these products.

A number of l0O=-alkylphenothiazines have been prepared
by the reaction of phenothiazine, sodamide and sn alkyl
halide in liquid ammonia.33 10-Propyl-, 10~(p-methoxy-
benzyl)~- and lO-isopropylphenothiazine were prepared in 83%,
91% snd 67%, respectively, by this procedure. tert.-Butyl
chloride did not undergo reaction with 10-sodiophenothiazine

in liguid ammonia,

817, B, Wright, E. H. Lincoln, R. V. Heinzelmann and
J. H, Hunter, J. Am. Chem., Soc., 72, 3536 (1950).

82y, B, Reid, Jr., J. B. Wright, H, G. Kolloff and
J. H, Hunter, ibid., 70, 3100 (1948); J. H. Hunter and
W, B, Reid, Jro’ ﬁo 3., patent 2,483,998, Oct. 4, 1949,
L C.A., 44, 2573 (1950)/.

85J. F. Champaigne, unpubllahed studies,



Phenothiazine and 2-(chloromethyl)imidazoline hydro-
chloride, upon refluxing in o-dichlorobenzene, gave 10-(2-
imidazolin-2-ylmethyl)phenothiazine hydrochloride.s4 10~
(2-Imidazolin-2-ylmethyl)=3-methoxyphenothiazine hydrochlor-
ide was prepared by the same method,

Phenothlazine reacted with aryl 1lodides under appro-
priate conditions. The heating of a mixture of phenothlazine,
lodobenzene, potessium carbonate, copper lodide and bromo-
benzene resulted in the formation of l0-phenylpheno=-
thiazine.as The procedure for the preparation of 1l0-phenyl-
phenothiazine was 1mproved by Gllman, Van Ess and Shirley.s4
A varlety of lO-phenylphenothiazines were prepared in which
the lO~phenyl group was substituted with the carbomethoxy,
chloro, methoxy, methyl or nitro group.lv’gl’54 These de=-
rivatives were prepared by heating phenothiazine, the aryl
lodide, potasgium carbonate and copper bronze in a solvent
such as xylene or petroleum ether (b.p. 200-230°).

Phenothiazine‘was acylated by acetic anhydride to gilve
10~acetylphenothiazine.5 10~-Carboethoxyphenothiazine was
prepared by heating phenothlagzine with ethyl chlorocarbonate

in ether in a tube at 120°,5° Phosgene reacted with

84K, Miescher and A, Morxer, U., S. patent 2,485,212,
Oct, 18, 1949, /[ C.A., 44, 2572 (1950)_ /. See also ref-
erence 81,

85g, DeB. Barnett and S. Smiles, J. Chem, Soc., 97,
364 (1910).

86N, Praenkel, Ber., 18, 1845 (1885),



phenothiaszine to give lO-chlorocarboxyphenothiazine, as well
as 10,10'-diphenothiazyloarbonyl.5 A number of lO0~-acyl de=-
rivatives of phenothlazine were prepared by heating together
squlivalent amounts of the longwchain fatty acid chloride and
phenothiazine,87 lO-Benzoyl-s-nitrophenothiazine-5-0x1d988
was prepared by the reaction of benzoyl chloride and the
phenothiazine derivative in pyridine, Phenothlazine reacted
with phthalic anhydride at 150° to give 10-(o-carboxybenzoyl)-
phenothiazine.ag The a bstract of the patent stated that
other lO~carboxyacylphenothiazines had been prepared by this
procedure but did not list them..

Phenothiazine, and some of its nuclearly substituted
derivatives, reacted readily with various haloacyl halides
when heated under reflux in benzene or toluene until hydro-
gen halide was no longer evolved, Thus, the corresponding
lO-haloacylphenothliazines were formed in good yields.go’gl
The acyl halides used were chloroacetyl chloride, X~

bromopropionyl bromide, fé}chloropropionyl chloride,

87q. . Ford, Doctoral Dissertatlon, Iowa State College
(1937,

883, E, Hazlet and E. C. Roderuck, J. Am. Chem. Soc.,
67, 495 (1945),

89p, 3. Winnek and H, E. Faith, U, S, patent 2,461,460,
Feb, 8, 1949, /[ C.A., 43, 3853 (1949) 7.

90, Dahlbom and T. Ekstrand, Acta Chem., Scand., 5,
lo2 (1951).

91y, Exstrand,ibid., 3, 302 (1949); T. Ekstrand, Swedish
patent 127,566, Mar, 14, 1950, / C.A., 45, 188 (1951) 7.



gﬁ,%gydibromopropionyl chloride, c<X~bromobutyryl chloride
and g&,gﬁydimethyljégfbromopropionyl chloride, These halo-
acylphenothiagines were treated with a number of primary and
secondary amines, for example, dlethylamine, ethylamilne,
plperidine, morpholine and pyrrolidine, giving the desired
10-aminoacylphenoth1azines.90 Attempts to prepare a number
of 10«(hydroxyalkylaminoacetyl)phenothiazines resulted in
only the isolation of phenothiazine. Some lO-hydroxyalkyl-
aminoalkyl)phenothiazines which have been deseribed?? were
stable compounds. The reaction between <X, S-dibromo-
propionylphenothiazine and the various amines invariably
yielded the bisamino compounds, even when the halo compound
was used in excess,%0

The reactlion of benzenesulfonyl chloride with pheno-~
thiazine and 3,7-dinitrophenothiazine in pyridine gave the
corresponding sulfonyl derivatives.88 Likewiss, 10-(p-
acetamidobenzenesulfonyl)-, 10-(penitrobenzenesulfonyl)-
and 10~(p-toluenesulfonyl)phenothlazine were prepared by the

same procedure.es’93

The addition of a 40% solution of benzyltrimethylammonium

hydroxlde to a mixture of phenothiézine and an excess of

925, W. Cusic, U. S, patent 2,512,520, June 20, 1950,
[ C.A., 44, 8963 (1950)_7.

gssee also K. A, Jensen, B, Possing and K. Sechmith,
Dansk Tids. Farm., 15, 191 (1941), / C.A., 38, 1482 (1944)_7.




acrylonitrile gave %27(lO-phenothiazyl)propionitrile in 73%
yield.22 The cyanoethylation reaction involving 2«-trifluoro-
methylphenothiazine resulted in the formation of the propilo-
nitrile in 67% yield.1® The bolling of phenothiazine and
mercuric acetylamide in ethanol for several hours gave 10,
10'~bisphenothiazyl.®4 Phenothlazine in dry diethyl ether
reacted with phenylisocyanate to give 1l0O-anilidocarbonyl=-
phenothiazine.95

The action of hot hydriodic seid on 10-methylpheno-
thiazine-5-dioxtde®® and the sulfone of ¥§r(lo~phenothiazyl)-
prop}onic acidl9 resulted In the cleavage of the alkyl group
to give phenothiazine-~5-dioxide., In the case of a 1lO=ethyl=
phénothiazine carboxylic acid, hydriodic acid removed both
the alkyl group and the sulfur to give m-carboxydiphenyl-
amine,16:54 gome 10-(dialkylaminopropyl)phenothiazines were
cleaved by hot hydrobromic acid to give the corresponding
bromodialkylaminopropane and phenothiasine.45 The sulfone
of lO-phenothiazylpropionitrile reacted readily with aleoholle

19

sodium hydroxide to give phenothlazine-S5-dioxide, In the

941, Pesci, Gazz. chim, ital., 46, I, 103 (1916),
[ C.A., 10, 2885 11916)7,

98p, A, Henry and W. M. Dehn, J. Am, Chem. Soc., 71,
2297 (1949)., See also S. Paschkowezky, Ber., 24, 2910 (1891).

96y, Bernthsen, Ber., 39, 1807 (1906),



attempts to reduce some lO0-aminoacylphenothiaszines to the cor-
responding lO0-aminoalkyl derivatives, it was found that the
acyl compounds were instantly split into phenothliazine and
the aminoaleohol by the action of lithium alumlnum hydride
in ether at room temperature.go

A number of quaternary ammonium salts of some of the

10-(dislkylaminoalkyl)phenothiazines have been prepared.gz’97

D. Reactions Involving the Sulfur Atom

A variety of oxidizing agents has been used to oxidize
the sulfur of a number of phenothlagine derivatives to the
sulfoxlde or the sulfone,

Both 10~methyl-5 and lo-ethylphenothiazin365 were ox-
idized to the respective sulfones in ylelds of about 57%
by potasalum permangenate in bolling water., The oxldation
of l0-methylphenothlazine by potsssium permanganate in an
acetone solution at 15°, contalning excess sulfuric acid,
gave a 45% yield of the sulfoxide.®8 A small amount of
sulfone was also 1solated from the reaction mixture, 10~

99

Benzylphenothiazine-5«~dloxide was formed under similar

9730c16t6 des usines chimiques Rhéne-Poulenc, French
patent 942,366, Feb. 7, 1949, / C.A., 45, 3427 (1951)_7.

98g, DeB. Barnett and S. Smiles, J. Chem. Soc., 97,
188 (1910).

99R. D. Desai, J. Indian Inst. Scil., 7, 235 (1924),
/[ C.A., 19, 2645 (19%5) /7,




conditions starting with 10-benzylphenothiazine and using
acetic acld instead of sulfuric acid. In contrast to these
reactions, 1l0=-(l-propenyl-l)phenothiazine rescted with potas-
sium permangenate in cold acetone to give 1l0-formylphenothl=-
azine.74 No mention was made of the posslible formation of
any sulfoxide or sulfone., 1l0-Phenylphenothiazine in chloro-
form was oxidized with aqueous permanganate giving the dle
oxide.,%% The oxidation of 10-(p-toluenesulfonyl)pheno=-
thiazine with permanganate in bolling water gave a 74% yield
of the monoxide.®6 Under these conditions the 10-(p-aceta-
midobenzenesulfonyl) derivative did not react at all., 1.0~
Carboethoxyphenothliazine was readily converted to its sulfone
in 83% yleld by permanganate in a 75% acetic acid solution,56
The action of potassium permanganate on l0-acetylphenothia-
zine in boiling water brought about decomposition as shown
by the liberation of acetlic acld; no sulfoxide or sulfone
was isolated,®

Phenothiazine-5-oxide was prepared in 55% yleld by
allowing a solution of phenothiazine, hydrogen peroxideloo

and a small amount of sodium ethoxide in acetone to stand

49 101

at room temperature for ten days. Pummerer and Gassner

were unable to prepare phenothiazine-5~o0xide by this

1007pe concentration of hydrogen peroxide in this and
subsequent reactions was 30% unless otherwlae specified,

101g, Pummerer snd S. Gassner, Ber., 46, 2322 (1913).
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procedure, Only small quantities of lO-methylphenothlazine-
'5~oxide were obtained in attempts to prepare the sulfoxide
by allowing a solution of 1l0-methylphenothiazine and hydro-
gen peroxide in acetone to stand for three weeks.98 Nelther
the p-tolylsulfonyl or the p-acetamldobenzenesulfonyl de-
rivative of phenothliazine could be oxidized by hydrogen
peroxide in acetone.66
Phenothiazine-5-0xide was prepared in 75% yileld by the
oxldation of phenothiaszine with hydrogen peroxide in boil-
ing ethanol containing a small amount of potassium hydrox-

1de.10l 337=-Dimethylphenothiazine was oxidized to the

sulfoxide by hydrogen peroxide in refluxing alcohol.102

A
number of phenothiazine derivatives were oxidlized to the
respective monoxide in fair yield by hydrogen peroxide in
ethanol at room temperature., The solutions were usually
allowed to stand for a few days and then the product was
isolated. The compounds oxidized by this procedure were

S-methoxyphenothiazina,102

and the lO-(*Qrchloroethyl)-,
octadecyl- and phenyl- derivatives of phenothiazine.l7 The
reaction of 3-octyloxyphenothiazine with alcoholic solu=-
tions of hydrogen peroxide containing potassium hydroxide

oxidized the sulfur atom ylelding the monoxide.go

102

F. Kehrmann and L. Diserens, 1bid., 48, 318
(1e15).
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Oxidation, and hydrolysis, of 2,8,10-triacetylpheno=-
thiazline to 2Rgfdiacetylphenothiazine-s-dicxide proceeded
smoothly, in ylelds of 85-95%, by using hydrogen peroxide
in hot glascial scetic aci1d.%® Attempted oxidations of 2,8-
'diacatamido-lo-acetylphenothiazine and of 2,8«~dinitropheno~
thiazine with hydrogen peroxide led in both cases to com=
pounds believed to be in an intermediamte stage of oxida-
tion.%® A number of nuclearly and lO-substituted phenothia-
zine derivatives were readily converted in good ylelds to
the corresponding sulfone by the action of hydrogen peroxide

in refluxing glaclal acetic acld solutions.lg

However, under
gsimilar conditions, a tetrachlorophenothiazine was only
oxldized to the aulfoxide.lo3

The action of concentrated nitric acid on phenothiagine
or its derivatives brought about oxidation of the sulfur, as
well as nitratlon when the latter reaction was possible
through the availabllity of unsubstituted positions. A cold
suspenslon of phenothiazine in glaclal acetic acld reacted
with nitric acld to glve S-nitrophenothiaz1ne-5-oxide.5'
Tetrachlorophenothiezine-5-0xide was prepsared, although evi-

dently in an impure condlition, by the action of nitric acid
on the sulfide.lO4 The nitration of a number of 1l0-substituted

1030, L. Brady and S. Smiles, J. Chem. Soc., 97,
1559 (1910).

1045, Unger and K. A. Hofmenn, Ber., 29, 1362 (1896).
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derivatives of phenothiazine also resulted in the oxldation
of the sulfur to the sulfoxide.}”?%4”7 Barnett and Smiles?®
found that a tetranitrophenazothionium hydroxide was readily
attacked by concentrated nitric acid and was thereby oxi-
dized to the sulfone,

Hypochlorous acid reportedly oxidized 2,8-dlacetamido=-
1l0~acetylphenothiazine in acetic acld at 80° to glve a amall
amount of the dioxide.S® An alcoholic solution of bromine
acted on phenothiazine in cold alcohol to give phenazothie
onium bromide (V).:LO]“'105 The oxidation of phenothiazine

with saturated bromine water gave a compound which was

thought to be 3,7-dihydroxyphenazothionium bromide.lo6 SyT=

Dinitrophenothiazine-6-oxide in acetic acid at 60-70° was

105p, Kehrmann, ibid., 34, 4170 (1901).

106¢c, w, Eddy end F, DeEds, Food Reseasrch, 2, 306
(1937).




oxidized with chromic anhydride giving the dioxide.107 The
oxidation of a tetrachlorophenothiazine with either chromic
acld or potassium persulfate in concentrated sulfuric acid
gave a product which was thought to be a mixture composed
of equal molecular proportions of the sulfide and the azo-
thionium hydroxide.lo3 The treatment of a concentrated
acetic acld solution of 3~acetamido-lO-methylphenothiazine
with aqueous sodium nitritel9® resulted in the formation of
the monoxide.47 357=Diacetamido=~10=-methylphenothiezine was
also oxldized to the monoxide by this procedure,

An isomorphous mixture of & mono- and & dichloropheno-
thiazine was obtalned upon bollling a hydrochlorle acid solu-
tion of phenothiazine-S-oxidQ. 10-Methylphenothliazine-5-
oxide was converted by concentrated hydrochloric acid to
the phenazothionium chloride which upon heating with excess
acid gave a chloro-lO-methylphenothiazine. No diechloro
compound was 1lsolated from this reaction., The addition of
hydrogen peroxide to a concentrated socluticn of phenothlazine
in ethanol at 0°® saturated with hydrogen chloride resulted
in a 75% yield of a tetrachlorophenothiaz1ne.109 In some

cases, a trichlorophsnothiszine«~5-0xide resulted from the

1078, Ciocce and L. Canonica, Boll. ist. sieroterap.
milanese, 23, 81 (1944), /C.A., 40, 3119 (1946) /.

108gee page 26 of this dissertation.

10%;, 7. Page and S, Smiles, J. Chem. Soc., 97, 1112
(1910). See also T, P, Hilditch end S, Smiles, ibid., 101,
2294 (1912).
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action of hydrogen peroxide and hydrogen chloride on pheno-
thiazine 1n an alcohol solution.lo5 3,7=Dinltrophenothiazine
was obtalned, mixed with a8 tetrachloro compound, when the
dinitro sulfoxlde was warmed in acetle acid or alcohol with
concentrated hydrochloric acid.sv Likewlse, hydrochlorie
acid reacted with an alcohol solution of 3-nitrophenothia-
zine-5=-0xide to give a chloro-7-nitrophenothiazine. This
very likely was the 3-chloro derivative, 3-Nitropheno-
thiaszine~5~0oxide was also reduced by alcohol and 30% sulfuric
acid to S-nitrophenothiazine.

S3-Nitro- and 3,7-dinitrophenothiazine~5-0xide suspended
in alcohol were reduced by stannous chloride and hydrochloric
scld to the corresponding aminophenothiazines.47 Thus, the
sulfoxide as well as the nitro group was reduced., On the
other hand, only the nitro groups of 3,7-«dinitrophenothia-
zZine-5~-dioxide were reduced by stannous chloride and hydro-
chioric acid, or by ammonium sulfide in ammonia solution, to
glve 3,V-diaminophanothiaz1ne-5-dioxide.107

Various reactions have been carried out in which the
sulfur has been removed from the phenothiazine nucleus.

5

Bernthsen® obtained N-phenylacridine by heating phenothia-

zine with benzolc acid and zinc chloride., The heating of

110

a mixture of phenothiazine and freshly reduced copper in

the presence of 1lluminating gas, resulted in the formation

1108, Holzmann, Ber., 21, 2069 (1888).
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of acridine., Phenothiaszine and hydrogen in the presence of
molybdenum oxlde reacted with extreme ease to give a mix-

111 The meaction

ture of diphenylamine, aniline and benzene.,
of hydrogen with phenothiazine in dioxane, at 250° and high
pressure using cobalt sulfide as calalyst, ylelded a mixture

112

of o-mercaptodiphenylamine and diphenylamine, The treat-

ment of phenothiazine in alcohol with Raney nickel gave die-

phenylamine.n3

The sulfur of l0~ethyl- and l0-phenyle
phenothiazine-4-carboxyllic acid was removed by hot hydriodic
acid to give m-carboxydiphenylamine and m-carboxytriphenyl-
amine raspectively.54

A refluxing, dloxane solution of phenothiazine reacted
with 1lithium, in an atmosphere of nitrogen, to give a 29%
vield of g-mercaptodiphenylamine and a 4.4% yield of di-
phenylamine fellowing hydrolysis.ll4 Thirty-six per cent
of the phenothiazine was recovered., In another case, the
reaction mixture was carbonated prior to hydrolysis and

acidification, with the result that the same products were

formed in approximately corresponding amounts. The reaction

1lly, A. orlow, ibid., 64B, 2631 (1931).

112p, K, Signaigo, U. S, patent 2,402,686, June 25,
1946, /[ C.A., 40, 5767 (1946)_/.

113¢, A, Shen, B. D. Tilak and K. Venkatareman, Proc.
Indien Aced. Sel., 284, 142 (1948), [ C.A., 44, 3958
(1950)_/.

1145, x.

Ingham, unpublished studies,



of lithium and l0-ethylphenothiazine under simllar condi-
tions, following carbonation and acidification, resulted in
the production of an alkali-soluble, bicarbonsate-insoluble
oil,

E. Physiologlcal Properties of the
10-(Dialkylaminoalkyl)phenothiazine Derivatives

A number of 10-(dialkylaminoalkyl)phenothiazines were

first prepared by Gilman and Shirley in 1944.1.7 These com=-

pounds, at that time, were tested only for their anti=
malarial activity and found to be Iineffective. The strong

antihistaminic action of this class of phenothlazine de-

354

rivatives was discovered by Halpern, who reported that

10-( S «dimethylaminoethyl)phenothiazine (RP3015) and 10-

(£ -dimethylaminoisopropyl)phenothiazine (phenerganll5 or

RP3277) were considerably more active than antergan as anti-

1186

histsminic agents. In additlion, the toxlcity of these

compounds was lower than that of any previously described

llsPhonergan, as used in most experiments, was found
to be a mixture of 10-(2-dimethylamino-l-propyl)- and 10-
(1-dimethylamino-2-propyl)phenothiazine, the former being
present in the larger amount, P, Charpentlier and R.
Ducrot, Comg;b_. I'Qnd.o; 232, 415 (1951).

116g, y, Halpern, Compt. rend. soc. biol., 140, 363
(1946); P, Vallery-Radot, J. Hamburger and B, N, Halpern,
Presse méd., 55, 661 (1947), [ C.A., 43, 3525 (1949) 7;
D. Bovet, J. Fournel and P, Charpentier Théraple (Paris),
2, 115 (1947), / C.A., 42, 5116 (1948) 7.
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entihistamine. These reports initiated a study of the
physiological properties, as a whole, of the 10~(dialkyl=-
aminoalkyl)phenothiazines.

Halpernll? reported that RP3015 and 10-(2-dimethyl-
amino~l-propyl)phenothiazine (promethazine) protected guinea
pigs agalnst four hundred and fifteen hundred lethal doses
of histamlne, respectively, whereas antergan protected them

4 In an earlier paper,lla

against sixty lethal doses,
Halpern stated that RP3015 did not prevent the production
of stomach ulcers in gulnea pigs caused by three hundred
lethal doses of histamine 1njected at one time., These
ulcers were fatal within twenty-four hours. However, the
phenothiazine derivative did protect the animals against
the other effects of histamine., The bronchospasm produced
in guinea plgs by histamine and acetylechloline and by nico=-
tine was prevented or suppressed by 10~(é§7diethylamino-

ethyl)phenothiazine (diparcol).119, On the other hand, this

1175, N, Halpern, Arch. intern,_ pharmacodynamie, 74,
314 (1947), é‘c.a., 42, 2348 72_‘ See also B, N.
Halpern and Wood, Compt. rend., 250, 138 (1950), and
R, Cattaneo and S. Rosso, Minerva med,, 40, I, 623 (1949).
/C.A., 43, 6722 (1949) J

118p, n, Halpern and J. Martin, Compt. rend. soc. bloi.,
140, 830 (1946).

118y, 4o Schaepdryver, Arch. intern. pharmacodynamie,
82, 207 (1950) [ C.A., 44, 7983 (1950) /.
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compound did not inhiblt the effect of histamine on the

heart,leo

The antihisteminic activity of 10~(2-dimethylamino~1=

propyl)phenothiazine was found to be from three to ten times

1156

that of the l-dimethylamino~2-propyl isomer, 10=(3-Di-

me thylamino-2,2-dimethylpropyl )phenothiazine had no anti-

histaminic activity,121

even though 1t is very similar in
structure to the previous compounds. 10-(3-Dimethylamino=-
propyl)phenothiazine had a very weak antihistaminic ac-
t1on.222 The compound, 10-Zr223(l;pyrrolidyl)ethw1~7;
phenothlazine, was found to be a potent antagonlst of many
of the effects of histamine.125 It had a low degree of

toxicity compared to pyribenzamine,

The reaction of dipsrcol or RP3015 with halo~ or di=-

haloalkanes gave various quaternéry ammonium salts which

124 128

‘were therapeutically useful compounds, The product

AATEOI. T, Beck, E, Frommel, M, Favre and F, Vallette,
ibid., 78, 613 (1949), / C.A., 43, 7129 (1949)_7.

121y, R, Wood, Brit, J. Pharmacol., 5, 195 (1950),
[ C.A., 44, 8534 (1950)_/.- ~—

lng. N. Halpern, G, Perrin and P, Dews, Compt., rend.
soc. blol., 141, 1125 (1947).

123M. J. Vander Brook, K. J. Olson, M. T. Richard and
M. H. Kuizenga, J. Pharmacol. Exptl.Therap., 94, 197 (1948).

124p, Charpentier, U. 8. patent 2,480,355, Aug. 30, 1949,
[ C.A., 44, 1145 (19501J7; Sociétés des usinea chimiques
Rhdne=-Poulenc, British patent 641,452, Aug. 9, 1950, [9_.5_.,
45, 2511 (1951)_/.

125R, Ducrot and P. Decourt, Compt. rend. soc. biole.,
144, 908 (1950).




from the reaction of pentamethylene bromide with RP301l5 was
more potent ag an antihistaminic agent than the parent com-
pound itself, 10-(2-Dimethylamino-l-propyl)phenothiazine
reacted with a methyl halide to give a quaternary ammonium
salt whose antihistaminic activity was twice that of phen=-
ergan.lgs

The local anesthetic action of RP3015 was about double
that of eocainel23 and more than fivé times as great asg that

of prccaine.lgﬂ 120

In contrast to this, Beck and co-workers
reported that dipercol was inferior to procaine as a locsal
anesthetic., Phenergan, 10~-(3-dimethylaminopropyl)- and 10-
(3~-dimethylamino=-2,2-dimethylpropyl)phenothiazine, re-
spectively, had a local anesthetic action of two, three and
four to six times that of cocaine,l22

The action of large doses of nicotine on the heart,
arterial pressure, resplratory and motor centers and muscles

of various animals was reduced considerably by dipareol.lzs'lzg

VI§3P. Decourt, Bull. acad, natl. méd., 114, 632 (1950),
[ C.A., 45, 3942 (1951]/,

127R. Hezsrd, E. Cortegglenl and A. Cornec, Compt. rend.
80Ce bi!)lo’ 143: 908 (1949)0

128¢, Heymans, J. J. Estable and S. C. de Bonneveaux,
Arch. goc. blol, Montevideo, 16, 1 (1949),/ C.A., 44, 10150

TI580)/3 Arch. intern. pharmacodynamie, 79, 185 (1949),
[ C.A., 43, 7130 (1049) /; C. Haymans end J. J., Estable,
‘Science, 109, 122 (1949 3 J. Tripod, Brit. J. Pharmacol.,

o

2,323 (1949), [ C.A. 44, 3616 (1950)_/.
129, q.
4, 515 {1949),

Longo snd D, Bovet, Farm. sci. e tec. (Pavia),
L EuA., 44, 1611 (15950) 7~
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10=(2«Diethylamino=-l~propyl)phenothlazine was more active
then phenergan as an antinicotinlc agent, whereas, RP30L5

was inactivo.lzg

In Parkinson's disease and hyperthyroidism, diparcollso
brought about a marked reduction of the basal metabolic
rate, The higher the 1nitial rate, the greater was the re-
duction, The metabolic rate after exercise could also be
feduced by dipsrcol, This compound was clinically effec=-
tive in relleving some of the symptoms of parkinsonism in
human patients, whereas, RP3015 and the ethlodide of di-
parcol had little or no such activity.131

Diparcol was found to exert & selective inhibiting

action on psaudocholinesterase,l52

similar to that of di-
isopropyl fluorophosphate, without exerting an epprecilable
effect on cholineaterase, On the other hand, diparcol

completely antagonized the effects of dilsopropyl fluoro-

phouphato.l53

13°J. Mahaux and K, Kowaleskl, Arch, intern. pharma-~
codynamle, 80, 464 (1949), [/ C.A., 44, 1605 (1050) /.

13lp, Bovet, P, Durel and V, Longo, Compt. rend. soc,
biol,, 144, 514 (1950).

1325, J, Gordon, Nature, 162, 146 (1948); R. D. Hawkins
and B, Mendel, Biocchem. __3.’ 44, 260 (1949); H., Casier, Arch.
intern._ pharmacodynamle, 82, 155, (1950), / C.A., 44, 7985

(1950]_7.

133;, Heymans, ibid., 81, 230 (1950), /C.A., 44,
7428 (1950)__7}:m
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A "central analgesic" action of diparcol was shown by
corneal anesthesia of rabbits.134

Diparcol did not inhiblt the effect of adrenaline on
the heart in experiments on guinea piga.lgo However, in

dogs, chloroform-adrenaline ventricullar fibrillation could

135 The administration of 10-

be prevented by diparcol.
(2~dimethylamino-l-propyl )phenothiazine, before adrenalin
injection, protected rabbits against the edematous effects

of adrenaline but did not prevent the blood pressure
effecta.136 Contrary to the previous results, reports stated

137

that phenergan failed to protect guines pigs or rabbitllss

against pulmonary edema induced by adrenaline., Phenergan was
effective in the preventlion of acute edema of the lungs,

‘caused by thoropicrin, of rabbits.l59

134), Hardt and R, Hotovy, Arch. Exptl. Path. Pharmakole
209, 264 (1950), [ C.A., 44, 8519 (1950) /.

155@. C. Meirsman-Roobroeck, Arch. intern. pharmsasco=
dynamie, 83, 353 (1950), / C.A., 44, L 0126"(1'9'50?:7"""“'.

l':5613. N. Halpern, J., Hamberger and S, Cruchard, Acta
Allergol., 1, 97 (1948), /[ C.A., 43, 320 (1948) /3 —
B, N, Halpern and 8. Cruchard, Experientia, 3, 34 (1948),

C.A., 42, 4277 (1948)_7; J. 7, Eeune, Compt. rend. soc.
101" lzg, 638 (1948)0

137¢, a. Winter, Proc. Soc. Exptl. Blol. Med., 72,
122 (1949).

138¢, A. Stone and E. R. Loew, ibid., 71, 122 (1949).

1593. N, Halpern and 8, Cruchard, Compt. rend., 225,
1194 (1947).




Increasse in the permeabillity of the capillaries of
the kidneys and the hemato~ocular barrier, produced by hist-
amine or other conditions, was prevented by phenergan.l4°
This compound produced a significant decrease in the body
temperature of intact rats. 4l The injection of anesthe=-
tized cats with phenergan caused an immedlate fall in blood
pressurej the fall was proportional to the amount ine
Jected.l42 Phenergan had a preservative action, lasting for
at least two months, on the heart, skeletal muscle, skin,
Intestine, brain, lung, liver, pancreas and spleen.143 It
had & more pronounced sntibiotic action than any other
antihistaminic on staphylococoua.l43 It was suggested that
the antiblotlc action may have been due to the pheno~
thiagine portion of the molecule, Phenergan partially in-
hibited the actlon of trypsin and papain on gelatin, but

had no effect on the action of pepain.144 Administration

1405, ¥, Halpern, L. G. Guilleumat snd S. Cruchard
Acta Allergol., 1, 376 (1948), / C.A., 43, 3526 (1949) _7;
Compt. rend. soc. biol., 142, 632 (1948); J, Hamburger,
E‘."%'. Halpern and J, Neel, Ibid., 142, 183 (1948).

141

B. N, Helpern and M. Briot, ibid., 143, 633 (1949).

1423, Glangmann and J. A, Salva Miguel, Acta Allergol.,
2, 26 (1949), /C.A., 43, 7584 (1949) 7.

4

1 5J. R, Leduc, Rev. can, bilol., 8, 543 (1949);
ibid., 8, 439 (1949).

14430 Maral, M. Carraz and A, Blandin, ComE +« rend,
soc. blol., 144, 136 (1950).
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of the foregoing phenothlagzine derivative suppressed the
characteristic loecal abcess provoked by the subcutaneous

injection of a suaspension of Salmonella typhimurium;l45

however, it accelerated the spread throughout the body of
the bacteria inoculated subcutaneously in rabbits, and in-
creased the mortality as well.l46 The injection of phenergan
also caused inoculated vaceclne virus to spread rapldly
throughout the bodles of rabbits, 47 Phenergan exerted con-
siderable protective action against the 11l effects of
second-degree burns produced experimentally in rats and
guinea piga.148

Slde effects noted in some patlients treated with
phenergan were drowslness, lassitude, light-headedness and
aching limbs.149 Phenergan prolonged the sleep-producing
effect of the barbitrate, evipal, in mice.lso

The pharmacologlcal properties of diparcol were discussed

1485 N, Halpern and H. Reber, ibid., 143, 257 (1949).

1465 N. Halpern, J. Dumas and H. Reber, ibid., 143,
1563 (1949); M. Ducrot, ibld., 143, 1577 (1949).

147g, Barski, ibld., 143, 1568 (1949).

1487, pellerat and M. Murat, ibid., 143, 1082 (1949).

149W. A. Bain, F. F, Hellier and R. P. Warin,
Lancet, 255, 964 (1948), '

180c, A, Winter, J. Pharmacol. Exptl. Therap., 94,
7 (1948).
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L 2and the other by

in two papers, one by Heymens et 21.15
Bovet gg.g;.lls In dogs, diparcol caused a transient fall
of blood pressure and peripheral vasodilation. Small doses
of the compound suppressed the cardioinhibitory reflexes
from the corotid sinus and large ones also depressed the
vasomotor reflexes, It blocked the cardloinhibitory action
of the vagus but did not affect’pardiac inhibition pro-
duced by acetylcholine, Diparcol stimulated respiration
and had a spasmolytic effect on the intestines and bladder,
It counteracted the toxic effects of acetylcholine, di-
isopropyl fluorophosphate, pllocarpine and nicotine and
diminished the convulsions caused by strychnine, metrazole
and chloralosan, * . -*

A atudy152 of the rate of excretion of RP3015 in urine
showed that lntramuscular injJection of the drug resulted in
a conatant rate of elimination, Oral administration of the
compound resulted in irregular excretion for the first few
hours. These results suggested that in the latter case,

absorption of the drug was not complete in the earlier hours

after treatment, The urines of men and rabbits given

igiﬂ. Heymens, J. J. Estable and S, C, de Bonneveaux,
Arch. intern, pharmacodynamie, 79, 123 (1949), / C.A., 43,
7125 (1949)_/

L

152T‘ Kawakita, Igaku to Seibutsugaku (Med., & Blol :
[ 3 . Olo),
18, 170 (1951), [g_.g‘g"zg., __,'ﬁam‘%j‘s .



«5Tw

phenergan were found to have insignificant antihistaminic

activity,15%

F. Dimetalation of Heterocyclic Compounds

Very few dimetaletion reactions of heterocyclic com=-
pounds have been reported in the literature., In 1820,
Weissgerber and Kruberl®4 obtained an asmorphous yellow sube-
stance from the reaction of thionaphthene with sodamide in
xylene at 120°, Treatment of the yellow product with carbon
dioxide, water and acld resulted in the production of an
acidic material. The crude acld was converted to the methyl
eater, From the latter, both methyl thionaphthane-z-'
carboxylate and dimethyl thionaphthene~2,3-dicarboxylate
were 1solated. Thus, sodamlde must have metalated thioe
naphthene to give both the mono- and dimetalation product.,
Thieno/ 3,2-b_Jthiophene was dimetalated > with excess
ethylmagnesium bromide in dimethylaniline at 200°, The
isolation of a dicarboxylic acid, following carbonation and
subsequent reactions, resulted. By analogy with the metala~-

tion of thlophene, the product was probably the 2,5-dicarboxy
acid,

1335. Romano, Farm. sci. e tec. (Pavia), 4, 25 (1948),
[ C.A., 43, 4774 (1949) 7.

154R, welssgerber and 0., Kruber, Ber., 53B, 1551 (1920).

185p, Challenger snd G. M. Gibson, J. Chem. Soc., 305
(1940).




«58m

The oxygen containing heterocycle, dibenzofuran, readily
underwent reaction with n-butylsodium in refluxing ether to
glve, following carbonation and acidification, a 7% yleld
of the dibasic sacid, 4,6-dicarboxydibenzofuran.156 Treatment
of the dimetalated product with dimethyl sulfate gave a 90%
yield of crude 4,6~dimethyldibenzofuran. Dibenzofuran was
also dimetalated with ethylsodium and ethylpotassium.157 The
metalation of dibenzo-p-dioxin with two and one-half equiva-
lents of n=-butyllithium in refluxing ether resulted in the
formation of two different dibasic aclds, subsequent to care
bonation and acidification.lP® The reaction of phenyl-
calcium 1odide with phenoxathiin in refluxing ether gave,
following the conventional procedures of carbonation and
acidification, a small amount of acid, m.p. 260-262°, which
was shown to be dissimilar to phenoxathiin-2-carboxylic acid,
M.Pe 260-262‘.61 No analytical values were reported for the
acid, Later studles showed that phenoxathiin was dimeta-
lated with an equivalent amount of p-butyllithium in reflux-
ing ethser.l59 Carbonation and acidification of the reaction

mixture gave & dicarboxy aclid which was shown to be the same

156g, Gilmen and R. V. Young, J. Am. Chem. Soc., 57,
1121 (1935). - = =/ =

(1956]).5721. Gilman end R, V. Young, J. Org. Chem., 1, 324

1588, Gilman and C, G. Stuckwisch, J. Am. Chem. Soc.
65, 1461 (1943), - T T

1593. Avakian, unpublished studles.
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as the foregoing unidentified acid. FPhenylcalclum lodide
reacted with 2,8«dlbromodibenzofuran in refluxing ether-
benzene (2:1) to give, following carbonation and acidifica-
tion, a 9.3% yield of 2,8-dibromo-4,6-dicarboxydibenzo=
furan.lso This work was repeated later;lel however, a smaller
amount of the acid was 1isolated. Only unlidentifiable pro-
ducts resulted on using phenylsodium or benzylsodium as the
metalating agent.160
A mixture of mono- and dibasic acids was obtalined by
the metalation of thlanthrene with n~butyllithium (under con-
ditions similar to the metalatlion of dibenzo-p-dioxin) and

158 1he daibasic acld was not

subsequent necessary reactions,
purified or identiflied. The reaction of phenylisopropyl=
potassium with l,4~dihydrodibenzothiophene gave some di-
benzothiophene together with what appeared to be a mixture of
mono« and dicarboxydibenzothiophenes-follcwing carbonation

and acidification.l62

No definite compounds were 1ldentified
in the scid fraction. Dibenzothiophene«~5-~dioxide was metal-

ated with varying amounts of n~butyllithium in ether at

-20° + 5,255 The metalation product was carbonated and the
180, E, Dickey, unpublished studies.
16lD. L. Esmay, unpublished studiles,
( ?625. Gilmen and A, L. Jacoby, J. Org. Chem., 3, 108
1938).

163D. L. Esmay, Doctoral Dissertation, Iowa State
College (1951).
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resulting mixture acidifled. By using one equivalent of the
organometallic compound, an 18% yleld of 4~-carboxydibenzo=
thiophene~5-dioxide was obtained; with two equivalents of
the alkyllithium compound, & 20% yield of the 4~carboxy acld
and 8 4% yleld of 4,8-dicarboxydibenzothiophene-5-dioxide
were lsolated; and with three equivalents of n~butyllithium,
a 20.4% yleld of the dicarboxy acid was obtained.
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III. EXPERIMENTAL

A, Metalation of Some Derivatives with n-Butylllthium

Followed by Reaction with Benzophenone

1. of phenothiazine®t to give l-diphenylhydroxymethyl-

phenothiazine

A solution of 0.113 mole of gf-butyllithiumls4

in 110
ml, of ether was added in a nitrogen atmosphere to a solu-
tion of 7.5 g. (0.0377 mole) of phenothiszine in 200 ml, of
anhydrous ether., The solution refluxed spontaneously during
the addition of the first 40 ml, of the 6rganometallic com=
pound. The color of the solution changed from amber to dark
brown and then to a lighter brown. Refluxing with stirring
was continued for twenty~three hours. After twenty hours,
Color Test I165 was strongly poslitive and Color Test 11166
was indefinite, A solution of 13.7 g. (0.075 mole) of benzo=-

phenone in 70 ml. of ether was added at such a rate so as to

164y, Gilmen, J. A. Beel, C. G. Brannen, M. W. Bullock,
G, E, Dunn and L. 3. Miller, io .Aﬂt Chem., SOO.. -?-].'-’ 1499
(1949). —_—

1653, G1lmen end F. Schulze, 1bid., 47, 2002 (1925),
166y, ¢ilman end J. Swiss, ibid., 62, 1847 (1940).



maintain reflux, The color of the solution became very dark,
Following hydrolysis, the yellow ether extract was con~
centrated with the result that 11.8 g, (82%) of fine yellow
cr?stals, m.p. 203-208° (decomp.), separated, Recryatal-
lization from benzene raised the melting point to 213-213.5°
(decomp,)., The yleld of pure product was 10 g. (70%).

Ansl, Caled. for CogHjgNOS: N, 3.68; active hydrogen,
2,00, Pounds N, 3,73; active hydrogen, 1.90 and 1l.86,

An infra-red analyais167 of the compound indicated the
presence of the imino, hydroxyl, phenyl and g-phenylene

Eroups.

2. of lO—ethylphenothiazinos4 Yo give 4-diphenylhydroxy-

methyl-lO-ethylphenothiazine

A solution of 0,124 mole of gfbutyllithium164 (prepared
from butyl bromide and lithium in 76% yield) in 100 ml, of
ether was added rapidly with stirring to a mixture of 22,7
g+ (0.1 mole) of l0-ethylphencothiazine and 350 ml, of an=
hydrous ether, The apparatus had previously been dried and
swept out with dry nitrogen. The addition of the first por-
tlon of the organometallic compound caused the color of the
mixture to turn from light green to light yellow, The mix-

ture was stirred with refluxing in a nitrogen stmosphere

167’1‘110 analysis and interpretation thereof were made
by Dr. V, A, Fassel and Mr, M. Margoshes,
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for twenty~-three hours. After eighteen hours, both Color
Test 1165 and Color Test 11166 were posltive, A solution of
22,7 g. (0,124 mole) of benzophenone in 50 ml, of ether was
added with external cooling by immersing the reaction flask
in a cold water bath, During the addition of the benzophen-
one the color of the solution underwent a series of changes:
light orange, dark green, orange and finally dark brown.

The reaction mixture was stirred for a few minutes longer
and then hydrolyzed with 200 ml. of water, The color of

the ether layer stlll remained dark, The ether layer was
separated and dried with anhydrous sodium sulfate, The wamm
residual oll, after removal of the ether, was immediately
dissolved in 500 ml., of hot petroleum ether (b.p., 60-70%).
On cooling 5.7 g. of brown oll separated from the solution.
The mother liquor was chromatographed on a 48 x 212 mm.

168

columm of alumina, Prom the sluste there were obtained

8.0 g. (35% recovery) of ethylphenothlazine, a small amount
of benzophenons and 16,2 g. of white ecrystals, m.p. 170~
175%, A solution of the foregoing 5.7 g. of brown oil in
120 ml, of benzene was chromatographed on a 19 x 155 mm,

column of'aluminalsa

giving 4.2 g. of white crystals, m.p.
160-170°. The total yield of the c¢rude carbinol was 20.4
ge. (77% yield on the basis of the lO-ethylphenothieszine re-

covered), The carbinol was purified by recrystallization

1683100 Activated Alumina, Grade: F-20. .
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from acetone giving 14.5 g. (568) of coarse crystals, m.p.
1s80-181°,

Anal. Calcd. for ConyHozNOS: N, 3,42; active hydrogen,
1.00. Found: N, 3.47; active hydrogen, 0.94.

Little information was obtained from the complex infrae
167 of the product. One of the bands indicated

red spectrum

the presence of the hydroxy group in the molecule,

3. Of 10-(¥ ~diethylaminopropyl)phenothiazine to give 4-

diphenylhydroxymethyl«10-( ¥ =disthylaminopropyl)phenothiazine

One hundred and twenty-five milllliters of 1l.16M n-
butyllithiuml64 (0,145 mole) in ether was added to & solue-
tion of 31.3 g. (0.1 mole) of 10-(_¥ -dlethylaminopropyl)-
phenothiazine in 150 ml, of anhydrous ether. The solution
was stirred, in an atmosphere of nitrogen, at reflux temper-
ature for twenty-two hours and at room temperature for fif=-
tesn hours. Color Test 1365 of the red-brown solution was
positive, A solution of 30 g. (0.165 mole) of benzophenone
in 50 ml. of dry ether was added over a period of a few
minutes., An 1ce bath prevented refluxing of the solution.
Following hydrolysis, the ether layer was extracted with
200 ml, of 1,6N hydrochloric acid., A dilute acid and ether
insoluble oil, brown in color, separated, The acidic solu-
tion and oil were made alkaline with sodium hydroxide and

the mixture was extracted with ether, The ether solution
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was dried with sodium carbonate, A residue of 41.3 g. of
dark brown oil remained after removal of the ether, This
welght of product was an increase of 10 g. over that of the
phenothiazine derivative used in the reaction. The 10 g.
increase thus represented the reactlion of 0,055 mole of
benzophenone or 55% monometalation. The crude product dis~
solved, with the exception of 1.5 g. of gum, in 700 ml, of
petroleum ether (b.p. 60-70°)., The solution was chromato=
graphed oh a eolumn of about 500 g. of alunina.t8® The
column was eluted with petroleum ether (b.p., 60-70°), benzene
and chloroform, in the order named. The only crystallizable
portlion of the product was obtained from the benzene eluate,
The crude monocarbinol, m.p. 136-139°, weighed 5 g. (10%).
Recrystallization from benzene gave 4 g. (8%) of white,
cublc cryatals, m.p. 140-140.5°,

Anal, Calcd. for CzoHzgNo0S: N, 5.66; active hydrogen,
1,00, PFound: N, 5.56; sctive hydrogen, 1.07 and 0,94,

The chloroform eluted a brown oll which gave an intense
green color with concentrated hydrochloric acid, Treatment
of the product, m.p. 140-140.5°, in a similar fashion with
the acld gave only a light reddish colored material., The oll
.set to a glassj however, all attempts to crystallize it
faliled. An infra-red analy513167 showed that the compound

had a hydroxyl group. Because of the complex nature of the

I80F1sher Sclentific Co., A-541/2, 80-200 mesh.
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infra~red curve, little other evidence concerning the struc=

ture of the compound could be obtained,

4, Of 101425}(1-pyrrolidyl)ethy%_?bhenothiazine to give 4=
diphenylhydroxymethyl-loﬁézg-(l~pyrrolidy1)ethy;thheno-
thiazine and 4,6(?)-bis(diphenylhydroxymethyl)-10-/2-
(1-pyrrolidyl)ethyl /phenothiazine

One hundred and forty-five thousands mole of n=-butyle-
lithiumls4 in 120 ml, of ether was added to a solution of
29,6 g. (0.1 mole) of 10-/73-(l-pyrrolidyl)ethyl /pheno-
thiazine17o in 250 ml. of anhydroua ether. The mixture was
stirred under reflux in an atmosphere of nitrogen for
twenty~-two hours. The color of the solution remained yellow
throughout the course of the metalation reaction. Color
Test 11166 gave a dark green color and therefore indefinite
evidence concerning the presence of any butyllithium, Color
Test I°%% was positive. A solution of 26.4 g. (0.145 mole)
of benzophenone in 60 ml. of ether was added., The color of
the mixture gradually changed from yellow to very dark green
and then brown, The mixture was hydrolyzed, a yellow ether
layer resulted., The latter was separated, On standing,

11 g. (16.7%) of white solid, m.p. 192-194°, crystallized
from the ether solution, This compound was slightly soluble

170The free base was obtained from a generous sample of
pyrrolazote hydrochloride kindly supplied by Dr. J. A, Hogg
of The UpJjohn Company, Kalamazoo, Mich,
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in the common organic solvents. Two recrystallizations of
the product from dioxane gave 8.1 g. (12,3%) of fine white
crystals, m.p., 199-200°., Recrystallization of a portion from
petroleum ether (b.p. 60-70%) did not change the melting
point.

Anal, Caled., for C,,H,nNp0o83: N, 4.24; S, 4,85; active
hydrogen, 2,00, PFound: N, 4,12 and 4.10} S, 4.44 and 4,41;
active hydrogen, 1.95 and 2,00,

The infra-red spectrum167

of this compound showed the
pressnce of & hydroxyl group in the molecule as well as a
vieinal trisubstituted benzene ring.

The ethereal mother liquor was extracted with dilute
hydroechlorie acid, An insoluble red oll separated., The oil
was treated with dilute sodium hydroxide to liberate the
free base and the mixture extracted with ether, After dry-
ing the ether solution with sodium carbonate, the ether waﬁ
removed 1eaﬁing 24,4 g. of 01l which changed to a sticky
glass on standing. This materlal was refluxed with about
600 ml, of petroleum ether (b.p. 60-70°) giving & yellow
solution and leaving an insoluble oil. The solution was
chromatographed on a column of 250 g, of aluminalsa. The
column was eluted with petroleum ether (b.p. 60-70°), benzene
and chloroform, respectively., The benzene eluted 1.3 g.

(2.7%) of materisl, m.p, 203-204°, Hecrystallization from
100 ml, of scetone gave white crystels, m.p., 204=-205°., The
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mixed melting point with the other product, m.p. 199-200°,
was depressed to 183-193°,

Ansl, Caled, for CgzHaghn03: N, 5.86; active hydrogen,
1.00. PFound: N, 5.90; active hydrogen, 0.89 and 0.94.

B. Metalation of Some Derivatlves with n-Butyllithium
Followed by Carbonation

1, of 10-(éi;diethylaminopropyl)phenothiazine

A solution of 71.8 g. (0.23 mole) of 10~( J ~diethyl=
aminopropyl)phenothiazine8® and 0.267 mole of n~-butyllith-
1um164 in 600 ml, of ether was stirred at room temperature
in an atmosphere of nitrogen for twenty hours. The color
of the solution changed from light yellow to light orange.
At the end of this time Color Test 11166 gave a red brown
color and Color Test 1165 was positive, The solution was
poured jet-wlge into a stirred Dry Ice-ether slurry. The
mixture was hydrolyzed with the result that an emulsion
formed. The addition of sodium hydroxide did not break the
emulsion, thus it had to be filtered., The alkaline layer,
after separation from the ether, was made slightly acid
with hydfochloric acld giving 29 g. of gum which did not
solidify., This gum dissolved reedily in concentrated hydro-
chloric acid but separated again on dilution of the acid

solution, Solution of the gum was effected by treatment
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with dilute sodium hydroxide. Adjustment of the pH of the
solution to 5 precipitated an oil, Further attempts to
crystallize the acidlc materlal, or its sodlum salt, by tresat-

ment with ethanol were unsuccessful.

171

2. 0f l0-ethylphenothlazine-S5-oxide to give 10-ethyl-

phenothiazine-4~garboxylic acid

(a) At 0°, A solution of 0,025 mole of g_-butyllithium164

in 26 ml, of ether was added, in an atmosphere of nitrogen,
to & stirred suspension of 6,1 g. (0.025 mole) of 1l0-ethyl~
phenothiaszine~5-oxide in 256 ml. of ether at ~20 + 5°.

After an hour, Color Test II}%6 was still positive. The
color of the ether golution had immediately become yellow.
After three hours there was no visible change in the mixture,
therefore an additional amount of n~butyllithium (0.05 mole)
was added; the temperature was allowed to increase to 0® and
maintained at that point for four hours. The metalation re-
action was terminated by pouring the solution jet-wlse,
through a glass-wool plug, into a Dry Ice-ether slurry,

The monoxlde never complstely dissolved during the course of
the reaction, thus l.4 g. (23%) of undissolved l0-ethyl=

phenothiszine~8~0xide was recovered, The carbonation mixture

lvlcompare the reaction of n~butyllithium with dibenzo-
thiophene-5-oxide, H. Gilman and D, L. Esmay, J. Am. Chem,
S30c., in press,
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was extracted wlth very dllute sodium hydroxide, The ether
layer, after separation, was drled with potassium carbonate,
Removal of the ether left a small amount of o0il which was
not investigated further. Acidification of the alkaline
layer preciplitated 4.0 g. (764 on the basis of the oxide that
underwent reaction) of yellow acidic materiasl, m.p. 171-175°,
Recrystallization of this product from acetic acld gave 2,8
g. (63%) of yellow, cubic crystals, m.p. 178-179°., The
mixed melting point with the acid which Van Ess%% nad pre=
pared by the metalation of l0~ethylphenothlazine, and
appropriate reactions, was undepressed., The latter scid 1t~
self melted at 178-179° and was shown to be 1l0~ethylpheno-
thiazine-4-carboxylic acld by an indirect method.1® No 10-
ethylphenothlazine was lsolated from this reaction,

(b) At =20°, The'amount of reagents and the cqndia
tions of the reaction were the same as in the previous case
with the exception that the temperature was maintained at
=20 + 5° for six and one-half hours. The solution was
carbonated and worked up in a similar fashion as well,
Seven-tenths gram (11.5%) of 1l0-ethylphenothiazine-5-oxide
was recovered which had never dissolved during the course
of the reaction., The reason that a smaller amount of oxide

was recovered in this resction could be explained by its

having been in a flner state of subdivision. One and eight=-
tenths grams (36% on the basis that 5.4 g. of the oxide



underwent reaction) of lO~-ethylphenothiazine was isolated
from the ether extract. Acldification of the alkaline solu-
tion precipitated 2.9 g. (48%) of yellow solid, m.p. 166-171°,
Purification of the acldic material was effected by re-
ecrystallization from acetic acid thereby giving 1.5 g. (25%)
of the pure acid, m.p. 178-179°, The mixed melting point

with an sauthentic sample of the acid was undepressed.

C. Preparation of 10-Substituted

Phenothiazine Derivatives

1. 10-(_§ -Diethylaminopropyl)phenothiazine®®

The phenothliagine used in this and subsequent reactions
was purifled in the following fashion. Sixty to seventy
grams of the crude material was dissolved 1ln approximately
600 ml, of hot toluene and the resulting solution treated
with Norit and filtered. Upon cooling, a yellow solild
crystallized from the filtrate, The solid was filtered off,
The fllter cake was suspended in about 400 ml. of petroleum
ether (b,p. 60-70°). The mixture was refluxed for a few
minutes and then flltered while still hot. The purified
material weighed 40-50 g. and melted at 181-182°,

Elghty-five grams (0,427 mole) of phenothiazine was
added, with stirring, to 0.435 mole of sodamidel72 {prepared

1720, . Vaughn, R, R. Vogt and J. A. Nieuwlsnd, J.
&. Chema SOO., _@_6_’ 2120 (1934).



" from 10.0 g. of sodium and liquld ammonia) in 450 ml. of
liquid ammonia in a one-liter, three-neck flask equipped with
a stirrer and protected from the molsture in the atmosphere
by drying tubes. After stirring for one hour, 340 ml. of
Xylene was carefully added and the ammonla allowed to evap-
orate, The mixture was heated to reflux and 68,2 g. (0.455
mole) of ¥ ~diethylaminopropyl chloride was added over a
period of two hours. The mixture was then refluxed with
stirring for another hour., After coolling, the mixture was
extracted with 800 ml. of 1l.25N hydrochloric acid and the
acidic solution was 1n turn extracted with one liter of
ether. The agqueous solution was made alkaline with about 70
g. of sodlum hydroxide, The alkeline solution was extracted
with ether and the ether solution drled over anhydrous sodium
sulfate, The ether was removed by distillation. The residue
was distllled under reduced pressure giving 113 g. (84.5%)
of yellow oil, b.p. 147-153° (0.03-0.04 mm.).

Various attempts to prepare the crystalline pilcrate

of this com.pound8 falled; only an oll resulted,

2. lo-Meth.ylphenothiazines8

Pifteen milliliters of dimethyl sulfate (Eastman prac-
tical grade) was added with stirring to a mixture of 10 g.
(0,06 mole) of phenothiazine, dissolved in 100 ml. of di-

oxane, and 50 g. of anhydrous potasslum carbonate. The
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color of the mixture immediately turned brown and soon after
heating to a reflux temperature, the color became yellow.
After three and one~half hours of refluxing wlth stirring,
another 10 ml. of dimethyl sulfate was added. The mlxture
was refluxed with stirring for a total of twenty=-four hours.
It was carefully poured into about 400 ml, of warm water,
and after standing overnight, 10.5 g. of tan solid, m.p.
75-80°, was filtered off, After extracting this solid with
hot ethanol, a tar remained, From the ethanol extract

there crystallized 4.3 g. (40%) of light yellow needles,
m.p., 91-94°, Pour and four-tenths grams of solid, m.p.
120-150°, was obtained from the mother liquor. This com-
pound was not 1lnvestigated further since 1its melting point
was considerably higher than that of l0-methylphenothlazine,
The solid, m.p. 91-94°, was recrystallized from 95% ethanol
giving 2.8 g. (26%) of yellow needles, m.p. 99-100°,

3. 10-Ethylphenothlagine®*%®

(a) In benzene. Nineteen and nine-tenths grams (0.1
mole) of phenothlazine was added with mechanical stirring

to 0.113 mole of sodam1d9172

(prepared from 2.6 g. of sodium
and 200 ml, of liquid ammonia) in ligquid ammonia, After
fifteen minutes, 120 ml, of dry benzene was slowly added;
the mixture partially solidified., Following the evaporation

of the ammonia, the mass agaln became fluid, The mixture



was gently refluxed for three hours and then & solutlon of
24.0 g. (0,154 mole) of ethyl iodide in 35 ml. of dry ben-
zene was added dropwise over a period of two and one~half
hours. The refluxing with stirring was continued for an
edditional hour. The hot mixture was then flltered and the
residus washed with warm benzene; the total volume of the
solution was about 350 ml., The cold solution was chro-

168  iving 16

matographed on a columm of 180 g. of alpmina
ge (70%) of crude l0-ethylphenothiazine and some phenothia-
zine (identified by the mixed melting point method). Two
recrystallizations of the crude product gave 8,1 g. (36%)
of yellow needle-like prisms, m.p. 102,5-103°,

(b) In liquid ammonia, Forty-seven grams (0,236 mole)

of phenothiagine was added with stirring to a suspension of
0.26 mole of sodamidel”2 in 1600 ml. of liquid emmonia giv-
ing a dark red mixture. The stirring was continued for two
and one~half houré and then 39 g. (0.354 mole) of ethyl bro-
mlde was added dropwise over a perilod of forty~five minutes,
During the addition of the ethyl bromide, the color of the
mixture graduslly became lighter and a grey-brown solid
separated, The ammonia was allowed to evaporate and the
residue was refluxed with 500 ml, of petroleum ether (b.p.
60-~70°) and benzene (1:2). The inorganic material was fil-
tered off and washed with three small portions of hot ben-

zene, The golden brown filtrate was concentrated to 150 ml.



On standing, 19.6 g. of light green cubic crystals, m.p.
103-104°, separated, The mother llquor was chromatographed
on a column of 180 g..of alumina169 giving 32.2 g. of light
green crystals, m.,p. 102-103°., The total yleld of pure 10~
ethylphenothiazine was 51.8 g. (97%).

In & second preparation of lO0-ethylphenothiazine,
19.9 g. (0.1 mole) of phenothiszine was added to 0.1l mole
of sadamidel72 In 650 ml, of liquid ammonia., The resulting
mixture was treated with 16,5 g. (0.15 mole) of ethyl bro=-
mide in the same manner as in the preceding reaction.
After evaporation of the ammonia, the residue was extracted
with a solution of benzene and petroleum ether (b.p., 60-70%)
(4:1). The solution was chromatographed on a column of
200 g. of alumina169 to give 21 g. (92%) of the desired
product, m.p. 103-104®, and 0.3 g. (1.5%) of phenothiazine
{mixed melting point).

2
4, lO—Benzylphenothiazin95 169,99

Nineteen and nine-tenths grams (0.1 mole) of phenothia-
zine was added with mechanical stirring to & suspension of

172 (prepared from 2,96 g. of sodium

0.12 mole of sodamide
and liquid ammonia) in 80 ml, of dry xylene. The brown mix-
ture was refluxed for forty minutes and then a solution of

19 g. (0.15 mole) of benzyl chloride in 20 ml. of xylene was

added dropwise over a period of two and one-half hours. The



mixture was refluxed for another half-hour. The coler changed
from brown to black. The mixture was filtered while hot to
remove the inorganic material. The solvent was removed and
the residue distilled gilving 10 g. of yellow oll, b.p. 195~
205° (0.02-0,03 mm.) with the heating bath at 270-280°.

The oll was dissolved in benzene and the solution chromato-
graphed on a column of alumina.lsg From the eluate there
were obtained 4.5 g. (15.5%) of white crystals, m.p, 88,5«
90°. Thls solid was recrystallized from etheanol giving
small white platelets, m.p., 90~90.5°., Zarember®? obtained
a compound from the cleavage of 2«benzyloxyquinoline with
phenothiazine which melted at 91-92° and analyzed for 10~
benzylphenothiazine, The mixed melting point of his pheno-
thiagine derivative with the foregoing lO-benzylphenothia-

zine was undepressed.

5, 10-Pheny1ph.enoth1azines4 (attempted)

(a) In xylene. Nineteen and nine-tenths grams (0,1l
mole) of phenothiazina was added to a suspension of 0.1l2
mole of sodamidel’> (prepared from 2.76 g. of sodium and
liquid ammonia) in 80 ml. of dry xylene and the mixture
heated, wlth mechsnical stirring, at reflux temperature for
two hours. A solution of 30.6 g. (0.15 mole) of iodobenzene
in 20 ml, of dry xylene was added with stirring over a period

of two and one~half hours to the refluxing mixture., The



mixture was refluxed for an additional thirty-five hours,
The color of the suspension remalned a light brown during
the period of reflux, Ten milliliters of ethanol was added
to destroy any excess sodamide or lO-sodiophenothiazilne.
The color of the mixture became almost black. The mixture
was filtered while hot to remove the lnorganle materials,
Twelve grams {60%) of phenothlagzine (mixéd melting point)
crystallized from the filtrate on cooling. There was no
evidence 1ndicat1ng the formation or presence of 1l0-phenyl=-
phenothliazine,

(b) In liquid ammonia., 10-Sodiophenothiazine was pre-

pared by adding 10 g. (0.05 mole) of phenothlazine to 0,055
mole of aodamid9172 (prepared from 1.26 g. of sodium) in

400 ml. of liquld ammonia. The dark red mixture was stirred
for two and one-half hours and then 15.3 g. (0,075 mole) of
lodobenzene wasz added over a period of one-half hour. The
appearance of the mixture did not seem to change, The mix-
ture was stirred for nineteen hours snd then an additional
30.6 go (0.15 mole) of lodobenzene was added, Liquid ammonia
was added occasionally to maintain the volume of the mixture
at about 400 ml, The mixture was atirred for a total of
forty-two hours and then the remaining ammonia was allowed
to evaporate. Ten milliliters of ethanol was added to the
resldue to destroy any active sodium compounds, if such were

present. The mixture was extracted with hot benzene to



remove the inorganic material, The benzene solutioh was con-
centrated to about 150 ml. An equal volume of petroleum
ether (b.p. 60-70°) was added and the dark solution was chro-

169 From

matographed on a 48 x 160 mm. column of alumina.
the eluzte, 42.3 g. (92%) of the lodobenzene (identified by
the boiling point) and 8.5 g. (85%) of the phenothiazine
(mixed melting point) were recovered. There was no evidence

for the formation of 10-phenylphenothlazilne.

6., 10=-{p-Tolyl)phenothiazine

A mixture of 10.9 g. (0,05 mole) of p-iodotoluene, 10 g.
(0.05 mole) of phenothiazine, 0.2 g. of copper bronze powder,
75. g. of anhydrous potassium carbonate, 10 ml, of leane
and 50 ml, of nitrobenzene was heated at 155-165° (internal
temperature) with stirring for seventeen hours. The mixture
was filtered while still hot and the residue was washed with
about 40 ml, of hot xylene. The solvent was removed under
reduced pressure; the dark red liquid, which remained, solid-
ified on cooling. The crude product was dissolved in 350 ml,
of benzene and the solution chromatographed on a column of
150 g. of aluminal®® giving 4.6 g. (32%) of light yellow
solid, m.p. 128-134°., The product was recrystallized from
petroleum ether (b.p. 60-70°) to give 2.2 g. (15%) of yellow,
coarse, flat, translucent crystals, mp, 135-136°,

Anal, Caled. for CjgHjgN8: N, 4,85, Found: K, 4.76.
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7. 10-(0-Tolyl)phenothiazine

A mixture of 16.4 g. (0.075 mole) of o~lodotoluene,
10 g+ (0.05 mole) of phenothiszine, 0.2 g. of copper bronze
powder, 7.5 g. of anhydrous potsssium carbonate, 50 ml, of
nitrobenzene and 5 ml., of xylene was heated at 165-175°
(internal temperature) with stirring for twenty-three hours.
The inorganic material was removed by filltration of the hot
mixture and washed with hot xylene., The solvent was then
removed by distillation under reduced pressure. The dark
red realdue dissolved in 350 ml, of benzene and the re-
sulting solution was chromatographed on a 38 x 185 mnm, colummn

of elumina,l89

The eluate was collected in approximately
125 ml. portions. Removal of the solvent left residues
totaling 12.4 g. (86%) and melting at 80-95°, The crude
material was purified by recerystallization from petroleum
ether (b.p. 60-70°) and methenol, respectively, giving 7.5
g. (52%4) of light brown, short, coarse needles, m.p, 1l0l=
101.5°,

An&l. C&lcd. fOI‘ 019H15NS: N’ 4085. FO]ma: N’ 4077.

8. 10-Acetylphenothliazine®

(a) Using acetyl chloride. Two and four-tenths grams

(0,03 mole) of acetyl chloride in 20 ml. of dloxane was
slowly added with stirring to a solution of 2 g. (0,01 mole)

of phenothlazine in 40 ml. of dioxane in which waa suspended



4 g. of anhydrous sodium carbonate. The mixture was stirred
at room temperature for a few minutes and then slowly heated
to a gentle reflux. The heating was continued for forty
minutes. Immediately upon adding some of the acetyl chloride,
the color of the solution changed from blackish brown to dark
green, After refluxing for awhlle, the color of the solu=-
tion became light brown. The solution was poured into very
dilute hydrochloric acid; 2.2 g, (91%) of yellow solid, m.p.
184-188°, was filtered off. This was recrystsallized from
ethanol to give 1.9 g. (79%) of light yellow orystals, m.p.
197-198°,

(b) Using acetic anhydride. A solution of 19.9 g. (0.l

mole) of phenothiazine in 50 ml, of acetie anhydride (90-
95%4) was refluxed for three hours, On cooling the solution
in an ice-bath, 23.8 g. (98%) of solid, m.p. 198-199°,
crystallized, The mixed melting point with the compound

from the previous reaction was undepressed.,

1 lo-Ghloroaeetylphanothiazinego

A solution of 5.7 g. (0.05 mole) of chloroacetyl chlor-
ide in 10 ml, of dioxane was added with stirring to a mix-
ture of 8 g. (0.04 mole) of phenothiszine, dissolved in 45
ml, of dloxane, and 7 g, of anhydrous sodium carbonate,
The mixture was heated on a water-bath at 45-60° with stir-

ring for eighty minutes and then poured into a very dilute



-81-

sodium carbonate solution. A green solid separated immedi.
ately and on standing overnight, some white needles erystal-
lized, The crude product weighed 11.1 g. (100%) and melted
at 95-100°., The product was recrystallized from 95% ethanol
to give 8 g. (72%) of greenish needles, m.p. 113-115°, If
the solution were too concentrated, the product would oil
out, The solid was purified by recrystallization from a
benzene-petroleum ether (b.p. 60-70") solution to give 5 g.
(45%) of brownish,translucent needles of aquere Cross-sec~

tional area, m,p, 113.5~114,5°,

10. 10-Dichlorcacetylphenothiazine

(a) Using dichloroacetic acid anhydride. Fourteen and

four-tenths grama (0.06 mole) of dichoroacetic acid enhy~
dride was added to a solution of 8 g, (0,04 mole) of pheno=
thiazine in 25 ml, of dioxane, The mixture was heated with
stirring at 70-75° for two hours and then allowed to stand
an additional three hours at room temperature, The mixture
was poured Into water. An oll separated which promptly
solidifled to give 12.5 g. (100%) of green solld, m.p. 123~
131°, This was recryatallized from ethanol to give 10 g.
of green crystels, m.p. 136-140°, PFurther recrystallization
from elther ethanol or glacial acetic aecid did not further
ralse the melting point. Therefore, a dilute benzene solu=-

tion of the crude product was chromatographed on a column
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of 150 g. of alumina.169 The eluate was concentrated and
5 g. of very light green solid, m.p. 152=-155°. crystallized.
This was recrystallized from ethanol to give 4 g. (32%) of
light green crystals, m.p. 154-155°,

Anal. Caled. for C34HgClgNOS: N, 4,52; Cl, 22,86,
Found: N, 4,87 and 4.66; Cl, 22,32, 22,42 and 22,42,

(b) Using dichloroacetyl chloride. Four grams (0.027

mole) of dichloroacatyl chloride in 20 ml, of dloxane was
added with stirring to 2 g. (0.01 mole) of phenothiazine

in 40 ml., of dioxane contalning 4 g. of anhydrous sodium
carbonate, The color of the mixture first turned green

and then brownish black. The mixture was heated at a gentle
reflux temperature for forty minutes. The solution was
poured into water from which a tar separated, The tar was
dissolved in s mixture of 95% ethanol and acetone. The con-
centration of the solution resulted in, first, the deposi-
tion of a tar, and then erystals., These crystals were dis-
solved in 95% ethanol and addition of water to this solution
caused the precipitation of 1 g. (33%) of solid, m.p. 105~
115°., This solid was recrystallized from petroleum ether
(bep. 60-70°) containing & small amount of ethanol to glve
0.7 g. (23%) of light green crjatals, m.p. 138-142°,

Further recrystallizations ylelded a small amount of solid,
m,p. 149-151°, The mixed melting point with 10-dichloroe
phenothiazine prepered by the first procedure was unde-~

pressed,
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(e) An attempted preparation. A solution of 4 g. (0.02

mole) of phenothiazine and 25 ml. of ethyl dichlorocacetate
was heated on a hot water-bath for two hours.l73 on cooling
a greenish solid, m.p. 177-179° (decomp.), crystallized from
the solution, The mixed melting point with phenothlezine
was undepressed, The mother liquor was refluxed for two
hours and on cooling in en ice-bath a solid, m.p. 170-175°,
erystallized out., Thls was shown to be crude phenothiagzine,
A total of 2,1 g. of phenothlazine was recovered., There was
no evidence for the presencé of the desired product,

(a) A second attempted preparation., Three and five=-

tenths grams (0.024 mole) of dichlorcacetyl chloride was
added with stirring to an ilce-cold solution of 3 g. (0,016
mole) of phenothiazine in 35 ml. of pyridine. The solution
darkened lmmediately. It was allowed to stand at 40° for
forty minutes and then refluxed for thirty minutes. The
cooled solution was poured into dilute hydrochloric acid,

A dark brown solid, m.p. 175-178%, precipitated. This was
shown to be phenothiazine by the mixed melting point method.
None of the desired acyl compound was lsolated.

Répatition of the experiment gave the same results.

1731he procedure followed for this reaction was that
described for the preparation of dl-N~dichlorocacetylel-p=-
nitrophenyl-2-amino~l, 3-propanedlol from the free amine,
J. Controulis, M, C., Rebstock, and H, M. Crooks, Jr.,
J. Am, Chem, Soc., 71, 2463 (1949),



-7

1l. 1l0~Phenacetylphenothlazline

A solution of 20 g. (0,13 mole) of phenacetylchloride
in 30 ml. of dioxane was added to a mixture of 19,9 g. (0.10
mole) of phenothiazine, dissolved in 80 ml., of dioxane, and
11 g. of anhydrous sodium carbonate, The mixture was heated
with stirring at about 50° for two and one-half hours. The
color of the solutioﬁ turned green, then black and finsally
green agaln. The mixture was poured into water and 31.9 g.
(100%4) of solid, m.p. 139-145°, separated. This was re-
crystallized twice from benzene to give 21 g. (66%) of white
cublc crystals, m.p. 152-158°,

Anal. Caled. for CggoHjgNOS: N, 4.46, Pound: N, 4.43.

12, 10-(3-Carboxy-4-hydroxyphenyl)phenothiazine (attempted)

A mixture of 8.6 g. (0.043 mole) of phenothiazine,
10 go (0.043 mole) of methyl S5~bromosalicylate, 7 g. of po-
tessium carbonate, 2 g. of copper bronze powder and 7 ml,
of xylene was heated, with stirring, in an oil-bath at 155~
1 170° for twenty~four bours, The contents of the flask were
extracted with hot benzene. S8ix and six-tenths grams (77%)
of phenothiszine (mixed melting point) crystallized from the
benzene extract. Bolling water was added to the residue and
the mixture filtered while hot., Acldification of the aqueous
filtrate resulted in the precipitation of 7.5 g. (80%) of
S5-bromosalicylic acid., The latter was 1ldentifled by the
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mixed melting point method, None of the desired product was

isolated,.

13. 10-(3-Carboxy-4=-nitrophenyl)phencthiazine (attempted)

(a) Using methyl 2-nitro-S-bromobenzoate. A mixture of

26 go (0.1 mole) of the ester, 19.9 g. (0.1 mole) of pheno=-
thiszine, 15 g, of potassium carbonate, 2 g. of copper bronze
powder and 100 ml., of toluene was refluxed with atirring for
twenty hours, The refluxing was continued for an additionsal
sixteen hours after adding 30 ml, of xylene. The hot mix~
ture was then filtered. Fifteen grams (75%) of phenothia-
zine and 12 g, (46%) of methyl 2-nitro-5~bromobenzoate were
recovered., These compounds were 1ldentifled by the mixed
melting point method., There was no evidence for the presence
of the desired condensation product,

~ (b) Using 2-nitro-5-bromobenzolc acid. A solution of

7.3 go (0,03 mole) of 2e-nitro-5-bromobenzoic acid and 6 g.
(0,03 mole) of phenothlazine in 25 ml, of pyridine was re-
fluxed for twenty~four hours, There was no evidence for the
desired reaction teking place by testing sliquotes of the
reaction mixture for the presence of bromide ion. One~half
gram of copper bronze powder was added and the refluxing
continued for another twenty-four hours. The solution was
then diluted with benzene and extracted with 7% potassium
hydroxide. Acidification of the alksline extract yielded
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no organic acid, The benzene layer was extracted with dilute
hydrochloric acid and on standing 3 g. (50%) of phenothia-
zine (mixed melting point) crystallized from the benzene, A
nitrobenzene-like odor was detected in the benzene extract.

None of the desired product could be 1solated,

14, p-(10«Phenothiazyl)benzenssulfonamlide (attempted)

(a) Using'grbromobenzenesulronamlde. A mixture of 19.9

g. (0.1 mole) of phenothiazine, 33.9 g. (0.15 mole) of p=-
bromobenzenesulfonamide, 13 g. of anhydrous potassium ocar-
bonate and 2 g. of copper bronze powder was heated at 200~
205°, with stirring, for four and one-=half hours. Filve
milliliters of xylene was added to make the melt more fluid
and to wash down the phenothlazine that had sublimed to the
upper part of the flask., The temperature of the oil-bath
dropped to 180°., The reaction was continued for twenty-one
hours. The hot mixture was extracted with toluene., On cool-
ing, 16 g. (80%) of phenothiazine (mixed melting point)
erystallized. No condensation product was igolated,

(b) Using p~lodobenzenesulfonamide. Twenty~five grams

(0.126 mole) of phenothiazine, 28.3 g, (0.1 mole) of the
amide, 30 ml, of xylene, 10 g. of anhydrous potassium car-
bonate aﬁd 2 g. of copper bronze powder were heated, with
stirring, in an oll-bath at 160° for sixteen hours. The

reaction mixture was worked up in a manner similar to the



preceding experiment. Twenty grams (80%) of p-iodobenzene~
gsulfonamide and 23 g. (92%) of phenothiazine were recovered,
Both compounds were identified by the mixed melting point

method, There was no evidence for the formation of the de-

aired product.

D. Preparation of Some Monoxides and Dioxides

1. Phenothlazine-5-oxidel0l

A solution of 24.5 g. (0.123 mole) of phenothlazine,

800 ml, of ethanol, 8 ml., of 10% alcoholic potassium hydroxide
and 24 ml. of 30% hydrogen peroxide was heated with stirring
on & steam-bath for three hours.!®l A small amount of solid
was flltered off, Very little solld crystallized from the
mother liquor, even after it had stood for ten days. There-
fore, the solutlion was poured into 3 1, of water; 24,1 g. of
solid, m.p. 160-163" (decomp.), which had precipitated, was
flltered off, Barnett and Smiles49 reported that phenothia-
zine-5-oxide melted at about 250° (decomp.). Apparently the
reaction did not go to completion under the conditions de=
scribed, Therefore, the solid, m.p. 160-163° (deecomp.), was
redissolved in 750 ml. of ethanol and 35 ml. of 30% hydrogen
peroxide was added to the refluxing solution, Ths solution
was refluxed for four hours, Most of the solvent was removed

by dlstillation and the remaining solution was poured into
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water; 25.4 g. (96%) of yellow solid, m.p. 242-242.5° (de-
comp.), which had precipitated, was filtered off., Recrystal-
lization of the sollid from ethanol did not change its melting
vroint, The mlixed melting point with an authentic sample of

phenothiazine~5-0xide was undepressed,

2. 10-Methylphenothiszine-5-dioxide®

{(a) Using potassium permanganate, One hundred and fifty

milliliters of 3% potessium permsnganate solution was added
to a hot solution of 3 g. (0.014 mole) of 10-methylpheno-
thiszine in 40 ml. of dioxane. The solution was refluxed
with stirring for one and one~half hours. From time to time
solid potasasium permanganate was added, the first portions
causing a vigorous reaction. The hot mixture was flltered
and the manganese dloxide extracted with three portions of
dioxane. The dioxane solution was poured into water pre=-
cipitating 2.8 g. (81%) of white solid, m.p. 217-220°. Re=-
erystallization of this product from ethanol-dioxane (1:1)
.gave 2,2 g, (64%) of white erystals, m.p. 221-223°,

(b) Using hydrogen peroxide. Three milliliters of 30%

hydrogen peroxide was added to a solution of 1.4 g. (0.0066
mole) of lO0-methylphenothiazine in 20 ml. of glacial acetic
acld, After one-half hour of reflux, about 10 ml, of solvent
was removed by distillation. During the course of the re-
action, the color of the solution changed from dark brown to

red. On cooling, 1.0 g. (624) of orange platelets, m.p.



218-219° (decomp.), crystallized from the residual solution,
This product was recrystallized from ethanol to give 0.7 g.

(44%) of brown crystals, m.p. 220-221° (decomp.). The mixed
melting point with 1l0~-methylphenothiazine-5~-dioxide prepared

by the first method was undepressed.,

3. l0=Ethylphenothiazine-5-0xlde

Three hundred milliliters of 30% hydrogen peroxide was
added to & hot solution of 29.5 g (0.13 mole) of lO~ethyl-
phenothiazine in 1200 ml, of absolute ethanol. The mixture
was refluxed for & total of eight hours., After five hours,
more hydrogen peroxide (100 ml.) was added., The solution
stood for fifteen hours and wes then concentrated by distille
1ﬁg off 700 ml, of solvent. The remaining solution was
poured into 2 1, of 1lce water, thus preciﬁitating 25.5 g. of
white solid, m.p. 146-149°, Recrystallization of the pro-
duct from 125 ml., of absolute ethanol gave fine white crys-
tals, m.p. 145-150°., Since this one recrystallization from
ethanol did not seem to purify the product, the total amount
of erude material was dissolved in 800 ml. of benzene and
the sclution chromatographed on a 38 x 196 mm. column of
alumina.168 The column was eluted with benzene and finally
absolute ethanol, the eluate being collected in 125 ml, por-
tiona, This procedure resulted in the 1solatlion of 5.2 g.
(15.5%) of lO-ethylphenothiazine-5-dioxide, m.p. 161-163°,



and 19.7 g. (62%) of the monoxide, m.p. 162-163°. The mixed
melting point of the two products was depressed to 138-141°,
Anal, Caled, for Cy4H1sNO38: N, 5.76. Found: N, 5.85,

4, lO-Ethglphsnothiazina-5-d10x1d066

A solution of 29.5 g, (0.13 mole) of 1l0O-ethylphenothlia=
zine and 40 ml. of 30% hydrogen peroxide in 750 ml. of gla-
cial scetlc aclid was heated at about 70°* with stirring for
one and one~half hours. The color of the aolution changed
from dark green to dark brown and then to amber. More hydro-
- gen peroxide (12 ml,) was added and the solution stood for
three hours at room temperature., Five hundred and fifty
milliliters of solvent wes removed by distillation under the
reduced pressure’produced by a water aspirator, From the
residual solution, there crystallized 26.5 g. (78.5%) of
buff colored platelets, m.p. 162~164°., The mother liquor
was poured into one liter of water thereby preclpitating 7.1
g. (21%) of brown solid, m.p. 157-159°., Recrystallization
of the latter portion from 75 ml. of ethanol gave 5.6 g.
(16.5%) of long, brown crystals, m,p. 161-163*., The total
yield of pure product was 32.1 g. (95%). The mixed melting
point with the dioxide obtained from the previous reasctlion

was undepressed,



5. 10-Acetylphenothiazine-5-oxide

(a) Using nitric scid, PFive milliliters of concentrated

nitric acid (d. 1.42) was slowly added to a solution of 5 g.
(0.021 mole) of 10-acetylphenothiazine in 105 ml. of glacisl
acetic acid c¢ooled in an 1ce-~bath., After twenty minutes an
additional milliliter of nitric acid was added. The reaction
mixture was stirred occasionally while standing in the ice-bath
for thirty minutes and then poured into 400 ml., of water,
After a few minutes a dark red solld began to separate, this
was flltered off and shown to be 3-nitrophenothiamzine~S5-oxide
by the mixed melting point method., The filtrate wes poured
over ice and 2.5 g. (46%) of light brown powder, m.p. 156~
159°, was filtered off., The product was purified by five
reerystallizations from ethanol to give 1 g. (19%4) of flat
white needles, m.p. 169,5-170°.

Anal, Caled, for Cj4H3NO28: N, 5.45, Found: N, 5.47.

Further attempts to prepare this compound by nitric
acid oxidation beginning with 10 g. (0,042 mole) of 10~
acetylphenothliazine resulted in very low ylelds of even the
crude monoxide,

(b) Using hydrogen peroxide. A solution of 5 g. (0.021

mole) of lO~acetylphenothiazine, 500 ml. of ethanol and 60
ml. of 30% hydrogen peroxide was refluxed for five hours,
Another 20 ml, of hydrogen peroxide was added and the reflux-
ing continued for thirty minutes. The solution stood at
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room temperature for about sixty hours. Approximately 450
ml, of the solvent was removed by distillation and still no
s0lld crystallized out. Water was added and 4.7 g. (88%)

of white solid, m.p. 169«170°, separated. The mixed melting
point with l0-acetylphenothiazine~5-0xlde prepared by the

first method was undepressed.

6. 10~Acetylphenothiazine-5-dioxide

(a) From l0-acetylphenothlazine, Five milliliters of

30% hydrogen peroxide wes added with stirring to a solution
of 5 go (0,021 mole) of l0-acetylphenothiazine in 150 ml. of
glaclal acetic acid at room temperature, A solid began to
separate out after a few minutes (this solid was shown to be
unreacted started material)., After fifteen minuteavinéther
3 ml, of hydrogen peroxide was added, The mixture was heated
to about 60° and after some time the solid went back into
solution., The solution was maintained at 60° for one and
one-half hours with stirring, After standing overnight, 120
ml. of solvent was removed by distillation under reduced
pressure, Four and three-tenths grams (80%) of white solid,
m.,p. 200-216° (decomp.), crystallized from the cooled solu-
tion., Recrystallization of the preduct from ethanol gave
3.9 g. (68%) of small, flat, white crystals, m.p. 216-217°,

- Anal, Calcd. for C14H113058: N, 5,13, PFound: N, 5.18,
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(b) Prom lO-acetylphenothiazine=5-0xide, Six-tenths

milliliter of 304 hydrogen peroxide was added with stirring
to a solution of 0.36 g. (0.0014 mole) of l0-acetylphenothi-
azine-5-oxide in 16 ml. glacial acetic acld at about 60°.
The eolor of the solution turned from brown to red. After
twenty minutes another 0,3 ml, of hydrogen peroxide was
added, The solution was heated at about 60° with stirring
for a total time of one hour and then poured iInto about 125
ml, of water, The pink solld, which was filtered off,
weighed 0,17 g. (46%) and melted at 200-203* with darkening
beginning at 195°, Two recrystallizations of the product
from ethanol gave white platelets, m.p. 214-216°, The mixed
melting point with s semple of lO-acetylphenothiazine«5-

dloxide prepared by the previous method was undepressed.

7. 1l0-Chloroascetylphenothiazine~5~oxide

Two and three-tenths milliliters of concentrated nitrie
acid (d. 1.42) was added dropwise with stirring to an ice=-
cooled solution of 3.2 g. (0.012 mole) of 10=-chloroacetyle
phenothiazine in 35 ml, of glacial acetic acid, After fif-
teen minutes, an additional 0,7 ml. of nitric scid was
added. The aolution was stirred for an over~all period of
twenty~five minutes while being cooled in an ice-bath, Water
was added to the solutlion and an oil immediately separated,
On standing, thls oll solidifled; this was followed by the
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deposition of a ecream~colored powder. Three and two-tenths
grams (95%) of cream solid, m.p, 175-180° (decomp.), was ob=
tained. The product was purified by recrystallization from
ethanol to give 2.9 g. (86%) of light brown pletelets, m.p.
186-187° (decomp.).

Ansl. Caled, for Cj4H15C1lNO93: N, 4.,80; C1, 12.15.
Found: N, 4.72; Cl, 12,36 and 12,08,

In & less succeasful experiment, concentrated nltric
acid was added to s ¢old suspension of 3 g. (0.011 mole) of
10-chloroacetylphenothiazine In glacial acetic acid until
all of the solld had dissolved, The solution was allowed to
stand at room temperature for four hours, An orange solid,
m.p. 276-281°, erystallized. This was shown to be 3-nitro-
pﬁenothiazine~5»oxide by the mixed melting point method,

The mother liquor was poured into water, The brown solid
which precipitated was extracted with hot ethanol., From the
ethanol there was obtalned a small smount of l0~chloroacetyle

phenothlagine~f~oxide (mixed melting point)Q

8., l0~Chloroacetylphenothigazine-5-dioxide

One milliliter of 30% hydrogen peroxide was added with
stirring to a solution of 1.00 g. (0.0036 mole) of lO-chloro-
acetylphenothiazine in 30 ml, of glacial acetlic scid. The
color of the solutlon immediately became a dark green., An-

other 0.6 ml., of hydrogen peroxide was added after heating
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the solution at about 70° for fifteen minutes., The color
became almost black and then pink, The solutlion was heated
at 60-70° with stirring for one and one-half hours. About
half the solvent was removed by distillation under reduced
pressure, The so0lid which crystallized out welghed 0,80 g.
(72%4) and melted at 208-209°. Purification of the product
by recrystallization from ethanol (in which it was slightly
soluble) gave 0.57 g. (51%) of 1light brown needles, m.p.
211° (decomp.).

Anal. Caled. for C14H310C1NO3S: N, 4.56., Found: X,
4,60,

9. 10-Dichloroscatylphenothiazine-5~dioxide

One milliliter of 30% hydrogen peroxide was added with
stirring to a solution of 0.98 g. (0.0032 mole) of 1l0-dichloro=
acetylphenothiazine in 15 ml. of warm glacial acetlic acid,
The color of the solution immediately became a dark green.
After fifteen minutes, another 0,6 ml. of hydrogen peroxide
was added and the color of the solution became almost black,
The solution was heated at about 60° with stirring for a
total of two hours. A solid crystallized during this time.
The light green product, m.p. 211-212° (decomp.), weighed
0.86 g. (80%). This solid was recrystallized from about 125
ml, of ethenol to give 0.75 g. (70%4) of very light green
platelets, m.p. 211-212° (decomp.)., Eleven-hundreths gram
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of solid, m.p. 197-201" (decomp.), wes obtained by pouring
the acetic acid mother liquor into water. This solid was
recrystallized from ethanol to give 0,08 g, of brown crystals,
mepe 202~204° (decomp.).

Anal, Caled, for C,,H,Cl,NO0,8: N, 4,09, PFound, N,
4,12,

10. The attempted nitrie acid oxidation of l0-dichloroacetyl-

phenothliazine

One and five-tenths grams (0.0049 mole) of 1l0=-dichloro=-
acetylphenothiazine was dissolved in 35 ml., of glacial acetic
acid, On cooling in an ice-bath & brown solid crystallized
from the solution, This so0lid was redissolved by warming.
Again the solution was cooled; however, 2 ml, of concentrated
nitric acid (d. 1.42) was added before any of the solid re-
crystallized, After a short while tan needles began to
separate, After twenty minutes this solid, m.p. 155-156°,
was flltered off and washed with acetic acid, The mixed
melting point with starting material was undepressed., The
mother liquor was poured into water and a ten colored solld,
m,p. 145-148°, separated, After recrystallization from
ethanol the melting point was raised to 154-145°. This was
also shown to be starting material, None of the desired
monoxide could be lgolated,

A second attempt to prepare the oxide by this method
also falled.
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11, 10-FPhensacetylphenothiazine-56~oxide

(a) Using nitric acid, Five and two-tenths milliliters

of concentrated nitric acid (d. 1.42) was added dropwise to
a solution of 5 g. (0.016 mole) of lO-phenacetylphenothiazine
in 110 ml, of glaclal ascetic acld cooled in an ice~bath,
The color of the solution became almost black., After fifteen
minutes an additional milliliter of nitrie acld was added,
The reaction was allowed to continue for a total of thirty
minutes and then the solution was poured into water. A
brown oil separated and on standlng it solidified, This
solld, m.p., 130~-135°, weighed 4.8 g. (92%) after drying.
Two recrystallizations of the s0lid from ethanol raised the
melting point to 135-140°., Recrystallization from benzene
gave 3.4 g, of crystals, m.p. 133-~140°, Thus, since it was
apparent that recrystallization alone would not purify the
‘compound satisfactorily, the compound was purified by chro-
matography, A solution of the crude product was chromatow-
graphed on a column of 45 g, of alumina.1%? From the eluate,
there was obtained 2.6 g. (50%) of product, m.p. 140-141°,
Recrystallization from ethenol raised the melting point of
the fine, white crystels to 141-141,5°,

Anal., Caled, for CgoHjgli0gS: N, 4.20. Found: N,
4,39, |

(b) Using hydrogen peroxide, Sixty milliliters of 30%

hydrogen peroxide was added to a refluxing solution of 8,2 g.
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(0,026 mole) of lO~-phenacetylphenothiazine in 400 ml. of eth-
enol., The solution was refluxed for two hours and an addi-
tional 15 ml, of hydrogen peroxide was addsed., The color of
the solution was originally a light yellow, it became pink
on the eddlition of hydrogen peroxlde and graduslly became
colorless during the reflux period. The solution was re-
fluxed for a total of nine hours and then allowed to stand
at room temperature for ten houré. About 350 ml., of solvent
was distilled off and water poured into the residue. Eight
and one-tenth grams (94%) of solid, m.p. 135-137°, separated,
This was recrystallized from ethanol to give 6 g. (70%) of
irregular white platelets, m.p. 138-140°, The mixed melt-
Ing point with the product made by the previous method was
undepressed., This compound was not further purified by
chromatography,

12, l0-Phenscetylphenothiazine-5-dioxide

(a) From lO0-phenacetylphenothlazine. Five milliliters

of 30% hydrogen peroxide was added with stirring to a solu=
tion of 5 g. (0.016 mole) of 1l0-phenacetylphenothiazine in
150 ml, of glaclal acetic acid at room temperature. The
color of the solution turned a light blue, The solution was
stirred at room temperature for twenty minutes and then ane-
other 3 ml, of hydrogen peroxide was added, The solution was

heated to about 60° and stirred at this temperature for one



hour. During thls time the color of the solution changed
from light blue to almost colorless and then pink., After
standing over night, 120 ml, of solvent was removed by dis«
tillation under reduced pressure., A solld separated shortly
after the distillation was started. Three and eight-tenths
grams (70%) of solid, m.p. 215-216" (decomp.), was flltered
off, The mother liquor was poured into water and 1.6 g. of
solid, m.p. 150-154° (decomp.), precipitated. The first
portion of solid was found to be only slightly soluble in
 ethanol and it was therefore recrystallized from xylene.
Two recrystallizations from xylene gave 2.6 g. (48%) of white
needles, m.p. 215-216° (decomp.), with softening beginning
at 210°,

Anal, Calcd. for CgpH;gNO3S: N, 4.0l. Found: N,
4,22,

(b) From lO-phenacetylphenothiazine-5~oxide. Four mil-

11liters of 30% hydrogen peroxide was added to a solution of
3.7 g (0.011 mole) of lO-phenacetylphenothlazine~5-oxide in
100 ml., of glacial acetic acid at about 60°. The solution
was kept at this temperature for two and one-half hours with
occasional shaking., After fifteen minutes another 2 ml. of
hydrogen peroxlide was added. On standing, 3.2 g. (83%) of
almost white, coarse needles, m.p., 212-216°" (decomp.),
crystallized from the pink solution. This solid was re-
crystallized from 125 ml. of glacial acetic acid giving 3.1

ge of irregular needles, m.p. 212° (decomp.). These crystals
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were recrystallized from 400 ml. of ethanol giving 3.0 g
(77%) of needles, m.p. 212-213° (decomp.)s. The mixed melting
point with l0-phenacetylphenothiazine~5-dioxide prepared by

the preceding procedure was undepressed.

E. Miscellaneous Reactions

8

1, Preparation of Jirdiethylaminopropyl chloride

The method of preparation followed was that described
b& Gilman and Shirley17 except that a longer reflux period
was used, The compound was also prepared, according to a
similar method, in 79%174 yield and in g7%L7% yield, respec-
tively. However, few detalls were glven concerning these
preparations,

A solution of 197 g, (1.5 moles) of Jigdiethylamino~
propancl in 200 ml. of chloroform was added over a period
of forty~five minutes to a solution of 358 g, (3,0 moles) of
thionyl chloride in 1200 ml, of chloroform cooled in an ice-
salt bath., The solution was then refluxed ln a steam-bath
for twelve hours. Durlng this time the color of the solution
changed from yellow to light brown. The chloroform and ex-

cess thionyl chloride were distilled off, the last portions

1740, Gawron end P. E. Spoerri, J. Am. Chem. Soc.s 67,
514 (1945).

1757, walker, J. Chem. Soc., 630 (1945).
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being removed under reduced’pressure. The residue was cooled
in an ice-bath and 375 ml. of 40% sodium hydroxide was added
carefully with stirring. The alkallne solution was extracted
with three portions of ether totaling 1000 ml. The ether ex~
tract was dried over anhydrous sodlium sulfate, Following re«
moval of the ether, the residual liquid was distilled to

glve 197 g. (88%) of _§ -diethylaminopropyl chloride, b.p.
65«69° (16 mm,) with the heating bath at 82-85°, On atanding,
the chloride became cloudy after a few déys, aven at 5%, due

very likely to the formation of quaternary ammonium salts,

2. Hydriodic acid cleavage of the crude carbonation product

from 10-(;z;diethylaminopropyl)phenothiazinolve to give

m-carboxydiphenylamine

Three grams of the crude amphoteric carbonatlion product
and 25 ml, of concentrated hydriodic acid (d, 1.50) were re=-
fluxed for twenty hours. The gum was only partially soluble
In the acld forming en orange solid; this solld dissolved
almost completely during the course of the reaction, During
this period hydrogen sulfide was evolved. On cooling after
the addition of some water, an oll separated which partislly
solidified on standing. This semi-solid materisl dissolved
almost completely in 10% sodium hydroxide solution and the
mixture was flltered, Acidification of the flltrate with

173890 page 68 of this dissertation,
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hydrochloric acid precipitated a solid, m.p. 124-127°, This
s0lid was dissolved in benzene, the solutlion flltered and
then petroleum ether (b.p. 80-~115°) was added, A green tar
separated, The supernatant solution was decanted and more
petroleum ether was added. After standing a few days, 0.8
ge. of fine, light tan crystals, m.p. 139-140°, separated.
The mixed melting point with an authentic specimen of m-

8,54

carboxydiphenylamine was undepressed.

3, Hydrolysls of lO-acetylphenothiazine-5-oxide

A solution ofll.O g. (0.0039 mole) of lO~acetylpheno-
thiazine-5-oxide in 15 ml. of ethanol and 2 ml. of 10%
sodium hydroxlide was refluxed for a few mlnutes, The color
of the solution lmmediately beceame brown. After a short
tiﬁe colorless platelets crystallized, The solution was cooled
and 0.6 g. (72%) of solid, m.p. 250-251° (decomp.), filltered
off, The mixed melting point with an authentic specimen of

101

phenothiazine~5-0xide was undepressed.

The other l0-acylphenothlazine-5-oxides were hydrolyzed,

by a similar procedure, to give phenothiezine-5-oxide.

i

4, Hydrolysis of lO-acetylphenothiazine-5-dioxide

One and one-half milliliters of 10% sodium hydroxide
was added to a hot solution of 0,50 g. (0.0018 mole) of 10-
acetylphenothiazine~6~-dloxide in 30 ml. of absolute ethsanol.
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The color of the solution immedistely became yellow, After
a few minutes, part of the solvent was removed by distilla-
tion, The addition of water to the residual solutlion pre-
cipitated 0.42 g. (100%) of yellow solid, m.p., 255-257°
{decomp.). Recrystallization from ebsolute ethanol raised
the melting point to 256-257°, The mixed melting point with
an authentic sample of phenothliazine-5«dioxide, prepared by
the hydricdlc acld cleavsge of l0-methylphenothiazine«5-
dioxide,96 was undepreased,

The other 10-acylphenothiazine-5-dioxldes were hydrolyzed,

in a similer fashion, to give phenothlazine-6-dioxide.

5. Attempted nitration of ethyl m-iodobenzosate

Into & one-liter round-bottom flask, equipped with a
mechanic#l stirrer, were placed 175 ml, of concentrated sul-
furic acid (d, 1.87) and 88 g. {0.32 mole) of ethyl m-iodo-
benzoate, The ethyl m-lodobenzoate was prepared by the fol-

lowing sequence of reactions: diazotization177

of m-amino~-

benzoic acid, treatment of the dlazonium salt with potassium
iodide,177 esterification of the ecrude m-lodobenzoic acld by
dissolving the acid ir a solution of dry hydrogen chloride

in absolute ethanol and heating the solution at a gentle

l?Vb. Gattermann, "Laboratory Methods of Organic Chemis-
try," MacMillen and Co., Ltd., London, 1943, p. 283; F, B,
Dains and F, Eberly in A, H., Blatt's "Organic Syntheses,"
Coll, Vol, 1I, John Wiley and Sons, Ine.,, New York, N. Y.,
1943, p. 358,
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reflux, and finally, purification of the ethyl ester by dls-

t1llation,1’®

beps 101~108° (0.1~0.5 mm.). The mixture was
cooled to 5° in an ice-bath. A solution of 27 ml. (0.4l
mole) of concentrated nitric acid (d. 1.42) in 30 ml. of con=-
centrated sulfuric acid was added over a period of seventy
minutes with the tempereture of the mixture being maintained
at about 5°., The addition of the nitrating mixture immedi-
ately caused, in the solution, the formation of a purplishe
black color which disappeared after stirring for & few min-
utes, This phenomenon recurred until about half of the
nitriec acid had been added; after this point, the color of
the solution remained an orange-yellow, Following the addi-
tion of the nitrating mixture, the solution was stirred for
an additional twenty minutes with gradual warming, and then
poured over ice, A sticky, orange materlal separated. The
water layer was poured off and ether added to the residue.
Stirring In the presence of ether brought about crystalliza-
tion of the resldue., The solid was washed with four pore
tlons of ether to remove any of the relatively soluble
material, Seventyw-one grams of solid material remained, m.p.
185-190° (decomp.). This solid was recrystallized twice
from absolute ethanol with the result that the melting point
was raised to 193.,5-194,5° (deegmp.) with the first re-

crystallization, and to 196-196.5° (decomp.) with the second.

1787, B, Cohen and H. S. Raper, J. Chem. Soc., 85,
1271 (1904).
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Anal, Pound: I, 38,02 and 38,09, The compound con-
tained no nitrogen (Dumas snalysis). The lead acetate quali-
tative test for sulfur, following sodium fusion, was posl=
tive.

The compound was quite insoluble in ether, benzene, di-
oxane, chloroform and p-dichlorobenzene. It was very soluble
in glacial acetic acid and moderately soluble in ethanol,

The compound was 1insoluble in 3% sodium hydroxide.

The product of thils attempted nitration seemed to dis-
solve In nitrobenzene snd consequently thils solvent was
chosen as the one for the moleculaf weilght determination by
the c¢ryoscople method., The values found were 3120 and 2480,
The compound crystallized from the nitrobenzene after the
solution had stood for a few days, as shown by & mixed melte
ing point of thils erystalline product with the original.,
Thus, the compound probably was not sufficiently soluble in
nitrobenzene to give satisfactory results in the molecular
welght datermination.

An infra-red analysisla7

of the compound gave absorp-
tion bands indicating the presence of the sulfone and the
carbonyl groups in the molecule, The absorption spectrum

did not compare at all with that of m-iodobenzoic acid,
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6. Treatment of the product from the attempted nitratlion g£

ethyl g:iodobenzoate with sodium hydroxide

Seven and one-half grams of the compound, m.p. 196=-
196,.5° (decomp.), was gently warmed in 60 ml, of 10% sodium
hydroxide. The so0lld dissolved almost completely after warme
ing for about three or four minutes to give a yellow sclu-
tion, Then a light yellow solid separated to give a very
thick suspension, The suspenslon was boiled gently for a
few more minutes and the solid redissolved to give a dark
red solution. A test for the lodide ion on an aliquote of
this solution was negative. A portion of the solutlion was
distilled, The distillate gave & positive iodoform test,
thus, indicating that ethyl alcohol was obtained during the
course of the hydrolysis, The alkaline solution was acidie-
fied wilth hydrochlbric acid, resulting in the precipitation
of 5 g. of red brown solid, m.p. 142-143°, This solid was
extracted with petroleum ether (b,p. 60«70°) leaving an orange
residue., Two and four-tenths grams of white solid, m.p.
173-176%, crystallized from the petroleum ether extract.,
Purification of this material by recrystallization from
acetone gave white crystals, m.,p. 183-184°, The mixed melt~

ing point with m~lodobenzolc acid was undepressed,

7, Attempted nitration of m-iodobenzolc acid

Seventy-four grams (0.3 mole) of m-lodobenzoic acid,
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MaPoe 183~184 ¢ » 179

(prepared by the hydrolyslis of the ester,
deseribed in the previous experiment, with 104 sodium hydrox-
lde and acidification of the hydrolyzate to give the m-
iodobenzolic acid) was dissolved in 275 ml. of warm concen=
trated sulfuric acid, Upon cooling the solution to 5°, m-
lodobensolc acid crystallized out unchanged as shown by the
mixed melting point method., To this suspension was added

30 ml, (0.47 mole) of nitric acid (1. 1.42), dissolved in

30 ml, of concentrated sulfuric acid, over a period of three
and one-half hours, during which time the reaction mixture
warmed up to room temperature., The portionwise addition of
the nitrating mixture ceused the formation of a dark violet
color in the suspension. Stirring for a few minutes after
each addition resulted in the disappearance of the cark color.
This behavior continued until approximately an equivalent
amount of nitric acid had been added, after which point the
color remained yellow. The solid dissolved during the course
of the reactlon. The reaction mixture was poured over ice;

a2 brown, sticky solid separated, On standing overnight, a
small amount of crystals separated from the solution. The

80lid was flltered off and dissolved in 3% sodium hydroxide,

Very fine needle~llike corystals slowly separated from the

179the mixed melting point with Eastman's White Label
m-lodobenzoic acid (m.p. 183.5-184,5°) was undepressed. See
R. L. Datta and N, R. Chatterjea’ _q_o A_g;o Chem, §_9_c_o’ _%_3;3
204 (1919).
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alkaline solution, This sodium salt was decomposed by hydro=-
chloric acid giving 34 g. of white solid, m.p. 246-247°
(decomp, ).

Anal., Found: I, 48,35 and 48.15., The neutral equiva-
lent, determined in an ethanol solutlon using phenophthalein
as the indicator, was found to be 476 and 48l. The compound
contains neither nitrogen {(the ferrocyanide test) nor sulfur
{the lead acetate test). The qualitative tests were made on
the sodium-~fusion product of a portion cf the compound,

The aclidic compound was more soluble in 3% sodium
hydroxide then in 10% sodium hydroxide. The compound was
quite insoluble in all the common organic solvents as well
a8 1lodobenzene and p-dichlorobenzene with the result that no
sultable solvent was found in which the molecular welght of
the unknown compound could be determined by the freezing point
method,

An infra-red analysisl67 of the compound indicated the
presence of the carboxyl and carbonyl groups in the molecule.
The spsctrum did not compare with that of m-lodobenzole acld,
or that of the product from the attempted nitration of ethyl
m-iodobenzoate. There was no band indicating the presence

of the sulfone group.
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8, Dehalogenationleo of the product from the attempted

nitration of m-iodobenzole acid

FPive grams of the compound was dlssolved in 150 ml, of
hot (90°*) 107 sodium hydroxide. Fifteen grams of nickel-
aluminum alloy was added in small portions to the solution
over & perlod of twenty mlnutes with stirring and heating on
the steam bath, The stirring and heating were continued for
another hour., The flltered solution was poured into 5N
nitric acid, Aluminum salts precipitated immediately, but
dissolved upon stirring this suspension for a few minutes,
The acid solution was extracted with ether and the ether
solution waQ dried with calcium chloride, Three and two=
tenths gram of residue, m.p. 110-125°, remained after the
removal of the ether, Treatment of this residue with petro-
leum ether (b,p, 60-70°) separated it into two acidic frac=-
tions, which on purification were found to be benzoilc and
gfhydroxybbnzoic acld, respectively, by the mixed melting
point method, Because of the difficulty in separating and

purifying these acids no molier ratio of the two was obtalned.

9. Hydrolysis of the product from the action of nitric and

sulfurlc acids on griodobonzoic acld

Four grams of the solid, m.p. 246-247° (decomp.), was

180k, Schwenk, D. Pape snd H. Glnsberg, Ind. Eng.
Chem., Anal. Eg.o, _]_:_5_, B76 (1943)-




=110~

dissolved in 120 ml. of 10% sodium hydroxide by hesting on

a steam bath., The heating, with stirring, was continued
for two hours. The solution was acldified with hydrochloric
acid and extracted with six portions of ether, the total
volume of ether being about 350 ml, This ether solution was
washed with water and dried with calcium chloride, A solid,
m.p. 158«180°, remained after removal of the ether, Small
amounts of two acids were 1solated, by means of fractional
recrystallization, from this material, The one acld melted
at 180.5-181,5°%, and the second melted at 224~-225°, The
first contalned lodine and gave a strong violet color with
ferric chloride Indicating the presence of a phenolic hy-
droxyl group. Its neutral equivalent was found to be 238
and 239, The second acid contained ilodine but gave no color
with ferric chloride., Its neutral equivalent was found to
be 185 and 188, The mixed melting point of the acid, m.p.
180,5-181,5°, with m~lodobenzolic acid, m.p. 183,5-184,5°,
was undepressed. The neutral equivalent for m~lodobenzole
acid 1s 248,0, The infra-red spectrum.l67 for the acid,

m.p. 224-225", showed the presence of the phenolic hydroxyl
and the carbonyl groups and iIndicated the presence of the
carboxyl group. However, some aclds do give a weak band

for the c-rboxyl groupj for example, salieylic acid,
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IV, DISCUSSION

A. Metalation Resactions of Phenothisazine

and Some of Its Derivatlves

The metalation of phanothiazln98’21 with an organo-
metallic compound was successfully accomplished by stirring,
at room temperature, a mixture of approximately two equiva=-
lents of n-butyllithium with one equivalent of phenothia-
zine in ether for twenty hours. The faect that monometala-
tion had occurred was established by the 1solation of a pure
monocarboxyphenothiazine, in 52% yield, following carbona-
tion and acidification of the reaction mixture. The acid
was shown to be phenothlazineel«carboxyllic acid by a method
discussed 1n an earlier section of this disserbation.lel
Thus, the position ortho to the nitrogen in the heterocyclic
compound phenothiazine was lnvolved, There was no evi=~
dence for dimet#lation of phenothlazlne in thie reaction.

The reaction of spproximately one equivalent of n-
butyllithium with lO-ethylphenothlazine in refluxing ether
for twenty hours resulted in the isolation of a monocarboxy-
10~ethylphenothiazine in 6% pure yield7’54 subsequent to
carbonation., Cleavage of this product with hydriodic acid

gave m-carboxydiphenylamine., Consequently, the substitution

léigee pages 22 and 24 of thls dissertation,
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reaction must have involved a positlon meta to the nitrogen
which could have been the 2« or 4-poslition of phenothiazine.
Because of the tendency for substitution ortho to the hetero
element of a heterocyclic compound in metalation reactions,
the favored position was that one ortho to the sulfur, posl-
tion 4, Later, lndirect evidencele’36 showed that the fore-
going reasctions did give l0-ethylphenothiazine-4-carboxylic
acid, 182

From the above investigations one sees that phenothia-
zine was metalated by n~butyllithlum at position 1 and that
| l0-ethylphenothlazine was metalated at position 4, Shirlays
mentioned the possibllity that steric effects might have
been involved in causing the resotion to take a different
course 1in the two cases, Another factor, which may affect
the reaction, is that phenothlazine itself 1s not involved,
but 10-lithiophenothlazine. (l0-Ethylphenothiazine has no
active hydrogen which can undergo rsaction.) The replacement
of the active hydrogen by lithium very likely increases the
formal negatlve charge on the nitrogen and thus electronic,
as well as steric effects, may influence the course of the
reaction,

The metalation of 109(jigdiethylaminopropyl)phenothia-
zine with slightly more than one equivalent of n~butyllith-

ium, at room temperature for twenty hours, resulted in the

182546 pages 21 and 22 of this dlssertation. .
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formation of a crudg amphoteric substence after carbonation.
This product resisted all attempts of purification. Howe
ever, a portion of the crude material was cleaved with boll-
ing hydriodic acid to give m~-carboxydiphenylamine (identi-
fied by the mixed melting point method). Thus, either posi-
tion 2 or 4 of the phenothiazine derivative was involved.,

By considering the foregoing reactions of l0-ethylphenothia-
zine, the crude product must have contalned some lO—(jir
diethylaminopropyl)phenothlazine-4~-carboxylic acids, In a
second resction involving 10-(_J -diethylaminopropyl)-
phenothiazine and one and four-tenths equlvalents of n-butyl-
lithium in refluxing ether, the intermediate organometallic
compound was treated with benzophenone. Following hy-
drolysis, a diphenylhydroxymethyl-10-( § ~diethylamino=-
propyl)phenothiaszine was isolated in 8% yield. The infra-
red apectrum167 of this compound showed a strong band for
the hydroxyl group and one for a vicinal trisubstituted
benzene nucleus. There was no band Indicating unsymmetrical
trisubstitution in a benzene ring., The conclusion drawn
'from the Infra-red analysis and from the previous cleavage
reaction is that metalation affected the 4-position. Thus,
the above carbinol 1s very likely the 4-diphenylhydroxy-
methyl derivative, A glass, which could not be purified,
also was obtalned from the reaction., A band for the hydroxyl

167

group was present in the infra-red spectrum of the material,



=ll4-

This may have been due to the presence of the foregoing car-
binol, or possibly a second carbinol was formed in the re-
action., One is led to speculate on the latter idea since
treatment of the glass with conecentrated hydrochloric acid
produced an intensely green colored substance (possibly a
halochromic salt), whereas, treatment of the pure carbinol
wlth acid under the same conditions gave a light reddish
colored material, It would be 1nterest1ng to investigate
this reaction more fully to determine 1f a second carbinol
actually was.formed.
lO-[?Qf(l-Pyrrolidyl)ethyl_7bhanothiazine was metalated
using spproximately one and one~half equivalents of n-
butyliithium by refluxing the reasctants in ether for twenty~
two hours. Benzophenone, instead of carbon dioxide, was used
to tag the resulting orgenometsallic compound. The metala~
tion reaction took an unexpected course as evidenced by the
isolation, after hydrolysis, of a diphenylhydroxymethyl-
and a bis(diphonylhydroxymethyl)-10-[22-(l-pyrroliayl)ethy;7¥
phenothiazine in a 2,7% and a 12.3% yield, respectively.
The monocarbinol 1s conslidered to be the 4-diphenylhydroxy-
methyl derivative on the basls of the previous reactions in-
volving a 10-alkylphenothiazine. The infra-red analysisle7
of the dicarbinol gave a spectrum which showed bands for the
hydroxyl group and a vicinal trisubstitﬁted benzene ring,

There wes no band indicating the presence of an unsymmetrical
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trisubstituted benzene nucleus, Thus, the dimetalation re-
action affected the two carbon atoms ortho to the sulfur, or
less likely, the carbons ortho to the nitrogen, Other pos-
sibilities would be the formatlion of a l,6-dilithio or a 1l,4=-
dilithio derivative. The latter ideas are ruled out on the
basis that (1) no known metalation reaction of & 1l0-alkyl=
phenothiazine.has involved the l-position, (2) unsymmetrical
disubstitution seems to be leass likely, and (3) no dimetala-
tion reactlon has been reported to affect Jjust the one benzene
ring of a tricyclic heterocycle.l83 Consequently, the most
reasonable structure for the dlearbinol seems to be the one
in which the twovdiphenylhydroxymethyl groups are asgslgned
to positions 4 end 6 of 10—[7§f(l-pyrrolidyl)ethy1_7bheno—
thiaezine,

The previous reaction 1s the flrst one known from which

a definite product has been 1solated as the result of di~
metalation of a tricyclic heterocycle containing the sulfide
linkage, At about the same time that the above work was com-
pleted, it was observedl®d that dibenzothiophene-5-dioxide
underwent dimetalatlon by the action of three equivalents
n-butyllithium in ether at -20°, The intermediate organo-
metallic compound gave, following carbonation and acidifica=-

tion, & 20.4% yield of 4,6-dicarboxydibenzothiophene-5-dioxide,

1831¢ o substituent such as the methoxy group were
present in one of the two benzene nuclel, then that nucleus
might undergo dimetalation with n-butyllithium using the
proper conditions,
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This was the first reported dimetalation of a tricyclic
heterocycle containing the asulfone group.

Phenothiazine and 1lO0~ethylphenothiazine were reacted
with n-butyllithlum to see 1f these compounds might also
undergo dimetalation,

A solution of phenothiazine snd three eguivalents of
n-butyllithium was refluxed in ether for twenty-three hours.
A 70% yield of pure l-diphenylhydroxymethylphenothiazine
was 1lsolated following treatment of the reaction mixture
with benzophenone and water. There was no evidence that
dimetalation had occurred., No phenothlazine was recovered,
Shirleyzl obtained a 52% yleld of pure phenothlazine~-le
carboxylic acid as a result of the metalation of phenothia-
zine, His lower yield of product probably was due to his
using & smaller excess of n-butyllithium and carrying out
the reactlon at room temperature instead of at ether reflux
temperature,

10-Ethylphenothiazine was metalated with n-butyllithium
(approximately 20% excess) in refluxing ether for twenty~
three hours, After treatment of the reaction mixture with
benzophenone and water, a 55% yleld of pure 4-diphenyl-
hydroxymethyl=-l0=ethylphenothliazine was obtained., There was
no evidence that dimetalation had occurred in this reaction,
Van E3354 metalated 1l0-ethylphenothiazine with the result
that a 6% yleld of pure lO-ethylphenothiazine-4-carboxylic
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acid wasrobtained subsequent to carbonatlion and acidifica-
tion., The lower yleld of metalation product in his case
probably was due to the smaller excess of n-butyllithium
used,

The reaction of dibenzothlophene-5-oxide with three and
two-tenths equivalents of n~butyllithium!’l in ether at -10°,
resulted Iin the formation of a 35.7% yield of 4-dibenzo-
thiophenecarboxylic acid and a 10.8% yield of dibenzothio-
phene following carbonation and acidification., This resction
was extended to aee if it would apply to lO-ethylphenothia
zine~5~0xide as well, A suspension of the phenothiszine de-
rivative was treated with three equivalents of n-butyllithium
in ether at -20° for three hours. Since no visible change
seemed to take place, the temperature of the mixture was
Increassed to 0° and maintained at that point for four hours,.
Following carbonation and acidification, a 53% yleld of pure
10-ethylphenothiazine-4-carboxylic acid (mixed melting point)
was obtained, No 1l0-ethylphenothiazine was isolated from
the reaction., In a second experiment involving the same
amount of reactants and the same conditions, except that the
reaction mixture was maintained at -20° for six and one-
half hours, a 25% yield of pure l0-ethylphenothiazine-d=
carboxylic acid and 36#% of lO-ethylphenothiszine were ob-
talned. Thus, reduction and metalation ocecur in the case of

10-ethylphenothiazine-5-oxide as well as in that of
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divenzothlophene-5-0xide, Gllman and Esmay171 discuss 8
possible mechanism for the reaction. The above results
indicate that the higher reaction temperature (0°®) favors
the reduction-metalation reaction, whereas, lower iempera-

tures (-20° and ~10‘171) favor the reduction resaction.

B. Preparation of Some 1l0-Substituted Phenothiazines

The reactlions of various dilalkylaminoalkyl halides with
phenothiazine and the condensing agent sodemide, in an inert
solvent such as xylene, have been highly succesaful.184

The need of l0O~ethylphenothiazine srose during the
course of this Investigation. Since the methods described
for the preparation of this compound required the use of

high pressure equipment,s’s6

the suggestlon was made to use
the sodamide-condensation type of reaction for the prepara-
tion., Consequently, ethyl iodide was reacted with pheno-
thiszine and sodamide in refluxing benzene to give a 36%
yield of the desired, pure product. The question was raimed
concerning the possibllity of carrying out the condensation
reaction in liquid ammonia, Phenothiazine was added to a
suspension of sodamide in liquld ammonia and then after about

two'hours, othyl bromide was added., A reaction sterted im~

mediately ss evidenced by the change in color of the

1845,6 Part C of the historical section of this dla-
sertation,
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reaction mixture from very dark red to dark brown. Pure
10-ethylphenothiezine was isolated in a yield of 97%. In

a second experiment, 92% of the lO-ethyl derivative and 1.5%
of phenothiaszine were obtained. Thus, the reaption for
preparation of thls particular phenothiazine derivative pro=-
ceeds exceptionally well in liquid ammonia and far surpaséea
the methods of preparation described previously.

Phenothiazline was found to be slightly soluble in liquid
ammonia giving a green solution,185 However, the addition
of the compound to scdamide in liquid ammonia produced a
dark red mixture. The red color was probably due to the 1l0-
sodliophenothiazine dissolved in liquid ammonia, Because of
the intensity of the color, 1t was difficult to determine by
visual inspection alone whether or not the phenothiazine dew
rivative was completely in solution; however, it appeared to
be so.

The attempt to prepare lO-phenylphenothiazine In xylene,
or in liquid ammonia, by the reaction of iodobenzene and
phenothiazine with sodsmide as the condensing agent wes une-
successful, Apparently the halogen of iodobenzene is not
sufficlently resctive to undergo reaction with l0-sodio-

rhenothiazine,

69

Zarember ~ found that the reaction of 2«benzyloxy-

quinoline with phenothiazine, in refluxing cumene, gave a

- Alssgi ds Carli, gess. shim. ital., 57, 347 (1927),
_c_o__.) ____, 3047 1927, ;o
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90% yleld of 2-hydroxyquinoline and a 34% yleld of & pro-
duct melting at 91-92°, which analyzed for 1l0-benzylpheno-
thiszine, Therse is a disagreement in the literature concern-
ing the melting point of the latter compound. Desai?? re-
ported that lO-benzylphenothiazine, m.p. 90.5-91°, was formed
in 25% yield by heating a mixture of benzyldiphenylamine and
sulfur at 220° for eight hours. Finz152 stated that the
compound was obtained by heating phenothiazine and benzyl
chloride at 140-145° for two hours. However, his product
melted at 130°., Zarember was unable to repeat Desai's work.
A repetition of Fingi's preparation ylelded a small amount
of erystals, m.p. 132-134°, The mixed melting point with
the compound, m.p. 91-92°, was 80-105°, thus showing that
the two products were different substances rather than dif-
ferent crystalline forms of the same compound., Therefore,
Zarember attempted to prepare the compound by the following
procedure., A mixture of benzyl chloride (0.03 mole) and 10-
lithiophenothiazine (prepared from 0.025 mole of phenothia-
zine and 0.1l mole of phenyllithium) in benzene~ether solu=-
tion was stirred for one day at room temperature and then
one hour at reflux temperature., The feaction was carried
out in an atﬁosphere of nitrogen. No pure product was 1lso-
lated, It seems that the fallure of the reaction probably
may have been due to the fact that a rather large excess of

phenyllithium was used. The amount of phenyllithium used was
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more than enough to react with both the phenothiazine and
benzyl chloride., Thus, the benzyl chloride possibly reacted
with the excess phenyllithium instead of with the 10-lithio-
phenothiazine.

The reaction of benzyl chloride and l0-socdiophenothia-
zine (prepared from phenothiazine and s?damide) in refluxing
Xylene gave & 15,5% yield of product which melted at 90-
90,5%, The mixed melting point with Zarember's compound,
m.p. 91-92°, was undepressed. This indicates that the two
compounds are identical. Since, the latter compound ana-
lyzed for a benzylphenothlazine, both products are considered
to be 1lO=-benzylphenothiazine., Later, this compound was pre~
pared in 66% yleld by reacting benzyl chloride (50% excess)
with 10-gsodlophenothisgzine in liquid ammonia, 53 Thus, liquid
smmonia 1s the more satisfactory solvent for this reaction,
ags well as in the case of the preparation of 1l0-ethylpheno=-
thiazine from l0-sodiophenothlazine,

Abnormal rearrangements have been noted in the reaction
of benzylmagnesium chloride with certain carbonyl compounds,
such as formaldehyde, ethyl formate, acid chlorides and an~
hydrides., o~Tolyl and p-tolyl derivatives were 1solated.
Carbon dioxide, ketones and esters gave rise to the ex-

pected products., These observational®6 suggested the

1864, Gilman and J. E. Kirby, J. Am, Chem. Soc., 54,
345 (1932); H, Gilman and J, F, Nelason, ibld,, 61, 741
(1939); P. R, Austin and J. R, Johnson, Ibid., B4, 647
(1932); J. R, Johnson, ibid., 55, 3029 (1633 ), W. G. Young
and 8, Siegl, ibid., 66, 554 (I1944).
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poasibllity that rearrangement may have occurred in the re-
action of benzyl chloride with l0-~sodiophenothiazine, Cone
sequently, 1l0~(petolyl)- and 10-(go-tolyl)phenothlazine were
prepared in order to compare them with 1lO-benzylphenothia-
zine,

Equal molar quantities of phenothlagine and p=-iodo=-
toluene were heated at 155«165° in the presence of copper
bronze, potassium carbonate, xylene and nitrobenzene. A 15%
yield of 10-(p-tolyl)phenothiazine, m.p. 135-136°, was ob=
talned. The 10-(o~tolyl) derivative, m.p, 101-101.5°, was
prepared in 52% yield by a similar procedure except that a
50% excess of o-iodotoluene wes used., The latter fact prob-
ably acecounts for the higher yileld of the desired product
in the case of the o-tolyl derivative. The melting points
show that these compounds are different from the l0O~benzyl
derivative, In addition, the mixed melting point of 10~
(o=tolyl)- and 10-benzylphenothlazine was depressed to 70~
72°,

Since varlous derivatlives of sulfanilemide are active
chemotherapeutic agents, the preparation of p-(l0-pheno=-
thiazyl)benzenesulfonamide was attempted., The reaction em-
ploying p-bromobenzenesulfonamide and phenothisazine was un-
successful. The p-lodo derivative was next tried thinking
that the halogen would be sufficiently reactive to give a

successlul condensation reaction, especially since the halogen



would probably be activated by the sulfonyl group. No con-
densation product could be isolated from this reaction either.
p-Aminosallicylic acid 1s known to possess bacterio=-

187 gubstitution on

statlc asction agalnst tubercle bacllli.
the amino group by the methyl or stearoyl group or on the
carboxyl by the methyl or ethyl radical changed the activity
only slightly.lae The bacteriostatic actlon was completely
absent 1f the amino group was in the 3~ or S«position. Con-
sequently, the desire was to investigate the possibility of
preparing p~(l0-phenothiazyl)salicylic acld to see 1if this
compound would have a combination of the desirable physio-
logical properties of both phenothlazine and p-aminosalieylic
acid,

Because of the difficulty in obtaining a p-halosallcylic
acid, the condensation of phenothiazine and methyl S-bromo-
salicylate was attempted by heating the reactants in the
presence of potassium carbonate, copper bronze and xylene,
The reaction was unsuccessful, It was thought that 1f a
halobenzolic acid, which possessed a niltro group para to the

halogen, were used, the reaction might be successful because

1877, Lehmann, Svenske Likartidn., 43, 2029 (1946),
[ C.A., 41, 1334 (1947) [ The tuberculostatic activity of
other substituted benzolic aclds is llsted by A. A, Goldberg,
He 8., Jeffrlea, H, 3. Turner and D, M, Besly, Quart. J.
Pharm, Pharmacol., 19, 483 (1946), |

1887, Lenhmenn, Lancet, 250, 15 (1946).
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of the activating Influence of the nitro group on a para-
substltuted halogen. The reaction of methyl 2-nitro-5~bromo-
benzoate with phenothiazine did not glve the desired product.
The preparation of various 10-(carboxyhydroxyphenyl)pheno-
thiazines was not investigated further because of other
problems which arose.

A number of 1l0-acylphenothiazines were prepared, in
poor to good yields,»by reacting the appropriaté acyl
chloride wlith phenothiazine, dissolved in dloxane, in the
presence of anhydrous sodium carbonate., Phenothiazine, or
some of its derivatives, readily reacted with an acyl halide
in pyridine to glve the 10-amcyl derivative.®8 Attempts to
prepare lO-dichloroacetylphenothiazine by this method falled,

Either a tar resulted or phenothiazine was recovered,

C. Oxlidation Reactions

Pummerer and Gassner101

reported the formation of
phenothlazine~5-oxide in 75% yield by the oxidizing mction
of 30% hydrogen peroxide on phenothiazine dissolved in hot
ethanol containing some potassium hydroxide. The oxidation
reaction was carried out by following their directions but
wag found to be unsuccessful. Instead of phenothlazine~5-

oxide, m.p. 250° (decomp.), & solid which melted at 160~

163°* was isolated. Consequently, the latter material was
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redissolved in ethanol and the solutlon refluxed after the
addition of hydrogen pgroxide. No potassium hydroxide was
used in this second reaction. An almost quantitatlve yleld
of the oxide resulted., The alkell, In the first attempt,
catalyzed the decomposition of the peroxide and thus, the
decomposition reaction probably was complete before much of
the phenothlazine had been oxidlzed.

A number of 1l0-acylphenothlazine-5-oxides were prepared,
in good yields, by the action of excess 30% hydrogen peroxide
on the acyl derivative in refluxing ethanocl, There was no
indication that any dloxide had been formed as well., Alkalil
could not have been used to catalyze the foregoing reactions
as evidenced by the rapid hydrolysis of the acyl group upon
the addition of 10% sodium hydroxide to a hot ethanolic
solution of the 10-sacyl~phenothiazine~5-oxide. This reaction
was used as supplementary proof to show that the phenothie
azine portion of the derivative had been oxidized to the
monoxide, The resulting phenothiazine«~5-oxide was ldenti-
fied by the mixed melting point method.

An exception to the above reactions was the oxidation
of lO-ethylphenothlezine by hydrogen peroxide in refluxing
ethanol. Two products were lsolated from the reactions:
the monoxide in 62% yleld and the dioxide in 15,54 yield.

The rather large excess of hydrogen peroxide used may account

for the fact that the dloxide was formed. However, there



=126«

was not sufficient time to lnvestigate the reaction more
fully to learn 1f the monoxide alone would result under
milder condlitions.

Early report3189 stated that the oxidation of sulfides
by excess 30% hydrogen peroxide in acetone or aqueous solu-
tions at ordinary temperatures gave only the sulfoxides.
These conditions are not strictly comparable to those used
for the production of sulfoxides in thils investigation,

Thus, the observations of Smiles and Hinsberg do not preclude
the formation of small amounts of dloxide by carrying out
the oxldation reaction in a refluxing ethanol solution.
10-KHethyl~ and lO-ethylphenothiazine, as well as various
10~acyl derivatives, were oxidized to the corresponding di-
oxldes, in fair to excellent yields, by means of excess 30%
hydrogen peroxide in glaclal acetic acid solution., In ad-
ditiqn, 8 number of the monoxide derivatives were oxldized
to the respective dioxldes by this same procedure. One
method of forming peracetic acidlgo is the heating of & mix-
ture of 30% hydrogen peroxide snd glacial acetic acid, Since
hydrogen peroxide in ethanol oxidized the sulfur of the

‘phenothiazine derivatives to the sulfoxide, and the use of

hydrogen peroxlide in acetlc acid resulted in the oxidation

1894, Gazdar and s. Smiles, J. Chem. Soc., 983, 1833
(1908); 0. Hinsberg, Ber., 41, 2836 (1908),

190p, swern, Chem. Rev., 45, 1 (1949).
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of the sulfur to the sulfone, it seems posslble that in the
latter reaction peracetlc scid would be formed 1n situ and
thus it would behave as the oxidizlng sgent. Thias very
likely would account for the difference in the degree of
oxidation upon using ethanol or glaclal acetic acid as the
solvent,

The fact that oxldation of the l0O~-acylphenothlagzines in
acetic acid gave the corresponding dioxides was shown (in
addition to quantitative analysis) by hydrolyzing the par-
tlcular product with alecoholic alkall to give phenothiazine=
S-dioxide., The latter was identified by the mixed melting
point method,

The attempt to prepare 3-nitro-l0-chlorocacetylpheno-
thlazine~5~0oxide by the resction of concentrated nitric acid
with the acyl derivative in glacial acetic aéid quite un-
expectedly gave 3-nitrophenothlazine~5-oxide and l1l0-chloro=~
acetylphenothlazine«~5-oxide. It seems obvious that the acyl
derivative was first oxidized to give the monoxide and that
this reaction then was followed by hydrolysis and nitra-
tion, or nitration and hydrolysis, to glve 3«nitropheno-
thiazine~5-0xide. The order in which last two steps occurred
could not be determined by considering the products of the
reaction alone. Previous reactions using nitric acid and
phenothiagzine, or some of its derivatives, gave the corre-

sponding nitromonoxides.5’17’47 One exception involved a
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tetrachlorophenothiazine,104 In that case, only oxidation
of the sulfur was observed, doubtless because the chlorine
atoms occupled the positions normally affected by nitration
reactions, The nitric acid oxidation reaction was extended
to other l0-acylphenothiagines. In & second experiment, 1l0-
chloroacetylphenothliazine gave an 86% yleld of the monoxide
and very little, 1f any, 3-nitrophenothiazine-5-oxide,

Under similar conditlions, lO-phenacetylphenothlezine gave
50% of the oxide; lO-acetylphenothiszine gave 194 of the ox-
ide, as well as the product of hydrolysis and nitration;

the 1l0-dichloroacetyl derivative gave no oxidation product
and very little, if any, 3-nitrophenothiaezine-5-oxide.

Thus, it is apparent that the group attached to the nitrogen
affects the success of the oxidatlon resction. Thia ob-
servation 1s also noted by Bernstein and Rothstein, 56 They
found that lO0-ethylphenothiaszine was converted to the sulfone
and that 10-(p-toluenesulfonyl)phenothiazine was readily
oxidized to the monoxide by potassium permanganate in boil=
ing water, whereas, the p-acetamidobenzenesulfonyl deriva-
tive did not undergo reaction., Neither of the latter two

derivatives was oxidized by hydrogen peroxide in acetone,

D, Attempted Nitratlion Reactions

The nitration of ethyl m-iodobenzoate was attempted

with the purpose in mind to prepare an ethyl nitro-m-
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iodobenzoats, The latter compound then would have been
reacted with phenothlagzine in the presence of potassium car-
bonate and copper bronze powder in anticlpation of the
ocecurrence of a condensation reaction to give a 10=(3-carbo-
ethoxynitrophenyl)phenothiazine, The nitro group of the
latter compound could possibly be reduced. Subsequent di-
azotlizatlion and replacement of the diazonlum group with the
hydroxyl group would give rise to a (10-phenothiazyl)-
hydroxybenzoic sclid. The tuberculostatic properties of the
latter could be compsred with those of p~aminosallcylic
acid.la4 However, these hopes were cut short by the isola-
tion of a nitrogen-free product, m.p. 196-196,5°, from the
action of nitric and sulfuric aclds on ethyl m-lodobenzoate,
Alkaline hydrolysils of the unexpected product resulted
in the 1lsolation of ethanol, m-=lodobenzoic acid and an un=~
identified solid. A qualitative sulfur test on the material,
m,p, 196-196,5°, (following sodium fusion) was positive.
The Infra-red spectrum showed the presence of the sulfone
group in the compound. These analyses indicate that sulfo~
nation occurred as one of the steps of the reaetion giving
rise to a sulfone, However, 1t appears that not all of the
ethyl m-lodobenzoate was sulfonated, inasmuch as alkaline
hydrolysis of the product yielded m~iodobenzolc acid. Some
more complex reaction may have taken place, one which ine-
volved sulfonation, as well as some other type of condensa-

tion. No sulfonation resction of en lodobenzolc acid was
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found to be recorded in the literature., Because of the oxi-
dizing properties of nitric acid, it seems possible that in
the course of the reaction the iodine might have been oxi-
dized to an iédoao or lodoxy group. The halogens give no
strong, characteristic band in an infra-red spectrum. There=-
fore, no information concerning the iodine was galned from
the infra-red analysis.

Since the nitration of ethyl m-lodobenzoate falled, the
nitration of m~lodobenzolc agid wag tried. Again, an un-
expected product was formed. The reéction of nitrle and
sulfuric acids with m-lodobenzoic acid ylelded an acldic
material, m.p. 246-247°, The qualitative nitrogen and sulfur
teats were negative on a portion of the solution resulting
from the sodium-fusion product of the unknown materisl,
Treatment of the compound, m.p. 246-247°, with nickel-alum-
inum alloy in sodium hydroxide, resulted in the production
of benzoic and m-hydroxybenzoic acld following acidification.
m-Iodobenzole acid and another lodine containing acid, m.p.
224-225%, (neutral equivalent, 185 and 188) were isolated
upon acidification of the alkaline hydrolyzate of the unknown
compound, The acid, m.p. 224-225%, did not give a positive
test for the phenolic hydroxyl group using ferric chloride,

however, the infra~red spectrum showed the group to be present.

It seems from the above results that this latter acid ias

probably a m~hydroxylodobenzoic acid, since m~hydroxybenzolc
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acld was formed as a result of the dehalogenation reaction
in an alkallne solution.

The foregoing evidence suggests that m-lodobenzoic acld
and ethyl m-lodobenzoate, respectively, underwent different
reactions with the nitric and sulfuriec acid mixture., The
violet color produced temporarily by the portionwise addi=-
tion of nitric acid to the lodo compound in concentrated
sulfuric aclid was possibly due to the liberatlon of free
lodine. The disappearance of the color might be a result
of the lodination of some molecule present in the reaction
mixture,

Attention is drawn to a paper by Twiss and Heinzelmenn
since they treated various iodophthalle and lodobenzoic
acids, respectively, In concentrated sulfurlc acid with cone
centrated nitric acld under conditions similar to those
desceribed in this dissertation for the attempted nitration
of m~iodobenzoic acld. Thelr conditlions were the dropwlse
addition of concentrated nitric acld, with stirring but with-
out cooling, to a suspension of the lodo derivative in con-~
centrated sulfuric acid, warming of the mixture on a steam-
bath until all of.the solid had gone into solution and then
pouring the resulting solution over ice. The conditions

used Iin this Investigation were the slow addition of a

) iy

Twiss and R, V., Helnzelmann, J. Org. Chem., 15,
496 (1950).
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mixture of concentrated nitric and sulfurle scids with stir-
ring to a cooled suspension of m-iodobenzolc acid in sulfuriec
acld, warming of the mixture to room temperature until the -
solid dissolved, then pouring the soclution over ice. In the
latter reaction a translent violet color resulted upon the
dropwise addition of the nitric-sulfuric acid mixture,
whereas, in the experiments of Twiss and Heinzelmenn, a

brown color developed upon adding nitric acid. They observed
in a number of cases that the lodine of the lodo compound

was oxidized to the lodoso or lodoxy group. However, they
found that m-iodobenzolec acld was not oxidized, Instead, it
was partislly nitrated. No analysis, yleld or melting

peint was given for the nitration product. They made no
mention of an anomalous reaction having occurred in the
latter reasction. A similar acid, 2,3-dilodobenzolic acid,

was observed to take up two actlve oxygen atoms by thelr
nitric-gulfurlc acid oxidation. Meyer end Wachter192 treated
the three lsomeric monolodobenzolc acids with bolling cone
centrated nltrlc acld and found that only the lodine atom
ortho to the carboxyl group could thus be oxidized to form an

lodoso group, while the lodine in the meta and para lsomers

remained unchanged. The presence of ortho-substituents
spparently influences the oxidation of the lodine. These

foregoing observations suggest that the unexpected product

192y, Meyer and W. Wachter, Ber., 25, 2632 (1892).
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from the action of nitriec and sulfurlic acids on m~-iodobenzoic
acid might contain an 1odoso or iodoxy group.

The results of the degradation reections of this investi-
gation indicate that the product from the attempted nitration
of m-iodobenzoic acid may be an ester of an iodobenzoic acid
and a m«hydroxylodobenzoic acid. Consldering the possibllity
of oxidation of the lodine to an lodosoc group and the value
of the lodine analysls (found: I, 48,35 and 48.15) the com-
pound, m.p. 246-247° (decomp.), may be an ester of a m-
iodosobenzoic acid and a m-hydroxylodosobenzoic aclid, This
compound would have & molecular weight of 526 and an lodine
content of 48,3%. However, the values of the neutral
equivalents in the two cases do not correspond. The values
found, 476 and 481, for the neutral equivelent of the pro=-
duet from the attempted nitration of m-lodobenzolc acid
might be held in question since the compound was quite ine
soluble in ethanol, thus making the end-polint of the titra-
tion uncertain,

Iodoso compounds ere, with few exceptions, yellow,
amorphous substances, and lodoxy compounds are colorless
erystalline substances which explode on haating.lgs Since
the products from the attempted nitration reactions are

colorless, crystalline substances which decomposed at the

193y, Meyer, "Lehrbuch der Organisoh-Chemischen Metho=
dik," Verlag von Julius Springer, Berlin, 1922, p. 1087.
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melting point, the compound from the attempted nitration

of meiodobenzolc acid might be an ester of an lodobenzoilc
and an hydroxylodoxybenzolc acld, or one of an lodoxy~-
benzoic acid and an hydroxylodobenzolc acid instead of an
ester containing two iodoso groups. The lodine content and
neutral equivalent would still be the same as that for the
hypothetical ester proposed in the preceding paragraph.

The melting points of the following acids are included
here in order to compare them with the unidentified acid
(m.p., 224-225°) obtained by the alkaline hydrolysis of the
compound, m.p., 246-247°, m-Hydroxy-p-iodobenzolc aci1dl94
melts at 225-227°; p-iodosalicylic ac1dl95 melts at 228°

q196 explodes at 243°.

with decompositlon; m-fodoxybenzolc acl
An hydroxyiodoso~ or hydroxylodoxybenzolc aclid was not
found to be reported in the literature.

The problem of identification could be attacked further
by the following methods: acid hydrolysis of the two un-
expected products (assuming each to be an ester) with the

subsequent ldentificatlon of the resulting compounds; re-

duction, using lithium aluminum hydride,197 of each of the

194y, R. Frank, P. E, Fanta and D. S. Tarbell, J. Am.
Chem. Soc., 70, 2314 (1948).

195
(1924)
196,

P, Brensns and C, Prost, Compt. rend,, 178, 1010

Willgerodt, Ber., ?__Z, 2328 (1894)0

197, F. Nystrom and W. G. Browm, J. Am. Chem. Soc.,
69, 2548 (1947).
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compounds from these attempted nitration reactlons and ident~
ification of the alcohols formed; the quantitative analysis
of various derivatives such as the p-nitrobenzyl ester and
the p-bromophenacyl ester; and ldentification of the one
acid, m.p. 224-225°, from the alkaline hydrolysis of the
compound, m.p. 246-247°, by mesns of quantitative analyslis
and the preparation of various derivatives. In view of the
8light solubility of the products from the attempted nitra-
tion reactions, the molecular weights of the two compounds

could be determined by the X-ray diffraction method.

E. Research Suggestions

Since a dimetalatlion reactlion of lO-[ZQ—(l-pyrrolidyl)-
ethylh7bhenothiazine was observed in the course of thls in-
vestigation, it would be well to try to extend this reaction
to other phenothiagzine derivatives. A more active metalate
ing agent may be necessary for a successful resction in the
other cases, considering the fact that phenothlazine and 10-
ethylphenothlazine were not observed to undergo dimetala-
tion by using n=-butyllithium. Other reactlions which also
might be carried out are: metalation of phenothlazine~5«
oxide, phenothiazine~5«dioxide and various lO~-substituted

phenothiazine~5«oxlides and «~dloxides. Since the sulfoxide

group 1s involved in the proposed mechanism for the reduce

tion-metalation reaction of dibenzothiophene-s-oxide,171
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phenothiazine-5-0xide may be metalated at position 4, whereas,

phenothiazine is metalated at position 1,

12,32,49 12

Phenothiazine end l0-acylphenothiazines™" have
been observed to undergo the Friedel-Crafts reactlion. No
reactions of this kind have been reported using a lO-alkyl-
phenothiazine, Therefore, this type of reaction might be
carried out to determine which nuclear position of the 1l0-
alkylphenothiazine is involved.l98 Massiese prepared a dl-
acetylphenothliazine, m.p. 253-254°, by the resction of pheno=-
thiazine and acetic anhydrlde under conditions of the
Friedel«Crafts reaction., This compound should be investi=-
gated further to determine 1f 1t 1s the 2,8~diacetyl de-
rivative.

The attempted condensatlon of p~-iodobenzenesulfonamide
with phenothliazine was unsuccessful. However, 1f 1l0-sodio-
phenothiazine (prepared from sodamide end phenothiszine) were
used, the condensatlon reaction might be posasible. The
amido hydrogens of the sulfonyl compound are reactive,
therefore, sufflecient sodamide muat be present to react with
them, as well as with the phenothiazine. Another factor to
consider 1s the possible cleavage of the sulfonamlde by the
sodamide.

It would be well to investigate the preparation of
various l0-(carboxyhydroxyphenyl)phenothiezines aince

1983¢e page 24 of this dlssertation.
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p-aminosalicylic acid is known to show antltuberculous ac-
tivity,184

Inasmuch as lO-ethylphenothiazine gave rise to both the
sulfoxide and the sulfone by the action of hydrogen peroxide
. in refluxing ethanol, the reaction should be investigated
more fully to learn 1f the dioxide was formed only as & re-
sult of the large excess of the oxldizing agent employed.

Vivian and co-worker3199

report that heating 4-chloro-
3'wethoxy=~2-nitrodiphenylamine at 265-270° with‘hydrated
ferrous oxalate and granular lead ylelded two iaomeric sub-
stituted phenazines, nemely, 2~chloro~7-etpoxy- and 8-
chloro-l-ethoxyphenazine, A number of other phenazine de-
rivatives were prepared by the same procedure. The thought
arose that this reaction might possibly be applied to the
synthesls of some phenothlazine derivatives by starting with
an appropriately substituted diphenyl sulfide., This sulfide
could be heated in the preasence of ferrous oxalate and lead
to see if a phenothiazine compound would result.

"Open models™ of atabrine have been prepared,?00 Thig
suggested the ldea that attempts might be made to prepare
"open models" of some of the dialkylaminoalkylphenothia=-

zines. Inasmuch as the latter type of compounds show very

VI§§D L. Vivian, G. Y. Greenberg and J, L. Hartwell,
Org. Chem., 16, 1 (19s51).

200y, ¢ilman and S. M. Spatz, J. Am. Chem. Soc., 66,
621 (1944).
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favorable physiological properties, the "open model" series
might exhibit similar desirable properties to a greater de-
gree, Culvenor and co—workerszOI have prepared 2«phenyl-2,
3=-dihydro=-1,4,4H=-benzothiazine and some other benzothlazlnes,
The phenyl compound, with the exception of being a dlhydro
derivative, represents an "open model" of phenothlazine.

As & starting point, the phenyl derivative might be condensed
with varlious dielkylaminoalkyl halides 1in the presence of
sodamide to give the corresponding N-(dlalkylaminoalkyl)
derivatives., Attempts could be made to prepare other de=
rivatives having the phenyl group attached to the 3-carbon
of the above benzothiazine,

Another molecule patterned after a 1l0-dlalkyaminoalkyl=-
phenothiazine 1s an N-(dlalkylaminoalkyl)-g-(phenylamino)
phenylalkyl sulfide., These compounds could probably bé pre-
pared by means of the lithium-cleavage reaction of the phenq~
thiszine derivatives followed by reaction with an alkyl
hallde to give the desired sulfides,

EOIC.C.J. Culvenor, W, Davies and N, 3, Heath, J.
Chem. So¢., 278 (1949 ) .
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V. BSUMMARY

A survey of the chemistry of phenothiazine has been pre-
sented, as well as a summary of the physiological properties
of the 10-(dialkylaminoalkyl) derivatives. The dimetalation
reactions of heterocylic compounds have been presented.

It hes been found that 10~[;§?(l-pyrrolidyl)etbyl;7l
phenothlazine underwent dimetalation by the actlion of n-
butyllithium in refluxing ether., The intermedlate organo-
metalllc compound was reacted with benzophenone. Pheno-
thlazine, l0-ethyl- and 10=-(¥-diethylaminopropyl)phenothi-
azine were observed to undergo only monometalation under
similar conditions. The metalation very likely occurred
ortho to the sulfur,

It has been found that lO-ethylphenothiazine-5-oxide
was reduced and metalated by n-butyllithium at 0° to give
10-ethylphenothiazine~4~carboxylic acid following carbona-
tion and acidification. 10-Ethylphenothiazine also resulted
when the reaction was carried out at -20°,

An authentic sample of 1l0~benzylphenothiszine was pre-
pared.,

10-Ethylphenothiazine was prepared in almost quanti-
tative yleld by the reaction of ethyl bromide and 10~sodio-

phenothiazine in liquid ammonla., 1l0~Phenylphenothlazine
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could not be prepared by the reaction of lodobenzene with
l0-sodiophenothiazine,

The attempted condensation of p-bromc- or p-iodobenzene-
sulfonamide with phenothiagine wes unsuccessful,

A number of lO~acylphenothiazines were prepared,

The action of hydrogen peroxide on various 10-substi-
tuted phenothiazines in refluxing ethanol oxidized the
sulfur to the sulfoxlide., In warm glacial ecetic acid, the
sulfur was oxidlzed to the sulfone,

Nitric acid in glacial acetic acid oxidized some 10~
acylphenothiszines to the corresponding monoxides,

The action of nitric and sulfuric acids on ethyl m-
lodobenzoate end m-iodobenzolc acid, respectively, gave
anomalous results, The products isolated were not completely

identified.



	1951
	Some derivatives of phenothiazine
	Reginald David Nelson
	Recommended Citation


	 

