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INTRODUCTION

For many years, phenothlazine and some of its derivatlves
have been useful as medicinal agents and have also found use
in other flelds. As examples, phenothiazine has been valuable
&8 an antholmintic.l'2'3 tuberculostatic compound,u and in-
aecticids.s jg—Dlethylamlnoethyl 10-phenothiaz1necarboxy1ateF
10-(2-diethylaminoethyl)phenothlazine (Diparcol).7 2-chloro-
10-(3-dimethylaminopropyl )phenothiazine (Chlorpromazine)7 and
10-(Z-diethylamlnopropwl)phenoshiazines have been found to

prevent nicotine-induced convulelons; while geveral, such as

1K, a. Oelkers, Arzgl. Forsch., 5, II, 139 (1951) [:_c_:_._
A, 49, 12719 (1955)] .

2
8. D. Ul'yanov, Trudy Inst. Zool., Akad, Nauk Kazakh.
S. 8. R., 1, Paragitol, 200 (1953) [Ce A., b9, ¥172 (1955)] .

, A?R. B. Griffiths, J, Pharm, end Pharmscol., 6, 921
195 . i

( M’:B. L. Freelander, Proc, Soc, Exptl, Blol, Med,, 57, 106
1944),

5F. L. Campbell, V. N. Sulliven, L. E. Smith and H. L.
Haller, J. Econ, Engomol,, 27, 1176 (1937).

SR. Dahlbom, Acta Chem, Scand., 7, 879 (1953). See,
R. Dahlbom, T. Edlund, T. Ekstrand and A. Katz, Arch, intern.

pharmacodynamie, 90, 241 (1952).

7A Balestrieri, ch, intern, pharmacodynamie, 100, 361
(1955) [C. As, 49, 7736 (1955)].

8v. @. Longo ana D. Bovet, soc., 1tal. blol. eper.,
28, 612 (1952) [C. A., 49, 509 (1955)] .



10-l}1~methy1~3~p1per1dyl)methyi]phenothlazine9 and 10-(2-
dimethylaminoethyl)phenothiazine (RP3015),10 show good local
anesthetlc properties. The 10-(2-diethylaminoethyl)- and
10-(2-dimethyleminoethyl )phenothiazine are also used as fungi-
static agencs.ll Both 10-(2-dimethylaminopropyl)phenothiazine
(Promethazlne)12 and 10-[ﬁ(l—pyrrolldinyl)ethyl]phenothiazine
(Pyrrolazoto)l3 have shown good antihlstaminic properties.

The Chlorpromazine which has been mentioned above 1s perhaps
best known for lte use se & tranquilizing druglh and 1n the
treatment of certaln mental dlaorders.15 Othere, too numerous
to mention, may be used for a variety of allments, theee
falling into such catagories ss urinary sntiseptice, antil-
spasmodlcse, circulatory agente, snti-shock agents, anti-

inflemmatory agentes, and agente for the treatment of travel

90. Nieschulz, K. Popendiker and K., H. Sack, irznel-
mittel-Forsch, 4, 232 (1954) [, A,, %9, 7746 (1955]].

10g, reshima, Folie Pharmacol. Japon, 50, 565 (1954)
[C. 4., 49, 15065 (1955)] .

11y, I, Chinn, R. B. Mitchell and A. C. Arnold, J.
Invest, Dermatol,., 20, 177 (1953).

125, R, Leduc, Rev, cen, blol., 8, 543 (1949).

13y. R. Retd, Jr., J. B. Wright, H., G. Kolloff and J. H.
Hunter, J, Ap. Chem. Soc., 720, 3100 (1948).

1%g. L. Lear, A. E. Chiron and I. M, Pallln, J. Am, Med.
Asgoc,, 1683, 30 (1957); see aleo J. W. Dundee, Brit. J.

Ansesth., 26, 357 (1954).
15¢c. P, Seager, Brit. Med, J., I, 882 (1955).



end motlon sickness. An lcotonle salt solution conteining
10-(2-dimethylaminopropyl)phenothiazine hae been used for
gtorage of arterial transplantations.ls

Aglde from these medicinal aspects of phenothiszine and
ite derivatives, many of them find use as antioxidants in
lubricating oils and greasee. As examples, phenothiszinel?
has been used to stebllize a gresse composed of a methylphenyl
eilicone polymer and lithlum stearate; and 3-fluorophenothia-
zine was found to be an effective antloxidant for the eynthetic
lubricating oll, bie(2-ethylhexyl)sebacate.l®

It should be emphasized that the phenothiaszine derivatives
that have been cited here as possessing favorable physlologlcal
activity or antioxidant properties are only a few of those
which actually possess such activity. However, they should
be sufficlient to indlcaste the potential which new phenothia-
zine derivatives might have in these and in other fields.

The purpose of this etudy was to extend the chemlstry of
phenothiazine by the preparation of new derivatives for testing

primarily as medicinal agente. Asgociated closely with this

16,, Irapani, Patol. sper., 41, 105 (1953) Egﬁ‘ég.‘ﬂ2.
2555 (1955)] .

17G. M. Haln and ¥, A. Zisman, U. S. Patent 2,693,449,
November 2, 1954 EQ;,A;. 49, 1320 (19558 .

186. Cohen, C. M, Murphy, J. G. O'Rear, H. Ravner, and
W. A, Zisman, Ind, Eng. Chem,, 45, 1766 (1953).



was the proposed preparation of boron derivatives, particu-
larly boronic acide, of phenothlazine., Such compounds should
be quite interesting since other boronic aclde have exhibited
favorable physlological action on both plante and animals,
benzeneboronic scid giving increased root elongation to eeed-
linges when adminietered at the proper concentrations.lg Ben-

zeneboronic acid also acte as a larvicld02°

21

and enhances the
efficlency of several hypnotics, while the nitrobenzene-
boronic acidszz exert a bacteriostatic effect.

A more recent development in boron chemistry is the uee
of organoboronic acilds and other boron compounds in the irradi-
ation therapy of brain tumorn.23’2“'25 This involves the
bombardment of the tumor which has taken up the boron compound

with slow neutrons, alphs particles being released as the

19?. Caujolle and G. Bergal, Comp%, rend,, 238, 1516

(1949).

2OH. W, A, Brown, D. B, ¥, Robineon, H, Hurtig, and
B. J. Wenner, Can, J, Research, 26D, 177 (1948).

2lp, Caujolle, P. Gayell, G, Roux, and C. Moscarela,
Pul, doed. Netl. Med., 135, 314 (1951) [C. A., 46, 4129
19 2 *

ZZW‘ Seaman and J. R. Johnson, J, Am, Chem, Soc., 583,

711 (1931).
23p. G. Kruger, Proc, Nat, Aead, Sci,, 26, 181 (1940).
2p_ a, Kruger, Radistion Reseerch, 3, 1 (1955).

25E. E, Stickley, Am, J, Roentgenol, Radium Therapy
Nuclear Med., 75, 609 (19557?



result of the disintegration. This treatment tends to destroy
the cancerous tiseue. Azo dyes containing boron26’27'28 are
believed to be superior to other types of boron compounds be-
cause of selectlive take-up by the abnormal tissue over the

24 For these

normal tissue, They also show other advantages.
reasons phenothiazine derivatives contalining both the azo
group and boron were given consideration.

Due to the dirfficulty in preparing pure organoboron com-
pounds and especially pure azo boronic aclds, 1% was thought
desgirable to prepare egeveral esimple aromatic boronic acids
and azo boronic aclids in order to gain experience and tech-
niques in handling such compounds, Thus, several compounds
not containing the phenothiazlne nucleus were made. These
are included in the experimentsl section as a separate group.

Another purpose of thls work wes to prepare some pheno-

thiazine derivativee for evaluation as poeeible liguid solution

28y, R, Bnyder and Clay Weaver, J, fm, Chem, Soc., 70,
232 (1948).

274, R. Snyder and S. L. Melsel, J. fm, Chem, Soc., 70,
774 (1948), ’

ZBH. Gilmean, L. Santucci, D. R, Swaysmpati and R, O,
Renck, J, Am, Chem, 8oc,, 79, 0000 (1957). See also thie
thesis.



scintillators.zg A prediction as to the value of phenothila-
zine derivatives in this fleld is difficult to mske slnce
nitrogen containing heterocycles such as pyrrole and pyridine
have been found to be good ring systems while the sulfur-
containing heterocycle, thlophene, has been found to be a
poor ring system for use in ecintillatore. Begldes finding
& good scintillator, the goal of the scintillator program 1s
to attempt to correlate chemical constitution with eclintil-
lator actlivity.

A third purpose of this work was to investigate new tech-
niques for N-substitution of phenothiszine and improve on old
ones, It 1s true that the existing techniques are quite ade-
quate for the preparation of meny derivatives, while on others,
they fail completely or glve, at the very best, low ylelds,

Some study wae aleo made on oxldatlion of phenothlazine
derivatives to sulfoxices in an effort to get increased

yields.

29Thia refers to the problem of converting radloactive
particle energy into vieible and near ultraviolet photon
energy whieh 1g converted to electrical energy by e photo-
multiplier tube eo0 thet radloactive emanations may be counted.
Among other compounds, liquid orgenic solutions such as p-
terpnenyl diesolved in toluene may be used., For & more com-
plete discuseion on thig see: H, Kallman and M, Furet,
Nucleonice, 8, No. 3, 32 (1951); F. N. Hayes, L. C. King
and D. E, Peterson, J. &m, Chem. Soc., 74, 1106 (1952);
F. N. Hayeg, U, 5. Atomlc Energy Unclassified Report LA-
1639, 1953; and F. N, Hayes, D. G, Ott, V. N, Kerr and B, S.

Rogers, Nucleonicse, 13, No. 12, 38 (1955).



Since a large porticon of this dissertation is concerned
with subetitution at the 10-position (nitrogen) of phenothia-
zine, a review of such substitutions as well as alteration of
an N-subetituent (reactlon of an active group on the N-
substituent) ie presented for the years 1952 to the present
time, This includes a table of all of the N-substltuted com-
pounds prepared during this time and supplemente the reviews
pregented by Neleon3? and Champalgne31 covering this same type
‘of material from the initiation of phenothlazine derivatives
through 1951.

Brief discusslions on oxidatlon and nuclear substitutione
of phenothiazine are also included as ig & brief resume of
the history and preparation of organo boronic aclids. These
should give sufficlent beackground for other portions of the
theeis not directly related to N-substitution.

3°R. D. Neleon, Doectoral Diasertation, Iowa State
College (1951).

31J. F, Champalgne, M, 8, Thesie, Iowa State College
(1952).



HISTORICAL

Phenothiazine (I) wae first prepared by Bernthsen3? in
the year 1883 while attempting to prove the structure of
methylene blue (II).

9 H !
N
8 o 2 NS
CHJ '!",CH_; _
7 S 3 \'N S \N\ CI
I L

Other names such as thiodiphenylamine and 2,3, 5,6-dibenzo-1,4-
thiazine appear in the literature aleo, but phenothlazine 1is
the neme preferred by Pattereon and Capell33 and Chemical
sbstracts. Chemischeg “entralblatt uses thlodiphenylamine.
The preferred numbering system i1s that sghown in I,

Several reviews have appeared on the chemistry and physi-
ologlcal action of phenothiazine and ite derivatives durlng

the past thirty-five years. The first of these appeared in

3ZA. Bernthsen, Ber., , 2896 (1883); 17, 2854, 2857,

2860 (1884); Ann,, 230, 73 (1885).

334, M. Patterson and L. Capell, "The Ring Index,"
Reinhold Publishing Corp., New York, 1940,



a bock by Meyer and Jacobeen3u and concerns iteelf primerily
with the chemistry of phenothlazine as relsted to methylene
blue. The substitution resctione are reviewed by Van Eea,35
Shirley36 and Nelson.30 Dieh1?’ includes a teble of nuclear
substituted phenothlazines., HReactione of the imino nitrogen
are covered adequately by both Nelson3? and Champalgn031
through the year 1951, The revlew by Champaigne31 also in-
cludes a complete table of N-substltuted phenothlazines through
this same year. Reactlons involving the sulfur atom, including
oxldation, reduction, and cleavage, are dlscussed by both
Neleon3® and Diehl.37 Nelson30 also dlscusses ring closure
rezctions ae methods of preparing phenothiazine and 1ts
derivatives.

The medicinal properties of phenothiagzine and ite deriva-
tivee and the physiologlcal properties of 10-{dialkylamino-
alkyl )phenothiazines have been presented by Shirley36 and

0

Nelson,3 respectively. Two reviews on phenothlazline as an

3“?. Meyer and P, Jacobsen, ‘Lehrbuch der Organischen
Chemie, * Vol, 2, Part 3, Veit and Co., Lelpzig, 1920, p. 1490,

35P. R. Van Nege, Doctoral Dissertation, Iowa State
College (1936).

36D. A. Shirley, Doctoral Diesertation, Iowa State
College (1943).

375. W. Diehl, Master's Thesie, Iowa State College
(1953).



10

anthelmintic arse available38'39 while Hetcalfuo presents a
general review of the chemietry of phenothliazines, The most
recent and truly excellent general review on phenothiazine
from the year 1920 to 1954 has been published by Massie.bl
Phenothiazine 1s prepared commercially by the ring
c¢losure of diphenylamine with sulfur ueing iodine as a cata-
lyet. The first preparation by Bernthsen3? did not utilize
the 1odine and ylelds were about 40%. With the dit;t:overyhz'a3
that lodlne aids the thlonation reaction, ylelds as high as
100% of crude material melting at 180-181° were obtained.
Commercial phenothiaszine (N, F, purified) generally hass a

melting point of 185°.

(194 ?BE. C. Beeler, Bull. Natl. Formulary Comm,, 10, 84
1942),

39&. M. Findlay, "Recent Advances in Chemotherapy,* 3rd.
edition, Vol. I, The Blakiston Company, Philadelphla, Pa.,
1950, p. 124,

4°R. L. Metcalf, Chemistry Blology Coordination Center,
National Research Council, Washington, D, C., Review No. 1,
84 pp. (1948),

Mg, P. Magsle, Chem, Reve,, 54, 797 (1954).

sz. Ackermann, German patent 224,348, July 9, 1909
[c. A., 5, 210 (1911)].

43g. Xnoevenagel, J. prakg. chem., 89, (2), 1 (1914).




11

Reactions Involving the Imino Nitrogen or Involving

& Substituent on the Nitrogen

Although the reactions of the imino group were reviewed
through the yesar 1951 by both Nelson3® and Champaigne,31 such
s vast amount of new work has been done since that time on
N-substitution and alteration of an existing N-substituent
that 1t seemed worthwhille to continue the review to the pres-
ent time. Prior to thie, however, a brief summary of the
reviews mentioned above will be presented. In an attempt to
obtain an orderly arrangement, the reactions involved will be
claesifled according to the technique used to obtain the N-
substitution. The first figure in the Appendix shows struc-
tures of several of the more compllicated derivatives as an aid
in nomenclature.

The earliest technique and one which is still used occa-
glonslly incorporates a sealed tube under moderate conditions

of temperature and pressure. Bernthnen32

prepared 10-methyl-
and 10-ethylphenothiezine by heating phenothiazine and the
appropriate alkyl alcohol and corresponding alkyl halide in
a sealed tube at 100-110°, A elight modification of this,

replacement of the alkyl hslide with dry hydrogen chloride.u“

Mg, 1. Bernstein and L. R. Rothstein, J. Am, Chem,
Soc., 66, 1886 (19u4k4),



12

also gave the desired producte. 10-Carboethoxyphenothiazine
vag prepared by heating ethyl chlorocarbonate, phenothiazine
and ether in a closed tube at 120°.45 Both 10-phenothiazine~
carbonyl chloride and 10-10'-diphenothiazinylcarbonyl were
prepared in a sealed tube containing phosgene, phenothiazine
and toluene at :!.000.“5'46

The most widely used method of substituting in the 10-
position 1e to reflux a& mixture of phenothiazine, an organic
halide (occasionally a sulfate) and a base in some solvent.
A relatively large number of sgolvents has been utilized in
this method. They include ethanol, acetone, dloxane, o-
dichlorobenzene, benzene, xylene, toluene, ether and petroleum
ether, Likewlse, seversl different alkeline condensing agents
have been employed. Some typical ones are sodium hydroxide,
potasegium hydroxide, trisodium phosphate, sodlum amlde, &and
in special cases, n-butyllithium. Ae examples of this method,
10-methylphenothiazine has heen prepared by refluxing & mix-
ture of methyl sulfate, sodium hydroxide and phenothiazine in
acetoae;u7 10~ [2-(4-morpholinyl)ethyl] phenothiazine from
phenothiazine, sodium amide and 2-(4-morpholinyl)ethyl chloride

“5N. Fraenkel, Bep., 18, 1843 (1885).
485, Paschkowezky, ibid,, 24, 2905 (1891).

( ?7Ng. Ph, Buu-Hoi and Ng. Hosn, J. Chem, Sog,, 1834
1951).



13

in t<:»luerw;‘u8 and 10-(p-methoxyphenyl)phenothiszine by re-
fluxing a mixture of xylene, phenothiazine, p-methoxylodoben-
zene, potassium carbonate and copper powder, which acte as a
catalyat.bg Others which differ elightly are also included
in this category. For example, 10-{2-chloroethyl)phenothla-
zine and 10-(3-chloropropyl)phenothlazine were made by re-
acting 2-chloroethyl-p-toluenesulfonate and 3-chloropropyl-p-
toluenesulfonate, respectively, with 10-lithiophenothlazine
in ether solution., The 10-l1ithlophenothiszine wae prepared
prior to the addition of the halogen compound by adding pheno-
thiazine to n~butyllithium in ether. The reactions were
generally carried out at room temperature or below.36
In thoee instances where a particularly reactive halogen
is used, the substitution may be accomplished without the
alkaline condensing agent. 10-(Chloroacetyl)phenothiazine
was prepared by refluxing s benzene or toluene solution of
phenothiazine and chloroscetyl chloride’® ana 10-(5-bromo-
propionyl)phenothiazine was prepared from ﬁ-—bromoproplonyl

bromide and phenothlazine in refluxing benzene.5! If an

485 Demibom, Acta Chem. Scand., 3, 247 (1949).

494, Giimen, P, R. Van Ese and D. A. Shirley, J, Am, Chem,
Soc., 66, 1214 (1944),

(195 ‘)503. Dahlbom and T. Eketrend, Acte Chem. Scand,, 5, 102
1951). —_—t

517, Ekstrand, Acta Chem, Sgand., 3, 302 (1949); T. Ek-
?{gggﬁ, Swedish Patent 27,333 March 14, 1950 [C. 4., 45, 188
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excesslively long reflux time is used, the base may be left
out even though the hslogen compound is not particularly re-
active., 1l0-Methylphenothliazine has been prepared in eatis-
factory ylelds by refluxing a mixture of methyl lodide, methyl

by In contraet to

alcohol and phenothlazine for several days.
this, if & basic solvent is used, the heating may be elimi-
nated as was done in the prepasration of 10-(benzenesulfonyl)
phenothiazine from benzenesulfonyl chloride and phenothiazine
in pyridine eolution at room temperature.52
A very simllar type of reaction to that Just described
involves the heating of = mixture of phenothiszline, alkyl or
aryl halide (acid anhydrides are ueed in a few instances),
base (usually sodium or potasgium cﬁrbonate) and ocopper powder
which acte &8 a catalyst. No solvent is employed. Gilman and
Shirley36’53 prepared 10-pn-decylphenothiazine by heating a
mixture of phenothiazine, n-decyl bromide, eodium carbonate
and copper powder at 170-180° for 11 houre; 10-phenylpheno-
thiazine was prepared by heating a mixture of phenothlazine,
lodobenzene, sodium carbonate and copper powder at reflux for

12 hours;“9 and ethyl 10-phenothiaszinylacetate wae obtalned

by heating a mixture of phenothiazine, ethyl bromoacetate,

528. E, Hazlet and C, E. Roderuck, J. Am, Chem, foc,,
67, 495 (1945),

534, Gilmen and D. A. Shirley, J. Am, Chem, Soc.,, 66,
888 (1944).
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potassium carbonate and copper powder at 150-160° for several
hours.sh

Ae ie the case with the solvent-method descrlbed above,
the bagic condensing agent may also be elimineted in this tech-
nique if a particularly resctive compound 1e used for the sub-
stitution., Massie35 prepared l0-acetylphenothiazine by merely
heating & mixture of acetic snhydrlde and phenothiazine while
10-{o-carboxybenzoyl Jphenothiazine was made by heating pheno-
thiezine with succinic anhydride sat 150° for a number of
hours . By heating long-chained acyl chloridee (velmityl,
stearyl, ete.) with phenothlazine at 100-180°, Ford>! obtained
the corresponding 10-acylphenothiazine (10-palmitylphenothia-
zine, 10-stearylphenothiazine, etc.).

A method which has been very successful in the prepara-
tion of some N-gsubstituted phenothlazinee utilizes sodium amide
in 1liquid ammonia.58 Several 10-alkylphenothiazzines including
10-ethylphenothiazine,>°¢31 10-allylphenothiezine3l and

(194 ?bG. Cauquil and A. Caseadevall, Compt. rend., 225, 578
1947).

(19% f58. P. Massle, Doctoral Dissertation, Iowa State College
1946).

56p, S. Winnek and H. E. Falth, U, S. patent 2,461,460
February 8, 1949 [C. A,, 43, 3853 (1949)] .

( ?76. M. Ford, Doctoral Dissertation, Iowa State College
1937).

587, H, Vaughn, P, R, Vogt and J. A. Nleuwland, J. Am,
Chem. Soc., 56, 2120 (1934).
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lo—benzylphenothiazin931 were prepared by adding phenothiazine
to sodium amide in liquid ammonla followed by the sddition of
the appropriete alkyl halide (usually the bromide).

Although the preparation of N-substituted phenothlazine
derivatives 1s primarily a substitution procese, occaslonally
one may be prepared by an addition procees. Using such e

59 wag able to prepare 1?~(10~phenothiaz1ny1)-

method, Smith
proplonitrile by the addition of phenothiazine to an excess
of acrylonitrile 1n the presence of the strong base, benzyl-
trimethylammonium hydroxide.

Isomerization was found to occur in the reaction of
either l-chloro-2-dimethylaminopropane or l-dimethylamino-2-
chloropropane with phenothiazine in refluxing xylene using
eodium amide e the condensing agent. Charpentierﬁo obtalned
10-(2-dimethylamino-1-propyl)phenothiazine using l-dimethyl-
amino-2~-chloropropane as the starting material. Using 1-
chloro-2-dimethylaminopropane, the same phenothiazine derivs-
tive was obtained.50:61 a3daitional investigation indicated
that two products, 10-(1-dlalkylamino-2-propyl)phenothiazine

and 10-(2-dislkylamino-l-propyl)phenothiszine, were formed

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

60p, Charpentier, Compt, rend., 225, 306 (1947).

8lp, Charpentier, U, S, patent 2,530,451, November 21,
1950 [Cs A., 45, 3428 (1951) ; Socilété des usines chimiques
Rhfne-Poulenc; Britieh _patent 649,150, January 17, 1951
[C. 4., 45, 7156 (1951) .
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by the reaction of l-dialkylamino-2-chloropropane (alkyl 1s
methyl or ethyl) with phenothiazine in refluxing xylene using
sodlum amide as the condensing agent.ez The latter phenothla-
zine derivative wse formed in the greater asmount, Thies iso-
merization has been attributed to the formatlion of a cyclle
ethyleneimmonium ion by the dialkylaminochloropropanee in the
presgence of the strong base, sodium amide, giving two posslble
places of attack'by the phenothiazinyl anion.63‘55

In the early work, alteration of the N-gubstituent [?eao—
tion involving & functionsl group on the chaln attached to the
nitrogen such ae the reaction of the chlorine on 10-(2-
chloroethyl)phenothiazine] was also investigated to a marked
degree., This enables the preparation of derivetives which
might be imposelble by other methode or which mey be obtained
in lower ylelds by other techniques. 10-{Ethylaminoscetyl)-
phenothiazine was prepared by heating & mixture of 10-

(chloroacetyl)phenothiazine, ethylamine, and benzene in a

62P. Charpentier, P, Gallliot and J. Gaudechon, Compt,
rend,, 13%, 22?2 (1951); P. Charpentier and R. Ducrot, 1ibid.,
232, 415 (1951); P. Charpentier, U, S. patent 2,526,118,
October 17, 1950 [C. A., 45, 2511 (1951) .

63E. M. Schultz, C. M. Robb and J. M. Sprague, J, Am.
Chem, Soc,, 69, 188 (1947); ibid,, gg 24sh (1947); "V, R,
Brode and M. W, H1ll, ibid., g%. 7 2 (1947); J. F. Kerwin,
?. E.)Ullyot, R. C. Fuson and C. L. Zirkle, 1ibid,, 89, 2961
1947).

645, D. Rose, ibld,, 69, 2982 (1947).

656, M. Schultz and J. M. Sorague, ibid,, 70, 48 (1948),
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sealed bottle at 80° for 2 hours,-° end 10-(cyclohexylamino-
ascetyl)phenothlazine wae obtalned by shaking 10-(chloroacetyl)-
phenothlazine and cyclohexylamine in benzene solution for 10
houre &t room temperature using a seeled bottle.5o Cus1c®6
converted 10-(2-chloroethyl)rhenothiazine to 10- [2-(2-hydroxy-
ethylmethylamino)ethyl] phenothlazine by refluxing it with

( >~-hydroxyethyl)methylamine in toluene for 72 hours, and
Shirley36 prepared 10-(2-dlethylaminoethyl)phenothiazine by
refluxing 10-(2-chloroethyl)phenothiazine with excese diethyl-
amine for 60 hours in the presence of copper-bronze.

Although the preparation of quaternary salte of some
phenothiazine derivativees [e.g. 10-(dialkylaminoalkyl)pheno-
thiazines] was not extensively pursued in the yeare up through
1951, several were prepared. The method of preparation gen-
erally consisted of mixing the appropriate phenothiagzine
derivative with methyi chloride, methyl 1odide, etc., using
a solvent such as ethanol or methyl ethyl ketone. Examples
of this type of compound are [?-(10-phenothiaz1ny1)ethyi]—

( 2-hydroxyethyl)dimethylammonium brom1ae®® ana [2-(10-
phenothiazlnyl)ethyi](z-hydroxyethyl)diethylammonium bromide.s6

This coneludes the summary of the work up to the beginning

of 1952,

665, w. Cusic, U. 8. patent 2,512,520, June 20, 1950
[C. 4., 44, 8963 (1950)]
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In very recent years even more emvhasis has been placed
on the preparation of N-gubstituted phenothiazines, due ini-

tially to the discovesry by Halpern67'68

that various 10-
(d1alkylaminoelkyl )phenothiazinee are active antlihistaminic
agents poesegsing a low degree of toxicity to the hoet; but
probably stimulated even more by the success of several pheno-
thiazine drugs such as Phenergan, Diparcol, Chlorpromazine,
Pyrrolazote, and RP3015, all of which contein an N-substituent
with sn amino nitrogen., lore new N-substituted phenothlazines
have appeared in the past 5 years than were made up to 1952.
Again, in this portion of the review, the resctions of
the imino nitregen are clasgsified according to the technique
employed to attain the subetitution. The reactions involving
alteration of the N-sgubstituent are claeeifled according to
the type of compound formed: amine, ester, amide, etc. Gen-
erally much of the chemistry is the game &«& that which has
been discussed. This will be covered lightly with new ex-
amplee of derivatives prepared by these methods being included,
while anything unususl or employing new techniques willl be dis-
cussed more fully. Following the discuseion 1le a table of
the N-substituted phenothiazines that have appeared in the
literature for the years 1952 through the year 1956, Some

673. N, Helpern and R. Ducrot, Compt. rend. goc, blol.,
140, 361 (1946).

685, N, Halpern, J. Allergy, ig; 283 (1947).
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of these compounds are not new and will be found in the com-~

pllations prepared by ChampaigneBl and Haseie.ul

They are
l1isted only to supply the additionsl referencee. In order to
be coneistent in the nomenclature, some namee as they appear
in the literature have been changed., For example, one article
may heve used the name "10-{(2-pyrrolidinocethyl )phenothiezine!
while another may have used “10—[}p(l-pyrrolidinyl)ethyl]-
phenothlazine®. Both of these names refer to the same com-
pound. In this thesis, the latter nomencleture has been used.
The sesled tube method wee stlll employed for the
preparation of a few N-substituted derivatives, 10-Pheno-
thiazinecarbonyl chloride wege again prepared by heating a
mixture of phenothlazine and phosgene dissolved in toluene
at 95—100° under a slight pressure for 2 hours.69 Methyl
10-phenothiazinecarboxylate waee prepered in a similar manner
using phenothiazine and methyl chloroformate dissolved in
toluene .57
The use of Grignard reagents, organoclithium compounds,
end sodium amide was qulte extensive as & means of accompllish-
ing the substitution. 10-(4-Chlorobutyl)phenothiazine was
prepared by adding phenothlazine to phenyllithium in ether

followed by the addition of an ether solution of 1,4~

69g. Dahlbom, Acta Chem, Scand., 7, 879 (1953).
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dichlorobutene and heating.’® 10-(2,3-Epoxypropyl)phenothia-
zine wae prepared in 2 similar manner using phenothiazine,
phenyllithium and epichlorohydrin at 0° followed by & standing
perlod at room temperature.71

Berg72 reported the preparation of 10-(2-dilethylamino-
ethyl)phenothiazine by the addition of a warm benzene solution
of phenothlazine to a mixture of methyl lodlde and magnesium
in ether followed by the addition of l-chloro-2-diethylamino-
ethane in benzene and a 1, 5-hour reflux period., The 10-(2-
dimethylamino-l-propyl) and 10-(1-dimethylamino-2-propyl)
derivatives &s well as other very similar ones were prepared
using the same procedure. Berg also hoted the lsomerization
which hae been discussed previously (see pages 16 and 17 for
a dlscussion) when using l-dimethyl-2-chloropropane as the
source of the N-substituent, both 10-(2-dimethylamino-1-
propyl)- and 10-(1-dimethylamino-2-propyl)phenothiazine being
obtained. Theese were separated by the fractional crystalli-
zatlon of thelr hydrochloride salts.

0
4 R. A. Robingon and J. ¥. Cusic, U. 8. patent 2,590,125,

March 25, 1952 [C, A., 47, 1195 (1953]] .

7lp, Charpentier, U. S. patent 2,595,215, May 6, 1952
[Ce A.. B2, 1194 (1953]] .

728. 8. Berg and J. N, Aehley, U, S. patent 2,607,773
(1952) LQL'A;, 47, 6989 (1953)] ; see aleo Britlsh patent
680,128, October 1, 1952 [C, A,, 47, 10012 (1953)] .
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In an anslogoue fashion, the 10-acetyl-, 1l0-chloroacetyl-,
10-propionyl-, l0-butyryl- and l10-benzoylphenothiszineg were
prepared, phenothiszine being added to an elkylmagnesium
halide in ether, followed by the addlition of the appropriate
acyl halide,”3

10-(2-Hydroxyethyl)phenothiazine hae been prepared by
adding a toluene solution of ethylene oxide to sodlophenothia-
zine in toluene, prepared by refluxing & mixture of phenothia-
zine and sodium amide, and then continulng the heating for a

7h The 10-(2-dimethylsminoethyl) derivative

perliod of one hour.
and 1ts cdlethylaminoethyl analog were prepared from l-chloro-
2-dimethyl-(or diethyl)-aminoethane and sodiophenothiazine
(prepared in the usual manner from sodium amide and phenothia-~
zine) in benzene at reflux.75’76 By s elmilar procedure,
1-(1-piperidyl)-2-chloropropane hydrochloride reacted with
eodiophenothiazine in refluxing toluene’’ to give 10- [1-(1-

piperidyl)-2-propyl] phenothiazine.

( :BG. Cauquil and A, Cassadevall, (ompt, rend,, 236, 1569
1953).

7%R. Dahlbom, Agts Chem., Scand,, 8, 310 (1952).

75g, Nishijo and A, Nishimura, Japanese patent 1134, March
31, 1950 [C. A, 47, 2217 (1953)].

760. J. Cavallito, A, P, Gray, and E. E, Spinner, J. Am,
Chem, Sec,, 76, 1882 (1954).,

77J. R. Dahlbom anrd B, F, F. Sgagren, Swedish patent
134,621, February 26, 1952 [C. A., 48, 10783 (1954)] .

.
4



A number of other bases, selde from the ones Jjust dis-
cugeed, have been employed for substitutlion resctions of the
phenothiazine-nitrogen. Both 10-(2-dimethylaminoisobutyl)-
phenothlazine and 10-[}—(2,6~d1methy1—1—piperidy1)ethyl]-
phenothiazine were prepared from phenothlazine; l-chloro-2-
methyl-2-dimethylaminopropane hydrochloride and 1-(2-
chloroethyl)~6~dimethylpiperidine, respectively; and sodium
hydroxide in toluene at rerlux.7° A recent British.patent78
indicatee the preparation of various 10-(dialkylaminoalkyl)-
phenothiazines by the addition of a solution (benzene, toluene,
or xylene) of a dlalkylaminoalkyl halide to & mixture of pheno-
thiazine and eome basic compound (alkslil metal; slkali-metal
hydroxide, hydride or alkoxide; &an aryl, alkyl, or aralkyl
organometallic compound; or sodium amide) in the same solvent
followed by a reflux period. The preparation of compounds
such as 10-{1l-dlethylamino-2-propyl)phenothiazine, 10-(2-
diethylaminopropyl)phenothiazine and other very similar ones
are also dilscussed., This patent, which again indicates iso-
merization in the synthesis of branched-chain phenothlazines,
appears to be a compllation of work publlished previouely.

The baslc solvent pyridine wae uged for the preparation

of 10-{p-anisoyl)phenothiazine, p-anisoyl chloride being

' 7880c1été dees usines chimiques Rhone-Poulenc, Britie
natent 701,741, December 30, 1953 EQ;.&;. 49, 5534 (1955)] .
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added to a pyridine solution of phenothiazine followed by a
short warming period.79

Agein, in those instances where a very reactlive halogen
compound wae ueed, the basle condensing asgent was eliminated.
10-[}b-methyl-l—piperazinyl)carbonyl]phenothiazine was pre-
pared by refluxing a mixture of phenothiazine and {(4-methyl-
l-piperazinecarbonyl chlorlde hydrochloride in chloroform;80
10-(o¢ -bromobutyryl)phenothiazine, by refluxing a toluene
solution of phenothiazine and o<-bromobutyrylbromide for 4
hours;al 10-( S-ochloropropionyl )phenothiazine, from phenothia-
zine and f?-chloropropionyl chloride in refluxing benzene for

82 ,_

20 hours; chloroethyl 10-phenothiazinecarboxylate, by re-

fluxing & benzene solution of phenothliazine and 2-chloroethyl

83

chloroformate for 48 hours; and 10-(6~chlorohexanoyl)pheno-

thlazine wae prepared by refluxing a toluene solution of

795, Mackie and A. Culter, J, Chem, Soc., 2577 (1954).

80y, @, Morren, British patent 666,457, February 13,
1952 [C. A., b7, 5458 (1953)]. '

( ?1R. Dahlbom and T. Eketrand, Acta Chem, Scand,, 6, 1285
1952).

8275, w. Cueic, U, 8. patent 2,591,679, April 8, 1952
[C. 4., 42, 4378 (1953)].

83J. W, Cusle, U. 5. patent 2,650,919, September 1,
1953 [C. A., 48, 10783 (1954)] .
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phenothiazine and 6-chlorohexanoyl chleride for 15 hours.au
A 2-hour reflux period was sufficient to prepare 10-(bromo-
acetyl)vhenothlezine from phenothlazine and bromoacetyl
bromide in benzene.85

According to a Britiesh patents6 and & Swedlsh patent,a?
10-(1-dimethylamino-2-propyl)phenothiazine, free of isomers,
can be prepared by dropping a xylene solution of l-dimethyl-
amino-2-chloropropane on molten {200°) phenothiazine. XNo
alkaline condensing agent wee used.

A great many of the N-substituted compounde that have
appeared 1in the past 5 years have been prepared by the reac-
tion &t sn active center of a group already attached to the
nisrogen of phenothlszine. A variety of salts heve also been
prevared from those compounde with an amino group attached to
the nitrogen substituent., As has been mentioned previously,
the reactlione included in thie portion of the dlscussion have
been classified according to the new functional group formed;

guch as amine and amide.

B“J. W, Cuelic, U. S. patent 2,694,705, November 6, 1954
[Ce &4, %9, 15980 (1955)].

85r. Danlbom, Acta Chem, Scand,, 7, 873 (1953).

86,xt1ebolaget Reclp., British patent 681,410, October
22, 1952 [C. &,, 48, 743 (1954)].

875. Carlssen, Swedish patent 150,469, June 28, 1955
[c. A., 50, 7152 (1956)].
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Primary amines were prepared from nitrile groups by re-
duction with lithium aluminum hydride.88 For example, 10-(2-
cyanoethyl)phenothlazine was converted to 10-(3-aminopropyl)-
phenothiazine using this reducing agent in scetic acld solution,
Thie same patent also describesg the formation of a primary
amine by the treatment of 10-(2-phthalimidoethyl)phenothiazine
wlth hydrazine hydrochloride, the first step in the reaoction
being the treatment of 10-(2-chloroethyl)phenothiagine with
potassium phthelimide in dimethylformamide, The 10-(3-
aminopropyl)phenothiazine was also prepared from the 10-(3-
chloroethyl) derivative by heating with ammonia in ethanol
at 100°,88

The general method of putting on amine groups, secondary
and tertiary, 1s the reactlion of a halogen substituent with
an amine contalining an active hydrogen. Several typlcel ex-
smplee of this technique follow., 10-(c<-Dimethylaminobutyryl)-
phenothiazine was prepared from 10-(o<-bromobutyryl)phenothla-
zine and dimethylamine by heating a bengene solution in a
sealed bottle at 85° for several hours;8l 2-dimethylaminoethyl
10-vhenothiazinecarboxylate, by heating a mixture of 2-chloro-
ethyl 10-phenothiazinecarboxylate, dimethylamine, methyl ethyl

ketone and s small amount of potassium iodide for 4 daye at

8830016t6 des usines chimiques Rhéne-Poulenc, Britleh
patent 731,016, June 1, 1955 [C. &., S0, 12120 (19%6)].
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60-70°; 83

and 10-( Y'-dimethyleminobutyryl Jphenothiazine wee
prepared from the Y-chloro derivative by refluxing it with
dimethylamine in acetone contalning & small amount of potas-

elum 1odide.8u

Aleo described 1s the conversion of 10-(2-
dimethylaminoethyl )phenothlazine to 10-(2-diethylamincethyl)-
phenothiazine by heating the former compound with diethylamine
in methyl ethyl ketone contalning potaselum 1odida.8u Mackle
and Miera®? reported the preparation of 10-(2-diethylamino-
ethylaminoacetyl)phenothiazine by refluxing 10-{chloroacetyl)-
phenothiazine with l-amino-2-dlethylaminoethane in benzene
for 12 hours. A propanolamine type of derivative, 10-(2-
hydroxy-3-dimethylaminopropyl)phenothiazine was prepared by
treating 10;(2,3—epoxypropy1)phenothiazine with dimethylamine
Ain 90% methanol for 12 hours at 120° in a sealed tube, 0,91

A number of derivetives have been prepared by reacting
various piperidines, pyrrolidines, morpholines and similar
compounds with a 10-(halogenalkyl)phenothiazine, Some of
those prepared are the 10- Lél(1~p1per1dy1)propiony{]pheno—
thiazine by refluxing the chloro compound with piperidine in

894. Mackie and A. L. Misrs, J, Chem, Soc., 1281 (1955).

907, W. Cuele, U. §. patent 2,629,719, February 24, 1953
[Ca A., 48, 1444 (1954)].

I1R, M, Jaeobs, R. Forclois, R, Vaupre and M. Messer,
CLompt, rend,, 243, 1637 (1956).
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toluene for 6 houra;e2 the 10- [V—(l-nyrrolldinyl)butyryi]-
phenothiazine from pyrrolidine and the 10-( Y -bromobutyryl)
derlvative;92 the 10~ [, -bla(1-pyrrolidinyl)propionyl]-
phenothiszine from pyrrolidine and 10-(o<,8 -dibromoproplonyl)-
phenothiazino;92 and the 10- 2-(l-piperidyl)propyl phenothlazine
wag prepared from 10-(2-bromopropyl)phenothiazine by heating
it with piperidine in the presence of copper powder.93

Bubetituents containing an alcohol group can be converted
to halides with proper treatment. 10-(2-Hydroxypropyl)pheno-
thiazine wae changed to the 10-(2-bromopropyl)phenothiazine by
treatment with phosphorus tribromide in chloroform.93 This
same hydroxy compound wae changed to 10-(2-chloropropyl)-
phenothiazine with thionyl chioride.88 4n exchange reaction
wae performed on 10-(chloroacetyl)phenothlazine, thie being
converted to 10-(lodoacetyl)phenothiazine by trestment with
potagsium lodide in acetone at reflux for 2 hours.85

Quite eimiler to reactione of the hydroxy group ig the
conversion of acide to acyl halideeg &8 is 1llustrated by the
preparation of £-(10-phenothlezinyl)propionyl chloride by
treating the corresponding acld with thionyl chloride in ether

925, R, Dahlbom and P. K. I. B, Eksetrand, U, S, pstent
2,615,886, October 28, 1952 [C. A., 48, 1445 (1954)].

937. R. Dahlbom, Swedleh patent 134,622, February 26,
1952 [C. A., 48, 10783 (1954)] .
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containing & emall amount of pyridine at -50.94

A few reactions for obtaining the hydroxyl group are
eavaileble., In one cace, £ -(10-phenothiazinyl)propionic acid
wae reduced to 10-(3-hydroxypropyl)phenothiazine by adding the
acld to ether conteining lithium aluminum hydride and refluxing
for 30 minutes.7“ The formation of an aminohydroxy compound9°
hae been pointed out previously.

A number of reactione can be used for converting an
appropriate N-gsubstituted phenothiszine to an ester. These
make use of the well known methods of preparing this type of
derlvative; an acyl halide plus an alcohol, an acid and an
alcohol, and & salt reacted with an alkyl hsllde. 1l-Methyl-
4-piperidyl 10-phenothiazinecarboxylate wae prepared by re-
fluxing a mixture of l0-phenothlazinecsrbonyl chloride with
l-methyl-4-piperidinol in benzene for 15 hours;83 2-chloroethyl
10-phenothiazinecarboxylate wae prepared by refluxing a mixture
of 10-phenothisazinecarbonyl chlorlde and ethylene chlorohydrin
for 12 hours;69 2-(dimethylemino)ethyl 10-phenothiaszinecarbox-
Ylate was made by refluxing a toluene solution of the 10~
phenothiazinecarbonyl chloride and 2-(dimethylamino)ethanol
for 2 hours;S? 2-(1-pyrrolidinyl)ethyl 10-phenothlazinecar-

boxylate was prepered similarly from the carbonyl chloride

9“3. Dahlbom and N, E. ¥Willmen, Acta Chem, fcend,, 8,

1952 (1954).



30

69 gna _B'-aimethyl-

derivative and 2-(l-pyrrolidinyl)ethanol;
aminoethyl F-(10-phenothiazinyl)propionate wse prepared by a
2-hour reflux of a toluene eolution of J?—(IO-phenothlazinyl)—
proplonyl chloride and 2-(dimethylamino)ethanol for 2 hmms.wP

89 and

Both 10-phenothieszinylcarbonylmethyl stearate
methyl j?-(10-phenoth1aziny1)propionate79 have been prepared
from ecld salts and alkyl halides, the former by refluxing a
mixture of 10-(lodoacetyl)vhenothlazine and sodium stearate
in ethanol for 3 houre and the latter by refluxing the silver
salt of 4-(10-phenothlazinyl)propionic acid and methyl lodide
in benzene for 2 hours.

Methyl lO0-phenothlazinylproplonate wae obtained by re-
fluxing & methanolic solution of j?-(10-phenoth1az1nyl)pr0p-
ionic acid containing some hydrochloric aaid.95

The convereion of 1l0-phenothiazinylacyl halides, esters
or anhydridee to amldes wae aleo accomplished. 10-Phenothis-
zinecarbonyl chloride reacted with l-amino-2-dimethylamino-
ethane in methyl ethyl ketone for 12 houre at reflux produced

96 and

N-{2-dimethylaminoethyl )-10-phenothiazinecarboxamide;
N~(2—diethy1am1noethyﬁ—N-methyl-lo-phenothiazinecarboxamide

was prepared by refluxing s benzene solution of 10-

9580c16té dee usines chimiques Rhéne-Poulenc, French
patent 986,718, August 3, 1951 [C, A., 50, 7880 (1956)] .

963, w. Cusic, U. S. patent 2,627,517, February 3, 1953
[Ce 4., 48, 744 (1954)].



31

phenothiazinecarbonyl chloride and 2-(diethylamino)ethylmethyl-
emine.’’ The treatment of bis(10-phenothiazinyl)propionic
anhydride with an ether solution of dimethylamine at -30° gave
N,N-dime thyl-10-phenothlezinepropionamide’> and ethyl 10-
phenothiazinylacetate treated with a 10% methylamine in
ethanol solution for 16 hours at 100° gave methyl-10-pheno-
thiazlnylacetamide.gs

Because salt formation tende to alter the physlologiesl
properties of the free bases conslderably, a great number of
salts such as hydrochloridee, oxalates, gentisates, metho-
chlorides, methobromides, methlodides, and theophyllinates
have been formed from l10-substituted phenothliazlines containing
a nitrogen on the substituent. The method of preparation con-
sists of mixing the appropriate phenothiazine with methyl
iodide, oxallc aclid, 7-theophylline acetlc acid, etc., in a
solvent such &s scetone, ethancl, or nitrobenzene., The reac-
tion generally takes place at room temperature slthough
heating 1e required in some cases,

Dahlbom’’ prepared the methiodide of 10-( & -dlethyl-

aminoproplionyl) phenothiazine [properly named ase

97A. ¥W. Weston, R. W, DeNet, and R. J. Mlchaels, Jr.,
J. Am, Chem, Soc., 75, 4006 (1953).

985001été des ueines chimiques Rhdne-Poulenc, British
patent 732,488, June 22, 1955 [C. A., 50, 7880 (1956)].

99J. E. Dahlbom, Swedish patent 136,720, July 29, 1952
[c. a., 42, 12427 (1953)].
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10-({7 -diethylmethylammoniumpropionyl)phenothlazine lodide by
treating 10-( & -diethylaminopropionyl)phenothiazine with methyl
iodide or by treating 10-(& -methylethyleminopropionyl)phenothi~
azine with ethyl iodide. By heating 10-{chloroacetyl)phenothia-
zine with triethylamine in nitrobenzene he wae able to obtain

10-(triethylammoniumacetyl )phenothiazine chloride.99

By dis-
solving the appropriste phenothiazine derivative in acetone

or nitrobenzene and adding an excess of methyl or ethyl hslide,
Dahlbom85 wae able to obtain numerous salte including 10-
(dimethylaminoacetyl )phenothiazine methobromide, methiodide
and ethiodide; 10-{dlethylaminoacetyl)phenothiszine methiodide,
ethiodide and ethochloride; and several other simllsr ones.

A British patentloo desoribes the formation of the oxalate
salts of l-dimethyl-2-propyl 10-phenothiazinecarboxylate, '
2-{1-piperidyl)isopropyl 10-phenothiazinecarboxylate and
2-(4-morpholinyl)ethyl 1l0-phenothlazinecarboxylate., Schmalz
and Burgerl®l prepared the oxalate of 10-(3-diethylamino-
propyl)phenothiszine, These were formed by mixing an ether
solution of oxallc scid wlth an ether solutlon of the free

bage,

100Aktiebolaget Astra Apotekarnee Kemigka Fabriker
British patent 708,896, May 12, 1954 [C. A,, b9, 18039 (1955)].

1°1A. C. Schmalz and A. Furger, J, &m. Chem. Soc
5455 (1954). Fems du £B. Shem. Zoc.. I8,
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Meny salte were also prepared from 7-theophylline acetic
acid., Such compounds as 10-(2-dimethylaminoethyl)phenothiazine
theophylline acetate and 10-(2-d1ethy1am1nopropyl)phenothiazine
theophylline acetate have been reported.i®2,103 salte also
form between the appropriate phenothiazine derivetive and 8-
helotheophylline or 8-heloxanthine, BSome examples of these
are 10- [2-(2, 5-dimethyl-1-piperidyl)ethyl]phenothiazine 8-
chloroxanthinel®# and the 8-chlorotheophylline salt of 10~ [2-
(1-pyrrolidinyl)ethyl] phenothiazine,10%

In this discussion no attempt hae been made to indicate
the yleld obtained for a vparticular preparation. This was
done to avold unnecessary repetition of numbers which for
close comparative purposes would be of little value since the
yield reported in some of thie work was for the crude material,
However, in order to make this portion more complete, a gen-
eral resume of the expected yleld for a particular reaction
wlll be given. Of course, the amount of product obtained ie
governed largely by the reactivity of the halogen, or other,
compound employed for the N-substitution,

1025,c16t6 des usines chimiques Rhéne-Poulenc, British
patent 679,001, September 10, 1952 [C. A., 47, 12427 (1953)].

103gr, J, Horclois, U. 8. patent 2,595,853, May 6, 1952
[c. 4., 42, b378 (1953]].

1045, 4, Cusic, British patent 677,798, August 20, 1952
[c. 4., 48, 4010 (1954)].
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The liquid ammonia procedure generally gives a 70 to
100% yleld of product for those to which it can be applied.
Unfortunately, ite scope 1s limlted and halogens of lesg than
intermediate activity cannot be used.

The method in which no solvent is employed 1s generally
guite successful for those reactlons in which a halogen com-
pound of even low activity is used. Yields of 50 to 75% can
generally be expected for this procedure, unless the halogen
is extremely aotive.

When a solvent is used, lower ylelds can be expected with
a glven halogen compound then for the no-solvent method. This
is due mostly to the temperature which is governed by the
bolling point of the solvent and which 1g generally much lower
than that which can be obtained without solvent. Yields of 50%
or less are usually obtalned by this method.

The sealed tube reactions usually give a 50% yleld &l-
though the l0-phenothiazlinecarbonyl chloride was prepared in
a yield of 80%.

The reactions used in the alteratlon of the N-subetituent;
amination, ester formation, etc. glve variable ylelds, but
generally fall in the range of 50 to 75%. In contrast to thie
the salt formations are much higher ranging from 80% to a
nearly quantitative yleld.

Table 1 of the N-substituted derlvatives for the years
1952 through 1956 follows.
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Table 1. -Sfubstituted phenothiazine compounde

Neme of Compound M.r., °c Ref.
10-Acetylphenothiazine 198 (73)
10-( £-211yleminopropionyl)-

rhenothiazine -
(See Figure la, Appendix.)
HC1 salt 165-166 (84)

10-Allylphenothiazine bep., 165-170/0.7 mn. (105)

3= [Allyl—(lO- henothliazinylcar-
bonylmethyl)amino]-1-propanol viscous oll (84)
(cfee Figure 1b,” Appendix.)

10-( 2-sminoethyl)phenothiazine ——

HC1 ealt 270-271 (88)
Maleate 181 (88)
10-( 2-Aminopropyl )phenothiazine 132-133 (88)
HCl ealt 2Ll 2l 5 (88)
10-(3-Aminopropyl )phenothlazine 191-192 (88)
HC1 salt 228-230 (88)
Maleate 183-184 (88)

n-Amyl & -(10-phenothiazinyl)-
proplonate 74-75 (79)
(See Figure le, Appendix.)

105pn1g thesis.
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Table 1. {(Continued)

Name of Compound M,P., °C Ref.
10-(p-Anisoyl)phenothiazine 173-174 (79)
10-Benzoylphenothiazine 174 (73)

177-178 (79)
10~ [3-(Benzyl-2-butenylamino)-
butyryl] ~-phenothiazine viscous oil (84)
(See Figure 1d, Appendix.)
N-Benzyl-N-(2-diethylaminoethyl)-
10-phenothiazinecarboxamide -
(See Figure le, Appendix.)
HCl salt 1h2-143 (96)
Ethlodide — (96)
10-Benzylphenothiazine 91-92 (106)
90.5-91.5 (107)
N-Benzyl-10-phenothlazinecarbox-
anilide 112-113 (96)

(See Figure 1f, Appendix.)
10-(p~Biphenylyl)phenothiazine 174-178 (105)
10-(Bromoacetyl)phenothiazine 121-122 (85)

l°6H. Gilman, I. Zarember, and J., A. Beel, J, Am, Chem,

Soec., 24, 3177 (1952).

1074, G6iimsn, R. D. Nelson and J. F. Champaigne, Jr., J

Am, Chem, Soc,, 74, 4205 (1952).
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Table 1. (Continued)

Name of Compound M.P., °C Ref.
10-(o-Bromobentyl )phenothiazine 90-92 (103)
10-(c< -Bromobutyryl)phenothlazine 120-121 (81)
10-( &~Bromobutyryl )phenothiazine 167-168 (81)
10-( ¥ -Bromobutyryl Jphenothlazine 88~90 (81)
10-( £ -Bromoisobutyryl)phenothiazine 110-111 (81)

(See Figure lg, Appendix.)

10-( £ -Bromopropionyl )phenothiazine 144145 (85)
n-Butyl &-(10-phenothiszinyl)-

propionate 85-86 (79)
sec-Butyl & ~(10-phenothiazinyl)-

oropionate ly3-luly (79)
tert-Butyl £-(10-phenothiazinyl)-

propionate 76 (79)
10-Butyrylphenothiazine 94 (73)
10-(Chloroacetyl)phenothiazine 112 g;g;

110-112 (84)

10-(4-Chlorobutyl)phenothiazine b.p., 205-210/1 mm. (70)
10-( 8-Chlorobutyryl)phenothlazine 158-160 (82)
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Table 1. (Continued)

Name of Compound M.P,, °C Ref.
10-( Y ~Chlorobutyryl)phenothiazine ——- ggf;
-— '
95-96 (85)
3'-Chloro-N-(2-dlethylaminoethyl)- creamy ppt. (96)
10-phenothiazinecarboxanlilide
10~-(2-Chloro-3-dime thylamino- -— (108)
propyl )phenothiazine
10-(2-Chloroethyl )phenothiazine -—— (88)
-—- (90)
Hexamethylenediemine salt 183 (109)
2-Chloroethyl 10-phenothiazine- 1h6-148 (69)
carboxylate 1422143 (83)
10-(6-Chlorohexanoyl )phenothiazine — (84)
10-( 8 -Chloropropionyl )phenothiazine 135-136 (82)
10-(2-Chloropropyl)phenothiazine 120-122 (88)
10~ 35-Chloropropyl )phenothiazine - (88)

108
R.
Compt. rend,, 243, 1637 (1956).

‘M., Jacobs, R. Horclols, R. Vaupre and M. Messenrn,

109856166 des ueinee chimiques Rhéne-Poulenc, British

patent 688,805, March 11, 1953 [C. A., 48, 2786 (1954)].
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Table 1. (Continued)

Name of Compound M.P., °C Ref.
10-(2-Cyanoethyl)phenothiazine 180-182 (88)
10-[2-(Cyclohexylamino)ethwl]- bep., 199-201/0.7 mm, (93)

rhenothliazine
(See Figure 1h, Appendix.)
10- [B-(Cyclohexylamino)- b.p., 200/0.008 mm, (110)
proplonyl] phenothiazine
HC1 ealt 206-207 dec. (84)
N-Cyclohexyl-N-(2-diethylamino- -— (986)
ethyl)-10-phenothiazinecarboxamide
2-{pyclohexy1[5~(10—phenoth1az1ny1- viscoue oil (8h)
carbonyl)pentyl] amino} et hanol
10-(n-Decyl )phenothiazine bep., 175-180/0,5 mm., (105)
10-( £-D1allyleminoproplonyl)-
phenothiazine
HC1 ealt 131-133 (84)
10-(<¢, & -Dibromopropionyl )- viscoues oil (84)
phenothiazine
10-( £ -Dibutylaminopropionyl)- - (82)

phenothisazine

lloAktlebolaget Astra, Apotekarnes Kemiska Fabriker,

British patent 662,903, December 12, 1951 [C. A., 46, 11250

(1952)].



Table 1. (Continued)

Name of Compound M,P,, °C Ref.
10-(2,4-Dichlorobenzoyl ) phenothiszine 133-134 (79)
2',5'-Dichloro-N-(2-diethylamino-

ethyl)-10-phenothlazinecarboxanilide
HCl salt —— (96)
10-({Diethylaminoacetyl)phenothiazine 58-59 (110)
bepPe, 250/0,5 mm, (110)
HC1 ealt 208-209 (84)
Ethochloride 194-195 dec. (85)
192-193 (99)
Ethiodide 198-199 dec. (85)
Methiodide 198-200 dec, (85)
10-(c¢ ~-Diethylaminobutyryl)- 64-66 (81)
phenothiazine
HC1l salt 202-203 dec. (81)
10-( 8 -Diethyleminobutyryl)- 62-63 (81)
phenothiazine
HC1 salt ——— (81)
Methobromide 199-200 (84)
Methiodide 215-216 (84)
10-( ¥ ~Diethylaminobutyryl)- - (81)
phenothiszine
HC)l salt 151-153 (81)
Oxslate dec., (81)
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Table 1. (Continued)

Name of Compound ¥.p., % Ref.
10=(2-Diethylaminoethylamino- 79-80 (89)
acetyl)phenothiazine
N-{2-Diethylaminoethyl)-N-methyl- 69-71 (97)
10-phenothliezinecarboxamide
HBr salt 160-161 (97)
10-(2-Diethylaminoethyl)- b.p., 165-170/0,05 mm, (72)
phenothlazine bep., 195-197/1.5 mm. (75)
b.p., 178-180/0.7 mm. (76)
b.p., 165-175/0.05 mm, (111)
—-—— (78)
HC1 salt 184-186 (72)
186 (75)
184, 5-186.5 (76)
186-187 (111)
Ethobromilde 198 (70)
Methochloride 175 (70)
Methlodide 149-150 (70)
7-Theophylline 110 (102)
acetate 110 (103)
Hexamethylenedi- 158-160 (76)

bromide salt
Gentieate 148-149 (112)

1117, N, Aghley and 8, S. Berg, British patent 673,005,
May 28, 1952 [C. A., 47, 6990 (1953]] .

112;,85e11a Farbwerke Mainkur Akt-Ges., Britieh patent
710,327, June 9, 1954 [C, A,, 50, 1929 (1956)] ; Walther Persch,
U. & patent 2,752,345,” June 26, 1956 [C. As., 50, 12120 (1956)] .
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Table 1. (Continued)
Name of Compound M,P., O¢ Ref.
N-(2-Diethylaminoethyl)-10-
phenothiazinecarboxamlide
Citrate 165-166 (96)
Methobromide 225-226 dec. (97)
Methobromide-iﬁzo 185-186 (97)
Methiodide ——— (9s8)
N-(2-Diethylaminoethyl)-10-
phenothiazinecarboxanilide
HC1 salt 179-180 (98)
2-Diethylaminoethyl 10«phenothia- 54~ 56 (69)
zinecarboxylate 54-55 (97)
(See Figure 11, Appendix.) 52-53 (100)
HCl ealt 163-164 (69)
159-160 (83)
165-166 (97)
163-164 (100)
Ethobromide 213-215 dec. (69)
Me thobromide 220-221 dec., (69)
Methiodide 217-218 (83)
2-1lethylaminoethyl 10-pheno-
thiazinethiocarboxylate
X Methobromide 228 dec. (97)
Methiodide 230-231 dec. (97)
Oxalate 158-160 dec., (69)



Pable 1. (Continued)

b3

Name of Compound M. P,, °¢ Ref.
Z'-Diethylaminoethyl &-(10-
phenothiazinyl)propionate
Oxelate 118-120 (94)
4 '-Diethylaminoethyl &-(10-
phenothiazinyl)thiopropionate
Oxelate 121-122 deo. (9k)
10-(3-Diethylamino-2-hydroxy- 142-143 (71)
propyl)phenothiazine
HC1 salt 134 (71)
10-(2-Diethylemino-l-methyl- b.p., 202-205/2 mm. (72)
ethyl)phenothiazine -—— (78)
b.p., 160-165/0,08 mm., (111)
- (113)
HCl salt 166-168 (72)
166-168 (111)
Methochloride 208 (70)
2-Diethylamino~l-methyl 10~
phenothlazinecarboxylate
HC1 salt 180-182 (97)
10-(c<¢ ~Diethylaminopropionyl)- 99.5-100.5 (110)
vhenothiazine

113p, Cherpentier
rend,, 232, 2232 (1951

J.

P, Geilliot and J. Gaudechon, Compt.
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Table 1. (Continued)
Neme of Compound M.P., °¢c Ref,
10-( 8-Diethylaminopropionyl)- b.p., 210-212/2 mm, (82)
phenothiazine
HC1 salt 163-164 (82)
Methobromide 202-204 (84)
202-2013 (&s)
Methlodide 202-203 (8k)
183-184 (85)
174-175 (99)
N-(3-Diethylaminopropyl )-N-ethyl- — (96)
10-phenothiazinecarboxamide
10-(2-Diethylaminopropyl)- b.p., 202-205/2 mm, (72)
phenothiazine - (78)
bopo i 160"'165/0.08 Em. (111)
S (113)
HCl salt 223-225 (72)
223-225 (111)
7-Theophylline 131-132 (102)
acetate 131-132 (103)
10-(3-Diethylaminopropyl)- -——— (78)
phenothlazine
Ethobromide 152 (70)
Methochloride 200 (70)
Oxalsate 176-177 (101)
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Table 1. (Continued)
Neme of Compound M,P., °C Ref.
2-Diethylaminopropyl 10-pheno- 75-77 (97)
thiazinecarboxylate
HC1 salt 187~188 dec. (97)
Methiodide 194-195 (83)
3-Diethylaminopropyl 10-pheno-
thlazinecarboxylate
Picrate 93-95 (100)
N,N-Diethyl-10-pheno- 91-93 (69)
thiazinecarboxamide
10-(Dimethylaminoace tyl)pheno- 1b4-145 (84)
thlazine
HC1 salt 230-231 (84)
Ethiodide 216-218 dec. (85)
VMethobromide 236-237 dec. (85)
Methiodide 234-235 dec, (85s)
10-( 2-Dimethylaminobutyl)-
phenothiazine
Methochloride 217 dec. (70)
10-(4~Dime thylaminobutyl)- b.p., 195/1 mm, (70)
phenothlazine
Methochloride 185 (70)
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Table 1. (Continued)
Name of Compound M.7., °C Ref,
10-{c<¢ -Dimethylaminobutyryl)- 98-99 (81)
phenothliazine
10-{8 -Dimethylaminobutyryl)- 94-95 (81)
phenothiazine 90-91 (82)
HC1 salt 136-138 (82)
Ethobromide 205-206 dec. (85)
212-213 (102)
Methochloride 210-212 (82)
Methobromide 237 dec. (102)
226-228 dec, (103)
Benzyl chloride salt -— (82)
10-( Y -Dimethylaminobutyryl)- 93-95 (81)
phenothiazine 93-94 (8h)
HC1 salt 190-192 (81)
.- (84)
Methlodide 185-187 (85)
10-(2-Dimethylaminoethyl)- b.p., 190-197/1.5 mm. (75)
phenothiazine o bk, 8 (76)
b.p., 171-175/1.7 mm. (76)
——— (78)
b.p., 160-165/0.2 mm., (93)
— (95)
HC1 salt 225 (75)
Ethobromide 140 (70)
Methochloride 230 (70)
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Teble 1. (Continued)

Name of Compound M.P,, 9C Ref.
Methiodide 20250 (70)
7-Theophylline 132 (102)

acetate 132 (103)
8-Chlorotheophylline 168-169 (104)
salt 168-169 (114)
8-Bromotheophylline 167-168 (104)
salt 167-168 (114)
p-Aminosalicylate 159-160 dec. (115)
Balt
Hexame thylene 229 (76)
dibromide salt (shrinks 190)
N-(2-Dime thylaminoethyl)-10- 202-203 (97)
phenothiazinecarboxamide (with 4 mole
Hzo )
HC1 ealt 198-200 (98)
Methiodide 223-224 (98)

N-(2-Dime thylaminoethyl)-10-
phenothlazinecarboxanilide

HCl salt 223-224 (96)

1145, w, cusic, U, S. patent 2,534,237, December 19, 1950
[C. 4., 46, 527 (1952)].

115y, Erlenbach and A, Sieglitz, British patent 689,835,
April 8, 1953 [C. A., 42, 9575 (1953)).



Lg

Table 1. (Continued)
Neme of Compound ¥.p., % Ref.
2-Dimethylaminoethyl 10-
phenothiazinecarboxylate
HC1 ealt 212-213 dec. (69)
214-215 (83)
215-216 (97)
211-212 dec, (100)
Ethobromide 233-234 dec. (69)
Methochloride 232 dec. (83)
Methobromide 248-249 dec. (89)
Methlodide 235-236 dec. (69)
B'~Dimethylaminoethyl &-{10- 81-83 (94)
phenothiazinyl)propionate
10-(3-Dimethylamino- 2- hydroxy- 84-85 (71)
propyl )phenothlazine -—— (108)
HC1 ealt 131 (71)
10-( 2-Dimethylaminoisobutyl)- b.p., 175-180/1 mn, (70)
phenothlazine
Methochloride 196 (70)
10-( 8 -Dimethylaminoisobutyryl)-
phenothliazine
HCl salt 251-252 dec. (81)
Methobromide 2h3-246 deec, (85)



Table 1, (Continued)

L9

Name of Compound M.p., °C Ref.
10-(2-Dimethylamino-1- 59-60 (86)
methylethyl)phenothiazine -— 211?)
— 72
-— (78)
HC1 salt 222 (86)
222 (87)
Methochloride 227 dec. (70)
2-Dimethylamino-l-methylethyl
10~phenothlazinecarboxylate
Oxalate 181-182 dec. (69)
181-182 aec. (100)
10-{(cX -Dimethylaminopropionyl )-
phenothiazine
Methlodide 230-231 dec. (85)
10-(£Z-Dimethylaminopropionyl )~ 86-88 (82)
phenothlazine
Ethobromide 209-210 (85)
Ethiodide 167-168 (85)
Methobromide 234-.235 (85)
Methlodide 208 (82)
198-200 (85)
194-195 (99)
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Table 1., (Continued)

Name of Compound M.P., °C Ref.
10-( 2-Dimethylaminopropyl)- 59-60 (93)
phenothiazine b.p., 158-160/0.2 mm, (93)
b.p., 145-155/0.08 mm, (72)
— (78)
-— (95)
-— (113)
HC1 salt 218-220 (72)
Ethobromide 188 (70)
Methochloride 205 (70)
7-Theophylline 134-135 (102)
acetate 134-135 (103)
8-Chlorotheophyl- 152-153 (104)
line ealt 152-153 (114)
10- [2,3-Bie(dimethylamino)- -— (108)
propyl]| phenothiczine
N-(3-Dimethylaminopropyl )-10- 82-83 (98)
phenothiszinecarboxamide
HC1 ealt 193-194 dec. (96)
10~ [B-(3, 5-Dimethyl-4-morpholinyl)-
propionyl] phenothiazine
HC1 ealt 222-223 (84)
N,N-Dimethyl-o -(10-pheno- 165-167 (95)
thiazinyl)propionamide
N,N-Dimethyl- 8 -(10-pheno- 141-143 (95)

thiazinyl )propionamide
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Table 1. (Continued)

Neme of Compound M.P,, °C Ref,
10-[2-(2, 5-Dimethyl-1-plperidyl)-
ethyl] phenothiazine
8-Chloroxanthine —— (104)
gelt
10- [2-(2,6-Dimethyl-1-piperidyl)- b.v., 225/1 mm. (70)
ethyl] phenothlazine
(Sees Figure 1), Appendix.)
Methochloride 232 dec., (70)
¥ethiodide 223 dec. (70)
8-Chloroxanthine -— (114)
salt ‘
10-[o¢ ,. 6 -Di(4-morpholinyl)-
propionyl] phenothiazine
(See Figure 1k, Appendix.)
HC1l salt 229-230 (84)
10-(3, 5-Dinitrobenzoyl )- 265-266 (79)
phenothiazine
10—(£?—D1-g-propy1am1no- 65-66 (84)
propionyl)vhenothiazine
10-(2, 3-Epoxypropyl )phenothiazine -—— (71)
-— (108)
10-{6- [Ethyl-(1-methyl-2- viscous o1l (84)

butenyl)amino] hexanoyl}-
phenothiazine
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Pable 1. ({Continued)

Name of Compound M.P., °¢c Ref.
10-Ethylphenothiazine 103-104 (105)
102, 5-103 (107)
N-EZthyl- B-(10-phenothlazinyl)- 120 (95)
propionamide
10-Formylphenothiszine 145 (73)
1431445 (116)
n-Heptyl S-(10-phenothiazinyl)- Le-47 (79)
proplionate
10-(n-Hexylaminoascetyl)pheno- 172-173 (89)
thiazine
HC1 selt 204-205 dec. (89)
10-( 8 -n-Hexylaminoproplonyl)-
phenothiazine
HC1 ealt 191-192 (84)
n-Hexyl 13-(10-phenothiazinyl)~ 52-53 (79)
proplionate
10-(N-2-Eydroxyethyl-N-methyl- —-— (117)

@ -alanyl)phenothiazine

1167, Cymerman-Cralig, W, P, Rogere and G, P, Warwick,
Australian J, Chem,, 8, 252 (1955).

1175, w, Cusic, U._ 5. patent 2,576,106, November 27, 1951

[C. A.. b8, 6152 (1952)] .
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Table 1. (Continued)

Name of Compound M.P., °c Ref.
10-{2—[(Z-Hydroxyethyl)methyl-
amino] ethyl} phenothiazine
8-Chlorotheophyl- 135-140 (104)
line salt 135-140 (114)
2- [( 2-Byaroxyethyl)methylamino]-
ethyl 10-phenothiszinecarboxylate
HC1l salt 172-173 (83)
10- {8 - [( 2-Hydroxye thyl)methyl- --- (82)
amino |propionyl{phenothiazine 129-130 (84)
10-( 2-Hydroxyethyl)phenothiazine b.p., 210-213/0.3 mm. (74)
10-( 2-Hydroxypropyl )phenothiazine b.p., 190-195/0.35 mm. (88)
10-( 3-Hydroxypropyl )phenothiazine b.p., 160/0.01 mm, (74)
(vath temp.)
10-{ 2-Imldazolin-2-ylmethyl)-
phenothiazine
HC1l salt 2412473 (118)
10~-( Iodoacetyl)phenothiazine 129-131 (85)

118G4pa Ltd., British patent 670,580, 4pril 23, 1952

[c. A., 48, 10209 (1952)].
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Table 1. (Continued)

Name of Compound M, P,, ¢ Ref,
10-{Z ~Isobutylaminopropionyl)-
vhenothiazine
HC1l ealt 200-201 (84)
Isobutyl & -(10-phenothiazinyl)- 73-74 (79)
propionate
10-(o¢ - Igopropylaminobutyryl)- -— (110)
phenothiszline
10-(.9 -Isopropylaminoproplonyl)-
phenothiazine
HC1 salt 227 dec. (84)
10-( 8 -Isopropylaminovaleryl)- — (82)
phenothiazine
Isopropyl S-(10-phenothiazinyl)- 74-75 (79)
proplonate
10-Methylphenothiazine 99-100 (119)
Methyl-10-phenothiazineacetamide 228 (95)
Methyl 10-phenothlazinecarboxylate 118-120 (69)

1194, Burger and A. C. Schmalz, J, Org, Chem,, 19, 1841

(1954).
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Table 1. (Continued)

Name of Compound M.P., °C Ref.
2-{Methyl [2-(10-phenothiazinyl- 120-130 (84)
carbonyl)ethylfamino e thanol
1,1~ {[1-Methy1~2-(10-pheno— viscous oil (84)
thiazlnylcarhonyl)ethyl] iminof-
bis- [2-methyl-2-pentanol]
N-Methyl- -(10-phenothiazinyl)- 96 (95)
propilonamide
Methyl B-(10-phenothlazinyl)- 6b-65 (79)
propionate 68 (95)
10- [(4-Methyl-1-piperazinyl)carbonyl]-  229-231 (80)
phenothiazine
2- (4-Methyl-l-piperazinyl)-
ethyl l10-phenothiazinecarboxylate
HC1 salt 258-260 (83)
10- [@-(4-Methyl-1-piperazinyl)-
propionyl] phenothiazine
HCl salt 206-207 (84)
10-[1-Methyl-2-(1-piperidyl)- b.p., 190-200/0.3- (77)
ethyl] phenothlazine 0.4 mm,
HC1 ealt 256-257 (77)
1-Methyl-2-(1-piperidyl)ethyl
10-phenothiazinecarboxylate
Oxslate 170-171 dec. (69)
170-171 dec. (100)
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Neme of Compound M. P., °¢ Ref,
l-Methyl-4-piperidyl 10-pheno-
thiszinecarboxylate
Oxalate 172-173 (83)
10- [£~( 2-Methyl-1-piperidyl)-
propionyl] phenothiazine
HC1 ealt 190-191 (84)
10- [8-(4~Morpholinyl)butyryl] - 133-134 (84)
phenothliazine
HC1 salt 188-189 (84)
Me thobromide 211-212 (84)
10~ [2-(4-Morpholinyl )ethyl] - 74-75 (77)
phenothiazine 73-75 (93)
bcpo » 187"’190/001 mm, (77)
b.p., 188-190/0.1 mm. (93)
N- [2-(4-Morpholinyl)ethyl] -
10-phenothlazinecarboxamide
HCl ealt 214-215 (96)
2-(4-Morpholinyl)ethyl
10-phenothlszinecarboxylate
HC1 ealt 213-214 (97)
Oxalate 111-114 dec. (69)

109-111 dec.

(100)
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Table 1. (Continued)

Neme of Compound M.P., °C Ref.
10- [~ (4-Morpholinyl )propi- viscous oil (82)
onyl] phenothiazine
10-(p-Nitrobenzoyl)phenothiazine 225-226 (79)
M—Nitrcbenz¥l Z-(10-pheno- 160-161 (79)
thiazinyl)propionate
10-(n-Octadecyl )phenothiazine 53-54 (105)
n~-Octyl .Z-(10-phenothia- 38-39 (79)
zinyl)propionate
10-Phenothlazinecarbonyl chloride 172-173 és9g
——— 96
-—— (97)
-— (100)
N-{10-Phenothiazinecarbonyl)-
Nt ,N'-dlethylethylenediamine
HC1 salt 180-181 dec. (69)

p-Bie(10-Phenothiazinyl )benzene

p,p'-bis(10-Phenothiazinyl)biphenyl
(See Figure 1) , Appendix.)

142-149 (with
methanol of re-

cryetallization)
252-253 (105)
300-305 dec. (105)
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Table 1. (Continued)

Name of Compound M.P., °C Ref.

2,2'- [2-(10-Phenothiazinylcar-
bonyl)ethyl] iminodiethanol

HCl salt 177-178 (84)

10-Phenothiazinylearbonylmethyl 179-180 (79)
B-(10-phenothiazinyl )propionate

10~-Phenothiszinylcarbonyl- 73-74 (89)
methyl stearate

3-[3-(10-Phenothiazinylearbonyl)- viscous oil (84)
propylamino]-1-propanol

[2-(10-Phenothlazinyl)ethyl] -
trimethylammonium lodide

Theophylline 175 (70)
hydrate salt

8-Chlorotheophyl- 184 (70)
line galt
B -(10-Phenothiazinylpropion)- 193-194 (79)

p-bromo anilide

8-(10-Phenothiazinyl)propionic acid —a— (120)
Sodium salt 262-263 deoc. (79)
¢~Benzylthi- 160 (79)

uronium ssalt

1205, L. Smith, J. Org. Chem,, 16, 415 (1951)
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Table 1., (Continued)

Name of Compound M. P,, °C Ref.
1-Phenylethyl- 156-158 (79)
smmonium salt
Piperszonium salt 190-191 (79)
B-(10-Phenothiazinyl)propionitrile 158-159 (120)
B-(10-Phenothiazinylpropion)- 140 (79)
p~-toluidide
& -(10-Phenothiazinyl)propionyl 117 (94)
chloride
N-[BL(IO-Phenothiazinyl)proplonyl]—
N',N'-dilethylethylenediamine
Oxalate 130-131 (94)
N- [ -(10-phenothiazinyl)propionyl]- 127-128 (94)
piperidine
10-( 8-Phenylethyl)phenothiazine 175-177 (105)
10-Phenylphenothiazine 94, 5-95.5 (105)
b.p., 170-175/0.05 mm, (105)
10-( Y -Phenylpropyl )phenothiazine 172-174 (105)
10-(2-Phthalimidoethyl )phenothiazine 173-17h (88)
10-(2-Phthalimidopropyl)pheno- 172-174 (88)

thiazine
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Name of Compound M.r,, °C Ref.
10- [(1-Piperidyl)acetyl] pheno- 163.5-164.5 (110)
thiazine
10-[c< -(1-Piperidyl)butyryl] - 86-88 (81)
phenothiazine
HC1 salt 214-216 (81)
10- [ V-(1-Piperidyl)butyryl] - 78-80 (81)
phenothiazine
HC1 salt —— (81)
10- [B-( 1-Piperidyl )butyryl] -
phenothlazine
HC1 salt 202-203 (84)
Methobromide 194, 5 (8k4)
10-(1-Piperidyl)carbonylpheno~ 118-120 (89)
thinzine
10- [2-(1-Piperidyl)ethyl] pheno- L3-Ll (93)
thlazine 240/0,3-0.4 mm. (93)
220-230/0,3 mm., (77)
HC1 ealt 154-155 (77)
Methochloride 213 (70)
2-(1-Piperidyl)ethyl 10-pheno-
thiszinecarboxylate
HEC1 salt 122-124 (83)
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Table 1. (Continued)

Neme of Compound M.P., °C Ref.
N-[2-(1-Piperidyl)ethyl]-10-
phenothlazinecarboxamide
HC1 salt -— (96)
10- [ F-(1-Piperidyl)isobutyryl] - 79-81 (81)
phenothlazine
HC1 salt —— (81)
10-[ 8-(1-Piperidylpropionyl] - b.p., 220-230/3 mm.  (82)
phenothiazine
HCl eelt 230-235 (82)
Methobromide 196-197 (84)
10-[2-(1-riperidyl )propyl] - 120-121 (93)
phenothisazine
HC1 salt 255-256 (93)
Oxalate 181-183 (93)
10-[3-(1-Piperidyl)propyl] - b.p., 230-240/0.5 mm. (77)
phenothiazine b.p., 245-248/0.5 mm, (93)
10-Propionylphenochiazine 89 (73)
n-Propyl S-(10-phenothiazinyl)- 34-35 (79)
proplonate -
10- [(1-pyridyl)acetyl] phenothiazine
' HC1 sal% 252-253 dec. (85)
252-253 (99)
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Teble 1. (Continued)

Name of Compound M.P., °C Ref.
10-(2-Pyridyl)phenothiazine 109-110 (105)
10-(2-Pyridyl)phenothiazine :tzoron 305-310 dec. (105)

trifluoride complex
10- [o¢-(1-Pyridyl)propionyl] -
phenothiazine
HI salt 218-219 (85)
10-[13-(1-Pyr1dy1)propiony1]~
phenothiazine
HC1 szlt 216-217 dec. (85)
214-215 (99)
10- [(1-Pyrrolidinyl)acetyl] - 14 2-142,5 (92)
phenothiazine
10- [o¢-(1-Pyrrolidinyl)butyryl]- ---
phenothliazine
HC1 ealt 206-208 (81)
206-208 (92)
10-[}?—(1~Pyrrolid1nyl)butyry1]- 119-120 (81)
prhenothiazine
HCl ealt — (81)
Methobromide 171-173 (84)
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Table 1. (Continued)

Name of Compound M.r., °C Ref.
10- [ Y-(1-Pyrrolidinyl)butyryl] - 106-107 (92)
phenothiazine 106-107 (81)
(See Figure 1m, Appendix.) - (82)
HC1 salt —— (81)
Oxslate 161-162 (122)
10-(1-Pyrrolidinyl)carbonyl- 137-139 (69)
phenothliagine
10- [2-(1-Pyrrolidinyl)ethyl] - b.p., 142-146/0.1 mm. (93)
phenothiazine
HC1 ealt 199-200 (93)
8-Chlorotheophyl- 166-167 (104)
line sgalt 166-167 (114)
2-(1-Pyrrolidinyl)ethyl 10-
phenothlazinecarboxylate
HC1 salt 215-217 dec. (69)
220-221 dec, (83)
215-216 (97)
215-217 (100)
Ethobromide 215-216 (83)
Methobromide 200-201 (83)
10- [8-(1-Pyrrolidinyl)iso-
butyryl] phenothiazline
HC1 ealt 231-233 dec. (81)
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Table 1. (Continued)

Name of Compound M.7., OC Ref.
10-[o<¢-(1-Pyrrolidinyl )proplonyl]- 94.5-95.5 (92)
phenothlazine
10-[£?-(1-Pyrrolld1ny1)propionyl]« 106-107 (84)
phenothiazine 108-109 (92)
10-{e¢, ©-Bis(1-pyrrolidinyl)- 102-104 (92)
proplonyl]phenothiazine
10-[2-(1-Pyrrolidinyl)propyl] - b.p., 155-160/0.1 mm. (93)
vphenothlazine
HC1 ealt 192-193 (93)
10-( 2-Quinolyl)phenothiazine 124-126 (105)
10- [2-(4-Thlamorphol inyl)iso- b.v., 165-170/0,05 mm. (77)
propyl]phenothlazine
(See Figure 1n, Appendix.)
10-[2—(4-Th1amorphollny1)propyl]- b.p., 165-170/0.05 mm. (99)
phenothiazine
10-(0-Tolyl )phenothlazine 101-101.5 (107)
10-(p-Tolyl)phenothlazine 135-136 (107)
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Oxidatlon Resctions

Both sulfoxides and sulfones can be formed by oxidetion
of phenothiazine and ites derivatives, Whether the 5-oxide or
the 5,5-dloxlde 1s formed depends upon the oxidizing agent,
the eolvent, and other conditions such as the temperature and
time of resction. The best method for obtaining the monoxlde
ig by the oxidation of the parent compound in refluxing
ethanol using an excess of 30% hydrogen peroxide. FHowever,
some dloxide may also be formed if too great an excess of the
oxildizing agent ls usecd or 1f the time of reactlion is ex-
tended for too long.

To obtain the sulfone, glaclal acetic acid is used as
the solvent, with hydrogen peroxide still being used as the
oxidizling asgent. Eleveated temperatures, sometimes at reflux,
are employed for these oxidations. Some examples of oxida-
tions using hydrogen peroxide in elther ethanol or gleclal
acetic scld are presented as part of the remalnder of this
section.

Phenothlazine-5-oxide was prepared by the additlon of
hydrogen peroxlde to a refluxing ethanolic solution of pheno-
thiszine containing a small amount of potassium hydroxlde,lzl

3,7-dimethylphenothiazine-5-oxide was obtalined by the

121, Pummerer and S. Gasener, Ber., 48, 2322 (1913).
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addition of hydrogen peroxide to s refluxing ethanol solution
of the parent compound; and both 10-benzylphenothiszine-5-
oxide and l0-ethylphenothiazine-5-oxide were obtalned by
eimilar methode. 2?2 The 10-(2-chloroethyl)phenothiazine-5-
oxlde was prepared by the dropwise addition of 25% hydrogen
peroxide to a warm ethanol solution of 10-(2-chlorocethyl)-
phenothlazine followed by a 2-day standing pericd.9°

Using glaciel acetic acid as the solvent and 15-30%
hydrogen peroxide aes the oxidizing agent a large number of
dioxldes, or sulfones, have been formed. The sulfone of a
dichlorophenothiazine was formed by oxidation of the sulfoxide
derivative with 17% hydrogen peroxide in 98% acetic acld at
room temperature over a period of 2 veeks.123 Others such
a8 2-nitro-l0-ethylphenothiazine-5, 5-dloxide and the cor-
responding methyl derivetive were each prepared by using
hydrogen peroxide in a refluxing glaclal acetlic acld solutlon
of their monoxide form,12% The 10-ethylphenothiazine-5,5-

dioxide wae prepared in a similar msnner using 30% hydrogen

1224 @g1iman, R. K. Inghem, J. F. Champaigne, Jr.,
J. W. Diehl and R. O. Ranek, J, Org, Chem,, 13, 560 (1954).

123D S. Antonov, Bu ine chim, a s
.« S 11, . ] cad, bulgsre sci,,
2, 97 (1953) [C. A., ko, T ST v =

124
D, &, Antonov and E., Karakasheva, Bull, ins chim
acad, bulgsare ecl,, 2, 113 (1953) EE; A&: L9, suh2 (1955)] .
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peroxide in glaclal acetic acid at 80° for 1.5 hourel?5 while
a 5-hour perilod in refluxing glacial acetic acld was used to
convert 10-phenothiazinecarboxamide to the sulfone,126
3,7-B1se(1,1,3,3-tetramethylbutyl )phenothlazine-5, 5-dioxide
was prepared glmlilerly ueing a reactlon perlod of 1 hour.127
Other oxidizing agents may also be used to accomplish
thege oxidations although they are not used so extensively as
hydrogen peroxide. Perhaps the next most useful is potassium
permanganate which produces elther the sulfoxide or sulfone
depending algo on the conditions (solvent, temperature and
time) which are employed. Using sacetone containing sulfuric
acid and potassium permanganate at 15°, 10-methylphenothiazine

128

was converted to the sulfoxide while this oxidlzing agent

in boiling water converted l1l0-ethylphenothiazine to the

Ly

sulfone. 2-Chloro-l0-methylphenothiazine was oxidized to

the sulfone using a 2% aqueous colutlon of potassium per-

manganate.lzh

1255, Gilman and R. D. Nelson, J. Am, Chem, Soc,, 25,
s422 (1953). -

126y v. Savitekays =nd M. N. Shchukina, Zhur. Obshchei
Khim., 24, 152 (1954) [C. A., 49, 3202 (1955)].

127y, L. Smith, U, S. patent 2,678,926, May 18, 1954
[Co A., 49, 6321 (1955)] .

128E. DeB. Barnett and 8. Smiles, J, Chem, Soc,, 97,
188 (1910).
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Nitric acid is also used to produce the sulfoxide, but
this gives nuclear esubstitution as well and 1ls diecuesed in
the next sectlion. Chromic acid, potassium hypochlorite and
godlum nitrite have been used as oxidlzing agents to a limited
extent.

Although not coneldered & method of preparation, 10-
methylphenothiazine-5-o0xide wae formed by the thermal oxida-
tion of a bis(2-ethylhexyl)esebacate solution of its non-
oxidized rorw.lzg This was encountered in the study of the
antioxidant asction of vhenothlezine and its derivatives on
varlious oils and greases,

In contrast to the amount of work that has been done on

N-gubstitution, little hae been done in the field of oxlidation.

Nuocleer Substitution Reactions

Along with oxidatlon reactions, not much emphasie was
placed on nuclear substitution reactions during the past 5
yearse. As & result, the general techniqgues such as chlorina-
tion, nitration, mercuration, acylation and metalation have
not undergone any great change and few new techniques have

been developed.

1296. P. Brown, J. ¥, Cole, Jr., and T. I. Crowell, J,
Org. Chem,, 20, 1772 (1955).
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Direct chlorination of phenothiazine 1s somewhat diffi-
cult to control and usually gives a mixture of the 4i-, tri-
and tetrachloro derivatives. It has been estaeblished that
the disubstituted compound is the 3,7- derivative,13° but the
gtructures of the more highly chlorinated derivatives have
not been definitely confirmed.

The reductlive halogenation of 10-substituted phenothia-
zine-5-oxides cen be used for the introduction of a halogen
into the 3-position. Gilman and Eiach;jl reported the prepa-
ration of 3-chloro- and 3-bromo-l0-ethylphenothiazine with
hydrochloric acid and hydrobromic acid, respectively. The
reaction dld not proceed with hydrilodie acid., By a similar
procedure, Schmalz and Burgeri®l prepered 3-chloro-10-(3-
dimethylaminopropyl)phenothiazine. When using this technique
on the 3,7-dichloro-10-methylphenothiazine-S5-oxide, a tetre-
chloro derivative of unknown structure resulted.l0l

Nitration of phenothiazine or 1ts derivatives may also
give a variety of producte although the common ones are the
3-nitro-5-oxide and the 3,7-dinitro-S-oxide compounds.

32

Bernthsen” oprepared both 3-nitrophenothiazine-5-oxide and

the 3,7-dinitro derivative while Gilman sand Shirley>>

130

13}H. Gilman and J. Eilech, J, Am, Chem., Boec., 77, 3862

(1955).

0. Unger and K. Hoffman, Ber,, 29, 1362 (1896).
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obtained the 3-nitro-5-oxides of eseversl N-substituted pheno-
thiazines.

The prepasration of 3-nitro-lO-methylphenothiazine (not
an oxide) by nitration of 10-methylphenothiszine has been
reported.lo1

Mercuration of 10-methyl- and 10-ethylphenothiazine with
mercuric acetate produced a mixture of the 3-acetoxymercuri-
and 3,7-dlacetoxymercuri derivetives which were separsted by
the selective solvent action of hot ethanol of the monosub-
stituted derivative,>>

The Friedel-Crafts reaction has been used for the rnrepa-
ration of such derivaetives as the 3,7-dilacetylphenothiazine
from phenothlazine, acetic anhydride and sluminum chloride in
carbon diaulrideul and 2,8,10-triacetylphenothliazine from 10-
ecetylphenothliazline, acetyl chloride and aluminum chloride
in refluxing carbon diaulfide.132

Masgie and co—workersl33 have indicated the preparation
of seversl 2-phenothiazinyl ketonee from l0-acetylphenothia-
gine, an acld chloride and aluminum chloride in refluxing

carbon disulfide, Among those prepared were the

1325, @. ¥icheles and E. D. Amstutz, J, Am, Chem, Soc.,
72, 888 (1950).

1333. P. Magsele, I, Cooke and W, A. Hille, J, Org, Chem,
21, 1006 (1956).
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2-acetylphenothiszine, 2-(chloroacetyl)phenothiazine and
2-dodecanoylphenothiazine,

Metalatlion of phenothiazine with n-butyllithium followed
by carbonation and hydrolysis produced a product which has
been shown to be l-phenothlazinecarboxyllic acid.13“ The
metalation and subsequent carbonation and hydrolysie of many
N-substituted phenothiazines haes produced the 4-carboxylic
acld derivative. Compounde such ae 10-ethylphenothlazine-4-
carboxylic acidg9 and 10-phenylphenothiazine-4-carboxylic
acld“9 have been reported. A recent article135 indicates
the formation of 10-methyl- and l10-ethylphenothiazine-l- and
~b-carboxylic acide in equal amounts by the trestment of the
lithio-10-alkyl phenothiazines with carbon dloxide, However,
when these same lithio derivatives were treated with lithlum
galts such as lithium acetate or lithium benzoate the 3- and
L-acetyl or benzoyl derivatives were formed, the latter in
the greater amount.

It has been found that metalation of the sulfoxide
derivatives proceeds with reductlon, an increased yleld of

the metalated product being formed ae compared to the

13%4, @41man, D. A. Shirley snd F. R. Van Eee, J. Am.
Chem, Soc,, 66, 6268 (1944),

1356. Csuquil, M. A, Casadevall and E. Cassdevall,
Compt. rend., 243, 590 (1956).
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Yield when the non-oxidized compound 1s used as the starting
material.Bo
There are several miecellaneous reactions which do not
fall into any of these categories. These include the prepara-
tion of Grignard reagents of halogen-substituted phenothiazines

such a8 3-1o0do-10-ethylphenothiazine and conversion to the

acld by carbonation;bg

reduction as in the formation of 3-
emino-10-ethylphenothiazine from the 3-nitro-l10-ethylphenoc-
thiazine-5-oxide with tin and hydrochloric acid,131 and
dlazotization as in the formation of 2}chloro-10~methylpheno-
thiazine-s;f-dioxide from the corresponding diazotized amine

124

and cuproue chloride. 3~Formyl-l0-methylphenothlazine was

prepared by refluxing 10-methylphenoth1azine, N-methylform-
anilide snd phosphorus oxychloride in g—dichlorobenzene.u7
This sldehyde proved useful for the synthesis of many other
‘derivatives such as the 3,10-dimethylphenothiazine by reduc-
tion with hydrazine hydrate, l0-methyl-3-styrylphenothiazine
by the addition of benzylmegneeium chloride followed by de-
hydration with formic acid and 10-methyl-2-(2,4,6-trinitro-
styryl)phenothiazine by refluxing a mixture of 3-formyl-10-
methylphenothiazine and 2,4,6-trinitrotoluene in ethanol

containing a trace of piperidine.
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Preparation of Organoboronic Acides and Anhydrides

Orgenoboronic aclids are those compounds which are chsrac-
terized by the general formula RE(OH), where R ie an alkyl,
alkenyl, aryl or heterocyclic group. The anhydrides, which
in many cases exist as the trimer, would have the general
formula (330)3. A very recent review article by Lappert!36
on organoboron compounde includes a section on organoboronic
aclds and anhydrides giving a list of these compounde in the
eliphatic and aromatic serlies as well se the few heterocyclic
boronlc acides whlich have appeared, Therefore, only brief
mention will be made on & few of these compounds,

e wes pointed out in the Introduection, azo boronic acids
ere of current interest and since Lappert did not include
these in his review, except for brief mention of thelr prepa-
ration, those which have been prepared will be ineluded here,

The general methods for preparing boronic aclds are ae

follows:

(1) Oxidation of trialkylborons (controlled)

2H,0
B{CgHg)g + 0p —> CpHsB(OC,Hs) —2>62H53(0H)2 + 2C,Hg0H

136y, r. Lappert, Chem. Revs,, 56, 959 (1956).
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(2) Metal alkyls or aryle on trialkyl borates

3(08)3 + AngBr-———e>ArB(OR)2 —2§32>-ArB(OH)2 + 2ROH

R = CHB—, CoHg-, CsHp-, CyHg-

B(OR)y + ArL1 —> ArB(OR), 2220, ArB(OH), + 2ROH

R = CHB- » CoHs-, 03 H7- » CpHg~
(3) Metal aryls on boron trichloride

Hg(CgHsg)p + 2BCly —> 2CgHsBCl, + HeClp

| 220
2CgHgB(OH), + 2HCL

Other speclel methods of introducing the boronic acid
group have been used but will not be discuseed here.

¥ith arylboronic acids, additional substitutions may be
made on the ring. The resctions to accomplish thie include
nitration, reduction of a nitro group, dlazotizetion of an
amine group, oxidation of an alkyl group to & carboxyllc acid
and esterification of the carboxylic acid group on a carboxy-

boronic acid.
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The anhydride mey ususally be formed from the acld by
merely heating or by using a deglccant such as sulfurlc acid
or phosphorue pentoxide. In gome cases, this transformation
is quite difficult while in others gimple recrystellization
from & non-hydroxylic solvent producee the anhydride. In
special cases, anhydridee will form under other conditions.

The rirst organoboronic acid wae prepared in 1859 by
Frankland and Duppa137 when they obtained ethylboronlc acid
by the controlled oxidation of triethylboron followed by hy-
drolysie. The first aromatic boronic acid, benzeneboronic
acid, wae not prepared until several yesars later. This was
done by Michaelis and Becker138 by the hydrolysis of a
product resulting from the reaction Sétween boron trichloride
and diphenylmercury in a sealed tube at 180-200°. 1In the
years following this, progrese in the field of organoboron
chemigtry has been slow, relatively few compounds of this
type having appeared in the past 75 years.

Little use was made of the controlled oxidation tech-
nique since besidee the desired product, dlalkyl boronites
and trialkyl borates resulted.

137g, Franklend snd B. F. Duppa, Proc. Roy. Soc. (London),

568 (1859); 115, 319 (1860} ; £+ Prantiand, J. Chems
305,705, 1383 L1g0ay, M2

13BA. Micheells and P. Becker, Ber., 15, 180 (1882).
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In addition to benzeneboronic acid, several others in-
cluding m-tolueneboronlic ac1d139 and 2-chlorovinylboronilc acidlao
have been prepared from the mercury or mercurichloride compound.

The CGrignard reaction has been employed most extensively.,

Gilmen and Vernon141

reported the preparation of benzene-
boronic acid from phenylmagneeium bromide and trimethyl borate
in refluxing ether., Both 4-dimethylamino-l-naphthaleneboronic
acld and 4-methoxy-l-naphthaleneboronic acid were prepared from
the corresponding Grignard reagents (obtained from the bromo
compounds) and tri-n-butyl borate in ether solution at -15° and
-60°, respeotively.luz The 2-thiopheneboronic acid wae ob-
tained by rescting its Grignard reagent with trimethyl borsate
at a low temperaturelh3 and l-butaneboronic acld was obtained

from the reaction of butylmagnesium bromide and trimethyl
borate in ether solution at -700.1hu

139g, Khotinsky and M, Melamed, Ber,, 42, 3090 (1909).

I“OA. E, Borisov, Izvest. Akad. Neuk 8. S. S. R., Otdel.
Khim, Nauk, 402 (1951 TC. h., B8, 2995 (1952 .

141H Gllman and C. C, Vern
on, J, Am, Chem, Soc,, 48
1063 (1926). ’ P

142H R. Enyder and F. ¥, Wyman, J, Am, Chem., Soc,, 70,
234 (1948).

143J. R. Johnson, M. G, Van Campen and 0., Grummitt, J,
Am, Chem, Soc., 80, 111 (1938).

14“H. R. Bnyder, J. A. Kuck and J. R. Johnson, J, Am,
Chem, Soec,, 60, 105 (1938).
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The incorporation of organolithium compounds has bheen
used recently in this Lsboratory for the preparation of vari-
ous orgsnoboronic aclds. Benzeneboronlc acld was obtalned
in & high yleld by the reaction of phenyllithium with tri-n-
butyl borate in ether solution at a low temperature.lhs
Others which have been prepared similarly are the o~, m- and
p-hydroxybenzeneboronic aclds or anhydridea,1°5'1h6 h~phen-

oxathiinboronic acid,lu7 1-148 and 2-thisnthreneboronic acidlu?

and 4-dibenzothlopheneboronic acid.l49
The nitration of benzeneboronic acld using concentrated
nitric acld and concentrated sulfuric acid produced m-nltro-
benzeneboronic acidlsc while the go-nitrobenzeneboronic acid
wae obtained when the nitration wae carrlied out in acetic
anhydride.zz
Both o~ and m-aminobenzeneboronic acid were obtained by

reduction of the nitro compounds with ferrous hydroxlde.22

( §b53' J. Goodman, unpublished etudles, Iowa State College
1955).

146y, gy1man, L. Sensuccl, D. R. Swayampati and R. O.
Ranck, J, Am, Chem. Soc,, 79, to be published (1957).

147L. Sentucel and H., Gilman, J, Am., Chem, Soc., 79, to
be published (1957).

1l"eb. R, Swayampati, Doctoral Diesertation, Iowa Btate
College (1955).

(1955%496. Wilder, Doctorsl Dissertation, Iowa State College

(193{3501&. D. Ainly and F. Chsllenger, J, Chem, Soc., 2171
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Hydrogenatlon with a platinum catalyst produced the amines
alao.lsl
The m-aminobenzeneboronic acld was diszotlized and then
hydrolyzed to give the m-hydroxybenzeneboronic acid.22'26
The dlazotized compound wae also coupled with the m-hydroxy-
benzeneboronic acid to glve an azo dyc.26 Compounds of this
type will be discussed in somewhat more detsll lster on in
this sectlon.

Oxidatlion of o- snd p-tolueneboronic eclde with potes-
gelum permanganate produced the corresponding carboxybenzene-
boronic aclds.l52 The ethyl esters of m- and p-carboxybenzene-
boronic acid were produced by the reaction of the acid with
ethanol ueing sulfuric acid as the catalyst, the water being
removed by the addition of benzene which formed a ternary
azeotrope.153

Lzo dyes containing boron have been prerared by coupling
& dlazotized aminobenzeneboronlc acid with an active coupling
agent such as a phenol or aniline derivative; or by coupling
& hydroxyarylboronic scid with a diazotized amine derivative

such as g-nitrobenzenediazonium chloride.

1511". R. Bean and J. R. Johnson, J. Am, Chem, Soec,, 54,
L4ys (1932).

152y, X8nig snd ¥. Scharrnbeck, J, prakt. Chem., 128,
153 (1930).

153H. G, Fuivilae and A. R, Hendrickson, J. Am, Chem, Soc.,
74, 5068 (1952).
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26 27

Snyder and VWeaver and Snyder and Melsel prepared
geversl of these from m-hydroxybenzeneboronic acid. Coupled
with dlazotized p-sminobenzolc acid, 2-(p-csrboxybenzeneazo)-
S-hydroxybenzeneboronic acid was formed while tetrazotized
benzidine gave 4,4'-bie(2-borono-4-hydroxybenzeneazo)biphenyl.
Tetrazotized benzidinediboronic acid wae coupled with H acid
(1-amino-8-naphthol-3,6-disulfonic acid) to give a dye aleo.
In this Laboratory several dyes such as 2-hydroxy-5-(p-
bromophenylazo)benzeneboronic acld anhydride were formed from
o~-hydroxybenzeneboronic sacld anhydride;28 this particular one
originating from dlszotized p-bromoaniline., Table 2 lists
the azo boron dyee which have been prepared. Some of the
nomenclature has been changed to conform to Chemioa]l Abstracts.
Desplte the generally rigid conditlione employed in the
techniques of nitration, oxidation, and reduction as has been
discussed previously, the boronic acld group tends to remain
undisturbed. Nevertheless, deboronation 1s consldered to be
& Teclle process sBince the deboronation of arylboronic acids
can be accomplished by simply heating in water at an elevated
temperature, or for some of the more stable ones, by heating
in the presence of a little acld or base, The alkyl boronic
aclds are more stable to deboronation but are much more un-

pstable to oxidation than those of the aromatic series.

Chemical reagents such as hydrogen peroxide, halogens,
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Table 2. Azo boronic acids

Name of Compound

M.P., °C

Ref.

2,2'-(4,4'-Biphenylenebigazo)bls-
( 5- hydroxybenzeneboronic acid)
(8ee Figure 2a, Appendix.)

4,4+.B1s(8-amino-1-hydroxy-73, 6~
disulfo-2-naphthylazo)-2,2'-
biphenyldiboronic acid, tetra-
sodiunm salt

L,44-Bis(8~amino-l-hydroxy~5,7-disulfo-~
2-naphthylazo)-2,2'-biphenyldiboroniec
acid, tetra-sgodium selt

(See Figure 2b, Aprendix.)

L, 4'-Ble( hydroxynaphthylazo)-2,2'-
biphenyldiboronic acid
(See Figure 2¢, Appendix.)

4,4 Bla( 2-borono-4-hydroxyphenylazo)-
diphenlc acid

p-(2-Borono-4-diethylaminophenylazo)-
benzoic soid

1-{ 2~Borono-4-hydroxyphenylazo)-
benzolc acid

> 300 dec.

>340

>1340

240 dee.

> 300 dec.

248-250

254256

(26)

(27)

(27)

(27)

(26)

(26)

(26)
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Table 2, (Continued)

Name of Compound M.2., OC Ref.
Dye from scetoacetenilide and 174-175 dec. (27)
tetrazotized 4,4'-dilamino-2,2'- resolidified
biphenyldiboronic acid and melted
at 270-280
5-Hydroxy-2,3'-azodibenzeneboronic ~> 350 dec. (26)
acid
2-Hydroxy-5-(p-bromophenylazo)- 350-355 (28)
benzeneboronic acid anhydride (105)

(See Figure 24, Appendix.)

2-Hydroxy-5-(o-nitrophenylazo)- 236-238 (28)
benzeneboronic acid anhydride (105)
2-Hydroxy=-5-(m-nltrophenylazo)- 221-222 (28)

benzeneboronlc acid anhydride

2-Hydroxy-5-{p-nitrophenylazo)- 22242, 2 (28)
benzeneboronic acid anhydride

2-Hydroxy-5-(phenylazo)benzene- 236-238 (28)
boronic acid anhydride (105)
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cupric chloride and mercuric chloride have been used for the

cleavage of the boronic acld group.
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EXPERIMENTAL

Phenothiazine Derivatives

General

Chemicals. Phenothlazine NF, Purified, having a meltlng
point of 184-185°, obtained from the Eastman Xodak Co. or
furnished by the Dow Chemicel Co., was used in all experiments,.

Matheson, Coleman and Bell anhydroug liquid ammonis
having a purity of 99.97 or better was used for the experi-
ments requiring liquid ammonia. The sodium used in the liquid
ammonia experiments wag J. T, Baker purified lump sodium cut
into approximately £ inch cubes for laboratory use,

The tetrahydrofuran which wae ueed was Eastman Kodak Co.
White Label quality further purified and dried by refluxing
over sodium for approximately 24 hours followed by distilla-
tion over sodium., This operation wes usually carried out Just
prior to using the materlial. Other solvents such ag ether or
benzene which were used for reactions were of the best com-
mercizl quality available and were dried with sodium wire
before using.

The halogen compounde used for the N-substitutions were

also Eastman White Label or of equal quality. Many of these
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were obtalned from the Columbie Chemicsl Company. If only
lower quality material was avallsble, it was distilled or
recrystallized from a suitable solvent before use,

The lithium which wae used wae in wire form about 1/8
inch in diameter and was obtalned from the Lithlum Corporation
of America. Thie was cut into plecee 1/8 to 1/4 inch long
for use 1in the experiments.

The activated slumina used for chromatographic purifica-
tions was 80-200 mesh and was obtalned from either the Chicago
Apparetus Company or Wilkene-Anderson Company.

Other miscellaneous chemicals such as anhydrous sodium
carbonate, copper powder, etc. were of at least reagent grade
quality. The golvents used for recrystallizatlons ranged 1n
quality from technical for such chemicale ss petroleum ether
to pure for such chemlicals as absolute methenol or ethanol.

Apparatus. All of the reactions not utllizing enhydrous
liquid ammonis were carried out in regular standard-taper
flasks equipped with aglitator and the other necessary fittings
such as a reflux condenser and thermometer when such were re-
quired. Agltation, except where otherwlse indlcated, was
provided by a Trubore stirrer run at approximately 400 to 600
rpm. For a majority of those reactions in which llquld
emmonia wes employed, & 500-ml, cylindrlcal flask, previously
calibrated, wae used. Thie enabled a reasonably accurate

measurement of the 1iquid ammonia directly into the flask
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from the storage tank., Besides the usuel fittinge, this flaek
was equipped with e Dewar-type Dry Ice condenser which served
as the only means of keeping the 1iquld ammonie condensed in
the flask, Thie wae preferred to the use of a Dry Ice-acetone
bath slnce the temperature of the reaction mixture would al-
waye be at —330. the reflux temperature of liquld smmonia.

In & few experimente, speclal equipment was used and 1s
dlecussed under the section where 1t wae applied.

Inert atmosphere. In any reaction requiring a dry, inert
atmosphere the equipment which wes to be ueed for the reaoction
was drled overnight in an oven at 120-130°, was sssembled and
while st1l)l hot was swept with dry, oxygen-free nitrogen. The
contents of the flask were then kept under a slight positive
nitrogen pressure throughout the remainder of the reaction.
Commerclal, oil-pumped (99.9% pure) nitrogen passed through
a de-oxygenating agent (sodilum anthraquinone-j?-sulfonate)lsh
and drying agents (concentrated sulfuric acld and Drierite)
wae used.

Sodium smide end sodlophenothiazine. For the preparation
of some N-substituted phenothiezines, sodiophenothiazine was
reacted with & halogen compound in liquid ammonie. For a 0.1
mole run, 0.1]1 mole of sodium amide in liquid ammonia was

first prepared by the addition of 2.6 g. (0.11 mole) of sodium

154, 5. Brady, Anal, Chem,, 20, 1033 (1948).
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to the 1liquid ammonia. Following the additlon of the first
pleces of sodlium, & orystal of ferric nitrate wass added as a
catalyet. After stirring for sbout 1 hour or after the gray
color of the sodlum amide was very evident, 20 g. (0.1 mole)
of phenothilazine wae sadded and agitation was continued for
another hour before reacting the sodlophenothiagzine, which
had formed, with the halogen compound.

Sodiophenothisazine in tetrahydrofuran. Many reactions
were run or at least attempted by rescting a helogen compound
wlth sodiophenothiszine in tetrahydrofuran. For this, the
sodlophenothlazine was prepared in liquid ammonis as described
above., For a 0,1 mole run, 150 ml. of tetrahydrofuran was
then added and the ammonis wae permitted to evaporate, the
contents of the flask belng put under nitrogen before all of
the ammonis had escaped., When the reaction mass had warmed to
room temperature, the halogen compound was added and stirring
was continued for several hours at room temperature or at re-
flux, s8till in an inert atmosphere.

E—Butxllithium. This resgent was prepared uslng essen-
tlally the procedure of Gilman snd co—workera,155 but utilizing

a varlastion described by Oita.155 L few drops of a solution

155H. Gilman, J. A. Beel, C. G. Brannen, M, W. Bullock,
?. E.)Dunn and L. €. Miller, J, Am, Chem, Soc,, 71, 1499
1949).

( 156K. Olta, Doctoral Dissertation, Iowa State College
1955).
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composed of 172 g. (1.25 moles) of n-butyl bromide in 300 ml.
of anhydrous ether was added to a suspension of 20 g, (2.87
/9oles) of cut lithium wire in 400 ml. of anhydrous ether at

;@oroom temperature and under an inert atmosphere, The contents

4
J

of the flask were cooled to -30° and the remainder of the n-
butyl bromide solution was added over a period of 1.5 to 2
houre, the temperature being maintained at -30 + 50, After
the addition wae complete, agitatlon wae continued for 2 hours
at -30° and then for 2 more hours at -10° to 0°, The n-
butyllithium solution was then poured through a glass-wool
plug into a liquid-addition funnel where it was etored under
refrigeration until used. The yleld which wase ususlly between
85% and 95% was determined by the double titration method., 137

Miscellaneous, Several of the compounds whoee prepara-
tions are described are known snd were made to provide
starting material for other derivatives. In some of these,
however, some small variation was made in the published pro-
cedure sometimes leading to a better yleld of, or better
quality material. '

The structures of new compounds were based upon the
method of prepsration, quantitative elemental analysis and

informatlion which could be obtalned from the infrared spectra.

157H, Gilmen and A. H. Haubein, J, Am, Chem, Soc,, €6,
1515 (1944).
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These spectra were obtained as Nujol mulls by use of the Balrd
Double Beam Infrared Spectrophotometer of the Institute for
Atomic Resesrch, Iowa State College. Appreciation ie expreseed
to Drs, M, Masrgoshes, R, M. Hedges and R. D. Kross and to
Meesrs. R. McCord and E. M. Leyton, Jr. for the determination
of the spectra. These gpectra are on file,.

The melting points, which are uncorrected, were all ob-
tained ueing a previously unheated bath.

The compounds are not listed in the order of preparation
but ere listed in groups such as N-substituted phenothiazines,
N-gubstituted phenothiazine-S5-oxlides, etc. Under each of these

groups, the compounde are listed alphabetically.

N-Subs ed pvhenothiszine derivatives

10-Allylphenothiazine,31+36:33  this compound wae pre-
pared according %o the procedure of Champaign031 except that

e greater concentration (3.5 times se great) of eodiopheno-
thiaszine in liquid ammonie was used. One-half mole of sodio-
phenothiazine was prepared by the standard procedure by the
addition of 100 g. (0.5 mole) of phenothiazine to 0.55 mole
of sodium amide in 1000 ml. of liquid ammonia. Fifty-seven
grame (0,75 mole) of allyl chloride was then added over &
perlod of 1 hour. The ammonia was permitted to evaporate and

the remaining residue was extracted with benzene which wae
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chromatographed on & column of activated alumina. The column
was eluted with additional benzene. Evaporation of the ben-
zene from the eluate left 126.5 g. of a yellow oll which
represents a 106% yield of impure msterial. Vacuum distilla-
tion produced 110 g. (92%) of materiel having a boiling range
of 165-1709/0.7 mm. Shirley36,53 reported a 62% yield of
material having a boiling range of 187-195° (1 mm.). Thie

wag made in refluxing benzene using sodium carbonate as the
condensging agent and copper powder as & catalyst. ChampaigneBl
reported a crude yield of 95, 5%.

;O—SR-Bighenxlxl)phenothiag;ne. Twenty grams (0.1 mole)
of phenothiazine, 35 g. (0.15 mole) of p-bromobiphenyl, 12 g.

(0.113 mole) of anhydrous sodium cerbonate and 1 g. of copper
powder were estirred at 150-160° for 16 hours. Thie seemed to
be the maximum temperature which could be used without ex-
cessive sublimation of the p-bromobiphenyl during the early
setages of the reaction, After the 16-hour heating perlod, the
temperature wae raised to 200-210° where it was maintalned for
an additional 4 hours.

The unreacted p-bromobiphenyl was removed by steam dis-~
tillation, 15 g. (0,065 mole) being recovered. The £0lid re-
maining in the steam dlstillation flask was recovered by
filtration and wee dissolved in benzene. This was filtered
to remove the copper powder and wasg chromatographed on a

column of activated alumina, the column being eluted with
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additional benzene. Evaporation of the eluate left 29 g. of
& hard resinous meterial having a melting point range of 140-
1?0° and representing an 83% yield of crude materisl. Two
recrystallizatlons of this material from an acetone-water
syetem gave 20 g, (57.5%) of material heving a melting point
range of 174~178°. Further recrystallizations falled to im-
prove the melting point. The infrared spectrum showed no
absorption band for N-H and did show absorption bande charac-
terletic of gortho and para disubetltution.

Anel. Caled. for CpyHypNS: 8, 9.12. Found: 8, 9.24,
9.37.

Other preparations of this compound using the same pro-
cedure gave materlal of the same yleld and quallty.

-Big(10-phenothiazinyl )benzene, Twenty-four grams (0.12
mole) of phenothiazine, 16.5 g. (0.05 mole) of p-dilodobenzene,
12 g. (0.11 mole) of anhydrous eodium carbonate and 1 g. of
copper powder were stirred at 200° for 12 hours. During the
heating period it was necessary to sorape the sides of the
reaction vessel to re-introduce the sublimed p-dilodobenzene
back into the reaction mass. After cooling to room tempera-
ture, the hardened product was extracted with 1 1iter (in
gseversl small portions) of benzene. This was filtered to re-
move the insoluble inorgenic materlal. The benzene was
gtripped from the filtrate and the remaining residue was ex-

tracted with three, 20-ml. portions of absolute ethanol to
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remove any unreacted phenothlazine and p-dilodobenzene.
Twenty-one grams (89%) of materlial melting over the range of
234~238° remained, Thie wae dissolved in benzene and chro-
matographed on a column of activated alumina, the column being
eluted with additional benzene. Removal of the solvent from
the eluate left 18 g. of material melting at 248-250°. Re-
crystallization of thie from benzene gave 16.5 g. (70%) of
material melting at 253-255°, Another recrystallization of
this from an ethanol-benzene system falled to improve the
melting point. The infrared spectrum showed absorption bands
characterletic of ortho and para disubstitution, respectlvely,
and showed no characteristic N-H absorption band.

Anagl., Caled. for 030H20N252‘ 8, 13.57. Found: 8,
13.70, 13.70.

In another experiment a 55% yleld of material having a
melting point of 252-253° was obtalned. This was finished by
extracting the crude material with benzene, filtering and re-
ducing the volume of the solvent which caused the crystalll-
zation of product., Thie wase removed by filtration. Evapora-
tion of the benzene extract to drynese left a black residue
which was washed with absolute ethanol, redlssolved in benzene
and chromatographed on a column of activated alumina. The
column wae eluted with additional benzene. Evaporation of

the eluate left a viscous residue which was combined with the
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8011d portion 1solated from the original benzene extract and
recrystalllized agein from benzene,

p.p'-Bis(]0~-phenothiazinyl )biphenyl. (See Figure 1 ,
Appendix.) Twenty four grems (0.12 mole) of phenothiazine,
15.6 g. (0.05 mole) of p,p'-dibromobiphenyl, 12 g. (0,113 mole)
of anhydrous sodium carbonate and 1 g. of copper powder were
stirred at a temperature of 15-210° for a periocd of 24 hours.
An early low temperature (1500) was used to prevent excesslive
sublimatlion of the hselogen compound. The temperature was
gradually raleed as the reaction progreesed. After cooling
to room temperature, the reaction mass wae extracted with
benzene., Thie was filltered to remove the inorganic material
and waes then reduced in volume., Twelve and one-half grams of
materisl having a melting point range of 200-300° separated.
Thie was reorystallized agaln from benzene to give 5 g. (18%)
of material having a melting point range of 295—300°, with
decomposition. The material could not be purified further and
gave 2 low sulfur anslysis. The infrared spectrum d4id support
the structure, however, showing characteristic ortho and para
disubstitution bande and no absorption band characteristic
of N-H,

Anal, Calcd. for CagHpuNp8p: 8, 11.69. Found: 8,
9.27, 9.09.

10—§gnggmgbgngx;Zghenothiagine. One-tenth mole of sodlo-

phenothlazine was prepared by the usual method by edding 20 g.
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(0.1 mole) of phenothiszine to 0.11 mole of sodium amide in
100 mi. of liquid ammonis. The ammonis was then replaced with
150 ml. of tetrahydrofuran. A eolution of 27 g. (0.132 mole)
of o-bromobenzyl chloride in 150 ml. of tetrahydrofuran was
added at room temperature over & period of 15 minutes after
which stirring wese continued for 6 houre. The reaction mass
wae flltered and the solvent was removed by distillation
leaving 36 g. (97.5%) of brown resinous material.

Attempted chromatographic purificetion by passing a ben-
zene solution of the crude material through a column of
activated alumina followed by elution with benzene and evapora-
tion of the solvent from the eluate left a viecous oll which
falled to so0lidify. Reerystallization of a portion of this
from an ethanol-water system gave materiel having a melting
roint range of 91-93° but the cryetal formation wee poor.

Further purification of the chromatographed material by
vacuum distillation wae also inadequate since a large portion
of the materlal tended to pyrolyze. HMaterial bolling at 190-
200270.005 mm. wae collected. Thls was aleo resinous in
nature and crystallized wlth difficulty from an ethanol-water
system, Two recrystallizations from thls solvent system gave
a product melting at 90-920. The infrared spectrum showed
an absorption band characteristic of ortho disubstitution and

had no abeorption band in the region characteristic of N-H,
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Anal, Celed. for C19Hi5BrNS: S, 8.71. Found: £, 8.99,
9.01.

;Qf[ﬁ»(?-Chlorogulno;xlilghenoghiaging (attempted). Twenty

grame (0.1 mole) of phenothiazine, 30 g. (0.15 mole) of 4,7-

dichloroquinoline, 12 g. (0.113 mole) of enhydrous sodium
carbonate and 1 g. of coprer powder were heated at reflux for
several hours. Due to the excessive sublimation of the 4,7-
dichloroquinoline this technique was inadequate and no product
was obtalned. No other attempte using other techniquee were

tried.

10-§g-Dggx;zghenoghiaging,BI'je’SB Material of this type

was prepared previously in 9.4% yield by Shirley35.53 -

heating a mixture of phenothiazine, p-decyl bromide, sodium
carbonate and copper powder at 170-180° for 11 houre. Cham-
paigne31 prepared this compound Jaing the ligquid ammonia pro-
cedure and obtained an 86.7% yleld of orude materlal which he
wae unable to purify. In this new experimental work, several
reasctions were carried out in an effort to get a high yield
of pure material.

In 1iquid ammonia, One-tenth mole of sodlopheno-
thiazine was prepared by the standard procedure in 200 ml. of
liquid ammonia. Thirty-three grams (0.15 mole) of n-decyl
bromide was added and agltation was contlnued for 6 hours.
The ammonia was evaporated and the resldue was extracted with

benzene., The benzene extract was chromatographed on a column
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of activated alumina and the column was eluted with additional
benzene. The benzene was stripped from the eluate and the re-
maining material was vacuum dletilled to give 20.4 g. (60%)
of product boiling at 175-180°/0.5 mm. This was still con-
taminated with a red component and unreacted phenothlazine.
¥hen the concentration of sodliophenothilazine in liquid
ammonia wae increased to 1.5 and 2 times that used above, and
with the same finishing procedure being used, yields of 80%
and 68%, respectively, of material contaminated with pheno-
thiazine and the red component were obtained.

Extraction with petroleum ether (b.p., 60-70°) instead of
benzene followed by chromatographic nurification (uaing
petroleum ether as the eluent aleo) and distillation gave an
84% yleld of product free of any unreacted phenothiazine and
the red component. A concentration of 0.1 mole of sodiopheno-
thiazine in 150 ml, of ammonie was used in this experiment.

Use of high-speed counter-rotating agltation with a
ghorter reaction time (45 minutes) gave a 74% yleld of pure
product, Petroleum ether (b.p., 60-70°) was employed in the
finlshing step of this experiment.

Using ether as s solvent for the halogen compound.
One-tenth mole of sodiophenothiazine in 150 ml. of liquid

ammonia was prepared in the usual way. A solution of 33 g.
(0.15 mole) of n-decyl bromide in 100 ml, of ether was added

and agltation was continued for 6 hours. The solvents were
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then evaporated, snd the residue was extrscted with petroleum
ether (b.p., 60-70°). This extract was chromatographed on a
column of activated alumina, the column being eluted with
additional petroleum ether (b.p., 60-70°). The solvent was
stripped from the eluate and the remalning material was vacuum
distilled to give 28.5 g. (84%) of pure product bolling at
175-180°/0. 5 mm.

Using the seme procedure but with high-speed counter-
rotating agitation and shorter reaction times (1, 2, and 3
hours) ylelde of about 75% were obtained,

In tetrahydrofuran, One-tenth mole of sodiopheno-
thlazine was prepared in 150 ml. of liquid ammonia by the
standard procedure., The ammonis wae then replaced with 150
ml. of tetrahydrofuran and a sclution of 33 g. (0.15 mole) of
n~decyl bromide in 150 ml. of tetrahydrofuran was added
gslowly. Agitation was continued for 12 hours at room tempera-
ture. The tetrehydrofuran was removed by dlstillation, the
regldue was extracted with benzene, the benzene was stripped
off and the material remaining wes vacuum distllled., Twenty-
nine and one-half grames (86.5%) of material boiling at 175-
180°/0.5 mm., n2> 1.5853, aZ3 1.04k2 wae obtalned. Thie was
free of any unreacted phenothiazine or red component.
Shirley 8+ 53 peported a boiling point of 183-185°/0.5 mm.

Anel, Calcd. for szﬂngs: MRy, 110.84, Found: MRy,
111, 57.
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10-Ethylphenothiazine, 00! 31+ 32:37,44,49,107,122

compound was prepared previously in good yleld by several

This

workers,30.31,37,107,122 using the liquid ammonia procedure.
In the first preparations of this compound3°'31 using the
liquid ammonia technique e low concentration of sodiopheno-
thiezine in ammonia (0.15-0.19 mole/liter) wae used and the
time cycle used to complete the reactlon was quite long (8 to
12 houre). In a series of experiments which were run the con-
centration of sodiophenothiazine was incregsed in regular in-
tervale until & concentration of 1 mole/liter was reached.
The overall eize of the reaction (more liquid ammonia) was
also increcsed and the time cycle wae shortened to about one-
third of the original. Consistently higher ylelds (98-99%)
were obtalned at the higher concentrations than at the lower
concentrations (92-98%) and the material was characterized by
having a melting point 1 to 2° higher. The higher concentra-
tions made the additions of phenothliazine to the sodium amide
and ethyl bromide to the sodlophenothiazine a 1little more
troublesome but theee could be handled without incident 1if
the addltions were made at a slow enough rate. The best pro-
cedure for the preparation of 10-ethylphenothiazine follows.
Sodiophenothiazine (4.33 mole) wae prepared by the addi-
tion of 865 g. (4.33 mole) of phenothiazine to 4.76 molee of
sodium amide in 4360 ml., of liquid ammonia ueing the standerd

procedure. Seven hundred and ten grams (6.5 moles) of ethyl
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bromide was added slowly over & period of 1 hour. The liquid
emmonia was permitted to evaporate and the residue was ex-
tracted with hot benzene, 1.5 to 2 liters, added in seversl
portions, being required. This benzene extract was chroma-
tographed on a column of 900 g. of activated alumina., The
column was eluted with additlonal benzene, Removal of the
benzene from the eluate left 980 g. (99%) of 10-ethylphenothi-
azine having a melting point of 102.5-104°.

Some experiments were run in whioch the chromatographic
purification was eliminated. Thie led to a quantitative yleld
of material generally having a melting point of 99-101°,

10-(p-Nitrobenzyl)phenothiagine, (attempted). One~-tenth
mole of sodlophenothlazine was prepared by the addition of 20
g. (0.1 mole) of phenothlazine to 0.11 mole of sodium amide
in 120 ml. of liquid ammonia, The ammonia was then replaced
with 150 ml., of tetrahydrofuran. When the reactlion had reached
room temperature, a solution compoased of 24 g. (0,11 mole) of
p-nitrobenzyl bromide in 150 ml. of tetrahydrofuran was added
over a 10-minute period. Stirring was then continued for 24
hours at 20°. The mass was filtered to remove the inorganic
materisl and the tetrahydrofuran was distilled from the fil-
trate leaving 32 g. of black solid, This was dlssolved in
benzene and was chromatographed on a column of activated
alumina, the column being eluted with additional benzene. The

first eluent contained & large amount of unreacted phenothiazine,
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identified by melting point and mixture melting poing, and
another fraction which contalned 2.5 g. of materlzl melting
at 178-179°, Recryetallization of this from a benzene-
petroleum ether {b.p., 77-115°) system gave 2.3 g. of material
melting at 181-182°, Additlonal recrystallizations falled to
ralse the melting point further. A mixture melting polint with
en authentic sample of phenothlazine (185°) melted over the
range of 150~1?0°. The qualitative analysis indlcated nitro-
gen but gave no test for sulfur. 4 quantitative nitrogen
analyeie dld not agree with the calculated value for 10-(p-
nitrobenzyl)phenothiazine,

Anal, Calcd. for 019H1bN20281 N, 8.38. Found: N, 9.30,
9.48,

Since the compound contained no sulfur, 1t was thought
that the product might be p-nitrobenzyldiphenylamine which has
a calculated nitrogen value of 9.21%. However, the reported
melting point for this compound 1is 92—9b°.158 Coupling of the
p-nitrobenzyl bromide may also have occurred leading to p,p'-
dinitrodibenzyl. This has a calculated nitrogen content of
10.29% and a melting point of 180.5.159 Another poselbllity
that exlsts 1s 9-(p-nitrobenzyl)carbezole which hae a nitrogen

1583, Forrest, S. H. Tucker and M, Whalley, J, Chem.
Soec., 303 (1951).

1591, Heilldbron, "Dictionary of Organlic Compounds," Vol.
II, Oxford University Press, New York, N. Y., 1953, p. 371.
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content of 9.27%., This compound is not reported in the
literature. The infrared epectrum showed no charascteristic
N-H absorption band, but did indicate the nitro group. It
also showed a sharp abeorption band at 11.7«¢ and other less
pronounced absorption bande at 12.7«, 12.9.4, 13.3«, 13.8«,
and 14,4¢¢c, The materlal was not 1dentified definitely.

In another experiment in which a 36-hour reaction time
was used with an excees of p-nitrobenzyl bromide (32.5 g/0.15
mole), 4.75 g. of yellow needlee melting at 180-181° were
obtained.

10-(o-Nitrophenyl )phenothiazine (attempted). ®* 53 one-

tenth mole of sodiophenothlazine was prepared by the standard
procedure in 120 ml, of ligquid emmonia. The ammonia was re-
placed with 150 ml. of tetrahydrofuran and & solution of 36.6 g.
(0.15 mole) of go-lodonitrobenzene in 150 ml. of tetrahydro-
furan was added over a 10-minute period. Agitation wes con-
tinued for 15 houre at room temperature, The reactlion mass
wag filtered and the tetreshydrofuran was distilled from the
filtrate. The reeidue which remalned wae diesolved in benzene
and chromatographed of a column of activated alumlina, the
column being eluted with additional benzene. Several frac-
tione were collected but none of the material recovered from

these resembled 10-{g-nitrophenyl)phenothiazine (m.p., 156-
1570).36a53
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10~ (p-Nitrophenyl )phenothiazine (attempted).3%:53 Firty-

five hundredthe mole of sodlophenothiazine in 75 ml. of liquid

amronia wae prepared in the usual way. The ammonia was re-
placed with 75 ml., of tetrahydrofuran after which a solution
composed of 18.5 g. (0.075 mole) of p-nitroiodobenzene in 150
ml, of tetrahydrofuran was added over a 30-minute perlod.
Stirring was continued for 24 hours at room temperature, The
mees was filtered and the tetrahydrofuren was removed from
the filltrate by dletillation. The residue was examined but
none of the desired product was l1solated.
;O-QE—Octadecxl)ghenothiagine,Bl'36'53 This compound
haeg been prepared previously in a low yleld by Shirley36'53 by
heating a mixture of phenothiazine, n-octadecyl bromide, an-
hydrous sodlum carbonate ancé copper powder for several hours.
An unsuccessful attempt was made by Champaigne31 in which a
toluene solution of n-ootadecyl bromide was added to a mixture
of sodlophenothlazine in anhydrous liquid ammonla. Eeveral
experiments, some of which are deseribed below, were run in
thie current seriee in an effort to get a high ylelé of
produckt.

In liquid emmonia using high-speed agitation. One-
tenth mole of sodlophenothiagine was prepared by the stendard

procedure by the addition of 20 g. (0.1 mole) of phenothiazine
to 0.11 mole of sodium amide in 150 ml. of anhydroue liquld

ammonia, Fifty grame (0.15 mole) of molten n-octadecyl bromide
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was added and stirring with a high-gpeed counter-rotating
agitator was continued for 3 hours, The ammonla was evaporated
and the resldue was extracted with petroleum ether (b.p., 60-
70°)., Thie was filtered and then chromatographed on a column
of activated alumina, the column being eluted with additional
petroleum ether (b.p., 60-70°), Evaporation of the eluate
left 7.5 g. (17%) of orude vroduct melting at 42-44°, Reorys-
tallization of this from an ethanol-water system gave 5.8 g.
(12.9%) of material having a melting point of 52-52,5° and
which showed no depression in melting point when mixed with
an suthentic sample (53°).36

A few varlations were made in this procedure which 4id
not give as good ylelds. These included the addition of sodlo-
phenothlazine in liquid ammonia to & dispersion of n-octadeoyl
bromide in liquid ammonia (5% crude yleld), eodiophenothiazine
in 11quld smmonia added to molten (40-50°) n-octadecyl bromide
(10% crude yleld), and ground (28 mesh) n-octadecyl bromide
added to sodlophenothlszine in liquid ammonia (5% crude yield).

Us various solvents for the en_compound

One-tenth mole of sodiophenothlazine was prepared as above in
150 ml. of anhydrous liquid ammonla. A eolution of 50 g.
(0.15 mole) of n-octadecyl bromide in 150 ml, of ether wase
added and agltation was continued for 7 hours, A 4-bladed

propellor-type asgitator run at about 1200 rpm was ueed for
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this. Evaporation of the solvents left 25 g. (55%) of crude
materlal which on recrystallization from an ethanol-water
system gave 11.5 g. (25%) of materisl melting at 42-43°.

Using 100 ml. of ammonia for the sodlophenothiazine and
200 ml. of ether for the halogen compound gave 32.8 g. (72.5%)
of orude material melting at 40-43° which on recrystallization
gave a 404 yield of pure (53°) material., Using these same
amounte of ammonis and ether but with inverse addition, a 53%
yield of materisal melting at 53.5° was obtained. Using a
higher ratio of ether to ammonis did not show any advantages.

When the sodlophenothlazine was added to an n-pentane
solution of n-octadecyl bromide a 6% crude yleld of product
was obtained., Using this inverse addition with tetrahydro-
furan as a solvent for the halogen compound, 36% of pure
materlsl was produced and with ethylene glycol dimethyl ether
with the inverse addition & 49% yield of pure material re-
sulted. Using normel addition, with ethylene glycol dimethyl
ether a 54% yleld of material melting at 53-54° was obtained.

Ueing tetrehydrofuran or ether for the halogen com-

pround and replacing the ammonia with the same solvent. One-
tenth mole of sodiophenothiszine waes prepared by the standard

procedure by the addition of 20 g. (0.1 mole) of phenothiazine
to 0.11 mole of sodium amide in 150 ml. of liquid ammonia.
The emmonia wae then replaced with 150 ml. of tetrahydrofuran,

A solution of 50 g. (0.15 mole) of n-octadecyl bromide in 150
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ml. of tetrahydrofuran wae added over s period of 2 hours and
agitation was continued et room temperature for 32 hours. The
tetrahydrofuran was removed by distillation, and the residue
wag extracted with benzene. Thie extract was filtered, the
benzene wae stripped off and the excess n-octadecyl bromide
was removed by vacuum distillation. The remaining undistilled
portion weighed 47 g. (104%) and had a melting point of 44-45°,
Recrystallization of this from an ethanol-water system gave
40.5 g. (90%) of material having a melting point of 53-54°.
A repeat of this experiment gave the same results.

Refluxing the tetrshydrofuran golution of the reactants
showed no advantages.

When ether wae substlituted for tetrahydrofuran as a
solvent for both the halogen compound and the sodiophenothi-

azine & much cruder product wae formed., Thie was not purified.

Phenothiazine:boron trifluoride complex.
In ether (attempted). Seven and two-tenthe grams

(0.036 mole) of phenothiazine was dissolved in 180 ml. of
ether at reflux under a nitrogen atmosphere, Heating was dis-
continued and 4.5 ml., (0.036 mole) of boron fluoride ethyl
ether was added over & 5-minute perlod., Agltation wae con-
tinued for 3 houre at 30°. Some of the ether was removed.
When the volume was reduced sufficlently, a solid melting at

182-183° separated. This was removed by filtration and
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identified as phenothlazine by melting point and mixed melting
point,

In benzene. Seven and two-tenths grame (0.036 mole)
of phenothiszine was dissolved in 250 ml. of benzene at 25° in
an atmosphere of nitrogen. Four and one-half milliliters
(0.036 mole) of boron fluoride ethyl ether was added over &
2-minute period. Thie caused a change in color from a light
yellow to a dark red and the separatlion of a eolld material.
Slow evaporation of the solvent caused the separation of needle
crystals having e melting point of 158-160°. Some other solid
also eeparated. The needle cryetels gave a poeitive test for
boron, but attempts to purlify the materisl further falled be-
cause of 1lts inetabllity.

10-( & -Phenylethyl Jphenothiszine (attempted), One-tenth
mole of sodiophenothiazine was prepared by the usual procedure
in 100 ml. of liquid ammonla. Five and one-half grames (0,11
mole) of 43-phenylchloroethane was added and etirring wae con-
tinued for 4 hours. The ammonlia was permitted to evaporate
and the remaining residue was extracted wlith benzene glving a
red solutlion, This wae chromatogranhed on a column of acti-
vated alumina, the column belng eluted with additlional benzene,
Evaporation of the solvent from the eluate left 21 g. (70%)
of material melting at 174-175°. Recrystallization of this
from an ethanol-water eystem falled to increase the melting

point. The materiasl was green in color and was considered
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to be impure. No further sttempte at purification were
made,
10-Phenylphenothiazine .36+ 49,128,160
In tetrahydrofuran (attempted). One-tenth mole of

sodlophenothiagzine wes prepared in 150 ml. of liquid ammonia

by the standard procedure, The ammonia wee then replaced with
150 ml. of tetrahydrofuran. A solution composed of 30.8 g.
(0.15 mole) of ilodobenzene in 150 ml., of tetrahydrofuran was
added and stirring wes continued for 32 hours at room tempera-
ture, The resction mase wae filtered and the tetrahydrofuran
wags removed by dietillation., Examination of the reslidue which
remained indicated that no 10-phenylphenothiazine had¢ formed.

When a similar resction was run for 32 houre at reflux
(65°) no product was isolated either,

Using the no-golvent method. The procedure used by

Shirley36’49 wae used with some variation being made in the
finishing procedure. One hundred grams (0.5 mole) of pheno-
thiazine, 153 g. (0.75 mole) of iodobenzene, 60 g. (0,57 mole)
of anhydrous sodium carbonate and 5 g. of copper powder were
gtirred at reflux for 15 houre. The exceee iodobenzene was
removed by steam distlillation. The s0lid remeining in the
flask wae recovered by filtretion. This had a melting point
range of 84-90° and weilghed 140 g. (98%).

160G, Finzi, Gazz. chim. ital., 62, 175 (1932) [C. A.,
26, 4338 (1932)] .
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One fourth (35 g.) of the crude material was recrystal-
lized from glacial acetic acid to give 14 g, (10%) of material

melting at 94.5-96° (1iterature value, 94.5°)u9

« The material
wag contaminated with a greenish-blue color which origlnated
from the copper vowder,

The remaining amount of crude materlel waeg vacuum dis-
tilled. Ninety-one grams (66%) of materisl melting at 87-90°
(b.p., 170-175/0.05 mm. ) wae obtained. This material was re-
crystallized from glacial acetic acid to give 80 g. (58%) of
material melting at 9%4.5-95,.5°.

It wae aleo found that purification by chromatographic
techniques using benzene or petroleum ether (b.p., 60-700) on
activated alumina might also be possible.

10-( ¥ -Phenylpropyl)phenothiazine (attempted), One-tenth

mole of sodlophenothlazine waes prepered in 100 ml. of liquid

ammonis by the standard procedure. Seventeen grame (0.1l mole)
of Y -phenylchloropropane was added and agitation was con-
tinued for 4 hours. The ammonia was permitted to evaporate
and the residue was extracted with benzene. This was chromato-
grephed on & column of activated alumina, the column being
eluted with additional benzene., Eveporation of the solvent
from the eluate left 23 g. (72%) of material melting at 150-
151°, Reecrystallization of this from ethanol-water gave
material having a melting point of 172-174°. This material
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wae green in color indicating that it was still impure. No

further purification was done,

10-(2-Pyridyl)phenothiazine.
In 1iquid emmonie gattemgtedz. Five hundredths of

8 mole of sodiophenothlazine was prepared in the usual manner

in 150 ml. of liquid ammonia. Eight and one-half grames (0.075
mole) of 2-chloropyridine was added and agitation was contin-
ued for 6 hours. The emmonis was permitted to evaporate and
the resldue was extracted with benzene, This was filtered

to remove any lnorganic salte and the flltrate was chromato-
graphed on a eolumn of sctivated alumina, the column beling
eluted with additional benzene. Evaporation of the solvent
from the elusate left & semi-s0lid materlal which was extracted
with ethanol. An insoluble solid (1.6 g.) having a melting
point range of 160-200° remsined. This could not be purified
further., No worthwhile material could be recovered from the
ethanol extract.

In tetrahydrofuran (attempted), Five hundredths of a
mole of sodlophenothiezine wae prepared in 150 ml, of liquid
ammonia by the standard procedure. The ammonla wae then re-
placed with 75 ml. of tetrahydrofuran. When the reactlon mass
had reached room temperature a solution of 8.5 g. {0.075 mole)
of 2-chloropyridine in 75 ml. of tetreahydrofuran wae added dur-
ing & period of 15 minutes., Agitation was continued for 18

hours at room temperature after which the solvent was removed by
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dletillation. The residue was extracted with benzene which
was filltered to remove the inorganic materlal. Removal of the
bengzene left 14.5 g. of material having a melting point of
149-150°, Recrystallization of thie from an acetone-water
system gave 4.5 g, of material melting at 177-179° and 4,5 g.
melting at 165-1700. Thie latter meterial was subjected to
vecuum sublimation to give a product having & melting point of
182-183%. This meterial showed no melting point depression
when mixed with an authentic sample of phenothiazine (m.p.,
185°).

In another attempt to prepare thie compound in tetra-
hydrofursn, 2-bromopyridine wae used and etirring was carried
out for 50 hours at room temperature, Thle aleo was unsuc-
cessful.

Uging kerosene as a solvent (attempted), Twenty
grams (0.1 mole) of phenothiazine, 23.7 g. (0.15 mole) of 2-
bromopyridine, 20.7 g. (0.15 mole) of anhydrous potassium car-
bonate, 1 g. of copper-bronze powder and 250 ml. of kerosene
(b.p., 190-218°) were stirred at reflux (203°) for 50 hours. The
kerosene and the unreacted 2-bromopyridine were then removed by
steam distillation. The remaining so0lid was recovered by fil-
tration and was extracted with acetone, This acetone extract
wag flltered and the filtrate wes evaporated leaving 37 g. of

& black semlsolld material having & melting point range of



110

100-1500. This materisl wae sublJected to vacuum distillation
but no product could be isolated.

Using the no-solvent method, Twenty grams (0.1 mole)
of phenothliazine, 13.7 g. (0,15 mole) of 2-bromopyridine, 12.5

g. (0.109 mole) of anhydrous sodium carbonate and 1 g. of
copper powder were stirred at reflux for 15 hours. After
cooling to room temperature, the reaction mass was extracted
with hot water to remove the soluble salts and was then as-
pirated to remove any water and unreacted 2-bromopyridine,.

The remaining solild was sublected to vecuum distillation. A
portion of the materisl distilled at 170-175°/0.03 mm. to give
& viscous product which gradually solidified on standing.

This materisl was recrystasllized from &n ethanol-water system
to give 7.5 g. (27.1%) of material melting at 109-110°,

The undistilled portion was dissolved in benzene and
chromatographed on a column of activated alumina, the column
being eluted with additional benzene. Evaporation of the
solvent from the eluent left 19 g. (68.9%) of material having
& melting point of 90-93°. This wase recrystallized from an
ethanol-water system to give 7.0 g. (26%) of material melting
at 107-108°,

The infrared spectrum confirmed the structure showing
charzcteristic absorption bande for C = N and g-disubstitution.

The K-H absorption band was sabsent.



111

Anal, Celed., for Cl7H12NZS: S, 11.59. Found: B8,
11.66, 11.48.

In another experiment starting with 0.3 mole of pheno~
thiazine, 59 g. (71%) of material having a melting point of
107-108° was obtained by vacuum dilstillation of the crude
material. Reecrystallizatlion of thies from an ethanol-water
system gave 51 g. (62%) of material melting at 108-109°,

10-(2~-Pyridyl)phenothiszine:boron trifluoride complex,
Five and one-half grame (0,02 mole) of 10-(2-pyridyl)phenothi-
ezine was dissolved in 100 ml. of benzene under asn atmosphere
of nitrogen. Five milliliters (0,04 mole) of boron fluoride
ethyl ether was added at room temperature over a period of 1
minute., Immediately upon the addition of the boron compound
e yellow 80lld precipltated. Agitation was continued for 3
hours after which the g0lid was removed by filltration and dried.
When the materiesl became dry, the yellow color was lost, the
material then appearing white. Seven and one-half grams of
product having & melting point range of 278--300o wae obtalned.
The materilal wes recrystalllized from ethanol to give 4.4 g.
(60% based on the nitrogen analyeis) of material melting at
305-310° with preliminary eoftening at 2950. Another recrys-
tallization from ethanol failed to ilncrease the melting point.
Evaporation of the recrystallizing llquors to dryness left
material having e melting point of 307-308° with preliminary
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goftening at 240°, The infrared spectrum showed the charac-
teristic absorption bands for ortho disubstitution,

Ansl, Caled. for (CypHjpNp8)5:(BF4)g: N, 7.31. Found:
N, 7.47.

Note that the anslyels corresponds to two moles of 10-

( 2-pyridyl)vhenothiazine to three moles of boron trifluoride.
Some of the compound was suspended in water &t room
temperature to determine the ease of hydrolysis, After being

in contact for 12 houre, the solld was flltered off and ex-
amined, The material melted at 108-110° and showed no depree-
eion in melting point when mixed with an authentic sample of
10-(2-pyridyl)phenothiazine. BShorter periods of hydrolysis

were not investigated.

;o-fZ-Quino;xllphenothiazing,
In tetrahydrofuran gagtemgted}. Five hundredths of

e mole of sodlophenothiazine was prepared in 100 ml. of liquid
ammonia by the standard procedure, The smmonis was then re-
vlaced with 130 ml. of tetrahydrofuran., When the materisal

had warmed to room temperature a solution composed of 14,25

g. (0.075 mole) of 2-chloroquinoline in 160 ml. of tetrshydro-
furan was added over a l5-minute pepiod. Stirring was con-
tinued for 12 houre at room tempéfature. During this time

the color changed from a black to a light yellow and an in-
goluble subetance formed indicating thet some reaction had

possibly occurred., However, a work up of the reaction mixture
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by filtration followed by distillation of the solvent and re-
crystallization of the residue from ethanol, or sublimation,
gave only rhenothiaszine, identiflied by melting point and mixed
melting point.

No-solvent method. Twenty grame (0.10 mole) of

phenothiazine, 24.5 g. (0.15 mole) of 2-chloroquinoline, 12
g. (0.113 mole) of anhydrous sodium carbonate, and 1 g. of
copper powder was gtirred st reflux for 15 hours, After
cooling to room temperature the crude mass was extracted
several times with hot weter to remove any soluble material.
An effort was made to distill the residue under vacuum, but
this wes unsuccessful., The materlial could not be recrystal-
1ized succeesfully from ethanol, petroleum ether (b.p., 60-
70°), acetone-water or acetlc acid.

Another run wae prepered as above except that the mixture
wae stirred at reflux (220-230°) for 48 hours. After cooling
to room temperature, the mess was extracted wlth hot benzene.
The benzene was stripped off and the remaining residue was
subjected to vacuum distilletlon. Four grame of 2-chloro-
quinoline was recovered. The undietilled portion was redis-
golved in benzene and chromatographed on a column of activated
alumine, the column being eluted with additlonal benzene.
Eight fractions, all of which gave a vigcous yellow oil after
evaporation of the solvent, were collected. These were com-

bined and recrystallized from an ethanol water system to glve
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14 g. (43%) of material having a melting point of 126-128°.
The materlal was etill quite colored (yellow) and belleved to
be somewhat impure, However, repeated recrystalllzetions
falled to reise the melting point. The infrared spectrum
supported the structure showing characterlistic absorption
bands for 1,2,4 trisubstitution, orgho disubstitution and the
C = N, There was no N-H absorption band present.

Anal, Calcd, for 021H15N28: S, 9.79. Found: 8,
10.35, 10.19.

10-(Triphenylmethyl )phenothiazine (attempted).

In tetrahydrofuran, One-tenth mole of sodlopheno-
thlazine was prepared by the standard method, The ammonla was
then replaced with 150 ml. of tetrahydrofuran. After the mass
had rezched room temperature, & solution of 42 g, (0.15 mole)
of triphenylmethyl chloride in 150 ml. of tetrahydrofuran was
added slowly over & 2-hour perlod, Stirring wae continued
for 32 hours at room temperature, The tetrahydrofuran was
then removed by distillation and the resldue was extracted
with benzene, This was chromatographed on a column of acti-
vated alumina, the column being eluted with additlonal benzene.
Removal of the benzene left a solild which wae extracted with
acetone, The ineoluble portien had a melting point of 225-
230° after first showing esigne of decomposition at 190-1950.

Attempte were made to recrystallize this from both toluene and
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glacial acetlic acid, but without succeses, Other methods of
purification also feiled.

In another gimilar experiment, the excess triphenylmethyl
chloride was removed by vacuum distilletion leaving a solid
material having & melting polint range of 140-160°, Efforts
to purify this also falled.

In liquid ammonie, One tenth mole of sodlophenothil-
azine was prepared in the usual manner in 150 ml. of liquild
ammonia. Forty-two grams (0.15 mole) of triphenylmethyl
chloride wae added and sgitation wae continued for 4 houre.
After the ammonla had evaporated, the remsining residue was
extracted with benzene and riltered. No method wae found to
purify the material,

10-( Y -Triphenyleilylpropyl Jphenothiazine (attempted).

Three and eight tenths grame (0.016 mole) of 10-allylphenothi-

azine, 26 g. (0.1 mole) of triphenyleilane, 0.32 g. (0,0013
mole) of benzoyl peroxide and 35 ml, of hexane were gtirred
at reflux for 14 hours. The hexane was then removed by dis-
tilletion and the unreacted triphenylsllane by vacuum distil-
lation., None of the desired product wae lsolated.

Another reaction which wae carried out between 75 and
80° for 14 hours also failed to give any product.

Additions of triphenylsilene to a double bond have been
reported.l61

(1954§51H. Merten and H, Gilman, J, Am, Chem., Soc., 76, 5798
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N-Substituted phenothiazine-5-oxide derivatives

10-(n-Decyl)phenothiazine- 5-oxide, Ten grams (0,0295

mole) of 10-{p-decyl)phenothlazline was dissolved in 600 ml,
of refluxing absolute ethanol., Twenty-five millilitere (0.24
mole) of 30% hydrogen peroxide was added and stirring at re-
flux was continued for 6 hours., Three hundred and flfty
milliliters of the solution was removed by distillation and
the remainder was poured into 1250 ml, of water and refriger-
ated overnight. Ten and one-tenth grame of msterial having a
melting point of 93,5-95% crystellized from the solution.
This represents & yleld of 93%. Recrystallizatlon of the
material from an ethanol-water system gave 9.2 g. (90%) of
material melting at 97-98°. Another recrystallization failed
to reilse the melting point.

The infrared spectrum showed the characteristic sulfoxide
abeorption band.

Anal, Caled. for CpoHgNOS: 8, 9.02. Found: B8, 8.87,
9.00.

In another experiment in which a greater concentration
of reactants was employed (102 g. of 10-(n-decyl)phenothiazine
in 2250 ml. of absolute ethanol oxidized with 93 ml. of 30%
hydrogen peroxide followed by removal of 1500 ml. of solvent
and pouring into 3700 ml, of water previously heated to 75°)
99 g. (93%) of material melting at 97-98° and § g. (5%) of
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materisl melting at 91-92° were obtained, this last portion
after concentration of the flltrate.

10-Ethylphenothiazine-5-oxide, 30+ 31,37,122,125 ppig com-
pound has been prepared previouely by & number of workers,
The preparatlion described here was run at conditlons of higher
concentration. Three hundred and ninety greme (1.72 mole)
of 10-ethylphenothlazine was diesolved in 4300 ml, of re-
fluxing absolute esthanol. Five hundred and forty milliliters
(5.25 moles) of 30% hydrogen peroxide wae added and stirring
wae continued for 5 hours &t reflux. Thirty-one hundred mil-
liters of the solvent was removed by distlllation and the re-
maeining undistilled portion wae poured into 21 liters of water
previously heated to 80°. Upon cooling, 405 g. (97%) of
meterial melting at 161-162° erystellized from the solution.
The reported melting point for this compound 1is 162—1630.125

Other experiments, in which the same concentrstion of
reactante was used, consistently gave ylelds above 95%. This
ie approximately 10% greater thsn the amount of material which
could be obtalned using lower concentrations (0,572 mole of
10-ethylphenothiazine in 4300 ml. of absolute ethanol). This
lower yleld at the lower concentratlons was also experlenced
by plen13? ana Champaigne.31

Other oxidations of l0-ethylphenothiazine using unpuri-
fied materisl (99-101°) and recovered solvent were run without

affecting the yleld or quality of the final product adversely.
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Dieh1162

indicated that if the oxldation were run under
an atmosphere of nitrogen the final product conslistently would
come out white instead of a light pink which usually persists
wvhen an alr atmosphere ig used, Thisg wae tried in several
experiments and subsetantiates this technique.

10-(n-~-0ctadec henothiazine- 5-oxide 36,53 This compound
was prepared using escentislly the same procedure as Shir-
ley36'53 except that a greater concentration of reactants was
used. Ninety grame (0.2 mole) of 10-(n-octadecyl)phenothia-
zine was dlssolved in 2000 ml. of refluxing absolute ethanol.
Bixty millilitere (0.59 mole) of 30% hydrogen peroxide was
sdded and stirring was continued at reflux for 5 hours. Fif-
teen hundred milliliters of the solvent wae removed by distil-
lation and the remaining undistilled portion was poured into
2500 ml. of water previously heated to 80°. Upon cooling %o
room temperature, 92 g. (98%) of material having & melting
roint range of 90~95° separated. Recrystallization of this
from an ethanol-water system gave 90 g. (96%) of material
melting at 95—960. Additional recrystallizations falled to
ralse the melting point further. A mixture point with an
authentic specimen (98°)38+53 gnowed no depression. sh1r1e335o53

reported a 53% yleld of this material.

162J. W, Diehl, private communication, Iowa State Col-
lege (1953).
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10-Phenylphenothiazine-5-oxide. 5* 53 Thie compound was
prepared in a manner eimilar to that described by ShirleyBs'S3

except that a smaller concentration of hydrogen peroxide was
used. Twenty-one and one-half grams (0.075 mole) of 10-phenyl-
phenothiezine was diesolved in 500 ml., of refluxing absolute
ethanol in an atmosphere of nitrogen. Twenty-five milliliters
(0.245 mole) of 30% hydrogen peroxide was added and stirring
was contlnued at reflux for 5 hours. Three hundred milli-
liters of the spolvent wae then removed by distillation and

the remaining undistilled portlon was poured into 925 ml. of
water which had been heated previously to 80°. Upon cooling
to room temperature, 21.8 g. (100%) of material melting at
1?2~173° crystallized. Recrystallization of thle from an
ethanol-water system falled to raise the melting point.
Shirley36'53 reported a 71% yleld of material having a melting
point of 170-171°.

10-{ 2-Pyridyl)phenothiazine-5-oxide, Thirteen and eight-
tenths grems (0.05 mole) of 10-{2-pyridyl)phenothlazine was
disgolved in 333 ml. of refluxing absolute ethancl. The
eolution was covered with & nitrogen atmosphere and 17 ml.
(0.167 mole) of 30% hydrogen peroxide wee added after which
the reaction was stirred at reflux for 5 hours. Two hundred
milliliters of the solvent was removed by distillation and
the remaining portion wae poured into 620 ml., of water which

had been heated previously to 80°. Upon cooling, 10.3 g. of
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white needles having a melting point range of 129-133° and
3.4 g. of solidified oll drope melting over the range of 121-
126° separated. These combined weights represent a crude
yield of 94%. The crude wes recrystallized from an ethanol-
water system to give two fractions of material, the firet
welighing 5.5 g. (38%) and melting at 156-157° and the second
weighing 4.5 g. (31%) and melting over the range of 125-132°,
Another recrystalllization of the gecond fraction from an
ethanol-water system falled to increase the melting point.
Recrystallization of the firet fraction from this same sol-
vent system gave material now melting over the range of 120-
158°,

It wee observed that the lower melting materisl crystal-
1ized in needlee while the higher melting form crystallized 1in
prieme, Both forme had identical infrared spectra.

Anal, Caled., for 017H12N208: 8, 10.97. Found: 8
(needle form), 10.47, 10.52; & (priem form) 10.59, 10.72.

Both forme of material were combined and recryetalllized
from benzene to give a product melting at 157-158° after
showing decomposition between 120-157°. Another recrystalli-
zation from a benzene-petroleum ether (b.p., 60-70°) system
raised the melting point to 158.5-159.5° and £t1ll another one

falled to change 1%,
The infrared spectrum of the compound indicated the

presence of the sulfoxlde group.
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Anal, Cgled. for 017H12N208: S, 10.97. Found: 8,
10,62, 10.81.

N~-Substituted phenothiazine-5, 5-dioxide derivatives

10-(n-Decyl)phenothiezine-5, 5-dioxide, Seventeen grame

(0.05 mole) of 10-(n-decyl)vhenothiazine was dissolved in 290
ml. of glaclal acetic acid at 70°. Sixteen milliliters (0.154
mole) of 30% hydrogen peroxide was added cauging the formation
of a deep red color. Stirring wes continued for 1.5 hours at
80° after which an additional 5 ml. (oihs mole) of 30% hydro-
gen peroxide was added, This caused no apparent change in
the reaction. One hundred and ninety milliliters of the
solvent was removed by distillation. Upon cooling, 13.5 g.
(73%) of pink-brown materiel having a melting point of 93-
95.5° geparated. Recrystallization of thie from an ethanol-
weter system produced 12.1 g, (67%) of material having a
melting point of 95.5-96.5°. Additional recrystallization
did not raise the melting point.

Anal, Calod. for CypHygNO,S8: S, 8.65. Found: 5,
8.49, 8,50,

An additional 4,7 g. of a brown semi-golid materlal was
recovered by dllution of the acetic acid filtrate from the
resction mixture with water, No effort was made to purify

this.
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0-Et henothiazine-§, 5-dioxi e.30v31.37,44

prepared following the method described by Champaigne.31 One

This was

hundred and sixty-two grams (0.714 mole) of 1l0-ethylphenothi-
azine was dissolved in 4130 ml. of glacial acetic acid at 70°.
Pwo hundred and twenty milliliters (2.18 moles) of 30% hydro-
gen peroxide was added and stirring was continued for 1.5
houre at 80°., An additional 66 ml. (0.65 mole) of 30% hydro-
gen peroxide was added with no apparent change. Three thousand
millilitere of the eolvent was removed by distillation and
after the undistilled vortion had cooled, 121 g. (65%) of
meterisl having a melting point of 161-162° separated. Dilu-
tion of the acetic acld flltrate with water gave an additional
37 g. (20%) of material hsving a melting point of 153-154°,
Recrystallization of this from glacial scetic acld gave 28 g.
(15%) of material melting at 161-162°. Champalgne31 reported
82 to 95% ylelde of material having a melting point of 161~
163°.

Another experiment was carried out in which unchromsato-
graphed l0~-ethylphenothiazine was used as the starting materlal
(m.p., 100-102°), From 0.714 mole of 10-ethylphenothiazine,
126 g. (68.2%) of product having a melting point of 159-161°
crystallized from the acetic acid solution. Dilution of the
acetic acid filltrate with water gave an additional 30 g.
(16.2%) of material heving & melting point of 152-155°.
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Recrystallization of this from glaclal acetic acid resulted

in 21 g. (11.3%) of materisl with a melting point of 160-161°.
10-(n-Octadecyl)vhenothiazine-5, S-dioxide. Twenty-two

and one-half grams (0.05 mole) of 10-(n-octadecyl)phenothla-

gine was dlsesolved in 300 ml. of glaclal acetic acid at 80°,
Fifteen milliliters (0.147 mole) of 304 hydrogen peroxide was
added and the reaction wae stirred for 1.5 hours, the tempera-
ture being maintained at 80°. £n additionsl 10 mi. (0,098
mole) of 30% hydrogen peroxide waee added causing no change in
the reaction. Upon cooling to room temperature, 22 g. (91.5%)
of materisl melting et 93-93.5° separated. Recrystallization
of thie from absolute ethanol failed to incresee the melting
point., The infrared spectrum showed an absorption band
charzcteristic of the sulfone.
Anal. Caled. for CqpHygNOpS: S, 6,63. Found: 3,

6.64, 6.71.

0-Phe ] higzine- dioxide 160 Twenty and one-
half grame (0.075 mole) of 10-phenylphenothlazine was dissolved
in 440 ml. of glaolal acetic acid at B0° to give a green solu-
tion., Twenty-threc millilitere (0.225 mole) of 30% hydrogen
peroxide was added cauelng a change in color to red, The
reaction was stirred at 80° for 1.5 hours during which time
the color changed to & light orange. Two hundred and fifty
milliliters of solvent was removed by dlstillation under a

partial vacuum provided by a water aspirator. The solution
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became derk red during this time. Vhen the solution had
cooled to room temperature, 19 g. (83%) of orange cryetals
melting over the range of 205-208° sepsrated. An addltional
2 g. (8.7%) of material having a melting point range of 190-
200° was obtained upon dilution of the acetic scid filtrate
with water, These two amounts were combined and recrystal-
lized from absolute ethenol to give 20 g. (87%) of materiel

melting sherply at 211-211.5°. Finz1180

reported a melting
point of 204-20%°,

The infrared epectrum showed the charscteristic absorp-
tion band for the sulfone group.

Anal, Celcd. for CygH 4NOp8: 8, 10.43, PFound: 8,
10,36, 10,.81.

10-( 2-Pyridyl)phenothisgine~5, 5-d4ioxide, Two and three
tenthe greme (0.007 mole) of 10-(2-pyridyl)phenothiazine-1!,
5,5-trioxide, 2.2 g. (0.04 g, atom) of iron powder, and 30 ml.
of glacial acetic acid were stirred at 100° for 1 hour. The
hot solution was flltered and wase then diluted with water,
Neutralization of the solutlion with sodium hydroxide caused
the separation of a so0lid which was removed by filtration.
This 8011d wes extracted with ethanol which was diluted with
water and allowed to evaporate. Thig caused the crystalllza-
tion of 1.25 g. (57% of material melting at 180-181°. The

infrered spectrum showed the characteristlic absorption band
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for the sulfone, but a band at 12«<¢, present in the trioxide
was absent,

Anal. Caled. for CynHyoNp0,8: S, 10,40, Found: 8,
10.23, 10.40,

10~-(2-Pyridyl)nhenothiazine-1', 5, S-trioxide., Thirteen
and eight-tenths grems (0,05 mole) of 10-(2-pyridyl)phenothi-
azine was dlssolved in 292 ml. of glacial acetic acid at 80°
to glve a deep yellow solution following the procedure of
Och1a1163 ror the prepvaration of pyridine-l-oxide. Thirty-
one milliliters (0,3 mole) of 30Z hydrogen peroxide wes added
and stirring wes continued for 15 houre at 80°, During thils
time the solution became nearly colorless and then near the
end of the heating time assumed s deep orange color., One
hundred and elghty five milliliters of the solvent wes removed
by dietlllatlon under the pertlsl vacuum provided by & water
aspirator. Refrigeration of the remaining scetic acid solu~
tion gave 16 g. (99%) of material melting over the range of
220-226°, Dilution of the filtrate with water gave an addi-
tional 2 g. (12.3%) of materisl melting at 225-227°, The two
portions of materlal were combined and recrystallized from
absolute ethanol to give 13 g. (80%) of material melting at
232.5~23h°. Another recrystallization from absolute ethanol

falled to ralse the melting point. The infrared spectrum

163g, ochlat, J, Org. Chem., 18, 534 (1953),
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supported the expected structure, the cherascteristic sulfone
bond being preesent ag well as a band at 12 ¢ which was not
pregent in the spectra of the unoxidized compound or its
monoxide,

Anal, Cslecd. for Cl7Hi2N2038: 8, 9.88, Found: 8,
9.88, 10.02,

In another prepsration carried out in the same manner an

86% yield of product was obtalned.

N-Substituted phenothiamzines with nuclesr substitution

Qw]0-e lphenothiazine 37,131 The procedure used
for this preparation was esgentlially that used by Eisch~131
Forty-nine grams (0.2 mole) of 10-ethylphenothiazine-5-oxide
wag suspended in & mixture of 100 ml, of water and 100 ml.
of 48% hydrobromic acid (0.89 mole). Stirring was carried
out at room temperature for 30 minuteeg and then at reflux for
30 minutes. A quantitative yleld (56 g.) of crude material
having & melting point range of 95-106° resulted.

Three recrystalllzations of thie material from absolute
ethanol gave.24.5 g. (44Z) of material melting at 120-121°.
Another recrystalllzetion reised the melting point to 122~

123°. Concentration of the recrystallizing liquore gave an

additional 9 g. (16%) of impure materisl which was also
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recrystallized from ethanol several times to glve material
melting at 122-123°.

Chromatographlic purification of this material using ben-
zene ss the solvent and eluent and activeted alumina as the
adsorbent faliled to incresse the melting point further,

However, vacuum sublimation of material melting at 122-
123° gave a lower melting (115-118°) and a higher melting
(124-125°) fraction.

In another experiment employing 50 g. (0.2 mole) of 10-
ethylphenothiazine-5-oxide, 100 ml. of water, and 150 g. (0.93
mole) of concentrated (48%) hydrobromic acld with & 30-minute
stirring perliod at room tempersture and s l-hour stirring
period at reflux gave 50 g. (89%) of creamy-white material
melting at 121-1250. This was 1solated by extrszcting the re-
action mess with ether, the ether extract beilng weshed with
a 10% sodium carbonate solution and then evaporating. Re-
crystallization of the materlal from absolute ethanol gave
45 g, (80%) of materlal having a melting point of 123-124°,

When 48% hydrobromic acid was used without dilution with
water, no product was 1solated.

3—Cnlggg—10~(g-decxl)ghenothggzggg, Following the pro-
cedurel3l for the preparation of 3-chloro-l10-ethylphenothla-
zine thirty-rive snd one-half grams (0.1 mole) of 10-(n-decyl)-
phenothiazine-5-oxide and 100 ml., (0,8 mole) of 6 N hydro-

chloric acld were refluxed for 1 hour. The reaction mass was
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made alkaline with the addition of 10% sodium hydroxide and
was extracted severasl times with ether. Eveporation of the
ether left a dark semisolld materlial which wae subjected to
veouum disetillation. Two fractione were collected, The first
of these welghed 1 g. and had a boliling point of 43°/0.04 mm.
while the second weighed 4 g. and had a boiling range of 185-
1900/0.0b mm, Recrystalllization of this second fraction from
petroleum ether (b.p., 60-70°) gave 2 g. of a non-crystalline
80l14d melting over the range of 153—1630. Concentration of
the mother liquors from the recrystalllization falled to pro-
duce any additlonal materiel. Repeated recrystesllizations of
the compound faliled to increase the melting point.

The infrared gpectrum indicated ortho disubstitution and
1,2,4 trisubstitution but no sulfoxide group showing that the
material was possibly the desired product. FHowever, the wide
melting point range 1indicated an impure product. This wae
substantliated by a quantitetive sulfur analysis.

Apsl, Calcd. for CppHpgClNB: £, 8.57. Found: 8, 9.49,
9.66.

-Chloro-10-e henothia ne, 7»101,131 Forty-nine
grame (0.2 mole) of l0-ethylphenothiazine-5-o0xide, 100 ml. of
concentrated hydrochloric acid, and 100 ml. of water were re-
fluxed for a period of 1 hour, After cooling to room tempers-
ture, the solid weas removed by flltratlion and recrystallized

twice from absolute ethanol to give 42 g. (81%) of material
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melting et 116-117°. This procedure ie essentlslly that ueed
ty Elschl3l who reported a 77% yield of materlal melting at
116-117.5°.

10~-(n-Deecyl )phenothiagzine-b-carboxylic acld., Seventeen
and one-quarter grame (0,05 mole) of 10-(n-decyl)phenothiazine-
5-oxide was suepended in 250 ml, of anhydrous ether under an
atmoephere of nitrogen. The suspension was cooled to -20° by
means of a Dry Ice-acetone bath and 0,05 mole of grbut&lllthi-
unt35 in 45 ml. of ether was added at such a rate as to main-
tain the temperature at -20°, After etirring for 2 hours st
-20° another 0,1 mole of n-butyllithium in 90 ml. of ether was
added and the mixture wss rermitted to warm to 0° where 1t was
meintained for 4 hours. The reaction mass was then poured
Jet-wise into e Dry Ice-ether slurry. After this mixture had
warmed to room temperature the ether wag extracted with 100
ml, of 10% sodium hydroxide in several portions. Acldifica-
tion of this baslc extract with hydrochlorlic acid caused the
precipitation of & yellow 0ll which gradueslly solldified on
standing. This weighed 7 g. (36%) and had a melting point of
124—1250. Recrystallization of this from glaclal acetlc acld
gave 6.2 g. (32%) of materisl melting at 128-129°. Additional
recryetallizatione falled to ralese the melting point, The
infrered spectrum showed characteristic abeorption bande for

the carbonyl group and 1,2,3 trisubstitutlon.
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Ansl, Calecd. for 023H29N028: 8, 8.,36. Found: 8,21,
8.33.

The sodium salt was prepared by adding an excess of
10-(n-decyl)phenothiazine-L-carboxylic acid to a solution of
gsodium hydroxide, When the maximum amount of material had
diesolved, the solution was filltered and the filtrate was &l-
lowed to evaporate slowly. Yellow plate-llke crystals having
a melting point of 253-254° formed. A flame test indlcated
the presence of sodium.

0=-E henothliszine-3-boronic acid (attempted A
halogen-metal interconversion was carried out on 3-bromo-10-
ethylphenothiazine using the same conditlone that were used
for 3-bromodibenzothiophene.15“ Fifteen and three-tenths grams
(0.05 mole) of 3-bromo-l0-ethylphenothiszine was partislly
dissolved in 250 ml., of ether under an atmosphere of nitrogen.
The mixture wae cooled to 5° and 0.055 mole of p-butyllithi-
uml33 in 44 ml, of ether was added over a period of 5 minutes.
Complete solutlion wae attained by the time this sddition was
finished. ©Stirring was continued for 10 minutes at 50. Color
Test 1165 gave a blue color while Color Test 11166 gave &

violet color.

164G, I1luminati, J. F. Nobis and H. Gilmen, J, Am, Chem,
Boc., 73, 5887 (1951).

165H. Gilmsn and J. A. Schulze, J, Ag, Chem, Soc., 47,
2002 (1925).

(19u0§66H. Gilman and J. Swies, J, Am, Chem., Soc., 62, 1847
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This solution of 3-1ithio-10-ethylphenothiazine was then
added over a 45-minute perlod to a solutlon of 29 g. (0,125
mole) of tri-n-butyl borate in 167 ml. of ether in a nitrogen
atmoephere, cooled to -70° by means of & Dry Ice-acetone bath.
Color Test I was negative immedlastely upon completion of this
addltion. One hundred and sixty-seven millilitere (0.18 mole)
of 10% sulfuric acld was added and the maes wes allowed %o
werm to 5°., The aqueous layer wae separated from the ether
layer snd washed twice witl emall portions of fresh ether which
were combined with the main ether layer., The ether solution
was extrected with three portions of 10% potassium hydroxide
amounting to 133 ml. (0.25 mole). This baslc extract was
waghed with ether and was then acidifled by the addition of
10Z sulfuric acld., A large amount of viscous brown oil
separated which could not be purified succesegfully.

10-Ethylphenothiagine-4-boronic soid (attempted). Twelve
and two-tenths grams (0.05 mole) of 10-ethylphenothiazine-5-

oxide wes suspended in 500 ml, of ether under an atmoephere
of nitrogen. This suepenelon wae cooled to -20° and 0.05 mole
of g»butyllithluml55 in 40 ml. of anhydrous ether wae added
over a perlod of 5 minutes, the temperature being maintalned
at -20°, Stirring was continued for 3 hours at -20° after
which another 0.1 mole of p-butyllithium in 80 ml. of ether
wag added over a l0-minute period. The temperature wag per-

mitted to rise to 0° and stirring was continued for 4 hours
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at this tempersture. At the end of thle time, Color Teet
1165 wvae & deep blue and Color Test 11166 wae Just slightly
positive.

Thie ether solution of 4-1ithio-10-ethylphenothiazine
wag then added over a l.5-hour period to a solution composed
of 35 g. (0,152 mole) of tri-n-butyl borate and 200 ml. of
ether in a nitrogen atmosphere, cooled to -70° by means of &
Dry Ice-acetone bath., Color Teet I waes negative immedlately
upon completion of the addition. The reaction was permitted
to warm to 0° and 85 ml. (0.093 mole) of 10% sulfuric acid
and 100 ml, of water were added to adjust the pH to 7. A
white, gummy s0lid separsted which was ineoluble in the aqgue-
ous layer and only eparingly eoluble in the ether layer. An
additional 500 ml. of water was &dded in an attempt to dis-
solve the solid. The aqueous layer wae separated from the
ether layer and washed twice with 150-ml. portlons of fresh
ether which were combined with the mein portion.

Evaporation of the ether layer to dryness followed by
vacuum drying at room temperature left & viscous o0il which
was insoluble in 104 sodium hydroxide, Efforte to purify
this by reerystallization falled.

The ether insoluble-water 1nsoluble materlial was then
examined, This material was glightly &oluble in base and
revrecipitated on addition of acid., It had a melting point

range of 100—2000. Thie was recrystallized twice from an
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ethanol-water system to give material having = melting point
of 100-101°, This material showed no melting point depression
when mixed with an authentic epecimen of 10-ethylphenothiazine.
The infrared spectrum also confirmed the identity. It should
be pointed out here that the original crude materisl must have
been something other than l0-ethylphenothiazline due to its
ether lnsolublility. Decomposition possibly resulted during
the purification, Attempts to recrystallize this material
from other solvents also falled.

Several unsuccessful attempts to prepare this compound
prior to the experiment described above were also made., These
employed several minor varlatione such as attempted lsolation
of the product from the ether layer by extraction with potas-
g ium hydroxide and the use of trimethyl borate as a source of
the boron. All of these experiments gave the same insoluble

materls]l as waeg ieolated above,

10-Ethylphenothiazine-4-carboxylic acid,30,31,37

From 10-ethylphenothiazine~S-oxide, This compound
was prepared following the method used by Diehl.37 Twenty-

four and three-tenths grams (0.1 mole) of 10-ethylphenothia-
zine-5-0xide was suspended in 500 ml. of ether in an atmosphere
of nitrogen., After cooling to -20°, 0.1 mole of n-butyllithi-
uml55 was added, the temperature belng maintained at -20°
during the addition and for 2 hours thereafter. Another 0.2

mole of n-butyllithium was then added and the temperature wae
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ralsed to 09 where 1t wae kept for 4 hours. At the end of
this time the reaction maesg was poured jet-wise into a slurry
of Dry Ice and ether, After warming to room temperature, the
ether was extracted with 10% sodium hydroxide in several por-
tione. Acidification of thie basic extract produced a gummy
solid which was redissolved in 10% sodium hydroxide and repre-
cipitated with acid to give 22 g, of material melting over the
range of 155—1650. Thies maeterial wase recrystallized from
glacial acetic acld to give 15 g. (55%) of material melting
at 180,5-181,5°. Dieh137 reported a 54,.8% yleld of material
melting at 179.5-181°.

From l10-ethylphenothiagine using n-butyl alcohol
ag a catalyst (attempted), Eleven and four-tenthe grams (0.05

mole) of 10-ethylphenothiszine was dlssolved in 250 ml. of
ether in a nitrogen atmosphere and cooled to -20°, Three and
seven-tenths grams (0,05 mole) of n-butyl alcohol was added
followed by the addition of 0.15 mole of n-butyllithiuml55

in 110 ml. of ether. The reactlon wae stirred at -20° for 2
hours and then at 0° for 4 houre. The mass wae carbonated by
pouring 1t jet-wise into & Dry Ice-~ether slurry. After the
mixture had warmed to room temperature the ether was extracted
with several emall portions of 10% sodium hydroxide. Acldifi-
cation of this basic extract falled to produce any of the

desired product.
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A control run in which no n-butyl alcohol wae used also
falled to produce any vroduct. In each experiment, 92% of ths
starting materlal waes recovered from the ether layer.

3-Triphenylsilyl-10-ethylphenothiagzine (attempted), The
ether suspension of triphenylsilylpotassium (prepared by
treating 8 g. (0.0154 mole) of hexaphenyldisilane with excees
sodlum-potassium alloy) was added to a stirred suspension of
9.5 g. (0.0él mole) of 3-bromo-l0-ethylphenothiazine in 150
ml, of ether in a nitrogen estmosphere at room temperature,
~Following completion of the addition, stirring was continued
for 2 hours at room temperature and then at reflux for 3
hours. Color Test 1165 was 8till slightly positive at the end
of thie time, Thse reaction mass was hydrolyzed by the addl-
tion of 150 ml, of water. The mase was flltered and the two
layere were sepsarated, the aqueous layer belng washed twilce
with additional ether which was combined with the main ether
portion, The ether layer wae dried with anhydrous sodium sul-
fate and then concentrated on the sgteeam plate. Thie caused
the separation of 0,8 g. of hexaphenyldisilane, identified by
melting point and mixed melting point. Complete removal of
the ether left a residue which on recrystallization from ben-
zene gave 1.6 g. of hexaphenyldisiloxane, also ldentifled by
melting point and mixed melting point.

The benzene solution from which the hexaphenyldisiloxane

was removed was pasged through a column of activated alumina,
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the column belng eluted with sdditlonel benzene, Eveporation
of the eluate left a semicrystalline product which was dis-
seolved in carbon tetrachloride and agaln chromatographed on
activated alumina, carbon tetrachloride also being used as
the eluent. An amorphous material having a melting point of
178-180° remeined. Thig could not be purified any further
and remained unidentified.
L-Triphenylsilyl-10-ethylphenothiazine (attempted).
L.Lithio-1l0-ethylphenothiazine was prepared by treating 22.7
g. (0.1 mole) of 10-ethylphenothiazine-5-oxide suspended in 1
liter of ether under s nitrogen atmosphere with 0.1 mole of
n-butyllithium!35 in 75 ml. of ether at -20° for 2 hours and
then with an additional 0.2 mole of n-butyllithium in 150 ml.
of ether for 4 hours at 0°., This wae separated into two equal
portions., One portion was added to & solution of 29.5 g.
(0.1 mole) of triphenylchlorosilane in 150 ml. of ether at
room temperature., In & second experiment, the reverse addi-
tion was made, In each case, stirring was continued for 2
houre at room temperature following completion of the addi-
tion and then hydrolyzed by the additlon of 200 ml. of water.
The ether layer was separated from the aqueous layer, this
being washed with additional ether which was combined with
the main ether portion. The ether layer was dried with mag-

nesium sulfate and was then evaporated to dryness., Material
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melting over the range of 100-200° was recovered from each
experiment.

Attempte were made to purify these crudes chromatographi-
cally using benzene on activated alumina, but the only known
meterlial which could be lsolated from elther experiment was
hexaphenyldisiloxane, identified by the method of melting

point and mixed melting point.

Boronic Acid Derivatives

General

Chemicals. All chemicals used in this section of the
experimental were Eastman White Label or of equal quality.
Some of these, such as the 6-bromo-2-naphthol and o-bromodi-
methylaniline, were custom made by Reactlon Products of
Painesville, Ohio., Several of the borate esters were furnished
free of charge by the American Potash and Chemical Corporation.
They also kindly furnished some benzeneboronic acid. Some of
the tri-p-butyl borate and trimethyl borate was prepared in
This Laboratory.

The ethylene chloride which was used for several of the
recrystallizations was pure and was dried before use by dis-
t1lling over phosphorue pentoxide. The materlal, used for the

purifications wae recovered by distillation and then redried
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by dletllling again over phosphorus pentoxide. This drying
wae carrled out as & precautionary measure since some aromatic
boronlic acids are known to deboronate by heating in water,

Any technical grade ethylene chlorlde which wae employed was
washed with sulfuric acid, water, and then distilled over
phosphorus pentoxide before use.

The dlatomaceous earth used in the chromatographic purifi-
cation experiments was Johns-Manville Analytical Celite and
the silicic acld ueed also for chromatography was Mallinckrodt
Analytical Reagent Grade., Generally a 1:2 mixture of Celite
end silicic acid was used. This was prepared by shaking
thoroughly 1 pound of silicic ecid with 1/2 pound of Celite
in & gallon Jar. The chromatographic column was packed with
& slurry of the adsorbent and the solvent (usually reagent
grade chloroform) which was to be used for the chromatographic
purification., Even packing of the column wes difficult but
this wes accomplished with & ressonable amount of success by
congtant stirring of the column with s rod while solvent was
being passed through,

Apparetus, The usual standard-taper glassware with
appropriate fittings was used for all reactions, The forma-
tion of boronic scids was carried out at -70°., This tempers-
ture wae obtained by uee of a Dry Ice-acetone bath, For some
reactions, & speclal l-liter cylindrical flask designed to

rit a 2-quart wide-mouth Dewar flask was used. This enabled
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the maintenance of a -70° temperature overnight if it was
necessary.

All of the dlazotizations and couplings were carried out
in open flasks at 0-5°, Thie temperature was provided by
means of an lce-salt bath,

Titration of boronic acids, The neutralization equiva-
lents of the boronic acids or anhydrides were determined by
complexing the materisl with D-mannitol and then titrating
with etandard sodium hydroxide. Approximately 50 to 100 mg.
of the sample was disgolved in 30 to 50 ml. of 50% ethanol.
Two grame of D-mannitol waes added and the tltration was car-
ried out with 0,05 N sodium hydroxide, the endroint being
detected with phenolphthalein in the case of the colorleses
compounds or with & Beckman Model G pH meter using a glass-
calomel electrode system for the azo boronic aclds.

In some instances, water was sufficlent to dissolve the
compound while in othere 1t wee necessary to use a mixture
of acetone and water,

Preparation of tri-n-butyl borate., This intermediate
was prepared following the oprocedure of Johnson and Tompkins}67
Three hundred and seventy-two grams (6 moles) of boric acid

and 2000 g. (27 moles) of p-butyl alcohol were heated in a

167J. R. Johneon and S, W, Tompkine, Orgenic Syntheses,
13, 16 (1933).
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5-1iter flask equipped with a Vigreux column with a take-off
leading through & condenser to a receiver. The amount of heat
applied was such that the solution distilled at the rate of
100 ml./hour., This distillate consisted of s mixture of n-
butyl alcohol and water and distilled at 91°. After several
houre, the n-butyl alcohol in the distillate was separated
from the water, was dried with anhydrous potasgium carbonate
and was returned to the reaction flask through a dropping fun-
nel. This same procedure was reneasted several times until the
temperature of the distillate reached 111°. This indicated
completion of the reaction.

The excess n-butyl alcohol was removed by distillation
under the partial vacuum gupnlied by & water asplirator, this
boiling at 43°/18 mm. The tri-n-butyl borate was also dis-
tilled at reduced pressure. A 92% yleld (1273 g.) of product
boiling at 116°/18 mm., was collected.

Trimethyl borate, The preparation was made following the
procedure of Schleelnger and co-»workers.le8 Threes hundred and
seventy-two grame (6 moles) of boric acid and 1536 g, (48
moles) of methyl alcohol were heated at reflux for 1 hour.
Material distilling up to 70° was then removed. Enough lithium
chlorlde was added to the distillate to cause the eeparation

168y 1, Schlesinger, H. C. Brown, D, L. Mayfield and
J. R, Galbreath, J, Am. Chem, Soc., 25, 213 (1953).
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of two layers. The upper layer was separated and fractionated,
Fifty-nine grams of a forerun bolling over the range of Sk-
66° was collected followed by 68 g. (11%) of trimethyl borate
bolling et 66-68°.

In another experiment 210 g. (3 moles) of boric oxide and
384 g. (12 moles) of methyl alcohol were used. 'This was
treated s in the experiment above. Ninety-nine grame of a
forerun boiling over the range of 54-65° was collected fol-
lowed by 119 g. (28%) of trimethyl borate boiling at 65-68°.

Neither of theee experiments approached the 90% yileld
claimed by the originators of the process,

Miscellaneous, The discusslion in the phenothiazine sec-
tion on inert atmospheres, preparation of n-butyllithiuml35
and determination of infrared spectra also applies to thie
section, All reactionsinvolving organometeallic compounds were
carried out in a nitrogen atmosphere., Most of the compounde
dlscueeed in this section are new. A few, however, are known
compounds and new methods of preparation have been employed
here. The compounds have been arranged into two groups, the
firet consisting of the simple boronic acids and the second
of the azo boronic acids. The compounds are arranged elpha-
betically within each group. Some cleavage reactione of
simple boronic acids are described in the last sectlon.

A1l melting points were obtained using a previously un-

heated bath.
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The quantitative elemental enslyeses were carried out by

the Schwarzkopf Microanslyticsl Laboratory.

Simple boronic seclds

Benzeneboronic acld. This material wee not prepared but
eome materlal obtained from the Amerlcan Potash and Chemical
Corporation having a neutralization equivalent of 125.55 and
& melting point of 210--213o wag purified for analytical pur-
poses and testing. One sample wag recrystallized from tolusne
and another from water. In sach case, the benzeneboronic ecid
was dissolved in the hot solvent, Norit-A was added, the mix-
ture was flltered and the filtrate was cooled to room tempera-
ture. The materisl which crystalllzed was recovered by
filtration and dried in alr under s heat lamp. The material
which wag recrystallized from toluene had a neutralization
equivalent of 106.5 and a melting point of 212-214° while the
materlel which wae recryetalllzed from water had a neutrallza-
tion equivalent of 122.1 and a melting point of 217-218°., The
theoretical neutralization equivalent for benzeneboronic acild
18 121.94 and for the anhydride, 103,92. The material which
was recryetallized from toluene must be mostly anhydride, and
that from water, the acid., The acid was submitted for boron

and molecular welght analyses.
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Anal. Caled. for CgHpBOp: B, 8.92; M.VW., 121.9%4,
Found: B, 9,02, 9.08; M.W,, 127.

In later experiments, some of the acld was converted to
the anhydride by recrystallization from ethylene chloride, by
heating at 75° for 24 hours in the vacuum oven and by heating
the material above 1ts melting point in a stream of nitrogen.

1-Butaneboronioc agld,lhu

From n-butyllithium (attempted _9-Buty111th1um155
wag prepared in the usual way. Two-tenths of a mole of n-butyl-
llthium in 200 ml, of ether wag added to a mixture of 21 g.
(0.2 mole) of trimethyl borate and 60 ml. of ether cooled to
-70°. Color Test 1165 wasg negative immedlately upon comple-
tion of the addition. After the reaction had warmed to 0° 1t
wae hydrolyzed by the addition of & mixture of 12 ml., (0,21
mole) of concentrated sulfurlc acid and 120 ml. of water., The
ether layer wes separated from the aqueous layer and wase
washed twice with 80-ml. portions of ether which were combined
with the main portion. The ether leyer was concentrated and
10 ml. of water wae added. Evaporation was continued until
all of the volatile meterial was gone, At thls point two
layers were present; water and some other material belleved
to be a form of l-butaneboronic acid, Thie was placed in a
nitrogen-filled deeliccator contalning 65% sulfuric acid but

crystallization falled to occur over a period of time.



14l

From g—bugzlmagneslum bromide. The procedure used

was that employed by Snyder, Kuck and Johnson,l%¥ The butyl-
magnesium bromide wae prepared following the method of
Dreger.189 Twelve and one-half grame (0,51% g. atom) of
magnesium turnings and a crystal of lodine were treated with
8 ml, of a solution of 68.5 g. (0.5 mole) of n-butyl bromide
in 167 ml. of ether., After the reaction was initiated the
remalinder of the p-butyl bromide solution was added over a
period of 45 minutee. The rate was such as to maintain a
gentle reflux. Etirring was continued untll refluxing ceased.
The titration of an aliquot indicated a 96% yleld of n-butyl-
megneeium bromide.

This n-butylmagnesium bromlide solutlon was then added
over a period of 6 hours to & solution composed of 55 g. (0.53
mole) of trimethyl borate and 150 ml. of ether previously
cooled to -70°. Stirring wes continued for 14 hours following
completion of the additlion, the temperature being meintalned
at -70°, Color Test 1165 was negative at this time., After
the resction had warmed to =109 it was hydrolyzed by the addi-
tion of 30 ml, (0.525 mole) of concentrated sulfuric acid in
300 ml. of water. The aqueocus layer wae separated from the

ether layer and washed with 100 ml, of ether which was combined

1693_ E, Dreger, "Organic Syntheses," Coll. Vol. I, John
Wiley and Sonse, Inc., New York, N. Y., 1941, p. 3086.
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vith the mein ether portion. The ether golution was concen-
trated on the sterm plete, 20 ml, of water wes added and
evaporation wae continusd until all of the voletile materisl
had escaped. Upon cooling, e0lild materisl separated which
wvag removed by filtratlion. Thie was bottled while etill wet
&nd stored in e nitrogen-filled degicestor contalning 65%
eulfuric scid., A portion of the materiel was dried and the
melting point obtained. The materilal melted at 84-86°., The
litersture valuel™ 1e 92-94°, On the basle of the dried
portion the yield of crude wes estimated at 60%., Recryetal-
lizatlon of another portion of the material from toluene gave
a product having a melting point range of 86-90°,
o-Dimethylaminobenzeneboronic acid/or anhydride (at-
tempted), A solution of 40 g. (0,20 mole) of o-bromodimethyl-

aniline in 60 ml, of ether wae added over a l-hour period to

& suspenelon of 3.36 g. (0.485 g. atom) of cut lithium wire

in 60 ml, of ether., The rate wes such &8 to malntain a gentle
reflux, Stirring was continued for 15 minutes following com-
pletion of the addition. The g-dimethylaminophenyllithium-
ether solution was then poured through a glass-woel plug into
& llguid-addition funnel aﬁd an aliquot war removed and ti-
trated, A yleld c7 100% was indicated, This was then added
over & 15-minute perlod to a solution of 48 g. (0.207 mole) of
tril-p-butyl borate in 60 ml. of ether previocusly cooled %o -?Oo.
Color Teet 1165 wee negatlive immediately upon completion of



146

the addition. The reaction was permitted to warm to 0° and
was hydrolyzed by the addition of 75 ml. (0.082 mole) of 10%
eulfuric acid and 75 ml, of water, Thile lowered the pH to 7.
The aqueous layer was washed twice with 100-ml., portions of
ether which were combined with the main portion. The ether
wag evaporated and the remaining resldue was placed in the
vacuum oven for 24 hours at room temperature. Twenty-nine
grame of a viscous brown oll resulted. This represents an
88% yield of crude material. Three recrystallizatione from
ethylene chloride gave 22 g, (67%) of materlasl melting at 85-
87°.

Ansl, Csled. for CgH;»BNO, (the acid): B, 6.56. Calcd.
for CgH oBNO (the anhydride): B, 7.36, Found: B, 5,94, 6.01.

The analyels doee not check with either the acid or the
anhydride, Attempts to get & neutralization equivalent on
thie material by the standard procedure falled, the sample
consuming no base, Thies was attributed to fallure of the
D-mannitol to complex. Therefore, a mixture of the sample
and D-mannitol wae refluxed in water for a perlod of 8 hours
before titrating. This sample consumed some base and gave &
neutralization equivalent of 215. Several repetitiones of this
gave neutralizetlion equivalents approximating 220, This does
not agree with eilther the acld (165) or the anhydride (147).
The infrared spectrum showed absorption bande at 8.5.¢, 8.9.«,
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9.7 ccand 10,8 ¢c a8 well as the characteristic -OH band.
There wae no grtho dlsubetitutlion band.

Continued heating of the sample sbove the melting point
caused resolidification at 197°, followed by slow decomposi-
tion between 350 and 5000. The neutralization equivelent of
thie materisl obtained by the standard procedure (no refluxing
required) was 108. The infrared spectrum of thie resolidified
material waes very similar %o that of the unheated material
except that the absorption bands at 8.5¢, 9.7« and 10.8_cc
were much lesg pronounced.

Recryetallization of the material from other solvents
wee also tried without too much succees. The material diad
recrystallize from petroleum ether (b.p., 60-70°) with dirfi-
culty to give & product aleo melting at 85-870. Another re-~
erystallization from petroleum ether gave s product melting
over the range of 114-120°.

The materiel was also cheracterized by 1te good solu-
billity in any solvent, ranging from water to petroleum ether
(b.p., 60-70%), in which it wae tried.

The compound 1g quite poesibly a complex formed hetween
dimethylaniline and boric acid. Thie would fit the data
quite well including the boron analysls, the complex having

e calculsted boron content of 5.93%.
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P-Dimethylaminobenzeneboronic acid gnhxdride.17o Thise

material was prepared following the procedure of Abbott170
except that a change was made in the finishing procedure. A
solution of 60 g. (0.3 mole) of p-bromodimethylaniline in 90
ml. of ether wag added over a l-hour period to a suspension
of 5.07 g. (0.72 g. atom) of cut lithium wire in 90 ml. of
ether., Agitation was contlinued for 15 minutes following com-
pletion of the addition and the reaction mass wag poured
through & glass-wool plug into a liquid-addition funnel. The
titration of an aliquot indicated e 100% yield of p-dimethyl-
aminophenyllithium. This orgenometallic compound was added
over a 20-minute period to a solution composed of 72 g. (0,312
mole) of tri-p-butyl borate in 90 ml. of ether previously
cooled to -?O°. Color Test 1165 was slightly positive immedi-
ately upon completion of the additlon but became completely
negative within a few minutes. After the mixture had warmed
to 0° 1t wae hydrolyzed by the addition of 117 ml. (0.126
mole) of 10% sulfuric acid and 120 ml. of water to bring the
PH to 7. The aqueous layer wag eeparated from the ether and
washed twice with 100-ml. portions of ether which were com-
bined with that from the resction., The ether wae dried with

anhydrous sodium sulfate and then removed by distillation.

1703. X. Abbott, Doctoral Diseertation, Iowa State
College (1944).
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The residue wae subjected to vacuum distillation to remove

the n-butyl alcohol, unreacted p-bromodimethylaniline and any
other volatile material., The undlistilled portion was ex-
tracted with 100 ml, of absolute ethanol and the insoluble
portion was recovered by filtration and dried in the vacuum
oven at room temperature to give 15.9 g. (32.2%) of product.
This was recrystallized from ethylene chloride to give 13.4 g.
of white crystals having a melting point range of 230-2750.
This represgents a yleld of 27%. Reduction in volume of the
ethanol recrystallizing liquors gave material which on recrys-
tallization from ethylene chloride had the same melting point
as the maln frection and amounted to an additional 3% yileld.
All of the materisl was combined and recrystallized again from
ethylene chloride without any chaenge in melting point.

Using the etandard procedure, a neutralization equivalent
of 167 (theoretical for the acid 1s 165) was obtained, although
this was baeed on & very indefinite endpoint using both phenol-
rhthalein and the pH meter to detect the endpoint. The infra-
red spectrum showed the characteristic absorption bands for
C~-N and p-disubstitution but did not show any -OH absorption
band, Thie indicated that the compound was more than likely
the anhydride (neutralizetion equivalent, 147). When the
neutralization equivalent was obtained using a reflux period

before the titration, velues of 144,2 and 145.4 were obtained
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on duplicsate samplee., The quantitetive boron analysis also
confirmed the anhydrilde.

Anal, Caled. for CgH,3BNO: B, 7.36. Found: B, 7.41,
7.65.

Attemptes to 1solate the product following the procedure
of Abbottl70 were not succeeeful, the product slwaye coming
out as a brown to black olly solid which decomposed more on
standing. This procedure consigted of distillsastion of the
ether layer after hydrolysis of the reaction mass, addition of
& potaseium hydroxide solution followed by dietillation of the
n-butyl alcohol, and neutralization of the undlstilled aqueous
layer.

Many other recrystallizling solvente were used in an at-

tempt to purify the product but none proved adequate,

o-Hydroxybenzeneboronic acid snhydride.

With lsolation by extraction with 10% sodium hy-
droxide, To 91 g. (0.525 mole) of go-bromophenol dlseolved in

200 ml, of ether cooled to 5° was added 1.08 mole of p-butyl-
11th1um155 in 800 ml. of ether. Thie addlitlon was made over
a period of 75 minutes and etirring was continued for 3 hours
at 20-25° after which time Color Teet 11166 yas negative, The

procedure used for thie halogen-metal interconversion has
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been reported prevlously.171’172 This ether solution of
lithium o-lithiophenoxide was then added over a period of 1
hour to a solution composed of 248 g, (1.08 mole) of tri-n-
butyl borate and 200 ml. of ether previously cooled to =70°,
Color Test 1165 was negative immedlately upon completion of
the addition., After warming to 0° the reaction maes was hydro-
lyzed by the additlon of 360 ml, (1.045 moles) of 10% hydro-
chloric acid. The aqueocus layer was separated from the ether
and was washed twice with 200-ml. portlione which were combined
with the maln ether layer. This ether solution wae extracted
with 800 ml. (2.1 moles) of 10% sodium hydroxide in three
portions. The baslc extract was washed once with ether, and
wag then warmed on the steam plate to expel any reeldual
ether. Acidification with 10% hydrochloric acld caused the
precipitation of 76 g. of crude material having a melting
roint range of 130-150°. Thie orude wee recryetallized twice
from toluene to give 35 g. (55.5%) of product melting over
the range of 170-1750.

In other experiments & number of other solvents were
found to be useful in recrystallizing this compound. These

include benzene, acetone-benzene, ethylene chloride, water,

171H. Gilman, C, E, Arntgzen and F. J, VWebb, J, Org.
Chem., 10, 374 (1945),

1724, @ilmsn and C. E. Arntzen, J. Am, Chem, Soc., 69,
1537 (1947).
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and scetone-water, The analytical sample wae recrystallized

from an acetone-water syetem and had a melting point range of
180-183°, The infrared spectrum indicated characteristic ab-
sorption bands for gpriho disubstitution and the hydroxy group.

Anal, Caled, for CGH5B°2: C, 60.09; H, 4,20; B, 9.02;
neut. equiv., 119.94., Found: C, 680.24, 60.30; H, 4.12, 4.18;
B, 9.12, 9.21; neut. equlv,, 120.0,

Chromatographlic purification wae tried on some crude
material and found to be gomewhat useful slthough not ae ade-
quate ag the recrystallization techniquee. Flve grame of
crude material (m.p., 154-160°) was digeolved in 200 ml, of
chloroform and chromatographed on 200 grams of 1:2 Cellte-
gilicic acld, the column being eluted with additionsal chloro-
form. Materisal having & melting point range of 179-187° and
& neutralizetion equivalent of 115 was recovered from the
eluate.

With 1solation by evaporation of the ether layer,
Starting with 98.5 g. (0.57 mole) of g-bromophenol and using
tri-n-butyl borate as the source of the boron, 91 g. of crude
materlel weae 1lsolated by evaporation of the ether layer fol-
lowing the acld hydrolysie of the reaction mess., The crude
melted over the range of 130-148°., Thie was washed with 400
ml., of water leaving 47 g. of material having a melting point
renge of 165-170°. Recrystallization of the waghed material
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from ethylene chloride gave 37 g. (55%) of product having a
melting point range of 175—180°.

When trimethyl borate was used in place of trl-n-butyl
borate, a 47% yleld of materisl melting over the range of 180~
185° wae obtained.

m-Hydroxybenzeneboronic acid anhxgride.26'151

From m-bromophenol. Thirty-four and six-tenths

grams (0,2 mole) of m-bromophenol wae diseolved in 90 ml. of

ether under a nitrogen atmosphere. To this etirred solution
wae added 0,44 mole of p-butyllithium in 332 ml. of ether over
8 period of 50 minutes, the temperature being meintalned at
20°, Agitation was continued for 4 hours at 20° at which time
Color Test 11166 was negat1v0.173 This ether solution of
lithiunm grliéhiophenoxide wag then added over a 30-minute
period to a eolution of 140 g. (0.6 mole) of tri-p-butyl
borate in 220 ml. of ether cooled previously to -70°, During
this time the reaction mass became very viscous. When the
addition wae complete, the reaction was permitted to warm %o
0°. Color Test 1165 wae negative, The reaction mixture was
hydrolyzed by the addition of 250 ml. of saturated ammonium
chloride solution, 150 ml. of 10% hydrochloric acid and 100

173The conditions used for this halogen-metal interconver-
sion were found to be the optimum conditions as determined by
& series of experiments run in this Laboratory in which the
metalated product was converted to the carboxylic acid by car-
bonation, These conditions gave & 33.3% yleld of the carboxylic
acld.
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ml., of water to get the pH below 7. The aqueous layer was
sepsrated from the ether and was washed twlce with 100-ml.
vortions of ether which were combined with the main ether
solutlon. Thie ether solution wee extracted ten times with
60-m1. portions of 10% sodium carbonate which were poured into
& mixture of 400 ml. of ether and 500 ml. of saturated ammoni-
um chloride solution. Four hundred milliliters of 10% hydro-
chloric acid was also added to get the pH to 6. The aqueous
layer was separated from the ether and was extracted several
timee with additional ether which was combined with the main
portion., Evaporation of thie ether extract to dryneee left a
80114 material which upon crystallization from ethylene
chloride gave 6 g. (25%) of materisl having a melting point
range of 208-212°.

The initiel ether layer was evaporated to sbout one-
fourth 1te original volume and the same procees was repeated.
This gave an additional 1.1 g. (4,5%) of material melting over
the range of 208-212°., The two final acid layers were com-
bined and evaporated to one-fourth volume, This was extracted
geveral times with ether to give 0.9 g. (3.8%) of material
with a melting range of 215-230°, All of the crude was com-
bined and reerystallized from ethylene chloride to give 7.3 g.
(30.4%) of material having a melting point range of 215-225°,
dec. The analyticsl sample was recrystallized an additlonal

time from ethylene chloride without any change in the melting
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point. The infrared spectrum showed the characteristic absorp-
tion bande for mets disubetitution and the hydroxy group.

Ansl, Calcd. for CgHgBOp: B, 9.02; neut. equiv., 119.94.
Found: B, 9.22, 9.28; neut. equiv., 117, 122.4,

From 2-(m-bromophenoxy)tetrahydropyren (attempted),

The 2-(m-bromophenoxy)tetrahydropyran was prepared ueing a

procedure similar to that used for the orghol?" and pargl?5
lieomers. To a estirred mixture of 33.6 g. (0.4 mole) of
freshly distilled dihydropyran and 4 drope of concentrated
hydrochloric scid previously heated to 80° #as added 34.6 g.
(0.2 mole) of m-bromophenol over a period of 30 minutes. The
rate wag such as to keep the temperature below 70°. Stirring
wag continued for 2 houre following completion of the addition,
the temperature being permitted to drop to that of the room.
Eighty milliliters of ether was added to the reaction mase
which was then extracted three times with 20-ml. portions of
10% sodium hydroxide. These basic aqueous layers were com-
bined and extrscted three timee with 50-ml. portions of ether,
An sdditional 100 ml., of water was added to diesolve an orange-

colored s0lid which separated during this operation. The ether

17“8. F. Hofferth, Doctoral Dissertatlon, Iowa State
College (1950).

175w, E. Parhem and E, L. Anderson, J. Apm. Chem, Soc.,
70, 4187 (1948).
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extracts were combined and dried with anhydrous sodium sul-
fate, The ether and excess dlhydropyran were removed by
distillation at atmospheric pressure after which the remaining
materlial was subjected to vacuum distillation. The materlal
boiled over the range of 98—1050/2 mm. This material was die-
tilled a second time, two frections being collected. The
first fraction weighed 5 g. and dietilled at 119-12671 mm,
while the second fraction distilled at 1150/0.4 mm., , ngo
1.5504, a§8 1.3952, and welghed 38.5 g. (75%).

Anal. Caled. for CyyHy4Br0z: Br, 31.08; MRp, 58.12.
Found: Br, 30.60, 30.55; MRp, 58.7S5.

One-tenth mole of n-butyllithium in 100 ml. of ether was
added to a solution of 25.7 g. (0.1 mole) of the material pre-
pared above and 100 ml, of ether, the temperature being main-
tained between 10 and 20°, Stirring was contlinued for 1 hour
following completion of the addition at this same temperature,
Color Test 11166 was only slightly positive at this time.

The solution was then added over a period of 30 minutes to &
mixture of 34.5 g. (0.15 mole) of tri-n-butyl borate and 100
ml. of ether previously cooled to -70°, Color Test I 65 was
negative immedlately upon completion of the addition. After
the reaction had warmed to about 0%, 90 m1, (0,25 mole) of

10% hydrochloric acid was added, The ether layer was separated
from the aqueous layer which was then washed with two small

portions of ether., These were combined with the main ether
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eolution, The ether solution was extraocted four times wlth
35-ml, portione (0,35 mole) of 10X sodium hydroxide which were
combined and heated on the steam plate to expel any residual
ether. Acldifiocation of this with 10% hydrochloriec acid
caused the precipitation of a gummy product whiech solidified
on standing. Efforts to purify this, even by recrystalliza-
tion from ethylene chloride, were unsuccessful,
2-Hydroxy-6-naphthaleneboronic aecid, Using a deescribed
procedure,176 11.15 (0.05 mole) of 6-bromo-2-nsphthol in 125
ml. of ether was treated with 0.1 mole of n-butyllithium in
98 ml. of ether over a period of 15 minutes at 20°. One-half
hour after the completion of the addition, Color Test 11166
wae negative, This eolution was then added over a 20-minute
period to 24 g. (0.105 mole) of tri-pn-butyl borate dlssolved
in 100 ml. of ether previouely cooled to -70°. Color Test
1165 wae negative immedlately upon completion of the addition,
After warming to 0°, the reaction mase was hydrolyzed by the
addition of 50 ml., (0,145 mole) of 10% hydrochloric acld., The
aqueous layer was sgeparated from the ether and washed twice
with 100-ml. portions of ether which were comblned with the
main ether solution., This ether solution was extracted with

100 m1, (0.263 mole) of 10% sodium hydroxide in three portions.

( 176g, v. Sunthanker and H. Gilman, J, Org, Chem,, 16, 8
1951).
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This extract wae heated on the steam plate to expel any re-
sidual ether and was then acidified by the addition of 10%
hydrochloric acid. This caused the precipitation of & tan
80l11d which after drying in the vacuum oven at room tempera-
ture weighed 7.75 g. (82.5%) and had a melting point range of
200-204°.

Attempts to recrystallize this material from an ethanol-
water system failed, but needle-like crystale having a melting
point range of 225—250° resulted by slow evaporation of a
benzene-acetone syetem, Another recrystallizatlion from
acetone-benzene falled to incerease the melting point or nar-
row the melting point renge. Four and one-tenth grams (44%)
of pure material waes obtained, The infrared spsctrum showed
characteristic absorption bands for & substitution and the
hydroxy group.

Anel, Caled, for CygHgBO3: B, 5,76; neut. equiv., 188.
Found: B, 6.16, 5.82; neut. equiv., 190, 190.85.

Other preparations of this materisl that were made gave
essentially the same yleld and quality of material.

Recrystallization from ethylene chloride was aleo tried
and found to be satlsfsctory although the material 1s not
appreciably soluble in the hot solvent. Continued heating
in the refluxing solvent tended to cause decomposlition, as

did prolonged standing in aipr.
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Chromatographic purification using a chloroform solvent

and eluent on Celite-sllicic scid was uneuccessful.

o bo 1c acids

p-{3-Borono-4-hydroxyphenylazo)bengenesul fonic acid., The

procedure described by Feiaer177 for the preparation of Orange

II {coupling between dlazotlized sulfanilic acid and .B-naph-
thol) was used in thie experiment. Nine and six-tenthe grams
(0.05 mole) of sulfanilic acid monohydrate was dissolved in
a2 eolution of 2.85 g. {0.025 mole) of anhydrous sodium car-
bonate in 100 ml. of water at 60°. After cooling to 20°, 3.7
g. (0.0535 mole) of sodium nitrite (97%) wae added. The re-
sulting mixture wae then poured into 10 ml. (0.12 mole) of
concentrated hydrochloric acld containing 50 g. of 1ce. The
suspension of diazobenzene sulfonate was added slowly to a
solution of 6 g. (0,05 mole) of 2-hydroxybenzeneboronic acild
anhydride and 12 g, (0.3 mole) of sodium hydroxide in 60 ml.
of water cooled to 5°. Following completion of the addition,
agitation was continued for 90 minutes. The mase was acidli-
fied by the addition of hydrochloric aclid but no solld pre-
cipitated. After an extended period of refrigeration, 27 g.

1771, F. Felger, "Experiments in Organic Chemistry, "
D. C. Heath and Co., New York, K. Y., 1941, p. 208.
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of materisl contaminated with a large amount of sodium chlo-
ride and having no melting point under h00°, separated.

The materlal was insoluble in the common organic solvents,
but was quite soluble in hot water and only moderately soluble
in cold water. Four recrystallizations from water gave a
product which appesred to be pure but whose phyeical conetants
d4id not egree with the theoretical values. The infrared
spectrum, however, supported the expected structure.

Anal, Calcd., for CypHy1BNp0gB8: 8, 9.9%; neut. equiv,,
322, Found: S, 8.57, 8.43; neut. equiv., 398, 409,

The materlal could not be purified further.

2-Hydroxy-5-(p-bromophenylazo)benzeneboronic acid. (see

Figure 24, Appendix.) Eight end eix-tenths grams (0,05 mole)

of p-bromoaniline in 11.5 ml. (0.133 mole) of concentrated

hydrochloric acid snd 73 ml. of water was diszotized with a
solution of 3.55 g. (0.05 mole) of sodium nitrite (97%) in 8
ml, of water according to the procedure of Gomberg and Bach-

178

mann. Thies p-bromobenzenediaezonium chloride solution was
then added over a 10-minute perliod to a eolution composed of
5.5 g. (0.135 mole) of sodium hydroxide, 6.0 g. (0.05 mole)
of 2-hydroxybenzeneboronic acid anhydride, 50 ml. of water

and 50 g, of 1lce cooled aleso with an lce-galt bath. Stirring

Lo ( 178?. Gomberg and W, E, Bachmann, Orgenic Syntheses, 8,
2 (1928).
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wae continued for 9 hours following completion of the addition,
the temperature being maintained st 0-5°. The resction mix-
ture was filltered and the filter cake was suspended in 500 ml,
of water at 40°. The suepension was acidified by the addi-
tion of 10% hydrochloric acid. The precipitated solid was
removed by filtrstion and dried at 45° in the vacuum oven.

The dried material weighed 14.3 g. (89%) and hsd a melting
point range of 170-190°., Acidification of the filtrate from
the reaction mass gave a small amount of additional, but

very lmpure, materisl.

The brown crude golid material was washed wlth 200 ml, of
ethylene chloride, a procese which removed a large portion of
the impuritiee, snd the washed material wae reorystallized
three tlmee from ethylene chlorlde to give 3 g. of bright yel-
low and rather fibrous material having a melting point range
of 350-355°, This welght represente a 20% yield of pure
material, The infrared spectrum showed charscteristic ab-
sorption bands for 1,2,4 trisubetitution and pars dlsubsti-
tution as well as an absorption band for the hydroxy group.

Anel. Calcd. for C;pHgBBrN;02: B, 3.57; Br, 26.38;
neut, equiv., 302.9., Found: B, 3.95, 3.70; Br, 25.65, 25.44;
neut. equiv., 308,

Another similer experiment was run ueing 43 g. (0.25%
mole) of p-bromoeniline. This gave a 99% crude yleld of
material having & melting point range of 194-206°. This was
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recryetallized from ethylene chloride to give 16.8 g. (22%)
of material melting over the range of 348-355°.

In an experiment where a 30-minute coupling time was
used, an 86% yleld of crude material having a melting point
range of 130-141° was obtained.

In the sttempted chromatographic purification of this
compound, 12 g. of crude {m.p. range 180-200°) was partially
dissolved in benzene and was chromatographed on a column of
450 g. of Celite-silicic acid. The purest material which
could be obtained on elution with additional benzene had a
melting point range of 210-220° which is very inferlor to the
recrystallized material. Poorer separstions were obtalined
when chloroform was substituted for benzene &s the solvent
and eluent. A mixture of chloroform and carbon tetrachloride
(1:1) wae superior to chloroform alone.

p-(3-Borono-4-hydroxyphenylazo)benzoic acid. Six and
eight-tenths grame (0.05 mole) of p-aminobenzolc acid was

added to & solution of 3.75 g. (0.0527 mole) of sodium nitrite
(97%) in 14 ml. of water. Thie wae stirred to a uniform paste
and poured into a mixture of 13.5 ml. (0.135 mole) of concen-
trated hydrochloric acid and 15 g. of lce cooled also with an
ice-salt bath., The p-carboxybenzenedlazonlum chloride was
added to a solution of 6 g. (0.05 mole) of o-hydroxybenzene-
boronic acid anhydride, 10 g. (0.25 mole) of sodium hydroxide

and 50 ml, of water cooled to 0-5°, Immediately before thé
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addition, 50 g. of ice was added to the basic solution.
Stirring was continued for 8 hours at 0-5° and then the re-
actlion maes was flltered, The filtrate was acldified by the
addition of 10% sulfuric acid., This caused the precipitation
of & 80l1d which after drying weighed 21 g. and had & melting
point range of 205-400°.

Reorystallization of & portion of thie from ethylene
chloride gave materisl having a melting point range of 200~
300° with decomposition. The material was not soluble enough
in the hot solvent to permit the recrystalllization of any
suitable amount.

Trichloroethylene was investigated as a poesible solvent
for recrystallization, but the dye was even more insoluble in
this then it was in ethylene chloride,

Recrystallizetion from 1,1,2,2-tetrachloroethane gave
materlial having a melting point range of 247-253° and a
neutralization equivelent of 211.5 which does not agree very
well with the theoretical value of 268.

The material could not be purified further.

azo)benzeneboronic acid Twenty-
eight grame (0.2 mole) of g-nitroaniline in 45 mi, (0,53 mole)
of concentrated hydrochloric acid and 80 ml. of water was di-
azotized with a solution of 14,5 g. (0.204 mole) of sodium
nitrite (97%) in 50 ml. of water according to the procedure
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of Smith and Boyer.l7? Thie o-nitrobenzenediazonium chloride
eolution was filtered and added over a period of 30 minutes
to a solution of 24 g. (0.2 mole) of o-hydroxybenzeneboronie
acid anhydride, 22 g. (0.55 mole) of sodium hydroxide and 200
ml., of water cooled to 0-5°. Btirring was continued for 8
hours following completion of the addition, the temperature
being maintained below 5°. The reaction mass was filtered,
The filter cake was suspended in 2000 ml. of water at 40° and
acidified by the addition of 10% hydrochloric acid. The
80lid was removed by filtration. After drying in alr under

a heat lamp, the material weighed 42 g. (68%) and had a melting
point range of 150-1800. Acidification of the filtrate from
the reaction mass with 10% hydrochloric acld gave an addi-
tionel 7 g. (13%) of crude material having a melting point
range of 130-1800. The crudes were combined and washed with
4,5 1itere of refluxing ethylene chloride. Eleven grams
(20.5%) of meterial having a melting point range of 220-230°
was flltered from the hot solution. An additional 3.1 g.
(5.8%2) of materiel having this same melting point range
separated from the filtrate upon cooling. Concentration of
the filltrate did not yield any additional material. The two
portions of partliaslly purified material were comblned and

179?. A. 8, Smith and J. H, Boyer, Orgsnic Syntheses,
31, 14 (1951).
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recryetallized agaln from ethylene chloride to give 10.5 g.
(19.5%) of materisl melting at 228-230°,

The infrered spectrum showed characteristic sbsorption
bands for 1,2,4 trisubstitution and gortho disubstitution as
well as the usual -OH and -NO, absorption bands,

Anal. Calcd. for CpHgBN30y: B, 4.02; N, 15.61; neut.
equiv., 269, Found: B, 4.4, 4.37; N, 15.15, 15.43; neut,
equiv,, 280,

In earlier experiments to produce this compound, benzene
was used ae a recryetallizing solvent. The maximum melting
point that could be obtalined on material recrystallized from
this solvent was 213-214°. The quantitative elemental analy-
gie and the neutralization equivalent indicated that the
materisl wes not as pure as that which could be obtained from
ethylene chloride,

Ansl. Caled, for CypHgBN304: N, 15.61; neut. equiv.,
269. Found: N, 15.18, 15.24; neut. equiv., 290.3.

2-Hydroxy-5-(phenylazo )benzeneboronic scid anhydride,

The diazotization of 18.6 g. (0.2 mole) of aniline in a mix-

ture of 45 ml. (0.54 mole) of concentrated hydrochloric acid,
290 ml. of water and 280 g. of ice with a solution of 14.2 g.
(0.23 mole) of sodium nitrite (97%) in 32 ml. of water was

carried out according to German dyestuff 1nformation.18°

1801. G. Farbenindustrie, British Intelligence Objectives
Subcommittee, Report No. 1548, 1. 65 (PB85593).
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This benzenediaszonlum chloride solution wae then added over a
period of 30 minutee to a stirred solution composed of 22 g.
(0.55 mole) of eodium hydroxide, 24 g. (0.2 mole) of 2-hydroxy-
benzeneboronic acid anhydride and 200 ml. of water previously
cooled to 0—5°. Immediately before the addition was started,
200 g. of lce was added to the reaction flask. Stirring was
continued for 11 houre at 0-5° following completion of the
addition, The reaction mass was filltered; the filter cake was
suspended in 2000 ml. of water at 40° and acldified by the
addition of 10% hydrochloric acid. After cooling to room tem-
perature, the precipltated solld wae removed by flltration and
wag dried in & vacuum oven &t bso. Forty-five grams (100%)

of crude reddish-~-brown msterlal having & melting point range
of 178-188° was obtained. Aclidification of the filtrate from
the reaction mass gave lese than 1 g. of addltional crude
materisl which wae combined with the bulk of the crude.

The crude material was washed with approximately 500 ml.
of ethylene chloride. This removed a large portion of the
impurities, the washed materlal now having & melting point
range.or 210-2200. This material was recrystallized three
times from ethylene chloride to give 14 g, (31%) of bright
yellow fibrous material melting at 236-238°. After each re-
crystalllzation the volume of the filtrate was reduced in
order to recover the maximum amount of material. The infrared

epectrum showed the characteristic absorption bands for
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the hydroxy group, monosubstitution and 1,2,4 trisubstitu-
tion.

4nal, Caled. for CypHgBN,Op: B, 4,84; neut. equiv.,
224, Found: B, 5,08, L4.96; neut. equiv., 226, 227.

In an experiment where a 3-hour coupling time was em-
ployed, the crude yleld was 100% and the materlal had a melting
point range of 150-185°.

A 9-hour coupling time gave a 94% yleld of material 1so-
lated in two portions; the firet of these had a melting point
range of 170-180° and represents a yleld of 21.3% while the
gsecond portion had a melting polnt range of 188-192° and
represente a yleld of 72.7%.

Chromatographic purificatlion of thie dye was studied to
& reasonable extent without any outstending success being at-
tained, In one experiment, 2.25 g. of crude dye (m.p. range,
188-197°) was dissolved in 500 ml. of chloroform and was
chromatographed on a column composed of & 1:2 mixture of Cellte
and silllcic acid. The column was eluted with additionsl
chloroform. Nine fractione were collected. Materiasl from
fractione 1 through 3 were semi-solids and represgented 20%
of the original welight. No melting polnt was obtained on this
portion of material. The solld from fraction 4 which repre-
sented 11% of the original weight had a melting point range
of 140-150°. Fractione 5 through 8 gave material all with
melting points higher then the crude, fractlon 6 having the
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maximum range 204-209°, This series of fractions represents
L9% of the starting materisl, The product from fraction 9
was again a semisolid, no melting point being obtained, and
was 4.5% of the original welght. Fraction 6 had a neutrali-
zation equivalent of 234 which indicates materlial of fair
purlty. The calculated value for the neutralization equlva-
lent for the anhydride is 224,

The use of & 1:1 solution of chloroform and carbon tetre-
ochloride as the golvent and eluent wae superior in one respect
to chloroform alone in that sharper separstions could be made,
but wag inferlor in another in that the solubility of the
compound was lower.

4 1:1 mixture of Cellite and silieclec acld showed no ad-

vantage,

Clesvage reactions with n-butyllithium

Cleavage of benzeneboronic acid with flve equivalents of

D-butyllithium st reflux for 1.5 hours. One-half mole of n-

butylllthium155 in 365 ml, of ether was added to a mixture of
12.2 g. (0.1 mole) of benzeneboronic acid in 137 ml. of ether
under an atmosphere of nitrogen over e perlod of 22 minutes.
Stirring wae continued at reflux for 1.5 hours after which the
reaction maes was poured Jet-wlse lnto an agitated slurry of

Dry Ice and ether. When the carbonzte mess wae warmed to room
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temperature, 1t wes acldified by the addition of 200 ml., (0,58
mole) of 10% hydrochloric scid., The acid layer was washed
twlice with 100-ml., portione of ether which were combined with
the main ether layer., Thie ether solution was extracted four
timee with 50-ml. portions (0.2 mole) of 8% sodium bicarbonate
and then four times with 50-ml. portione (0,525 mole) of 5%
sodium hydroxide., Acldification of each of these extracte
with 10% hydrochloric acid produced no precipitate. These
ecldified extracte were evaporated to dryness asnd extracted
with ether, Evaporation of each of the ether layers left 0.1
g. of unidentified materiasl melting over the range of 100—1500.

The originsl ether layer from the reaction was then
exemined, The ether was removed by dletillation and the re-
maining higher bolling materlal was fractionated. This gave
10.7 g, of material identified by refractive index as di-n-
butyl ketone. The boilirng point and infrared spectrum also
confirmed the identity. Bome n-octane wae also thought to be
present based on the refractive index and infrared spectrum.

The presence of velerlc acid wase indicated by odor.

No benzolc aclid, benzene or l-butaneboronic acid were

isolated in this experiment.
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Cleavage of benzeneboronic acid with three equivalents

of‘g-butxllithium.

At room temperature for 20 minutes. A solutlion of
0.225 mole of p-butyllithium35 in 200 ml. of ether wae added

to a mixture of 10,38 g. (0.085 mole) of benzeneboronic acid
in 220 ml. of ether over a period of 10-15 minutes at room
temperature. Stirring was continued at room temperature for
20 minutes after which the mass was carbonated by pouring into
a Dry Ice~ether slurry. The mixture was acldifled to a pH of
4.5 with 10%€ hydrochloric aeid and the ether layer was ex-
tracted with 100 ml. (0,1 mole) of 8% sodium bicarbonate 1in
four portions and 100 ml. (0.262 mole) of 5% sodium hydroxide,
glso in four portione. Acidification of the sodlium blcarbonate
extract with 10% hydrochloric scid produced no solid, but
acidification of the sodium hydroxide extract gave, after re-
erystallization from toluene, 2.5 g. (29%) of l-butaneboronic
acid identifled by melting point (90-92°), mixed melting point
and infrared spectrum,

The ether was distilled from the original ether layer and
the higher boliling materiasls were fractionated. An unmeasured
amount of benzene derivatlized as the m-dinltro compound was
leolated as well as some n-octane, and dl-p-butylketone,

Some valerlc acid, indicated by odor, slszo resulted from

this experiment.
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At refilux temperature for 20 minutee. Thie experi-

ment was run exactly as the one desoribed above but a reflux

temperature was used. Two and fifteen-hundredthe grame (25%)
of l-butaneboronle &clid as well as valerlc acld, p-octane,
di-n-butyl ketone and a emall amount of benzene were lsolated.
No benzole acid was obtained.

At ~60 to -50° for 25 minutes, Twelve and two-tenths

gramg of benzeneboronic acid in 250 ml, of ether under nitro-

gen wag treated with 0.3 mole of grbutyllithlum155 in 218 ml.
of ether added over & 20-minute period. The temperature was
kept at ~-50 to -60° during the additlon and for 25 minutes
following. At thig time Color Test IX85 was positive and
Color Teet II166 yap negative, The mlixture was carbonated
in the usual manner, acldified by the addition of 100 ml.
(0.29 mole) of 10% hydrochloric acld and the ether layer ex-
tracted four times with 25-ml. portione (0.1 mole) of 8%
sodium bicarbonate and four times with 25-ml, portions (0,262
mole) of 5% sodium hydroxide,

Acidification of the sodium bicarbonate layer gave 0.75
g. (6.2%) of benzoic acid identified by melting point and
mixed melting point as well as the infrared spectrum. Acldifl-
cation of the sodium hydroxide extract caused the formation
of white needles which did not melt under 350°, No l-butane-

boronic aecld was isolated.
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The original ether layer also contalned a large amount
of insoluble material melting between 160-200° which could
not be purified.

Cleavage of grhxdroxxbeggeneborgnic acid anhydride,
Eight grams (0,067 mole) of g-hydroxybenzeneboronic acid an-
hydride in 250 ml. of ether was treated with 0.1734 mole of
g—butyllithiuml55 in 97 ml. of ether at room temperature.
Thie addition required 10 minutes. Color Test 11166 wes
negative immediately upon completion of the addition so
another 0.67 mole of n-butyllithium in 49 ml, was added.
Color Teet II wae also negative after this addition. Stirring
wags continued for 20 minutes at room temperature after which
the reaction wee carbonated in the usual way. The mags was
hydrolyzed by the sddition of 100 ml, (0.29 mole) of 10%
hydrochloric acid and then the ether layer was extracted four
times with 25-ml. portions (0.1 mole) of 8% sodium bicarbonate
and four times with 25-ml. portions (0,262 mole) of 5% sodium
hydroxide, Acldification of the sodlum blcarbonate extract
with 10% hydrochloric aclid gave 1.65 g. (18%) of material
melting at 151-155C which was identified as salicylic acid
(159°) by the infrared spectrum.

Acldification of the sodlum hydroxide extract gave 1.3
g. of material melting over the range of 155-165°. This de-
composed before posltive identiflicatlion could be made.

No l-buteneboronic acid was isolated.
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DISCUSS ION

Phenothiazine Derivatives

N-Substitution reactions

N-Substitution reactione were carried out using three of
the four techniques that were presented 1n'the Historical:
reactione between sodlophenothiszine and an organic halide in
liquid ammonia, reactions between sodiophenothiazine with an
organic halide in some solvent other than liquid ammonis or
between phenothiazine and an organic halide in a hydrocarbon
golvent using some alkaline condensing agent, and the reaction
between phenothiazine and an orgsnic hallde in the presence
of an alkaline condensing agent and a copper powder catalyst
using no solvent., No sealed tube reactions were employed.

It wag found that the no-solvent technique was consistent-
ly the most successful, thls being useful in the preparation of
many derivatives such as the 10-(2-pyridyl)- and 10-(2-quinclyl)-
which could not be made by the liquid ammonla procedure or by
the solvent method uslng tetrahydrofuran. The preparation of
such compounds &8 10-(p-biphenylyl)phenothiazine, p-bie(10-
phenothiazinyl)benzene and p,p'~-bis(10-phenothiazinyl)-bi-
phenyl were not attempted in liquid ammonls or tetrahydrofuran
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due to the fallure of lO0-phenylphenothiazine to be prepared
in these medis,

The use of a higher concentration of sodliophenothlazine
in liquid ammonia (four timees that uvsed by GhampaigneBl'lg?)
was found to be adventageous in the preparation of 1l0-ethyl-
phenothiazine giving a slightly higher yleld of product and
better quality materlal than could be obtained at the lower
concentration. Even the unpurifled materlal hsd a melting
point only 3 or 4° lower then the pure product.

The only disadvantage of using this higher concentration
wag the extra care necegsary in making the additione of pheno-
thiazine to the sodium amide and the halogen compound to the
sodiophenothiazine, It was thought that the resction might
become too vigorous at thie high concentration but the heat
of vaporization of liquid ammonla (327 cal./g.) 1& high enough
that the system always remained under control if the additions
were made at a slow enough rate.

Using a concentration 3.5 times that used by Champaigne?l
10-allylphenothiazine wae prepared pure in a yield of 92% which
is poesibly better than the yleld of pure material which could
have been obtained from the 95.5% orude yleld obtained by him.

The higher concentration of sodiophenothiazine in liquid
ammonis wae aleo tried as a means of getting increased ylelds
of good quality 10-(p~-decyl)phenothiagine and 10-(n-octadecyl)-

1

phenothiazine, Champaign33 used a concentration of 0,143
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mole/liter of sodlophenothlazine in liquild ammonia for the
preparation of 10-{n-decyl)phenothlazine and reported an 86.7%
srude yleld. Using concentratlons of 0.5 mole/liter, 0.75
mole/liter and 1 mole/liter, ylelds of €0%, 80%, and 68% re-
spectlvely of slightly impure metesrlal were obtalned. Even
though these are lower than that reported by Champalgne (crude
y1i21d) 1t is Ddelieved that the higher concentration is sad-
vantageous.

In the preparation of 10-(g-ootadeeyl)phenothiazine in
liquid ammonia a concentration of 0.75 mole/liter of sodio-
phenothiazine was used., This gave a 12.9% yield of pure
produet. NO experiments have ever heen attempted at lower
concentrations so no comparison 1s poesidble. Champalgne31
used either toluene or xylene as & sup.lementary solvent for
the neocotadecyl bromide in the liquid ammonlia experiments
which he conducted and obtained no yleld of product. Again
1% 18 qulte possible that this high coneentration was ad-
vantageous in obtaining thies small yleld of product.

“hether the incressed concentration of sodiophenothia-
zine in liquid ammonla was useful or not in thesa2 latter two
preparations became of sscondsry lnterest following the
preparaticn of both compounde in high yieid using tetrahydro-
furan as the solvent, 10-(n-Decyl)phenotnlazine was prepared
pure in a yleld of 36.5% end the 10-(n-octadecyl)phenothiazine

wae obtained pure in a yield of 90%., In these experiments,
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sodiophenothiazine wae reacted with the appropriate bromo
compound in tetrahydrofuran at room temperature,

¥ith thlis success, a number of othere whose preparations
had felled or 4id not eseem feaslible in liquid ammonls were
attempted in tetrahydrofuran at room temperature and in some
instances at reflux. Theee include 10-phenyl-, 10-(g-nitro-
phenyl)-, 10-(p-nitrophenyl)-, 10-(p-nitrobenzyl)-, 10-(tri-
pvhenylmethyl)-, 10-(o-bromobenzyl)-, 10-(2-pyridyl)- and 10-
( 2-quinolyl)phenothiazine. Only one of these, the preperation
of 10-(g-bromobenzyl)phenothiazine, wae successful using this
technique. This wae apparently produced in & good yleld al-
though the material was difficult to purify.

It 1= not too surprising that the l0-phenylphenothiazine
failed to form in tetrahydrofuran since the halogen of lodo-
benzene is quite unreactive. However, it was belleved that
an activated halogen such as is present in g-lodo- or p-lodo-
nitrobenzene and 2-btromopyridine would undergo displacement
if this solvent had any large effect on the leaving group.

Apparently the greatest value of tetrahydrofuran lles
in its abllity to diseolve the reactants., Unlike ethyl bro-
mide which remains molten in ligquld ammonis and which gives
& quantitative yleld of 10-ethylphenothiazine, n-decylbromide
and n-octadecylbromide are sollds in this medium., Most of
the reaction that takee place between the sodiophenothlazine

and these halogen compounde muet occur before solidificstion
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takes place. This is borne out by the experiments in which
ground (28 mesh) solid n-octadecyl bromide wae added to sodio-
phenothlazine in 1iquid ammonia giving 4-6% of crude yleld
compared to a 17% crude or 12.9% pure yleld when molten n-
occtadeoyl bromide was added., If these halogen compounds,
which are comparable in reactivity to ethyl bromide, were
liquid in liquid ammonia a nearly quantitative yield of prod-
uct would be predicted, Tetrahydrofuran shows excellent sol-
vent action on both sodiophenothiazine and the n-decyl and
n-octadecyl bromides enabling the reaction to take place
readily.

Only one other golvent which wae used for the solution
of both the halogen compound and sodliophenothlazine was inves-
tigated, Thlie was ether in the preparation of 10-(groctadecyl)-
phenothlazine. A much poorer crude product wae obtalned in
thie experiment than was obtained with tetrahydrofuran. The
material was never purified but 1t is estimated that a 50-60%
yield of pure material would have resulted. Sodiophenothia-
zine appeare to have a lower solubllity in ether than in
tetrahydrofuran,

Using solvent combinatlons; liquid ammonia for the sodlo-
phenothiazine and n-pentane, ether, tetrahydrofuran, or
ethylene glycol dimethyl ether for the n-octadecyl bromide,

gome produot was obtalned, the pentane-ammonis system showlng
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the lowest yield (8% crude) with the others giving approxi-
mately equal ylelds (40-50%).
Combinations of ether or tetrahydrofuran with ammonia
gave high ylelds (60-80%) of the 10-{(n-decyl)phenothiazine.
The superiority of these somewhat poler solvents over
n-pentane may eagain be partielly explalned by the better
solubllity of the sodiophenothiagine in them,

N-Subetltuted phenothiszine-S-oxlides

Several of the N-substituted phenothlezines that were
prepared were oxidized to the monoxide with 30% hydrogen
peroxide ueing a higher concentration of phenothlazine deriva-

tive 1n ethanol than had been used previously3°a3l.125

giving
higher yilelds, In some cases the concentratlion of hydrogen
péeroxide wae also higher although in some of the previous
vork & higher ratloc of hydrogen peroxide to unoxidized pheno-
thiazine compound was used to no advantage.

Using a concentration (0.4 mole/liter) of 10-ethylpheno-
thiazine three times that used by Champaigne31 with a corre-
eponding increase in the concentration of hydrogen peroxide
(1.23 moles/1iter), the sulfoxide was prepared consistently
in ylelds above 95%. At the lower concentration, the ylelds
were genersally 85-90%. When using a concentration of 2.5

moles of hydrogen peroxide/liter with 0.11 mole/liter of
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10-ethylphenothlazine, Nelson3©:125 gbteined = mixture of the
dioxide (15.5%) and the monoxide (62%) which were separated
chromatographicaelly using activated alumina.

All of these preparations were run at reflux.

10-(p-Octadecyl )phenothiazine-5-oxide was obtained in a
96% yleld ueing a concentration of 0.1 mole/liter of 10-(n-
octadecyl )phenothiazine wit: 0.3 mole/liter of hydrogen per-
oxide, Shirley,36'53 in obtalning a 53% yleld, used a con-
centration of 0,0183 mole/liter for the parent compound and
0.49 mole/liter for the hydrogen peroxide. However, this may
not be a falr comparison since Shirley used a short reflux
veriod followed by & 2-day etanding period for this prepsara-
tion, whereas the higher yleld was obtained by the usual
S-hour reflux period.

10-Fhenylphenothiszine-5-0xide was prepared in a quanti-
tative yleld ueing 0.15 mole/liter of l0-phenylphenothiazine
and 0.49 mole/liter of hydrogen peroxide added as a 30% solu-
tion. A 71% yield of product was obtained by Shirley36s353
using this same concentration of unoxidized compound but using
twice the concentration of hydrogen peroxide. Again the con-
ditions which he used were different, the reaction being
carried out &t reflux for a few minutes followed by a 2-day
etanding perlod instead of a 5-hour reflux period.

The other two monoxidese that were prepared are new and

were produced in high yleld. The 10-(2-pyridyl)phenothiazine-
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5-oxide was prepared in 93% crude yield using a concentration
of 0,15 mole/liter of 10-(2-pyridyl)phenothiazine and 0,5
mole/liter of hydrogen peroxide while 10-(n-decyl)phenothia-
zine-5-0xide was obtained in a 90% yield using a concentration
of 0,05 mole/liter and 0.41 mole/liter for the unoxidized com-
pound and hydrogen peroxlde, respectively. When 10-(p-decyl)-
rhenothiszine-5-0xide was prepared ueing three times these
concentrations of reactants, a yleld of 93-98% was obtained.
Using the older technique it was customary to pour the
reaction mass into excess c¢o0ld water as a method of ieolation.
It wag found that a better orystal form and purer crude prod-
uct could be obtained by vreviously hesting the water to 80°

before carrying out thils operation.

N-Substituted phenothiagine-5, 5-dioxides

Most of the sulfones were prepared using the procedure
for the prepsaration of 10-ethylphenothiazine-5, 5-dloxide
established by Nelscn3° in which a concentration of 0,172
mole/liter of unoxidized compound in glscial acetic acid was
treated with 0.52 mole/liter of hydrogen peroxide, added as &
30% eolution, at 80° for 1.5 hours followed by an additional
0.157}mole/11tar (usually) of hydrogen peroxide, reduction in
volume of the solvent and cooling to isgolate the product.

The 10-ethyl-, 10-phenyl-, 10-{(pn-decyl)- and 10-(n-octadecyl)-
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phenothiazine-5, 5-dioxides were prepared in yields of 70%,
87%, 65-73% and 91% in that order,

The 10-(2-pyridyl)phenothiazine was oxidilzed under the
conditions employed by Och1a1153 for the preparation of
pyridine~l-oxide, The infrered epectrum indlcated the sul-
fone group and also had & sharp band at 12 which was belleved
to be due to the N-oxlde since this besnd was not present in
the spectra of 10-(2-pyridyl)phenothiazine or its sulfoxide,
The sulfur analysls substantliated the trloxlde structure.

When thie trioxide was trested with iron in hot (100°) glacial
acetic acid a new compound was formed which gtill retalned the
sulfone group as determined by the infrared spectrum but which
no longer had the band at 12 . Thls compound wae thus be-
lieved to be 10-(2-pyridyl)phenothiazine-5,5-dioxide. The
quantitative sulfur analyels matched the calculated value for

this structure,

N-Substituted phenothiazines with nuclear substituents

The reductive halogenation of 10-ethylphenothiszine using
either hydrochlorlec acid or hydrobromic acld was carried out
by an eestablished procedurel31 with comparable resulte being
obtained. This technique was extended to the prepsration of
3-chloro-10-{p-decyl )phenothlazine from 10-(n-decyl)phenothi-

azine-5-oxide. The success achleved 1n this syntheels wae
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rather limited with difficulty belng experienced in the purifi-
cation of the compound, However, the fact that reduction had
occurred with halogenatlion waes egtablished by qualitatlive
analysis and the infrared spectrum. The purification trouble
probably 1le not too surpriesing consldering that the elmpler
molecule, 3-bromo-l0-ethylphenothiazine, 1s salso somewhat dif-
ficult to get in the pure form.
10~Ethylphenothiazine-4-carboxylic acld was prevared by
a known procedure37'122 with the material being obtalned in
Yileld and quality equal to that which has been reported. This
same procedure wae utilized in the preparation of 10-(n-decyl)-
phenothlazine~4-carboxylic acid using 10-{n-decyl)phenothia-
gzine-5-oxlde as the starting material. The yleld of acid
which was produced wae somewhat lower than the yield of the
10-ethyl acld (36% ve. 55%). However, since only one experi-
ment wae run it 1s uncertain whether this lower yleld is the
maximum for the reaction or not.

Metalation of 10-ethylphenothiazine-5-oxide proceeds to
the extent of 50-60% as determined by carbonation and hydroly-
sis to the acid. This metalation is carried out at -20° to
0%, In contrast to thie, metalation of 10-ethylphenothiazine
at the temperature of refluxing ether proceeds to the extent
of only 10-20% as also determined by carbonatlion to the acid?l
When using the monoxide as the starting materlial 1t has been

noted that reduction possibly takes place prior to metalation
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this being based on a negetive reaction of Color Test 1165
after the first equivalent of beucylllthiuml55 has been added.
Ir this 1e the case, metalation of 10-ethylphenothiazine may
actually be taking place in the presence of some materlal such
ags lithium butoxide which could form durlng the reduction.

The uge of n-butyl alcohol which would form lithium butoxide
in the preeence of pn-butyllithium wag investigated ag a cata-
lyst in the metalation of 10-ethylphenothiazine using the con-
diticns that are normally ueed for the metalation of the oxide.
A control experiment was carried out at the same time but
neither attempt gave any acld upon carbonation., Evidently
gome complex intermedlate structure accounts for the high
metalation yleld of l0-ethylphenothiazine-5-oxide.

Desplte the good yield of carboxylic acid that can be
obtained from the 4-1ithlo-10-ethylphenothiazine, the attempted
conversion to the corresponding boronic acld derlvative by
reaction with tri-p-butyl borate at -70° wae unsuccessful,
Sterting with 3-1ithio-10-ethylphenothiszine, prepared by a
halogen-metal interconversion of the 3-bromo derivative, no
boronic acid was formed elther, Other sulfur- or oxygen-
containing heterocyclic compounds have had boronlc acld
derivativee prepared of them in good ylielde. These compounds

also apnear to be qulite stable, Both 2-thiopheneboronic
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acidlua'lsl and 2-furanboronic acidluB were prepared from the
corresponding Grignard reagent and trimethyl borate while
1-thianthreneboronic :au:ic‘i,ll’8 2-thlanthrene boronic acid.lb?

Lh-dibenzothiopheneboronic aezzf).d.,ll’9 Lk-dibenzofuranboronic aoid156

and dibenzo-p-dloxin-l-boronie acidl8

2 have all been prepared
in good ylelds from the corresponding lithium compound and tri-
n-butyl borate. In contrast to thies are the nitrogen-contain-
ing heterocyclic compounde which do not seem to form stable
boronic aclid derivatlives easlly. Only one of these, the
9-ethylcarbazole-3-boronic acid, hes been reported.183 This
was prepared in a yleld of less than 5%. The preparation of
9-ethylcarbazole-l-boronic acld was also attemptedm3 but no
boronic acld was obtalned,

Baged on the negative Color Test 1165 teken immediately
after reacting the 3-1ithio~ or 4-~-1ithlo-10-ethylphenothiazine
with tri-n-butyl borate, both resctions took place. However,
all thet wae isolated in elther experiment was a gummy product
whieh wags ineoluble in ether and acld, This was assumed to be

something other than 10-ethylphenothiazine baeed on its poor
ether solubllity, but material isocleted from the purification

181g, Kpauee and G. Renwanz, Ber,, 65, 777 (1932).

182J. J. Dietrich, unpublished studliee, Iowa State Col-
leg‘e (1957 ) .

183J. B. Honeycutt, Doctoral Dissertation, Iowa State
College (1956).
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of the gum from the attempted preparation of the 4-boronic
acld was ldentified as 10-ethylphenothiazine, This could have
resul ted from decomposition of the gummy material,

The basic charecter of the nitrogen must affect the forma-
tion of phenothlazineboronic acids adversely.

In the attempted formation of the 3- and 4-triphenylsilyl-
10-ethyl phenothiazines, none of the deelred products were iso-
lated. Based on Color Test 1165, which became negative, it 1is
believed that the reactione occur and that an sdequate purifi-
cation technique is all that ies needed to obtain these compounde.
In both attempts, hexaphenyldielloxane was 1solated. Where
triphenylsilylpotassium was used, the method of formation of
the disiloxane 1e rather difficult to interpret slthough 1ts
presgence 1s not unusual, being a common by-product of reac-
tione utilizing triphenyleilylpotaseium. Triphenyleilane may
first form by hydrolyeis followed by & nucleophilic attack on
the gilicon by hydroxide ion to form triphenylsilanocl. This
would then, by intermolecular dehydration, form hexaphenyldi-
glloxane. When using triphenylchloroesilane, the formation of
hexaphenyldisiloxane is more reasonable, nucleophilic attack
of the silicon forming the silanol which by the same inter-
molecular dehydration would give the hexaphenyldisiloxane.
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Phenothiazine derivativee ag scintillatore

Several of the phenothlazine derivatives that were pre-~
pared have been testediab a8 liquid solution scintillator29
sgainet a solution of 3.0 g./liter of 2,5-diphenyloxazole in
toluene which has been aesligned an arbltrary value of 1,00
(pulee height). The following phenothiazine derivatives all
gave a value of less than 0.12 which 18 the minimum that can
be measured: 10-(Qrtoly1)~.30’107 10-phenyl-, 10-allyl-,
10-(2-pyridyl)phenothiazine and p-bis(10-phenothiazinyl)ben-
zene; l0-phenylphenothiazine~-5-oxide and -5, 5-3dloxide; and
10-( 2-pyridyl)phenothlazine~-5-oxide, ~5,5-dloxide and -1',5,5-
trioxide. Other simllar structures that can be compared with
these are the corresponding derivatives of carbazole, phenoxa-
zine and poesibly fluorene, In the carbazole series, the fol-
lowing resulte were obteined: 9-phenyl- (0.24), 9-(p-biphenyl-
y1l)- (0.35), 9-(2-pyridyl)- (0.20), and 9-(2-quinolyl)carbazole
(0.14); p-bis{9-carbazolyl)benzene (0.27) and p,p'-ble(9-
earbazolyl)biphenyl (0.93). Both 10-phenyl phenoxazine and
p~bie(10-phenoxazyl)benzene showed values of leesg than 0,12
while 9-phenylfluorene and 9,9-diphenylfluorene had values of
0,18 and 0,14, respectively. The 10-(2-quinolyl)- and

13“Evaluation of the compounds for thls purpose were made
by Drs. Vright R. Langham, F. N, Hayes and D. G. 0tt of the
Los Alamos Laboratories.
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10-(p-biphenylyl)phenothiazine end p,p'-bie(10-phenothiazinyl)-
biphenyl have not been teeted as yet., The unsubstituted com-
pounde in thie series zll ehow valuee of 0,12 or lees.

Studlies to date29 show that the better scintillatore are
mede up of eromatic ringe linked in a linear fashion to ellow
continuous conjugation throughout the molecule with some
heterocyclle syetems such se furan, oxagzole, pyridine, pyr-
role, 1indole and benzoxazole being beneficlal and thiophene,
thiazole and benzothiszole generally being of little value,
The best sclntlllator found to date using a concentration of
3 g./l1iter 1s 2-phenyl-5-(4-biphenylyl)-1,3,4-0xadlazole with
& value of 1,20, However, other compounds run at higher con-
centrations may show values greater than this,

Honeycutt183 has discussed some of the relative values
of phenothiaszine, carbagzole and fluorene as poeslble scintil-
latore. From the resulte that are listed above 1t appears
that N-substituted carbazoles have eome notential while the
other ring systems, including prhenothiazine, have 1little
poseibilities.

An increase in scintillation activity in the carbazole
series was noted in going from 9-phenyl- (0.24) to the 9-(p-
biphenylyl)- (0.35) with the p-bis(9-carbazolyl)benzene being
intermediste at 0.27. A blg Jump was noted in the p,p'-bls-
(9-carbazolyl)biphenyl which had a value of 0,93. Whether

such an incresse will be noted in the phenothlazine and phen-
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oxazine gerles awalts the testing of some of these compounds

in the two seriee, ©OSince there was l11lttle difference between
the phenyl derivativee and p-bis(heterocycle)benzenes in each
of the three gerles there is some poeslibllity that p,p'-bls-
(10~-phenothiazinyl)biphenyl and 2,2}-bis(10-phenoxazy1)biphenyl
will sghow fair secintillation activity.

On the basis that sulfur-conteining rings affect scintil-
lation activity adversely and oxygen- &nd nitrogen-containing
rings are beneficlal, 1t was predioted183 that 10-phenylphen-
oxazine would be a better scintillator than 10-phenylphenothi-
azine, However, this wes not the case, both showing the
minimum activity. The predictionl83 that it would not be as
good as 9-phenylcarbazole was correct, thle being attributed
to the intact biphenylyl structure in 9-phenylcerbazole which
ie absent in 10-phenylphenoxazine,

From thle it can be eeen that still only general corre-
lations can be made in predicting scintillation activity from
structure and that a more gpecific structure-scintillation

activity correlation awaits the testing of additlional compounds.

Boron Derivatives

Simple boronic acids

All of the boronlc acid derivatives, except the 1~

butaneboronic acld, were prepared by treating the corresponding
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1ithium compound with tri-p-butyl borate at -70°., Thie low
temperature 1s used to prevent, or keep to a minimum, the
formation of any borinic acid, a compound in which two -OH
groups of boric acid have been replaced with organic radicals.
The technique of using organolithium compounds for this type
of preparation is quite new belng extensively investigated for
the first time by Goodman;hs for the preparetion of benzene-
boronic acld, Abbottl7° hae prepeared p-dimethylaminobenzene-
boronic acid previously from p-dimethylaminophenyllithium,
This technique makes possible the preparation of compounds
such as the hydroxybenzeneboronlic acid isomers that would not
be feasible by the usual Grignard method. In other instances
1t provides an easler method to obtain the desired product.
The attempt to make l-butaneboronic acid by treating
g-butyllithiuml55 with trimethyl borate wses unsuccessful prob-
ably due mainly to insuffliclent technique uged in the isola-
tlon. Allphatic boronic acids are much more unstable to
atmospheric conditions than aromatle bhoronic aclde and de-
composition may have resulted in this case, It should be
poseible to prepare l-butaneboronic acid from the lithium
compound. The preparation ueing the CGrignard reagent was
as successful as that reported 1in the literature.luh
o-Hydroxybenzeneboronic acld anhydride was first prepared
by Swayampatilh6'148 from o-bromophenol using two equivalents
of g-butyllithiumlss and subsequent reaction with tri-n-butyl
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borate, He obtained the product in a yleld of 55%. When the
hydroxy group of g-bromophenol was protected with dihydropyran
to give 2-{g-bromophenoxy)tetrahydropyran and this treated
with one equivalent of g—butyllithium155 and tri-n-butyl
borate in the usual way, a comparable yield wae obtained.
The product wac 1solated in each of these experiments by ex-
traction with base followed by acldification of the extract.

p-Hydroxybenzeneboronic acid was made previously26'151
by a different method. This involved the formation of m-
nitrobenzeneboronie acid by nitration of benzeneboronic acid,
reduction to the amino compound, dilagotizatlion and finally
hydrolyeis. The yleld in this last sten was 34%., Starting
wvith p-bromophenol, and using the estandard n-butyllithium
treatment followed by reaction with tri-n-butyl borate, a 33%
yield of m-hydroxybenzene boronic acid anhydride wae obtalned.
This compound could not be igolated by acidification of a baslec
extract because of 1ts high water solublility. Isolation was
accomplished by evaporation of the ether layer to dryneess
after a series of extractlions to remove & large portion of
the boric acid and p-butyl alcohol. The attempt to prepare
the compound using 2-(m-bromophenoxy)tetrahydropyran as the
starting material falled.

The pars isomer hae also been prepared in a yleld of
4oZ etarting with p-bromophenol using the same procedure as

wae used for the other 1somers.145 It was also neceggary to
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lsolate thle by concentration of an ether extract because of
the high water solubllity of the compound,

When using 2-(p-bromophenoxy)tetrahydropyran as the
starting materlial and treating it with p~-butyllithium,
2-hydroxy- 5-bromobenzeneboronic acid was isolated.1u7

In this seriles, the ortho isomer exists only as the an-
hydride, coming out in this form even upon recrystallization
from water, whereas the paras isomer crystsllized as the acid
from an acetone-water spystem and resisted complete conversilon
to the anhydride even upon prolonged heating in a vacuum oven
at 75°, The meta lsomer oryetallized as the anhydride from
ethylene chloride. 1Its stability as an acld was not inveeti-
gated.

p-Dimethylaminobenzeneboronic aclid anhydride was prepared
in a yleld lower than thet reported by Abbott1?0 (304 ve. 62%)
and having a different melting point (235-270° ve. 243-245°),
Also the materisal crystallized as the anhydride from ethylene
chloride while the materisl prepared by Abbott was 1lsolated
from an aqueous medium and was reported as the acid.

A few dlalkylemino eromatic boronic acide have been re-
pert:edze’."‘“2 and difficulty has been experienced by other
workers in obtaining or purifying them, For example, Snyder
and Weaverze reported thelr inabllity to find a satisfactory
solvent or solvent mixture for m-diethylaminobenzeneboronie

142

ecid. Snyder and Wyman reported the preparation of
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Lodimethylamino-l-naphtheleneboronic acid which they etored

es the crude hydrochloride and purified by two reprecipitations
from water by the dropwise addlition of base. They noted the
ease of deboronation of this compound.

Kdnig and Scharrnbeck152 attempted the preparation of
o-dimethylaminobenzeneboronic acld but the only products which
they were able to 1lsolate were dimethylaniline and boric acid
which would reswlt from the hydrolysie of the compound which
they expected. This attempted preparation was done by treating
the Grignard reagent with a borate ester,

In the experiment reported in thie theeis for the prepara-
tion of g-dimethylaminobenzeneboronic acid, the lithium com-
pound wae treated with tri-n-butyl borate with apparent resc-
tion as Judged by the negative Color Test I165. However, the
resulting compound also seems to have decomposed on hydroly-
sis, the only compound which wae isolated beilng identified
tentatively as a complex between borie acid and dimethylani-
line, Such & complex 1s quite poessible coneldering the method
of lsoletion wilch was used for the compound.

The preparation of 2-hydroxy-6-naphthalenseboronic acid
was carried out without incident, but the purification 4diffi-
culties followed closely those of other naphthaleneboronic
acids., Decomposition seems to occur during recrystallization

and 1t was never possible to get a pure white product,
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Yabroff, Branch, and Bettman185

noted the decomposition of o<~
and @-naphthaleneboronic acid in hot water while Soadyl86
had some ailfficulty in purifying l-hydroxy-S5-naphthslene-
boronlc scld, never belng able to get a white product.

It has been observed in this work on boronic aclde as

well as by other workeralh?

that melting polints are genersally
characterized by wide ranges, and occasionally by poor re-
produeibllity., Thls was qulte evident in the p-dimethylamino-
bengzeneboronic acld anhydrlde and especlally in the g-hydroxy-
benzeneboroniec acld anhydride which had melting pointe varying
from a range of 170—175° to & sharp melting point of 193-194°.
The melting point which wes obtained depended largely upon

the solvent used for recrystallization, Desplite the differ-
ences in melting point all of the material was of the same

purity as judged by the neutrallzation equivealent.

Azo boronic acids

The azo boronic acids were prepared by coupling o-hydroxy-
benzeneboronic acid anhydride with a sultable diazonium sgalt

using procedures similsr to those used for non-boron contalning

185D. L. Yebroff, G. E. K. Branch and B. Bettman, J, Am,
Chem, Soc,, 56, 1850 (1934).

( %83T. S. Soddy, unpublished studles, Iowa State College
1956).
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compounds, In contrast to the high yleld (90-100%) generally
obteined with the non-boron analoge, low ylelde (20-30%) were
obteined on the boron compounds. This may be attributed par-
tially to the deactivating influence of the boronic scid
group making o-hydroxybenzeneboronic acid anhydride a poorer
coupling entity than phenol.

Another resson for the low yielde may be attributed to
decomposition during purification., Purification was 4iffi-
cult, very few solvents being sultable for recrystallizetion
and chromatogrephic purification being considered inadequate
as far as 1t vae studled. Only partisl purification could be
attalned using an ethanol-water system for recrystallization,
& solvent combination which wae ueed eomewhat successfully in
dyes prepared from m-aminobenzeneboronic acid and m-hydroxy-
benzeneboronic acid.26 Benzene wes only partially successful
as a recrystalllizing solvent also. Even though ethylene
chloride cannot be coneldered a good recrystallizing solvent
for this type of compound based on the differential solubllity
between the hot and the cold solvent, 1t dld glve pure com-
pounde., Solubilities of the dyes which were purifled ueing
this solvent ranged from 0.75 to 1.5 g./liter meking it pos-
eible to crystallize only a small amount of materiasl from a
large volume of sgolvent.

Although the infrared spectra were used as a partial

megns of identification of these azo boroniec sclds as well
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ag the simple boronic acids, little 1e known about absorp-
tion bands which may be attributed td the boronic acid group.
In s study made of several aromatic boronic eclds it was ob-
served that a band at 9.1-9.2 « may be indicative of the C-B
bond.

Cleavage reactions of aromstic boronic acids with n-butyl-
lithium

The firet cleavage of an aromatic boronic acid with
n-butyllithium wae sccomplished by Santuccl.lb? In an at-
tempt to perform a halogen metal interconversion on 2-hydroxy-
5-bromobenzeneboronic acld he obtalned 5-bromosalicylic acid,
and l-butaneboronic acld on carbonatlon of a mixture that wase
refluxed in ether for 18 minutes using 5 equivalents of
grbutyllithium155 for each equivalent of boronic acid. When
a 1.5 hour reflux period was used, the producte which were
isolated were 5-bromosalicylic acid, p-hydroxybenzolc acid
and l-butaneboronic acld. No mechanism was postulated for
this becsuse of insuffliclent data.

In order to gein additional informatlon on the cleavage of
aromatic boronic acids with n-butyllithium, the cleavage of ben-
zeneboronic aclid and o-hydroxybenzeneboronic acid anhydrlide were
studled to & emall extent, carbonation being carried out to

terminate the reactions. In the cleavage of benzeneboronlc
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acld at reflux temperature for a period of 1.5 hours using
five equivealents of n-butyllithium no products other than
those originating from n-butyllithium such as valeric scid

and di-n-butyl ketone could be isolated. When run at elther
reflux or room temperature for a perlod of 20 minutes with
three equivalents of n-butyllithium, l-butaneboronic acid was
iso0lated as well as benzene, These products would correspond
to the p-hydroxybenzolce acid and l-butaneboronlic acid 1solated
by Santuccl ueing a 1.5 hour reflux time. ¥hen the benzene-
boronic acid was treated with p-butyllithium at -60° for a
period of 2% minutes and then carbonated, benzoic acld was
ieolated as well as a high melting unidentified material. No
l-butaneboronic acld was leolated. This experiment would cor-
respond to Santucci'se 1B-minute experiment in which he isolated
5-bromoselicylic acid,

From this 1t appears that cleavage of benzeneboronic acld
is more eselly sccomplished than cleavage of 2-hydroxy-5-
bromobenzeneboronlic acid since comparable products were ob-
tained at a lower tempersture with benzeneboronic acid than
with the 2-hydroxy-5-bromobenzensboronic acid, This latter
compound gave products after 1.5 houre at reflux, whereas the
former gave nothing resembling benzene, benzole acld or
l-butaneboronic acld under similer conditlons, poseibly indi-
cating complete decomposition. These experiments also show

t hat under the milder conditions, a lithium atom presumably
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repleces the boronic acid group which glvees the carboxylic
ecid on cerbonation, while under more severe conditions the
boronic acid group is replaced with & hydrogen., However,
thie could result from hydrolysie of the lithium compound
prior to carbonation.

In the single experiment that was carried out with
o-hydroxybenzene boronic acld anhydride, salioylic acid, but
no l-butaneboronic acid was obtained, This was carried out
at room temperature using 3 equivslente of n-butyllithium,

On the basieg of the experiments discussed above it is pre-
dlcted that if thie reaction were run at a higher temperature,
phenol and l-butaneboronlc acld would be isclated.

Although there seems to be some correlation between these
experiments there 1le stlll insufficient date to postulate a
mechaniem, It appears, however, that different mechaniems
may exist at different temvperatures. It is poselible though
that in each case the boronic acld group ie being replaced
with & hydrogen and that any carboxylic acid that results
upon carbonation arises from the metalation of the position
orgho to the hydroxy group or meta to the boronic acid group
in the case of 2-hydroxy-5-bromobenzeneboronic acld and
o~hydroxybenzeneboronle acld anhydride. Thie would not, how-
ever, account for the formation of benzole acld from benzene-
boronic acid, since thle molecule would not likely metalate

in any position.
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Organoboron compounds in brain tumor therapy

The use of organoboron compounde in brain tumor therapy
is relatively new, having been initiated in 1940 by Krugar?3'24
Thie therapy 1s of a nuclear disintegration type in which
boron (atomic weight 10) contained in a compound such as
borax or a boronlc acid 1s bombarded with slow neutrons giving
off alpha particles according to the followlng equation,

5810 + onl —_— 3L17 + ZHeb + 2.79 mevw,

Thie treatment tends to destroy &ny tissue, normsl or abnormal,
into which the boron compound hse been injected. Any sur-
rounding tissue which does not contain boron remsine unaf-
fected since the digintegration products have short ranges,
be to 7.

Borax containing the boron lsctope 10 has been studled
the most extensively but this compound has certain disadvan-
tages in that the differential uptake of the compound between
cancerous and healthy tissue ie low, being of the order of 2,
and aleo the compound ie not retained very long by the tlssue.
The few dyesz6'z7 that have been tested show certein advan-
tages over borax in that the tskeup is more rapid, they are
retained for & much longer period of time and are taken up

preferentially by the cancerous tissue soon after injectlon,
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the differentisl upteke between the cancerous and normsl tis-
gue being of the order of 100. Unfortunately, the dyees have
certaln dlsadventsges in that they eventually tend to color
the whole body and mey be teken up later by the heart, liver,
kidneys, etc, This color 1s gradually excreted, however.
Some non-hboron azo dyes are als0 known to be carclnogenic to
the 11ver187 and it 1& not yet known how these azo boron dyes
will behsve in thle respsect. However, there are certain
groups such as the bromo, hydroxy, nitro and trifluoromethyl
which are known to reduce the carcinogenic activity of azo
dyes,

Even though boron-containing azo dyes seems to show ad-
vanteges over borax and possldbly other boron containing com-
pounds, the investigation of these other boron compounds has
not been eliminsted., These would have an advantage over the
dyes in that they would not color the whole system, GSeveral
of the boronic acids &nd azo boronic acids that were prepared
have been submitted for teetinglas but no resulte are avall-

sble as yet.

187J. P, Greenstein, "Bilochemistry of Cancer," 2nd E4d.,
Academic Press, New York, N, Y,, 1954,

188pnie testing 18 being carried out by the Brookhaven
Nationsl Laboratory. The resgulte will be reported by Dr.
Otho D. Easterday of the Medicsl Department, Physiology
Division,
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There l1s some questlon ae to whether the boron tri-
fluoride complexes that were prepared would be suitable for
testing in this work., Due to the rapid hydrolysls of the
complex formed between l0-ethylphenothiazine and boron tri-
fluoride 1t would probably be unsulitable. However, the
complex formed between 10-(2-pyridyl)phenothiazine and boron
trifluoride wae stable encugh to be recrystallized from
ethanol and appears to have undergone hydrolysis at a slow
enough rate in water making consideration of this compound
worthwhile, Even 1f hydrolysis did occcur after injection it

could poeeibly prove useful,

Suggestions for Future Research

Since two of the primery purposee or considerations of
this work were the preparation of a phenothiszineboronic acid
and a phenothlazine derivative containing both boron and an
azo group, further effort should be expended toward this goal.
For the preparation of a boronic acid derivative of pheno-
thiazine, an approach could be through an N-phenyl or N-benzyl
derivative such as 10-(p-bromophenyl)phenothiazine or 10-(o-
bromobenzyl)phenothiazine. In such molecules ae thie, the
boronic acid group would be attached to a single benzene ring

instead of the heterocyclic nucleus, and would quite possibly
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be more stable than a nuclear subetituted boronic acid
derivative of phenothlazine.

For the preparation of azo boronic acids, a somewhat
gimilar approach could be used. Derivatives like 10-(p-
nitrophenyl)phenothiazine and 10-(p-nitrobenzyl)phenothiazine
could be reduced, dilazotized and coupled with o-hydroxyben-
zeneboronic acid anhydride. The use of 3-amino-10-ethylpheno-
thiszine has been considered as a posslible approach to the
desired compound, but this starting material is quite unstable
end difficult to prepare,.

Additional organoboron compounds and azo boronic acids
should be synthesized with some emphasis being placed on the
more water soluble compounds 8o that some comparison can be
obtained concerning the relative value of these with the more
insoluble compounds in dbrain tumor therapy. A majority of
the simple boronic aclds and sll of the dyes that have been
gsubmitted for testing are water insoluble or at the most,
8lightly soluble, The Qp(3-borono-h-hydroxyphenylazo)ben-
zenesulfonic acld is a compound of the water soluble type but
it apperently could not be obtalned in a pure form, unless
the material has cryestallized as a hydrate. Hydrates have
been postulated on other dyelz7 but this was based only on
the analysis. The actual existence of such compounds could

be studled.
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In the synthesis of other azo boron dyes, the groups
which are known to decreesge the carcinogenic activity of the
compound should be incorporated for complete study. A true
course of regearch in thle braln tumor therapy study, however,
awalte the resulte of some of the compounde which are cur-
rently being tested.

The cleavage study of aromatic boronic aclds remains to
be completed since the deta collected from the resctions that
have been run does not seem to be sufflcient to peostulate a
course for the reaction. This may involve gquite an extensive
study as the products which are formed seem to be dependent
on the temperature of the reaction. They could aleo be
dependent on the time of the reaction and to the additional
groupe attached to the ring. Cleavages in solvents other
than ether, both & more polar and a lees pclar, might be of

interest.
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SUMMARY

A history of the N-gubstitution reactione of phenothla-
zine has been presented with speclal emphasis being placed on
the 5-year perlod from 1952 through 1956. A table of the
N-gubstituted compounds prepared during this time has been
inecluded.

A brief higtory of the chemietry of organoboronic acilde
has also been presented.

Beveral new N-gsubstituted phenothlazines, thelir sulf-
oxides and sulfones, were prepared for testing as liquid
solutlion scintillators and for general physliologicel screening.
The resulte of the scintillator testing has indiceted that
derivatives containing the phenothiazine nucleus will prob-
ably have low scintillation activity.

In the preparation of thege compounds it was found that
tetrahydrofuran is a good solvent for some N-alkylations.

N-alkylations run in liquid ammonia et high concentra-
tlons were found to be superior to those run at lower concen-
tratione, a higher yleld of materisl generally being obtalned.

The use of 1increased concentration for the preparation
of several N-substltuted phenothlazine-5-oxides was found to
give a superior yleld to preparations made at lower concen-

trations.
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Several new aromatic boronic aclde and ago boronic aclde
were gynthesized for study in brain tumor therapy. The re-
gults of the blologicel activity of these compounds &re not
yet avallabls.
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CCH;CH;_ NCH,CH=CH,

@D @J@

l0-(8-Allylaminopropio- b. 3-[Allyl-(1o-phenothia-
hyl)phenothiazine zinylcatbohylmethyl)--
amino)-|- propanol

CH3GHN CHZCH CHCH3

0o CHa
CHaCH;_COCHZ(CHa)_;CHJ
C. h-Amyl 8-(10-phenothia- d. 10-[8-(Benzyl-2-buTenyl-
z-inyl)propiohafe ammo)buTYrlepheno-
Thidzine
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C-N CHzC 2 (CH?_CH_;)a 0=C- NCHE

L0

e. N-Behzyl-N-(2-dieThyl - f N-Benzy|-10-pheno-
aminoethyl)-10-pheno- Thnazmecarboxam ide
Thnazmecarboxarmde

Figure 1. Some N-substituted phenothiazine derivatives
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BPC;HZ
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I. 2-Diethylaminoethyl J. 10-[2-(2,6-Dimethyl-1-
10-phenothiazine- p|per|dy|)e1‘hyl] pheno-
Carboxylate Thiazine

/N
N O
e /\—/\

Q‘CHCHZN O
988

S
K. 10-[x,B8-Di(¢4-morpholinyl)-

propiony ijphenothiazine

Figure 1. (Continued)
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AN/

z

AL

| p,p-Bis(l0-pheno -
Thiazinyi)biphehyl

] / ‘

Sesllee o)

m. 10-[r-(i-Pyrralidinyl)- n. 10-[2-(4-Thiamorpho-
buTyryl]pheho - linyl)isopropyl]-
Thiazine | phenothiazine

Figure 1. (Continued)
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B(OH), B (OH);

Faraamar

a. 2,2-(4,4-Biphenylenebisazo)bis (5-
hydroxybenzeneboronic acid

NH, OMH oH  NHz
' Nao33N=N</ \></ \>N=N503Na
' B(oH);

SOzNa B(OH), SOz Na

b. 44 Bus(e amino-i-hydroxy-5,7-disvifo -2-naph-
|azo0-2,2'- biphenyldiboronic acid, Tetra-
me salT

Figure 2. BSome &azo boronic acids
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C. 4,4- BiS(Z-hydréxY-l- naphthylazo)-
2,2'-biphenyldiboronic acid

d- 2-Hydroxy-5-(p-bromo-
phenyldazo)benhzene-
boronic dcid anhydride

Figure 2. (Continued)
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