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The reaction of triphenylsilyllithium with halogenated heterocycles was investigated employing different heterocycles
and varying the halogen, solvent, and time of reaction. The results indicate that the reaction of triphenylsilyllithium with
Ar-X compounds varies appreciably with the nature of the halogen and solvent. The triphenylsilyl group was introduced
into the various nuclear positions of 10-ethylphenothiazine. Several other new derivatives of 10-ethylphenothiazine were also

synthesized.

The versatility of silylmetallics as a useful tool
in the synthesis of silicon-containing compounds has
been well established.! During a study on the reac-
tivity of silylmetallics, it became of interest to
investigate the reaction of triphenylsilyllithium
with various halogenated heterocycles.

There have been several reported instances of
reactions between silylmetallic compounds and or-
ganic halides. During the investigation of the
properties of triphenylsilylpotassium, it was found
that this silylmetallic reagent could be conveniently
derivatized with bromobenzene to yield tetra-
phenylsilane.?~* It was demonstrated that the order
of decreasing activity with various phenyl halides
was: iodobenzene, bromobenzene, chlorobenzene,
and fluorobenzene.®? A different order of reactivity
was obtained using triphenylsilyllithium with halo-
benzenes.®

The reaction of & silylmetallic reagent with an
organic halide can take three courses: (1) pri-
mary coupling; (2) secondary coupling as a result
of halogen-metal interconversions; and (3) de-
hydrohalogenation. The reaction between tri-
phenylsilyllithium and an organic halide to give a
tetrasubstituted silane is generally considered the

(CeHp)sSiLi + RX —> (CeH 18R + LiX

primary coupling reaction. This reaction has been
extensively employed for the preparation of organo-
polysilanes.”

However, in the attempted preparation of tri-
phenylmethyltriphenylsilane from the reaction of
triphenylsilylpotassium and triphenylchlorometh-
ane, the only products realized were hexaphenyl-
disilane and hexaphenylethane.® It was suggested
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that triphenylsilylpotassium underwent a halogen-
metal interconversion® with triphenylchlorometh-
ane to give triphenylchlorosilane and triphenyl-
methyl potassium. A secondary coupling reaction
between the triphenylchlorosilane and triphenyl-
silylpotassium would yield the observed hexa-
phenyldisilane.

(CeHi)sSIK + (CeHy)sCCl —> (CelH;)8iC1 + (CeHi):CK
(CeHs)sSICl + (CeHs)sSiK —> (CoHs)sSiSi(CeHs)a

Other halogen-metal interconversion reactions
have been reported in silylmetallic studies. 12
Halogen-metal interconversion was found to be a
predominant reaction between triphenylsilyllithium
and alkyl or aryl bromides.!® For example, tri-
phenylsilyllithium and n-butyl bromide gave a 609,
vield of hexaphenyldisilane and a 109 yield of n-
butyltriphenylsilane. A study of the reaction of
triphenylsilyllithium with epichlorohydrin and
epibromohydrin has given related results.!t

The third possible reaction that has been ob-
served is dehydrohalogenation. When triphenyl-
silyllithium reacted with t-butyl chloride, tri-
phenylsilane was isolated in good yield; however,
hexaphenyldisilane was the principal product of
a reaction between triphenylsilyllithium and i-
butyl bromide.®

The principal reaction which occurred when tri-
phenylsilyllithium reacted with halogenated hetero-
cycles was that of halogen-metal interconversion
and, to a lesser extent, primary coupling. Tri-
phenylsilyllithium underwent reaction with 3-
bromo-9-ethylcarbazole in tetrahydrofuran to yield
57.7% of the secondary coupling product, hexa-

(8) A. G. Brook, H. Gilman, and L. S. Miller, J. Am.
Chem. Soc., 75, 4759 (1953 ).

(9) The halogen-metal interconversion reaction has been
well-established in organic chemical systems. See R. G.
Jones and H. Gilman in Org. Reactions, 6, 339 (1951).

(10) A. G. Brook and 8. Wolfe, J. Am. Chem. Soc., 79,
1431 (1957).

(11) D. Wittenberg and H. Gilman, J. Am. Chem. Soc.,
80, 2677 (1958).

(12) H. Gilman and D. Miles, J. Am. Chem. Soc., 80, 611
(1958).

(13) H. Gilman and D. Aoki, J. Org. Chem., 24, 426
(1959).

(14) H. Gilman, D. Aoki, and D. Wittenberg, J. Am.
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phenyldisilane, and a 27.5%, yield of the primary
coupling produect, 3-triphenylsilyl-9-ethylecarbazole.
The use of ether as the solvent for the 3-bromo-9-
ethylcarbazole altered the yields to 44.39, hexa-
phenyldisilane and 40.7%, of the primary coupling
product. Previouslys 3-triphenylsilyl-9-ethylcar-
bazole was prepared by treating 3-bromo-9-
ethylcarbazole with an ethereal suspension of tri-
phenylsilylpotassium. Apparently the solvent ex-
erted some influence on the extent to which halogen-
metal interconversion occurs in reactions between
silylmetallics and organic halides. Only trace quan-
tities of hexaphenyldisilane were isolated from the
reaction of triphenylsilylpotassium with bromo-
benzene in ether,! yet the same reaction employ-
ing triphenylsilyllithium in tetrahydrofuran gave
hexaphenyldisilane as the principal product.®

2-Triphenylsilyldibenzofuran has been prepared
by the reaction of either triphenylsilylpotassium
with 2-bromodibenzofuran or by treating 2-
lithiodibenzofuran with triphenylchlorosilane,'s We
have found that this coupling product can also be
synthesized using triphenylsilyllithium with 2-
chloro- or 2-bromodibenzofuran, the chloro com-
pound affording a higher yield.

It was of interest in connection with other studies
to investigate one particular heterocycle, namely,
10-ethylphenothiazine (A), and attempt to incor-
porate the triphenylsilyl grouping in as many dif-
ferent positions as possible. In order to prepare the
requisite halogenated 10-ethylphenothiazine deriva-
tives, it was necessary to synthesize several oxide
and dioxide derivatives (see Experimental and
Table II).

C|72H5
9 1
U
7§ Y
A

2-Triphenylsilyl-10-ethylphenothiazine and 10-
(8-triphenylsilylethyl) phenothiazine were prepared
by the reaction of triphenylsilyllithium with 2-
chloro-10-ethylphenothiazine and 10-(3-chloro-
ethyl)phenothiazine, respectively. An attempt to
prepare 10-triphenylsilylphenothiazine by inter-
action of triphenylchlorosilane with 10-lithiopheno-
thiazine was unsuccessful. Other workers have been
unable to prepare certain silylamines if the nitro-
gen ‘were attached to an aromatic system.!® It is
possible that the phenyl group withdraws electrons
from the nitrogen-lithium salt, consequently de-
creasing its nucleophilic ability to the extent that
reaction does not occur appreciably with the sili-
con-chlorine bond. However, the probability of
steric factors must not be discounted since no

(15) R. H. Meen and H. Gilman, J. Org. Chem., 20, 73
(1955).

(16) H. Gilman, B. Hofferth, H. W. Melvin, and G. E.
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silylamine was isolated by the treatment of di-
cyclohexylamine with triphenylsilyllithium.

Ranck? treated 3-bromo-10-ethylphenothiazine
with triphenylsilyllithium in an attempt to synthe-
size the primary coupling product. 3-Triphenylsilyl-
10-ethylphenothiazine has now been prepared by
the reaction of triphenylsilyllithium with either 3-
chloro- or 3-bromo-10-ethylphenothiazine; the
chloro compound giving a slightly better yield of
the primary coupling product. Treatment of 3-
lithio-10-ethylphenothiazine, obtained véa the halo-
gen-metal interconversion of 3-bromo-10-ethyl-
phenothiazine, with triphenylchlorosilane also af-
forded 3-triphenylsilyl-10-ethylphenothiazine. The
melting point range of the latter compound was
184.5-186°, which is in {air agreement to that of the
amorphous solid obtained by Ranck.¥”

4-Triphenylsilyl-10-ethylphenothiazine was ob-
tained in a 14.89 yield by the interaction of tri-
phenylsilyllithium with 4-iodo-10-ethylphenothia-
zine, This primary coupling reaction appeared to
be the only route not previously attempted. Cham-
paigne!® had treated triphenylchlorosilane with 4-
lithio-10-ethylphenothiazine and Ranck! carried
out several modifications of the same reaction, yet
neither was able to isolate any pure product. The re-
action of the 4-iodo derivative with triphenylsilyl-
lithium was run in mixed solvents to increase the
formation of the primary coupling product.

The lower melting point of the 4-triphenylsilyl
compound is in keeping with previous comparisons
of the melting points of the various ring derivatives
of phenothiazine. It has been found that the 1-
and 4-substituted phenothiazine derivatives have
low melting points while those of the 2- and 3-
substituted derivatives are relatively high.?* The
2-triphenylsilyl- and  3-triphenylsilyl-10-ethyl-
phenothiazine compounds melted about 20° higher
than the corresponding 4-triphenylsilyl derivative.

In order to prepare 3,7-bis(triphenylsilyl)-10-
ethylphenothiazine, it was necessary to synthesize a
3,7 - dihalogenated - 10 - ethylphenothiazine
derivative. 3-Bromo-10-ethylphenothiazine was
converted to the sulfoxide, and this latter compound
wag reductively halogenated with aqueous hydro-
bromic acid to give crude 3,7-dibromo-10-ethyl-
phenothiazine which as an oil, was oxidized to the
corresponding sulfone. 3,7-Dichloro-10-ethylpheno-
thiazine-5,5-dioxide was prepared in an analogous
manner. The position that the second halogen
took in the reductive halogenation step was not
rigorously established, but it was believed to be the
7- position by analogy with the mechanism proposed
for the formation of the monohalogenated deriva-

(17) R. Ranck, Ph.D. Thesis, Iowa State University of
Science and Technology, Ames, Iows (1957).
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TABLE 1
REACTION OF TRIPHENYLSILYLLITHIUM WITH HALOGENATED 10-ETHYLPHENOTHIAZINE DERIVATIVES

Reactant: Yield (%) .
10-Ethylphenothiazine Yield (%) Coupled Silicon

Derivative Mole Solvent Ph;SiSiPhy Product M.P. Caled. Found
2-Chloro- 0.018 Ether/THF 57.6 28.0 187-189° 5.78 5.55,5.67
3-Chloro- 0.040 Ether/THF 53.8 27.8 184.5-186° 5.78 5.72,5.76
4-Iodo- 0.0135 Ether/THF 46.3 14.8 166.5-168° 5.78 5.88,5.98
3-Chloro- 0.040 Ether/THF 58.6 32.9 176-177° 5.78 5.72,5.84
3,7-Dibromo-5,5-dioxide  0.0150 Ether/THF 64.2 19.0 271-276.5° 7.21 6.09,6.14
3-Bromo- 0.040 Ether/THF 58.0 23.7 180-185° e
3,7-Dichloro-5,5-dioxide 0.02 Ether/THF 44 .2 17.5 270-275° e

@ Identified by the method of mixture melting points with an authentic sample.

TABLE II
REAcTiON OF TRIPHENYLSILYLLITHIUM WITH HALOGENATED 9-ETHYLCARBAZOLE AND DIBENZOFURAN DERIVATIVES
Yield (%) Recovery of
Yield (%) Coupling Starting
Reactant Mole Solvent Ph,SiSiPh, Product M.P. Material (%)
3-Bromo-9-ethylcarbazole 0.02 THF 57.7 27.5 213~216°
3-Bromo-9-ethylcarbazole 0.02 THF /ether 44.3 40.7 217-219° ..
2-Bromodibenzofuran 0.02 THF 53.8 T 45 .4
2-Bromodibenzofuran 0.02 THF /ether 54.0 11.8 136~138° 30.2
2-Chlorodibenzofuran 0.02 THF 44.3 19.0 136-138° 30.0

tive.® This orientation into the 3- and 7~ positions
parallels that observed in formylation.2! Reaction
of either 3,7-dibromo- or 3,7-dichloro-10-ethyl-
phenothazine-5,5-dioxide with two equivalents of
triphenylsilyllithium yielded material with a wide
melting range which could not be adequately
purified but is thought to be 3,7-bis (triphenylsilyl)-
10-ethylphenothiazine-5 5-dioxide.

A summary of the reactions of triphenylsilyl-
lithium with halogenated 10-ethylphenothiazine
derivatives is presented in Table I.

EXPERIMENTAL??

Reactions of triphenylstiyllithium with halogenated 9-ethyi-
carbazole and dibenzofuran derivatives. (a) 8-Triphenylsilyl-9-
ethylearbazole. Triphenylsilyllithium,?® prepared from 5.2 g.
(0.01 mole) of hexaphenyldisilane, was added slowly to a
stirred solution of 5.48 g. (0.02 mole) of 3-bromo-9-ethyl-
carbazole? in 30 ml. of tetrahydrofuran (THF). The re-
action was slightly exothermic and Color Test 1% was nega-
tive shortly after complete addition. The mixture was hydro-
lyzed, filtered, and the residue washed carefully with ether
to leave 3.0 g. (57.7%) of hexaphenyldisilane, m.p. 358-
361° {mixture melting point).

The organic layer was separated, dried, and concentrated

(20) H. Gilman and J. Eisch, J. Am. Chem. Soc., 77, 3862
(1955).

(21) N. P. Buu-Hoi and N. Hodn, J. Chem. Soc., 1834
(1951).

(22) All melting points are uncorrected. Reactions in-
volving silylmetallics were conducted in an oxygen-free,
nitrogen atmosphere.

(23) H. Gilman and G. D. Lichtenwalter, J. Am. Chem.
Soc., 80, 608 (1958).

(24) N. G. Buu-Hoi and R. Royer, Rec. lrav. chim., 66,
533 (1947).

(25) H. Gilman and F. Schulze, J. Am. Chem. Soc., 47,
2002 (1925).

to yield a green oil. The oil was treated with & ml. of hot
benzene and 20 ml. of ethanol to give 2.5 g. (27.5%) of 3-tri-
phenylsilyl-9-ethylcarbazole,’® m.p. 213-216°.

(b) Reaction of trivhenylsilyllithium with halogenated 9-
ethylcarbazole and dibenzofuran derivatives. Several other ex-
periments were conducted in essential accordance with the
above procedure making variations only in the halogenated
heterocycle and the golvent. The results of these experiments
are given in Table II.

Preparation of some 10-ethylphenothiazine derivatives. (a)
3-Bromo-10-ethylphenothiazine-5-ozide. Thirty grams (0.098
mole) of 3-bromo-10-ethylphenothiazine® was dissolved in
660 ml. of refluxing absolute ethanol in a nitrogen atmos-
phere. To this solution was added 34 ml. of 309, hydrogen
peroxide, and stirring was continued at reflux for & hr.
Four hundred forty milliliters of the solvent was then re-
moved by distillation and the remaining portion was poured
into 1200 ml. of water which had been heated previously
to 80°. Upon cooling, 29.8 g. (94.6%) of a greenish white
solid melting at 124-127° crystallized. Two recrystallizations
from ethanol (Norit) gave 25.7 g. (81.4%) of white 3-bromo-
10-ethylphenothiazine-5-oxide, m.p. 126-127.5°. The infra-
red spectrum showed the characteristic sulfoxide absorption
band.

Anal. Caled. for C;;H:BrNOS: S, 9.95. Found: §, 10.11,
10.23.

(b) 8-Bromo-10-¢ethylphenothiazine-5,6-dioxide. Three grams
(0.0098 mole) of 3-bromo-10-ethylphenothiazine was dis-
solved in 60 ml. of glacial acetic acid at 70°. To this solution
was added 5 ml. of 309 hydrogen peroxide, and the resulting
solution was heated for 2 hr. at 80°. Thirty milliliters of the
solvent was then removed by distillation and, after the un-
distilled portion had cooled, 3.0 g. (90.4%,) of a pink solid
(m.p. 165-168°) separated. Recrystallization from an ace-
tone-petroleum ether (b.p. 60-70°) mixture gave 2.3 g.
(69.4%) of white 3-bromo-10-ethylphenothiazine-5,5-di-
oxide, m.p. 167.5-169°. The infrared spectrum showed an
absorption band characteristic of the sulfone.

Anal. Caled. for CisHyi:BrNO,S: S, 9.48. Found: S, 9.41,
9.35.

(¢) Some 10-ethylphenothiazine-6,6-diozides. Several other
10-ethylphenothiazine-5,5-dioxide compounds were pre-
pared from the corresponding sulfides essentially in accord-
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TABLE III
10-ETHYLPHENOTHIAZINE-5,5-DIOXIDE COMPOUNDS FROM CORRESPONDING SULFIDES
M.P. of 30% Solvent Yield, Sulfur
Compound Oxidized Dioxide Moles H.0,, Ml (HOAe), ML % Caled. Found
3-Bromo-7-nitro- 201-202.5°¢ 0.10 30 200 98 8.36 8.23, 8.27
2-Chloro- 165-166.5° 0.0115 5 60 89 10.88 10.98,10.78
3,7-Dibromo- 217-219° 0.040 15 80 73 7.68 7.71, 7.62
2,7-Dichloro- 213-215° 0.0325 10 60 52 9.78 9.72, 9.87
3,7-Dichloro- 203-204.5° 0.0096° 5 60 82 9.78 9.80, 9.79

¢ Also prepared in a 67.3% yield from 3-bromo-7-nitro-10-ethylphenothiazine-5-oxide.  Starting material was 3,7-di-

chloro-10-ethylphenothiazine-5-oxide.

ance with the above procedure. The results of these prepa-
rations are given in Table III.

(d) 2-Chloro-10-ethylphenothiazine. Methyllithium was
added over a 1-hr. period to an ethereal solution of 58.5 g.
(0.25 mole) of 2-chlorophenothiazine? at ice-bath tempera-
ture until Color Test I% was positive. To the orange re-
action mixture was added 43 g. (0.28 mole) of freshly dis-
tilled diethyl sulfate in 200 ml. of tetrahydrofuran. The ether
was stripped off and the resulting solution gently refluxed
overnight. The cooled solution was hydrolyzed, the water
layer was washed with some ether and discarded. The com~
bined organic layers were dried over sodium sulfate and the
golvents removed by distillation to give 51.0 g. (78.2%,) of
crude 2-chloro-10-cthylphenothiazine, m.p. 116-118.5°.
Recrystallization from ethanol ralsed the melting point to
119-120.5°, The infrared spectrum showed the absence of
the N—H band.

Anal. Caled. for C,,H:CINS: C, 64.30; H, 4.58. Found: C,
64.17, 64.07; H, 4.75, 4.71,

Preparation of 2-chloro-10-ethylphenothiazine via the
“no-solvent’’ technique?” was unsuccessful as only starting
material was isolated.

An attempt to prepare a Grignard reagent of 2-chloro-10-
ethylphenothiazine with magnesium turnings in refluxing
tetrahydrofuran was not successful for subsequent car-
bonation of the reaction mass failed to yield any of the
known 2-carboxy-10-ethylphenothiszine.?

(e) 2-Chloro-10-ethylphenothiazine-6-oxide. Ten grams
(0.0383 mole) of 2-chloro-10-ethylphenothiazine, dissolved
in 250 ml. of refluxing absolute ethanol was oxidized with
13 ml. of 309 hydrogen peroxide in essential accordance with
the procedure deseribed previously. There was obtained
10.0 g. (94.3%) of a light pink solid melting at 169.5-171°.
Recrystallization from methanol gave 9.0 g. (84.8%,) of white
2-chloro-10-ethylphenothiazine-5-oxide, m.p. 170-171.5°.
The infrared spectrum showed the characteristic sulfoxide
absorption band.

Anal. Caled. for C,H,;;CINOS: S, 11.53. Found: S, 11.47,
11.47.

(f) 3-Bromo-7-nitro-10-ethylphenothiazine. A mixture of
57.6 g. (0.2 mole) of 7-nitro-10-ethylphenothiazine-5-oxide,
100 ml. of water and 100 ml. of 489, hydrobromic acid (0.89
mole) was stirred at room temperature for 1 hr. and then at
reflux for 1 hr. The dark red solid was collected and re-
crystallized from ethanol (Norit) to give 42.5 g. (60.6%) of
red 3-bromo-7-nitro-10-ethylphenothiazine, m.p. 124.5—
126°. The infrared spectrum showed the absence of the sulf-
oxide absorption band.

Anal. Caled. for C,Hy;BrN;0,8: 8§, 9.12. Found: S, 8.97,
9.08.

(g) 8-Bromo-7-niiro-10-ethylphenothiazine-6-oxride. Ten
grams (0.0326 mole) of 3-bromo-10-ethylphenothiazine was

(26) Generously donated by Parke, Davis and Co., De-
troit, Mich.

(27) H. Gilman and D. Shirley, J. Am. Chem. Soc., 66,
888 (1944).

(28) R. Baltzby, M. Harfenist, and F. J. Webb, J. Am.
Chem. Soc., 68, 2673 (1946).

dissolved in 250 ml. of glacial acetic acid; 10 ml. of coned.
nitric acid in 40 ml. of acetic acid was added over a period
of 30 min, The solution was allowed to stand for 2 days, then
poured into water. The precipitated yellow solid was re-
crystallized from acetic acid to give 11.0 g. (91.6%,) of bright
yellow 3-bromo-7-nitro-10-ethylphenothiazine-5-oxide, m.p.
246.5-248°,

Anal. Caled. for C,,HiBrN,OsS: S, 8.73. Found: S, 8.62,
8.68.

(h) 8-Bromo-7-amino-10-ethylphenothiazine-6,6-dioxide.
A solution of 80 g. (0.42 mole) of anhydrous tin (II) chlo-
ride in 50 ml. of coned. hydrochloric acid was added slowly
to a hot solution of 34.5 g. (0.09 mole) of 3-bromo-7-nitro-
10-ethylphenothiazine-5,5-dioxide in 300 ml. of glacial ace-
tic acid. The resulting yellow solution was stirred at 110-
115° for 5 hr., at which time the yellow color had dis-
appeared. The cooled mixture which contained a pale yel-
low precipitate, was made strongly basic with aqueous so-
dium hydroxide and filtered. Recrystallization of the crude
material from chloroform gave 18.0 g. (57%,) of 3-bromo-7-
amino-10-ethylphenothiazine-5,5-dioxide, m.p. 230-231°,
The absorption band characteristic of the nitro group was
not present in the infrared spectrum.

Anal. Caled. for CiHuBrNyO.S: 8, 9.08. Found: §, 9.12,
9.18.

A solution of 1.0 g. (0.00283 mole) of 3-bromo-7-amino-10-
ethylphenothiazine-5,5-dioxide in 20 ml. of benzene was
treated with 1.0 g. (0.019 mole) of acetic anhydride and the
solution refluxed for 2 hr. Cooling and filtering gave 0.7 g.
(63%) of & white solid, m.p. 245-247°. Recrystallization from
ethanol afforded 3-bromo-7-acetamino-10-ethylphenothia-
zine-5,5-dioxide, m.p. 246-247°,

Anal. Caled. for C;sH;;BrN,0;:S: 8, 8.11. Found: S, 8.10,
7.88.

8,7-Dibromo-10-ethylphenothiazine-6,6-diozide. (a) By re-
ductive bromination of 3-bromo-10-ethylphenothiazine-5-oxide
followed by oxidation. A mixture of 12.9 g. (0.04 mole) of 3-
bromo-10-ethylphenothiazine-5-oxide, 17 ml. of water and
33 ml. of 489, hydrobromic acid was stirred at room tempera-
ture for 1 hr. and then at reflux for 1 hr. A viseous red oil re-
mained. Extraction with ether, washing of the ether ex-
tracts with dilute sodium hydroxide, washing with water,
drying and concentration gave a red gum. All attempts to
crystallize this material were unsuccessful. The crude, im-
pure 3,7-dibromo-10-ethylphenothiazine was converted to
the corresponding sulfone in a 739, yield. The results of this
experiment are listed in Table II. The pure, 3,7-dibromo-10-
ethylphenothiazine-5,5-dioxide melted at 217-219°.

(b) Diazotization of 3-bromo-7-amino-10-ethylphenothia-
zine-5,6-dtozide. A solution of 4.0 g. (0.0113 mole) of 3-
bromo-7-amino-10-ethylphenothiazine-5,5-dioxide in 5 ml.
of glacial acetic acid, cooled to 18°, was diazotized with 0.2
mole of nitrosylsulfuric acid.?* The resulting mixture was
stirred for 0.5 hr. and then added at 0-5° to a hydrobromic
acid solution of freshly prepared copper (I) bromide. The
mixture was heated to 80°, diluted with water, and filtered.

(29) K. H. Saunders, The Aromatic Diazo Compounds,
Edward Arnold and Co., London, 1949, p. 13.



2942

The crude material after chromatographic purification
weighed 1.2 g. (25.5%,), m.p. 208-215°. Two recrystalliza-
tions from acetic acid (Norit) gave 3,7-dibromo-10-ethyl-
phenothiazine-5,5-dioxide, m.p. 215-218° [mixture melting
point with the material described in part (a)].

(¢) 8,7-Dichloro-10-ethylphenothiazine-5-oxide. A mixture
of 27.8 g. (0.1 mole) of 3-chloro-10-ethylphenothiazine,® 100
ml. of water, and 100 ml. of coned. hydrochloric acid was
stirred at room temperature for 1 hr. and then at reflux for
1 hr. At the end of this time a viscous red oil remained and
all attempts to induce crystallization were unsuccessful.
The infrared spectrum of the oil indicated the absence of the
sulfoxide grouping.

The oil was taken up in 1560 ml. of absolute ethanol and to
this solution was added 25 ml. of 309, hydrogen peroxide.
The resulting solution was refluxed for 5 hr., then cooled to
room temperature and filtered to give 23.4 g. (75%) of 3,7-
dichloro-10-ethylphenothiazine-5-oxide, m.p. 183-187°. Two
recrystallizations from ethanol (Norit) gave 15.5 g. (49.7%)
of white needles, m.p. 187-188.5°. The infrared spectrum
indicated the presence of the sulfoxide absorption band.

Anal, Caled. for C,;H,;CLNOS: 8, 10.50. Found: S, 10.36,
10.38.

10-Triphenylsilylphenothiazine (attempted). 10-Lithio-
phenothiazine was prepared by the action of methyllithium
on 17 g. (0.0858 mole) of phenothiazine suspended in 150
ml. of ether. Twenty-five grams (0.08358 mole) of triphenyl-
chlorosilane in 200 ml. of ether was added, and the reaction
mixture was stirred overnight at room temperature. After
hydrolysis, chromatographic purification on alumina gave a
609, recovery of phenothiazine and a 509, yield of tri-
phenylsilanol (mixture melting points). None of the desired
10-triphenylsilylphenothiazine was isolated.

N-Triphenylsilyldicyclohexylamine (attempled). Triphenyl-
silyllithium (0.04 mole) was added cautiously to 7.25 g.
{0.04 mole) of dicyclohexylamine in 50 ml. of tetrahydro-
furan. The reaction mixture was stirred at room tempera-
ture for 24 hr. The dark reaction mass was hydrolyzed with
dilute ammonium hydroxide. A trace of solid, identified as
impure hexaphenyldisilane, was obtained by filtration.

The light green organic layer was washed, dried with so-
dium sulfate, and concentrated to yield a green oil. Chro-
matograpby on alumina afforded on a 159, yield of tri-
phenylsilane and a 319 yield of triphenylsilanol. None of the
desired N-triphenylsilyldicyclohexylamine has been isolated.

In a second experiment, the green oil was distilled to give
8 76.39, recovery of dicyclohexylamine.

1-Triphenylsilylphenothiazine (attempted). 1,10-Dilithio-
phenothiazine?®! was prepared by the reaction of two equiva-
lents of n-butyllithium with 30.5 g. (0.151 mole) of pheno-
thiazine suspended in 800 ml. of ether. To the above brown
ethereal solution was added 89 g. (0.302 mole) of triphenyl-
chlorosilane in 450 ml. of ether at such a rate as to maintain
gentle reflux. After refluxing overnight, Color Test 1% was
slightly positive, and the light orange mixture was hydro-
lyzed. The layers were separated, the ether layer dried with
sodium sulfate, and then concentrated to give a green-brown
sticky solid. Chromatography on alumina gave 679, recovery
of phenothiazine, a 709% yield of triphenylsilanol, and a 5%
yield of hexaphenyldisiloxane, each identified by mixed melt-
ing points with authentic samples. None of the desired 1-
triphenylsilylphenothiazine was obtained.

2-Triphenylsilyl-10-ethylphenothiazine. To a stirred sus-
pension of 4.7 g. (0.018 mole) of 2-chloro-10-ethylpheno-
thiazine in 30 ml. of ether was slowly added 100 ml. of a
tetrahydrofuran solution of triphenylsilyllithium (0.018
mole). The reaction was slightly exothermic and Color Test
1% was negative shortly after complete addition. The mix-
ture was hydrolyzed, filtered, and the residue washed care-

(30) H. Gilman, R. K. Ingham, J. F. Champaigne, J. W.
Diehl, and R. O. Ranck, J. Org. Chem., 19, 560 (1954).

(31) H. Gilman, D. S8hirley, and P. R. Van Ess, J. Am.
Chem. Soc., 66, 626 (1944).
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fully with ether to leave 2.7 g. (57.6%) of hexaphenyldi-
silane, m.p. 358-360° (mixed melting point).

Work-up of the organic layer left a viscous brown residue.
Boiling with a benzene-ethanol mixture gave 2.5 g. (28%) of
brown 2-triphenylsilyl-10-ethylphenothiazine, m.p. 180-
186°. Recrystallization from a benzene-ethanol mixture
raised the melting range to 187-189°. The infrared spectrum
showed the presence of the silicon-phenyl absorption band.

Anal. Caled. for CyHy;NSSi: 8i, 5.78. Found: Si, 5.55,
5.67.

10-(B-Triphenylsilylethyl yphenothiazine. Triphenylsilyl-
lithium (0.04 mole) was added slowly to a stirred solution
of 10.47 g. (0.04 mole) of 10-(8-chloroethyl)phenothiazine?
in 70 ml. of ether. After stirring at room temperature for 30
hr., Color Test I was slightly positive. The mixture was
hydrolyzed, filtered, and the residue washed carefully with
ether leaving 6.1 g. (568.6%) of hexaphenyldisilane, m.p.
3566-358° (mixed melting point).

Work-up of the organic layer left a viscous yellow oil.
Boiling with ethanol and decanting gave 6.4 g. (32.9%)
of 10-(8-triphenylsilylethyl)phenothiagzine, m.p. 169-174°.
Two recrystallizations from ethyl acetate raised the melt-
ing point to 176-177°. The infrared spectrum showed the
presence of the silicon-phenyl absorption band.

Anal. Caled. for C;HxnNSSi: 8i, 5.78. Found: Si, 5.72,
5.84.

3-Triphenylsilyl-10-ethylphenothiazine. To a stirred suspen-
sion of 10.47 g. (0.04 mole) of 3-chloro-10-ethylphenothiazine
in 60 ml. of ether was added 0.04 mole of triphenylsilyl-
lithjum in 100 ml. of tetrahydrofuran. After stirring over-
night, the color of the mixture was dark red. Some suspended
white solid was noted in the reaction mass. Color Test I was
negative and, subsequent to hydrolysis, 5.6 g. (53.8%) of
hexaphenyldisilane, m.p. 360-363°, was separated by fil-
tration.

The usual work-up of the organic layer left a brown oil
which, subsequent to boiling with a benzene-ethanol mixture
and chromatography of this mixture on alumina, gave 5.4
g. (27.8%) of erude 3-triphenylsilyl-10-ethylphenothiazine,
m.p. 183-186°. A mixture melting point of this material
with 3-triphenylsilyl-10-ethylphenothiazine, prepared by
the reaction of triphenylchlorosilane with 3-lithio-10-ethyl-
phenothiazine, was undepressed. Recrystallization from a
2:1 mixture of ethanol-benzene raised the melting point
range to 184.5-186°. The infrared spectrum showed the pres-
ence of the silicon-phenyl absorption band in the molecule.

Anal. Caled. for CuHuNSSi: 8i, 5.78. Found: 8i, 5.72,
5.76.

Reaction of triphenylsilyllithium with 3-bromo-10-ethyl-
phenothiazine gave a 58.0% yield of hexaphenyldisilane and
a 23.79, yield of coupled produet, m.p. 180-185°,

Attempted oxidation of 3-tripbenylsilyl-10-ethylphenoc-
thiazine to the corresponding sulfone by 309, hydrogen per-
oxide in glacial acetic acid failed to give any identifiable
products.

3,7-Bis(iriphenylsilyl)-10-ethylphenothiazine-6,6-dioxide.
Triphenylsilyllithium (0.030 mole) was added to 6.25 g.
(0.015 mole) of 3,7-dibromo-10-ethylphenothiazine-5,5-di-
oxide suspended in 60 ml. of ether. After stirring for 12 hr.,
Color Test I was weakly positive. Subsequent to hydrolysis,
5.0 g. (64.2%) of hexaphenyldisilane, m.p. 359-362°, was
separated by filtration.

The tan organic layer was separated, dried, and the sol-
vents were concentrated to give a viscous brown oil. Chro-
matographic purification on alumina using benzene as the
eluent gave 2.2 g. (19%) of solid, melting over the range
235-250°. Recrystallization from benzene gave material
melting at 271-276.5°; repeated recrystallizations of the
compound failed to decrease the melting point range.

The infrared spectrum showed the silicon-phenyl, sulfone,
and 1,2,4-trisubstitution absorption bands. The wide melt-
ing point range indicates an impure 3,7-bis(triphenylsilyl)-
10-ethylphenothiazine-5,5-dioxide.
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Anal. Caled. for CooHauNO:SSi:: 8i, 7.21. Found: 8i, 6.09,
6.14. An attempt to prepare this material by the reaction of
triphenylchlorogilane with 3,7-dilithio-10-ethylphenothia-
zine-5,5-dioxide gave essentially the same results.

Reaction of triphenylsilyllithium with 3,7-dichloro 10-
ethylphenothiazine-5,5-dioxide in ether gave a 44.29, yield
of hexaphenyldisilane and 17.5% yield of coupled product,
slightly impure, m.p. 270-275°. :

4-Triphenylsilyl-10-ethylphenothiazine. Triphenylsilyllith-
ium (0.0135 mole) was added cautiously to 5 g. (0.0135 mole)
of 4-iodo-10-ethylphenothiazine® in 50 ml. of ether over a
period of 1 hr. Color Test I was strongly positive after the
addition was completed. After stirring for 24 hr., Color Test
I was negative. Subsequent to hydrolysis, 1.8 g. (46.3%) of
hexaphenyldisilane, m.p. 358-360°, was separated by fil-
tration.

The yellow organic layer was separated, dried, and the sol-
vents were removed to leave a viscous light yellow oil.
Chromstographing on alumina of the yellow oil obtained sub-
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sequent to evaporation of the organic layer gave 2.3 g.
(469,) of recovered starting material, identified by the
method of mixture melting points; and 0.5 g. (14.8%) of 4-
triphenylsilyl-10-ethylphenothiazine, m.p. 164-166°. Re-
crystallization from ethancl raised the melting point to
166.5-168°. The infrared spectrum showed the presence of
the silicon-phenyl absorption band and 1,2,3-trisubstitution.

Anal. Caled. for C;;HnNSSi: Si, 5.78. Found: Si, 5.88,
5.98.
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Fluoroalkyl- and 3-(Fluoroalkoxy)propylpolysiloxanes
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The synthesis of seven fluoroalkyl- and 3-(fluoroalkoxy)propylpolysiloxanes is reported. The intermediates obtained
were also characterized. An attempt to synthesize g-cyanoethylpolysiloxane was not successful.

This paper describes a convenient laboratory
method for the preparation of fluoroalkyl- and 3-
(fluoroalkoxy)propylpolysiloxanes.

Fluoroalkylpolysiloxapes have been prepared
previously by alternate routes. Holbrook! ob-
tained small yields of 1H,1H,2H,2H-perfluoro-
alkyldichlorosilanes by heating 1H,1H 2H-per-
fluoro-1-alkenes with dichlorosilane in an auto-
clave at 250°. Extensive disproportionation of the
dichlorosilane was observed. Hydrolysis of the
fluoroalkyldichlorosilanes gave the corresponding
fluoroalkylpolysiloxanes. Geyer et al.? reported the
addition of 3,3,3-trifluoropropene to dichlorosilane
using ultraviolet light to yield 3,3,3-trifluoro-
propyldichlorosilane which would give 3,3,3-tri-
fluoropropylpolysiloxane on hydrolysis. The above
addition was slow and gave only a moderate yield.
Dichlorosilane is difficult to obtain and hard to
handle in large quantities.

RESULTS AND DISCUSSION

The general synthetic method is given below:
RICH-_—"CHQ
or
R,OCH;CH=CH,

HiPtCly
+ HS8iCly ——

LiAlH, HiPtCly
—CH.CH:SiCly —— —CH,CH,SiH; —————>
ether 2 CiHiOH

or THF

(1) G. W. Holbrook, private communication.
(2) A. M. Geyer, R. N. Haszeldine, K. Leedham, and

R. J. Marklow, J. Chem. Soc., 4472 (1957).

0.01N HCI
—CH,CHSi(H)(OC,Hs)y ————>

[—CH.CH:Si(H)Ola R; = fluoroalkyl

The allyl oH,oH wH-perfluoroalkyl ethers and
the allyl oH,aH-perfluoroalkyl ethers have not
been previously reported. They wére synthesized
by three variations of the Williamson ether syn-
thesis: (1) addition of the allyl halogenide to the
sodium fluoroalkoxide in dimethyl carbitol fol-
lowed by distillation of the allyl fluoroalkyl ether
directly from the reaction mixture; (2) addition of
the allyl halogenide to the sodium fluoroalkoxide
in ether followed by hydrolysis; (3) refluxing a
mixture of allyl bromide, the fluoro alcohol and
anhydrous potassium carbonate in a ketone sol-
vent followed by hydrolysis.

In general, the yields of the allyl fluoroalkyl
ethers (21-67%,) were lower than would be expected
for two reasons. The boiling points of the start-
ing alcohols and the ethers are very close, particu-
larly in the first member of each series (allyl
2,2,2-trifluoroethyl ether and allyl 2,2,3,3-tetra-
fluoropropyl ether). To prepare these two ethers in
a pure state, it was necessary to use Method 1
in which the unchanged alecohol remains in the
flask as the sodium salt. With the long chain
fluoro alcohols, preparation of the sodium salt was
difficult and heating caused decomposition.®*

(3) E. J. P. Fear, J. Thrower, and J. Veitch, J. Chem.
Soc., 1322 (1958).

(4) E. T. McBee, C. R. Roberts, and G. W. Wilson, Jr.,,
J. Am. Chem. Soc., 80, 1721 (1958).



