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As an extension of our studies on thermally stable polymers and our related
previous findings on the facile formation of tetrakis(trimethylsilyl)atlene?-? from
hexachlorobenzene and other polyhalogenated types by reaction with excess lithium
and chlorotrimethylsilane, it was of interest to extend this novel reaction to some
simple halogenated derivatives containing silicon and tin substituents, incidental
to our studies* on highly halogenated polymers. The previously described organo-
metallic reagents, pentachlorophenylmagnesium chloride® ™ ® (1) pentachlaropheayl-
lithium®'? (11) and 1 4-dilithiotetrachlorobenzene® (111) offered direct routes to the
required derivatives.

Pentachlorophenylmagnesium chloride® ™ ® (1) was prepared from hexachloro-
benzene and excess magnesium in tetruhydrofuran {THF) using cthylene bromide
to initiate the reaction. The corresponding lithio reagent. pentachlorophenyllithium
(11}, was prepared in THF solution by the proven procedure of halogen-metal ex-
change of hexachlorobenzene'® or metalation of pentachlorobenzene® with n-butyl-
lithium, respectively. Compounds herein described derived from (1) and (H) by dern-
atization with the appropriate chlorosilane or chlorostannane are: (pentachloro-
phenyl)dimethylsilane (1V). (pentachlorophenyhtricthylsilane (V) and (pentachloro-
phenyl)trimethyltin (V1).

The reactivity of the silicon-hydrogen bond of (pentachlorophenyl)dimethyl-
silane (1V) was of interest. It has previously been reported'! that methyllithium effects
cleavage of the silicon-pentachiorophenyl bond of (pentachlorophenyl}diphenylsilane
to give, subsequent to derivatization with chiorotrimethylsilane, (pentachlorophenyl)-
trimethylisilane and methyldiphenylsilane. Similar cleavage of the silicon-polyhalo-
phenyl bond has been shown to occur on treatment of (pentafluorophenyl)diphenyl-
silane with methyllithium and with n-butyllithium, respectively'?,

Attempted phenylation of (IV) with phenyllithium in THF lead to cleavage
of the silicon-ary! bond to give. subsequent to derivatization with chlorotrimethy!-
silane, (pentachlorophenyl)trimethylsilane {VI) and dimethylphenyisilane. The
siticon-hydrogen bond in certain silanes can be alkylated by appropriate organo-
lithium reagents in dicthy! ether or by Grignard reageats in THEF'!. Most silanes
are invariably inert to the action of Grignard reagents in diethyl ether' . The cleavage

* For Purt X1l sce ref. 1.
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observed in the present case is evidence for the lability of the silicon-polychlorophenyl
bond in {IV).

Metalation of 1,24,5-tetrachlorobenzene with n-butyllithium (two equiv.) in
either. THF or ether according to the procedure of Tamborski® usually gives a mix-
ture of 14-dilithiotetrachlorobenzene (I1I) and 2,3,5,6-tetrachlorophenyllithium.
This mixture of organolithium rcagents has previously® been carbonated to the
corresponding carboxylic acids, tetrachloroterephthalic acid (43 %) and 2,3.5.6-tetra-
chlorobenzoic acid (309,). We have observed that derivatization of such a mixture
with chiorotrimethylsilane gave 1,4-bis(trimethylsilyl)tetrachlorobenzene (VIH) and
(2.3,5,6-tetrachlorophenyl)trimethylsilane. In the present work, it was found advanta-
geous in some cases to use n-butyllithium in excess of two equiv. (2.25-2.5 equiv.)
with respect to ,24,5-tetrachlorobenzene; such a procedure usually gave an im-
proved yield of the §.4-bis derivative subsequent to derivatization, and by infcrence
an increased yield of the 1.4-dilithio intermediate. The use of excess n-butyllithium
did not apparently increase the proportion of side-reactions involving nuclear
chlorine; Color Test 11'* indicated the presence of unrcacted n-butyllithium even
after prolonged periods of reaction. 1.4-Dibromotetrachlorobenzene was used in
some cases for the preparation of t.4-dilithiotetrachlorobenzene (111); improved
yields of derivatized products resulted.

Thedilithio reagent (I11)exhibits moderate stability in THF at —78°, However,
in an unsuccessful attempt to prepare directly !.4-bis{chlorodimethylsily!)tetra-
chlorobenzene, it was desirable to add a THF solution of (II}) to a large cxcess of
dimethyldichlorasilane. The momentary rise in temperature which was inevitable
during such addition caused considerable decomposition of {.4-dilithiotetrachloro-
benzene when dissolved in THF. No such decomposition was apparent when the
dilithio compound (11f) was prepared in diethyl ether.

Derivatization of 14-dilithiotetrachlorobenzene with chlorotrimethylsilane
offers a direct route to 1.4-bis{trimethylsilyl)tetrachlorobenzene (V). It was found,
in addition. that (pentachlorophenyltrimethylsilane (VII)**!® on trcatment with
n-butyllithium (one equiv.) undergoes halogen-metal exchange at the pury and meta
positions to give. subseqguent to derivatization with chlorotrimethylsilane, a4 mixture
of (VH1) and L3-bis(trimethylsilyl)tetrachlorobenzene, The isomeric structure of the
fatter was deduced by basic hydrolysis to 1.2.3.5-tetrachlorobenzene :
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Campounds described herein derived from 1.4-dilithiotetrachlorobenzene by
derivitizntion with the uppropriate chlorosilune or chiorostannane are: 1.4-bis(tri-
methylsilyltetrachiorobenzene (VIT1), 1,4-bis(dimethylsilyl)tetrachlorobenzene (IX),
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1.4-bis(dimethylphenylsilyl)tetrachlorobenzene (X). 14-bis(diphenylmethylsilyl}-
tetrachlorobenzene (XI) and 1 4-bis(trimethylstannyl)tetrachlorobenzene (XI1).

By analogy with the cleavage reaction of (pentachlorophenyl)dimethylstlane
{IV) by phenyllithium in THF, it was also observed that 1.4-bis(dimethylsilyl)tetra-
chlorobenzene (IX) underwent cleavage of the silicon-polychlorophenyl bond on
trcatment with phenyllithium in ether or in THF. When the intermediate organo-
metallic species, 14-dilithiotetrachlorobenzene, produced by such cleavage, was
derivatized with chlorotrimethylsilane while the reaction mixture was maintained
at low temperature, the products isolated were dimcthylphenylsilane and 1.4-bis-
(trimethylsilyl}tetrachlorobenzene (V111). The silane (IX) was inert to phenylmagnes-
ium bromide in both cther and THF.

EXPERIMENTAL

All reactions involving organometallic reagents were carried out under an
atmosphere of dry. oxygen-free nitrogen. THF was dried and freed from peroxides
by drying over sodium wire and distillation from sodium benzophenone ketyl before
use. IR and NMR spectra were obtained using Perkin--Elmer Model 21 and Varan
HR-60 spectrometers, respectively. Mol. wts. were determined mass spectrometrically.
1.4-Dibromotetrachlorobenzene was obtained by bromination of 1,2.4,5-tetruchloro-
benzene according to a published procedure!”. In certain cases. the identities of some
products were conflirmed by a comparison of their physical data with thase ol authen-
tic materials.

(Pentachlorophenyl)dimethylsilane (1V)

Pentachlorophenyllithium was prepared by addition of n-butyllithinm {0.15
mole) to pentachlorobenzene (37.57 g, 0.15 mole) in THF (200 mi) at - 78" . After
3 I, Calor Test 11'* was negative: Color Test 1'® way positive. Chlorodimethylsitine
{189 g. 0.2 mole) wus added dropwise to the organolithium solution at — 78" [ the
mixture was stirred at low temperature overnight and then allowed 10 reach room
temperaturc. A general work-up procedure was then employed: {1) concentrate the
reaction mixture ; (2) extract the residue with boiling petroleum ether (h.p. 60-707)
or with boiling benzene as appropriate according to the expected solubility of the
product; (3) filter and concentrate the filtrate. Crystallization of the product thus
obtained from ethanol gave (pentachlorophenyl)dimethylsitane {28.2 g, 60.9 ;). m.p.
94-95°, The IR spectrum of the product showed characteristic bands (cm ™ '} in accord-
ance with this structure: Si-Me (1250); Si-H (2190) and Si~C,Clg (875, 1099).
(Found: C, 31.52; H. 2.20. C4H,Cl4Si caled.: C, 31.14; H, 2.29%,)

Attempted arylation of (pentachlorophenyl)dimethylsilane (1V)

Phenyllithium (0.05 mole) was added to (1V) (15.4 g. 0.05 mole) in THF (100
inl) at —78°, The mixture was stirred at —78° for 6 h; Color Test I was still positive,
Chlorotrimethylsilane (10.85 g, 0.1 mole) was then added and the mixture allowed
to reach 20°. Normal work-up and distillation of the residue so obtained gave di-
methylphenylsilane (4.5 g, 66.18 %), b.p. 48-50°/15 mm, n3” 1.4983 {lit."” values: bp.
159.3°/760 mm; n3" 1.4995). The IR spectrum of this silune showed bands {cm ')
attributable to Si-Me (1250), Si—H (2120) and 51~ Ph (1430, 1114} groups. The residue
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from the distilation was crystallized from ethanol to give {pentachlorophenyl}tri-
methylsilane (VII) (7.5 g, 46.59%;), m.p. and mixed m.p. 116-117°.

(Pentachlorophienyl)triethylisilane (V} g

Pentachlorophenylmagnesium chloride was prepared from hexdchloroben-{
zene (42.6 g, 0.15 mole) and magnesium (4.0 g, 0.165 g-atom} in THF (170 mi). To'
this filtered Grignard solution was added chlorotriethylsilane {25 g, 0.167 mole) and
the resulting mixture was heated at reflux for 7 h. Work-up as before and fractionation -
of the reaction residue gave (pentachlorophenyl)triethylsilane (37.7 g, 70.7%,), b.p.
143-147° /0.2 mm. n&® 1.5825, d2° 1.3725. (Found: Si, 8.0; MRy, 88.7. C,,H,Cl,Si
caled.: Si, 7.7%,; MR, 88.2.) :

{Pentachlorophenylytrimethyltin (V)

Pentachiorophenyllithium was prepared by the Tamborski procedure® from
pentachlorobenzene {25.05 g, 0.1 mole) and n-butyllithium (0.1 mole) in THF (100 ml)
at ~78°, After 5 h, chlorotrimethyitin (19.93 g, 0.1 mole) in THF (25 ml) was added
to the organolithium reagent at ~ 78°, Work-up as before gave (pentachlorophenyl)-
trimethyltin (30.3 g, 73.39%), m.p. 119-120° [from petroleum ether (b.p. 60-70°)].
(Found: C, 26.54; H, 1.85; Sn, 28.51 ; mol. wt., 413. C,H,ClL.Sn calcd.: C, 26.13; H,
2.18; Sn, 28.73",; mol. wt., 413.19)

Preparation of | 4-bis(trimethylsilylitetrachlorobenzene (VL) in THF and in ether

n-Butyllithium (0.2 mole} was added to a suspension of 1.2.4.5-tetrachloro-
benzene (21.6 g, 0.1 mole) in THF {200 mi) at —78°. After 5 h, Color Test 11 was neg-
ative ; Color Test | was positive. Chlorotrimethylsilane (32.55 g, 0.3 mole} was added
to the organolithium reagent at — 787 ; subsequent to the addition, Color Test [ was
negative.

A similar reaction using the same quantities of reactants was run in ether
{200 ml}as sojvent. Both reaction mixtures showed the presence of two main products
by VPC after derivatization with chlorotrimethylsilane. The THF reaction mixture
gave on work-up: (1) (2,3.5.6- tetrachlorophenyl) trimethylsilane (10.1 g. 35.0%). b.p.
90-95" /0.2 mm. m.p. 38-40°. The 'H NMR spectrum of this product showed Si-Me
{singlet. 7 9.37 ppm) and arosatic (singlet, 2.43 ppm) protons in the integrated ratio
9.5:1 (caled. ratio 9:1) (Found : §i, 99. C,H, Cl,Si caled.: St, 9.75%,.); (2) 1.4-bis-
(trimethylsilyl)tetrachlorobenzene (VIH) (17.5 g. 49%,). b.p. 135- l4()°/0 075 mm,
m.p. 81 -83°, The *H NMR spectrum of (VI11) showed only Si-Me protons (singlet,

t 9.50 ppm) (Found: Si. 154. C,H,4Cl1,Si; calcd.: Si, 15.5%,). The ether reaction

mixture gave similarly : (2.3.5,6-tetrachlorophenyl) trimethylsilane (6.9 g, 23.9%;) and
(VIII) (203 g, 56.4%)).

Lithiatton of (pemtachlorophenyl)trimethylsilane (V1)

n-Butyllithium (0.02 mole) was added to (VH) (6.4 g. 0.02 mole} in ether (100
mi) at ~78°. After 3 k, Color Test Il was negative; Color Test 1 was positive. The
orgunolithium intermediate was derivatized with chlorotrimethylsilane (3.0 g, 0.028
mole). The reaction mixture was stirrcd at low temperature overnight and then
allowed to reach 20°. Work-up gave a solid product which on crystallization from
seetone gave a mixture of needle crystals and amaorphous solid. Repeated fractional
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crystallization from acetone gave 1.4-bis(trimethylsilyl)tetrachiorobenzene (3.2 g.
44.4%;). m.p. and mixed m.p. 81-83°, and needle crystals (0.8 g}, m.p. 114-116°. The
IR spectrum of this latter product showed Si-Me absorption (1250-1280 cm ™ ') and
no band due to aromatic hydrogen. The '"H NMR spectrum showed only Si-Me
protons (singlet, T 9.48 ppm) to be present. Basic hydrolysis of this latter product
(0.5 g} in THF (15 ml) with 0.1 N sodium hydroxide (1 ml) gave 1,2,3.5-tetrachloro-
benzene (0.25 g), m.p. 51-52° (from ethanol), mixed m.p. with an authentic sample
of 1,2,3,5-tetrachlorobenzene 50-52°. This evidence suggested this latter secondary
product to be 1,3-bis(trimethylsilyl)tetrachlorobenzene. (Found: Si, 15.1. C,H ;-
Cl1,;5i, caled.: Si, 15.5%,.)

1,4-Bis(dimethylsilylytetrachlorobenzene (1.X)

1 4-Difithiotetrachlorobenzene, prepared from 1.2.4.5-tetrachlorobenzenc
(43.2 g, 0.2 mole) and n-butyllithium (0.4 mole) in THF (300 ml) at — 78°. was deriv-
atized with chlorodimethylsilane (56.7 g, 0.6 mole). The product obtained after the
normal work-up was sublimed at 130°/0.05 mm to give {.4-bis{dimethylsilvl)tetra-
chlorobenzene (10.1 g, 15.27,). m.p. 80-90°. Repeated crystallization from absolute
cthanol gave a material of m.p. 90-91°. The 'H NMR spectrum of the product showed
Si-Me (doublet, T 9.48, 9.54 ppm) and Si-H (multiplet, 4.87-5.14 ppm} in the integrated
ratio 5.93:1 (caled. ratio 6:1). (Found: C, 36.8; H. 4.27. C,,H,,C1,Si, calcd.: C.
36.15; H, 4.25%,)

Treatment of 1,2,4,5-tetrachlorobenzene (21.6 g, 0.1 mole) in THF {2530 mi)
with n-butyllithium {2.5 equiv.) at — 78° and subsequent derivatization of the organo-
lithium intermediate with chlorodimethylsilane {28.35 g. 0.3 mole) gave 1. 4-bis(di-
methylsilyl}tetrachlorobenzene (19.3 g, 58.15 %,), m.p. and mixed m.p. 90-91° {from
ethanol).

Addition of n-butyllithium (0.15 mole) to 14-dibromotetrachlorobenzene
{24.1 g, 0.65 mole) in THF (150 ml) at —~78" and subsequent derivatization of the
reaction mixture with chlorodimethylsilane (189 g. 0.2 mole) gave, after the usual
work-up, 1.4-bis(dimethylsilyl}tetrachlorobenzene (8.7 g. 40.32%,). m.p. and nuxed
m.p. 90-91°.

Attempted arylation of 1,4-bis(dimethylsilyl)tetrachlorobenzene (1X)

(@) With phenyltithium in ether. Phenyllithium (0.06 mole) was added to (1X)
(9.96 g, 0.03 mole) in cther (100 ml) at —78°. After 2 h. the mixture was allowed to
reach 20° whereupon Color Test I soon became negative. The product obtained
after normal work-up was distilled to give dimethylphenylsilane (3.0 g, 36.7 %), b.p.
47°/15 mm, ni' 1.4963. The IR spectrum of this product showed Si~Me. Si~H and
Si-Ph bands and was identical with that of authentic dimethylphenylsilane.

(b)Y With phenyllithivm in THF. Phenyllithium (0.06 mole) was added 10 (1X)
(9.96 g, 0.03 mole) in THF (1u0 ml) at —78°. After 4 h at —78°. Color Test | was still
positive. Chlorotrimethylsilane {excess) was added to the reaction mixture at — 78"
and the solution then allowed to warm to room temperature. Normal work-up and
distillation of the reaction residuc gave dimethylphenylsilane (2.3 p, 297} b.p.
63°/30 mm, nd® 1.4985. Neutral alumina chromatography of the distillation residue
using petroleum ether (b.p. 60--70°) as eluting agent, gave { 4-bis(trimethylsilyl}tetra-
chlorobenzene (V) (3.5 g. 32.4%,). m.p. and mixed m.p. 74-76°.
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~{e) With: phenylmagnesmm bramrde in ether and in THF Phenylmagnes:u

ﬂ bromxde {excess) was added to (IX) (9.96 g, 0.03 mole} in ether (100 ml) at room te
' perature, After 6 h, chlorotrlmethylsdane (excess) was added to the reaction mixtu
- Subsequent to the usual work-up, 14- bjs(dlmethylsxlyl)telrachlorobenzene (IX) (6.0
g. 60.24%7), m.p. and- mixed m.p. 90-91°, was recoveted unchanged. A similar result“~
was obiamed on rcactlon of (IX) with ‘phenyimagnesium bromide in THF. 2

14- Bts(dtmezh ylphen ylszl yntetrachlorabenzene (X) g
1 4-Dilithiotetrachlorobenzene, prepared from 1,24,5-tetrachlorobenzene
(10.8 g, 0.05 mole) and n-butyllithium (0.1 mole) in THF (150 mi) at —78°, was deriv-.
duzcd with chlorodimethylphenylsilane (17.07 g, 0.1 molcj. Vhe mixture was stirred
~78° overnight and then allowed to reach 20°. The usual work-up gave 1,4-bis-
(dlmcthylphcnylsﬂyl)letrachlorobenzcne (16.1 g, 66.53%,), m.p. 114-115° (from ac-
ctone). The 'H NMR spectrum of this product showed Si-Me (singlet, 7 9.24 ppm)
and aromatic (multiplet, 2.44-2.83 ppm) protons in the integrated ratio 6:4.9 (calcd
ratio 6:5). (Found: Si, 10.9. C;,H,,Cl,Si, caled.: Si, 11.5%,) .

1,4-Bis(diphenylmethylsilyl)tetrachlorobenzene (X 1)

14-Dilithiotetrachlorobenzene, prepared from 124.5-tetrachlorobenzene
(10.8 g, 0.05 mole) and n-butyllithium (0.1 mole) in THF (150 ml) at —78°, was deriv-
atized with chlorodiphenylmethylsifane (23.3 g, 0.1 mole). The normal work-up
procedure gave (X1) (18.9 g, 62.1 %), m.p. 220-222°. The '‘H NMR spectrum of this
product showed Si-Me (singlet, 7 9.03 ppm) and aromatic (multipict, 2.48-2.84 ppm)
protons in the integrated ratio 3 :9.9 (calcd. ratio 3: 10). (Found: Si, 8.6. C 5 ,H,,Cl1,Si,
caled. : Si, 9.2,

1 4-Bis(trimethylstannylytetrachlorobenzene (X 11)

1.4-Dilithiotetrachlorobenzene, prepared from 1,2.4,5-tetrachiorobenzene
{21.6 g, 0.1 mole) and n-butyllithium (0.2 mole) in THF (100 mi) at — 78, was deriv-
atized with 4 solution of chlorotrimethyltin (39.8 g, 0.2 mole) in THF (50 mi). The
reaction mixture was stirred at low temperature overnight and then allowed to
reach 20°. The normal work-up gave a semi-sofid which on crystallization from
petroleum cther (b.p. 60-70°) gave (XIF) (17.3 g. 31.9%), m.p. 148-149.5°_ (Found:
C. 26.84; H. 3.25: Sn, 43.84; mol. wt,, 541. C,H 4Cl Sn, caled.: C, 26.61; H, 3.33;
Sn. 43.84%,; mol. wt., 541.38)

ACKNOWLEDGEMENT

This reseurch was supported by the United States Air Force under Contract
AF 33(615)-2368 monitored by Materials Laboratory, Wright Air Development Divi-
sion, Dayton, Ohio.

SUMMARY

Pentachiorophenylmagnesium chloride (I), pentachlorophenyllithium {II) and
i d-dilithiotetrunchlorobenzene () have becn employed for the preparation and
churacterization of some polychlorophenyl derivatives of silicon and tin by derivatiza-
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tion of the respective organometallic reagents with the appropriate chlorosilane or
chlorostannane. 14-Bis(trimethylsilyl)tetrachlorobenzene (VIII) was obtained in-
directly, in addition to 1,3-bis{trimethylsilyl)tetrachlorobenzene, by lithiation of
(pentachlorophenyl)irimethylsilane (VI1) with n-butyllithium and derivatization of
the organolithium intermediates with chlorotrimethylsilane. (Pentachlorophenyl)di-
methylsilane (IV) underwent cleavage of the silicon—polychloropheny! bond on treat-
ment with phenyllithium in THF to give dimethylphenylsilane and {pentachloro-
phenyl)trimethylsilane subsequent to derivatization with chlorotrimethylstlanc.
Phenyllithium also effected the cleavage of the silicon—-aryl bonds of [.4-bis(dimethyl-
silyl)tetrachiorobenzene (IX) to give analogously, dimethylphenylsilanc and 1.4-bis-
(trimethylsilyl)tetrachlorobenzene (VIIT); (IX) was inert to phenylmagnesium bro-
mide in THF and in ether,
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