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The preparation of three new organosilicon compounds-the m- and p-isomers of bis( trimethy1silyl)xylylene and 3,3'- 
bis(trimethylsilylmethyl)bibenzyl, from the coupling action of magnesium on the respective isomeric xylylene dihalides 
and trimethylchlorosilane in tetrahydrofuran, are reported. 

The preparation of ala'-disubstituted deriva- 
tives of xylene via the coupling of xylylene dihal- 
ides and other reactive organohalogen compounds 
with magnesium has received only scant attention 
in the chemical literature. Hersh,' in 1952 in a 
patent, described the preparation of bis-(trichloro- 
sily1)-o-xylylene (physical properties not given) 
by first treating o-xylylene dichloride with mag- 
nesium in ethyl ether followed by reaction with 
silicon tetrachloride. This would infer that a stable 
di-Grignard intermediate had been formed. Mann 
and StewartI2 in 1954, were unable to  confirm 
Hersh's findings and isolated only poly-o-xylylene 
from the reaction of o-xylylene dichloride with 
magnesium. Attempts by these latter investi- 
gators2 to couple o-xylylene dihalides with phenyl- 
dichlorophosphine by allowing them to react 
simultaneously with magnesium in ethyl ether 
likewise yielded only poly-o-xylylene and not the 
desired phenylphosphindoline. By converting the 
o- and m-xylylene dihalides to t,he respective chloro- 
methylbeneyl ethers, Mann and Stewart2 were able 
to convert only the m-substituted ether to a stable 
Grignard intermediate. 

In  the present instance, we wished to  prepare 
the m- and p-isomers of bis(trimethylsily1) xylyl- 
ene (I) by an unequivocal route. 
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Chernyshev, ct aL3 had reported the synthesis 
of an intermediate, bis(methyldichlorosily1)- 
xylylene, (from reacting benzene with chloro- 
methylmethyldichlorosilane in the presence of 
aluminum chloride) that could be methylated to 
give bis(trimethylsily1) xylylene; however, this 
intermediate was a mixture of isomers whose re- 
spective concentrations and separations were not 
disclosed. 

(1) J. M. Hersh, U. S. Patent 2,615,033 (1952). 
(2) F. G. Mann and F. H. C. Stewart, J. Chem. SOC., 

2826 (19.54) ; F. G. Mann, I. T. Millar, and F. H. C. Stewart, 
J. Chern. Soc., 2832 (1954). 

( 3 )  E. A .  Chernpshev, Ill. E. Dolgaya and P. Egorov, 
Zkur. Ohshchez Khim., 27, 2676 (1957). 

As a starting point, we investigated the feasi- 
bility of coupling p-xylylene dihalides and tri- 
methylchlorosilane with magnesium. None of the 
dihalides (dichloride, dibromide, and diiodide) , 
reacted separately, or in the presence of large 
excesses of trimethylchlorosilane, with magne- 
sium in solvents such as ethyl ether, di-n-butyl 
ether or p-dioxane to  give the desired compound 
but instead yielded poly-p-xylylene. The reaction 
was quite sluggish and the magnesium became 
coated with the insoluble polymer. 

We then investigated the reaction of mxylylene 
dibromide with magnesium and changed the solvent 
to tetrahydrofuran. The reaction was quite vigorous 
and rapid and upon completion, trimethylchloro- 
silane was added. The product isolated from this 
reaction was a low-melting polymer (molecular 
weight 1850-1900), containing only traces of 
silicon and bromine, whose elemental analysis indi- 
cated that it was poly-m-xylylene (consisting of 
approximately 18 xylene units). Since no stable 
di-Grignard intermediate was formed, the experi- 
ment was repeated except that the m-xylylene 
dibromide was reacted with magnesium in the 
presence of trimethylchlorosilane. From this latter 
reaction we obtained the desired bis(trimethy1- 
sily1)-m-xylylene. The yield was 32-33% whether 
a large excess or an equivalent quantity of tri- 
methylchlorosilane was used. A second com- 
pound was also isolated and identified as 3,3'- 
bis(trimethylsilylmethy1) bibenzyl(I1). 

Using the same technique we were also able to 
prepare bis(trimethylsily1)-p-xylylene from coup- 
ling p-xylylene dichloride with trimethylchloro- 
silane. 

Both isomers were identified by their elemental 
analyses and the substitutions verified by their 
respective infrared absorption spectra (reproduced 
in Figs. 1 and 2 ) .  The meta isomer was a liquid 
and the para isomer a low melting (61-63") solid. 

These reactions clearly demonstrate the versa- 
tility of tetrahydrofuran, over other ethereal 
solvents, for conducting coupling reactions of the 
type illustrated. Although no stable di-Grignard 
intermediates of m- and p-xylylene dihalides could 
be prepared for subsequent reactions, the tetra- 
hydrofuran enables one to  force a coupling reaction 
in the desired direction to a, much greater estcnt 
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Fig. 1. Bis( trimethylsily1)-p-xylylene 

WAVELENGTH ( M I C R O N S )  

Fig. 2. Bis(trimethylsily1)-m-xylylene 

than was possible in the other ethereal solvents 
tried and thus provides a convenient and unequi- 
vocal route to the preparation of otherwise dif- 
ficult-to-prepare cu,a'-disubstituted xylenes. 

EXPERIMENTAL 

Starting materials: m-Xylylene dibroinide. Eastman Kodak 
(Practical Grade). Recrystallized from ethanol, m.p. 76- 
77". p-Xylylene dichloride. Eastman Kodak (White Label). 
Trimeth ylchlorosilane. Dow Corning. Redistilled through a 
36-in. packed column and stored over Molecular Sieves, 
Type 49. Tetrahydrofuran. Matheson, Coleman and Bell. 

Further purification by distillation from lithium aluminum 
hydride and stored over calcium hydride. Traces of moisture 
or hydroxy compounds must. be rigidly excluded due to 
reaction with the chlorosilane and subsequent reaction with 
the tetrahydrofuran. 

Apparatus .  All subscquent reactions were carried out in a 
3-necked, round bottom flask equipped with a condenscr, 
stirring assembly, addition funnel, and nitrogen inlet. All 
reactions were conducted under a dry nitrogen flush and 
protect>ed from moisture. 

Reaction 0.f in-xylylene dibromide with ,magnesium in tetra- 
hydrofuran followed bil addition of trimethylchlorosilane. A 
aolutiori of 61 g. (0.23 mole) of m-xylylenc dibromide in 200 
ml. of tetrahydrofuran was added to a st.irred suspension 
of 11 g. (0.45 g.-atom) of magnesium chips (previously 
act'it a t id  wit'li iodine vapor) in 50 ml. of tetrahydrofuran, 
lieact,iori started immediately and the solution added at  :r 
rate sufficient t o  maintain gentle reflux. After stirring and 
refluxing for 2 hr., 50 g. (0.46 mole) of trimethylchlorosilane 
was added (little or no heat of reaction was noted) and the 
mixture stirred and refluxed for 3 hr. Upon cooling, 100 nil. 
of benzene was added, the mixture washed with water, the 
organic layer dried over Molecular Sieves, Type 4-4, filtered, 
and distilled t.0 remove solvents and low boiling materials. 

The residue solidified upon cooling and extraction with 
acetone left an insoluble residue that melt.ed at  65-75'. 
Attempts to crystallize the material from solvent mixtures 
were unsuccessful and yielded a viscous oil that solidified 
only after all traces of solvent were removed. 

The element>al arialysis and moleculitr weight agree with 
that crrlculntrd for poly-m-xylylerie cont.:tining :tpproxi- 
mately 18 xyl(~nc~ unit*. 

dnal .  Calcd. for Cl~H~46: C, 92.16; H, 7.84; mol. wt. 1877. 
Found: C, 91.41, 91.50; H, 8.02, 8.11; Si, trace; Br, trace; 
mol. wt,., 1850, 1900. 

The infrared spectrum of the polymer verified meta sub- 
stitution and also exhibited weak bands at  8.05 and 11.80- 
11.0Op characteristic of Si-CHs and Si-C linkages, due 
probably t,o trimethylsilyl end groups. 

B:'s(trimethylsilyl)-n~-x~lylene. A .  Reaction of m-xylylene 
rlibro,riide, in the presence of a n  excess of trinieth ylchlorosilane, 
with magnesium. d misture of 40 g. (0.15 mole) of m-xylylene 
dihromide and 130.3 g. (1.2 mole) of trimethylchlorosilane 
was reacted wit,h 7.3 g. (0.3 g.-atom) of magneeium as de- 
scribed in the preceding experiment. After refluxing for 2 
hr., the mixture was concentrated to remove unreacted 
t,rimethylchlorosilane and :i portion of the solvent a t  which 
time the magnesium halide salts separated, The liquid por- 
tion was decanted from the salts and the latter washed with 
ethyl et,her. The decanted liquid and washings were combined 
and distilled to remove solvent,s anti the residue fractionated 
at  reduced pressures. Five liquid fractions were collected of 
x-hich fractions 3 and 4 constituted 11.9 g. (32Yc yield), 
11.p. 2-74 '  (0.6 mm.), n:: 1.4919 arid 1.4920 respectively. 

.1nal. Calcd. for Cl&8i2: C, 67.13: H, 10.46; si ,  22.40. 
Found: Fraction 3: C, 67.24: H, 10.20; Si, 22.60. Fraction 4: 
C, 67.13; H, 10.43; Si, 22.50. 

The residue, a viscous, dark-colored oil, weighed 6.0 g. 
B. Reaction of m-xylylene dibromide, in  the presence of an 

equivalent quantity of trimethylchlorosilane, wi th  magnesium. 
.4 mlution of 52.1 g. (0.20 mole) of m-sJ-lylene dibromide in 
180 ml. of tetrahydrofuran was added to 9.6 g. (0.40 g.- 
atom) of magnesium chips suspended in a solution of 42.9 
g. (0.40 mole) of trimethylchlorosilane and 200 ml. of tetra- 
hydrofuran over a period of 2 hr. follon-ed by refluxing for 
19.5 hr. 

Kater,  200 ml., was added to the wiction mixture fol- 
lowed by 300 ml. of toluene. The organic layer was sepa- 
rat,ed, dried, filtered; the solvents removed, and the 
residue fractionated. The fraction boiling at  6646.5" (0.3 
mm,) weighed 16.6 g. (33.77, yield), ny 1.4919. The infrared 
absorption spectrum of this product was identical with that 
from (A). 

S n a l .  Calcd. for CI4H26Si2: C, 67.13; H, 10.46; Si, 22.40. 
Foiind: C, 67.41, 67.48; H, 10.22, 10.20; Si, 22.85, 22.56. 

Further distillation of the residue (17.0 g,) yielded 3.5 g. 
OF liquid, h.p, 139-142" (0.65 mm.), ny 1.5270, whose 
element,al analysis agreed with that, crilculated for 3,3'- 
h i s ( t r i m e t h ~ l ~ i l ~ l m e t h ~ l ) ~ ~ i b e ~ ~ z y l  (11). The infrared nh- 
sorption spectrum also supportcd the structure indicated by 
11. 

Anal .  Calcd. for C,yHi4Si2: C, 74.51; €1, 9.66; Si, 15.83. 
Found. C, 74.84; H, 9.20; Si, 16.04. 

Bis( trimethylsil~/Z)-p-xyi?~Iene. A mixture of 35 g. (0.20 
mole) of p-xglylene dichloride and 174 g. (1.6 mole) of tri- 
methglchlorosilane in 200 nil. of tctr:thjdrofuran \vas :iddcd 
to 9.7 g. (0.40 g.-atom) cf magnwium chips msprrid(:d in 50 
ml. of tetrahydrofuran :md rwctcd  in t hr niariii(>r dmcrihed 
in the preceding experiments. 

The precipitated magnesium cliloritl(' \v;ts removed by 
c.critriRigation and the filtratc dii;tilletl to remove solvent 
and  unrc::tctcd t r i m c t h ~ l ~ ~ h l o r o s i l a ~ ~ ~ ~ ,  Thc rcsidw, partially 
cr>-stallinr upon cooling, was dissolved in hot ethanol, 
trcated with charcoal, and filtered. [*lion cooling, white 
needlr-like cryst,als separated; however, these melted over 
a wide range and the crude product w:w distilled at reduced 
pressures. The fraction collected at 73-74' (0.3 mm.) 
melted at, 61-63". 

Anal .  Calcd. for CIIH2&: C, 67.13; H, 10.46; Si, 22.40. 
Found: C, Gi.20, 67.06; H, 10.42, 10.30; Si, 22.14, 22.31. 

Infrared spectra. The infrared spectra, reproduced in 
Figs. 1 and 2, were recorded on a I'erkin-Elmer Infracord, 
Rlodel 137. The spcctrum of thc na-isomer was taken from a 
film and a mtpillary (0.05 mm.) to rcsolvc the 5-6p region 
and the spectrum of thcl p-isonwr w:ts trtken from a, Xujol 
mull. 
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Chemistry of Copper Phthalocyanine Precursor 

R. A. BROOKS, J. G. BURT, B. F. SKILES, AND hl. S. WHELEN 

Receiued October 1, 1968 

The preparation and properties of a precursor of formula C~,H,:N~~CU which generates copper phthalocyanine upon reduc- 
tion are discussed. h structure for the precursor is proposed. 

Copper phthalocyanine precursor is the name 
given to  a buff colored compound I of empirical 
formula C,,SH25X13Cu which generates copper 
phthalocyanine (11) upon reduction. I is formed 
by reaction under oxidizing conditions of phthalo- 
nitrile, ammonia and a cupric salt in dimethyl- 
formamide a t  about 90" or by reaction of l-amiiio- 
3-iminoisoindolenine and a cupric salt under 
similar conditions. The yield by the phthalonitrile 
route is improved by the addition of a small 
amount of Ai-niethylglucamine, the role of which 
has not been determined. 

NHz a,">. 4- CU'*---+ I + 2KHZ + 3x143 

/ I  
KH 

I is very soluble in dimethylformamide and in 
alcoholic solvents such as ethylene glycol mono- 
ethyl ether. It has limited solubility in benzene 
and is insoluble in aliphatic hydrocarbons. I is 
usually amorphous but can be crystallized from 
benzene. Stirring in a small amount of methyl 
alcohol also converts the amorphous material to a 
crystalline form' the x-ray diffraction pattern of 
which is reproduced in Fig. 1. 

Unlike 11, which is highly colored, I exhibits 
only very weak absorption in the visible region 
of the spectrum. The ultraviolet and infrared 
spectra are reproduced in Figs. 2 and 3, respec- 
tively. 

When in crystalline form, I is quite stable and 
can be stored for long periods a t  room temperature. 
Its solutions decompose in a few days, especially 

( 1 )  hI. S.  IVhclm, U.S. Patent 2,795,586, JUM. 11, 1957; 
_ _ _ _ ~  

( 'hem.  ~ l h l r . ,  51, 17181(1!)57). 
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BRAGG ANGLE (28) 
Fig. I .  X-ray diffraction pattern of copper phthalocyanine 

precursor 

in sunlight, to give copper phthalocyaiiine and 
other products of lower molecular weight. 

Reduction of I is easily effected with a large 
number of agents. The weight yield of I1 is 68%, 
the remaining weight being accounted for as 
ammonia and derivatives of phthalic acid. Hydro- 
genation over palladium indicates that reduction 
is a 2 electron process. Reduction with hot, alka- 
line glucose shows that 5 moles of ammonia are 
liberated. Pyrolysis of I a t  180" gives about a 65y0 
yield of I1 with liberation of 1 mole of ammonia and 
2 moles of phthalonitrile. The slightly lowered 


