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Attempts to prepare compounds coantaining a carbon-
silicon double bond by pyrolysis of silyl hydrogen phthalate
esters gave instead phthalic anhydride and a silanol, React-
fon between a chlorcsilane and sodium triphenylmethyl gave
coupling products as the only identifiable silicon-containing
material, in sccordance with the experience of previous authors,
Hydrogen phthalate esters of tertisry alcohols reacted with
bromine to eliminate phthelic scid and form a vicinal dibromide
or its dehydrobromination product. The resction was fast in
the case of alcohols with a phenyl group attsached to the q-
carbon atom, In attempts to extend this reaction to silyl
hydrogen phthalates there appeared to be no reaction with
esters of alkylsilanols and in those of arylsilanols the aryl
groups were detached as readily as phthalic acid was eliminated,

ii
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CBAPTER I - HISTORICAL SURVEY

Introduction

The object of this work was to investigate some
possible routes to the formation of compounds containing a
silicon atom doubly bonded to carbon., The preparation of
such compounds had previously been claimed by only three
groups of workers, but in no case hed the claim been sudb-
stantiated, During the course of the present work another
claim was made but appears to have been erromecus., Two
other suthors have reported the preparation of aromatic
;ystm containing silicon but have now withdrawn their

~ elaims, (For references to the above claims see below,)

It may therefore be said that te date no compound containing
8 carbon to silicon double bond has been prepared. Theoreti-
cal considerations bearing on the possibility of forming such
bonds are discussed below,

A eompound containing a carbon to silicon double
bond, if preparable, would be of considerable theoretical
interest., One would like to know whether it had the usual

properties of an unssturated linkage, such as ability to add

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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halogens, ease of hydrogenation, and reaction with potassium
permanganate, The compound would also be of interest as a2
possible starting material for the preparation of polymers
analogous to tw so fruitfully developed in the carbon

series,

Preliminary Discussion of Theoretical Comsidexations

The work of Ripping and his school, extending over
nany yam‘, was directed toward showing the many analogies
between the silicon series and the carbon series. MNeverthe.
less, the snalogy proved to be only partial. The list of
pure mmﬂa containing silicon is very brief by comparison
with tm of organic emmmﬂa: | Only a few compounds con-
taining only silicon and hydrogen sre known, in contrast to
the very large number of hydrocarbons, and evidence for
.trur.tu?d isomerism amoug silanes is almost nonexistent,
rurthem,. several important classes of compounds have no
representative in the silicon field. 1In particular, there
is no evidence for the existence M;stu 0 groups, and
hence uo silicon analogues of such compounds as aldehydes,

‘ror 8 complete list of papers see " An Introductionm
to the Chemistry of the Silicones™, E.G. Rochow, John Wiley
and Sons, New York (2nd edn.) (1951) p. 76.
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ketones, acids, and esters. Even smong silicon compounds
formally analogous to carbon compounds there are considerable
dit!creneu in behaviour. For example, esters of the type

-—sz.co.ea lose carbon monoxide on hutingl

with formation
ot -qma, an ether-type compound, This reaction has no
parallel in the carbon field. Silanols condense forming
siloxanes containing the group = 8i08i= much more fudi.ly
than slcohols condense to form ethers>’ 3”l',,

catalysed by both acids and bases and indeed special tech-

The reaction is

niques are required (n.s.s'é) 1f the uncondensed silanol is
to be prepared. Silane dicls (e.3. diphenyleilanedtiol) and
even trt0107 are known and, though they are readily dehydrated
to polysiloxanes, they are much more stable than their carbon
analogues.

15.G. Brock, J. Am. Chem. Soc., TI, 4827 (1955).

2’.89 Kippm, J. Chem, sm.; (lw), l’OSG
%2.0. Sauer, J. Am, Chem. Soc., 66, 1707 (19kk).
",1. Grubb, J. Am. Chem. Soc., 76, 08 (1954).

€2 50.&.' Burkhard, in *Inorganic Syntheses", vol. I11I,
Pe Do : .

vsb.n. Sommer, E,W. Pletrusss, md F.C, Whitmore,
J. Am. Chem, Soc., 68, ‘2282 (1946).

Troshio Takiguchi and Fumio Hirata, . Kog
M“ 62' h‘ﬁ (1959) - 6!‘ cm‘ m (X3 ﬂ’ »*
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On the other hand there remains a large area over
which carbon and silicon show great similarity. Although
some ions exist in which silicon exhibits a valency of 6,
the best known being the hexafluorosilicate iom, SiF.  , in
vhich the six fluorine atoms are disposed octahedrally about
the silicon atma and although it is probable that silicon
can exhibit a covalency of five in the tramsition nu:-g, in
its stable compounds tt‘ always exhibits a covalency of four,
as does carbon, DMoreover the stereochemistry is tetrahedral
as has been show by an X-ray diffraction study'® of BiI,
and vby resolution’! of silicon compounds (which indicates
only a non-planar structurs). This Mth would be
axpected since the electronic structure of a carbon atom is
10%20%2p% and of & stltcon atom 1672622553252, One would
expect the treatment v successfully applied to carbou by

Pauling and Slater would be equally applicable to silicem,

8y.aA Ketelaar, Z, Eristallog., 92, 155 (1935).

9.6, Swain, R.M. Esteve, snd R.H. Jones, J. Am
Chem, Soc., T1, 965 (1949). ! ' E—

10
0. Hassel and H. Kringsted, £, Phys. Chem,, Bl3,
1 (1931). '

'nag ¥.8, Ripping, J. Chem, Soec. ilg;, 209.
b) P.8, Kippm, | B, DOC., 1 ] "57~ .
¢) C. Esborn and €, Pitt, . and Ind,, (1958),

820.
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That 18, 2 3s electron would be promoted to a 3p orb:tgal
making the valency shell 3s3p3. bThaae electrons would then
be hybridised to four equivalent tetrahedrally disposed up3
orbitals. There is, however, an important difference between
silicon and carbon. In the latter, the lowest-lying unfilled
orbitals are 3s in the next shell, wherecas in the former the
3d orbitals are reascnably close in energy to the ’p orbitals,
giving rise to the possibility that upaéa hybrid orbitals
might be used. These are doubtless the orbitals used in the
81F," ion. However, it seems certain that in the simpler
tetravalent compounds of silicon the orbitals used are indeed
ap’ hybrids.

‘ Two theories of the carbonecarbom double bond are
currently in use, In one, the carbon atoms are taken to be
tetrahedrally hybridised and two pairs of orbitals (one from
each atom) are taken to be m:elmad m as t.c give two ‘.Mt
bonds' in which the overlap of esch pair is less than in a
single ep>-sp> carboncarbon bond but the total overlap of
the two pui.rj; ‘mx. less than mt of m ‘m;u bonds, “iﬂ |
greater than that of one single bond. In the other mdtl. the
carbon atoms sve described as having one s and two p electrons
hybridised to form an sp- trigonsl hybrid orbitsl with the
remaining p oxrbital unhybridised and having its nodal plane
in the plane of the three lpa orbitals. A pair of ”2 hybrid

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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orbitals, one from esch atom, is then overlapped to form a
¢ bond of cylindrical symmetry. The two unhybridised p
orbitals, being of the same symmetry, can then overlasp to
form & x bond of symmetry characterised by the presence of
a nodal plene i the plane of the J bond and the four other
sp° hybrid orbitals.

The two shove models are not ss dissimilar as

12 shows that

appears: Pople's equivalent orbital treatment
the second is very similar to the first when the ¢ and =
bonds are replaced by their equivalent orbitals, Neverthe-
less there are differences to be expected between the two
models. From the first, or bent-bond model, one expects the
X-C-Y angle in §>e - to be approximately tetrahedral,
or 109° 28', and from the second to be approximately trigomal,
or 120°, In each case thess figures would be modified by
environmental M steric factors. The experimental evidence
does not distinguish between the possibilities. In ethylene
the B-C-H angle’” 1s 117.37° but in tetramethylethylene the

Me-C-Me mk“ 1s 110.5 T 2°,

IﬁJuAc MIQ, ms: Ml:, 3‘&' 273 (1957)0

15!.6. Allen and K. K. Plyler, J, Am, Chem, Soc,,
3.9.(2573 (1958)7 ‘

m!-. Pauling and L.O, Brockway, J. Am, Chem., Soe.,
59, 1223 (1937).
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7
muﬁmxxs has suggested & third possibility, that
- the two single bonds on each carbon atom (i.e. those not
involved in formation of the double bond) may be described
as ulf upyh, and the orbital imvolved in formation of the ¢
component of the double bond as ‘1/&?1/9’ In this way there
ie still a total of one s electron and two p electroms,
leaving the third p electron available for formation of the
x ecomponent of the double bond, This model is then generally
sinilar to the molecular orbital representation except that
the 'external' valence sngles would be tetrahedral, By
supposing that cases intermediate between that just described
aud the opauu bond model can exist, one can account for the
experimentslly cbserved variation of sngle in substituted
ethylenes between approximately 110° and 120°. Bmmr"s, on
the other hand, prefers to consider the possibility of non-
‘linear overlap of orbitals.
Whatever model of the carbon-carbon double bond
one chooses to adopt, there would seem to be no a priori
reason why it should not be equally applicable to silicon.

It is possible that the radius of the silicon 3p orbital is

152.8. Mulliken, Tetzabedron, §, 68 (1959).

,mu..i.s. Dewar and H,N, Schmeising, Tetrahedrom,
.1:.!‘." 96 (1960)-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



8

much greater than that of the carbon 2p orbital so that over=
lap is not possible, but the same ugmu would not apply
to a silicon-silicon double bond., Nevertheless, evidence for
such bonds is even scantier than for carbon.silicon double
bonds.

~ Rarly Attempts to Prepare CarboneSilicom
Double Bouds and Their Analogues

An excellent review of the chemistry of siliconm up
to 1947 has been given by Burkhard, Rochow, Booth, and Hartt!,

Gumm reports that in an early paper Kipping
claimed to have prepared (céas)(cans)sz :si(ca%)(csus') but
d1d not refer to 1t again. Certainly in 1927 Kipping” stated
hie belief that an ethylenic binding between silicon asd car-
bon cannot be formed or cm; at best, be produced only under
exceptional conditions. \

In 1912 Schlenk and mmgw claimed that on
prolonged distillation of diphenylmethylsilanol, water was

17c.A. Burkhard, E.G. Rochow, H.S. Booth, and J.
wn. Gilman and G.E, Dunn, J, Polymer Sei., 9, 253
(1953).
2?.3. nppint, op. ait»

199, Schlenk and J. Remaing, Am., 304, 221 (1912).
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lost and a compound whose analysis corresponded to (csas)astgcne
was obtained, The compound did not exhibit the bebaviour
expected from this formula since it did not add bromine,
Ripping” repeated this work and found that water was indeed
lost on heating but he was unable to find any evidence of
unsaturation in the products. He pointed out that Schlenk
and lmlnzm had based their formule on only one analysis.
Kipping was not sble to prepare pure diphenylmethylsilanol

but found that the product from prolonged distillation of

the crude silanol could be separated by distillation under
reduced pressure into two fractions, one boiling at 165-185°/
4% mm and the other at 270°/45 wm. The lower boiling fraction
did not decolourise bromine in chloroform nor react with
aguecus pomntw permangsuate, The higher boiling fraction
was & thick yellow oil readily soluble in ether, petroleum
ether, scetone snd other common solvents but only sparingly
soluble in cold alcohol, This was identified as 'diphenyl.
methylsilicyl oxide', for which the current name is sym
tetraphenyldimethyldisiloxane, Kipping concluded that Schlenk

and Repning's product was a mixture,

2'.5. Ki.ppinz, OP. eit.
19“. 8chlenk and J., Remning, op. cit,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Since then Kipping's emciunim has been fully
substantiated. It is now well-established that on prolomged
heating of & silanol condensation products are formed, disil-
oxsnes from a wonosilancl and poiysumu from diols and
triols,

Kipping attempted unsuccessfully to prepare com-
pounds containing a carbon-silicen double bond using conven-
tional methods of dehydration and dehydrohalogenation, He
found that reaction of tribenzylchlorosilane with quinoline
or dimethylaniline did not yield unsaturated products, though
Kipping did not etate wvhat compounds wers formed, Tribemszyl-
pilanol did not react at all with acetic anhydride, phosphorus
pentonide, or zinc chloride. On distillation of compounds
containing a chlorosilene group next to a methylene group,
hydrogen chloride wes not lost.

Kipping and Sands’” found that the action of sodium
on diphenyldichlorosilane gave a cmlcx mixture from which
three halogen free fractions were obtained, One of these had
the formula sx,‘(cé%)a (compound A). It reacted with fodine
to form & compound of formula “h("s“g)a‘a' vhich reformed
compound A with gpodium in boiling xylene, and with water

mr.ﬁ. Kipping and J.E, Sands, J. Chem, Soc.,
(1921) 8%0.
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formed a compound of formula szh(csﬁs)ao. Compound A also
reacted with boiling tetrachloroethane to form & compound of
formula 5‘&“’6“5)8“12* which also reacted with water to form
another compound of the formula Mh(céuﬁ)8 .,  With nitro-
benzene, compound A formed another compound of formula
sah(cﬁag)aoa. The molecular weight of compound A, determined
ebullioscopically in benzene, was sbout 700 [*"h"’s“s)a
requives Tu8].

Mo:hck fraction (compound B) was alsc found by
Kipping end Sands to have the formula s:lk(céls)e and to react
with bromine but not with iodine,

In an extension of this work Kipping, Murray and
Mebya" found that the action of sodium on phenyltrichloro-
silane gave a complex mixture,

Kipping, having slready come to the conclusion that
doubly bonded silicon could not exist, formulated compound B
or 'saturated octaphenyltetrasilane' as s saturated compound
with a cyclotetrasilane ring and the compound A as possibly
involving & saturated tetrabedron of silicon atoms or, in
seccordance with its description as 'unsaturated octaphenyl.
tetragilane’, as an open chain compound containing a chain

2Ly 8. Kipping, A.G. Murray end J.G. Maltby, J.
Chem, 8o0c., (1929) 1180,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of four silicon atoms with the two end atoms tervalent, the
free valencies being available for addition of halogens.
Although reasonsble in its chronological segting,
the sbove ideas are improbable in terms of modern ideas of
vulahcy. It is now known that the ranctiaﬁ is & coupling
reaction very similar to the Wurtz and that compounds are
formed of the types exemplified by I, II and III of which

BBL

Cl— Si—Sc—CL cl—93 L——SL—— Sv—CL

&6 0006
B>

- G— Si— Si— Si—Ch

O000

the last could cyclise to compound IV or a carbeme-~like

L ©

SL—— SL

Su —‘SL

& &7

N
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intermediate (V) might be formed. It could | ﬂ::ﬂ

then couple and dimerise to give coppound IV, é;:
- Gilman and cowworkersaa have recently ﬂ:ig

reinvestigated thig reaction and haﬁa shown

that the major product is indeed octaphenyl- tS;Z:

tetracyclosilane, Kipping's method of reaction with sodium
in boiling xyiane could be used, or better, lithium in tetra~
hydrofuran. The product showed no free-radical character in
its electron paramagnetic resonance gpectrum and the 'addition' .
reactions were shown to be due to opening of the ring, presum-
‘ably strained like its cycxobutana analogue,

It is indicative of ths difficulties encountered
in this work that the 'saturated octaphenyltetrasilann' or
compound B formulated as Sik(céas)a by Ripping on the basis
of its molecular weight determined cryoscopically was later
believed by thmana3 to have the compogition 816(06H5)l2’

-

very recently smended” to sig(cégs)lo, in both cases also

on the basis of cryoscopically determined molecular weightes.

aga.w.r. Jarvie, H.J.8, Winkler, D.J, Peterson, and

H. Gilman, J. Am. Chem. Soc., 83, 1921 (1961).

25, .. Jarvie, idem., 1b1d., 83, 4oBY (1961).

24y Gilman and G.L. Schwebke, J. Am. Chem. Soc.,

85, 1016 (1963).
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Milligan and Kraus2® claimed te have prapared a
compound which might be [(cﬁgs)ge;]&sigaxzm(csas)]3 but do
not appear to have ui&rﬂé to it again,

Di(~t-butyl)-silanediol does not condense to form
a siloxane, presumsbly for steric reasons, but attempts to
bring abwt intramolecular dehydratiom with formation of
the eilicon snalogue of di(t-butyl) ketons were unmecn:tul%,

A report of 'mhsx ' in & Japanese patent and its
mt:mt in *Chemical mtrmu'm pre«s to have been & mis-
print for mhm@

ﬁng reported that passage of silicon tetrachloride
over 50% ferrosilicon at 600-1000° gave a compound of formula
316016, only slowly hydrolysed by water., The compound was
described as a white crystalline solid of melting point 187“,
soluble with no apparent change in methamol, chloroform, and

ether, though an etherate could also be formed, With

255.8. Milligan and A, R‘twt, J. Am, Chem, Soc., 12
5297 (1950),

26, N. Sommer snd L.J. Tyler, J, Am. Chem, Soc., 76,
10% (1954). e

37“ Shi-ihara, Jun Iyoda and Dai Takakashi, Japanese
Patent 14617 (1961) - et, Chem, Abs,, 56, 10190 (1962).

a?e Shi«ihara. Private commmunication to pr, H.
Kachi,

396. Urry, Abstracts of 13 ?[d American Chemical
Society Meeting, San Francisco, Apr .
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dimethylmercury at 25° a solid of melting point 73.2° with
vapour density corresponding to the formula 816(633)6 was
formed. This material showed absorption in the ultraviolet
at 2600-2900 4 (h«mthylmm shows absorption at
2720 §). An ethereal solution of the material of formula
“6“‘6 and lithium borohydride gave a liquid of freesing
point just below 0°, thought to have the formula 81 R
Urry at that time considered it possible that these materials
were the first examples of silicon compounds analogous to
benzene but now appears to have rsached a different conclusion,
though details are still lacking>.

The Work of Fritz and ﬁtabc

Bnrink the course of the present work Fritx and
Gmbom' ammounced that pyrolysis of tetramethyleilane gave a
mixture containing, smomg volatile products, the known com-
pounds ammgx-uyxemmmmm:m “?‘;’*%‘“"a" |
and dl-».(trhttbylulyx)mtmc (m,umasms), and & new
compound of formula 81,CcH, .. ' The products were partially

X¢, Eaborn, *Organcsilicon Compounds®, Butterworth,
London (1960), p. 113, S ' '

Slg, prite and J. Grobe, Z. anorg. u. allgem. Chem.,
311, 325 (1961). ’ 2=

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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separated by distillation, then purified by gas chromato-
graphy. Besides the two known compounds the third compound
vas isolated b.p. 122.8%/745 mm, nge -3 1.443%0. Analysis
(mean of several values) showed a composition of 84, 33.9%;
C, 50.2%; H, 11.4%, Cryoscopic determination ot. the mole-
cular weight in benzene gave a value of 135, The mass
spectrum gave a value of 1Lk, Hence Fritz and Grobe con-
cluded that the coupound had the formula 81,CCH, ., vhich
requives 8i, 78.9%; C, 50.0%; H, 11.1%; molecular weight
1kh,

The suthors formulated the structure of the com-
$1:CHSiMe

2 3 _
(s) BReaction of a mixture of the compounds

pound as Me on the grounds listed below,

mgasicaﬂsms and siﬂcéuw with hydrogen bromide gave a
compound with analysis correspending to naesrsicaasmb

(manrsimrsmk as given in the original paper for reaction

of the mixture w:t.h hydrogen bromide appears to be a mispriat).
The compound 81266!116 was then isolated by gas chromatography.
When dry hydrogen bromide was passed into the ice-cold
material the cm bromocompound, 81286317&, was obtained in
almost quantitative yield. The wmaterial was lwlqtod by
distillation. S$Since a carbon to silicon bond is polarised

in the direction M*c' s the addition of hydrogen bromide will

lead to the formation of & compound with bromine attached to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the silicon atom. Hence it should be readily hydrolysed,
In fact, the material was very readily hydrblyud by aqueous
alcohol and it was even possible to estimate the bromine
titrimetrically.

" {b) Bromination of a mixture of Me HSiCH SiMe

2 2 :

and 8"2"'6316 gave again the compound 812063173:. The ?
authors attributed this to the browination f£irst of the

silane hydrogen only of mamicuasmy forming naanrsmuasm;
and hydrogen bromide. The latter then added to 81206!!16 to
form more of the same bromide, Some masmxcanrsuu3 was

aleo formed by dibromination of mgnsimasmey though it s
not clear why bromine should not add to the 'unsaturated'
material if it had the formula attributed to it.

For a mixture shown by gas chromatographic analysis
to contain about two-thirds saturated component, about one
mole reacted with half a wmole of bromine, as judged by the
permanent red colour on addition of more bromine,

The expected reactions would be:.

meamcngsm + 3:‘3 ~> HMe

3 813:032811405 + HBx

2

or u.as:ucusm + 3:2 -3 Hﬂ@tﬂt‘@tﬂﬁh

3 3
or Heesi, — Bﬂhg :
_ | + neg —— n:maswﬂacnesmrmz
o Wy

snd in each case one mole of compound would react with one
mole of bromine. '
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The purified monobromoproduct was treated with
methyl magnesium fodide, forming a 165% yield (based on

2 8
The compound sxacénm reduced silver ion in acidic

Me HS1iCH 3““”3) of di-(trimethylsilyl)-methane “”‘55")3“2]‘

solution and did not evolve hydrogen with alkali; this point

indicated the abgence of SiH groups, In the infrared spectrum

there was only a very weak band at 1050 cm“l, whereas the

compounds Me ans 10&25 ma

there. This was assigned to the si—caa-—st group, The authors

and (Me,81),CH, showed o strong band

believed that this distinguished the compound from naczsmiesme},
which would give the same bromo-compound.

The authors pointed out that in both the carbon and
the silicon series the relative abundance of peaks corresponde
ing to fragments of high molecular weight increases as double
bonds are introduced into the m:’l!.ev.u.:l.«e52 « B8imilarly fragments
of molecular weight 1Ll appeared to the extent of 0.05% in the

case of mjsmaﬁsme 0.55% in the case of mamwnasmey

35
and the unusually high figure of 20.2% in the case of 81.Ccl, .

The refractive index was unusually 'hish; values found for

(Me,51) ,CHy, 02?3« 14191, for Me HS1CH SiMe,, n§°'2 = 1,4170,

2.3
vhile for 81,C.H, o, ny"'7 = 1.4430,

09, 11 (i;léi)rruz and J, Grobe, £. anorg. u, allgem, Chem.,
‘ -
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Another possibility considered by the authors is
that the reducing properties could be dus to the presence of

a silicon-silicon linkage, presumably of the structure VI,
Me 81 — SiMe

2] e
CH— CH,
v1

This was rejected on the grounds that bromination of such a
compound should give a dibromide and that the compound is
improbable on steric grounds, However it seeus equally |
l1ikely to the present author that the suggested mechanism of
formation of hydrogen bromide and reaction of the latter with
ss.acenw would be equally probable, Also, since 1,1,2,2-

53, there

tetramethyl.’,k-dimethylenecyclobutsne is known
appears to be no good reason why the astructure ghown could
not exist, More convimcing evidence is that the dibromo-
compound obtained had only one readily hydrolysable bromine
atow, and hence was asaigned a structure with one Sillr and
one CBr group.

The above evidence is by no means conclusive. If
the analogy between carbom-carbon double bonds and silicon.
carbon double bonds is 8o close that the latter will add

hydrogen bromide, cne would alsc expect it to add bromine

.M. Gapon, J. Gen. Chem. U.8.S.R., 1, 496 (19%1)
- cf, Chem, Avb‘u, % hm zi.Qﬁ’.
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and form masmmm5 48 & major product. The latter

compound however was reported as & minor product, attributed
3 with bromine. However, the |
present author's experience has been that such vicinal

silicon-carbon dibromides are cxttmiy labile, One might,

to reaction of MeJiS1CH SiMe

however, postulate that on account of the different electro-
negativities of silicon and bromine the x electrons of the
double bond are 30 polarised that an intermediate bromonium
fon could not be formed.

It is very surprising that the suthors quoted on
evidence of a band in the infraved spectrum attributable to
a silicon-carbon double bond. In unsymmetrical olefines the
sthylenic stretching frequency is usually quite intense and
bands involviong silicon are usually intensified relative to
their carbon anslogues.

It 1is therefore probable that the compound formed
was sctually 1,1,3,3-tetramethyl.l,3-disilacyclobutane (VI1),

| Me 81 ~ CH,

2 ' 2
cnam sma
vix

which has been ducrtb.d’h as a liguid b,p, 117~119°, n§7 1.4380.

Hy,B. Fnoth, Jr. and R.V. Lindsey, Jr., 4. Org. Chem.,
23, 1392 (1958),
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It reacts with silver nitrate to form a silver mirror and
decolourises bromine water,

[8ince the above was written, Fritz, Grobe and
colhbontomﬁ‘ have concluded, sfter comparison of proton
magnetic resonance, infrared snd Raman spectra, as well as
chemical properties, that their compound 51,266 was indeed
1,1,3,3«tetramathyl-1, 5-diailacyclobutane, in agreement with
f.hm authors of snother very recent mcrm«.l

The Work of Benkeser

36

In some recent papers Benkeser and co-workers
have reported what they describe as the first example of a
silicoaromatic compound.

1,1-Dichlorosila~-2,k-cyclopentadiene (VIII) was

L)

4t

yIi1

35‘60 Fr‘-t" W, mrliﬂt, G. smm B.J. Mh@r,

E.ALV. Ebsworth, and J, Grobe, 2, anorg. u. allgem. Chem.,
381, 10 (1963).

(1962) 3555, Musller, R. Eoehne, and H, Beyer, Ber, 95, 3030
1962).

% R.A. W“t, R.Y, Gmm‘ and G.M, ’mtm,
J. ui Chem, Scc., 83, 5029 (1961); ibid,, 84, h723, k727

»
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reduced by lithium aluminium hydride in dimethylcarbitol to

sila-2,h-cyclopentadiene (IX). The latter compound was found

[/

Hy
| x
to have the loil&wtzz phniull prwertiug b.p, 60~6§°, nﬁs
1.k265, ?\:’?x 2%2 m, 1"8“3 3.8, For comparison,
eyclopentadiene has b.p. 32.50; n;g 1. 5446, }\:::nnc 238.5 mi,
log £ max 553+ The properties of sila-2,k-cyclopentadiene
therefors sppear to be quite comparable with those of its
carbon analogue,
When sila-2,k-cyclopentadiene was treated with
potassium sand in tetrahydrofuran or bemzene or octane, the
ion X, analogous to the cyclopentadienide ion, was reported

Q/

|3

H
X

to be formed,

The ultraviolet epectrum of the silacyclopenta-
dienide iom and that of peunmu cyclopentadienide were
reported to be very similar.
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Ruclear magnetic resconance spectra were also in
accord with the proposed formulae, 1,1.Dichlorosila-2 k-
cyclopentadiene (VIII) showed doublet CH peaks, ratio of
areas 1:1 at 2,48 7T, Sila-2,k-cyclopentadiene (IX) showed
doublet CH peaks at 2,96 T and an S{H peak at 4.12 T (trm
in the ratic 1:1:1). The silacyclopentadienide ion (X) in
tetrahydrofuran hed CH peaks at 2.70 T and 2,90 T, SiH at
%.95 T (areas in the ratio 1:1:0.5), arising from two Q
hydrogen atoms, two £ hydrogen atoms and one hydrogen ntub
bonded to silicon.

The silacyclopentadienide ion r;acta& with bromo-
bensene to form l.phenyl- and 1,l.diphenyl- sila-2,lk-cyclo-
pentadiens.

It is significant that the open chain analogue of
sila-2,kecyclopentadiene, viz. divinylsilane (XI) did not

LJ
/5

X1
react with potassium sand, suggesting that the resonance
stabilisation of a closed x electron system is required for

formation of the ion,
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It would be strong evidence for the ability of sili.
con to form double bonds if the above work could be confirmed,
However, in a recent very brief neuﬂ, the authors have
rveported that they have not been able to reproduce the work
and have withdrawn their claims pending further investigationm.

Other Work

mat:’s was unable to dehydrogenate silacyclohexane
(%11) over platinum ox paun_dim [ 500”. Plate and muma59

‘D
o

T~

[
H
xu

tried to dehydrogenste the dimethyl derivative of the same
compound but without success,

3T3.A. Benkeser and G,M, Stanton, J, Am. Chem, Soc.,
85, 834 (1963).

2By, West, J. Am, Chem, Soc., 76, 6012 (195h).

39).7. Plate and N.A. Belikova, J, Gen, Chem.
U.8.8.R., 27, 2529 (1957) English trans ntm.
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CHAPTER 11 -~ THEORETICAL CONSIDERATIONS

Evidence for the Participation of Silicomn
in Resonance Forms

In view of the lack of success in attempts to syn-
thesise compounds which contain either a carbon-silicon or
silicon~silicon double bond, there has been much interest in
the ability of .-ilicm to participate in resonance forms in
which it may be represented as doubly bonded. In spite of a
rather large number of investigations, there appears to be
as yet little agrecment,

Gilmen and Dumho have found the ultraviolet
absorption spectrum of triphenylcarbinol to be generally
similar to that of triphenylsilancl but the effect of added
hydrochloric acid is quite difxoireuez in the case of tri-
phenylcarbinel, addition of acid produces a bathochromic
displacement of the wavelength of maximal absorption but no
such effect is noted with triphenylsilanol. The difference

is even more marked with the p.dimethylamino- derivatives.

*‘On. Gilman and G.E, Dunn, J. Am. Chem, Soc., 72,

2178 (1950).

25

-1 78 ‘
UNIVERSFTY' OF WIDSGR Lisiimi
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In the case of the triphenylearbinol and its derivatives,
the spectrum measured is that of the ion (0655)56@ for which
ten resonance structures of the forms exemplified by XIIIX,
XIV and XV may be written, In the case of triphenylsilanol

' | @

9 e Y

P o %

Xr XN XY

the absence of bathochromic wavelength displacement in the

ultraviolet spectrum on sddition of seid indicates that the
fon (3635)331 @, 1f formed, is not stabilised {n the same
way on account of the inability of the silicon atom to form

double bonds.
A related piece of evidence from the ssme authors

is that Hammett's & constant for the compound p-dimethyl.
aminotriphenylchlorosilane (XV1) is different from that

MepN —@—? cL

<

i

XV
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found in the corresponding substituted chlcrptriphenylmathune.
Since the 0 constant is usually taken to be a measure of

combined inductive and resonance effects snd since the latter
are represented formally as involvihg an increased proportion

of canonical forms of the typ= exahplitind by XVII, one

& .
Me,N ct®

3

XVIT
concludes that analogous interactions cannot take place in
the silicon series. ,
| Similarly the stability of the ttiphanylgethyl
radical is attributed to the pqssibil}ty of rctonnnea‘imang

canonical forms of the type of Pig, XVIII, XIX, ete. On the
=t . O=t

Q <

WIIL XX
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other hand, triphenylchlorosilane does not give triphenylsilyl

radicals with sodium, nor does hexaphenyldisilane dissociate

as does hexaphenylethane. Indeed, tri-o-tolyl- and tri-o-

naphthyl- ehloraailmm do not react with sodfum at all, though

the cotm@ponding carbon compounds readily form free radicals.
As has been mentioned above, there is no evidence

for the existence of silicon to oxygen double bonds similar

to those found in carbonyl cmmda“’ua

, not even in sili-
cates,

Krieamﬁn and Myurhg‘ have examined the infrared

and Ramen spectra of compounds of the following structures:

3 3 and. 6135165681015.

They concluded that there is free rotation about the silicon-

Me,S1C= CBiMe,, (mo)jsm:_—--:csum)

carbon bond and hence no delocalisation of n electrons across
themv bonds. _ | |

In the compound trimthylntlyhﬁiphidu [(w,si)as]
both infrared and vnmn ’npec;rl showed the bond ordeg of the
carbon-silicﬁn bond to be 1.00 And in (&381.)26&2 the force

41y, Wright and M.J, Hunter, J. Am. Chem. Soc., 69,
803 (1547). '

b2,y umwgé Zh. Cbsheh, Khim., 31, 4061 (1961)

L cfo M* Ab’u’ ﬂ’ @ a L]

hﬁﬂ. Kriegsmann and H, Beyer, Z. anorg. u. allgem,
cm‘, .2}_’ 180 (1%1).
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constants of the central silicon-carbon bonds are also consis-
tent with a bond orxder of x.oo“, ‘

Other workers, on the other hand, have produced
evidence that electrons can be delocalised across a silicon
atom, or that silicon can take part in resonance forms in
which it is represented as doubly bonded,

b5

Motonori Kenazashi “ found that the compound ClHC:

cucae5 eliminates hydrogen chloride with dilute alkali, but
the compound CLlHC:CHSiMe_does not, He attributed this to

the participation of raa:nnnce forms of the type cle:cn.cu:sf
This would therefore require not only the ability of silicon
to form double bonds but also its ability to be pentacovalent,
f.e. ite ability to use its d orbitals in bonding. |
Trisilylamine, (3381) BN, would be expected to be
a good electron donor since the electronmegativity of silicen
is less than that of nitrogen, Hence the lone pair of
electrons on nitrogen should be readily available for bond-
ing. However, in fact, the compound forms only a very un-

stable complex with boron triﬂuoti.dew and is therefore a

“‘a. Kriegemenn, Z. Eleectrochem., 61, 1088 (1957).

z‘smtmori Kanazashi, Bull. Chem, Soc, Japan, 28,
bl (1955) - cf. Chem. Abs., 52, k556 (1958).

%A.B. Burg and E.S. Ruljan, J. Am, Chem, Soc., 72,

3103 (1950).
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weaker base than trimethylamine., The original authors
attributed this to the participation of the lone pair of

electrons on nitrogen in double bonds of structures of the

© &
;81 ;n@(smj) o

would also account for the fact that trisilylamine is

type H This type of bonding, if it exists,
plmr’q vhereas 'trimet.hylmim is tetrahedral or pyramidal,

Fuclear magnetic resonance ‘st:mli.ank'8 have shown
that in trimethylsilanol the hydroxylie proton is more
protonic than that in trimethylearbinol, This has been
attributed to d-orbital resonance which would 1nvoive forms
such as mﬁ-»%a. Other guthorﬁhg have cuggectid that
this involves one of the filled p orbitals of oxygen, the
other filled p orbital being involved in disiloxanes, On
the other hand it Las been pointed out above that infrared
evidence has shown no sign of double bond character in

k2 o

silicates .

Wy, Hedberg, J. Am., Chem. Soc., T7, 6491 (1955).

l'a!.. Allred, E.G. Rochow and F,G.A. Stome, J. Inorg,
and Nuclear Chem., 2, 416 (1956).

49p.H. Baney, K.J. Lake, R. West and L.5. Whatley,
Chem, and Ind., (1959) 1129.

42, N. Lazarev, op. efr.
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Steward and ?umeso have shown that in silanes
with unsaturated or aromatic substitutents thn acid catalysed
hydrolysis of the 8i~H bond i{s slower than in silanes with
saturated substitutents. They attributed this behaviour to
dative n bdbonding to siliconm,
Miranov and Chumasvekii>® heve sbown that in eom-

pounds of the fémla ctn!h nazcmma the ethylenic stretch-

3.

! becomes stronger as n increases,

ing frequency nesr 1600 cm’
- the reverse is true for the band (at 1675 cn'l) in compounds

of the formula clnnc nsica CH:CH,.

B 2 2

Vest and Rn&hmnlsa compared the acetylenic
stretching frequencies, CH stretching frequencies, basicities
towards phenol and acidities towards dimethylformamide of

compounds of formulae HC==CSiMe, and nczcsx(csag)y with

3
those of the corresponding l-alkynes. They concluded that
there is dative bonding from carbon to silicom in the former

compounds,

500.W, Steward and O,R, Plerce, J. Am. Chem. Soc.,
83, U932 (1961).

517.1‘. Mironov and N,A, Chumaevskii{, Dekl Akad,
Neuk SS8R, 146, 1117 (1962) - cf, Chem. Abs., 58, ao% (1963).

523. West and C.8. Kraihanzel, Inorg. Chem., 1, 967

(1962).
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Hague and Prince” have studied the ultraviolet
sbsorption spectra (in cyclohexane) of & series of compounds
of the formula ((:6!!5)5)!1( vhere M is 8i, Ge, Sn, or Fb, and
X is csnsw ~C#, ~F, —C1, -Br, or --H(cé ) In all except
the case vhere X = "“(6655)3 the B band (for nomenclature see
ref. 54) in the 2%0-270 mu regicn shows benzenoid fine struce
ture, but when X s "u(cénS)a an intense K band appears, In
the case of hexaphenyldisilane, (°6“s)6“a' the ultravielet
absorption spectrum shows & maximum st 246.5 mu, & = 32,600.
This would appear to suggest that conjugation takes place scross
the silicon-silicon bond,

silﬁ isothiocyanate is not tetrshedral as one ml&
expect, but umat’s, possibly on account of participation of
the resonance form a;w M Again, the 81—0-81 bond

angle in ailm«sé’ 51 is about 150° , rather than the expected
tctralwdrul sngle or right ml«.

5’9*3. Hague and R.H, Prince, Proc. Chem. Soc., (1962)

! Suw.!".' Forbes and R. Shiltom, in American Socisty
Materials STP? No, Symposium on Spectroscopy
555.G. MacDiarmid and A.G. Maddock, J. Imorg. snd

Nuclesr Chem., 1, k11 (19%5).

56! ¥, Curl and K,85. Pitser, J. Am, Chem. Soc., 80,
23711 (1938).

5Tp.c. McKean, Spectrochimica Acta, 13, 38 (1958).

Pe
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Some interesting vam-i';58 shows that silicon in the
B position to an sromatic ring shows unusual tucti.vity
compared with that in the & or ¥ position. Thus, in the
ultraviolet spectrum there is enhanced bathochromic displace-
meunt and the infrared spectrum shows an increased 8i~C baad
intensity. The probsable explanatiocn is that the aromatic «x
electrons overlap the outer orbitals of the silicon atom in

the B position,
The compound XX has been cltimd” to show no

@% 2

aromatic character. However, the ion derived from

bis(2,2'-bivhenylene) silicon (XXI) by gain of two electrons

'58%.!" Egorov, L.A, Leites, N.G. Tolstikova, and
E.A, Chernyshev, Izvest, Akad, Nauk 85SR. Otdel, Khim., Nauk,
(1961) 410 (English transiatiom). ‘

5%.H. Braye, W. Husbel and I, Caplier, J. Am.
Chem, Bﬂepp ‘6_2! “#05 (1961)0 '
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xx

shows in its electrom paramagnetic resomsnce spectrum
behaviour that which would be expected of a system of 26
electrons delocalised across the silicon ttmso. However,
the originsl authors point out that this can happen only
because the two ring systems can be at right angles without
loss of conjugation energy - a case without parallel in the
carbon series.

" Other evidence comes from inductive effects. Since
silicon is more electropositive than carbon one would expect
simple chlorosilanes to have s gzil:nr dipole wmoment than the
corresponding carbon compound, but the reverse is found to be
true, as shown in Table I.

Chem, Soc,, 85, 822 (1963).

UNIVERSITY OF WINDSOR LIBRARY
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rasLe 16!

DIPOLE MOMENTS (DEBYE UNITS) OF CHLOROSILANES
AND CHLOROMETHANES

81 Compound Dipole Moment C Compound Dipole Momant

B8Ol . 1.8 el 1.87

S1H.Cl,, 1.17 cucl, 1.56

S1HC1, 0.85 ccl, 1,00
e o

Contributions from the resonance form 3534,-': Cl could account
for this difference. Also the importance of such structures
as measured by their effect on dipole moment decreases in the

order 81iF > 84Cl > 8!.3:‘62

65 in accordemce with the fact
(unexplained but accepted) that elements of low period in the
Periodic Table form double bonde more readily than those of
higher period,

The dipole moments of a series of para-substituted

phenyltrinethylsilanes (p-xcsuhsmi) have been mmnd&‘

&'L.O. Brockway and 1.E. Coop, Trans, Far 8oc.,
2&: 1429 (1938).

628. Curran, R.M, Witucki, and P.A, Mecuker, J. Am,

Chem. Soc., 72, 4471 (1950).

63%.1. Reilley, C. Curran, and P.A. McCusker, J. Am.
Chem, Soc., 16, 3311 (1954).

&B. Soffer and T, De Vries, J. Am, Chem, Soc., 13,
5817 (1951).
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and the moment of the trimethylsilyl group calculated, assum-
ing that the moment of the X group ie the same as its value
in other aromatic compounds. The moment which is attributed
to the group mgt—» varies considerably, indicating the possi~
bility of contributicns from mm« forms which in turn
will depend on the sbility of X to conjugate with the ring,

Values are set out in Table II,

TABLE 1I

MOMENT OF H¢381 GROUP IN p»xcénhsma

e
X B No, COOH Br - Cl F- Me NH,, ma

Moment +0.44% 0.49 0.46 0.27 0.13 0.25 «0.06 «0.13 «0.26

Even in phenyltrimethylsilane itself the moment is
0.42 D, whereas that of t-butylbenzene is 0.53 565 although
one would expect the silicon compound to have the higher di.
pole moment on account of the more electropositive character

of silicon compared with carbon,

8iliconium Ions

The stability of many ions in the carbon series is

usually attributed to the possibility of resonsnce among

65& Frieser, M.V, Eagle, and J. Bpeier, J, Am, Chem,
Soc., 15, 2821 (1953).
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several structures (cf. discussion of Gilman and Dumn's
msult.w above). Effectively this spreads the positive
charge over more atoms. So far there is no conmelusive evi-
dence for the existence of siliconium ions even as unstable
intermedistes., The triphenylmethylhalides form conducting
solutions in liquid sulphur dioxide, nitromethane, nitro-
benzene, and dimethylformamide, but the corresponding tri-
‘phmylﬁlyl compounds have no significant conductance under
the same conditiens“, Even the compound tri.(p-dimethyl-
sminophenyl )-chlorosilane K"‘macs“h) 3swl.] is not ioniged,
although the carbon analogue (Crystal Violet) is readily
tontsed in solution. Rochow et 1,57 believed that they had
evidence from conductance measurements for the existence of
siliconium ions but later reinterpreted their results as
arising from hydrolysis by traces of vutersa. |

There {s at present no evidence of reactions among

silicon compounds by & mechanism analogous to the well-knowm

mﬁ. Gilman and G.E. Dunm, op. cit.
66

A.B, Thomas and B.G. Rochow, J. Inorg. and Nuclear
Chem, , .’!’..v 205 (1957).

67!. Gingold, E.G., Rochow, D, Seyferth, A.C. Smith,
and R, West, J. Am, Chem, Soc., Th, 6306 (1952).

68, B. Thomas and E.G. Rochow, J. Am. Chem. Soc.,
19, 1843 (1957). :
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SN1 type in the carbon series., A mechanism {nvolving penta~
covalent silicom is found in its place. This can {nvelve
sp>d hybrid orbitals®®, a process improbable in the carbon
series on account of the higher energy of the orbitals to
be used relative to those already involved in bonding.

mm believes that siliconium ions are not
formed only because energetically more favourable paths are
available, Negative ions have been dttwtoa'n and ions of
the type (CgHs),81 " are know'™,

Current 'rm«ml Considerations

The evidence presentsd above for electrom delo-
calisation involving silicon is not necessarily comparable
with that presented for carbon cmn. In the latter
series, formation of a double bond requires overlap of two p
orbitals to form & n bond. In the case of a carbon-carbon
double bond ‘hoth would be 2p orbitals, In a carbon-silicon

698. Raborn, "Organosilicon Compounds", Butterworth,
London (1960), pp. 103-113

T0L.H. Somser and G.A. Baughmsn, J. Am. Chem. Soc.,
83, 3346 (1961). -

ﬂK.G. Townsend, J, Chem. Soc., (1962) 51.

T2y, Gilmen, O,L. Marrs, W.J. Trepka, and J.W. Diehl,
J. Ocg. Chem,, 27, 1260 (1962).
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double bond that on carbon would be 2p, that on silicon %p.

It is at once evident that equivalent symmetry of two orbi.
tals 1s not a sufficient gusrantee that they will combine to
form a x bond; they may have such dissimilar radii that they
do not overlap effectively. However, a silicon-silicon double
bond would not be subject to this limitation but evidence for
such is virtually non-existent,

Reverting to the discussion of carbon-silicon double
bends, the evidence for electrom delocalisation across silicon
is not germene aince d-lmliuum can involve the readily
available @ orbitals of silicon, with pentagenal symmetry,
each d orbital having 2 nodal planes, in contrast to the ome
of a p orbital. Indeed such orbitals would combine double
bond charactar with free rotation about such a bond, since a
d_-p, bond could be formed with esch 4 orbital in turn, whereas
PP, bonds are well-known to be resistant tovtvisting on
account of the loss of bond energy thereby (Ref. 69, p. 98).

This has some bearing on the theoretically best
way of attempting to prepare a compound containing a carbon.
silicon double bond, It hae usually been assumed that such
a W, if capable of existence, would be preferentially

69¢

. Eaborn, op. ecit.
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stabilised by conjugation with aromatic groups. (Compare
the relative ease of dehydrohalogenation of Q~phenyl-p-halo~
ethanes with the rather difficult dehydrohalogenation of
primary alkyl halides.) Consequently the few deliberate
attempts to prepare carbon.silicon double bonds have usually
been attempts to prepare compounds of a type mlcswn' to
styrens, stilbene, a-phenylstyrene, or triphenylethylene.

It now appears that the energy of x bonding between the
silicon d orbitals and the aromatic s orbitals may be so
favourable that little, if any, extra emergy would be gained
by eonjugation of the more common type. It has been msguudv

that compounds such as :’;m:—: cna might be easier to form
since in this case palmztnuen would result in loss of all
conjugation enexrgy, vheress with the aryl substituted compounds
the loss of conjugation energy on polymerisation could be, at
least partially, regained by d o Py conjugation. The present
work does not support this suggestion. (It should be pomud
out that the original suthors presented it merely as a less
unlikely method, )

Th

Pitsexr' in a discuseion has suggested that repulsion

T31.8. Beattie and T. Gilson, Nature, 193, l0k1 (1962).
Thg.8, Pieser, J. Am, Chem. Soe., 70, 2140 (1948).
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between electrons in & bond and those in the inner ehells of
neighbouring atoms causes the interatomic distance between
neighbouring atoms to be relatively greater than expected
from the increase of atomic radius alone. This in turn
reduces overlap of p orbitals to the point where it is in-
sufficient fgr‘ any gain of energy by formation of a n bond,
This effect will, of course, be greater for second period
elements than for those of the firet period. Mulliken'® has
criticised these views on theoretical grounds.

Like the practical evidence, the theoretical evi-
dence for carbon-silicon double bonds appears to be incon.

clusive,

Preparstion of Carbon.Carbon Double Bonds By Pyrolysis
- of Hydrogen Phthalates of Tertiary Alcohols

It has long been known that pyrolysis of esters
(e.g. acetates and benzoates) over alumina or glass beads
proceeds with elmmti.w of an acid and formation of an ole-
fine., This reaction, the Kraft's reaction, has been well-
reviewed by De Puy%. The machanism may be represented as

Tr.8. Wulliken, J. Am. Chem. Soc., T2, 493 (1950).

(1960) 750.3. De Puy and R.W, King, Chem. Revs., 60, k31
1960). ‘ '
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involving a cyclic transition state.

A
a‘Q"ﬁ\a HO_ R
R~ CH~ 0 ~C—R! R N’ ‘Q/ Ne”
cnanl - - “‘f\cu —— n-»?-lca + ﬁ
R 8| L H R 0

Tetrachlorophthalic acid has also been used as the acid component.
Work in this lnhatutaryw hes developed a novel
method for preparation of the hydrogen phthalates of tertiary
alcohols, Such esters are not readily accessible by conven-
tional methods since the tertiary alcohol undergoes ready
elimination of water to form an olefine under the usual esteri.
fication conditions. The method developed in this laboratory
requires conversion of the alcohol to the slkoxide ion by
titration with an ethereal solution of sodium triphenylmethyl.
The end-point is readily detected by the persistence of the
blood-red colour of the triphenylmethide ion, The solution .
of alkoxide ion is then stirred with phthalic anhydride where-
upon the sodium salt of the hydrogen phthalate is formed,
This is fsolated by solution in water and then converted to
the acid phthalate by pouring onto & mixture of crushed ice
and kydruuotté scid, The reactions which occur are set out

TI%.G. Rutherford, J.M. Prokipcek and D.P.C. Fung,
1. Org, Chem., 28, 582 (1963).
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below,

ROH @c@uae —> go® +@m + ¥a®
? r
©® 4e® L\o — J-—m - 5@
RO & +
¢ c—0°

e
0 | 0
|cl R ‘ 'c'-—m |
Ae“ﬁce-t-li@*—w)@ o+ me®
‘ﬁ""ﬂ fv""’m
5 .

The triphenylmethane formed is insoluble im ngcr m _hcngc
readily ’nparcud. 'm hydmsgn phthalate usually separates
as & gum which is recrystallised from a chlorofm:a—patrolm ‘
pthit solvent pair. Yields are X to 85%. |

It has aleo been found in this 1:59:;&0::77’78 that
tﬁa hydrogen phthalates of tertiary alcohols decompose it or
near the melting point, usually below 150“, meli lower than
for acetates or benzoates. The ructioﬁ p:oeudl in reasonably

good yield (50 to 60%) and appears to yield only olefine and

TTk.G. Rutherford, J.M. Prokipcak,and D.P.C. Fung,
3, Org, Chem., 28, 582 (1963).

781&». Private information.
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phthaiic acid, with a notable absence of tarring., Triphenyl-
carbinyl hydrogen phthalate, in which there is no hydrogen
atom in the position £ to the phthalic acid does not decompose
even at jOO”C.
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CHAPTER III - DISCUSSION OF EXPERIMENTAL RESULTS

8ilyl Esters

It was hoped at the outset that the elimination of
phthalic acid from hydrogen phthalate esters could be extended
to the silicon series, since the mild conditions of the elimi-
nation might savoid polymerisation.

Although & reasonable number of silyl esters are
known most are esters of inorganic acids, Indeed, in a un”
claimed to be complete up to the middle of 1946, only eight
are given, namely di-(trimethylsilyl} sulphate, di-(triethyl.
silyl} sulphate, tri-(trimethylsilyl) phosphate, trimethylsilyl
acetate, triethylsilyl acetate, ethyldiethoxysilyl acetate,
tri-(nepropyl)}-silyl acetate, and triphenylsilyl acetate.

Methods that have been used for preparing esters of
silanols include:

1) Reaction of a chlorosilane with acetic anhydrida79.

T¢.A. Burkbard, op. ctt.
T9%.A, Andrisnov, A.A. Zhdanov, and A.A, Bogdanova,

mgg Akad, Nauk S88R, 94, 697 (195k) - cf. Chem. Abs., k9,

b5
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11) Reaction of a chlorosilane with the silver salt of an

acidao.
ii1) Reaction of a silanol with an acid chlcrido&.

iv) Reasction of a chlorosilane with aci 82.

v) Reaction of a disiloxsme with sulphuric w“@}. |
vi) Reaction of & disiloxene with sn scid anhydride and
zinc uhloridaah. | | _'
vii) Reaction of an dkaxysilme with an acid anhﬁdri.d 85,
viii) Reaction of a trialkylsilane with a carboxylic acid in

presence of aluminium iodide snd iodinuss. )

B@c. Pape, Ber. Dtech, Chem. Ges., 1k, 1872 (1881).
See also H,H. Anderson and H. Fischer, J. Org. Chem,, 19,

1296 (1945).
- 8ly 8. Nametkin, A.V. Topehiev, and F.F, Machus,
Doklady Aked. Nauk BSSR, 87, 233 (1952) - cf. Chem. Abs, ' W1,

82y, Etienne, Compt. Rend., 235, 966 (1952).
| 834, Patnode and D.F. Wilcock, J. Aw, Chem. Soc., 68,
358 (1946),

8y, Valade, C.R. Aced. Sci. Paris, 246, 952 (1958).

54,u. Post and C.H. Hofrichter, J. Org. Chem., 5,
k43 (1946). ,

868.&. Dolgov, N,P. Kharitonov, and M.G. Voronkhov,
J. Gen, Chem, m@w, _g&’ 361 (195“’) - ¢f, Chem, m., .11’2’
Bogh (1955). -

»
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ix) Reaction of an organosilicon chloride with an alkali
metal salt of the acs.dm.
x) Tranauterificationaa. ,
Di- and tri- acetates have also been praparedag
and found to react with diphenyldichlorogilane to give cyelic
polysiloxanes.
No phthalates of organosilanols have been reported
and the only attempt to prepare such appears to have been that
of Gilman and Smartgo, who were unable to isolate any ester

from the reaction of triphenylsilancl with phthal.ic anhydride,

Present Attempts to Prepare Silyl Hydrogen

Phthalates and Pyrolysis Thereof

It appeared that for the present work the readily
available compounds diphenylmethylchlorosilane and trimethyl.

chlorosilane would be the most suitable, since the expected

87&.&. $chxyte;£ J.W. Weaver, and J.D, Reld, J, Am,

Chem, Soc,, 69, 2110 (1947).

aaH.H. Andergon and G.M. Stanislow, J. Org, Chem.,
18, 1716 (1953).

897asuaki Nakatdo and Toshio Takiguchi, J. Org.
Chem., 26, b1bk (1961). N

9%, Gilman and G.N.R. Smart, J. Org. Chem., 16,
hak (1951).
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products would have the structure (66115)28136% wvhich is
stabiliged by conjugation or (c:rzzs),‘,s:c.:(ma which is not affected
by d orbital interaction. (Sae above.) Initially it was
intended to prepare the silyl hydrogen phthalates by the
reaction described above via the silanolate ion., Since it

was kaown that the silanols would condense readily to form
d:&auma, the first attempts were directed at preparation

of the silanols,

Bydrolysis of Chlorosilanes

Preliminary experiments showed that diphenylmethyl.
chlorosilane could be readily hydrolysed with water., The
course of reaction was easily followed since the chlorosilane
i{s denser than water and the silanol legs dense, Hydrolysis
could aleo be carried out by the use of a sodium bicarbonate
solution, The product was extracted with ether and on evapor-
ation of solvent a vhite oil remeined. This oil was soluble
in ether or benzmene but formed nmo precipitate with a solution
of phthalic anhydride in the same solvents. On standing for
a few days this oil deposited crystals, m.p. 37—&9", apparently
sym-tetraphenyldimethyldisiloxane. A repstition on a larger
scele using sodium bicarbonste geve a turbid oil which solidi-
fied on attempted distillation giving the same disiloxsme.
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It is known that hydrolysis of chlorosilanes in
acidic or basic media readily leads to condensation products,
though special techniques have been developed by which this
can be avoided. However, it was decided to use one of the
other mtlwdna? that have been used for the preparation of
silyl esters. The original authors shook an ethereal solution
of the chlorosilane with a slurry of the sodium salt of the
acid, the latter present in 100% excess. The reaction was
carried out in a flask fitted with an exit tube which termi.
nated in a fritted glass disc so that after completion of the
resction the selution of the silyl ester could be removed by
filtration directly.

In the present work the reactante were shaken over-
night (10-20 hours) using usually potassium hydrogen phﬁhnhtc
(0.5 mole), chlorosilane (0.25 mole) and solvent(200-300 ml.).
Ether, benzene or carbon tetrachloride was used as solvent,
The latter two were preferred becsuse of the insolubility of
phthalic acid in these solvents. In all cases a waxy solid
was deposited snd the solution became yellow, The precipi-
tated solids were invariably covered with a thick gum that
could be removed only by prolonged extraction in a Soxhlet

BTK.A. Schuyten, J.W, Weaver, and J.D. Reid, op. ecit.
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extractor using carbon tétrnchlorme or benzene. These solids
consisted of mixtures of unreacted potassium hydrogen phthalate,
potassium chloride and phthalic acid, Filtration proved to

be extremely slow. Usually twelve hours or more via a water
aspirator through a medium grade porosity sintered glass fumnel
was required for total separation. The yield of potassium
chloride and residual potassium hydrogen phthalate usually
indicated reaction to the extent of 50-75%.

The filtrate, after removal of solvent under reduced
pressure, still contained chlorosilane as shown by hydrolysis
to a disiloxane and reaction of the aquecus layer with silver
nitrate. The filtrate was found to react slowly with bromine
in carbon tetrachloride, depositing phthalic scid (see below),
It also decolourised alkaline potassium permanganate, though
slowly. Unfortunately these observations cmldy not be taken
as evidence for the formation of a carbon-silicon double bond
since tetraphenyldimethyldisiloxane also slowly decolouriged
bromine water (although not bromine in carbon tetrachloride)
and &iphanylmthylchloroailmc slowly decolourised broﬁim
water or bromine in carbon tetrachloride uﬁd reacted vigorously
with bromine in acetic scid. -

On attempted distillation of the product only a
very smsll amount of liquid was cbtained which on standing in
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the refrigerator solidified to tetraphenyldimethyldisiloxane.

The materials which might have been diphenylmethyl. .
silyl hydrogen phthalate proved to be extremely difficult to
characterize, not only because of their gummy, uncrystallis.
able nature but also because of their extreme tendency to
hydrolyse readily (cf. ref. 91).  On standing, phthalic acid
was invarisbly deposited but no material having the properties
expected of the structure (8635)28118112‘% ever isolated,
Again, the infrared spectrum did not indicate the presence of
such a linkage,

In cne experiment, distillation of the filtrate
gave diphenylmethylsilanol, the physical constants of which
were in agreement with those previously n”ned%; The
analysis was in agreement with calculated values., This come
pound reacted very slowly with bromine in caxm tetrachloride
or acetic acid, but the undistilled residue (a browm gum)
readily reacted with both, The distillate showed both free
and hydrogen bonded hydroxyl in its infrared spectrum at 2.65
and 2.87 - 3.1 u in carbon tetrachloride, In the presence of

9y N. Andreev and L.L. Shchukovskaya, Izvest. Akad.

Nauk SSSR. Otdel. Khim. Nauk, (1953) 135 - cf. vy
w’ hd

9%4.H. Daudt and J.F, Hyde, J. Am, Chem, Soc., Th,
306 (1952).
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dilute hydrochloric acid it condensed to tetraphenyldimethyl-
disiloxane. During the distillation much trouble was experi-
enced with a white solid which sublimed on the cooler areas

of the apparatus., This was identified as phthalic anhydride,

In a separate experiment the crude diphenylmethyl-
silyl hydrogen phthalate was heated to reflux temperature for
some hours, On cooling a precipitate was formed which was
recovered by filtration and {dentified as phthalic anhydride,
Distillation of the filtrate yielded diphenylmethylsilanol
and more phthalic anhydride, Attempts at chromatographic
separation yielded only impure diphenylmethylailanol.

It is possible that the diphenylmethylegilancl formed
was merely an artifact of hydrolysis of the initially formed
ester, However the high yield of product makes this unlikely
particularly when disti{llation was carried out soon after
preparation of the ester, It is to be concluded that the mode
of decomposition is that shown by the equation

o

ng Lo —> o + HO-Si-CH,
<
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Although not reported for tertiary alcohols the
same raactf.en hm been found to occur with primary and
secondary alcobols’ 5'9“'9“ such as eyclohexylmethyl hydrogen

pbthalate and gec-butyl hydrogen phthilatc‘. The preferred

transition state appears to be

Q!

though there seems to be no reason why the ajternative transi-

Ve

\O

0=0

H

O:O\O

tion state

?97&

O

~0O

B

leading to the compound CH, == 81(06%}2 should not be used,

G.?, Shul « Bennett, and D.G. Botteron, J.
Ocs. Cham,, 27, 23 (1562). ’ » e

QA&K.G; Rutherford and D,P.C, Fung. Private informa-
tion.

% B.H. Lombaers, Bull. soc. chim. Belg., 33, 232
(1924) - cf. Beilstein's fiandbuch der ﬁmfﬁ& e, EII,
vol, 9, p. 587.

UNIVERSITY OF WINDSOR LIBRARY
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Possibly the differing eclectronegativities of silicon and
carbon make the methyl carbon so negative that the carbouyl
oxygen is repelled. Also the incipient silicenium ion
appears reluctant to form,

Silylidene diacetates are knmgs to decompose
forming acetic anhydride and s polymeric siloxane, The ex-
pected silicon analogue of a ketone is not obtained although it

presumably is an intermediate in the formation of the polymer,

Trimethylsilyl Hydrogen Phthalate

In view of the difficulty experienced with diphenyl-
methyleilyl hydrogen phthalate and in view of the theorstical

prediction that (CR i.z'cﬂe night be more stable than a com-

32®
pound containing an aromatic ring conjugated with the double
bond, an attempt was made to prepare trimethylsilyl hydrogen
phthalate.

The same general method which was successful for the
preparation of diphenylmethylsilyl hydrogen phthalate was used.
Trimethylchloresilane (0.25 mole) and potassium hydrogen
phthalate (0.5 mole) were mechanically shaken for 15-20 hours

with benzene (approximately 300 ml,).

961‘.'&; Andrianov, A.A, Zhdanov, and 8,A, Pavlov,

bou% Aksd, Nauk SSSR, 102, 85 (1955) - cf. Chem, Abs., 50,
TT )
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mm the residue was & white solid which was showm
by acetone extraction to contain phthalic acid. The f£iltrate
wvas again yellow and was very readily hydrolysed. On one
occaaion & distillate was obtained from which phthalic acid
was precipitated on the addition of bromine but analysis
showed that silicon was present only in the amount of 1.47%
(calculqt;d for trimethylsilyl hydrogen phthalate, 11.8%).
This hydrogen phthalate also rxeacted at once with bromine in .
acetic acid, Phthalic acid was deposited. In snother run a
distillate was obtained, b.p. 69*8&0 (litersture values for
trimethylsilanol and Wthylduﬂm are 100 and 100,5°
respectively ; smrs’ reports that a mixture of the two
boils at 88°). aonaidirublo phthalic acid sublimed m the
distillation apparatus and on filtration of the undistilled
residue a further quantity of phthalic acid was obtained,

The distillate continued to show a wide range of boiling point
on further distillation and was found by qualitative tests to
contain silicon but no halogen. Anaiysis showed the di;tillatq
to have the composition: C, 34.76%; H, 8,0i%; 81, 12,79%.

This corrnqunds to & formula 36.3591?.55‘1.00“8,1 and hence

the nature of the distillate remains cbscure,

5&;'0;’ Saver, .5 ) eit.
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Preparation of Silyl Benzoates

In view of the extreme practical difficulties
experienced in working with the silyl hydrogen phthalates it
was of interest to see whether the difficulties were due to
the nature of the compounds or the methods used, With this
end in mind it was decided to attempt the preparation of the
corresponding silyl benszoates. The method used was essenti-
ally that used for the preparation of the hydrogen phthauen;

Diphenylmethylsilyl Benzoate

In & preliminary experiment a mixture of diphenyl.
methylchlorosilane (0.17 mole) and sodium benzoate (0,25
mole) was shaken with carbon tetrachloride (200 ml.) for
nineteen hours, Again a white precipitate was formed which
on filtration via water aspirator became a hard white mass.
Distillation of the yellow filtrate (after removal of solvent
in vacuo) yielded fmpure diphenylmethylsilyl benzoate, as
indicated by the infrared spectrum,

In a similar experiment using this time one-quarter
mole diphenylmethylchlorosilane and one-half mole sodium
benzoate in bensene (LOO ml.) the usual white precipitate
was formed and this was extracted with benzene. This benzene
extract was combined with the original filtrate, The solid

residue was shown by analysis to contain 3.7% benzoic acid
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and 22% sodium chloride, the latter corresponding to 89% of
the theoretical yield, The extract and filtrate on evapora-
tion yielded an oil which on titration with sodium hydroxide
showed a rather high nautmlis&tim equivalent of 370 |
(calculated for diphenylmethylailyl benzoate, 318), On
heating this oil darkened and on distillation in vacuo a
small amount of benzoic acid sublimed on the cooler walls of
the apparatus. Some small quéntities of materials not fui-
ther inveatigated were obtained along with a large fraction
shown by elemental analysis and infrared spectroscopy to be

diphenylmethylsilyl benzoate.

Irimethylsilyl Benzoate
This compound was prepared in 53% yield by shaking
trimeghylchlorosilane with an excess of sodium benzoate in
carbon tetrachloride, Physical constants were in agreament

with those reported in the literature.

- W W S W -

Both benszoates distilled in vacuo unchanged and
though readily hydrolysed were not as labile to water as the
hydrogen phthalates.

Conclusion

1t appears that attempts to prepare silyl hydrogen

phthalates might be m&ceﬁful if carried out entirely in a
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dry atmosphere. Pyrolysis would yield a silanol and phthalic
anhydride, It might be possible to 'crack' the benzoates,

but it is very unlikely that any coﬁpound containing a carbon-
silicon double bond would be isolated. There is, however, a

possibility that a polymer of such a& compound might be obtained,

Reaction of Tertiary Hydrogen Phthalates
with Bromine

The most obvious test for the presence of a cntbon~.
silicon double bond would be the addition of bromine. It was
observed however that the silyl hydrogen phthalates themselves
reacted readily with this reagent, The bromine was usually
decolourised rapidly and a white precipitate was formed which
was identified as phthalic acid, Preliminary experiments
showed the silicon containing component to be extremely diffi-
cult to isolate so the reaction was investigated in the carbon
series,

Phenylmethyl-n-propyl-carbinyl hydrogen phthalate
was treated with an equimolar quantity of bromine in carbon
tetrachloride. Overmnight a white sclid was déposited and on
recrystallisation from water a yield of 82.5% of phthalie
acid was obtained, The filtrate was washed to remove bromine

and distilled whereupon two fractions were cbtained, apparently
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the same material in different states of purity. Analysis
showed less bromine than calculated for the dibromides of

structures XXII and XXIII. However, bromine is readily lost

8N

XXII XXII1

from Quch vicinal dihalides. Zinc dust debromination of the
remaining material gave a compound which reacted slowly with
bromine in carbon tetrgchloride and rapidly with bromine in
scetic acid, This showed ultraxviglet absgorption at)\ misxe 243 m,
& max T,30. own-Propylstyrene absorbs maximally at 239 mu,
gm 9,&0097 and @, p-dimethylstyrene at 2l oy, Em 8,?0096.
Since a—mthylaﬁuethylotyrme should show much tm same absorp~
tion as the latter ewpound it 1is cmluded that the debromi.
natad pro&uct is probably about 80% pure O~methyl.fB-athylstyrene.
Analysis supported this, Carbon and hydrogen figures did not
total 100%. The difference was assumed to be bromine, corres-

ponding to about 16% of a dehydrobromination product of structure

97¢.6. Overberger and D. Tanmer, J, Am, Chem, Soc.,
TL, 369 (1955).

93?. Hirschberg, J. Am, Chem, Soc., T1, 32kl (19k9).
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XXIV or XXV, This material was not further investigated,

O

Qe CBr.CH_CH C— CH,CH,.CH

s O
uﬂnr

XX1v XXV

———

Similar treatment of t-butyl hydrogen phthalate
yielded after several hours a small amount of phthalic acid,
In the residue, after removal of solvent, there was a small
amount of a dark-coloured liquid and the characteristic
odour of a bromo-compound but not enocugh was obtained for
further investigation.

| Ths;raaction was also investigated using diphenyl-
methylcarbinyl hydrogen phthalate. This material reacted
completely with bromine in carbon tetrachloride over a period
of 24 hours. Phthalic acid was removed by filtration and was
obtained in 90% yield. The filtrate, a fuming liquid, Liber-
ated {odine from potassium fodide. After repeated washing
with godium hydroxide, bromine still appeared to be evolved
as judged by the appearance of a reddish coloration. Solvent
was removed by distillation and a black oil remsined,
Crystallization of this oil from ethanol yielded yellow crys-

tals which were {dentified as c~~-phenyl-p-bromostyrene (XXV1),
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Q
O

13

w CHBy

by melting peint and elemental snalysis. The structure was
further elucidated by oxidation to benzophenone which was
identified as its 2,k-dinitrophenylhydrazone derivative.
Dimethylphenylcarbinyl hydrogen phthalate rescted
fairly rapidly with bromine in carbon tetrachloride, though
not as rapidly as phenyldimethylcarbinyl hydrogen phthalate.
Phthalic acid was precipitated inm quantitative yield, The
residual material, after removal of golvent, evolved hydrogen
bromide and afforded a liquid ef higher boiling peint than
o-methyl-p-bromostyrene (XXVII), slthough the infrared spectrum

CR
I3
@cnm
3Vl

of the material was consistent with its formulation as the

latter compound, Elemental analysis indicated an excess of
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bromine, Oxidation gave material which formed a 2,h-dinitro.
phenylhydrazone of melting point lower than that of aceto;
phenone but not depressed by an authentic specimen of the
latter. In a repetition, 1024 of the theoretical yield of
phthalic acid was obtained, 1In this experiment the dibromide
was not isolated but dehydrobrominated with alcoholic painlo
sium hydroxide, o-Methyl-p-bromostyrene was isolated in
20.5% yield, although the analytical figure for bromine was
& little low in this case,

Ii appears then that in solvents of low polarity
(those of high polarity were not investigated) bromine rescts
with hydrogen phthalate esters of tertiary alcohols forming
phthalic acid and a vicinal dibromide which may lose hydrogen
bromide spontaneously. The reaction is slow unless at least
one phenyl group is attached to the carbinyl carbon atom, It
might be thought that the effect observed was merely one of
spontaneous decomposition of the hydrogen phthalate to form
an olefine and phthalic acid, The bromine could subsequently
react with the olefine formed, Experiment showed however that
when the hydrogen phthalates used were dissolved in carbon
tetrachloride or chloreoform without addition of bromine, phtha-

lic acid was deposited only very slowly.
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This interesting reaction doea not appear to have
been reported previously. The only parallel known to the
pregent author is the reaction of tertiary alcohols with
brminagg’ 100 to form a vic dibromide and water, In the
latter reaction aliphatic alcohols react quite read{ly but
in the presently discussed reaction the great enhancement of
rate observed on introduction of a phenyl group suggests that
the rate-determining step must be related to the ease of |
formation of a carbonium ion, However, the formulation of a
mechaniem will require & more complete investigation of this
reaction,

Another possible parallel can be drswn from the

observation of nangymml

, 1,e., that esters, with iedine or
other halogen, in the presence of aluminium, magnesium, or
iron give an alkyl halide,

The reaction mentioned above, in which a tertiary

alcohol and bromine form a dibromide and water, has been the

99.A. Braude and E.A, Evans, J, Chem. Soc., (1955)

3331

100y, L. Bvers, H.S. Rothrock, H.M. Woodburn, E.E.
Stahley, and F.C. Whitmore, J. Am. Chem. Scc., 55, 1136 (1933).

10ly 1. Dangyam, Bull. Armenian Branch Acad, Sei.
Upsasnau’ (191‘3) T - ch c » ‘o'

—l *
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subject of a few investigations., In the case of the reaction
of t-amyl alcohol with bromine in carbon tetrachloride at
25°, the reaction is first order in brominalga. The authors
believed that the rate.determining step involved reaction
between a 1:1 complex of alcohol an@ bromine with a molecule

of alcohol and proposed a possible intermediate:

Y H
m~?-§:é§.—::aé ——— HOR .
Et

?rilezhaev10§ investigated a wider range of alcohols
and proposed that the first step was bromination of the alco-
hol to form a compound of the type EECGH—~OHBrR'. However,
he was able to 1soiate the proposed intermediate only from 1,1-
diphenylpropanol brominated with bromine in 80% aqueous acetic
acid, 1In the case of aliphatic alcohols the vic dibromide was
isolated,

For the present author's purposes it was of interest
to see vhether the decomposition of hydrogen phthalates would
be catalysed by iodine. In & preliminary experiment dimethyl-

phenylcarbinyl hydrogen phthalate was treated with fodine in

loaL.J
75, 3557 (1953).

103y 1. Ponsevich-Rolyada and N.A. Prileshaev, J.
Gen. Chem, U.S.8.R., 21, 571 (1951) (English translation).

Andrews and R M, Keefer, J. Am. Chem. Soc.,
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chloroform; it deposited phthalic acid in 104% yield over-

night. A blank deposited only U# phthalic acid under the

same conditions. The othai products were not investigated,

This reaction would appear to be worthy of further

étudy. Rate studies could be carried out, The course of

reaction could be followed by filtration and weighing of the

phthalic acid produced., Three possibilities come into con-

sideration,

1) That the bromine displaces the equilibrium of the decom-
position reaction,

2) That sn intermediate brominated hydrogen phthalate is
formed,

3) That halogens specifically catalyse the reaction either
by simultaneous attack of halogen and loss of phthalic
acid or by loss of phthalic acid from an ester-bromine

complex,

Attempted Extension to Silicon Series

Should it be possible to extend the above bromina-

tive cleavage reaction to the silicon series it would provide

Br
|
8 route to compounds containing the structure ~C—~8i~—

which may possibly be debrominated or dehydrobrominated by
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conventionsl wmethods, t:H.;‘m.wnlmt

hesg 'indapendnntly pro;mﬁd
the use of this type of compound prepared by the actiom of
N-bromogucecinimide on an halogencsilane. However, the latter
suthor reported that from (céas)acnrsmr(csnﬁ) p only tetra-
phenylethylene or, in air, benzophenone, was isolated,

In the present sauthor's studies severe difficulties
were encountered owing to 1) the failure to prepare pure
8ilyl hydrogen phthalates under the manifold conditions
employed and 2) the tendency of bromine to detach aryl groups
from silicon, The latter reaction has already been fully

105

investigated and has been shown to proceed with inversion

of cmﬁmunmms.

In all of the present work involving silyl hydro-
gen phthalates the crude matérul was used, In a preliminary
experiment diphenylmethylsilyl hydrogen phthalate was treated
with bromine in carbon tetrachloride., After filtratiom to

. remove phthalic scid the filtrate showed in ({ts infrared
gpectrum Mttl@ differance from the unreacted material except

that carbonyl and hydroxyl bands no longer appeared, On

Ioz‘ll. Gilman, in Proceedings of the Conference on
High Temperature Polymer and Fluid Research, Dayton, Ohio,
2), p. 175. ‘
105¢, gaborn and D.E. Webster, J. Chem, Soc., (1957)
kg,
106

C. Esborn and O.W, Steward, Proc. Chem, Soc., (1963)

59.
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evaporation of the extract a very small amount of pale yellow
golid remained. This material fumed strongly with water.
The melting point was about 45° but on attempted recrystalli-
sation no pure material could be isolated. Apparently the
material hydrolysed very rveadily,

In 2 repetition the trude silyl ester reacted rapidly
with bromine in acetic lcié‘. After filtration of phthalic acid
zine dust was added and the solution stirred, in the hope of

bringing about a debromination reaction of the type shown below,

pr pr : e
Cm8i- 4 Zn = O &S
KO ~

The product was then hydrolysed and separated, Bromobenzene
was isolated from the products and a very dark liquid which
was partially purified to an oil of composition 65’3637. 218102. 145°
Hence it appears that bromine had detached the phenyl groups
at least as readily as it had split out phthalic acid,

In & further repetition bromobengzene was obtained
plus & small quantity of benzene, presumably formed by reduc-
tion of the first formed bromobenszene., Small quantities of
the material were distilled and the residue was purified by
chromatography. The composition of the product corresponded
to 66.781{8. ohsml. 48 which wvas considered to be the compound

UNIVERSITY OF WIKDSOR LIBRARY
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XXVIII but the latter has been claimed?2’1%7T to be a solid

1*0*91*

5
X
melting at 111° or 112-115°,

To ascertain that the reactions under investigation
were not reactions of unreacted chlorosilane, a portion of
diphenylmethylchlorosilane was treated first with bromine in
scetic acid and then with zine. After stirring, water was
added and the orgsnic layer separated and dried. By distilla-
tion bromobenzene and benzene were isolated, The residue was
rubbery in nature and had a very high melting point, After
purification it had an analysis corresponding to the composi-~
tion C; gs%5.47%1.00%. 03"

8ince reaction with immediate addition of zinc had
given neither & compound containing a carbon-silicon double

bond nor any hydrolysis product unequivocally corresponding

9%.8. Daudt end J.F. Hyde, op. cit.

107y, k. shostakovskii, D.A. Kochkin, Kh.I. Kondra'tev,
and V.M. Rogov, Zhur, Obshchel Khim,, 26, 33l (1956) (Ensuih
translation, p. 3T21).

UNIVERSITY OF WIKDSOR LIBRARY
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to the dibromide it was decided to investigate the course of
the reaction without addition of zinc. After reaction with
bromine the material was hydrolysed. Bromobenzene was again
isolated along with small quantities of other volatile pro-
ducts. The residual material was a black oil that was not
further investigated,

In & repetition using bromine in carbon tetrachloride
bromobenzene was again obtained along with a black oil of
composition S5, 20%.8451% 02" |

" In each of the above cases & small smount of mater-
ial, appureﬁtly benzene, was also obtained. An attempt was
made to react trimethylsilyl hydrogen phthalate with bromine,

but after six hours there was no evidence of reaction,

Attempted Reaction of 811}1 Benzoates
with Bromine

Since the benzoates could be prepared in a state of
high purity it was of intaéeat to see whether pure products
could be isolated from the reaction of those esters with bro-
mine, Crude diphenylmethylsilyl benzoate reacted very slowly
with bromine in carben tetrachloride, depositing benzoic acid,
However after purification of the ester it did not react with
bromine, not even in acetic acid, Trimethylsilyl benzoate

did not react with bromine in acetic acid.
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Reactions of Chlorosilanes with
Sodium Triphenylmethyl

Although bases such as quinoline and pyridine do
not dehydrohalogenate chlorosilanes it appesred possible that
& stronger base might do so. The use of sodium triphenyl-

methyl was investigated in the hope that it might bring about
the following reaction:

(cn,) 8101 + (céns)ac@ - (cn3)asxc1@ma_ + (CgH;) Cm

—_— 1% (cB,) Stman, + ("6“5)3““ .

This reaction has been previocusly mvutintedme'
109,110 for a number of chlorosilanes and the sodium, potas-
sium and lithium salts of triphenylmethane, The reaction

affords a coupling product of the general formula XXIX but

Oy
3

o
108

C.,R. Hauser and C,R, Hance, J. Am, Chem, 8Beoc,
5846 (1951). » 1 Aa. Chem, Ses., 1

109 Giimen, A.C. Brook, and L.S. Miller, J. Am.
Chen, Soc., 76, 3757, 4531 (1953). _—

uGL.S. Miller, Ph.D, Thasis, Xowa State College, 1950.
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since previous authors isolated these compounds in less than
50% yield the possibility remsined that some unsaturated
material might be isolated,

Ethereal solutions of sodium triphenylmethyl in
concentrations of 0.1 te 0.2 N were prepared and added to an
ethereal solution of chlorosilane with stirring. The first
few ml, of base were dgcalourimﬁ without formation of any
precipitate, After the first few ml, had been added, a yellow
éolution was formed tlong‘wi.th deposition of a yellow preci-
pitate, Prwioua'mtharsmg had then hydrolysed the mixture
but in the present author's experiments the effect was first
exanined of diapm&ing with hydrolysia, |

The preaipitgte vh&ch formed contnined sodium, ‘u
both sodium chloride and unreacted sodium triphenylmethyl,
Small quantities of material, apparvently a mixture of hexa-
phenylethane and triphenylmethylperoxide were obtained,

In a reaction between trimethylchlorosilane and
sodfum triphenylmethyl, sodium chloride was obtained in 92,5§
yiaeld., Triphenylmethane was iﬁelutmi in quantitative yield
but no other identifiable product. In a repetition, sodium
chloride vas obtained in 82.1% yleld. The residues were

109, Gilman, A.G. Brook, and L.S. Miller, op. cit.
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gummy and extraction with 99% ethanol gave only gums and
small quantities of material of very wide melting xange.

The experiments were then repeated with hydrolysis
after addition of sodium triphenylmethyl. As recommended by

yrwioM mther:ma’ 109, 110,

the solids were extracted by
ethanol. The residue could not be satisfactorily recrystal-
liged from ethanol-ethyl acetate as recommended by the pre~
vious authors since the material was of very low solubility
in this solvent pair. However a benzene-ethanol solvent
pair proved very suitable and gave the compound (ca3)3aac(cén5)5
in the same yield as previously reported'®’. The structure
was confirmed by ﬁnmtitteivc hydrolysis to mpwmmm“".
In the aqueous layer, sodium chloride was present to the
extent of 80% of theory. Again triphenylmethane was isolated
but the other products were intractable gums of indefinite
composition, ‘ |

From the resction of diphenylmethylchlorosilane

with sodium triphenylmethyl only gums could be isclated,

108; ». Hauser and C.R. Hance, op. cit.

109, Gilman, A.G. Brook, and L.S. Miller, op. cit.

10, 5. mitler, op. eit.
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Resume and Conclusions

At no ltnge of this work was any evidence of a
carbon-silicon double bond found, and during u:c course claims
by other authors to have prepared such e@mnﬂn were withe
drawvn. It is concluded thnﬁ the existence of such bonds must
be regarded as highly improbable, though there appears to be
no convincing theoretical reason why they should be incapable
of existence. ,

A new rewiim, the brominative cleavage of tertiary
carbinyl hydrogen phthalates, appears to be worthy of further

| study and its extension to include a study of the effect of

iodine on such compounds would undcubtedly de fruitful,
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CHAPTER IV . EXPERIMENTAL PROCEDURES

Hydrolysis of Chlorosilanes

Preparation of Dipbenylmethylsilanol

(£) The addition mf ice to a small porttm‘of
diphenylmethylchlorosilane (Dow Corning Silicenes, purity
>9T%) resulted i{n & very slow ﬁmttm. When huzné on a
stesm bath, a cloudy whj.te upper layer was formed, . Hydro-
chloric acid was shown to be present by the vigorous effer-
vescence on addition of sodium bicarbonate solution., The
upper layer was soluble in ether, |
(11) Diphenylmethylchlorosilane was hydrolysed
vith sodium himbonam‘ solution. The silanol was extracted
 with ether. Most of the mlﬁw;e was removed on a steam-bath;
the last traces were removed in vacuo. A white oil remained.
7o a solution of diphcnymthyitumux in ether or
benzene a solution of ;;kthulie snhydride in the eame solvent
was added, No precipitate was ijotmld, not even on addition
of sodium bicarbonate. |

T
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On standing the diphenylmethylsilancl deposited
white erystals, sassumed to be sym-tetraphenyldimethyldisil-
oxane,

(111) Diphenylmethylehlorosilene (50 g.) was
hested with & saturated sodium bicarbonate solution (200 ml.)
for three hours. Three layers were then present. Heating
was continued for two hours, after which the lower layer had
disappeared, On cooling the upper layer sank to the bottom,
It was separated and the upper layer extracted with nihnr.
The original IMt layer and the ethereal extract were come
bined and dried over snhydrous sodium carbonate., The solvent
wag then removed in vacuo ylelding a moderately turbid oil.
On vacuum distillation a liquid appeared to be lost, though
none could be collected. At a bath temperature of mﬂ
(pressure 2,5 mm,) the liquid in the flask solidified to a
vhite crystalline mass which was soluble in ether, bemzene,
acetone and petroleum ether. On crystallisation from ether
it had melting range 32~k8° and was assumed to be sym-tetra.
phenyldimethyldisiloxane,

Preparation of Silyl Hydrogen Phthalates

(1) Diphenylwethylchloresilane (5 g.) and potassium
‘hydrogen phthalate (9 g.) were mixed in ether. After seversl
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hours & waxy white solid was deposited. This was removed by
filtration and was washed first with ether and then with
benzene. The filtrate was evaporated in vacuo whereupom it
deposited a white powder., This material ui- ingoluble in
benzene and petroleum ether but soluble in water, m.p. 190-.
19&“ (dec.). It was tentatively identified as phthalic acid,

The neutralisation equivalent was determined in
duplicate by solution in sodium hydroxide and back titration
with hydrochloric acid as follows: |

‘The material (0.25Th g.) was dissolved in 0.1029 N
sodium hydroxide (60.00 ml.), 0.1088 N hydrochleric acid
(28.18 ml.) was required for back titration. Neutralisation
equivalent calculated, 82.8.

The material (0.1312 g.) was dissolved in 25.00 ml,
of 0.1029 ¥ sodium hydroxide, 9.12 ml, 0.1088 W hydrochloric
acid being required for back titration. Neutralisation equi~
valent, 84.6,

Mean N.E, 83.7 (phthalic acid requires §3.1).

(i1) In all subsequent preparations all apparatus
was dried overnight in the oven at 110° (approx.). Diphenyl.
methylchlorosilane (58 g., 0.25 moles) in 50 ml, ether was
added with stirring to a slurry of oven-dried potassium hydro-
gen phthalate (102 g., 0.5 moles) in 200 ml. sodium-dried
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ether, S8tirring was continued for one hour. The precipitate
was then filtered and washed twice with ether, the filtrate
and washings were then evaporated. The residue from filtration
weighed 85 g. (cale. 70 g.). The residue was analysed for
potassium hydrogen phthalate. The material (0.3%85 g.) was
dissolved in 0,1029 N sodium hydroxide (25.0 ml.) and then
back titrated with 0,1088 W hydrochloric acid, 7.80 ml, being
required, Assuming no phthalic acid to be present this
corresponds to 0,%519 g. potassium hydrogen phthalate. Hence
part of the residue consisted of phthalic aecid. Calculation
shows the figures to correspond to 2.7% phthalic acid and
total potassium hydrogen phthalate in the residue to be 51,5 g.
This indicates reaction to the extent of nearly 100%, The
presence of chloride in this residue was indicated by a quali-
tative test. |

The filtrate deposited, on standing, 12,5 g. white
soltd of m.p. 188-190° (dec.). The N.E. was determined using
0.3113 g. material, 50.00 ml. 0.1029 N sodium hydroxide, back
titration requiring 17.46 ml, 0.1088 N hydrochloric acid.
Hence neutralisation equivelent calculated is 95.2,

The filtrate was then evaporated whereupon more
solid (8.4 g.) was deposited, m.p. 18?«—19&0. After filtration

of this, there remained 46.8 g, filtrate which reacted slowly
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with bromine in carbon tetrachloride depositing more phthalie
acid. The filtrate alsc decolourised alkaline potassium per.
mangenate slowly., On hydrolysis and addition of silver
nitrate to the filtrate, chloride fon was shown to be still
present. On standing more phthalic acid was deposited.

1t ves found that sym-tetraphenyldimethyldisiloxane
slowly decolourised bromine water but not bromine in carben
tetrachloride. Diphenylmethylchlorosilane slowly decolouriged
bromine in carbon tetrechloride and rapidly reacted with
bromine in acetic acid,

At this point the filtrate was & clear viscous oil
which did not solidify in ice. Filtration was repeated and
distillation attempted, A very small amount of distillate
was obtained, b.p. 160°/10 mm. This solidified in the refri.
gerator but partially remelted at room temperature, It had
the odour of hydrogen chloride and gave a positive test for
chloride ion with nitric acid and silver nitrate. On stand.
ing this material crystalliged to a solid, m,p. b1.5-45°,

The original filtrate still deposited a solid, m.p.
201-206° when treated with bromine in carbon tetrachloride.
The melting point was not depressed by mixture with phthalie
acid, The infrared spectra of the original filtrate before
and after treatment with bromine were very similar except that

after bromination the phthalate peak was not present,
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The 1liquid obtained from the addition of bromine to
the dlyl ester was evaporsted., A very small amount of pale
yellow solid which fumed strongly with water remained. The
aqueous filtrate was showm by qualitative tests to contain
bromide ion,

(111) A mixture of diphenylmethylchlorosilane
(57.9 g., 0.25 mole), potassium hydrogen phthalate (102 g.,
0.5 mole) and benzene (40 ml.) was shaken for 6 hours. This
quantity of solvent proved to be too little since the mixture
set to a hard maes. This solid was extrdutad with acetone
and filtered giving 111 g. residue (theory 88.3 g. for come
plete reaction). The filtrate was evaporated in vacuo. The
viscous material left, when hydralyseud with water, gave a
positive test for chloride fon. With bromine in carbon tetra~
chloride reaction occurred rapidly depositing a white precipi~
tate, m.p. 186-213° (dec. ).

A portion was distilled at 139-140°/ 1 mm, yielding
a pleassnt smelling oily liquid. This distillate solidified
in the refrigerator to & hard glass, The refractive i{ndex of
the liquid at 18° was 1.5822 (but see below) (diphenylmethyle
chlorosilane, 1.5762). It gave a negative teat for halogen
snd reacted very slowly ﬂth bromine in carbon tetrachloride

or acetic acid, The molecular weight determined cryoscopically
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in benzene was 170. Elemental analysis showed it to have the

cemposition C 10. The compound was therefore diphenyl.

1714, 25°
methylsilanol,

The distillate was redistilled yielding 12.5 g,
(25.4%) of pure diphenylmethylsilanol, no> 1.5802, Daudt end
Bydega give b.p. 18%70/2’4 m, , ngs 1.57T7.

This silancl reacted very slowly with bromine in:
carbon tetrachloride but on evaporation of solvent only a very
small quantity of heavy yellow oil remained. On cooling this
solidified to a yellow solid, m.p. about 45°, The brominated
material was very soluble in carbon tetrachloride, benzene,
petroleum ether and acetone, but no pure product could be
isolated after several attempts at recrystallisationm.

(iv) A mixture of diphenylmethylchlorosilane (58 g.,
0.25 mole), potassium hydrogen phthalate (53 g., 0.25 mole +
2 g. excess) and 80 ml. benzene was mechanically shaken for
21 hours. Filtration yielded a total of 31.5 g. solid (theory
20,9 g.). After filtration the residue was extracted with
benzene and then acetone. On distillation of this filtrate
before it had had time to deposit much solid a small amount

of distillate, b.p. 125-150°/0.75 mm., was obtained. It had

92%4.H. Daudt and J.¥, Hyde, op. cit.
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the characteristic odour of hydrogen chloride and formed
white fumes with ammonia. This was redistilled at 123-124°/
0.7 mm., the distillate haviog no>"? 1,579, Elemental
snalysis showed this to have the composition C, T3.20%; H,
6.76%; 51, 12.88%. ¢, 5“1&510 requires C, 72,85%; H, 6.58%;
8i, 13,09%. The infrared spectrum in carbom tﬁttmhlorme
showed free hydroxyl at 2.65 u, and hydrogen bonded hydroxyl
at 2,87-3.1 p. Vhen this material was treated with hydro.
chlexric acid, tetrsphenyldimethyldisiloxane was formed.

(v) A mixture of diphenylmethylchlorosilane (58 g.,
0.25 mole) and potassium hydrogen phthalate (102 g., 0.5 mole)
was shaken in carbon tetrachloride {150 ml.) for 19 hours.
A vhite solid (112.2 g.) was precipitated. Extraction of
3.2098 g. of this residue with acetone showed & loss of
1,2031 g, Assuming this to be phthalic acid, there is 4l g.
in the whole residue, Titration of the acetone insoluble
material with sodium hydroxide showed it to contain 83.4f of
potassium hydrogen phthelate.

The filtrate was refluxed, On cooling, a precipitate
appeared, This was filtered off and found to weigh 2.95 g.,
m.p. 177-183° (dec.) ; neutralisation equivalent, 166.7.

The filtrate was mixed with acetons for ease of

filtration, filtered and the solvent was then removed in vacuo,
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It was then distilled yielding a small amount of & liquid
material, b,p. 170%/1.25 mm. and a solid, m.p. 126-131°, The
latter material crystallised from chloroform in long needles,
m.p. 129-132°, The melting point was not depressed by admix-
ture with phthalic anhydride.

(vi) A mixture of diphenylmethylchlorostlane (58 g.,
0.25 mole), potassium hydrogen phthalate (102 g., 0.5 mole)
was mechanically shaken with carbom tetrachloride (300 ml,)
for 17 hours, A solid (126,40 g.) was filtered off and then
exhaustively Mruéceé wﬁh carbon tetrachloride, After dry-
ing the residue at ‘mo’", there still rematined 93.5 g. of solid
material (theory, 69.6 g.). The filtrate and carben tetra-
chloride extract were combined, evaporated and then distilled.
Much solid sublimed out asnd & llquid distillate (18 g.), b.p.
192-208°/1 ", , vas ohuiﬁcd. This was filtered from sublimed
solid. The liquid solidified to yield s compound, m.p. -
L3, 5°. Recrystallisation from carbon tetrachloride yielded a
compound, m.p. 45-49°, presumably tetraphenyldimethyldisiloxane.

(vii) A mixture of diphenylmethylchlorosilane (58 g.,
0.25 wole) and potassium hydrogen phthalate (102 3., é.s mole)
was mechanically shaken in carbon tetrachloride (300 ml.) for
19 hours, The precipitate was filtered off and exhsustively
extracted with carbon tetrachloride. It then weighed 93.0 g.
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(theory, 69.6 g.). The filtrate and combined carbon tetra-
chloride extracts were then evaporated to a viscous yellow
oil, The neutralisation equivalent of this material was
determined to be about 4OOO, The oil was then hﬁtod to
reflux temperature and copled, The solid which formed was
filtered off (3.4 g.) and was identified as phthalic anhydride
by a mixed melting point determination, On distillation of
the filtrate, more solid, m.p, 120-124° (phthalic anhydride)
sublimed out and a small liquid fraction, b.p. 183-189°/0.4
mu., was obtained, When treated with hydrochloric acid this
material gave a solid, m.p. Wﬁ&ﬁ, after crystallisation
from benzene. The solid was thus identified as }‘tatuphonyl-
dimethyldisiloxaue,

The liquid distillate had n>>'” 1,5798 and was
shown to contain active hydrogen by its resction with methyl
magnesium fodide, The liquid distillate was therefore di-
phenylmethylsilanol.

(viii)} A mixture of diphenylmethylchlorosilane
(8.75 g., 0.17 mole) and potassium hydrogen phthalate (63 8,
0.%3 mole) was mechsnically shaken with carbon tetrachloride
(150 ml.) overnight. The residue was extracted with carben
tetrachloride and, after drying, weighed 61.19 g. This was
extracted with acetone, which reduced it to 49.26 g. indicating
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8T resction., Calculation shows that this weight of residue,
assumed to consist only of potassium hydrogen phthalate and
potassium chloride should contain 74.5% potassium hydrogen
phthalate. Titration with sodium hydroxide showed it to
contain Th.5% éau_uim hydrogen phthalate. The acetone
extract, on evaporation, afforded 11.09 g. phthalic acid, m,p.
189-196° (dec. ). |

The filtrate deposited a solid on standing in a
vacuum desiccator, This was filtered off and recrystallised
from water to a compound heving m.p, 208-212° (dec.) (phthalic
acid). Over a period of 21 days more phthalic acid was
deposited,

A portion was distilled, Much phthalic anhydride
sublimed out, and a fraction, b.p. 3.30-1350/0.7 mn, , which
solidified on standing was obtained., The undietilled residue
was chromatographed on alumina, using benzene as eluent. Two
fractions were collected of which the second gave, on evapora-
tion of solvent, only a little brown material. The first, on
evaporation, gave a fairly mobile yellow liquid of nﬁ" 1.5831,
Analysis showed it to be impure diphenylmethylsilanol,

Preparation of Diphenylmethylsilyl Benzoate

(i} A mixture of diphenylmsthylchlorosilane (29 g.,
0.125 mole), sodium benzoste (36 g., 0.25 mole) and carbom

UNIVERSITY OF WIDSOR LIBRARY
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tetrachloride (200 ml,) was mechanically shaken for 19 hours.
A hard vhite mass which weighed 4O g. was filtered off (theeory,
25.3 g.). In water a solution of this material was acidic

to litmus and on crystallisation deposited some solid, m.p.
11&-1189, probably impure mﬁic acid. The carbon tetra-
chloride filtrate reacted slowly with bromine in carbon tetra-
chloride.

The remainder of the carbon tetrachloride filtrate
was evaporsted and distilled inm vscuo, A small smount of
benzoic acid sublimed out and a large 11@1& fraction was
cbtained, b.p. 174-1789/0.5 mm. This was filtered from ben.
goic acid to give a halogen-free liquid, n%ﬁ.ﬁ 1.5868. Analy-
sis shoved it to have the composition C, Th,70%; H, 6.07%;

81, 6.9T% (calc, for diphenylmethylsilyl benzoate, €0l 840,
c, 75.b; B, 5,70%; 81, 8,80%). The infrared spectrum in
chloroform showed it to be an ester and it was identified as
impure diphenylnethylsilyl !numtc.

(11) A mixture of diphenylmethylchlorosilene (58 g.,
0.25 mole) and sodium benzoate (72 g., 0.5 mole) was mechani.
cally shaken with benzene (kOO ml.) for 19 hours. A white
solid residue which weighed 635.5 g. was filtered off and
extracted with benzene for 6 hours., A residue which weighed
56.6 g. was left after drying at 110°. This residue was ascidic
to litmus, Titration with sodium hydroxide showed 3.T%
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benzolic acid to be present and precipitation of chloride as
silver chloride showed 22% sodium chloride, Thie indicated
that reaction had procesded to the extent of 89%.

The original benzene extract and that obtained from
the residue were combined and evaporated, ylelding 61.8 g.
material (theory, 79.5 §. nur} of nmeutralisation equivalent
362, Diphenylmethylsilyl benzoate has & calculated neutrali.
sation equivalent of 318, hence this also indicated s yield
of about 88%.

Hydrolysis of the ester with sodium hydroxide,
followed by pouring onto a mixture of crushed ice emd hydro-
chloric acid gave benzoic acid, m.p. 119-121°, not depressed
by an authentic sample. "

A portion (26 g.) of the above ester was refluxed
for 2 hours, It turned dark in the process. On subsequent
distillation & small smount of benzoic acid sublimed ocut but
the largest portiom distilled at 110-198°/0.75 mm. This was
filtered to remove benzoic acid snd redistilled. Two fractions
were obtained, One (.9 g.) boiled st 92-140°/0.35 mm.,
nﬁh‘s 1.5783. 1t gave a positive Beilstein's test for halo-
gen. The second fraction (13.6 g.) of boiling range ma.lag“/
0,35 mm,, n%h'a 1.5877 was halogen-free., The neutralisation
equivalent of the higher boiling fraction was 311. On
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redistillation of this fraction a small fraction, b.p. 62-90°/
0.25 wm,, nﬁh‘s 1.5878 and a large fraction of boiling range
172-184°/0.25 ., aﬁl"f’ 1.5886 were obtained. Anslytical
figures showed C, 75.20%; H, 5.76%; Si, 8.43%. These figures
are in agreement with those calculated (see above) for diphenyl.
methylsilyl benzoate, |

After standing for several weeks the ester had
deposited more solid which was filtered off and found, after
recrystallisation from water, to have m,p, 111-118°, It was
identified as impure benzoic acid., The filtrate was distilled.
A little solid sublimed out and three fractions were obtained:
1) b.p. 100-170%0.5 mm.} 11) b.p. 172-176%/0.5 wm., n> 1.5854;
i11) b.p. 186-189"/0.5 o, , n§5 1.5868, Both fractions (ii)
and (1ii) were clear viscous liquids which did not decolourise
bromine in carbon tetrachloride, The infrared spectra of
fractions (i1) and (1ii) were very similar and consistent with
the formulation of the compound as diphenylmethylsilyl benzoate.
Hydrolysis of & portion of the compound with sodium hydroxide
followed by treatment with hydrochloric acid gave benzoic acid,

Fraction (iii) had the composition C, 75.51%; H,
5.99%; S, 8.71%; caleulated for diphenylmethylsilyl benzoate,
C, 75.44%; H, 5.70%; 51, 8.80%,
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Attempted Reaction of Diphenylmethylsilyl Benzoate
with Bromine

The ilmpure benzoate ester (10 g.) wes treated with
bromine in carbon tetrachloride until excess bromine was
present. It deposited benzoic acid in §9% yield, identified
by mixed melting point with suthentic material and by neutral-
isation equivalent., The residuaml gum wes dissolved in
petroleum ether which on evaporation gave again the yellow
oil with a strong odour and which fumed in air.

On distillation a very small fraction, b.p. 97-101°/
0.3 mm, was obtained along with a yellow fractiom, b.p. aao"/
0.3 mm, This was shown by Beilstein's test to contain halogen
but in & Lassaigne test showed ouly very little bromine pre-
sent, Analysis showed this to have the composition C, 70. 50%4
H, 5.906; 81, 15.24%; Br, 5.11%, On standing this material
became a solid, m,.p. 36-1520. Recrystalligsation from petroleum
ether yielded a compound, m,p, lt9°, The melting point was not
depressed cn admixture with sym-tetraphenyldimethyldisiloxane,
Hence the compound was probably a& mixture consisting largely
of diphenylmethylchlorosilane and diphenylmethylbromosilane,
Since the pure bénsoste ester did not react with bromine (see
above) the formation of benzoic acid in the latter case may

have baen catalysed by unreacted chlorosilsne or may have been
an artifact of hydrolysis.
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Attempted Preparation of Trimethylsilyl
Hydrogen Phthalate

(1) A mixture of trimethylchlorosilane (27.1 g.,
0.25 mole) and potassium hydrogen phthalate (102 g., 0.5
mole) was mechanically shaken with benzene (300 ml.) for 17
hours. Filtration afforded 101.4 g, residue, reduced after
air drying to 91.70 g. This was extrvacted with carbon tetra-
chloride for 3 1/2 hours, at the end of which time it still
weighed (after oven drying) 91.70 g. Extraction with acetone
reduced the weight to 79 g., indicating 71% reaction, From
the acetone extract 13.1 g. of material, m.p, 181° (dec. )y
was obtained, neutralisation equivalent 85 (calculated for
phthalic acid, 83).

The filtrate was evaporated yielding a pale yellow '
liquid which hydrolysed very readily in air, It did not
undergo any visible change ou boiling. On addition of bro-
mine in acetic acid an immediate precipitate of phthalic
acid, identified by mixed melting point, was obtained.

The ester on distillation yielded a firet fractiom,
b.p. 118-126°/0.7 mn. This solidified on standing to a
material, m.p. 36-h1°. A second fraction, b.p. 128°/0.85 e, ,
was alao obtained. The latter required heating with a free
flame for distillation. This second fraction was a clear
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liquid, uﬁs 1,482k, which reacted with bromine depositing
phthalic acid, Analysis of the distillate showed it to con-
tain only 1,479 silicon, hence its nature remains obscure,

(1) A mixture of trimethylchlorosilane (54.3 g.,
0.5 mole) and potassium hydrogen phthalate (204.2 g., 1.0
mole) was mechanically shaken with carbon tetrachloride (300'
ml,) for 11 hours. On filtration, a residue (239.4 g.) was
obtained., Extraction with carbon tetrachloride, followed by
oven drying, reduced this to 197.2 g. Extraction with ace-
tone further reduced it to 160 g. (theory, 138.3 g.). The
filtrate and carbon tetrachloride extract were combined and
evaporated, yielding 53,98 g. yellow oil, Distillation
afforded a colourless liquid, b.p. 69-84°, n>2"> 1,312, and
congiderable solid, m.p. 130-132° (literature value for
phthalic snhydride, 131°)., The undistilled residue was
filtered yielding a dark filtrate and a straw coloured residue
which on washing with carbon tetrachloride became a white
solid, m,p. 129-131°, not depressed by admixture with phthalic
anhydride, Total yield of phthalic anhydride was 14,7 g.

The distillate was redistilled and afforded 8,89 g.
of material, b.p. 85-98.5°, ngs‘s 1.3900. The infrared
spectrum in chloroform showed no bands due to hydroxyl., On
redistillation it had b,p. 87-.-97", ngl“ 1,3888. A qualitative
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testln for eilicon, which involved fusion of the material
with sodium peroxide and fusion mixture, followed by identi.-
fication of gilicate by the ammonium molybdate-benzidine
method, gave a positive result, A Lassaigne test for halogen
was neggtf.ve, The material was less dense than water, It
would be expected that this compound would be trimethylsilanol
or hexamethyldisiloxane, the reported constants being respece
tively, b,p, 100°, demsity 0,8112, n 1,3880 and b,p, 100.5°,
density 0.7619, n 1377412, However analysis showed the
composition to be C, 34.76%; H, 8,04%; Si, 12,79%. Trimethyl-
silanol requires C, 40,0%; H, 11,18%; si, 31,09%. Hexamethyl~
disiloxane requires C, 57.56%; H, T.2l%; 81, 22,41%, Hence
the nature of the product remains obscure,

The undistilled oil could be distilled under vacuum
ylelding 0.26 g. solid, m.p. 134°, and 8.0 g. yellow oil, b.p,
120-136°/0.75 um, The latter showed a carbonyl band in its
infrared spectrum, This solidified partially on standing but
from carbon tetrachloride only phthalic acid could be isolated,
identified by melting point, acidity, and formation of fluore-

scein on fusion with resorcinol and concentrated sulphuric acid,

Uly Giiman, R.K. Inghsm, and R.D. Gorsich, J. Am.
Chem. Soc., 76, 918 (195h).

naE.G. Rochow, "Chemistry of the Silicones® ‘(and},
Wiley, New York (1951), p. 1BW, ’
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Preparation of Trimethylsilyl Benzoate

A mixture of trimethylchlorosilane (54.3 g., 0.5
mole) and sodium benzoate (108 g., 0.75 mole) was mechanically
shaken with carbon tetrachloride (calefum chloride dried and
redistilled) for 12 1/2 hours. Filtration afforded 99.7 g.
residue which was reduced by acetone extraction to 69.5 g.
(theory, 65.3 éﬂ); The combined original ﬂlirate and carbon
tetrachloride extract when evaporated gave 72.3 g. yellow oil
containing & little solid. This was filtered and the filtrate
distilled, Two fractions were obtained: | |

1) b.p. 70-81/1.2 mm., 0o’ 1.18% (14,73 8.);

14y b.p. 81%/1.2 m,, n§5 1.&8&7 (35.5é 8.).
Both were lﬁam by the sodium peroxide fusion, bensidine-
ammonium molybdate test to coutain silicon and the infrared
spectra showed them to be | probably trimethylsilyl benzoate, |
Hydrolysis afforded bensoic acid,

mlyti.al figures for the second fraction showed
C, 62.01%; H, T.1%; 84, 14.31%. Por trimethylsilyl benzoate,
€, o;1,0,8L, caleulated C, 61.84%; B, 7.26%; 81, 1k Lh2%,

Aadermu} gives for this compound, b,.p. 2210/760

ma., 4., 1,00k,

U3, H. Anderson, J. Am, Chem. Soc., Th, 2371 (1952).
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The ester (17.70 g.) was dissolved in 100 ml. glacial acetic
acid and bromine (5 wl.) in glacial acetic acid (100 ml.) was
added over half an hour with stirring., After six hours of

further stirring there was no evidence of reaction,

Reaction of Tertiary Hydrogen Phthalates

Methylphenyl-n-~propylearbinyl hydrogen phthalate
(9.5 8., 0.030 mole) supplied by Mr. J.M. Prokipecak of this
laboratory was treeted with bromine (1.8 ml., 0.031 mole) in
carbon tetrachloride (md ml.). Overnight a white solid was
precipitated. This was filtered off and found to weigh 5.46
g. (theory, 5.0k g. for phthalic acid). Recrystallisation
from water afforded L.17 g. (82.5%) material, m.p. 20k, 5°
(dec.), not depressed by phthalic acid,

More bromine in carbon tetrachloride was added to
the filtrate but no more precipitate was formed. The red
solution was washed successively with sodium bicarbonate
solution and by 1 N sodium hydroxide solution. The material
was still red and slowly liberated fodine from potassium
iodide solutionm.

Carbon tetrachloride was digtilled from the solution
leaving 8.88 g. dark residual liquid (expected 6.86 g. dibromide).
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On distillstion two fractions were obtained:

1) b.p. 100-106°/2 m., ”gﬁ 1.5703 (3.0 g.);

i1) b.p. 118%2 mm., 02’ L5718 (0.35 8.).

Both were gshown by a Lassaigne test to contain bromine.
Anslysis of fraction (1) showed C, 54, %; H, 5.38%; Br, 4o0.58%.
CyqHy,Br, requires C, 43,16%; H, 4.61%; Br, 52.2%. Hence |
hydrogen bromide had been lost on standing,

A portion (2.00 g.) was dissolved in glacial acetic
acid and zinc dust added. The upper layer was separated,
washed with 0.1 K sodium hydroxide, separated and dried over
calcivm chloride. It was distilled at > 250°/760 mm, and
found to have the refractive index 1.5432 at 22°. It slowly
reacted with bromine in carbon tetrachloride snd rapidly with
bromine in acetic acid, The expected compound, Gemethylep.
bromo-f-ethylstyrene does not appear to have been described
previously. The debrominated product also sppears to be
undescribed (o~methyl-p-ethylstyrene) but it had )\ max 243 B,
€ pax #3500+ Since a-methyl-p-methylstyrene has A max 2W By,
€ max 8,700, the compound was thought to be 84% pure. Analy-
sis showed C, 81.40%; H, 8.bi%. Calculated for CpByyt ©
90,.36%; H, 8.4k%. This corresponds to a mixture of 72§ o-
methyl-g-ethylstyrens and 28% oe-methyl-p-bromo-p-ethylstyrene,
Since the latter compound would also exhibit ultraviolet
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absorption at about 2kl mi, the identification of the products

from this reaction appears to be reasonably well established,

 Reaction of t-Butyl Hydrogen Fhthalate with Bromine

Sodium triphenylmethyl in ethet, prepared in the
usual myw was added to hbﬁmd (6.82 g.) uwntil a permsnent
red colour appeared. Phthalic anhydride (14 g.) was then
added and stirring continued for 3 hrs., after which excess
water was added. The mixture was stirred for a few more
minutes, then the aquecus layer separated and poured over a
mixture of erushed ice and hydrochloric scid. The gummy mate-
rial which formed crystallised in a few hours, yielding 9.63 g.
(48%) of crude ester. This s recrystallised from chloroform-
petroleum sther to m.p. 83-85° (1it. value, 86-88° 1), Re-
crystallisation from benzens-petroleum ether gave a light
amber solid, m.p. 82-83.5° (5.31 g.).

t-Butyl hydrogen phthalate (5.0 g.) was mixed with
bromine (1.6 ml,) in carbom tetrachloride (80 ml.), No preci-
pitate was formed immediately. On standing for 90 hours a
precipitate (0.43 g.), m.p. 191-192° (dec.), N.E. 84.8, was
formed snd filtered off. On standing for a further 48 hours

TI%.G. Rutherford, J.M. Prokipcak, and D.P.C. Pung,
op. ecit, ’
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a further material (0.11 g.), m.p. 195~201°, was formed. On
heating to reflux temperature more solid (0.h g.) was formed,
Hence total solid msterial precipitated was 0.9% g. or 23.74.
After filtration the solution was washed with water, sodium
bicarbonste solution, and sodium hydroxide solution, then
dried over caleium chloride. The carbon tetrachloride was
then distilled off. A small amount of residue with the char-
acteristic odour of a bromocompound m‘lgft but it d4id not

lend itself to recovery by distillation.

Besction of Diphenylmethylearbinyl Eydrogen
Phthalate with Brewmine

Diphenylmethylcarbinyl hydrogen phthalate (9.58 g.)
kindly supplied by Mr. J.M, Prckipcgk, was mixed with bromine
(1.6 m1,) in carbon tetrachloride (150 ml.). A precipitate
was formed at once and hyérqam brm;da was evolved., After
2h hours the solution hed become colourless. A further portion
of bromine (0.2 ml.) in carbon tetrachloride (20 ml,) was added
but was not decolourised. m nixture was .fﬂuud yielding
k.70 g, residue (theory, 4.60 g.). On drying there was obtained
k.25 g, or 90.4%. This material was é&emﬂlum from water
to m,p. aax-ma“, not depressed by admixture with phthalic acid,
and having N.E, 83,2, Bence it was phthalic acid,
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The filtrate was an orange fuming liquid which
liberated iodine from potessium iodide sclution. It was
washed with godium hydroxide anluf;im, followed by water,
separated, and dried over calcium chloride. On standing this
liquid became orange. It was repeatedly washed with sodium
hydroxide and with weter, then redried over calcium chloride..
The carbon tetrachloride was removed by distillation leasving
a black residue of high boiling point which weighed 5.42 g.
(theory for a-phenyl-f~bromostyreme, T.17 g.). In the
refrigerator it solidified to a black mass containing some
crystals, m,p. 5’1‘-»’00% The mtzgr:lal was dissolved in ether
and ethanol added, whereupon a small amount of a black solid
separated., This vas filtersed. The remaining solution was -
treated with decolourising charcoal, evaporated and then set
aside in the refrigerator. The solution crystallised to &
yellow crystalline mass. On recrystallisation from ethancl,
1ight brown erystals (1.43 g.), m.p. 37-»140‘, were obtained.
The melting point was raised by further recrystallisation
from ethanol to 39.5-41%, then to 40-41,5°, Literature value
(Betlstein) is 40° or 50°. Analysis showed C, 65.11%; H,
h.5u%; Br, %0.5%; calculated for €,y Hy BF, €, 64.90%; H,

4. 26%; Br, 30.82%.
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The product was oxidised with acidic potassium per-
mangsnate. Ethenol was then added and the solution filtered.
Water vas sdded until precipitation occurred. The liquid was
then heated, cooled, then distilled. The residue was extracted
with ether which was then evaporated., A yellow oil remained
which, with 2,4-dinitrophenylhydrazine sulphats in methanol
gave a rved crystalline material, Recrystallisstion from ethyl
acetate ylelded a red crystalline material, m.p. 243-246°, not
depressed by admixture with suthentic bensophenone 2,4-dinitro-
phenylhydrazone,

In a further reaction t-butylearbinyl hydrogen .
phthalate (3.63 g.) in carbon tetrachloride (70 ml.) was mixed
with bromine (1 ml,) in carbon tetrachloride (TO ml.). A
small amount (0.6672 g.- 24.6%) of precipitate was formed after
4 days, m.p. 196-199° (dec.). After recrystallisation from
water, the melting point was raised to 210° (dec.). The £il
trate was washed with sodium hydroxide and water, separated
and dried over calcium chloride, Carbon tetrachloride was
removed by distillation. The residue was lachrymatory but no
material could be isolated in sufficient quantity for: idemti-

fication,
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with Bromine

(1) Preparation of Dimethylphenylearbinyl Eydrogen
Phthalate. A Grignard veaction was carried out using bromo-
bengzene (78.5 §., 0.5 wole) in ether (200 ml,), magnesium (12 g.,
0.5 mole) in ether (100 ml,) and acetome (29 g., 0.5 wole) in
ether (200 ml.). The reaction mixture was hydrolysed with
di{lute sulphuric acid. The yield of dimethylphenylecarbinol
vas 29 3. (58%), b.p. 86-91%/11 mm., n2>7 1.5230 (11e. value,
np? 1.5314).

Dimethylphenylcarbinol (15.1 g., 0.11 mole) was
titrated with sodium triphenylmethyl in ether, stirved for
half sn hour, saé phthalic anhydride (17 5., 0.12 mole) was
added. Stirring was continued for half an hour. Water was
then added, the aqueocus laysr then separated and poured onto
a nixture of ice and concentrated hydrochloric acid, The
yield wae 25.6 g. (81.%). Recrystallisation from a mixture
of benzene, chloroform and petroleum ether gave 8,65 g.
material, m.p. Th-94° (dec.). This was used without further
purification,

Dimethylphenylearbinyl hydrogen phthalate (5.4l g.,
0.019 mole) was dissolved in carbon tetrachloride {100 ml.)
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and a golution of bromine (1.2 ml., 0,0201 mole) in carbon
tetrachloride (80 ml.) was added. A precipitate was formed
immediately. After U8 hours the solution was pale yellow.
Solid material (3.25 g.), m.p. 201° (dec.), was filtered off
(theoretical yield, 3.16 g.), The filtrate was washed once
with sodium bic.armte solution, three times with sodium |
hydroxide, once with water, and then dried over calcium
chloride,

Carbon tetrachloride was removed by distillation.
A dark liquid residue remained which evolved hydrogen bromide,
On distillation, a yellow distillate (15 g.), b.p. 132-136%/
3 mm., refractive index nga 1.586L4 (literature value for o-
methyl-f-bromostyrene, b.p. 105~106° /9 wm, ), was obtained,
Its infrared spectrum showed this to be the desired compound,
o-methyl-p-bromostyrene. Analytical figures showed C, 51.92%;

H, 4.24%; Br, 43.65%; calculated for C.H Br, C, 54.85%; H,

| ‘s
4,60%; Br, 40.55%. Presumably some 1,2-dibromo-l-methyl-
ethylbenzene was‘ l£111 present.

ﬁxidaum with acidic or alkaline potassium perman-
ganate gave a material which formed a 2,k-dinitrophenylhydra-
zone, m,p. 212-216° (from ethyl acetate) which was not depressed
by the 2,k-dinitrophenylhydrazone of acetophenone. Presumably

it was a different crystalline modification,
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(11) Dimethylpheﬁylcarbinyl hydrogen phthalate
(3.37 8., 0.0119 mole) was dissolved in a mixture of carbon
tetrachloride (100 ml,) and chloroform (%0 ml.). Bromine
(0.8 m1., 0,013 wmole) dissolved in chloroform (30 ml.) was
added, After two days a white solid (1.9% g.), m.p. 205-
208° (dec.) , was filtered off (theoretical yield, 1.97 s.
phthalic acid). |

The carbon tetrachloride and chloroform were eva-
porated and approximately 2 ml, of a dark high boiling resi.
due remained. A solution of potassium hydroxide prapnﬂd by
dissolving 1.5 g. potassium hydroxide in 6 g. 99% ethanol
and 0.5 ml, of water was added and the mixture was warmed on
a steam bath. It was then subjected to steam digtillation
ylelding a clear liquid denser than water. This was separated
and dried over godium sulphate,

- On vacuum distillation a clear liquid (0,48 g.),

b.p. 3.0}108"’/ 11 mm,, txg" 1.5742, vas obtained (theorstical
yield 2.34 g,, percentage yield 20.5%). Analytical figures
showed Br, 37.88% (calculated Br, 40,.55%).

Reaction of Dimethylphenylcarbinyl Hydrogen

Dimethylphenylearbinol (15.78 g., 0.116 mole) was
treated with 910 ml, 0,146 N sodium triphenylmetbyl (theoreticsl
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quantity, 795 ml.), Phthalic anhydride (17.51 g., 0.118 mole)
was added snd the mixture was stirrved for 2 1/2 hours. Water
(500 ml.) was then added and stirring continued for 3 hours.
The aqueous layer was separsated and poured onto a mixture of
ice and hydrochloric acid., The white precipitate which formed
was filtered, washed with water and dried, Recrystallisation
from a chloroform-petroleum ether solvent pair gave 5.43 g,
of the hydrogen phthalate, m.p. 103-108°,
Dimethylphenylearbinyl hydrogen phthalate (0.5 g.)
vas dissolved in 13 ul, chloroform, Iodine which vas dissolved
in chloroform was added. A blank was also phpnud, onitting
iodine. After 50 hours the iodine containing mixture had
precipitated 0,70 g. phthalic acid, the blank 0,01 g. (theo-
retical quantity, 0.29 g.). Hence it appears thet iodine
catalyses the decomposition of tertiary carbinyl hydrogen
phthalates.

Reaction of Diphenylmethylsilyl
- Ithalate with Bromine

(1) A mixture of diphenylmathylchloxosilane (58 g.,
0.25 mole) and potassium hydrogen phthalate (102 g., 0,5 wole)
vas mechanically shaken with scdium-dried benzene (250 ml.)

for 17 hours, Filtration via water aspirator geve & residue

UNIVERSITY OF WIKDSOR LIBRAR
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which, after extraction with benzene weighed 93,2 g., reduced
by extraction with scetone to T5.L g.

The filtrate was evaporated in vacuo and found to
weigh 75.8 g. (theory, 90.5 g.). This was dissolved in
glacial acetic acid (20 ml.) and bromine (10 wml., 29 g.) in
glacial acetic acid (20 ml.) added, Vigorous reaction set
in with evolution of fumes. No precipitate formed until after
half an hour, This was filtered off and found to weigh 4.0 g.,
m.p. approximately wo“, presumably phthalic anhydride., After
recrystallisation from water the melting point rose to 2150.
It was not depressed by admixture with phthalic acid. 7The
yellow solution did not liberate bromine from potassium iodide
solution,

On this occasion no attempt was made to isolate the
bromo-compound, Zinc dust (10 g.) was added and the solution
vas stirred for 1 1/2 hours, On filtration, & small emount
of white material remsined in the flask. This dissclved in
water and with dilute nitrie acid and silver nitrate gave a
1ight yellow precipitate; suggesting that it was zinc bromide,

The filtrate was stirred with water for 2 1/2
hours and left to stand overnight. It was stirred with water
again, separated, washed twice more with water, and separated.
The aquecus layer was scidic to litmus. The orgsnic layer
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contained & small amount of white solid, m.p. 242-262°, This
was removed by filtration, The organic layer was dried over
sodium sulphate and distilled, A fraction weighing 11.2 §g.,
b.p. 160°, ngmil.ss;ﬁ&, was collected, This was shown to be
bromobensene by bromination with bromine and irem to p-dibromo~
benzene, m.p. 85-88° (1it. value, 86.9%) » nitration to 2,4~
dinitrobromobengene, m.p, from ethanol 70° (giving a strong
Janowski's reaction) and by the identity of infrared spectrum
of the material with that of authentic bromobenzene, -

_ On dietillation of the residue s small smount of
material, b.p. 125°/0.6 mm, and another small fractiom, b.p.
125°/0.6 wm, were obtained. |

The undistilled residue was & very dark browm liquid

(9.5 g.) which gave a very faint Beilstein test for halogen,
The infrared spectra showed the undistilled residue and the
tvo fractions to be of similar composition. The residue was
dissolved in chloroform-petroleum ether. A small smount of
solid msterial was removed by f£iltration, After repetition
of the latter procedure and qwapouum of solvent, a thick
yellow o1l (8.81 g.) was obtained. The infrared spectrim of
this material showed mo hydroxyl bands. Analysis showed the
ccuposition to be: C, 48.01%; H, 5.4k2¢; 81, 20.9%. This
corresponds to & formula %.56“7‘.313“”2.1&5' Hence the
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bromine appears to have detached phenyl groups rather than to
have formed & compound containing a carbon-silicon double bond,

(i1) A mixture of diphenyluethylczhhrosihne (58 g.,
0.25 mole), potassium hydrogen phthalate (102 g., 0.5 mole) and
dry carbon tetrachloride (250 ml,) was shaken for 16 hours.
Mtcr filtration the residue was extracted with bensene for
5 1/2 hours, after which the residue weighed 98.90 g. Extrac-
tion with acetone reduced this to & weight of T7.95 g. (corres-
ponding to Th.2% reaction), A small amount of solid precipi-
tated in the filtrate,

The above ester (59.4 g.) was dissolved in glacial
acetic scid (50 ml.) in a three-necked flask fitted with
reflux condenser, dropping fummel and stirrer, The flask wvas
cooled in an ice bath and a solution of bromine (10 ml.) in
acetic acid (50 ml.) was added dropwise over & period of half
an hour. A precipitate was formed and there was much fuming.
The liquid was filtered through a sintered glass fumnel
yielding, after drying, 9.62 g. residue, m.p. 199-207°, After
recrystalligation from water the melting point was increased
to 213° (dec.). The weight of this material plus that extracted
by acetone is quantitative for phthalic acid,

To the filtrate zinc dust (10 g.) was added and the

mixture was stirred, Vigorous reaction occurred and after
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1 ‘1/2 hours stirring the mixture was allowed to stand over-
night, A very smsll amount of & solid procipiuiod. Thia
was removed by filtration., Water (200 ml.) was added to the
filtrate and stirring was continued for 2 hours, The layers
were then separated. The orgsnic layer was washed twice with
water, once with saturated sodium bicarbonate solution and
twice more with water. The aquecus layer was then neutral

to 1itmus. The lower brown organic layer was separated and
dried over sodium sulphate. The liquid was distilled giving
a cloudy distillate (6.18 5.), b.p. 87-148° and a clear liquid
(13.02 g.), b.p. 148-155°. Both were dried over sodium sul-
phate and subjected to fractional distillation., From the
combined fractions were obtained 2.4 g. liquid, b.p. < 1h0°,
nal 14907 and a fraction (11.9 g.), b.p. 150-156°, nal 1,557
(1iterature values for bromobenzene, b.p. 155-156°, n§5 1.5598).
The lower boiling fraction was redistilled yielding 1.46 g,
l1iquid, b.p. 76-80°, n§7 1.4858, of the odour of benzene.

The higher boiling material was identified as bromo-
benzene by conversion (using hrminc and iron) to p-dibromoe
benzene and by nitration to 2,k-dinitrobromobenzene, m.p. from
ethanel 72-73° (literature value 75°).

The lower boiling material was nitrated with fuming

nitric acid and concentrated sulphuric acid, yielding m-dinitro-
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benzene, m,p. from ethanol 89-900,, not depressed by an authen-
tic specimen. Hence the lower boiling material was identified
as benzene,

On attempted vacuum distillation of the residue three
small fractions of amber coloured material were obtained:

1) b.p. 94-120°/0.35 mm., ngé 1.5667;

11) b.p. 172-2%6°/0.35 mm., n%é 1.5658;
111) b.p. 246%0.4 ma. |
Fractions (1) and (ii) burned with a smoky flame and were
shown by Beilstein's test to contain halogen. PFraction (i1)
appeared to form an oil when treated with 0,1 N sodium hydrex-
fde but nothing could be crystallised from ether, There
appeared to be no reaction with acid,

The remainder of the undistilled residue, a dark
1iquid of weight 0.1k g., was dissolved in carbon tetrachloride
and petroleum ether was added until precipitation occurred, It
was then allowed to cool in the refrigerstor. A small amount
of dark solid was filtered off. The solvent was evaporated and
the residus was recrystallised from a& carbon tetrachloride-
petroleum ether solvent pair., After further filtration amnd
evaporation & viscous brown oil was left, This was dissolved
in chloroform and chromatographed on alumina using benzene as

eluent, Five yellow fractions of approximately 75 ml. each
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were collected. After evaporation of fraction (1) no signi-
ficant quantity of product remained; fraction (i1) ylelded
5.02 g. light brown liquid, ngh ll.Shﬁ,; fraction (111)

yielded Ov.6h g. light brown liquid, ngh 1.5403%. Fractions

(iv) and (v) yielded only small quantities of gum,

| Fraction (11) gave negative Beilstein's and Lassaigne
teats for hulnmf The analytical figures showed a composition
¢, 51&6%); B, 5.7%; 81, 19.83%. These figures correspond to.
s formula cé..'an&é,‘sml.w, and the compound might be

Q9.

!!0-'81"0“&1“&.

‘”‘5 5

formulated

However the latter compound is described’=’ 107 44 & solid

n&lting at approximately 1109.

Reaction of Diphenylmethylchlorosilane with Browine

Diphenylmethylchlorosilane (58.1 g., 0.25 mole) was

dissolved 1in glacial acetic acid (60 ml,) in a three-necked

9%.1. Daudt and J.P. Hyde, op. cit.

10Ty,g, shostakovekii, D.A. Rochkin, Kh.I. Kondra'tev,
and V.M, Rogov, op. cit,
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flask which was fitted with a reflux condenser, a dropping
funnel and & stirrer. Bromine (1%.6 ml., 40 g., 0.25 mole)
in glacial acetic acid (60 ml.) was added dropwise with
stirring over two hours, The flask became warm. Stirring
was continued for ome hour., Zine (15 g.) was added with
slow stirring whereupon the flask became hot and was cooled
in ice-water. Stirring was continued for 3 1/2 hours. Water
(200 ml,) was added and stirring was continued for an addi-
tional 2 1/2 hours, The lower layer was separated, washed
with water, sodium bicarbonate solution, them twice with
water, after which the aquecus layer was neutral to litmus,
The lower yellow layer was separated and dried over sodium
sulpbate,

The dried liquid was distilled giving two fractions:
(1) of b.p. T1-81° and (i) of b.p. 149°, After redrying over
sodium sulphate the two were fractionally distilled yielding
tvo further fractions:

1) S5.11 g., b.p. TB-81°, n%s 1.4551 (1it. value for bemzene,

n? 1.5014);

I1) 11,72 g., b.p. up to 151°, ngﬁ 1.5h02 (11t. value for
bromobenzens, 0o 1.5598).

Fraction (I) was nitrated with concentrated sulphuric acid

and fuming nitric acid to yield m-dinitrobenzene, m.p. 85—86°
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(from ethanol). The melting point was not depressed by an
authentic specimen. Hence fraction (I) was identified as
benzene, Fraction (II) was brominated using bromine and
iron to yield p-dibromobenzene. After two recrystallisations
from ethanol the melting point was 86-»81.59. It was not
depressed by admixture with an authentic specimen, Hence
fraction (II) was identified as bromobenzene.

The gummy residue from the distillation weighed
2%.9 g. and was a pale brown rubbery material containing a
small amount of dark material. It was partially soluble in
acetone, benzene and carbon tetrachloride but not in petro.
leum ether or sthanol. Its melting point was greater than
280°. The material vas washed with acetone, filtered, then
washed with benzene and refiltered., After three more washe
ings with acetone, folimml by filtration, the material was
a very pale brown gum, It was washed three more times with
scetone, each washing being followed by filtration via water
aspirator. The final product was a nearly colourless gum.

The residue was dried at ~130° to constant weight
at 5.03 g., being theu a pale brown fairly hard gum with m.p.
higher then 280°, Analysis showed its composition to be C,
22,21%; H, 5.2%; 81, 26.59%. This corresponds to a formula
c. 9535. lt'f“l.@d”}.ﬂj and hence the bromine must have detached
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nearly all the phenyl groups from the compound with, presum.
ably, formation of a crose-linked polymer,

The acetone washings, on evaporation, gave 2.72 g.
of a aluoft gummy material,

(11) Diphenylmethylchlorosilame (58.1 g., 0.25
mole) was dissolved in glacial acetic acid (50 ml,) and bro-
mine (b0 g., 0.25 mole) in glacial scetic acid (50 ml.) was
added mt a period of two hours with stirring. Stirring
Qnu continued for 1 1/2 hours after which vater (200 ml.)
was added and the solution was stirred for an additional 2
hours. The two layers were separated and the orgsnic layc_r
was washed with water, sodium bicarbonate selution, twice
vith water until neutral to litmus, then dried over calcium
chloride. | , |

The ’proé:wt was duculaé giving s small amount of
cloudy material, i.p. 60~10‘°, along with n large fractiom,
b.p. 150~1§l°. Both were redried over cslcium chloride, then
combined and redistilled. Three fractions were obtained:

(1) 0.6 g., b.p. T5-82° n§5 1.4981;
(41) 23.08 g., b.p. 150-154°, nﬁé 1.5556;
(111) 3.03 8., b.p. not recorded because of slow distillation.

Fraction (1) was treated with bromine and fron ruet,
then péumd into ’:eaim carbonate solution, but only a small
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quantity of insoluble liquid was formed. Attempted nitration
of this fraction gave only an oil, _

Praction (ii) was brominated with bromine and iron
rust, then poured into sodium carbenate solution, The white
solid which formed was filtered off and recrystallised from
ethanol, Its melting point was greater than 100° and was
depressed on admixture with an authentic sample of p-dibromo-
benzene. On redistillation fraction (i1) gave 17,07 g. of
material, b.p. 152»151&", u? 1.5569, Brmtim in the same
manner gave a& compound with melting point (after twe recryse
talisations from ethanol) of spproximately 160°, The infra-
red spectrum of fraction (i) was identical with that of bromo-
benzene, Praction (ii) was redried over sodium sulphate and
redistilled, b.p. 155-154°, n2’ 1.5573. It was identical
with that of stock bromobenszens, though at alight variance
with the literature value., Analysis showed the bromine con-
tent of fraction (11). to be 50.7% (calculated for bromoben-
zene, c635ar, Br 50.92%).

Further bromination of fraction (ii) yielded a
white crystalline prnduc§ of melting point}, (atter two recrys~
tallisations from ethanol) 180-181°, Analysis showed this to
be of the composition C, 18.5%; B, 0.36%; Br, 81.0T%. This
corresponds to 2 formula °6.a“1.39‘”3.95’ Hence the material
was 1,2,4,5-tetrabromobenszens, recorded m,p. 180°.
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Nitration of fraction (ii) yielded a yellow solid
of melting point 65-»66° after two recrystallisations from
ethanol, It was not depressed on admixture with authentic
2,4-dinitrobromobenzene, Hence fraction (ii) was identified
as bromobenzene,

Distillation of the original residues was continued,
yielding 2 g. more material, b.p. 130-153°, and & small smount
of materisl, b.p. 108-160°/0.5 mm. The black viscous residue
was dissolved in benzene, treated with decolourising charcoal
and filtered. On removal of solvent, a black viscous oil
(16 g.) which contained halogen was formed. On treatment
with 50 ml, of 20% sodium hydroxide solution a pale browm

. slurxy was formed, This material was not further investigated.

(114) Diphenylmethylchlorosilane (58.1 g., 0.25
mole) was dissolved in carbon tetrachloride (50 ml,) and o
solution of bromine (1k g., 0.25 mole) invmrbon tetrachloride
(50 m1.) was added dropwise over a period of two hours with
stirring, The mixture became warm. Stirring was continued
for 3 1/2 hours, ‘then water (100 ml.) was added and stirring
continued for an additional hour, Overnight two pale yellow
layers were formed. These were separated; the lower layer
was vashed with weter, then with % sodium hydroxide solution.
The lower layer was then washed twice with tap water and three

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



114

times with distilled water until the aqueous layer was nearly
neutral to litmus, The lower layer was separated and dried
over calefunm chloride. The material, a yellow liquid, wae
then distilled yielding & cloudy liquid, b.p. T4°, and a fur-
ther cloudy liquid, b.p. 149°, Both were dried over calcium
chloride, The residual material was subjected to steam dis-
tillation affording a dense liquid (smell amount) which was
gseparated and combined with the higher boiling material.

Both were dried over sodium sulphate. On distillation a
soall amount of material, b.p. approximately 80", was obtained,
The main portion of the distillate was a liquid (15.06 g.),
b.p. 150-154°/746 mm., 03’ 1.5560. Bromination to p-dibromo-
benzene identified this material as bromobengene.

The residue from the steam distillation was treated
with 10% sodium hydroxide solution, It became semi-solid and
was partislly soluble in acetone and soluble i{n carbon tetra~
chloride, After removal of solvent it weighed 21.8 g. It
was dissolved in acetone (100 ml.) and water (100 ml.) was
added, A black oil was formed. This oil was separated and
dried in vacuo. A Lassaigne test showed only & trace of
halogen present. Analysis showed the composition to be C,
h2.771%; H, 5.04%; 84, 15.86%. This corresponds to a formuls .
36. ag“a.ahs“’h.aa’ and hence the nature of the product is
obscure. Presumably one phenyl group was detached.
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Resction of Trimethylchlorosilane with
Sodium Triphenylmethyl

A solution of sodium triphenylmethyl in ether was
added to trimethylchlorosilane (9.64 g., 0.089 mole) until a
permanent red colouration remained, An orange precipitate
was formed and filtered off (in contrast to previous authors
108,109,110 who hydrolysed the mixture at this point). The
precipitate was orange-yellow, not melting at temperaturee
up to 190°. This gave a flame test for sodium and left a
residue containing sodium on ashing. The precipitate was
boiled with water and filtered; the filtrate was not alkaline
to litmus or phenolphthalein, The residue was yellow, m.p.
16h¢170°. After recrystallisation from benzene, the melting
range was reised to 1?8~179°. After a further recrystallisa-
tion from benzene the melting point was 1780. This material
was designated product 'F',

The filtrate obtained from hydrolysis of the
precipitate was evaporated. A pink solid was deposited and

was shown by precipitation of silver chloride to contain

60.5% chloride (calculated for sodium chloride, 60.5%).

108C.R. Hauser and C.R., Hance, op. cit.

109, Gilman, A.G. Brock, and L.S. Miller, op. eit.

110y g, Miller, op. ctt.
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Product 'F' was insoluble in water, only very
slightly soluble in ether, insoluble in hydrochloric acid,
sodium bicarbonate solution and sodium hydroxide solutienm.
Attempts to detect a carbonyl group were nagagtve. It was
iasolublg in petroleum ether and did not react with bromine
in carbon tetrachloride. A Lassaigne test for halogen was
negative. It was slightly soluble in concentrated au;phuric
acid with the production of a yel;ow colour. This would
appear to indicate the presence of & triphenylmethyl group,
or triphenylcarbinel, but it cannot be the latter compound
vhich melts at 162,5 and is very soluble in ether. Anslysis
showed product 'F' to have thn’ccmpouition c, 84.91%; 1,

5.85% (mean of two determinations). This corresponds to a
formula 612.18310 ., The M.W, was determined cryoscopically

to be approximately 200, The properties would appear to be

in accordance with those of triphenylmethylperoxide, dcscribcdllu
as having m,p, 1650,‘sclub1a in concentrated sulphuric acid

with production of & yellow colour which darkens rapidly, The
most probable interpretation is that the material was & mixture
of hexaphenylethane (m.p, 1h5~7° dec.) and triphenylme;hyl

peroxide,

1,  Gomberg, J. Am, Chem, Soc., 22, T57 (1900).

———
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On standing, the ethereal filtrate of the original
material deposited crystals of indefinite melting point (from
benzene). This wes probably the double compound of benszene
and triphenylmethane,

(ii) Trimethylchloresilane (1.2 g.,0.01 mole) in
ether (10 ml,) was added to sodium triphenylmethyl in ether.
No immediate precipitate was formed but on standing a pink
solid was deposited. This was filtered off (0.65 g.) and
hydrolysed to yield 0.065 g. of a yellow solid. The aqueous
extract was alkaline to litmus and contained chloride iom.
The ethereal extract deposited a yellow precipitate, m.p. >
1'r0°., After crystallisation from ethanol-ethyl acetate (1:2
by volume), the melting range was 224.229° which eliminated
trimethyl-(triphenylmethyl)-silane as a possible productwg"uo.

(111) Trimethylchlorosilane (10.85 g., 0.1 mole)
was dissolved in ether (100 ml.) and 0.12 N sodium triphenyl-
methyl in ether (900 ml,) was added (theoretical quantity,

833 ml.). This corresponds to 29.%k g, sodium triphenylmethyl.
The addition of the first few ml, of base resulted in decolour-

isation but no precipitate was formed., After further addition

of a few ml, the solution became yellow and & precipitate was

1091, Gilman, A.G. Brook, and L.S. Miller, op. eit.

110, 5. miller, op. eit.
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formed. Stirring was continued over 1 1/2 hours then the
mixture was allowed to stand overnight. Filtration then
yielded 8.00 g. of dark grey-yellow residue which partially
melting at 250°,

This residue was boiled with water (50 ml,) and
filtered., The filtrate was neutral to litmus but alku11n§
to phenolphthalein, Titration with hydfochloric acid showed
0.00k g, sodium hydroxide present. Precipitation as silver
chloride showed the aqueous extract to contain 5.42 g. of
sodium chloride (92.5%), the loss of weight on water extrac-
tion being in reasocnable agreement with this (5.94 g.).

The ethereal filtrate was evaporated, affording .
%6.5 g. residue, m.p, 73-80°. This was extracted with 95%
ethanollog for 5 hours, A residue, designated material 'B*.
(4.3 g.) of m.p. lhé-lého, was left, The ethanolic extract,
én evaporation, afforded a light brown solid, designated
material 'C' (29,93 g.), m.p. 82»890. (Theoretical quantity
of triphenylmethane was 24.4 g. plus some from excess sodium
triphenylmethyl.,) This product was crystallised from a 1:2
mixture (by volume) of ethanol-ethyl acetate. Its melting
point was then 80-92°, Recrystallisation from benzene gave

material, m.p. 72«870. This was reerystallised from benzene

109. Gilman, A.G. Brook, and L.S. Miller, op. cit.
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to a material which crystallised in rhombohedra, m,p. T3~
91.59.. After drying in a vacuum desiccator overnight the
melting range was 90-950'. After many recryatallisations
from benzene material 'C' weighed 15.26 g. and after vacuum
drying for 5 hours, 10,38 g. Hence percentage benzens was
calculated to be 31.9%, It seemed that this might be the

1:1 compound formed between benzene and triphenylmethane, for
which the calculated percentage of benzene is 2’4.2%. The
vacuum dried material was crystallised from petroleum ether,
from which it crystallised as long needles, m.p. 91»9?0. The
infrared spectrum showed it to be probably triphenylmethane,
Analysis showed its compotition to be C, 9%.75%; H, 6.55%;

81, 0.12% (triphenylmethane, g» calculated C, 9%.k%; H,

€19t
6.61%). A mixed melting point determination with triphenyl-
methane showed the two to be identical.

Product 'A’' was recrystallised from benzene as
plates, m,p. 160-1690, from ethanol-ethyl acetate, 155.172°,
This was raised by a further recrystallisation from the same
solvent to 166-177°. Product 'B' was only slightly soluble
in 1:2 by volume ethanol-ethyl acetate. The melting rvange
was 148-163°. On recrystallisation from benzene the melting
range rose to 170.5~195°. Products 'A' and 'B' were not fur-

ther investigated.
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(iv) Trimethylchlorosilane (10.85 g., 0.1 mole)
was dissolved in ether (100 ml.) and 0.111 N sodium triphenyl-
methyl in ether (950 ml., theoretical quantity 900 ml.) was
added dropwise with stirring. As before, no precipitate was
formed initially but precipitation oceurred after addition
of a few ml, base, Stirring was continued for 2 hours and
the precipitate wvas filtered off. 1t was a pinkish solid
which turned vhite on drying via water aspirator. The dry
weight was 6.%3 g. This was boiled with water and filtered,
leaving a small amount of yellow residue,

The filtrate, when titrated with hydrochloric acid,
was found to contain 0.287 g. sodium hydroxide, Complete
evaporation of the aqueous extract yielded 5.27 g, acud:
(corrected for the portion used in titration). Hence the
baleance, assumed to be sodium chloride, was k.98 g. (theory,
5.86 g.). Cravimetric estimation of chloride in the residue
showed the presence of 4.8 g. sodium chloride.

The ethereal solution was evaporated to a semi-
sclid mags which weighed 45.28 g. This was extracted with
99% ethanol for 5 hours. The residue (still semi-golid)
weighed 22.66 g. and was paertially soluble in 1:2 by volume
ethanol-ethyl acetate. On standing, & solution in this sol-
vent deposited 0.69 g. white crystalline solid, wm.p. 230-237°,
from a dark brown liquid, The material which was insoluble
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in the ethanol-ethyl acetate mixture was yellow, weighed 3.4 g,
and melted at 170-172°. This was recrystallised from carbon
tetrachloride to yield 1,50 g. material, m.p. 178«1?9°. Re~
crystallisation from a 1:1 by volume benzene-carbon tetra-
chloride solvent pair changed the melting point to 170~171°.
Analyeis showed its composition to be C, 86.54%; H, 5.90%;
Si, 1.40%. This appears to be impure triphenylcarbinol, m,p.
162.5°, of calculated elemental analysis C, 87.6%; H, 6.15%.
The 0.69 g. material which was deposited from the ethanol-
ethyl acetate mixture was recrystallised twice to m.p. 238-
240°, Analysis showed this to have the composition C, 90.04f;
H, 6.37%; 8i, 0.526. This would appear to be impure triphenyl
methane or triphenylcarbinol. 4

(v) Trimethylehlorosilane (21.67 g., 0.2 mole) was
dissolved in ether (250 ml.) and 0.267 N sodium hydroxide in
ether (750 ml.) was added dropwise with stirring over 1 hour,
Initially the solution was decolourised without formation of
a precipitate but after 20 ml, of ethereal sodium triphenyl.
methyl had been added a precipitate was formed and the solutiom
became yellow in colour. After 650 ml. of solution had been
added no further colour change was apparent., The reaction
mixture was stirred for a further hour, at the end of which
time the mixture was blood-red in colour, Water (200 ml,)
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was then added (cf. l"‘39’110) and the reaction mixture was
stirred for an additional 3 hours. The layers were then
separated and the ethersal layer was dried over sodium sule
phate. Ether was then evaporated using a rotating solvent
stripper, leaving 80 g. pasty yellow solid. This was extracted
in a Soxhlet extractor, using 9% ethanol (300 ml.) for 22 -
hours, There thenv remained 11l.5 g. pale yellow residue, m.p.
'11&1»156° . In contrast to the reports of Gilman and Minermg’
110 this was not completely soluble in 1:2 by volume ethanol-
ethyl acetate but most of it dissolved giving a yellow solutiom,
It was recrystallisged to 3.81 g, yellow solid, m.p. 15‘{-—165°. :
Recrystallisation from 65 ml. 1:2 ethanol-ethyl acetate using
decolourising charcoal gave white crystals, w.p. 151~165°.
After a further recrystallisation from the same solvent (%0 ml.)
the melting range was 161~16§°. After three more recrystallie.
sations from sn ethanol.ethyl acetate solvent pair the melting
point was 159~16k°. Recrystallisation from a chlprofam—
ethanol golvent paixr gave a material still of wide melting
range, 163-173°. Recrystallisation from benzene gave 1.37 g.
material, m.p. 168-»1833”‘ Further recrystallisation from a

benzene~ethanol solvent pair gave 1.15 g. material, m.p. 168-

109, Giimen, A.G. Brook, and L.S. Miller, op. cit.

10y g, miller, op. cit.
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170°. Analysis showed this to have the composition C, 84.8%;
H, 7.71%; 81, 5.11% [calculated for trimethyl-(triphenyl-
methyl)-silane, 81, B8.87%]. Hence the material was not pure
(caj)asic(eéaﬁ)y Hydrolysis of the material (0.5 g.) with
acetone (10 ml.) and 40% potassium hydroxide (10 mi.)"m gave
0.% g. material which when recrystallised from petroleum
ether ylelded a product, m.p. 92-93.5° (nixed melting point
with triphenylmethane 90-93°).

The impure material was recrystalligsed from a
benzene-ethanol sclvent pair and found to have m.p. 169-171°,
This latter solvent was found to be a much better solvent
than 1:2 by volume ethanol-ethyl acetate. Analysis showed
this to have the composition C, 83.59%; H, T.64%; 81, 8.22%
{calculated for (m3)3819(c635)5, ¢, 83.5%%; H, 7.60%; 54,
8.87%1.
| After the benzene-ethanol solution had stood in
the refrigerator for 8 days a colourless crystalline material,
m.p. 171-173° (Gilman, Brook and Miller'"? give 172-173°) was
deposited., This made the total yield of trimethyle(triphenyl-

methyl)-silane 7.51 g. or 12% (mzm’m reports 13.6%).

109 Giiman, A.G. Brook, and L.8. Miller, op. cit.

11@!..8, Miller, op. ecit.
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Analysis of this last fraction showed Si, 8,9u%,

. In this run the aquecus extract was found by titra-
tion with standard acid to contain 0,426 g, sodium hydroxide,
corresponding to LO ml. excess base. Evaporation of the
aqueous extract showed a total of 12,168 g. solid and hence
11.74 g. sodium chloride (expected 14.6 g.).

The ethanolic extract was evaporated to a pasty
yellow solid which could be dissolved in & mixture of carbon
tetrachloride, benzene and petroleum ether. On fiitration a
small amount of white solid, m.p. 161-1’[1° was retained
(material 'D'), Material 'D' was dissolved in hot petroleum
ether and benzene, After crystallisation it weighed 2.97 g.
and had @ melting range (after drying) of 175-178°%, The
infrared spectrum showed it to be identical with trimethyl-
(triphenylmethyl)-ailane, with which it was combined., Hence
the latter materisl must be slightly soluble {n ethanol.

The remainder of the carbon tetrachloride-benzene~
pctrelm ethey solﬁ:ion was evaporated ylelding 61.73 g. |
orange paéty solid, Recrygtallis&tim from petroleum ether
gave a further 5.16 g. white crystalline solid, m,p. 160-170",
this was impure trimethyl-(triphenylmethyl)-silane.

Evaporation of the vpctrolm ether filtrate yiaided
an orvange gum (33,58 g.) from which only traces of volatile
material could be collected on distillation. Vacuum distillation
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gave material 'C', a yellow oil (5.0% g.), b.p. 159'-1!}2"’/‘
0.25 mm,, and left as residue a dark brown gum (material 'E'),
Both showed gimilar infrared spectra. Neither gave a posi-
tive Beilstein's test for halogen but both contained silicom,
as shown by the sodium peroxide fusion, ammonium molybdate-
benzidine test.

In the refrigerator, material 'C' get to a glass,
m.p. 53—590. After crystallisation from benzene, 'C' crystal-
lised as 1.41 g. efflorescent crystals, m.p. 72-79°. After
vacuum drying 24.8% of the weight was lost [calculated for
(8635)3{23»(:6}16, 24.24]. The dried material them melted at
89-91° (mixed melting point with triphenylmethane 91-94°).
Hence material 'C' was identified as triphenylmethane, = Eva-
poration of the mother liquors yielded a further material
(0.87 g.), m.p. 84-89°, The total yield of triphenylmethane
was 1.93 g. (4%).

The hard, gumamy, undistilled material was dissolved
in benzene. On partial evaporation, 3.51 g. msterial (appar-
ently more triphenylmethane-benzene) was obtained making the
total yield of triphenylmethane 4.63 g. (9.5%).

After removal of excess benzene in vacuo the resid.
ual Mterilll was & browm gum (17.71 g.) of the composition
c, 84.76%; H, 1.52%; 84, 6.16%, This indicated the msterial
to be a uixture.
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Resction of Diphenylmethylchlorosilane with
Sodium Triphenylmethyl

(1) To diphenylmethylchlorosilane (17.03 g., 0.073
mole) was added sodium triphenylmethyl in ether. Initially
no precipitate was observed but after addition of a few ml,
an orange precipitate was formed., This was filtered, leaving
an orange waxy residue which became white on the surface on
drying with the water aspirator. This material gave an in-
tense sodium flame. The material sintered and darkened at
120.170° but did not melt. When treated with water a yellow.
solid was formed, m.p. 136-166°. On recrystallisation from
benzene & very pale yellow sclid melting at 111~175° and
yielding & very dark orange liquid was obtained. The aque-
ous layer was strongly alkaline and contained halogen. The
pale yellow solid was beiled with concentrated sulphuric acid
snd & drop of nitric acid., The liquid was decanted and the
mﬁcr poured hw & tube, No gel was formed indicating the
material to be silicon free'l”,

The etheveal filtrate deposited a white solid whmh
was insoluble in water, m.p. 163-165°, This was crystallised
from a benzene-chloroform solvent ﬂir to m.p. 17h-175.5°,

1153, Gilmen and G.N.RB. Smart, J. Org. Chem,, 15,
720 (1950).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



127
This vas insoluble in concentrated hydrochloric acid, showing
it not to be triphenylmethanol, but it dissolved in concente
rated sulphuric acid with the formatiom of a very dark solu-
tion. On the t&diﬁtm of water, a light brown precipitate,
n.p. 151—1&99 {dec, ) was formed,

The ethereal solution reacted with sodium hydroxide
precipitating a material which,when recrystallised from ben.
zene, had a melting point of &5#. This was not depressed on
admixture ‘with an authentic sample of sym-tetraphenyldimethyl-
disiloxane. More precipitate was formed on allowing the
filtrate te stand in air, showing much of the filtrate to be
unrescted chlorosilane,

(i1} To diphenylmethylchlorosilamne (23.25 g., 0.1
mole) in ether (100 ml.) was added dropwise with stirring te
0.146 N sodium triphenylmethyl in ether (750 ml.). The
reaction mixture was stirred for over 5 hours. Decolouri.
sation occurrved with the addition of the first 20 ml. of base,
then the solution became yellow and f£inally red. Water (200
ml.) was added and the mixture was stirred for an edditional
2 hours. The layers were separated,

The aqueous layer wss not alkaline to litmus. On
evaporation it afforded T.%2 g. white solid (theory, 5.85 g.
sodium chloride). Gravimetric analysis showed 4. 45 g. chloride,
or more than theoretical.
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The ethereal layer was dried over sodium sulphate
then evaporated in vacuo. At this point the flask dropped
into the water bath, The ethereal layer was separated, re-
dried over sodium sulphate, and the ether was evaporated
again, A clear brown gum (27.68 3.) was left wﬁieh appeared
to deposit a little solid on washing with 99% ethanol. It
was extracted in 8 Soxhlet extractor with 300 ml. 99% ethamol
but only & small amount dissolved. The yellow gum which
remained did not crystallise after six days in the rafriger-
ator. It was dissolved in benzene and ethanol was added
until crystallisation occurred, After one month a gummy
solid was filtered off but the material could not be induced

to crystallise,

All microanalyses were done by the Schwarzkopf
Microanslytical Laboratory, 56-19 3Tth Avenue, Woodside 717,
New York, with the exception of two which were done by Spang
Microanalytical Laboratory, P.0. Box 1111, Ann Arbor, Michi-

gan,
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