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1.

INTRODUCTION

In 1863 Friedel and Crafts synthesized the first organosiliocon come
pound, tetraethylsilene,’ and in the seme year Whler suggested that
this synthesis might initiete a whole new branch of chemlstry similar to
that of earban.a Friedel and ladenburg approved of this 1dea.5 and for
many years the motiwating force behind research in organocsiliocon chemistry
was the desire to demonstrate and develop the similarity in the two branches
of the scienoce,

Kipoing entersd the field with this point of view, His original
purpose was to demonstrate the tetrahedral arrangement of atoms bonded
to silioon by showing optical activity in ecompounds having four different
groups attached to silieon, In this he susoseded, Hut the extended series
of investigations in which he became engaged led him to the oonclusiocn
that the field of orgenosilicon chemistry 4id not mateh thet of carbon
chemistry and that, indeed, the differences betwwen the two fields were
greater than the simihritios."‘ latver workers have tended to confirm this

viewpoint,

1. Friedel and J.L. Crafts, Ann., 137, 28 (1863).

2§, Wohler, Amn,, 127, 257 (1883).
8¢, Friedel end 4, ladenburg, Ann., 145, 179 (1868),

4r.5, Kipping, Prosc. Roy. Soc. (london), 1594, 139 (1937),
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It has boen the purpose of this investigation to compare the chem=
ietries of siliocon and carbon from the point.of view of resction meche
anisms. Special emphasis hes been given to two aspeots of the problem:
(1) the study of the displacement of groupé froﬁ silicon by besio reagents,
and (2) the mechanism by which the polar emm of substituents are
transmitted through the silicon atom to adjeocent groups.

The first problem was approached ﬁhrough examination of the cleavage
of organic groups from silicon by organolithium reagents, and the oleav-
age of hydrogen from organosilicon hydrides by aqueous piperidine, The
second problem was approeched through an examinetion of the gigma oone
stants of various polar groups when found in organosilicon hydrides.

Some attention was also devoted to the study of compounds which might be

expesoted to dissoociats into organosilicon redioals.



3.

HISTORICAL

Up to the present time there has been no ocomprehensive comparison
of the properties of the organic ocommpounds of silicon and carbon. Kipping
touched on some points of similarity and difference in his Bakerian

% and specific points of comparison were occasionally mentioned

leoturse,
in the long series of pepers whioh preceded it. The group of workers
led by Vhitmore made a fairly extensive comparison of the physical proper-
ties of organosilicon compounds and their carbon analoga,5 and many of
their papers drew attention to the ocontrast between the reactions of the
organosilicon compounds being disoussed and reasotions of ammlogous earbon
compounds. Other such comparisone have been of & very limited nature,
and are reperted as the specifie points in question are taken up below,
The historical survey of comparisons between compounds of silicon
and oarbon which follows includes both relationships which were specife
ically stated by the authors of the papers concerned, and others which
were not so specifically stated. Vhere the conclusions are those of the
original worker, an attempt hes been made to indicate this by séms Suite

able statement in the report. Obviously, all the literature references

to analogous compounds of silicon and carbon could be recorded only in a

5F.C. Whitmore, L.H. Sommer, P.,A. DiCiorglo, W.A. Strong, R.E.
Van striﬁn, D,L. B‘-il.y. H.K, Hall, B Piatmﬂgﬁ' end G.T. Kﬁrr.,
J. Am. Chem, Sco., 68, 475 (1946).
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monograph of oonsiderable extent, The oitations given here are intended
to be illustrative rather than exhaustive, Only those compounds of
silioon which contain a silicon=ocarbon bond have besn considered, except
in a few special omses.

A bibliography of genersl references to the cheamistry of organosiliocon

compounds has been oompiled at the end of this dissertation.
Physical Properties

From the relative positiona of siliocon and oarbon in the pericdis
table, the following faots osn be deriveds (1) both have a normal covale
ency of fourj (2) both have their normel bonding orbitals directed tetra-
hedrallys (3) silicon is larger end heavier than oarbonj (4) silicon is
less eleatronegative then carbonj end (5) under favorable circumstances
silioon may have a coordination number greater than four, All of the sim=
,{ ilarities”é’and differences between the oompounds of carbon and silicon may
be traced to one or more of these five fundamentsl relationships.

In the first two of the relmntionships silicon and carbon are similar
and, among the properties of the compounds of these 4two elements, those
which depend in large part upon relationships (1) and (2) show striking
similaritiess Some of these may be illustrated here.

As is stated by relabionship (1), the normal covelence of both
elements is four. In a sense, silicon adheres to this generalizaficn

even better than carbon, since no organie compound has ever been isolated
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in whioh sillicon has a formal covalence either greater or less then four,
while in the free radioals, such as triphenylmethyl, carbon hes & formal
covalenoce of three.

In consequence of relationship (2), compounds in whioch four different
groups are atitached to either element show optical sotivity., Kipping's
successful attempt to establish this point, and consequently to confimm
the tetrahedral arrengsement arcund silicon, started him on the forty
year series of investigations whioh laid the groundwork of organosilicon
chmistryﬁ

Relationships (1), (2), and (8) are all involved in the agreement
which exists between the boliling points of enalogous compounds of oerbon
and silicon, Lewis and Nowkirke have shown that an additive system of
atomio and group boiling point numbers dsveloped by Kinnay7 for earbon
compounds oan be sxbended to organosiliocon compounds, This suggests that
e simple relationship should exist between the boiling points of silicon
and carbon enelogs, and such is shown to be the osse in Figure 1. 4
similar relationship 1s 1llustrated for densities in Fiéure 2, In each
oase, & property of about twenty organocsilicon compounds picked at random

from the literature is plotted against the corresponding property of their

®R.N., Lewis end A.E, Newkirk, J. Am. Chem. Soc., 89, 701 (1947),

c,R. Kinney, Je Am, Chem, Sog., 60, 3082 (1838); Ind., Eng. Chem.,
82, 668 (1940); ivid., 3, 791 (1941); J, Org. Chem., 8, 220, 224 (1941)3
ibid., 7, 111 (1942,
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carbon enalogs, The linear relstionship is reasonsbly good in each case.
The constante of silicon and carbon analogs are related by the equations

S = 19.8 4 0.873¢C foxf boiling points and S = 0,118 & 0,878C for densities,
where S is the constant for a silicon compound and C is the corresponding
constant for its ocarbon analeg. Since Irouton's law hes been shown to
hold with about the seme sccursoy for silicon compounds as for carbon come~

it is appsrent that & similar relstionship must hold for molar
heats of vaporization,
In the sase of molar refrsctione the situation is not so simple.

11 and Sa,tmrl2

Varrick have shown that an additive system containing bond
refrectivities gives better results thean one of ebomie or group rafractiv—h
ities alone, and Varrick has shown that the bond refractivity velues dew
rived by Denbigh for carbon mst:rnr11:umr1<ki15 can also be applisd to similar bonds
in organcsilicon sompounds. This sugpests the possibility of a linear

relationship betwsen the molar refractivities of siliocon end earbon anslogs.

8

H.J. Emeleus and S.R. Robinson, J. Chem. Soc., 1947, 15923 G.5. Forbes
and H,H, -%ndﬁmong in @. Ghamo SOO.. _ZQ_’ 1822 (1948;: HeS, Booth and
R.L, Jarry, ibid., 71, 971 (19497,

%A.E. Pinholt, A.C. Bond, K.E, Wilsbach, and H,I, Schlesinger, J. im.
Chem. Soc., 69, 2692 (1947).

10G,5, Forbes and H.H. Anderson, J. Am. Chem. Sos., 70, 1045 (1948)j
H.H, Anderson, ibid., 70, 1220 (19487,

llEoLc V‘&rrick. io _é’m._o Chem., __%220. §‘§_' 2456 (194:6);
128,0. Sauer, J. Am. Chem. Soc., 88, 954 (1946).

13¢ .6, Denbigh, Trans. Faraday Soc., 36, 936 (1946).
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Unfortunately, there are not enough oomparable dabte in the llitemmre to
‘tzsit this po::skibility. However, since there is a linear relat;enship
between the densities of siliocon and carbon enalogs, and since the rela-
tionship between n and (_132-1)/(334-2) is almost exaotly linear for the
short range l.4=1.5, & satisfactory test can be made by comparing anale
ogous refractive indices. The meager data awailable are plotted in
Eigure 8.

1t is seen that when oompounds having all four valences of silicon
attached to ocarbon are compared with their carbon analogs, & linear re-
lationship holds in which S s 0,193 % 0.870C. ‘hen compounds conbaining
silicon=oxygen and silicon~halogen bonds are compared with their carbon
analogs there is also a linear relationship, but the slope and interoept
of the line are quite different. Hot enough dabta are available to make
possible any conclusions for compounds having silioconehydrogen or silioconw
nitrogen bonds. These plots provide striking evidence for the velidity

of the postilate by Denbigh'® and Vrriok*

that bond refractivities are
more generally applicable than atomic refreactivities. Refraction of
visible light depends upon the electronic polarizabilities of moleoules,
and for any atom this will vary es other atoms of different electronegative
ities are mttashed. Evidently reletionship (4) is of importence in come
paring refrection by silicon and ocarbon analogs.

It is hardly to be expeoted thal eny simple relationship should exist
between the melting points of silicon and oarbon compounds. Relatively

small changes in molecular size and shape may cause lerge changes in
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orystal structure, with consequent erratic effect on melting-point re-
lationships., From Figure 4, where the available date are plotted, it is
geen that, while there is a general linear trend, the average deviation
from linearity is large, The eguation for the melting-point relationship
is 8 =» «13 4 0,878C, and from this the melting point of an organosilicon
sompound can be caleulated with a probable error of 17°, as compared to a
probeble error of §° in the boiling point caleoulation. The thres solid
eircles, which do not flt the plot, represent hexesubstituted disilane~-
ethene peirs. The large deviations here are probebly due to the highly
gtrained nature of the ethanes, In this comneotion, Whitmore and sossuthors
have published the following comparison of the liquid renges of some

hexasubstituted ethanes and disilanea.“

TABLE I,

Liquid Range of Organosiligon Ceompoundas

Compound Approximate Liguid Range, °cC,
C140CCh, 0
C15081C1, 40
C1,5i8101, 148
(CHg) 0C{CHg) 5 8
(cH:,))3631(0513)5 30
‘ (035)38131(0H5)5 100

1*1’ A, DiGiorgio, L,H, Sommer, and F.C, Whitmore, J. Am. Chem. Soc., 70,
3512 (1948).
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Investigations of some of the less esommonly encountered physical
constants have been reported, but these have been, for the most part, on
polysiloxanes which have no carbon analoge. Measurements of surfree tension
on various organosilicon compounds have led to atomie parachors for silicon

varying from 25.8 to 58.2,14'15’16

and several authors have suggested that
bond parechors might be more satisfactory.“ This suggests that a cua;-
parison of surface tensions of silicon and oarbon enalogs might lead to

e result more like that with refraotive index than like those with bolling
point and density,

Extensive inveastigations of the visocosity of polysiloxanes have been
reported. The ocarbon analogs of these compounds are unknown, but the struow
tural relationship between polyeiloxanes and polylescbutylenes is fairly
close (in the latter, carbon hes replaced both silicon and oxygen), and
comperisons of these eompounds have been made. The most noticeable feature
18 the much smaller temperature coefficient of visecosity of the siloxenes,
This has been attributed by one group of workomle to a colledwchain

#tructure for polysilozanes whioh uncoils with rising temperatures, thus

of faetting the usual decreass in visoosity with inereasing temperature.

MM.J. Hunter, E.L. Warrick, J.F, Hyde, and C.C. Currie, J. Am. Chem, Soc.,
88, 2264 (1948); C.A. MaoKensie, A.P. Mills, end J.M. Scott, ibid., 72,
2032 (1950).

54,5, Hanter, J.F. Hyde, E,L. Warriok, and H.J. Fletcher, J. Am. Chem,
800., 88, 667 (1046); W.J, Jones, L.H. Thomas, E,H. Pritohard, and S.T.
BUWd@n, JQ Q’.em. 8000‘ 1946. 82&0

165w, Pox, P.W, Teylor, end W.A. Zisman, Ind. Eng. Chem., 39, 1401
(1947).
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The smaller size of the carbon atom prevents coiling of the polyisobutylene
nelecules, However, Bafry conoludes from their respective relationships
between visgosity and moleocular weight that the amount of soiling is
about the same in polysiloxanes and polylsobutylenses .17
In conclusion, it is interesting to note that in all four cases where
a physical oonstant for silicon compounds hes been plotted against the
physioal conebant for the corresponding oarbon compounds, the slope of the
linear x"‘e'lationahip is approximately the ssme (0.878) and is not unity.

The significance of this faot is not apparent.
Chemioal Preperties

Siligon=oarbon single bonds

The chemionl properties, like the physieal properties, of campounds
oonta ining analogous siliconecarbon and carbonecarbon bonds are related to
the five fundamental relationships emumerated in the seotion on physioal
properties. Paulingla lists the fellowing quantitative estimates of thase
relationships: bond energy, koal./nole, Si~C 7.6, C-C 58,6; bond length,
3?., 8i~C 1,93, C=C 1.54; per cent ionic bond character, Si.C 11, C=C 0.

The point first noted in conneotion with these figures is the sime
ilarity in bond energles for the silicon-oarbon and sarbonwcarbon bonds.

This indioates that toward homolytio cleavege the bonds will have

15,3, Barry, J. Applied Phys., 17, 1020 (1946).

18 .
L. Pauling, "The Nature of the Chemical Bond", Cornell University
Press, Itheoca, N.H., 1948.
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similar stabilities, There is aomsiderable evidence that the thermal
stability of both bonds is high, and probably of the seme order of

magnitude., Thus, sush compounds as te‘br&phenylsilancs

and tetraphenyl~
methane ? can be boiled undeoomposed at high temperatures (428° and 481°,
respectively) and are stable at temperatures of 500° or higher.

With regard to reactivity, however, the situetion is different. The
facts that the silloon atom is larger, less electronegative, and oapabls
of & greater wmeximum ococordination mumber than the carbon atom, make the
silicon=oarbon bond considerably more reaotive than the carbonecarbon
bond towsrd a nmumber of reagents,

For example, trimethylarylsilanes are oleaved by acids under fairly
mild oonditions to give trimethylsilanol and 2 substituted ‘banzena,zo
while tertiary butylbenzenes are relatively stable toward acids. Pre~
sumably, the partial ionic oharacter of the siliocon-carbon bond faoilw
itetes attack by proton at the negative (carbon) end of the dipole.

The silioon=omrbon bond is also mere susceptible to basic clesvage.
Thus, triphenylbengylsilane and many others are resdily cleeved by po-
tassium hydroxide in alechol, aocetone, or dioxane, to ;ive triphenyle

silanol and & hydrooarbon.z 1 wnile triphenylbensgylmevhane, for example,

19p, Ullmann and A. Munghuber, Ber., 36, 404 (1903).
20m, Gilman and F,J. Marshall, J. Am. Chem. Soa., 71, 2086 (1949).

21,5, M1ler, Doctoral Dissertation, Iows State College (1950),
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is relatively inert toward bases, Any substituent which tends to increase
the polarity of the bond has a greater effect on the resctivity of a
siliconecarbon bond then on its carbonwoarbon enalog. For example, in
oompounds of the type XgC-AYg, where A is a carbon or silicon stom ettacked
by base, oleavage of the C~A rather then the X«C bond ococurs in the carbon
analog only if all three X atoms are halogen and at least two of the Y
positions are ocoupied by oxygen. When A ig silicon, only one X need be a
halogen atom and only one Y an oxygen etom in order to get cleavage of the
Cwh bond.?2 In the omse of trichloremethyltrichlorosilsne, oold water
alone cleaves the oarbon-siliocon bond :"eadily.u In hexachloroethane the
carbonecarbon bond is not cleaved even by alcoholio potassium hydroxide
at 100°,28 Cleavage is probably facilitated in the oase of silioon come
pounds by the positive character of the silicon atom, its greater size
(which decreases shielding by the surrounding groups), and its ability to
inorease its ooordination number, all of which make nucleophilio attack
easier.

Carbon=ailicon bonds are also more reactive toward halogen than are
oarb?;z@earban ”bonda. Although eatalytic halogenation of organosilieon
oompounds is a oommon operation, it rust be done under rather mild conw

ditions to avoid eleavage.a"‘ The relative suseeptibility of the silliocone

22p.H. Krieble and J.R, Blliott, J. Am. Chem. Soo., 68, 2291 (1945).

23, Borthelot, Ann., 108, 121 (1859).

24‘&.&’. Emeleus and D.S. Payne, J. Chem. Soc., 1947, 1590,
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carbon and carbonecarbon bonds to cleavage by halogen is illustrated
by the facts thet trimethylphenylsilane is cleaved by bromine or iodine
to give a trimethylhalosilane and a halobenzene,zs while with tertiary
tutylbenzens arcmatio bromination is possible.ze

A similar oontrest is seen in the behavior of silicon=carbon and
carbon=carbon bonds towerds anhydrous aluminum chloride. In ocarbon
chemistry the Friedel-Crafts reaction is one of the most cormonly used
methods of making oarbone-oerbon bonds. In organosilicon chemistry
aluninum chloride, under aimilar econditions, is a oconvenient method of
breaking siligon=parbon bondn.37 Even anhydrous ferric chloride will

cleave silicon~carbon bonds under mild conditions.gs

: reflux in .
(0835)481 + Fe(I:!..5 GTCJ.s_—’ (Gzﬁs)sslcl $ czHa

Up to this point, reactions have been reported in which the silicon=

narbon bond is more reactive than the oerbonecarbon bond. That this is

25B O Pray, L.H. Sommer, G.li, Goldberg, G.T. Xerr, P.,A, DiGiorgio,
and F.C. Whitmore, J. Am, Chem. Soc., 70, 433 (1948).

ae‘rchitohibabme, S« Elgasine, and V., lengold, Bull. soo. chim., 43,
238 (1928).

27L.ﬁ. Sammer, DL, Balley, and F.C, Whitmore, J. im. Chem, Soo,, 70,
2889 (1948); » Dolgov and O.X. Panina, Zhur, Obshohel Xhim., 18, 1203
(1948), [_:.A., 45, 2177 (1949)_/.

287 M, Mamalkin, Zhur. Obshohei Xhim., 18, 299 (1948), /C.A., 42, 6742
(1948) 7.
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not the universal result of the fundamental differences betwsen silicon
and oarbon is illustrated by the reaoctions of tetraphenylsilane and
tetraphenylmethane with hydrogen. Tetraphenylmethene is cleaved by
hydrogen under pressure at 250° to give triphenylmethane snd bensene
whila. under similer conditions of preessure, tetmphénylsilane remainsg
unchanged at temperatures as hizh as 450°.2° It is probable that, in
such highly substituted moleoules as the tetraarylsilenes, the wvulnerable
gilioon=carbon bonds are shielded by the surrcunding groups. Thus,
triethylphenylsilane 1s oleaved by hydrogen at 350° to triethylsilene

and bem:ana.gg

In the tetraarylmethanes the shielding of the central
bonds is equally good, but one may suppose that increased streins, due
to the smeller central atom in the methane, make the central bonds

umusually labile.

Silioon~carbon double bonds

In gontrast to the immense importance of unsaturation in carbon
chenistry, there is a oomplete absence of evidence for the existence of
any organosilicon compound containing a double bond to sllicom, Schlenk,
in 1912, reported the preparation of diphenylmetiyylenesilane, (CgHg)oSiuCH,,
from the hydrolysis of diphervlmethylehlomsilane.so However, Kipping was
unable to repeet this work, obtaining instead sym-tetraphenyldimethyl-

disiloxane.5l Fifteen years of research on the subject led him to the

2%, Ipatiev and B, Dolgov, Ber., 62, 1220 (1929),
50w, Sohlenk, Aun., 394, 221 (1912),
8lp.s. Kipping, J. Chem. Sca., 1927, 104.
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eonclusion that "an sthylenic binding betwsen carbon and silicon is either
impossible or can only be produced under exceptional elrcumstances” . 158
The oomplete lack of any subsequent evidenes to the contrary mekes it
highly protable that he was correct.

The failure of siliocon to form double bonds with carbon is not &
property peculiar to this element alone, but rather one that is shared by
most elements ocutside the first row of the periodic table, Pitzer and
Milliken have disoussed this subjeet on theoretieal grounds., Their general
arguments may be illustrated by reference to silicon and carbon. ZAccord-
ing to Pltger, silioonecarbon double bonds are unlikely because the greater
silicon=carbon bond distance makes the overlep of Tr=orbitals on the singly
bonded atoms small,’° Mulliken hee caloulatbed quantum mechanically the
orbitel overlap for silicon-carbon and carbonscarbon bonds (using an arbie
trarily chosen double bond length in the silicon=~carbon sase), and reached
the oonolusion thet a siliconwcarbon double bond should have about the seme
btond energy as e carbone-carbon double bond.34 4 siliconwcarbon single bond,
however, according to his calculation, should be much stronger then a
oarbon«oarbon single bond, and the lack of siliconeecarbon double bonds
could be atbtributed to the mch more favorable energy relationship of two
single bonds to one double bond in the siliconwoarbon than in the cearbone

eorbon case,

3255, Kipping, A.G. Marray, and J.G. Maltby, J. Chem. Sos., 1929, 1108,
3.5, Pitser, J. Am. Chem., Soc., 70, 2140 (1948).
34R.5. Mulliken, J. Am, Chem. Soc., 72, 4493 (1950),
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The mere non-existence of compounds ocontaining siliconecarbon double
bonds does not mean thet resonance structures vonteining such bonds may
not make ocontributions to the total ground state of & molecule. The silicon-
carbon bond distenoe in methylsilences decreeses as methyl groups are
suacessively replaced by chlorine atoms (siliconwcarbon bond distance, As
(CHy),51, 1.98) (CHy),51C1, 1,895 (CHy),S5iCly, 1.83),% and it has been
prcq:»omm:l36 that this can be explained by inoreasing eontiributions from
gtructures such as

CHg
it et 61

CHg

which are similar to structures commonly believed to make considerable
eontributions to analogous carbon compounds. Similar struoctures for
silicon compounds hawve been proposed on the basis of dipole moment studies

of the halosilanas‘m

55L.9' Brockway and H.Os Jenkins, J. &m. Chem. Soc., 83, 719 (1946);

R.L. Livingston and L.O, Brockway, ibid,, 86, 94 (1944)y 1.0, Brockway and
H.O. Jenkins, ibid., 58, 2036 (1936).

4,7, Yakubovich and V.A. Ginsberg, Uspekhi Khim., 18, 46 (1949),
[Cetes 44, 1404 (1950)7.

37CQ Cumn, R.H, Wituokl, and P.A. MeCusker, :I_‘ _A_IL. Chem. :’é_o_c_op j_@_.
4471 (1950).
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Pauling'® points ot that most double bond distances are aboub 0.20 A
shorter than the ocorresponding single bond distances. Since the silicone
carbon bond distance in dimethyldichlorosilane is asbout 0.10 f?. shorter than
in tetmethylsiiane s the siliconecarbon bond in the former would be re=
guired to have 50% double bond character by this theory., However, the
theoretical oonsiderations of both Pitzer and Iulliken make it likely that
contributions from such structures would be small, According to Pitzer,
the earbonwsilicon Tworbital overlap is small, and from Mulliken's pointg
of view the energy to be gained by changing a siliconecarbon single bond
to a ¢llicon=carbon double bond would be small in comparison with that lost
by breaking a carbon=hydrogen bond ond a silicon~-chlorine bond. Evidently

e decision on this point is not yet possible,

Silicon=hydrogen bonds

In  organic chemigtry the element most ccmmonly associated with carbon
is hydrogen, In organosilicon chemistry the number of compounds conbaining
silicon=hydrogen bonds form an almost negligible proportion of the total.aa
Herein lies cne of the most outstanding differences between the two brenches
of ohemistry., It is the result of the enomously greater reectivity toward
polar reagents of the silicon~hydrogen bond as compared with the carbone

hydrogen bond.

38368, for example, the compound lists in C.F. Burkhard, F.G. Rochow,
HeS, Booth, and J, Hartt, Chem. Reviews, 41, 87 (1947).
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The following physical date (some of it wery approximate) on the two
types of bonds are available: bond energy, keal./nole, o Si<H 76, CH 88.2;
bond length, 4,57 SieH 1,49, C-H 1,093 per cent ionic bond character,'®
SimHd 3, CeH 4. It is seen that thermally the ce.rbon«hy&rogan bond is
more stable than its silicon enalog., The silicon~hydrogen bond is longer
than the carbonehydrogen bond, but this has little signifiocance chemiocally
since the hydrogen atom is so small as to have little steric importanoce,
The two bonds also have about the same amount of ionie character, but the
great difference lies in the direction of the polarization. The relative
eleetronegativities of carbon, hydrogen, and siliocon are 2.5, 2.1.'and 1.8,

respsctively. 18

This means that the hydrogen atom has the positive end

of the dipole in the ocarbon~hydrogen bond and the negative end in the
silicon~hydrogen bond, It should be pointed out, however, that the
eleotrensgativity differences among the three atoms are small and the
amount of ionliec character of the two bonds about equal, The relative
inertness of the oarbonehydrogen bond and the high reactivity of the
silioon=hydrogen bond are therefore somewhat surprising. Thus, in ocontrast
to the ineriness of methane toward reagents other than oxygen, silane is

e spontanecusly inflammable gas which is hydrolyzed readily by water, and

even more readily by aqueous acids and bases 40 Halogen aoids react with

%9caloulated from Fauling's ocovalent radii, see footnote 18.

40, Stook and C. Somieski, Ber., 51, 989 (1918).
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it to give mixtures of halosilanes and hydrogen.."'1

This reactivity of the silicon=hydrogen bond deersases &s the
hydrogene of silene ere successively replaced by alkyl or aryl groups .48
Thus, while hydrolysis of monomlkylsilanes by alkeli is wery rapid in
& two phase sys‘l:»om,‘z'3 the hydrolysis of trialkylsilanes by allmli is
comparatively elow, even in solution, ¥4 Similarly, the bromination of
silane is & violent reaction, even at low temperatures ,4‘5 while the
bromination of triphenylsilane btakes place only slowly in refluxing

46 411 this is in contrast to the well known faot

oarbon tetrachloride.
that the earbonehydrogen bond inoreases in resctivity as it is changed
from primary to seoondary to tertiary.

However, even the least reactive (tertiary) type of silioon-hydrogen
bond is more reactive in most cases than the most remctive (tertiary)
type of ocarbonehydrogen bond, For exemple, aoyl halides react with
trisubstituted silanes in the ebsence of ocatalyst to give aldehydes and

the oorresponding chlorosilanss +47  To such reaction is known

"HA.G. Maddock, C. Reid, and H.J. Emeleus, Neture, 144, 328 (1939).

2¢.4. Kreus and W.N, Greer, J. Am. Chem. Soc., 44, 2620 (1922).
435, Stook end C. Somieski, Ber., 52, 695 (1819),
447 ,P, Price, J, Am, Chem. Soc., 69, 2600 (1947).
454, Stook and C, Somiseki, Ber., 50, 1878 (1917).

465.A, Bassett, H,G. Enblem, 4, Frankel, and D. Ridge, J. Sco, Chem.
Ind., 87, 177 (1948); H. Gilman and T.C. Vi, unpublished results.

475 W, Jenkins end H,W, Post, J. Org. Chem., 15, 566, (1950).
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R,S1H  R'COCL —»R,SiC1 4 RYCHO

for carbonehydrogen bonds, However, snhydrous aluminum chloride causes

48

analogous reaction of alkyl halides with both silicon=hydrogen™ and car-

bon«~hydrogen bonds 9
In another example, triethylsilane rescts with sodium ethoxide to
give triethylethoxysilane and lithium hydride,®C while tertiary hydro-
sarbons do not react with sodium ethoxide. Similarly, lithium di-n=-
butylamide reaots with triphenylsilane to give triphenyldie-n~butylamino-

51

silane and lithium hydride,”” while no such reaction is known in carbon

chemistry.
Triphenyls f:.laa.n«‘a's3 and triethyls 11ane°0 also reest with organolithium
compounds in e similar way, while triphenylmethane
RgSiH 4 R'Li —>RgSiR' ¢ LiH
rescts with organolithium in the reverse mzmer.ss There is no
R.CH ¢ R'Li —>R,Cl4 4 R'H
report of an organolithium compound rescting with a tertiary aliphatioe

hydrocarbon in any manner,

*%p.c. Wmitmore, E.W. Pietrusze, and L.H, Sommer, J., Am. Chem, Soc.,
69, 2108 (1947),

4QPQDQ Bartlett, F.BE. Condon, and A. Schneider, _‘Zt _.&Ea Chem. _S_O_Eo’ _6__6_.
1531 (1944).

®0p.1. teals, J. An, Chem. Sos., 63, 1880 (1946),

51y, Gilman, B. Hofferth, H.W. Yelvin, and G.E.Duan, J, Am. Chem. Soc.,
72, 5767 (1850),

52y, Gilmen end S.P. lassie, J. Am. Chem. Scc., 68, 1128 (1946).

533. Gilman and R,V, Young, g_u __Q_I_'&o Che'm., .3.‘.’ 3156 (1956)0
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It will be noted that, in this last series §f reactions, fhe 8iliocone
hydrogen bond resambles a carbonehalogen bond more than a carbon-~hydrogen
bond,

Finally, it is interesting to note that, in what is presumsbly a free
radieal reaction, the silicon-hydrogen and cerbon-hydrogen bonds reaot
with similar feeility, In 19456 Kharasch and oco=workers reported thet
chloroform, under the influence of organic peroxides or ultraviolet light,
adds Lo olefins to give J.,l,l-m't-.r:?.«:’hlorc:alk.s.ne:s.54 Almost immediately

55

several suthors™ applied the resction to trichlorosilane,

C1,S1H 4 CH,2CHR DPeroxide C1,31CH,CHR
or U.V,L,

Yields end reaotion conditions are oomparsble in the two omses. Evidently
the ease with which a methyl radical abstraots a hydrogen atom is abwut
the same whether it is talken from silicon or carbon. Un the other hand,
the ease of removal of halogen must differ oconsidersably between siliocon
and carbon, since carbon tetrahalides react even better than chloroform,
while silison tebtrahealides do not react et all. It is interesting to note
that this seriss of resctivities does not parallel the bomd ensrgies

(81-H 76, C=Cl 78, Si=Cl 87, and C-H 98 keal./mole) in & case where,

rlori, they might be expected tc do so,

54716 resction 1s best described in a later paper by #,3, Kharasch,
E.V. Jensen, and Vi,H. Urry, J. &m. Chem. Soo0., 89, 1100 (1947),

®S1.H, Sommer, E.W. Pietrusza, and F.C. Whitmore, J. Am, Chem. Soc.,
69, 188 (1847)s C.A, Burkhard end R.H, Krieble, ibid., 88, 2887 (1947);
ﬁ'Jo Farry, L. DQP!'QQ,‘ I oW, Gilk:ey, and D.E, HOﬁk’ ibid., 69. 2018 (1947);
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8ilioon~gilicon bonds

1t was stated previously that one great difference between siliocon
and oarbon chemistries is illustrated by the dearth of compounds cone
teining eilicon-hydrogen bonds. Another striking difference between
the two branches of chemistry is shown by an even grester lack of com-
pounds containing siliconwsilicon bonds. Thus, in eontrast to the several
hundred thousand compounde containing earbonecarvon linked cheins and
rings, there are at present less than twenty orgenic compounds known to
contain siliconesilicon bonds,%®
The following physioal dats are awvailable for the silicon-silicon

and siliconeocarbon bonds: bond energy, koal./{nole, Si-5i 45, C«C 80;35

7 0aC 1.54.°% It will be noted thet the

bond length, &, SieSi 2.34,°
silioon=silicon bond has only about one-half the bond energy of the earbon-
carbon bond, but the searcity of silioon~silicon chain compounds can hardly
be traced to lack of thermal stability. Thue, 1,2~diethylel,2=dipropyl-1,2-
diphenyldisilane boils undecomposed at 268° (100 mm.),°° hexaphenyldisilane

o 58

melts undecomposed at 3607,  and, even though ootaphenyleyelotetresilane is

very slowly transformed to & clear plastioc mass on prolenged heating above

56505, for example, the ecompound lists in the review by Burkhard et al.,
footnote 36, or in H,W, Post, "Siliconss end Other Organiec Silicon Come
pounds”, Reinhold Publishing Corporation, New York, 1946,

571.,0. Brockway and N,R., Davidson, J. Am. Chem. Soc., 63, 3257 (1941).
58r.5. Kipping, J. Chem. Soc., 119, 647 (1921).

5%y, Schlenk, J. Remning, snd G. Racky, Ber., 44, 1178 (1911).
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400°, this does not result in ocarbonization or loss of weight, and dee

somposition sets in only at higher ‘hempem't:urea.se Unsubstituted disilane

and trisilene undergo thermal decomposition at 311° and 3190, mspectiwly.m

The renge of thermel stebility indioated by these date would include large
numbers of organic compounds which are well known and have been thoroughly
studied,

Neither is the reactivity of the siliaonusilicon bond such as to
asccount for the small number of compounds knowm. Disilanes are not cleaved

by hot oconcentrated sulfurie aoid,sz refluxing agqueous or alcoholic alkeli ,58

oxygen in boiling zylema,59 sodium in boiling xylene,59

63

or sodium in liquid
ammonia. Kipping found the phenylpolysilenes to be somewhet more re-
astlve. Although hot aqueous or aleoholic alkeli did not atteck octaphenyle
tetrasilane, bolling wet piperidine gave quantitative yiclds of hydrogen
and dimmylaila.nediol.“ The same reagent did not attaock disilanes or

64

octadscamethyloyelohexasilane, %6 e latter compound wes descomposed

only by alkali in boliling hexanol &8 Although eerbon compounds analogous

80p,s, Kipping and A.G. Murrey, J. Chem. Soc., 1928, 350,
61

K. Stokland, Irens. Faraday Soc., 44, 546 (1948).

62¢.A. Burkard and F.J. Norton, Anal. Chem., 21, 504 (1940).
63¢.A. Kraus and WK, Nelson, J. Am. Chem. Sooe, 56, 187 (1584).

64r.s, Kipping end J,E, Sands, J, Chem. Soc., 119, 849 (1921),

BsC.A.Burkharﬂ, *_’__c A_Eo Chem, g‘_)g_o. Z_l_. 983 (1949}-
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to most of these oompounds have not besn reported, the highly branched
neture of the oompounds omoerned make it probable that the silicon come
pounds would not suffer greatly by comparison on gro*;mds of either thermal
stablility or reactivity.

The lack of polysilanes is %o be treoced rather to the lack of sult-
able methods of preparetion. Of all the methods suitable for forming
carbonwoarbon bonds, only one, the Vurtz remotion, hes been found to be
epplicable to the formation of siliconwsilioon bonds. The great mejority
of matheds for building carbon-cerbon chains depend ultimetely on some
form of unsaturation, and unsaturated silicon bonds simply do not exist,

, Usiﬁg the Vurtz method, Kipping has prepared two lsomerie oobaphenyle
fetrnsilanes,ee and Burkhard has prepared a do&eatnathyluyolohezasi1ane.65
These and some of their derivatives are the only known orgenic compounds
gonteining more than one silicon=silicon bond. Completely halogensted
straight ohain silanee oontaining as many as nine silicon~silioon bonds

are known,s?

but when these are treated with Grignard reagents the products
never contain more than one siliconeszllioon band.se This ease of cleavege
of completely halogensated silicon atoms is paralleled by the lability of

completely halogenated earbon atoms, in the haloform reaction, for example.

In one respect, at least, the silioconwsilicon bond shows a stability

%6p.5. Kipping and J,E, Sands, J, Chem. Soc., 118, 830 (1921).

7R, Sohwars end H, Meokbach, Z. snorz. allgem. Chem,, 232, 241 (1937).

8y,c. Schumb and C,M. Saffer, J. Aum. Chem, Soc., 81, 363 (1939).



29,

considerably greater then that of its carbon enslog. In 1911, Schlenk
prepared hexaphenyldisilane in order to compare its tendency to dissocciate
into free radicals with that of the analogous hnxnphsnylethane.sg He
found hexaphenyldisilane to be a very steble compound, melting undecoms
posed at 3550, and completely unreactive toward oxygen and other reagents
attacked by triphenylmethyl. Since the ailicon-silicon bond énergy is
only ebout half that of the earbonwcarbon bond, it might be expected that
& homolytie cleavage into free radiocals would be easier in the silicon
than in the carbon case, The fact that the reverse is true is probably
due to reduced steric strains in the disilsne beocsuse of the greater
siliocon«silicon and silicon~carbon bond distances, snd reduced resonance

stabilization of the radiocal which would result on cleavage. This question

will be considered further in the discussion of experimental results.

Silicon~silicon double bonds

To date, only two compounds have been suggested to eontain siliconw
silioon double bonds. These are Cpfig(Callg)S1s81(Cqly)Colis®® and
7
[(CGHS)SGG] 281381[39(6635)5]3. O Both of these were ill~defined, smorphous
meterials which were very probably polymers, The considerations discussed

under silison=carbon double bonds apply with ewven greater force to silioone

silieon double bonds.

69r.5. Kipping, Proc. Chem. Sos., 27, 143 (1911).

05,6, Milligan and C.A. Kraus, J. Am. Chem, Soc., 72, 5300 (1950).
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Silicon=halogen bonds

The ohlorosilanes oocupy & position of even greater importance in
organocsilicon chemistry than do the alkyl halides in carbon chemistry.
This is beeause all organosilicon compounds have to be syntheried ultirmte=-
ly from elemental silicon, and the only fessible methods of synthesis
involve the preparetion of halosilanes ss intermediates,

Three general methods are available for the preparation of halow
silenes from silicon. (Chlorine is the halogen most commonly employed.)
In the first, chlorine is passed over finely divided silicon or silicon
elloys at elevated temperatures to give tetrachlorosilane end hexachloroe
disilam.n In the seocnd, silicon or a silicon alloy is treated with a
halogen aoid to give tetrahalosilane, trihslosilane, and dihalosilane.7z
In the third, silicon or a silicon alloy is treated with an alkyl or aryl
chloride at high temperstures to give mixtures of monow, die, and trialkyle
or triarylehlsrosihnes.m Bromides are oonveniently prepared by analogous
methods ,?2 but lodides not so0 readily.74 Fluoridee are usually prepared

fron the ohlorides by reaction with metal fluorides.”® None of the direct

7y, Schumb end E. Camble, "Inorgenic Syntheses”, 1, 42 (1939),
787, Schumb, "Inorgenic Syntheses", 1, 38 (1559).
785.6. Rochow, J. Am. Chem. Soe., 87, 963 (1945).

T8¢, Priedel and A, ledenburg, Aun,, 203, 241 (1880); L. Gatterman,
_____3:0' &%y 186 (1889)!

750, Ruff end C, Albert, Ber., 38, 53, 2222 (1905)3 H.S., Booth et ali,
g(. %5 Chem. Soc., 54, 4760 (1932); ibid., 57, 1338 (1935); ibid., 66, 1651
1534).
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syntheses work with carbon, except the combination of carbon and fluorine, 6
The physical date available for the silison-halegen and carbone

halogen bonds are recorded in Table II,

TABIE I1I,

Physieal Properties of Silicon~halogen and Carbone
halogen Bonds

Property Element Fluoride Chloride Bromide Todide

a Si 143 87 6943 51.1
Bond enerzy,
koal./mole c 107 78 54,0 45 .6
b Si 1.54 2,02 2,19
Bond distance, (1.69) (2.06) (2.22)  (2.49)
A,
c 1,36 1.76 1.91 2.12

(1.37). (1.73) (1.90) (2.11)
Tonic bond® Si 70 30 22 8,
charscter, % c 44 8 3 0

B7aken from Pauling, footnote 18, exocept the values for the two
chlorides, which were teken from Pitger, footnote 33,

braken from Schomsker and Stevenson, footnote 77, The experimental
values are the upper ones, and the values oalculated from Schomsker
and Stevenson's formula and bond radil are given in parentheses, In
these omloulations the radius for carbon was that of W. Gordy, dJ.
Chem. Phys., 15, 81 (1947).

®From Pauling's ‘relat'lonship to eleotronegativity differences.

rmJ J, Mellor, "Inorganic and Theoretioal Chemistry", Longmans Green
and Co., London, 1946, Vol. V, p. 822,
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There has been a good deal of theoretical discussion of these bond
properties in the literature, and the su_bjoét is still a debatable one,
Pa.uling‘sls original scale of bond radii and his simple additivity principle
led him to the eonclusion that the obaerved bond distances were shorter
thean the redius sums by values of 0,16, 0.27 anmd 0,08 .g in the Si«Cl,
8iwF, and C«F bonds, respeotively, while the caloulated values for the
roemaining bonds were in satisfactory agreement with experiment., He exe
plained the shortening of the silicon~halogen bonds as the result of
resonance conbributions from such doubly bonded pentacovalent structures
as C*laS;Cls. Since the carbon atom eannot expand its valenae shell, the
gshortening in the case of CFy was expleined in terms of structures such
as ;‘=c¥‘a F.. which might also be of importsnoce in the silioon case.

later, Schomsker and Stevenson’' emphasized thet scme shortening of
all heteropolar bonds is due to the partial ionic character of the bonds
{due not to the above structures, but to the ordinary ionic structures
CISSi Cl‘) and, with the eld of & correcbion for this effect and of newer
and more accurate experimental data on bond distances, they showed that
the agreement between caloulated and experimental bond distences is
acoeptable for all the above bonds except Si«F, In Table II the bond
distances caloulated on thig basis are given in parentheses., The exper-

imental values are those not in parentheses.

77’9’. SOhmk”r and DQPn Stewnson' it _ﬂ_}&o Chen. Soco. §_§) 37 (1941)-
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Still more recently, Pitzer®® has stated his belief that the shorten=
ing of the silicon«fluorine bond (es well as the sillcon~oxygen, phosphoruse
oxygen, end phosphoruseflucrine bonds) is not due to gontributions from
doubly bonded structures, but rather that, due to the small size of the
fluofins atom, the silicon and fluorine atoms ocan approach closer than
the sum of the eovalent radii before repulsions between nonwbonding orbitals
become grest encugh to establish the bond distence. Quantum mechaniocal
ocaloulations of orbital overlaps by M11liken % heve given some support to
this theory,

Other recent auth6r8,78

on the basis of bond distances, bond angles,
and dipole moments have supported Pauling's original explanation of the
short silioon~fluorine bond distance.

Although the siliocon«halogen and ocarbonmhalogen bond energies and
thermal stabilities are not greatly different, the esse with which a free
radical offeobs the abstraction of e chlorine atom from ecarbom is spperently
oonsiderably greater then that for a similar homolytio cleavage of the
silioonwohlorine bond, This has been discussed previously under silicon=
hydrogen bonds.

Toward poler reegents the silicon halides are uniformly more reaotive

then thelir carbon analogs. This difference is most evident in thoir rel-

"80,R, Gilliem, H.D, Fdwards, and W, Gordy, Fhys. Rev., 75, 1014 (1849);
B.R. Deiley, J.M. Mays, and C.H, Towne, ibid,, 76, 136 (1849).
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ative eese of hydrolysis, Thus, while carbon tetrachloride and chloroform
are stable toward aqueous solvents, silicon tetrachloride and trichloro-
silane are hydrolyzed rapidly, even by moist air.79 ‘
The ease of hydrolysis of silicon halides decresses as the halogen

atoms are successively replaced by alkyl or aryl grm;tpe;.%“38 In the
carbon series the reverse 'is probably true ,80 although striotly comparsble
data are not evailable, Certainly the diffioulty of hydrolysis decreases
in the series ocarbon tetrachloride, bensotrichloride, and trityl chloride,
and it seems probable that bensophenone dichloride would fall between
bensotrichloride and trityl chloride, The different orders are undoubtedly
due to different mechanisms of hydrolysis, It is well esteblished that the

trityl halides hydrolyze by the Syl mechanism

(Collg ) s& —ow (CsHs)sc*"Xh

+ E +
(GBHS)SC t Hao fast (QSHS)Swﬁz
end it is probeble thet the remeining members of the carbon series hydrolyze

by the same 101*000%..8:IL In the analogous silicon series, however, the

hydrolysis proceeds by the §,2 attaok by a water molecule on the siliocon

(5]
85,0, Friend , "A Textwbook of Inorgsnic Chemistry”, C, Griffin and Co.
Ltd., London, 1921, Vol. V. Pe 9

8QE,D. Haghes and N.A, Taher, J. Chem. Soce., 1940, 956.

815, iHine snd D.E. Lee, J. Am. Chem. Soc., 73, 22 (1951).
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atom.gg In the carbon series

v

(CgHg ) 81X § HO S (csﬂs)ssi:‘(mz

(cﬁﬁs)sss./\x T (csns)sswﬁ;' X
Oty
the ease of hydrolysis is inoreased as successively introduced phenyl
groups make the central atom less positive and thus facilitate the ionizaw
tion steps in the silloon series the ease of hydrolysis is decressed as
successively introduced phenyl groups make the silicon atom less positive
and thus hinder the oocordination step,

A further difference is noted in the alkyl series, Alkyl halosilanes
hydrolyse even more easily than the corresponding eryl compounds, end probe
ebly by the same mechenism. Alkyl helides, however, ave not nearly as
susceptible to hydrolysis as are the aryl helomethenes, and they do not
8ll hydrolyze by the same mechanism, The tertiary alkyl halides hydrolyse
by the seme SN1 meohanism out;ined for the aryl halonethanes ‘83 The alkyl
dihalo= and alkyl trihalomethanes, however, are lses easily hydrolyzed and,
sinoe the hydrolysis is effected by alkeli but not by water, it seems probe
able that the mechanism of hydrolysis mey be of a Sy2 type. This Sy mech~

a.nis#x, however, would differ from the 8,2 mechanism Swain proposed for the

BgC.G. Swain, H.M, Esteve, and R.H, Jones, J. Am. Chem. Soo., 71, 965
(1948).
83

PcDQ Bartlett, :'I-Q _:A__mo Chemn, SOQ.. §3~_' 1630 (1939).
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hydrolysis of halosilanes, In the omrbon series no pentacovalent inter-

mediate is possible, so the hydrolysis must take place in one step.

RX RX
A \/ )
30 & (';""X. — HD«--- [ aJpe— g —_— HO—C * X
R R R

RX

The difference in mechenism is also 1llustrated by the different behavior
of the silioon and carbon halides as the halogens are replased by bulky
groups., In the carbon series, the introduction of bulky groups into a
tortiary halide increases the rate of remnction. Thus, trieisopropylehloro-
methane hydrolyzes six times more rapidly than tertiary butyl chloride.%

In the siliecon series the reverse is true. Vhile trimethylchlorosilane
hydrolyzes even in moist air, tri-isopropylehlorosilane is resistant to
hydrolysis by ordinary means,5° In the ecarbon series the bulky isopropyl
groups increase the rate of ionization through their tendenoy te relieve the
sterically strained condition of the molecule by expelling a& chloride ion and
assuning the planar oconfiguretion of the carbonium :'u:n.86 In the silicon ser-
ies internal strains are smaller, dus to the greater size of the silioon atom,
end silioon oations are probably leas stabilized by hyperconjugative resonance
than are their carbonium analogs, as was disoussed under silicon=-cerbon

double bonds, Ienoe the tendency to expel m chloride ion is reduced, and

84p,D, Bartlett, Abstraots of Papers, Tenth National Orgenic Chemistry
Sympesium, Boston, iEss., 1947, ps 30,

88y, Gilman and W.R, Clark, J, Am, Chem. Socs, 69, 1499 (1947); see also
H. G’im &nd G.N'QR. Smr’b, i' ?;I:E' Chem.' 2..@.’ 7207;-950)1 ’

86y,c, Brown, Science, 103, 2674 (1946).
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the bulky iscpropyl groups hinder rearward attaok by water molecules.
Complete deta regarding the effeots of differsnt halogens are not

available in either series, bubt what there are indicate that the ease of

hydrolysis increases with increasing bond polerizability in the order

87488 i agroo-

fluoride, chloride, bromide, and iodide in both series.
ment is probably due to the fact that the rate determmining step in beth
series is the cleaving cf the bond to halogen.

The ease of alooholysis of the halosilanes parallels the easse of
hydrolysis-,ag and probably proceeds by a similer mechanism, In the carbon
series the reverse order probably holds, as in the case of hydrolysis.87
In ethanol the phenyl silicon halides have all their halogen atoms replaced
by alkoxy groups to give (CgH;),SiOR, (0635)231(03)2, and caﬁsss.(oa)s. In
the corresponding ocarbon series the nroducts of alcoholysis are (CSHS)GCOR'
»(661:15)20(01{)2. and CGHSCOOR.SO'Q}‘ The compound CgHgC(OR)y is produced only
by the use of sodium alkoxido.gl

The relative rates of ammonolysis of halosilanes and halomethanes are

probably similar to those of hydrolysis and alecholysis., Thus, while alkyl

873 .R. Johnson in “"Organic Chemistry, an Advanced Treatise", H. Gilman,
Ed., John Viley and Sons Inc., New York, 2nd Ed,, 1943, Vol. II, p. 1846,

88¢, Eaborn, J. Chem. Sog., 1950, BOT7,

8930e, for example, D. Peppard, i, Brown, and V. Johnson, J. Am. Chem.
800., 88, 70 (1946); and R.0. Saver, ibid., 88, 138 (19468). ~

9F, Straus and W, Hussy, Ber., 42 2168 (1908)s F, Straus end O, Ecker,
ibid., 39, 2977 (1906).

91y, Limpricht, Ann., 135, 80 (1865).
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halides, preferably iodides, rust be heated with ammonia for the prepar~
ation of amines, all of the silieon halides, except the flucrides, will
react with ammoniea ges at room tempersture, or with liquid a.rmrmnim.:"’8 The
osonditions are sufficiently mild so that the siliocon analogs of primary
| or seocondary anines ocan be prepared at will,63'93 which is not true in
the oarbon series, Since the only commonly aveilable monohalosilanes are
tortiary, steric factors become of importance in preparing the silicon
snalogs of emines, The only known analog of & tertiary amine is trisilyle
emine, (HSSi)SN' Trimethylchlorosilene and higher homologs will react
with only two hydrogens of ammonia to give hexaalkyl anelogs of secondery
emines, such as hexsmethyldisilasene, (CHS)SSiNHSi(GHS)s.gs

The reduction of siliocon halides to silioon hydrides haas been reported
only with lithium aluminum hydrido.g It tekes plsoce rapidly end almost
quantitatively in ether., The reduction of alkyl halides by the same reagent
also occoura, but less r«asar.iiil.y.94 In the silicon series, the emse of reducw
tion inoreases with increasing number of halogen atoms attached to silieon.
Reduction of polyhslomethanes with this reagent have not been reported,
but it seems probable thet the order will be the reverse,

Reactions with organemetallic compounds coocupy & place of exceptional

importance in orgencsilicon chemistry, since, until the development of the

ap -
sz.0§ Sauer &nd R.i’.{. H&sek, iﬁ _AE“_" Ch-om. SOOG’ .§,§,’ 241 (194:6).
983,D. Brewer and C,P, Heber, J. Am. Chem. Sos., 70, 3888 (1948).

94.1.’&“. Johnson, R.H, Blirzard, and H,W, Carhart, J. Am. Chem. Sog., 70,
3864 (1948).
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reactions of organic halides with silicon and of silicon hydrides with
olefins, these reactions afforded the only method of preparing organie
compoimds of silicon, They are still of prime importance for laboratory
synthesis. This situation is to be contrested with that in carbon chem=
istry, where the anaslogous reaction (coupling of, say, a Grignard reagent
and an organio halide) was of small importence, and more of an inoonvene
ience than an aid,

The first organosilicon compounds wers prepared by Friedel and Crefts
by the action of dimethyle and diethylsinc on silicon tetmchlorido.gs
In the carbon series, dimethylszine with either tertiary butyl iodide or

98

2,2=dichloropropane gives tetramethylmethane,” but diethylzinc with

chloroform and carbon tetraohloride gives ethylene and propylene.97 Pape
introduced the use of e modified Wurtz reaction into organvsilicon synthes 15,98
The reaction is highly exothermic and leads conveniently only to tetrasubs
stituted silanes., Heamotions involving sodium and

$iCly & 4RX 4 8Ne —>SiR, 4 8Tall

carbon tetrachloride or ehloroformm aere explosive and do not yield any usee

95¢, Friedel end J.M. Crafte, Ann,., 127, 28 (1863); ibid,, 136, 203 (1865),
98). Lwow, Z. Chem,, 1870, 520.
®TR. Reith and F. Beilstein, Ann., 124, 242, 245 (1862).

98¢, Pape, Ann., 222, 254 (1884).
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9 100 101

ful produc‘ba.g Kipping and Dilthey introduced the use of the Grignard
reagent for reactions with silicon tetrashloride and other chlorosilanes,
and, until 1945 ,73 this was the only method commonly used for the prepar-
ation of organosilioon compounds. All types of organosilicon haelides,

BSiXg, R,SiX,, RySiX end R,Si oan be prepared with the Grignard reagent

(the last only et hich temperatures), snd it is probably safe to say that
more different organosilicon ecompounds have been made by this method than

by any other. The analogous reasction in carbon ohemistry is little lkmown,

It is reported that carbon tetrachlorids with ethylmegnesium bromide gives
ethane and ts'l'.l'zy].eme‘.m2 and with phenylmegnesium bromide gives triphenyl=
methyl peroxide, triphenylearbinol, and I':,e:thaha:lyle1:hane~.m5

The use of the egqually convenient and more reactive orgenclithium

reagents was introduced by Flem‘ingmq‘ and by Gilmen and Cl!.eurlac.lc’5 These

- 994, staudinger, Z. apzew. Chem., 35, 659 (1922); ibid., 38, 578 (1925).

100p,5, Kipping, Proc. Chem, Soc., 20, 15 (1904).

101y, Dilthey and F, Eduardoff, Ber., 37, 1139 (1904).

102g, Binaghi, Gazz. ohim. ital., 53, 986 (1923).

1031, Gomberg end L.H. Cons, Ber., 39, 1462, 1466 (1906).
104g, Fleming, U.S. Patent 2,386,452, / C.A., 40, 603 (1946) 7

1054, Gilmen and R.N, Clark, J. Am, Chem. Scc., 88, 1676 (1946).
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reagents have all the advantages of the Grignard reagent, plus sufficient
reactivity so that even most tetraarylsilanes can be prepared in refluxing
ether. The analogous reaction of orgenolithium reagents with chloroe
methanes has been studied by Yarvel and by Wittig.1%® 1In general, carbon
tetrahalides and haloforms reaot with organolithium eompounds to give the
elkyl or aryl halides corresponding to the Crignerd resgent used, together
with resina, Fhenylhalomethenes with phenyllithium give phenyl halides,
resins, and mixtures of compounds obtained from halogen- or hydrogen-metal
interconversions followed by ooupling. The remarkable oontrast between
these remoctions and the smooth, clean preparations of orgencsilicon ocﬁ*
pounds is probably due to the greater electropositivity of the silicon atom,
which hinders hydrogen~ and halogen=metal interconversions with the organoe
lithium reagent, and to vthe reluotance of the silioon atom to form double
bonds, which prevents elimination reactions and subsequent polymerization,
as well as decreasing the resonance stebilization of the silyllithium
produsts which might otherwise be formed by interccnversions,

Among the most importent reactions of organioc halides are those with
anhydrous saluminum chloride. This reagent plays & much smeller part in
organcgilicon chemlstry, largely beosuse aluminum ohloride cleaves siliocone

107

carbon and silicon~hydrogen bonds, es was mentioned under those headings.

108¢,5. Marvel, F.D, Hager, and D.D. Coffman, J. Am. Chem. 500., 49, 2523
(1927); G, Witbig end H, Witt, Ber., 748, 1474 (1941).

10?‘&'.23. Evison and F.S. Kipping, J. Chem. Soo., 1831, 2774.
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However, f'or preparing organcsilioon compounds from silicon tetrachloride,
alumiram chloride has some limited use. A method has been raportedloe for
reaoting siliocon tetrachloride with olefins in the presence of aluminum
cshloride at high btemperatures and pressures to give 2«chloreelkyltrichloro=
silanes: Saturated hydrocarbons are reported to
CHp=CH, 4 51C1, —> C10H,CH,81C1,

react in the same way,log as are alkyl halides.t10 In the latter reection
the eatalyst is aluminum metal, but the author believes that the formation
of alumimum chloride is involved. Analogous reactions of olefins with
aliphatic halides have not been reported, but olefins react with acyl halides
in the presence of aluminum chlorlide, even at low tsmperatures, to give both
substitution end addition produots.lll Reactions between alkyl

RCHaCHy + CHgCOK -AT.8, RCH-CHCOCH; + HX & RCHC1CH,COCHg
ohloridea snd alkanes lead to isomerization, oracking, and polymerization
rathor than the desired ooupling.lla The oontrast between the carbon and
silicon series in these resactions mey not be as great as the above data
would suggest, howewver, since there are no sonfirmatory reports of the

successful reasctions in the ailicon series,

1087,1, shtetter, fussian Patent 44,934 (1935), /C.A., 32, 2058 (1938)_7.
1093, ¢, Miller and R.S. Schreiber, 7,S. Patent 2,379,921 (1945),
10p 1. Hurd, J. Am. Chem. Soc., 67, 1545 (1945).

113¢,4, Thomss, "Anhydrous Alumimm Chloride in Orgenie Chemistry®,
Reinhold Publishing Corp., Hew York, 1941, p. 762 £f.

112¢,A, Thomas, ibid., p. 736.
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Whitmore hag shown that aluminum chloride catelyzes the rearrangement
of chloromethylirimethyleilane to ethyldimethylohlorosilane, and proposes

a mechanism analogous to that encountered in sgimiler rearrsngements of

hydrocarbon halides catalyzed by milder magenta.lw
CH CH CH
3 - 3 3
] -A101, | 1 ° 4
t:‘lCHz—SIi-CH3 CHz-Sli—CHs —> CHg—Sli— CHy
CH5 : Cly CHS
. c1
¢ AlCL,
CnSCr;a—Sll— Clig ———> CH3CH2— 81— CH3
053 CHg
The following redistribution reactlion has also been found to be brought
113

sbout by anhydrous aluminum cshloride.
AlClg
CzHS(CHs)aSiCl-——4>(CH3)58101 + 055(0235)38101 4'(02H5)3Sicl

Finally we may oonsider reactions of halosilanes with active metels,
One omse is reported of the reaction of a siliconwhalogen bond with a metal
by any other process than solvolysis or coupling. Kraus and Eatcughln
report the preparetion of triphenylsilyllithium by the reaction of
triphenylbromosilene with lithium in ethylamine. The reaction wes une
successful ﬁi‘hh triphenylchlorosilane beocause of solvolysis., This point
alone

1i ¢ (CgHg)gSiCl & HpNCgHg —» (CgHg )gSiNHCpHy & LACL & 3H,

L4 & (CgHg)g8iBr & HpNCgHy — (Cgly)gSi+CglgNHy + LiBr

1 4 (CgHg)gSiCplghiy —> (Cglig)5Sili + CaiigMp

113p ¢, Whitmore, L.H. Sommer, snd J. Gold, J. Am, Chem. Soc., 69, 1976
(1947).

114C.A. Eraus and H, Batough, J. &m, Chem. Soc., 55, 5008 (1933).
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is surprising, since the ease of solvolysis usually inoreases as the
halogen becomes heavier. The formation of an isoleble free radiocal solvated
by ethylamine is ewen more surprising, and some question exists as to the
reality of the resctions, since they have never been repoatad.ns The

mich greater difficulty of formation of organocsilyllithium ocmpounds and
organcsilyl Grignard reagente as compered with analogous carbon cases my
be attributed to the greater Sleotropositivity of the silieon atom, and

to reduced stabilization of the orgenosilyl anion by resonance structures

invelving double bonds to silicon,

Silioonwoxygen bonds

Silicon=oxygen bonds oscupy & position of special significance in
organosilicon chemisiry becsuse of the indusitrisl importance of the polye
siloxanes, These are organioc compounds conbaining chains or networks of
silioon=oxygen bonds, which result in molecules of very high molecular
weight having high chemiesl and eleotrical resistance, low temperature co~
effioients of viscosity, and strong water-repellant properties. Strictly
analogous carbon polysthers are rare and not well kmown. In carbon chemistry,
oxygen plays its most important part in the form of carbonwoxygen double
bonds. Carbonyl groups in organic molec:les provide centers of reactivity

and of activeting influence on nearby atoms which make possible an enormous

1159, Gilman and T.C, V1, Unpublished results; private commnication
from Dr. R.A. Benkeser, Purdue University, February, 1951.
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number of different reaoctions of prime theoretical and industrial ime
portance. Organic compounds oontaining siliconwoxygen double bonds are
unknown, probably for the same reasons disoussed under siliconwcarbon
double bonds,

The physiocal constants aveilable for silicon~oxygen and earboneoxygen
bonds are as follows: bond energy, keal./nole, S10 89,3, C=0 705’° bond
distenos, 2,116 Sia0 1481 (1.74), C=0 1.43 (1.42); per cent ionic char
aoter,ll? 8i«0 81, C~0 23, It will be noted that the siliconeoxygen bond
distance, like the silicon=fluorine bond distence, is less than the oale
culated velue. This subjest has besn discussed under silisonehalogen
bonde, and the same consideretions apply here.

The most outstanding difference between silanocls and alcohols is
the extreme emse with whioch the former undergo intermolecular condensations
to disiloxanes,

B or OH”
3333 10H

RasiOSiRa $ Hzo

The reaction is catalysed by both aoidans and bases ,*6!51 end ocecurs 8o

resdily with alkyle'?® and mixed alkylwaryle silanols®>**20 that the un-

us?hc value for C~0 is from Pauling, op. olt.j that for Si«0 1is the value
in quarte found by F. Machatschki, Z. Krist, 94, 232 (1936). No S5i-0 bend
distance in an organosiliecon compound is reported. The values in parentheses
aye those calculated using Schomaker's and Stevenson's formuls and radii
(footnote 77), except the radius for oarbon which is that of Gordy (footw
note b, Table II),

117‘23'1939 velues are osaleulated from Pauling's relationship between electroe
negativity and ionic bond charecter. They are confirmed by the infra red
measurements of N, Wright and M, Hunter, J. Am. Chem. Soc., 69, 803 (1547).

1187,5. Kipping, J. Chem. Soc., 79, 449 (1801); H, Gilmen end H,W. Melvin,
unpublished studies.

119%.0, Saver, J, Am. Chem. Sos., 86, 1707 (1944).
120H, Mareden and F.S. Kipping, J. Chem. Soc., 93, 198 (1908),
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oondensed silanols are frequently difficult to prepere. The ocorresponding
preparation of ethers from aloohols is a much more difficult process, and
ditertiary ethers are almost unknown. Eliminations leading to olefins
are always oompeting reactions in the carbon series, while the difficulty
of formation of silicon=oarbon double bonds prevents such esompliocations

in the silicon ocase.

On the other hand, the stability of two hydroxyl groups on one silicon
atom is oonsiderably greater than that of two hydroxyl groups on one carbon
atom. Thus, silanediols are fairly comon, whereas not many oarbon gem=
diols (emrbonyl "hydrates") are isoleble., This difference is due to the
faot that the silanediols and the carbon gem=dicls dehydrete to sive
different products, In the carbon series gem=diols may lose water by some
such intramolecular process as the following:

OH Pou

ch\OH —_— RSC\OH*—> RyC20 # HyO
2
the last step being favored by the rescmmance energy of the sarbonyl group.
This would explain why hemiscebtels and acetals are inoreasingly more stable
than gamcodiols.ml In the siliocon series, silicon~oxygen double bonds are
not formed, so the dehydration must be intermolecular., Infra-red studies
of the polymeric produsts of such dehydrations as
JOH [ R R ]
8n RpBi — | ~Si08i0~ + 2n Hy0
OH R R n

have shown no evidence for the presence of even small amounts of compounds

ml?rivate communioation from John ¥, Morton, this leboratory, February,
1951.
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containing siliocon~oxygen double bonds.117

Silane triols have not been isolated as such, but probably form
unstable intermediates in the hydrolysis of such compounds as phenyltrie
chlorosilene to oross-linked polymers. In the ocarbon series, some asoid
hydrates, such as oxalio acid dihydrate are probably to be regarded as
gem=triols,

It is interesting to note that the silanels are always stronger acids
than their oarbon analogs, trimethylsilanol even forming a sodium salt
with agueous sodium hydroxide at 00.1:32 In view of the eleatropositive
nature of silioon, this is surprising. It may be considered evidence for
the partioipation of rescnance structures such ss RSSiOﬁHRs-S.igO;\ N
with some reservations in view of the present dubious status of structures
involving double bonds to gilicon,

In asccord with their oonsidersble acidity, silanols react with aloochols
.%o give compounds which resemble esters more than ethers. These compounds
may be considered to be esters of orthosilicie acid and, in a general way,
resemble the orthoaarbonstes or acetals. They are hydrolyzed to silancls
and alcohols somewhat more easily than most carbonioc acid esters and,
unlike thet of the scetals, the hydrolysis is catalyzed by both acids and
bases. The susceptibility of the alkoxysilanes to basic hydrolysis is
undoubttedly due to the faeility with which the silison atom is attacked by

nucleophilic agents. The meohanism is probably similar to that illustrated

1221,.H, Sommer, E.W. Pietrussa and F.C. Whitmore, J. Am. Chem. Soc., 88,
2282 (1946).
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for the hydrolysis of the halosilenes. The splitting of the siliconwoxygen
bond in these cleaveges has been demonstrated by showing that the hydrolysis
of sn alkoxysilane containing en asymmetric carbon etom attached to oxygen
gives an optioally active aloohol.ws By ocontrast, the earbon atom ocannct
expand its walence shell to accept a basic substituent, so that hydrolysis
of acetals must proceed by a mechanism similer to that shown for gem~diols,
with the necessary protons supplied by the catalyst,

A further resemblance between alkoxysilanes and halosilanes is seen
in their resotions with Crignerd and organolithium resgents. In general,
thess two types of compounds may be used interchangeebly in organosilioon
syntheses, the alkoxysilanes being somewhat less reactive then the haloe
silanes. The silieonwoxygen bonds in dislloxenes alsc behave more like the
carboneoxygen bonds of esters than those of ethers, since they eare cleaved

119,128 to0

by a.airfls,:"z"f bases ,118 and Grignard reagents give silanols.

The silanols behave like alechols in their reesctions with esoids, Thus,
anhydrous hydrogen chloride in ether sonverts most silanols to chlorosilanec,lzs

some of the lower alkylsilanols being converted even by concentreted agqueous

123 5, Krieble and C.A. Burkhard, J. Am. Chem. Soo., 69, 2689 (1947),
124, o

er’ G.Ts Kerr, and F¥,C. Whihmore, J Amt g}mo §_9_9_0. _m'
445 (1948).
125p,5. Kipping and J.E. Haokford, J. Chem. Soe., 99, 138 (1911).

126¢.A. Xraus end R, Rosen, J. Am. Chem. Soc., 47, 2739 (1925); H, Gilman
and H.W. Melvin, unpublished studies.
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hydrochloric aoid.lgz Silyl esters of carboxylic acids are also lmown, but

they are mioh more easily hydrolysed then are ordinery aloocholic astern.la?

With ooncentrated sulfuric acid a sulfurie acid ester is cbiained,
These esters undergo the usual resctions of aikyl sulfetes but, unlike
alkyl sulfates, both alkyl groups react, 2% It is interesting to note that
the iefactor for triethylsilanol in sulfuric acid is 3, like that for
primary alochols, rather than 2, like that of bertiary aliphatio aloohols,
In tertiary aleohols ionisation takes place as follows:

ROH 4 HpS0y === ROH} + BSOT (3 =2 2)
while in primery alechols a further step involving a back side atbeok by
the bisulfite ion leads to
B0y + ROH;=R3804 + B

: =x ot "
0 & H,80,==H. 0" % HSO,

with a consequent iefactor of 3. The last two steps are prevented in
tertiary elcohols by the steric interference of the alkyl groups. Sinoe
the last two steps evidently oocour in tertiary silanols, it seems probable
that steric hindranoe to back side attack is reduced in these compounds by

the large sise of the silicon atcm.lzs

( 12755’\.& Sehuyten, J,W, Weaver, and J.D, Reid, J. Am., Chem. Soc., 83, 2110
1547).

, 1381;@.3. Newmen, R.A. Craig, and A.B. Garrett, J. Am. Chem. Soc., 71, 969
1949).,
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Siliconwnitrozen bonds

Compounds oonteining silicone-nitrogen bonds do not play the important
part in organcsiliocon chemistry that carbonenitrogen bonds do in carbon
chemistry because of the great ease with whioch silioonsnitrogen compounds
are hydrolysed to silanols and amines. In fact, the principal interest
shown in these eompounds up té the present hes been the result of the fact
that they hydrelyze about as readily as do the halosilanes, but the prode
ucts of hydrolysis are the relatively mild amines instead of the strongly
corrosive halogen aeidn.lgg Experimental values for the physical eonstents
of silicon-nitrogen bonds ere not awvailable,

Silioon analogs of amines, the aminosilanes, are prepared from the
halosilanes by reaction with ammonia, aminos.ga or sodium in liquid amonia.ms
Silyl hydrides and metel amides elso give aminosilanes in exeellent

51,63

yields, Only two 8ilyl groups oan be attached to nitrogen except

in the omse of trisilylamine, (H381)3N.95 Triet=alkylamines are also

unknown. 130

Silicon anslogs of the quaternary smmonium halides or
hydroxides are unknown; &8 are aminceilane salts, sinoe aoids cleave amino-

silanes with great esse. This resction has been used by Vhitmore for

12% 1 itish Thomson-Houston Co, Ltd., British patent 599,155 (1948).

130private commnication from W.J, Meikle, this laboratory, February
1951, :
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preparing halosilanes.lsl None of
R3s1m12 4 HX -——->R385.X 4 NH,

the reactions by which hydrogen is substituted in aliphatic amines are
known in the aminosilanes, since the resgents cleave the silicon-nitrogen
bond rather than the halogen-nitrogen bond. Carboxylic scids, for example,
give ammonie and silyl esters of the aeide.wa

Burg and Kuljlan have found that trisilylsmine, (HgSi)zN, is a muoh
weaker eleotron donor in resctions with trihalo~ and trimethyle beron .

than is trimethylamine (HSC )z e 133

This is in line with the greater
acidity of the silanols as ocompared with the alcohols and, in a similar
way, it is somewhat unexpeocted, since the relatively electropositive silicon
atom should increase the nucleophilic properties of the attached nitrogen.
Like the acidity of the silanols, this phenomenon could be explained as the
result of significantly large contributions from resonsnce struocturss ine
volving silicone-nitrogen doutle bonds, such as Hagig;I(SiHS)z. This is the
only evidence for the existence of silicon-nitrogen double bonds, since
silicon anslogs of Schiff's bases or ketimines are unknown,

A number of silyl isocysnates and isothlooysnates have been prepared,

mostly by Anderson, These oompounds, like the halosilanes, are readily

131{).1.. Bailey, L.H. Sommer, end F.C. Whitmore, J. Am, Chem. Sog., 70,
435 (1948).

1338.8. Miner, L.,A. Bryan, R,P, Holyssz, and G.W. Pedlow, Ind. Eng., Chem.
30, 1368 (1947). '

1834,8. Burg and E.S. Kuljien, J. Am, Chem. Soe., 72, 3103 (1950).
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hydrolyzed in aqueous solventa.ls"‘ and, also like the halosilanes, the
ease of hydrolysis inoreeses as the number of lsooysnate or isothiocoyanate
groups on the silicon atom inoreases. ® One such compound, triphenylsilyl-
isothiocyanate, also behaved like a halosilane towerd phenyllithium, giving
ﬁatmphmnylsilane.ms Organic isocyanstes reeot with Grignerd and organo-
lithium reagents to give subati‘cutae% amides ,156 and the products from the
reaction of triphenylsilylisothiocyanate with Grignard reagents, and of
triphenylsilylisocyanate with both Grignard end organclithium resgents,
can be looked upon as the hydrolysis products of the corresponding H-
silyla;rni&o.l35
(GgHg) 4S1HCO $ CoHgId — (CqlH; ) g5 iNxC(Cglt, ) OLL
(Cgl ) g8 iN=C(CgHg )OLL & Hy0 —=(Cgllg) 481 NaC{Cqlly ) CH
(66115)581NHCO(C6H5) 4 Hzo—>(csﬁﬁ)sswz 4 Cglig CONHy
In general, however, the silyl isocyanates and isothiocyanates do not
resot like their carbon analogs. As hes been emphasized, they hydrolyze
more easily than alkyllsooyanstes, but give silanols rather then aminoe-
silenes as produots. (Of course, the aminosilenes may be formed as inter-
medintes in the hydrolysis.) Neither do they react with alcohols to give

ursthanes or with emines to give ureas., Rather, the reverse hapvens,

Triphenylsilylisocyanate and triphenylsilylisothiocyanate are conveniently

134y 1, Anderson, J, Am. Chem. Scc., 78, 193 (1950).

1854, Gilman, B. Hofferth, and H.W. Melvin, J. Anm, Chem. Soo. 72, 3046
(1950),

136y, Gilman, J.E. Kirby, and C.R. Kinney, J. Am, Chem. Soc., 51, 3263
1929).
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prepared by the remotion of triphenylchlorosilene with urea, thiouree, or

sodium urethane, as the omse may bo.lM

Bonde between silicon and various other glements

Very few aompounds have been reported in whieh silicon is bonded to
elements other than earbon, siliocon, halogen, oxygen, or nitrogen., Some
sulfur analogs of the alkoxy~ and aryloxye-silanes have been prepared.

Lilke the alkoxysilanes they were found to resembls osters rether than
ethers, espesoially in their emse of hydrolysis, An attempt to oxidirze
triphenylthiophenoxysilane led to reduction of the oxidizing agent, but
cleavage of the silioon=sulfur bond ccourred and it wes impossible to tell

whether it took plaoce during or after oxids.tion.lm

11
Kraus has reported the preparation of triphenylsilyltrimethyltin ¢

83 Mot moh is known sbout the

and triethylsilyltriphenylgermanium,
properties of these oompounds, but they seem to resemble the diwtin and
dimgermanium compounds, since they are cleaved by halogens and by sodium

in liquid ethylemine,

BEffeat of silicon on adjasent bonds

A laerge proportion of the work on the "silicon effeet", as well as

the term itself, are due to Vhitmore and cosworkers. They first prepared

137, Gilman and G,N,R. Smart, unpublished studies.
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chloromethyltrimethylsilane, (CHS) z51CH;C1, and found the halogen to be
mich more resctive than the corresponding halogen of neopentyl chloride,
(CHg)5CCB,CL, toward nucleophilio reagents. They attributed the unre-
activity of the neopentyl chloride to the steric shielding of the methylene
carbon to bask side attack, and the lability of the halogen in the silicon
analog to diminished shlelding by the groupes attached to the larger silicon
a’com.ﬁ Toward alecholioc silver nitrate, however, chloromethyltrimethyle
silene wae much less reactive than any alkyl halide., This wasz attributed
to the greater sleoctronegativity of the group (CIIS)SSiC}:;.zé‘ ag compared to
(Cﬂs)sccﬂzw, which tends to strengthen the halogen against eleotrophilie
attaok, They reported that this electronegativity wes confirmed by the

faot that (Gﬂa)asiciizﬁg(}ﬂa was oleaved by hydroohloric acid to give (CHS) St
and Gﬂsﬁg(}l. thus placing the trimethylsilylmethyl group in the series of
decressing ease of olsavage from mercury: Cglig)(CH,),S1CH,> CH,? OGHZI.S)
(caz)accaz.

It will be noted that this use of the term "electronegativity" to
refer to "relative affinity for electrons” is based upon the notion that
the group most easily cleaved from mercury is the group which has the great-
est tendenay to carry its bonding eleotrons with it in cleavege. It seems
more likely, however, that the ease of cleavage from meroury by aclds is
related to the degree of resonance stabiliszation of a trensition stete such

28 that 1llustreted below

HH ¥

\‘/
(CHs)ssiCHzHgCH3 ¢ H*-—* (CHs)ssiga;.mHgCHs —)CHsi{g"' 'y (CH3)435.

H
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This interpretation ocan he shown to acoount satisfactorily for the series

of relative "elestronegativities™ obtained from cleavages of organocmetallie
oompounds bty acids. On this basis, the position of the group (CH5)5810H2~
relative to (CH5)SCCH2~ in the series is explained by the small electro=
negativity of the silicon atom as compared to carbon, This smaller electro=
negetivity results in an inductive effect of slectron release from the
silleon atom to the methylene ocarbon, thus tending to stabilize the transi-
tion state and reduce the activation energy for the cleavage of the trimethyle
silylmethyl group ss compared to that for the neopsntyl group.

It will be noted that these reactions imply a greater basicity for a
carbon atom atbached to the trimethylsilyl group than for one attached to
the L=butyl group. This is exactly the opposite to the situation with oxygen
and nitrogen attached to silicon. Oxygen and nitrogen both have unshared
elsotron pairs which cen be used to form resonsnce structures having double
bonds to silieon, such as RES‘itO gi and R3S.i'§ﬂa' whioch result in a decrease
in bagiclity for the oxygen and nitrogen atoms, Carbon stoms atteched to
silicon do not have such unshared slectron pairs and ayre rendered even more
basie then their non=silicon analogs by sontributions from hypercconjugative
struoctures sush as ngi gﬂaR.

The various observations relating to resonance structures conteining
donble bonde to silicon may be summarized in the conelusion that, when small
elestronegative slements such as fluorine, oxygen, and perhaps nitrogen are

bonded to silicon, contributions from such structures are significant, but

with larger atoms, such as earbon, they are not,
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The unreaotivity of chloromethyltrimethylsilene may be illustrsted
in terms of the mechanism below.
(CHg) S1CH,C1 4 Agh =22Cl (cas)ssicﬂg_ﬁ& (Cﬂs)ﬁsi(ﬂleH;
It seems likely that the relative rates of the reactions of the silicon
and ocarbon snelogs will be governed by the relative stabilities of the |
trimethylsilylmethyl and neopentyl cations, The nsopentyl cation can be

stabilized by resonance contributions from hyperoonjugative structures

such as
+ ' v
C;ﬁs CHE& . (lﬁia CH3
CH?:-?-CH; <—->CH§-C|=CH2 «—> CHa C=CH2(—-> CHg—C :%
| I
CHg CHg  CHy cHg*

If it is accepted that stmctux;os having siliomegarbon double bonds will
make relatively small contributions, then it is understandable that
’ neoﬁghtyl chloride shouldl resct fasber with silver ion then does chloro-
methyltrimethylsilane. |
Whitmore and cowworkers next prepared the Ze~chloro= and 3echloroalkyl
$richlorosilanes. The carbon=chlorine bonds in both of these ocompounds
were more resotive toward nuecleophilic reagents than in the chloromethyle
silanes, with the Zechloro~ gompounds being more peactive than the 3-chloro-
ones, With agqueous base these compounds reacted as f011W52138
ClCHyCHp8iClg & 4& NaOH ——> CHyCHy 4 Si(0H), & 41aCl
ClCHchgCHzSiCls + 4NaOB ___>CH\2"§H2 + Si(QH)‘!r + 4NaCl

CHy

138y,,3, Sommer, E. Dorfmen, G.M. Goldberg and F.C. Whitmore, J. Am. Chem.
Soc., 88, 488 (1948),
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Such reactiones with the enalogous oarbon compounds are not knowm,
and the difference was interpreted in terms of the greater sase of sttack
by nueleophilic reagents on e silicon than on a ocarbon atom‘mg Oxygen
on an alkyl earbon atom /31'.0 silicon produced & similer lability of the
silioon=carbon bond.“‘o

Somewhet later, the same group of vmrlqcex'am’:L determined the dissoociaw
tion oconstants of a number of substituted acetio acids, RCHyCOOH, obteine
ing decresmsing acidities as R is chenged in the order (CHg)<C ) (CHs)s‘Sim‘Ia)
(Gﬁs)ssi > C B, (Gﬂs)afii. Again the effects were atrributed to the elsotron-
relsasing properties of the silioon atom as ocompared to carbon.

A similer effsct was noted by Hoberkts and cowworkers in a less ambige
wous situation.®® They determined the sigma oonstant for the trimethyl-
silyl group by mauui;ing the disscoiation oonstants of trimethylsilylbensocic
acids and the rates of reaction of these moids with diphenyldisszomethane,
They found the trimethylsilyl group to more agideweskening than the t«butyl
group, and attributed this to an induoative effeot cf electron release in

tho slilieon~carbon bond, such as

— b =
(033)581<\:/>-000H (ct,), 51 :@coozz

which is evidently grester than in the carbon enalog.

189y, 1, Sormer, D,L. Bailey, and F.C. Whitmore, J. Am. Chem. Soc., 70,
2869 (1948).

( 140g «R. Gold, L.H. Sommer, and F.C. Whitmore, J. Am. Chem. Soc., 70, 2874
1948).

141y,.1, Sommer, J.R. Gold, G.l, Goldberg, and ¥.S5, Marans, J. Am. Chem,
8004, 71, 1509 (1949).

1425 D, Roberts, E.A. YoElhill, and R, Armstrong, J. Am. Chem. Sog., 71,
2023 (1949).
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Physiologioanl Properties

In general, the organcsilicon eompounds seem to be less active
physiologioally then their sarbon enalogs. The anesthetic and toxie
effeats of chloroform and carbon tetrashloride, for example, are not shown
by trie and tetrschlorosileane, IThe chlorosilanes are texie, of course,
since they are readily hydrolyzed to hydrochloric acid in the body fluids,
The minimmm lethal dose in rats, administered in a single dose by stommch
tube, is 1 g./lcg;. for the various methyl end ethyl chlorosilanes. The
ethoxy silanes are less toxie, the minimum lethal dose in rets bteing 5«10
g./é:g. for the warious methyl and ethyl ethoxys ilanes.“a

Rats were unaffected when exposed to air containing 25,000 p.pem. of
hexemethyldisiloxane for periods of thirty minutes, end hemamethyldisiloxene
and many other polysiloxanss showed no skin or eye irritation, end had no
harmful effect on peritoneal inject'lon.ms Since these compounds are ex=
tremely insoluble in water, es are the tetrasubstituted silanes, any
physiologieal aotivity they possess might be expeoted to resemble that
of the high molecular weight hydrocarbons, Such ceroinogenic properties
have never been reported for any organcsilicon compound, but the time

since thelr industriasl application has, perhaps, been too brief for small

effects to becoms apparent,

143 . Rowe, H.C. Spencer, and S.L. Bass, J. Ind. Hyz. Toxicol,, 30,
332 (1948).



59,

Scme attention has been devoted to the preparation of silicon sanalogs
of physiologically sctive ocarbon compmmds.lM The results of physiologe
ioal tests on most of these oompounds are not yet kmown, however. A
s8ilicon near-analog of DDT21 soemed to have negligible insecticidal
properties in preliminary tests.

Sinoe the physico=chemical prinociples by which the great majority of
drugs exert their physiological effest is very imperfectly underasteod, ne
sound besis of comparison, or theoretical point of sttack for further study,
is available, In those cases, llke the antibiotios, where cloce resemw
blances in sige and shaps between active molecules and mebabolic huilding
materials are supposed to be involved in the physiological activity, it
would seem that the syntheais of strioct silicon analogs of active ocarbon
compounds would not be a promising approach, The silicon compounds would
be distorted in shape, a8 well as larger in size, when compared with their
carbon analogs. IHowever, it iz even possible thet this very ability to
alter the shape and size of molecules without greatly albering their
fundamental struoture could be helpful in elucideting the vprocesses ine

volved in physiologiocal aotivity.

l‘g“l'{in];mblished studies from this laboratory.
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EXPERINENTAL

Grignard and organolithium reagents were prepered and used in sole
vents dried over nodium‘wira and/or calcium hydride. Resotions in which
these reagents were used wers ocarried out in an etmosphere of nitrogen
freed from oxygen and moisture by being passed through e train containe
ing alkaline pyrogallol, concentreted sulfuric acid, anhydrous ecaleium
chloride, soda llme, and Drierite in that order. The melting points end
boiling points revorted are, unless otherwise stated, uncorrected, 3ile
icon analyses, in most cases, were carried out by the procedure recently
reported from this Laborato:y.51 A few lowebolling compounds were deocom=

posed in the Parr bomb,.

Cleavage of Organosilicon Compounds by Orgenometallic Keagents

Host of the work on the oleavage of organcsilicon compounds by
Grignard and orgenolithium reagents has been reported previously.l45
Scme additional experimental details are given here,

Triphenylsilanols.- A two liter, threeenecked flask equipped with

mechanical stirrer, reflux condenser, and dropping funnel was swept with
dry, oxygen~free nitrogen. Siligon tetraschloride, 86.8 z. (0.511 mole),

was distilled into a 60 ml. dropping funnel and carefully weighed. The

145y, Gilman, R.A. Benkeser, and G.E. Dunn, J. An. Chem. Soc., 72,
1689 (1950).
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silicon tetrachloride, under pressure of dry nitrogen, was added to

480 ml, of dry ether in the three-necked flask, which was ococled in an
icewsalt beth, To this solution was edded dropwise 1424 ml., of a 1.08 M
solution of phenyllithium in ether (1,532 moles) while stirring vigor-
ously and cooling in en ice-salt bath. Seven hours were required to ocom-
plete the addition, and the mixzture wes then allowed to stand overnight
et room tempersture. At the end of this time Color Test 1146 wvas neg-
ative, and the mixture was hydrolyzed by adding 800 ml. of water dropwise
while cooling in an ilce bath and stirring vigorously. The ether layer
was separated end washed twice with weter; a small amount of insoluble
material was filtered off; and the solution was dried over anhydrous
sodium sulfate. Distillation of the ether from a witer bath left 141 g.
(100%) of brown solid melting at 115-43°, This was digested with 750 ml.
of petroleum sther (b.p., 77~118°) to pive 110 g. of yellow solid melt-
ing at 144«62°, Concentration of the mother liguor gave s second orop
of 17 g. melting at v135-47°, and a third orop of 9 g. melting at 130-45°,
The totel recovery from the first orystalliszation wee 136 g., or 97%.
Successive recrystallizations cf the various orops, combining meterials
of similar melting points, led to a final yield of 114 g. (81%) of white
s01id melting at 150-1°, Clark reports a 97% yield of triphemylsilanol

but does not give a melting point‘los

148y, Gilmen end F, Sohulze, J. Am., Chem. Sos., 47, 2002 (1925),
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Sodium triphenylsilsnolate.~ Five grems of triphenylsilanol were

dissolved in 100 ml, of dry xylene by warming. Then 0.5 g. of sodium
mete l was added, and the nmixture wes stirred snd heated to reflux., Little
reaction occurred until the sodium hed melted; hydrogen was then evolved
slowly and smoothly, At the end of three hours the evolution of gas hed
stopped. The mixture was then allowed to cool slightly until the sodium
had solidified, The solid button of sodium was removed with a sharp

slass rod, and the solution allowed to cool to room terperature. A

white preoipitate, 4.15 g (76%), was filtered off snd washed with xylene,
I did not melt on a spetula, but burned Lo leave an alkeline ash, A
0.4145 g. sample of this material suspended in water was titrated with 1A0
hydrochloric acid. Neutrsl equivalent: oaled, 298; found, 307. Schlenk
reports a neutral equivalent of 298, but his yield is not givan.sg

Attempted preperation of triphenylsilylperoxide.~ Ten ml, of & I?

solution of iodine in dry xylene was added to a warm solution of 1.0115 g.
(0.0034 mole) of sodium triéhenylsilanolato in 25 ml. of dry xylene.

This mixbture was stirred on a steam bath for 15 hours without any appre-
ciable diminution of the iodine color. 4 small amount of white precip=-
itate which had formed was msllowed to settle and a sample of the solid
was removed. It did not melt, but burned on & spestula. It gave no

tost for free iodine with starch paper, but gave an immediate yellow pre-
cipitate with aqueous silver nitrate solution. Iost of a sample placed

in distilled water dissolved. The solution gave a precipitate with silver
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nitrate solution, and the insoluble material, when filtered and dried,
melted at 150-1°, and did not depress the melting point of an euthentio
sample of triphenylsilanol. It was concluded, therefore, that the pre-
oipitate was a mixture of sodium lodide and sedium triphenylsilenclate,
A second run wes carried out in ether. Two g, (0.00687 mole) of
sodium triphenylsilanoclate were dissolved in 60 ml. of dry ether and &
2% solution of iodine in dry ether was added dropwise with stirring, The
first three or four drops were decolorized immediately but further sddi-
tions were not decoloriged until the solution was brought to reflux,.
Addition was continued at reflux just fust enocugh to keep the solution
pele yellow in color (about one ml. per minute), The addition was stopped
when 42.5 ml. (0.0087 mole) had been added, and the mixture was stirred
and refluxed for an additional half hour, A white water-soluble precip=-
itete mighing 047 5o was filtered off. It gave & yellow presipitate with
silver nitrete solution. On evaporation of the ether from the filtrate
an iodine~golored solid remained. This was reorystallized from petroleum
ether, b.p. 77«115°%, £o give 1.5 g. of triphenylsilanol, m.p. 150-151°,
identified by mixed melting point with an authentie sample. A further
0.12 g. of triphenylsilanol wes obtained by ooncentrating the mother
liquors, making a totel of 1,62 g, (90%). A small amount (0.1 g.) of
meterial insoluble in petroleum ether was found to be sodium iodide,
giving & total yield of 0.8 g, of this meterial (80%).

Sinoe sodium iodide and triphenylsilancl were cbtained in the absence
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of moisture, it seems probable that triphenylsilylperoxide was formed,
but deccmposed by abstracting a hydrogen atom from the solvent,
2 Rséi(}}h + IZ —-—>R33:'L<‘.‘:081R3 + 2 Nal
RSSiOOSiR5 + 2 B'H ~> 2 Rssiﬂﬁ + 2 R
Triphemrlailano},,‘ sbsolute ethanol, and ginc chloride.~ In an attempt

to prepare triphenylsilane from triphenylsilanol by the method of Dolgov
and Voi.novu‘?, 2 g. (0.,0067 mole) of triphenylsilencl and 24 g. (0.18
mole) of anhydrous zinc chloride were dissolved in B.4 g. (0.18 mole)
of absoclute ethanol. The solution was protected from atmospheric moisture
by a ocaleium chloride tube and refluxed for three hours. 4n olly layer
which had formed during the period of reflux was extracted with ether,
and the ether wes evaporated., The oil thus obtained did not orystallise
on standing in the refrigerator for one month, and a subsequent attempt
to distill the oil at the water pump reduced it to a red, terry material.
4 seocond run, on a scale three times as large as the first, was re-
fluxed for only fifteen minutes. 4An oil, obtained exaotly as deseribed
above, deposited 0.43 g. (87) of hexaphenyldisiloxane, melbting at 223-
225° s whioh was identified by mixed melting point., No other identifiable
material was isolated.
In & third run, the procedure was modified according to the direetions
of Dre G.E.K. 3mr~b.3‘37 Two g. (0.0067 mole) of triphenyleilanol and
2 g. (0,015 mole) of anhydrous zinc chloride were refluxed in 10.5 g.
{023 mole) of absolute ethanol for 4 days, The solution was then transe

ferred to a test tube and the solvent was evaporated at room tempere

1478, Dolgor emd Y. Volnov, Zhur. Obschei. Khim., Khim, Ser. I. 91 (1931)
[ C.A., 25, 4535 (1931) 7.
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ature in a stream of eir, About 0.4 g. of white orystals formed at the
ligquid surfaoce and were removed. This was probably triphenylethoxysilmelm
{orude yield, 207%) but the orystels were too stiocky to be placed in a
capillary tube, and reorystallization from absolute ethanol or ethanole

water mixbures wee not suocessful,

Attempted preparation of tetraphenylsilene from triphenylsilancl.=

A 250 ml, three necked flask equipped with stirrer, reflux condenser, and
dropping funnel was flushed with dry oxygen=free nitrogen., Ten ml., of
dry ether was placed in the flask and 5.52 g. (0,02 mole) of triphenyl-
silanol was dissolved in the ether. To this was added slowly 16 ml, of
1.24 M solution of phenyllithium (0.02 mole) in ether. The reaction was
vigorous, and cooling with an ice bath was required %o prevent flooding
| of the condenser, The addition of a seoond 0,02 mols of phenyllithium
produced no evoiution of heat., After stirring for 12 hours Color Test I
was still positive. Two ml., of the ether solution were removed and evap-
orated. The residue did not melt, bub burned on a spatule and left an
allmline ash. When the residue was agitated with agueous hydrochlorie
acid and dried on s porous plate it melted at 146-7° and did not depress
the melting point of en authentioc specimen of triphenylsilanol. An
insoluble s0lid whioch was present in the reesction mixture behaved in
exeotly the same manner. It was concluded that the product of the ree
action was lithium btriphenylsilanclate, which was only partly soluble

in ether,
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Yost of the ether was distilled from the resmotion mixbure end 50
ml. of dry toluens wes added., The resulting suspension was stirred for
12 hours on & steam bath, and Color Test I was found to be negative.
The insoluble mmterial in the mixture was still lithiwm triphenyl-
silanolate, however, A further 0,01 mole of phenyllithium wae added end
the mixture refluxed for 4% hours on en oil bath. Color Test I wes still
positive and the insoluble material was still lithium triphenylsilanclate,
The solvent was then removed and the dry residue heated on an oil bath
at 200° for 12 hours. The solids were then rinsed from the flas: with dry
xylene and filtered. They weighed 5.6 5. and did not melt when heated
on a spatula, This solid was dissolved in 75 ml. of cold 957 ethanol,
On standing 72 hours 1.2 g. of white solid melting at 218-9° hed sepe
areted, A small sample of this material reorystallized from dioxene
melted at 226~7° and did not depress the melting point of an authentie
gaample of hexaphenyldisiloxane. Yield, 237%. Addition of twice its volume
of water to the ethanol filtrate caused the precipitation of 3.15 g. (57%)
of triphenylsilancl, identified by mixed melting point with the starting
material,

Cleavage of triphenylsilanol by n-butyllithium with coppersbronse.-

4 0.234 M solubion of nebutyllithium was prepared in refluxing ether.
The yield was 45%, Eleven grems (0.04 mole) of triphenylsilanol (m.p.,
149+«150°) was dissolved in 50 ml, of dry ether in a 500 ml., 3-nscked

flask equipped with mechanical stirrer, reflux condenser, dropping funnel,
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and inlets for dry nitrogen. Copper-bronze,ue 045 24+, was suspended

in the solution, and 0.08 mole (340 ml.) of the nebutyllithium solution
was added dropwise with good stirring, During the addition of the first
half of the nwbutyllithium solution a white precipitate appeared. This

is thought to be the lithium salt of triphenylsilancl. The mixturs wes
refluxed for 48 hours, and during this time the preoipitate redissolwed.
The mixture was poured jetwise under nitrogen pressure on about 126 g.

of ecrushed Dry Ice, and soidified with 10% equeous hydrochloric aecid.

The ether layer was separated and extraoted six times with a total of 300
ml. of 7% sodium carbonate solution, This elkaline extraoct wes acidified
with ocono. hydrochlorie acid, and extracted with ether. Vhen the ether
was dried and distilled there remained e pele yellow solid melting at
116»117°, On reorystallization of this solid from water, 2.7 z. (56%)

of benzoic acid, meps 120«121°, was obtained (identified by mixed melting
point), The ether was distilled from the non-oid part of the carbonated
reaction mixture to leave an oil which deposited 2.6 g. of impure trie
phenylsilanol (m.p., 138-135°). Attempts to distill the remaining oil
gave products boiling contimicusly over s range of 100+180° (0.5e1.0 mm.).
No separation of fractions was possible. The 0il may have been diphenyle
n=butylsilanol which condensed slowly during distilletion to sym-dien-

butyltetraphenyldisiloxane.

MBFor the gatalytic effect of oopper«bronze on this type of reasction,
see H, Gi}.mn. Gl.E. Brmm’ Fodo z’%bb, and §,M, Smtz; :_J:l _-.A;m_h ch9m¢ SOGO,
62, 977 (1940),
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When the run was repeated using 0.16 mole of nebutyllithium (mole
ratio of n-butyllithium to triphenylsilancl, 411) the yield of benzoie
aoid was also 56%. No attempt was made to recover the other products
of reaoction.

Cleavage of triphenylsilanol by n~butyllithium without ocopper=

bronge.~ The nwbutyllithium for these rune wes prepared by sn improved
nethod % e average vields were 787 by the new method as compared to
50% by the old,

Ten grems (0,036 mole) of triphenylsilanol were treated with 0.1 mole
of pebutyllithium by the procedure previously desoribed, except that the
sopper-bronze was omitted., The yield of pure benzolc acid wes 3.% g., or
76%. Another run using 11 g. (0.04 mole) of triphenylsilancl and 0,12
mole of nwbutyllithium without copperwbronze gave 3.2 g. (677) of bensolo
acid., The ether solution containing the nonwacid products from this
latter resction was washed, immediately after the carbonate extrection,
with 10% hydrochloric aoid three times, and then with water until the
washings were no longer aocid to litmus, | The ether solutlion was then dried
and distilled, yielding 9.2 g. of colorless oil, boiling at 258-272°
(2.8 mm.). This oil was redistilled to give 8.8 g. of oily b.p., 165-186°
(0.8 mn.)s n2°, 1.5178; 420, 0.9700. 1) oaled. for diphenylen=butylsilanol,

79423 My found, 79.9. Yield, 86%.

1495, gilmen, J.A. Beel, C.G. Brenneg, M.W. Bullook, G.E. Dumn, and
LeS,. Miller, _.J_. &o Chem e SOG;, _Z_]_;’ o9 (1949)0
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Anal. Caled. for 016}{20081: Si, 10.9; Zerewitinoff H, 1,00,
Found: Si, 10.63 Zerewitinoff i, 0.96.

It is believed that the failure to isolate diphenyl-nebutylsilanol
from previous (and some subsequent runs) was due to partial condensation
of the silanol to the corresponding dislloxane by elkeli during the ex-
treotion wlth aqueous sodium carbonate or while the ether solution wes
standing and being distilled in contaet with traces of alkali, It is
noteworthy that in the runs desoribed below, which were not ecarbonated,
and hence not extracted with alkali, there was no diffioculty in obtaining
a good yield of diphenyl-n=butylsilanol.

In order to make sure that cleavage of triphenylsilanocl cocurred
during the reaction with pebutyllithium and not during or subsequent to
cavbonation, two runs were hydrolyzed without carbonation., In the first,
10 go (0.036 mole) of triphenylsilencl was treated with 0.1 mole of
a-butyllithium in the usuel wey end for the usual time. Then 100 ml. of
vater wes added, dropwise at first, and the ether layer was dried and
distilled, Seven grams of diphenylenwbutylsilanol, b.p. 165-170° (0.1 mm.),
or a yield of 76% were obtained, In the second run, 16.6 g. (0.06 mole) of
triphenylsilanol was treated with 0,354 mole of nebutyllithium in the usual
way, and hydrolyged., The ether layer was dried and distilled., There
was obtained as a fore-run about 0.5 ml. of a liguid having the odor of
bensens, but its refractive index was not sccepteble for bensene and it
was not further investigated. The main body of the distillate, 12.4 ge,
boiled at 166«170° (0.1 mm.), and corresponded tc a yield of 81% of

diphenylen«butylsilanol.
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Atbterpted cleavege of triphenylsilanol by ne~butylmegnesium bromide.-

To 545 ge (0.02 mole, of triphenylsilenol dissolved in 25 ml, of
ether was added 0,083 mole of p~butylmegnesium bromide prepared in 3%
yield in ether. Vigorous spontansous reflux occurred and & heavy white
precipitate (presumably the bromomagnesium salt of triphenylsilanol)
eppeared. The mixture was refluxed for 48 hours, tut the precipitate
did not redissolve, Carbonation and extraotlion with base in the usual
way yielded a much larger volume of n-valeric acid then wes commonly ob-
tained when nebutyllithium was used as the cleaving agent. IHowever, when
this acid was heated for four hours at 140-150° no bensoic aoid sublimed
out, then the solvent was removed from the nonwecld portion of the resotion
product, 5 g. (91%) of triphenylsilancl, m.p. 148-150°, was recovered.

Attempted cleavagme of triphenylsilaenol by p=tolyllithium.e Triphenyl-

gilanol, 8,76 g. {0.032 mole), in 50 ml. of dry ether was treated with
0.14 mole of p-tolyllithium (prepared in 95% yield in ether) by the usual
procedure. The acid oblained on carbonation weighed 7.4 5. and melted at
174=177°, One orystallization from water yielded 7.0 g., mepe 177=178°,
This was identified as p-toluic acid by mixed melbting point. The yield,
based on the p-tolyllithium remeining after 0.032 mole had reascted with
triphenylsilanol to give lithium triphenylsilanclate, was 43%, On evap~
orating the ether from the nom-acid portion of the reaction product an
0il was obitmined which, on standing several days, deposited 6.1 g. (70%)

of triphenylsilanol, mep. 145-14'70.
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Hexaphenyldisiloxane.~ Unpublished directions by H.,W. Melvin, Jr.

were used to prepare hexaphenyldisiloxane., Five grams (0.,0094 nole) of
triphenylsilanol were suspended in 25 ml., of 987 formic aecid, and the
mixture was refluxed for four hours. The solids were then filtered off,
washed with water till free of formioc acid, end dried. The produect
melted at 217=-220°, and after one orystallization from dioxane it weighed
4.4 go (927) and melted at 220-221°,

This hexaphenyldisiloxene was coleaved by nebutyllithium to give a
66% yield of bensoic acid and a 507 yield of 1;1'ipherly1--__:&--1:1:*&:3/lsiZ&.&ms..Mhs

Trisp~tolylsilancl.~ Eighteen grams (0,106 mole) of silicon tetra-

chloride in 50 ml. of dry ether were treated with 0.318 moles of p~-tolyl-
lithium by the procedure used in the preparation of triphenylsilenol., |
The yield of orude trispstolylsilancl, m.p. 94=95°, was 15.3 g The pur-
ified yield was 13.5 g (40%), m.p. 98=98.,5°,

Cleavage of trispetolylsileanol by nebutyllithium.= Tri-petolyle

silanol, 7.5 g. (0.024 mole), and copper~bronze, 0.5 g., were treated
with 0.085 mole of nebutyllithium by the procedure used with triphenyl-
silanol, The yield of p~toluic acid, mep. 178-179°, was 2.0 g., or 61%.
No attempt was made to isolete di~p-tolylenwbutylsilanol.

Attempted oleavage of tri-pstolvlsilanol by phenyllithium.~ Seven

grams {0,022 mole) of tri=petolylsilencl in 50 ml. of ether were treated
with 0,70 wmole of phenyllithium in the sbsence of copper-bronze. The
acid obtained on carbonation melted at 116-118°, and recrystmllization

from water raised it to 119-1200. This wes shown by mixed melting point
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¢ be beugolic acid. (Rofi‘oluic aaid melis at 179~180°.)

Diphenylep=tolylsilencl.« The procedure for the preparation of

this compound and for its cleavage by n-butyllithium have been published
olaawhere.lé’s

Attempted preparation of itri-p-anisylsilanol.~ p-Anisyllithium

was prepared in 92% yield by rapldly adding 37.4 g« (0.20 mole) of
p~bromoaniscle in 150 ml. of ether to 3.3 g. (0.52 g, atom) of lithium
in 150 ml, of ether while coeling in an ice bath. The mixture was stirred
for 10 mimtes, then filtered and titrated., This procedure is revorted
to give a good yield of pe-anisyllithium containing very little 2e-methoxyw
Swbromo=phenyllithium as a by-—produot.lso
To 15.2 g. (040895 mole) of silicon tetrachloride in 50 ml. of dry
ether was added 0,178 mole of pwanisyllithium socording to the general
directions of Clark.!08 vhile this addition wes being carried out, a
further 0,093 mole of peanisyllithium waes prepared. Vhen the addition of
the first batoh of p-anisyllithium was complete, this second batoh was
added et & similar rate. This procedure wes sadopted in order to ocut dowm
the total period of standing for the p-enisyllithium before use. The whole

addition required 3.5 hours and, et the end of this time, the mixture was

stirred 15 minutes in the ioe bath, 15 minutes without the ice bath, and

1501, Giimen end J,T, Edward, unpublished results.
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allowed to stand owernight at room temperature. It wes then hydrolyzed
with 2% wmonia solution, end the ether layer was separated and dried.
Removal of the ether left & brown o0il which did not orystsllize on
standing several days. This oil was insolu’oie in all of the petroleum
ethers and in methanol, but soluble in ethanol. Attempts to crystallize
from ethanol alone, or from ethanol-methanol or ethanolepetroleum ether
mixtures produced browm oils,
It waz thought that the failure to obtein triwp-anisylsilencl from

silicon tetrachloride and peanisyllithlium might be due to the presence

of 2emethoxy«b-bromo~phenylilithium along with p-anisyllithium in spite of
the precautions taken to avold this., Therefore the attempt was repeated
uging 0.6 mole of peanisylmagnesium bromidelBl ana 15.4 ge (0,09 mole)

of silloon tetrachloride, This mixture was refluxed in ether for 96
hours, then hydrolyzed with 10% hydrochloric =cid. The solvent was removed
from the ether layer, and the residue was steanm distilled until no more

nisole came over. Water was decanted from the liquid residue, and benzene
wos added, This solution was ccnocentrated until all the water had been
removed as the azeotrope with benzene, then petrolsum ether, b.p. 77-1150,
wes added to the hot solution until cloudiness appearsd. This was cleared
by adding e few drops of benzene, and the solution wes sllowed to cool
slowly in a Dewar flask. A brown oil separated from the solution. All

attempts to erystallize this oil from bensene, benzene~petroleun ether,

151p,4. Zoellner, Iowa State Coll. J. Sei., 9, 213 (1934), /C.A., 28,
5418 (1935) 7,
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sthanol-petroleum ether, ethanol-methanocl, ethanol-water, or ethanol
alene were unsuccessful., No further examination of the oil was made,

Trimlengphthylchlorosilsne.~ The directions of C.G. Brannen were
152

followed in this preparetion. n=Butyllithium (0.377 mole) wes pre-

pared in sther in 76% yield,'%®

and to this was added dropwise over a

30 minute period 77.7 g. (0.377 mole) of lebromonaphthslene while eeping
the reaction temperature &t =10 to 0° by means of an iceeselt bath. The
resulting slurry wes stirred at «10° for 20 minutes after the addition
wes oomplete, and then 17.0 g« (0410 mole) of silicon tetrachloride was
added dropwise over a 2 hour period. The mixture wes stirred at room
temperature for 12 hours, and then hydrolyzed by cautiocus addition of
vater. OJome undissolved materiel was filbered off and recrystalliszed
from bengene to give 11 g. (25%) of tri-lenaphthylohlorosilsne melting et
202-208°, The ether layer, on concentrabtion, deposited 286 5. of solid
melting at 180=185°, This was recrystellized from bengene to give 16.5
g. of tri-lensphthylchlorosilane, m;é. 202-208°, making a total vield of
27.5 g, or 68%, Brannen reports a yield of 6% melting at 208-209°,

and the produect cbteined here dld not depress the melting point of his

material,

Triwelenaphthyisilanocle= Ten grams (0,0235 mole) of triel-naphthyle

chlorosilane was suspended in 200 ml. of dioxane, Fifty ml. of 107

1525, Gilman and C.G. Brannen, unpublished resulbs.,
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aquecus sodium hydroxide solution wae added and the mixture was refluxed
for 7 hours. Some undissolved material was filtered off and recrystallized
from ethanolwbensene to give 3.1 z. (817) of preduet melting at 202-203°,

A mized melt between this waterial end triw-lenaphthylchlorosilane melted
at 190-1930, while a mixed melt with Bremnen's tri-lsnaphthylsilanol was
not depressed. DBramnen reports a yield of 86%, melting at 205-206°,
Attempts to cleave this silanol with nebutyllithium in ether were un-
muamnuxftul.M5

Iri~l=nephthyleilenol, sodium salt.= A 3.4 g, sample of the tri-lw

nephthylsilanol desoribed above wms dissolved in 100 ml. of dry xy lene

and § g. of sodium metel was &dded. Evolution of hydrogen was vigorous

et 100°, and was complete in 15 mimates. The solution wes allowed to cool,
whereupon e white preoipitete separated, This was decanted through &
ooarse filter of glass wool which permitted the precipitate to pass through
but retained the sodium metal, The preocipitate was dried in an oven at
110° for 15 minutes. Samples were then weighed quickly into 125 ml.
Erlenmeyer flasks and covered with water. The water suspensions were
heated elmost to boiling for 5 mimites, then cooled and titrated with

N/10 hydrochloric aoid. Neutral equivelents were 332 and 338, The
molesuler waight of sodium tri-lenaphthylsilanolate is 346,

Triepexenylsilanol. p-Xenyllithium was prepared by the following

procedure, Lithium metal, 3.22 g. (0.46 mole), was pounded into paperw
thin sheets, sorubbed under mineral oil to ensure a bright surface, washed

with petroleum ether, b.p. 60«70°, and cut in pieces about 5 mm. square
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into 200 ml, of dry ether in the usual apparatus., Fifty grams (0.214 mole)
of pwbromobiphenyl in 700 ml. of dry ether was added slowly with zood
stirring, There was no evidenoe of reaction and the lithium perticles
changed fyom shiny to black, A few fresh pieces of lithium also turned
black when added to the mixture. The whole of the p-bromobiphenyl wes
added, and the mixture was refluxed for 5 hours, during whieh time the
lithium was slowly consumed, although it never became bright., The dark
brown solution was filtered through glass wool and titrated. The yield
was 7%. About a dogen similar runs produced substantially the same
resulis,

To 8.75 g+ (0,0397 mole) of silicon tetrachloride in 150 ml. of dry
ether was added 0,113 mole of pwxernyllithium in ascordance with the genw-
eral dirsobions of Clark.ms The addition was complete in 2 hours, and
the resotion mixture was ellowed o stand overnight, It was then hydrolyzed

“with 10% emmonia solution, the solvent was distilled from the ether layer,
and the residue was steam distilled to remove 3.5 g. (207) of biphenyl.
Ether extraobion of the residue from steam distillation left 1 g. (%)
of insoluble s0lid, m.p. 200-201° with gas evolution, which was found to
be dispwxenylsilanediol.

Anale Caled. for 624}12002’Si= 841, 7.623 active H, 2,00, Found:

Si, 7.58, 7.69; ective H, 1.88, 1.95,

The solvent wes distilled from the ether extreot and the residus was

orystallized from bensene to give 5.6 5. (26%) of tri-p=xenylsilanocl, m.p.

200=201%, 7This material did not evolve & gas on melting, and a mixed
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melting point with the diep-xenylsilanediol obtained above was depressed
gbout 15°, Subsequent runs gave yields of 32% and $6%.,

Anal. Caled. for Cegllyc08i¢ Si, 5.565 active H, 1.00, Founds
51, 5.64, 5.593 aotive H, 0,94, 0.98.

An attempt was also made to prepare tﬁ-gwxemléila.nel fr;om .s ilioon
tetrachloride using Mnylli‘bhium made by hnlogeﬁ-metal interconversion.
In order to determine the yield of pexenyllithium obtained from the interw
conversion, 11,68 g. (0,050 mole) of pebromcbiphenyl in 80 ml. of dry
a‘hﬁgr was treated with 0.050 mole of ne-butyilithium in 100 ml. of ether
at 0°, Aliquots were withdrawn and carbonated at intervels of O, 5, 10,
20, end 40 mimbes after mixing. The yields of p~phenylbenszoic acid were
62, 60, 60, 80, 574, respectively. It was therefore conoluded thet the
interommversion mixture could be used imediataly after mixing, that its
use could be spread over a period of at lemst 40 mirmutes, and that the
vield would be approximabely 607%.

On this basis, 78.8 g. (0.15 mole) of pebromobiphenyl was suspended
in 100 ml. of dry ether, and to this was added over e period of 2 mimtes
0.15 mole of mebutyllithium in 300 ml. of ether at 0°. This solution wes
added dropwise to 5.1 gz. (0.035 mole) of silicon tetrachloride in 100 ml.
of dry ether at ~10° over a period of 40 mimutes. Hydrolyels with 107
ammonia solution gave a #0lid melting at 200-250° which wes insoluble in
ether. The ether solution yielded 2 brown solid melting at 150-180°,
Attempts to obtain a pure material from these solids by orystellization

were unsucceasful,
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Trie-psxenylsilanol was alsc prepared from sillcon tetrachloride
end pexenylmagnesium iodide. (g—Bromobipharwl did not react with mage
nesium.) One and mme-half grams (0.06 g. atom) of megnesium turnings
wore just covered with ether and reection was started by edding a few
orystals of peiocdobiphenyl. A eolution of 14 g. (0.0 mole) of p=
iodobiphenyl in 80 ml, of dry ether was added at a rapid drip. Only
very gentle reflux occurred, and the solution became dark brown and
oloudy. Vhen the addition was complete the mixture was refluxed for
two hours, then filtered and titrated. The yield was 5%, To this
Grignard solution (0.0295 mole) was added 1.53 g. (0.009 mole) of silicon
tetrachloride. The mixture was refluxed until Color Test I became neg-
ative (48 hours), then hydrolyzed with 107 hydrochlorie aoid and filtered.
The insoluble material weighed 0.9 g. (20%) and melted at 196185°,
This did r;ot depress the melting point of the triepsxenylsilenol reported
abhove,.

Attermpted preparetion of triepexenylchlorosilane.~ Three grems

(0.0080 mole) of tri~pwxenylsilanol were dissolved in 100 ml. of dry
bentene, and dry hydrogen chloride gas wes passed into the solution for

5 hours. There was no heat evolved and no precipitate formed. On dis-
tillation of the solvent, & quentitative recovery of trispsxenylsilancl
(mixed melting point) was made. This method has been very successiul for
preparing triphenylchloroasilane from triphsnyleilanol.l%

In & second attempt, 2.5 g. (0.005 mole) of triwp-xenylsilancl was
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suspended in 25 ml., of asetyl chloride, end dry hydrogen chloride was
passed into the suspension for 12 hours. The so0lid wes then filtered
off, washed with petrolesum ether, b.p. 38*-380, end found to weigh 2.5 g.
(100% recovery) and melt at 200-201°, A mixed melting point with starte
ing material wes not depressed. This triepexenylsilencl wes dissolved in
a slight exocess of bengene, and an egqual wvoelume of acetyl chloride wes
added, Dry hydrogen chloride was passed into this solution for 5 hours.
Eveporation of the solvent left 2.5 g. of triwp=xenylsilanocl, melting at
197=198°, identified by mired melting point.

Cleavege of triepsxenylsilanol by phenyllithiume.~ Three zrams

{0,006 mole) of trimpexenylsilanol was refluxed for 43 hours with 0.06
mole of phenyllithium in 175 ml, of dry ether. The mixture wes carbonated
and worked up in the usual w“‘s to glve an acid melting at 104-108°,
This was extracted with hot water. The meterial which did not dissolve

in hot water melted at 175-190° and, after several orystallizations from
agqueous ethanol, it yielded 0,14 g, (12%) of p-phenylbenscic scid, m.p.
227228°, identified by mixed melting point with an suthentio speoimen,

Attempted preparation of hexawpexeryldisiloxane.~ Other investlgators

have found that triphenylsilanol and tri-pwchlorophenylsilancl are cone
verted to the corrssponding disiloxanes in excellent ylelds by refluxing
fornie aoid.al'na In accordance with their procedure, 0.5 g. of trie
p-xenylsilanol wes refluxed for 48 hours in 26 ml, of Eastmen Kodak
White label 98% formie mcid. On diluting the suspension with 4 volumes

of water and filtering, there was obtained 0.5 g. of solid melting at 185«
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190°, One orystallization from benzene pave 0,44 z. (88% recovery) of
triepexenylsilanol melting at 200~201°, Thie was identified by mixed
melting point with a sample of the starting mesberial,

Attempted cleawvege of tetraphenylsilane by p=bubyllithium.e Tetra-

phenylsilane, 13.4 g. (0.04 mole), and copper~bronze, 0.5 g., in 100 ml.
of ether were treated in the usual way with 0.04 mole of nebutyllithium
made by the old procedure in 51% yield. The mixbture was oarbonated, acid-
ifled, and extruoted with aguecus sodium carbonste. Acidification of the
extract and extraction of thie with ether yielded only s trace of solid
which would not redissolve in sodium carbonate solution. The original
reaction wixture conteined & eonsiderable amount of insoluble mtarial;
This was filtered off and extracted with hot bensene in order to separate
crgenic materisl from copper-bronge, Evaporation of the benzens left 10.7
g+ of tetraphenylsilane, meDe, 233*-2550, identified by mixed melting

point determinetion, This is & recovery of 80%.

In a seoond run, 11 g. (0.035 mole) of tetrephenylsilane and 0.5 g.
of copper-bronze were treated with 0,033 mole of nwbutyllithium prepered
by the old method in 41% yleld. Agein no alkali~soluble material was
obtained on carbonation, and 9.5 p. (86%) of tetvaphenylsilane, meDe,
334-2359, w0s recovered,

Atbempted cleavage of tetraep=tolylsilene by nwbutyllithium.-

Eight grams (0,02 mole) of tetra~p=tolylsilsne (m.p., 234#2335°) and 0.3 g.

of ocopper~bronze in 50 ml. of ether were treated in the usual way with 0,025
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mole of nwbubyllithium prepared by the old method in 37% yield. During
the period of refluxing, & breask occurred in the aystem and the solvent
evaporated, The dry solids were thus inadvertently heated at a high
temperature (probab}.yﬂabout 200°) for several hours. The residue, which
ga.#a e negative ‘revsﬁylvi‘:"with Color Test I, wes extrmoted with boiling
petroleum ether (b.p., 77=115°), On cooling and concentrating, the
petroleum ether deposited 6.6 g. of tetra~p-tolylsilane, m.p., 2322337,
identified by mixed melting polnt determination. This is a recovery of
85%.

A second run ueing 6 g. (0,015 mole) of betra-p~tolylsilane, .25 g.
of copperebronge, and 0.03 mole of n~butyllithium (prepered by the old
method in 42% yield) was omrried out in the usual way, without aceident,
end carbonated. No alkali-soluble material was obtained. The copper=
bronze was filtered off and extracted with boiling petroleum ether (b.p.,
77=115%), The petroleum ether deposited 2.5 g. of tetre-p~tolylsilane,
m.p. 250-251°, and the ether filtrate from the aopper-bronze yielded on
concentration another 2.5 g., mep. 325+850°, Thus, the total recovery of
tetra~p~tolylsilane (mixed melting point) was 5 g., or 8%,

Trimethylphenylsilane.= Fhenyllithium, 0.11 mole in 210 ml. of ether,

was placed in a 250 ml. 3wneck flask equipped with stirrer, reflux oone
denser, dropring funnel, snd inlet for dry nitrogen. To this was added
dropwise over a period of 30 mimutes 10.9 g. (0.10 mole) of trimethyle
chlorosilane in 50 ml., of dry ether. The mixture was stirred at room

temperature for 2 hours and then hydrolyszed with 50 ml. of water. %he
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ether layer, on being dried end distilled, yielded 14.2 g. (95%) of
colorless liguid boiling at 162-166° (789 mm.) The reported boiling
point of trimethylphenylsilane is 171.2° (760 mrn.).155

Attenpted cleavege of trimethylphenylsilane by a~butyllithium.=

Trimethylphenylsilane, 7.5 g. (0.06 mole), snd copper~bronze, 0.6 g.,

in 50 ml, of ether were treated in the usuel wey with 0.10 mole of
nebutyllithium prepered by the old method in 3%° yield. The mixture was
refiuxed 36 hours instemd of the usual 48, and carbonated. Ixiraction
with aqueocus sodium earbonate and working up the extract as usual zave
about 1 ml. of a ysllow oil, soluble in alkeli but not in weter, end having
& strong odor of valeria acids No solid acid gould be obtained from this.
The non-aoid porbion of the reasction produst was distilled to give 4.5 g.
of liquid boiling &t 160-170° (732 mm.). The boiling point of trimethyle
phenylsilane &t 760 mm, is 171.2°0 °° This is a recovery of 60%, if the
material is trimethylphenylsilane,

Attempted cleawvage of triphenmyle-nsbutylsilens by n~butyllithium.=

Five grams (0,016 mole) of triphenylensbutylsilane® and 0.5 g, of
coppsrwbronge in 50 ml, of dry ether were treated in the usual way with
0,032 mole of n-butyllithium prepared by the old method in 52% yield. Vhen
the carbonated resotion mixture wes extracted with aquecus scdium ocarbonate,

only e drop or two of liquid scid heving the ocharacberistic odor of wvaleries

1634, Bygden, %. phys. Chem., 30, 246 (1915),
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acid was obbained. The ether solution containing the nonwacid part of

the reection mixture was filtered free of copper«bronse, dried, and distilled.
The residue wes teken up in boiling methanol, and this solution deposited

5 g+ of triphenylensbutylsilens in two orops. The recoversd material (100%
recovery) wee slightly impure (m.pe, 54-88°) but its identity was ocon=

firmed by mixed melting point determination,

Trimethylel-naphthylsilane,~ leNaphthyllithium was prepared from

l=bromonaphthalens and 1ithium metal in etheri®® in 704 yield. Tis solu-
tion was deep purple in color and probably contained addition products

of lithium on naphthalens, lebromonephthalens, or lumphthyllithitm,ms
Trimethylochlorosilane, 2046 g. (0.19 mole), was dissolved in 100 ml. of
dry ether in a 500 ml. Ssneck flask equipped with stirrer, reflux conw
denser, dropping fumnel, and nitrogen inlebs, lelNaphthyllithium, 0.19
mole, was added dropwise at the maximm rete at which the purple color was
discharged, The reaction mixture became cloudy yellow, green, gmay, end
yvellow in turn, After 2 houre the addition was complete and Color Test I
was negative, A further 20 ml. of le~naphthyllithium solution was added
and Color Test I beeame positive, The ether was distilled off and replaced

by dry bensens. The bensene solution was filtered, the salts were washed

( 15‘310 Gilm, FolAe zO@llner‘ and V.M, Selby' _‘_I.o -‘-_I_h&o Chem. MO, §_§3 1957
1932).

mﬁW. Schlenk and E, Bergmenn, Ann., 468, 1 (1928).
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with bensene, end the cornbined bengene solutions wevre distilled. The
produet was 33 g, of an 0il with a greenish fluorescence ﬁoiling at 120«
160°% (13 mm.). This oil was steam distilled for several hours until

no more naphthalene oame over. The total yield 6f naphthalene was 7.5

ge or 31%. The residue was distilled at 127~130° (10 mm,) and agein at
91»92° (1,7 mm,) to give 15 g. (34%) of a fluorescent oil, Analyses showed
that thie oil oontained 12,7«12,87 silioon, while the ocalculated silicon
content of trimethylelensaphthylsilane is 14.0%. Qualitative tests showed
that the oil alao sontained bromine, suggesting thet l~bromonaphthalene

is an impuritye.

Schlenk and Bergmnnlss

reported thet lithium does not add to naphe
thalens in hydrooarbon solvents, so several attempts were made to prepare
lenaphthyllithium in petroleum ether in order to avold the formation of
colored impurities. In pure petroleum ether (b.p., 28+38°) the yield wes
20%3 in e 50% petroleum ether, 70% diethyl ether mixture the yield was
407%3 in & 10% petroleum ether, 90% diethylether mixturé the yield was 42%.
In the first two cases the solution was pale browm in color; in the last
it was & somewhat lighter purple than when made in diethyl sther alone.

A second prepametion of trimethylelenaphthylsilane was carried out
by treating 11 g. (0.10 mole) of trimethylehlorosilane in 26 ml. of dry
ether with 0.12 mole of l~naphthyllithium prepered in 404 yield in a
mixture sontaining 30% petroleun ether snd 70% diethyl ether. Vhen

addition was oomplete the mixture wes refluxed for one hour and allowed

to stend overnight at room tempereture, Color Test I was then strongly
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positive, Water was added and the ether layer was dried and distilled.
Fourteen grams (807%) of product boiling at $9=100° (2 mm,) was cbtained,
along with some redeorange oil boiling atb 215«320° (2 vms). The 14 g,
of trimethylelenaphthylsilane obbtained in this prepareation also contained
bromine by qualitative analysis,

¥hile these experiments were in progress it was discoveredlS? that
the halogen~metal interconversion reaction pives lenaphthyllithium sube
stantislly free of lithium addition products. A third run of trimethylele
vaphthylsilane was mede using lenaphthyllithium made by interconversion.

neButyllithium, O.21 mole, was prepared by the old method in 3%
yield and added in e slow stream to 41.4 g. (0.20 mole) of lebromo-
vaphthalene in 100 ml. of dry ether under an atmosphere of dry nitrogen,
Mild reflux occurred during the addition and continued for 10 minutes
after the addition was pomplebe. As soon es reflux had subsided, 21,8 g.
(0.20 mole) of trimethylohlorosilans in 50 ml. of dry ether was added
dropwise at such & rate as to produce mild reflux, while cooling the
reaction flask in an lce-water tath. The mixzture was stirred at room
temperature for 8 hours; then hydrolyzed. The residue obtained on dise
tilling the solvent from the ether layer was steem distilled until only
water oame over. The distillate was a liquid, which was taken up in ether,
dried, and distilled. PFifteen grams of ligquid boiling at 120-126° (738
mme) was obtained. This liquid does not contmin silicon and is thought
to be nwoctane (b.p. 126°) formed by the remction

Q~G4HQLi E-CQHQBX' _*5”58318 & LiBr
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during the preparation of the low yield of n~butyllithium. The residue
from the steam distillation wae distilled to give 28 g, (70%) of liquid
boiling at 99-100° (8 mm,). This material was redistilled twioce through
8 12«-inch column packed with 1/8Bwinch glass helices. The material boiling
st 127-128° (10 mm.) was collected emoh time, and had the following
physical constantss 512)0. 1.68103 dio, 0.98703 M, oalods for trimethylwl-
nmaphthylsilane, 67.43 My found, 67.6,

Anel, Calod, for CyaHyg8is 51, 14.0« Found: Si, 13,8,
A product (8 g.) boiling at 120-126° (2 mn.) was also obtained from the
residue sfter steam distillation, This did not contain silicon and was
believed to be lwn=butylnaphthalene, (b.p., 287-288")156, formed by the
reactions

1-CyoflBr b peCoHoLi —> 1=Cy HoLi # neC HoBr

Li $ neC H

0
1=Caoty 4’
during the halogenemetel interconversion.

Br —> 1-(n~04H9)CmH7 $ LiBr
152

Attempted cleavage of trimethylelenaphthylsilane by nwbutyllithium.=

Ten grems (0.05 mole) of trimethyl-l-naphthylsilane in 50 ml, of dry ether
wags treated with 0.67 mole of pebutylliithium mede by the 0ld procedure in
85% yield. The solution became orange in color when the nebutyllithium
was added, but it did not reflux spontaneously, and the color did not
despen when the solution was refluxed over & hot plate. The mixture was

ocarbomated after 48 hours and extracted with sodium carbonste in the usual

1884,c, Smith, J. Inst. Pebroleum, 35, 105 (1949).
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way. A liquid soid having the charmcteristic odor of n-valeric acid

was obtained., This wes completely soluble in 100 ml, of water at room
temperature, so it kuld not have oonteined any appresieble amount of
l-naphthole acid. The non-acidie part of the resmction product yielded,

on distillation, 6.5 g. (65%) of trimethylel-naphthylsilane at 100° (2 mm.),

end 0.75 g. of liquid‘boiling at 115+118° atmospheric pressurej n%s 1.38996,
157

aiﬂ 0.7082. This wes at first thought to be trimethylen=butylsilene
but was found on analysis to oomtain no silioon and was therefore probably
Bwootauelsa formed during the preparation of nebubyllithium.

A total of eight attempts to aceomplish this cleavsge were made,
Varying yields of pwoctane were obtsined but no solid acid was ever obe

teined, and recoveries of trimethylelenaphthylsilane were never sbove 7(%i.

Preparation and Resotions of Hexmaryldisilanes

Hexmphenyldisilane.~ In accordence with the directions of Sohlenksg,

6+5 g+ (04022 mole) of triphenylchlorosilane was refluxed in 125 ml. of
xylene with 4 g« (0,174 g. atom) of sodium for 3 hours. The suspension
developed a deep violet color and a large volume of white precipitebe

appearsd. This precipitate was filtered from the hot solution, as spea=~

ified by Sshlenk, and the xylene sclution wes allowed to socol for 12 hours

167 A. Bygden, Z. phys. Chem., 90, gﬁ (1915) -ives for trimethyl-n~
butylsilanes b.p. 1159, d 0,7141, n 1.4004.

158y, Roth and K. Scheel, "lendolt-Bornstein, Physilmlischohemische
Tabellen", Erg. I?Ik”iai6 Julius Springer, Berlin, 1935, p. 344, gives for
g*ﬂc'banex bopo 125,8 (760 mm.g di 0.7028, 110 1,3976,
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in the refrigeretor. Thers was obtained as & preecipitate 0.28 g.
(5.4% yield) of hexaphenyldisilene melting at 254=255°, Sohlenk gzives
the melting point as 2543556° but does not mention the yield.

In & second run, 15 g. of triphenylohiorosilaﬁa (0.051 mole) was
refluxed for & hours with 2,1 z, (0,091 g, atom) of sodium in 75 ml. of
quiene. The suspension was allowed to cool to room temperatizre, then
filtered, and the residue waa weshed with xylene. This sclid wes placed
in 100 ml. of 95% ethenol and stirred until all the excess sodium hed
reacted. Four volumes of water were then added, and the suspenszion was
filtered, The residue was washed with water snd dried to give 11.6 g.
of hexaphenyldisilane (85% yield), melting at 361=-362°, It is thus
evident that the solid filtered from the hot solution in the previous run
is mostly hexephenyldisilane, rather then mostly sodium chloride, &os
assumed by Schlenk. A sscond run by the same procedurs gave an 875 yield,

Attempted reaction between triphenylsilane and sodium metal.~ Three

grams (0,012 mole) of triphenylsilane was dissolved in 100 ml. of dry
xylene and 0.5 g. (0,022 g. atom) of freshly out sodium metal was sdded.
This mixture was refluxed for 24 hours, then allowed to ocovl. A trace of
insoluble material separated and was filtered off. It did not melt under
4000. When triturated with e few drops of water it was converted to s
white s0lid melting at 148-150°, About § mg, of this material, very
probably triphenylailsnol, was obtained, I% was probably formed from

traces of sodium hydroxide formed on the surfece of the sodium during
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handling. Evaporation of the xylens left an oil which, on standing for
severel daya, deposited 2.7 z. (90%) of triphenylsilane melting at 40«420.
identified by mixed melting point with starting material,

Hexaphenyldisilene from triphenylsilane.~ In an sttempt to preparve

triphenylsilyllithium, 5.2 g. (0.02 mole) of triphenylsilane in 100 ml.
of ether was added slowly to 0.7 2. (0,10 g. atom) of lithium metsl in 50
ml, of ether under nitrogen. There was no immediate evidence of reaotion,
80 the mixture was refluxed for 24 hours, At the end of this time some
white insoluble material had appeared. The suspension was deomnted
through & stopeook 8o as to let the precipitete pass cover while retaine
ing the pleces of lithium metal, and poured into 7.8 g. of ethylicdide,
There was no evidenode of reamsbtion after the mixture had been refluxed for
7 hours, s8¢0 the preocipitate was filtersd off{ and treated with 50 ml, of
90% methanol, When evolubion of gas (due to decomposition of lithium
hydride by water) had ceased, the mixture was filtered., The precipitate
waighed 0.4 g. and melted at 350-355°, A mixed melting point with hexae
phenyldisilane wes not depressed. This corresponds to a yield of 8%.
The ether layer was shaken with 107 hydrochloric ecid, dried and distilled.
There was obtained 3.0 g, (58%) of triphenylsilene at 144~145° (0.3 mm,)
and 1.7 g« (317) of triphenylsilanol boiling et 154-200° (0.5 mm.), mep.
148-150°, both identifled by mixed melting points,

A seoond run using twice as mich reagents in the same volume of ether

was refluxed for 6 deys., It wes worked up exactly as before, to give a
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21% yleld of hexaphenyldisilane, a 227 yield of triphenylsilanol, and
a 38% recavery of triphenylsilane. No triphenylethylsilane was obtained
from either run,

Recobion between triphenvlesilane and selenium digxide.~ In an

attempt to prepave hexaphenyldisilane, 2.8 g. of triphenylsilane (0,01
mole) dissclved in 100 ml. of dioxane was edded to 1.2 g. (0,01 mole)

of selenium dioxide. The mixture was stirred and refluxed under nitrogen
for sight hours, theallowed to stand overnight, A sludge of selenium
netal was filtered off with the aid of distommceous earth, and the red
mother liguor was diluted with 10 volumes of water. The organic material
separated as en o0ll, so the aqueous emlsion was extracted several times
with ether. The ether extract was washed with water to remove dioxanse,
then dried end distilled, The residue was & yellow oil which, on stand-
ing, deposited 2 g. of colorless orystels melting at 148-150°, These

did not depress the melting point of a sample of pure triphenylsilancl.
The yield is 73%. No ether-insoluble material, such as hexaphenyldisilox-
ane or hexaphenyldisilans was found,

Attempted remotion between triphenylsilane end chloranile~= In a

second attempt to prepare hexsphenyldisilane, 5 g. (0,012 mole) of tri=
phenylsilane in 100 ml. of dry xylens was added to 5 g. (0,012 mole) of
ohloranil, The solution was refluxed for eight hours and allowed to stand

overnight. At the end of this time the solution hed chenged from a light
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yellow golor to brownish blaock. The xylene solution wms then chilled
thoroughly in the refrigeretor and shaken five times with an ice-cold 2%
solution of potassium hydroxide. This removed excess chloranil and
tetrachloroquinhydrone. The xylene solution was then weshed with vater
and dried, FRemoval of the solvent under vecuum left a dark brown oil
which was very soluble in most orgenic solvents except methanol, A1l
attempts to get a crystalline material from the oil were unsuccessful.
A% any rate, the ready solubility of the oil in ether wekes it very unw
likely that any hexaphenyldisilane or hexsphenyldisiloxane wes present.

Attenpted oleavage of hexaphenyldisilene by phenyllithium.= Hexm=

phenyldisilane, 2.5 g. (0.0048 mole), was suspended in 200 ml. of ether
ocontaining 0,045 mole of phenyllithlum. This mixture was refluxed for
96 hours, then hydrolysed with water and filtered. The residue weighed
2,42 g, (97% recovery) and melted at 360+361° elone or mixed with start-
ing meterial,

In a second atbtempt, 2,42 g. (0,0046 mole) of hexsphenyldisilane was
suspended in 100 ml., of dry xylene, and 0.05 mole of phenyllithium in 58§
ml, of ether was added. This mixture was refluxed for 72 hours, then
hydrolyzed with water and filtered. The residue weighed 2.21 g, (92%
recovery) and melted at 360-361° alone or mixed with starting material.

Attermpted cleavege of hemmphenyldisilane by neButyllithium.~ To a

solution of 0.06 mole of nebutyllithium (prepared by the old method in
52% yield) in 150 ml. of ether was added 2.2 g. (0.,0042 mols) of hexaphenyle

disilene, After being refluxed for 47 hours none of the hexaphenyldisgilane
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had gone into solution, as might be expeoted if ~leavege had ovecurred, so
two volumes of dry =xylene were added and the suspension was refluxed for
another 48 hour pericd. Color Test I was then negative, so the sus-
pension was filtered and the filtrate concentrated to about 5 ml. The
residue from the filtration weighed 1.5 g, and melted at 360w361°, The
concentrated xylene deposited 0.3 g. of solid melting at 354356°, Both
sollds were identified as hexaphenyldisilane by mixed melting point, so
the recovery of starting materiel is 1.8 g., or 82%. The 5 ml. of xylene
solution was placed in 100 ml. of weber and the xylene was removed by
steanm distilletion. The remaining water layer was extracted with ether,
and the ether was dried and distilled. No residue remained, so no tri-
phenylenebutylsilane, triphenylsilasne, or triphenylsilsnol could have been
formed by cleavags. The 127 loss of hexaphenyldisilane may well have

been mechanical,

Hexawpexenyldisilane.= To 2,51 g, (0.,0097 mole) of hexachlorodisilane
in 100 ml. of ether wes added 0.068 mole of pexenyllithium prepared from
p=bromobiphenyl and lithium in 727 yield by the procedure previocusly de-
gseribed. This mixture was refluxed untlil Color Test I beceme negative
(20 hours), then hydrolyzed with water. The material insoluble in both
ether and water was filtered off and dried. It weighed 7.5 g. and melted
at 320-370°. This solid was digested with bengene for four hours, then
filtered and washed with benszene., The benzene, on ococoling, deposited 1.5 g.

of white s0lid melting at 260-283°, Reorystallization from benzens gave
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1.2 g (28%) of tetra~p-xenylsilane melting et 270-272°, The melting
point roported in the literature is 274°.%% The benzeneeinsoluble residue
weighed 3 g. and melted at 400~416°. This material was very insoluble
in all the organiec solvents available, with the exoeption of nitrobensene.
It could be recrystallized from nitrobenzene conveniently, leading to a
product with e lighter color (ten) but the same melting point. It was
then discovered that the material wes partly soluble in pyridine. After
four hours of digestion with hot pyridine, the hot suspension was filtered
to glve a residue weighing 1.3 g. and :ﬁelting at 432-484°, This meterial
appears to be hexaepexenyldisilane. The yield is 14%.

Aoal., Caled, for 0721{5%8:12; 81, 6,75, Found: 8%, 5.73, 5.77.

Seversl attempts were made %o prepare hexaep-xenyldisilane from hexaw
chlorodisilane and pexenyllithium made by halogen-metml intereonversion,
In most of them some tetre-pexenylsilans was obtained along with tan to
‘brown solids melting from 3680 to 400°, These were always completely soluble
in pyridine, and no pure materisl was ever isolated from any of them,

Attempted reastion of hexaepwxenyldisilene with oxygen and iodine.=~

A suspension of 0.30 g. of hexa-p-xenyldisilane in 50 ml, of dry xylens
was heated to reflux for 43 hours while passing e stream of dry air through
the mixture. The xylene was then removed under wvacuum. The residue weighed
0.294 g. (98% recovery) and melted at 432-434° alone, or mixed with start-
ing material,

Two 0.30 g. samples of hexa~pexenyldisilane were weighed out and

suspended, one in 50 ml. of xylene, and the other in 50 ml. of chloroform.
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To the xylens suspension was added 0,1 g. of iodine and 3 drops of
gquinoline, To the chlorcform suspension was added 3 drops of a dilute
solution of iodine in chloroform. Both aolutions were refluxed for 10
hours, then filtered hot. The residue from the xylens suspension v:mighea
0.8562 g. (847) end that from the chloroform suspension weighed 0,260 g.
(874). Both melted at 432+434° alone or mixzed with starting material.
The iodine color had not disappeered from either solution, even though it
had been very faint in the chloroform solution from the beginning.
Preparetion and Ulbraviolet Absorption Speetre of
p-Dimethylaminophenylailison Compounds
The ultreviolet absorption speotra of variocus organosilicon compounds
have bsen reported pmieualy.lsg Some additional details of preparstion
for these and relatsd compounds are given below,
Big=(p=dimethylaminophenyl)=silanediols= peDimethylaminophenyllithium

(0,17 mole) was added under nitrogen to 9.52 g. of silicon tetrachloride

(0,058 mole) in sther. The addition was made over a two hour period while
keeping the temperature of the reaction mixture at =15 %o «20°, The
solubion was stirred for thirty mimtes et room temperature, and then
hydrolyred. The ether layer was dried and distilled, leaving a stioky
blue solid which, sfter erystallization from benzenewpetroleum ether (b.p.
90«120°), yielded 18 g. (77%) of bis=(p~dimethylaminophenyl)~silanediol

1591, Gilman and G.E. Dunn, J. Am. Chem. Soc., 72, 2178 (1950).
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melting et 173-174°,
inal. Caled, for Cy.H,,0,N,8i1 ¥, 9.27; 51, 9.27) sctive K,

2.003 Pounds N, 9.4533 Si, 9,103 aotive H, 1.93.

Tris=(p-dimethylaminophenyl)=silanol.= p-Dimethylaminophenyllithium
(0.18 mole) was added to 10.2 g. (0.06 mole) of silicon tetrachloride
in_ ether under en atmosphere of nitrogen, During the addition of the
first equivalent of aryllithium the temperature was kept at «15 to -20°,
and while the last two equivelents were asdded dropwise the mixture was
allowed %o warm up to room temperature, It was then refluxed until Color
Test I became neg#‘bivo (forty=eight hours), and hydrolyzed. 4 solid
insoluble in both ether and water was filtered off and dried. It weighed
2.5 g., melted at 234+2328°, and was shown by mixed melting point to be
tetrakis~ (p~dimethyleminophenyl)=silane (8%)., The ether layer, on
ecngentration, deposited a brown, gummy solid whioch, when orystallized
from bensene, gave 14 g. (58%) of colorless asolid melting at 174=178°,
Reorystallization from benzene raised the melting point to 183-184°,

This oompound has previcusly been reported as melting at 183—-1840160 an

104

d

boiling at 275-280°, 12 mm.

Tris=(p=dimethyleminophenyl)=chlorosilane.,~ This compound was pre-
pared by the method used for trﬁ.s-(a~dimo‘bhy1a.minopheny1)—d-silanol, exocept

that, as soon as Color Test I became negative, the mixbure was not

160y A, Plunkett, Dootoral Dissertation, Iowa State College, 1947,
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hydrolyzed, but the ether was distilled off while adding dry benzens.
“hen all the ether had been removed, the benzene solution was siphoned
away from the inorganioc salts under nitrogen, and concentyated. The
yield of tris=(pedimethyleminophenyl)=chlorosilane which crystellized
out was 25.5 g. (607), melting at 204-207°. Reorystallization from bengene
gave 18,2 g. (43%), nelting et 212.213°,
Soels Calod. for Co He N.C181: Cl, 8.38; Si, 6.61. Found: Cl,
BeE 3 Si, 6.53.

Attempted preparation of hexakis-(pedimethyleminopheny] )edisiloxane,=

A1l attempts to prepars this compound from trise(pedimethylaminophenyl)-
silanol were unsuccessful., Refluxing the silanol with glacial acetio

a}18, 987 rormic ec1d?1#118 or nydrochloric ecid in methanoll®l zave

aol
g:,lasso# or oils with a strong blue ocolor which suggest thet cleawvage of
the p~dimethylaminophenyl group had taken plece. Refluxing the silanol
with dien=butylemine gave & good yield of tris-(p-dimethylaminophenyl)-
di-nwbutylaminosilane 5 1

One grem (0.0025 mole) of tris-(p~dimethylaminophenyl)ssilancl was
suspended in dry xylene and 0.5 g. (0.022 g. stom) of sodium metal was
added., This wes warmed until the silanol had completely dissolved and
hydrogen was no longer ewolved. The solution was then decanted into a
xylene solution of 1 g (0.0024 mole) of tria=(p~dimethylaminophenyl)=

chlorosilane, This mixture was refluxed for six hours, then washed with

161y 5, Kipping and L.L. Lloyd, J. Chem. Soc., 79, 449 (1901).
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water, and 0.4 g. of oclorless insoluble material was filtered off. This
s0lid did not melt, but slowly turned brown and decomposed ﬁhon heated
above 400°, A product with very similar properties was obtained when
5.22 g, (0.0183 mole) of hexachlorodisilowane was refluxed in ether with
0411 mole of pedimethyleminophenyllithium until Color Test I became
negative (fifteen hours). Purificetion of the crude product was attempted
by dissolving it in dilute aoid, washing the solution with ether, end
reprecipitating with aqueous ammonia. The material so obtained hed a sete
isfactory silicon analysis for heukiu(g*dimthylaminophenyl)-ﬁiailoxane
(oalod., 7.07; found, 6,96) tut ite oryosoopioc molecular weight in nitro-
bengene was too low (caled., 7923 found, 440430). In view of these
enomalous results, we do not claim that this material is hexalkis-(p=
dimethylaminophenyl)=disiloxane.

Tris=(p-dimethylaminophenyl)=silane.~ peDimethylaminophenyllithium

(0.11 mole) was added to 4.97 z. (0,037 mole) of triohlorosiiane in ether.
The first equivalent wes added at -100. but during the remainder of the
addition the mixture wes allowed to warm up to room temperature. Color
Test I 4id not beoome negmtive until the mixture hed been refluxed for
thirty hours. Dilute ammonium chloride solution was then added and the
ether layer separated., On oommoentration of the ether sclution there was
obteined 7 g. (49%) of solid melting at 153-155°. Reorystallization from
absolute ethanol raised the melting point to 1567°,

Anal, Caled. for €, H N Si: N, 10.79; §i, 7,193 M,W, 388, Found:

247313
N, 10.6; Si, 6.925 M,W, {eryoscopic in benzene), 38747,
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>

This compound did not evolve hydrogen when treated with potessium
hydroxide in piperidine as do most triarylsilanaa.ss but when 1 g.
(0,0026 mole) of the material was warmed to 60° with 50 ml. of 2%
petassium hydroxide in absolute ethanol, & vigorous evolution of gas
took place end the triarylailans dissolved, When reaction was complete,
an equal velume of bengene wes added and the mixture wms made just aoid
to phenolphthalein with 0,1 N hydroohloric ncid. The benzene solution
vwas washed free of aloohol and inorganic materials end dried., Evaporation
of the benzene and orystallization of the residue from benzene-petroleum
ether (b.p. 90=120°) yiclded 1 g. of meterial melting et 177=178° which
was identified ae tris-(p~dimethylaminophenyl)~silanol by mixed melting
point, The yield is 85%.

Tris={p~dimethyleminophenyl)=silene was also prepared by refluxing
1 g. (0.0024 mole) of tris=(pedimethyleminophenyl)=chlorosilans with 0,1
g+ (0,0027 mole) of lithium aluminmm hydride in ether for six hours.

The mixture was hydrolyzed by adding ether saturated with water, and the
aluminum hydroxide was washed out with dilute agqueous acetioc asid. The
dried ether solution, on standing, deposited 0.9 z. (98%) of trise
(g—dimethylaminOPhewl)usilane. MePo 157° without reorystallization,
This wes identified by a mixed melting point determination with the
sample reported above,

Tetrakis=(p~dimethyleminophenyl)=silane.~ An ether solution of

0.16 mole of p~-dimethylaminophenyllithium was added to 0.04 mole of

silioon tetrachloride in ether. The silioon tetrsshloride solution was
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cooled to =20° before the addition began and the temperature wes held

at «15 teo -30° throughout the slow addition, (In the 1isht of subseguent
experience, it is probable that the addition can be made rapidly and at
room temperature.) Color Test I was positive when the addition was oom=
plete, so the solution was refluxed until the color test became only very
faintly positive (60 hours). The mixture was then hydrolyzed with 27
ammonia solu‘bioﬁ, and the insoluble material wae filtered off and wmshed
with water. This weighed 20 g. (87%) and melted at 236#238°, 4 41%
yield melting at 235+236° hes been reported from a reaction which was
hydrolyzed immediately on ocompletion of the addition of the organolithium
reagent. 50 A mixed melting point between material melting at 235-236°
and the product of this reaction was not depressed,

Tatra.kiw(g—dinp'chylaminophemd)-silane Totmmethicdido.ulez Five

grams (0,01 mole) of tetrakis~(p~dimethylaminophenyl)=silene was dis-
solved in 52.5 g+ (0.37 mole) of methyl iodide. The mixture was refluxed
gently, end a white precipitate appearsd, After 30 minutes of reflﬁxing
no further precipitation cocurred, so 100 ml. of asbsolute methanol wae
added in order to bring partly reacted material into solution. This
suspension wes stirred and refluxed for 6 hours, then the so0lid was
filtered off and washed with methanol. The dry solid weighed 9.7 g. (80%)

and melted at 206-206° with softening et 200°, One orystallization from

162p050d on an unpublished procedure developed by Dr, lawrence Summers
for the preparation of tetrekise(pedimethylaminophenyl)wlead tetramethiodide.
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methanol gave 7.5 g. (70%) melting at 208-208°,

Anal, Caled, for 636H52N414Siz 8i, 2,603 I, 47.2. Found: Si, 2.68;
I, 46.0,

Diphenylep=dimethylaminophenylsilanol.= peDimethyleminophenyllithium

(0.06 mole) was added slowly to a refluxing solution of 15,2 g. (0.08
mole) of diphenyldichlorosilane in ether, The solution was refluxed for
a total of two hours, then hydrolyzed., An ether«insoluble layer separated
and was extracted with ehloroform. This chioroform, on concentration,
deposited 4.8 g. of diphenylsilanediocl. On evaporation of the dried ether
layer a residue remained which was extraocted with bentene. A benzene~
insoluble residue consisted of 1.6 g. of diphenylsilanediol, making the
total yield of this material 8.4 g. or 49%, The benzene solution, on
gonoentration, left an oil which sclidifed on cooling end after several
crystallisations from benzene~petroleum ether (b.p. 90-120°) weighed 4 g.
and melted at 865-66°., This proved to be diphenylep~dimethylaminephenyl=-
silanol. The yield is 217, but it is very probabls that this could be
improved by 8 longer period of refluxing of the pedimethylaminophenyllithium
and diphenyldichlorosilane.

Anal., Calod, for Cogly ONSi: Si, 8,793 sctive H, 1.00. Founds: 34,
8.98; aogtive H, 0,96,

Diphenylep=dimethylaminophenyloarbinol,.» The procedure for the prepare

ation of diphenylepedimethylaminophenylearbinol and its absorption spectra

in the ultra violet have been reported elsewhare.lsg
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Preparation and Relative Rates of Hydrolysis of
Diphenyl(substituted=-phenyl)silanes

Diphenyl{substituted-phenyl)chlorosilanes.~ 4 series of diphenyl

(substituted-phenyl)ochlorosilanes was prepared from diphenyldichloro-
silene and substituted organclithium reagents or substituted Grignard
reagents, The procedure is illustrated by the preparation of diphenyl-
p~dimethylaminophenylchlorosilane which is desoribed below, and the
physiocel oonstants and analyses of the produets are reported in Table III,

Dﬁ.phorwl—g-dimethylamino;)heqylohloros ilene,~ Twenty~one and foure

tenths grame (0.086 mole) of diphenyldichlorosilane was dissolved in 70
nl., of dry ether in a thrce-ﬁeoked flask equipped with reflux condenser,
meochaniocal stirrer, and nitrogen inlet, With the stirrer operating at
moderate speed, 0.085 mole of p=dimethylaminophenyllithium wae added
dropwise over a period of thirty minutes. When the addition was complete,
the mixture was stirred and heated to reflux until Color Test I became
negative (24 hours)., Dry benzene was then added dropwise o the reaotion
flesk, and simultaneously ether was distilled off until the distillation
temperature remched 78°, The mixture was allowed to settle, then the
bengzene was siphoned off under nitrogen pressure, and the insoluble
residue (inorganiec salts) was washed twiee with dry Lenzene by 8 similer
siphoning procedure, The solvent wes distilled from the oombined bensene
solutions, and the residue was distilled at reduced pressure to give 21.0
ge {(70%) of diphenylwp=dimethylaminophenylchlorosilane, b.p, 227-228° at

2.5 mm, Analysis is reported in Teble III,



TABLE III.

Preparation of Monosubstituted Triarylohlorosilanes from

Diphenyldichlorosilsne

Organametallic Time of B.p. of product = Yleld,  _Silicon, % Chlorine, %

compound reflux, hr,. t, °C, p, mm, % Caled, Found Caled, Found
p=ClCgHHgBr 72 149-50 - 0.3 36 8451 8,40  10.8 10.7
meCH,CgH, L1 0.5 150«51 0,05 79 9.07 9,04 11.5 11,2
P~CH,CGH, 14 0.5 14748 0.2 79 9.07 9.10 11.5 11.2
m-(CH,) NC H, 1 4 18485 0.2 78 8.30  8.30  10.5 10.7
p~CH (O E, kgBr 120 189-92 1.0 78 8.62  8.46  10.9 10.6 .
2~(CH),NC H, La 24 227-28 2.5 70 8.30  8.17  10.5 .87 &
m-Fg0CaH, lgbr 64 116+20 0.3 75 T.78  7.89 9.76 9,85
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Diphenyl{substituted~phenyl)silanes,~ A series of diphenyl (sub-

stituted-phenyl)silanes was prepared by reduscing the corresponding chloro-
silanes with lithium aluminum hydride., Ti'e¢ procedure is illustrated by
the preparation of diphenyl=-pedimethylaminophenylsilane, which is dew
soribed below, and the physleal constents and analyses are given in

Table IV,

Diphenylepedimethylaminophenylsilane.« To 18.5 g. (0.055 mole) of

diphenylepedimethyleminophenylohlorosilane dissolved in 125 ml. of dry
ether wae added 1.0 g. (0.026 mole) of lithium aluminum hydride. The
mixture was protected from atmospheric molsture by = calcium chloride tube
and refluzed for three hours. Excess lithium alumioum hydride was
hydrolyzed by adding ether saturated with water, followed by dilute
aqueous acetic aoid, The ether layer was separated and washed with dilute
aoetic acid, then dried over sodium sulfate and diestilled at reduced
pressure. Diphemyl=p~dimethyleminophenylsilane, boiling at 186-187° at
0.15 mm., was obtained in 55% yield, Anmlysis is reported in Table IV,

Relative rates of hvdrolysis of diphenyl(substituted=-phenyl)silanes.=

The piperidine used as solvent and catelyst for hydrolysis of the trie
arylsilanes was en Eastman Kodak white label produet which had been re-
distilled through & 12 inch colwm packed with 1/8 inch glsss helices.
Distilled water was added to this material until the water concentration
was 0,96 molar, as determined by titration with the Yarl Fischer reagent.
The silanes were redistilled at reduced pressure from a flask having a §

inch Vigreux neok until a sample was obtained which, when hydrolyzed,



T4BLE 1V,

Preparation of Yonosubstituted Triarylsilanes

Substituent B.p. of produoct Yield Silicon, % Hydrogen es Si-H, %
%, ©C, p, mm. A Caled,  Found caled, Found
p~Cl - 161e52 1.0 86 9.51 9¢48 ~ 0,840 0,338
21_-055 155=58 1.2 62 10.2 10.2 0.364 0,355
p~Clg 147=48 0.2 78 10.2 10.2 0,364 0.360
21_-3%’( Cﬁs)z 176=77 0.1 83 9.24 8.19 0,534 0.344
2-005’.5 1283=-84 1.6 76 9.67 92.80 04345 0.343
E-K( CH3)Z 186=87 0.15 58 9.24 9.20 0.334 0,334
E.?"GF'{, 12429 1,0 19 BuBHT B.72 0.305 0,341

*$01
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would give a totel volume of hydrogen equal to 100.0 & 0.3% of the
theoretioal volume., In most caeses not more than two distillations were
required,

The kinetic runs were made as follows.“ Depending upon the sige of
the sample to be used, elther 10 or 20 ml. of the piperldine reegent
deseribed above was pipetted into & 50 ml, Erlenmeyer flask, which wes
plaged in the olemp of & shaking machine arranged in such a way thaet
about half the height of the flask was immersed in an oil bath maintained
at 58.8040.05°, The flask was loosely stoppered, the shaker started, end
the contents allowed 15 minmubes to eome to bath temperature, The sample
(0,1=0.4 g.) was weighed into a smell gless cup made by ocutting the bottom
from 2 12 om. test tube just above ite hemispheriocal base, The shaker
was stopped, oup and sample were dropped into the Erlenmeyer flesk, and the
flagk was cormected to a 10 ml. gas burette by means of capillary glass
tubing and a short length of Tygen tubing. Sheker and timer weare then
started, and the volume of hydrogen was read at intervals. No adwvantage
was found in the use of a flask with side bulb to hold the piperidine so
that the system could be closed before silane snd base were mixed, since
there was no evolution of hydrogen during the few moments between mixing
the resgents and starting the shaker. A constant positive blank of 0,10
ml. of hydrogen was observed for all runs.

Analysis of the silanes for hydrogen as Si-H was ocarried out in the

same way, except that a few pellete of potassium hydroxide were added to
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the piperidine in order to hasten the reaction,

Three indespendent determinations of the specific rats constant were
made for each silane. The statement Iin the tables that the specific rate
constant for triphenylsilane is 7.41 ¢ .62 x 10~4 soc"l indicates that
the averegs rate from the three determinations wes 7,41 x 10°%, sec~l,
and that the largest deviation from this was 0.62 x 10" sec™l, The data
from a typical run are recorded in Table V and plotted in Fipure 5.

Teble VI records the constanoy of the pseudo first orderrspecifie
rate oonstant with varying ooncentrations of silene, and thus demonstretes
the first order of the resction in silene, Table VII gives the vseudo

first order reate constants for the hiydrolysis of the various silenes,
Meohanism of Hydrolysis of Triarylsilanes

Effect of water ooncentration on the rate of hydrolysis of triaryle

silanes in piperidine.,~ Piperidine solutions containing 0.86 and 9,60

moles of water per liter were prepared and etandsrdized with the Karl
Fischer reagent, Diphanyl-:g-talylailam was hydrolysed by the general
procedure previcusly desoribed, exeept that the 20 ml., of hydrolyzing
solution oontained different proportions of the eabove two solutions in
each run. Water concentrations were caloulated on the assumption of

negligible volume change on mixing the two solutions. The results are
recorded in Table VIII, It is seen that the reaction is half order in
water for water concentrations up to nearly 2 molar., At higher water

congsentrations the order in water inoreases.
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TABIE V.

Hydrolysis of Diphenyl-metolylsileane in Pipcrldim

Containing 0.96 mole of Water per Liter at 38.8°

Weight of sample, 0,1210 g.3 buret temperature, 24.9°; barcmetrie
pressure, 29.03 in.; ocaloulated volume of hydrogen at this temperature
and pressure, 11.08 ml. x 2 hydrogen evolved; a=x u hydrogen remaining.

Time, min. Buret, ml. Gas, ml, x Bex log . (awx)
6] 0.70 0.00 0,00 11,08 1.044
1l 1.18 0.48 0.38 10,72 1,030
4 1.68 0,98 0.88 10.20 1.009
7 217 1.47 13T 8,71 987

12 2.88 2.18 2.08 9.00 554
18 3.46 2,78 2.66 By42 «9856
20 3.98 J428 3.18 7480 «808
24 4,49 3,79 3.69 738 +369
28 5.00 4,30 4,20 6.88 «838
33 5,63 4.83 4,78 6,38 .803
a8 6,08 5,82 5.22 5.86 768
45 6.87 5,87 5.87 5.21 Nk
50 711 6441 6.31 4.77 8578
56 7.68 8,88 6,78 4.30 B854
63 8.08 7.38 728 5.80 580
78 B.85 7498 7485 3.23 508
80 9410 8440 B.30 2.78 o444
91 8.83 8,93 8.83 2 .88 « 3582
102 10,07 937 5.47 1.81 «258
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TABLE VI,

Hydrolysis of Triarylsilanes in Piperidine Containing
0.56 Mole of Tater per Liter at 38.8°

Silane Conen., mole/liter  k x 10%, sec,~l
Diphenyl=pwtolyle 0.0267 1.08 ¢ .08
Diphenyl~p~tolyl~ 0.0407 113 % .09
Diphenylep~tolyl~ 0.0848 1,08 4 .07
Dipheryl~p=dimethylaminophenyle 0.,0267 0.216 4 076
Diphenylep=dimethylaminophenylw 00,0619 0.208 4 ,050
Diphenylep=dimethylaminopheryle 0.0684 0.210 4 ,008

TABIE VI1I,

Hydrolysis of Monosubstituted Triarylsilenes in Piperidine
Containing 0.96 Mole of Water per Liter at 38.8°

Subetituent k x 10%, seo,"1

pC1 16,9 % 1.2

H 3.22 + .27
meCHy 2.75 ¢ .20
p~CHg 1.08 + .08
p~OCHg 0.88 ¥ .08
meN(CHg), 0.75 § 405
eN(CHy), 0.21 4 .08
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TABLE VIII,

Hydrolysis of Diphenyl=p=tclylsilane in Wet
Piperidine at 58.8¢

, Xk x 10%, ocaled,
Silene, M. HpQ, N, kx 104, seo,”l  TRIF order TFirst order
in water  in weter

0.158 0.96 2.66 2.68 2.86
0.148 1,39 3,20 3.21 3,86
0,168 1.82 5.76 3.67 5.04
0.159 3.69 5.58 4.45 7.42

Effeot of piperidine concentration on the rete of hydrolysis of tri-

arvisilenes in methylcellosolwe.« In order to determine the order of the

reaction in piperidine it wes necessary to use some substance other than
piperidine as the solvent for the reaction, Methyl cellosolve was chosen
since it is a good solvent for the triarylsilenes, water, and piperidine,
and is sufficiently high boiling so that solvent vapors should not interfere
with mea.aﬁruments of the hydrogen evolved, Water was added to freshly
distilled methyloellosplve to give a water soncentretion of 0,218 Y, as
determined by titration with the ¥arl Piacher reagent. This wet methyl-
oellosolve wes used to prepare standard solutions of diphenylepeohloro~
phenyleilane (0.200 M), and piperidine (0.200 ¥). In a typieal run, 16 ml.
of the water solution and & ml., of the silene solution were pipetted into
a B0 ml, Erlenmeyer flask and thermostatied as previously desoribed, Then

2 ml. of piperidine solution was added and the shaker started., The results
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of all the runs are reported in Table IX, Concentrations of reagents
were oaloulated on the assumption thet thers is no volume change on nmixing
the solutions, It is seen that the data fit the ealoulated walues for

half order in piperidine with reascnable accuracy.

TABLE IX.

Rate of Hydrolysis of 0.020 X Diphenylepwshlorophenylsilane
in Methyloellosolve Containing 0.219 Mole per Liter
of Water at 88,.8°

Piperidine, . k x 10%, sec,"1 k= 105 seled. for
v z order in piperidine
0,020 5.18 5.18
0.040 7448 7034
04080 9.08 3498
0.080 10.8 10.4

Effect of water ooncentration on the rete of hydrolysis of triaryle

gilanes in methyleellosolve.= Tha procedure was the seme as that described

in oonmection with the effect of piperidine conocentration, except that the
water concentration was varied by substituting verious amounts of a 2.20 ¥
solution of water in methyloellosolve for part of the 0.218 ¥ weter solu-
tion. In & typieal run, 14 ml. of 0.219 M water solution, 2 ml, of 2,20 ¥
water solution, end 2 ml, of silene solution were pipetted into the
apparatus and thermostatted. Then 2 ml, of piperidine solution were added
and the resoction started. The usual assumption of no wvolume change on

mixing was used to caloulate reagent concentrations. The results are given
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in Table X. It is seen thet the order of the reasction is only slightly
greater than gerc at low waber ccnoentrations, but epproaches one-~half at

water concentretions of 0.4-0,8 M,

TABLE X.

Rete of Hydrolyais of 0,020 M Diphenylep=chlorophenylsilane
in Methyleellosolve Conbeining 0.020 Mole per Liter
of Piperidine at 58.8°

Hao, )it kx 105, sec.™t k x 105, sec.”! caloed.?
0.101 4,60 2.67
0.220 5.18 5.98
0.417 5 .49 5 ob4
0,778 741 7«4l

EThis k is oalouleted for e reaction which is half order in water,
and the caloulated value is arbitrarily set equal to the experimental
value at the meximm water concentratien,

Triphenyldeutercsilane,.- A solution of 8,46 g, (0.029 mole) of

triphenylchlorosilene in 75 ml, of dry ether was refluxed for 8 hours with
0.40 g. (0.0096 mole) of lithium alumimm deuteride.l5® The resulting

suspension was hydrolyzed by adding ether saturated with water, then dilute
hydrochloric aeid, The ether laysr was dried and distilled to zive 6.3 g.

of colorless oil boiling st 164=1556° (1 mm.). This wms orystallized from

16313 thium alumimum deuteride wes obtained from Metal Hydrides, Inc.,
Beverly, Mass., and was reported to be 96% pure,
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petroleum ether (b.p. 60=70%) 4o give 3 z. (40%) of colorless solid
melting at 44-456°. A mixed melting point with triphenylsilane was not
depressed.,

Relative rates of hydrolysis of triphenylsilane and triphenyldeuter-

oailane in wet piperidine,« Three samples each of triphenylsilane and

triphenyldeuterosilane were hydrolyzed by the procedure previously de~
seribed, The data from a typical run of each silane are plotted in Figure
8. It is seen that the triphenyldeuterosilane is hydrolyzed approximately
Bix times faster than triphenylsilane, although the lack of linearity in
the first order plot for triphenyldeuterosilane makes it impossible to
determine the exact ratio. This lack of linearity is undoubtedly due to

ocontamination of triphenyldeuterocsilans by triphenylsilene.
Preparation of Triphenylalkoxysilenes from Triphenylsilane

Preparation of triphenylalkoxysilanes from triphenylsileane, alechol

and piperidine.~ Triphenylsilane wes reacted with e number of alecohols in

the presence of piperidine to give triphenylalkoxysilanes. The procedure

is illustrated by the preparation of triphenyl-(2«methoxy)=ethoxysilene
described below, and the resotion conditions end yields for the warious
eloohols are shown in Table XI. The times of reflux were arbitrarily chosen,
and it is gquite possible thet the yields oould be oonelderably improved by
atteching the apparatus to a gas burette and stopping the remotion only when
gas evolution is complete., It is alsc possible the ylelds of hexaphenyle

disiloxane could be decreased by & sultable cholce of reaction temperature.
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Triphenyl=(2-methoxy)wethoxysilane,~ 4 125 ml, round~bottomed flesk

was equipped with e reflux condenser topped by a ealeium chloride tube.
In the flagk was placed 5.2 g. (0.02 mole) of triphenylsilane, 75 ml.
(0.95 mole) of methyloellosolve, and 10 ml. (0.10 mole) of piperidine. Ces
evolution began as soon as the pliperidine wes sdded, The mixture was
refluxed gently for one hour, then the solvent wes distilled off, removing
last treces under the vecuum from a water aspirator, On stending over
night, the residuasl oil crystellised to a solid melting at 80»65°, This
was taken up in & slicht excess of hot petroleum ether (b.p. 60=70°),
On eooling, 0.5 g. (9.45) of hexaphenyldisiloxene, mep. 210-211°, separated.
The petroleum ether was then goncentrated to about half volume and allowed
to aool in the refrigerator, The crystalline material, 4.2 g., was filtered
off and the mother liquor again concentrated to half volume., A second orop
of 1.0 g« brought the total yield of triphenyl~(2e-methoxy)~ethoxysilane
£0 5.2 g. (76%) melbing at 67«68°,

ggg;. Calod., for CpyHap0g8i: Si, 8.39. Found: Si, 0.44, 8.46,

Tri-l=-ngphthylsilanol-piperidine oomplex.« In an attempt to prepare

1,1,1=triphenyl=3,3,3~risl-naphthyldisiloxane, 2.50 g. (0.,0059 mole) of

tri-lenaphthylsilancl &4

end 1.52 g. (0.0059 mols) of triphenylsilane were
refluxed for 24 hours in a mixture of 78 ml, of dry xvlene and 10 ml, of
piperidine. On cooling, 1.7 g. of solid, melting at 193-194° with ges

evolution, was filtered off. This solid depressed the melting point of

164yinda1y provided by Mr. C.G. Brannen of this laboretory.
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TABLE XI,

Preparation of Iriphenylalkoxysilenes from Iriphenylsilane

Yield, % ‘
ROH Reflux, Hexaphenyle Py
hr, disiloxane  (CgHg)gSiOR (0635)381OR
a ; [+
CE,0C,H, CH 1 9.4 78 67468
€ 5Fi OH 4.5 19 40° 65~66
. [¢]
40 H OB 2 15 0
8=C 1 OH 8 27 zgd 120=122
Iy
(ceng)acaﬁ° 8 0 0
(CgH, ) S10H® 4 —- 45096 220221
(p=CHC 6H4)5S§.OH 72 - 35 160~162

fanal, Caled. for C, H,.0,8is S1, 8,30, Founds 51, 8.45.
Praentified by mixed melting point with a known sample,
%4 20% yield of triphenylsllanol was obtained.

angl. Caled, for C,,H,,051: 51, 8,43, Found: Si, 8450,
%4 solution of 0,02 mole in 75 ml. of dry xylene was used,

£a 727 recovery of triphenyloarbinol and a 22% yield of
triphenylsilanol were obtained,

BThirty per ocent of the triphenylsilancl was recovered.
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tri-lenaphthylsilanol (205-206°) by sbout 20° and was found, by qualitative
test, to contain nitrogen.

In order to econfirm that the product did not contain the triphenylsilyl
group, & gseoond run was oarried out using the procedure daseri’bed above,
except thet the triphenylsilane was cmitted. The yield of material melte
ing at 193~194° was 2.7 g. (88%, caloulated as a 111 complex). A sample of
this materiel weighing 1.6512 g. wes heated to the melting point ina
poroslain oruoible. When the evolution of gas was complete, the sample
was cooled and reweizhsd. The logs in weight was 0.3087 g£., or 18.5%.

The loss of one mole of piperidine from one mole of a 1:1 trielenaphthyle
silanolwpiperidine complex corresponds to a logs in weight of 16.7%. The
cooled melt was orystallized from xylene to give 1,12 g, of tri«lenaphe
thylsilanol, m.p. 203-204°, identified by mixed melting point. The yield
of tri~lenaphthylsilanol, based on a 1:l complex, is 8%,

inale Caled, for (C ) SiNC H, s Si, 5.68; active H, 0.00,

10 7’8
Caled, for (CloHlT)gSiGH‘gsHI)I‘Ri: Si, 54483 aotive H, 2.00, Founds 81, 5.623
active H, 1.69..60

On the basis of the above date it was soncluded that the produet is a

moleocular complex represented by the formla (610H7)3810H'05H10Em.

19m38 active hydrogen determinetion wes made with lithium aluminum
hydride in diethyleellesolve. ”ipandine alene gave active hydrogen values

varying over a range of about 10% and averaging 0.75.
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DISCUSSION

Among, the general differences between the silicon and carbon atoms
whioh were enumerated under physicael properties, the effects of three
were seleocted for special oonsideration in this study, These are (1) the
greater size of the silicon atom, (2) the greater meximm covalence of
the silicon atom, and (3) the greater ebility of the cerbon atom to form
double bonds, The first two of these would be expected to play an es-
pecially important part in the resotions of silicon and ecarbon analogs with
nucleophilic rergents and, in this conneotion, a literature survey of the
available data on this subject, as well as an Investigation of the cleavege
of organosilicon eompounds by hydroxyl ion have been reported recently by
Miller.al In the present study, attention has been direci;ed to the cleave
age of organosilicon compounds by organolithium reagents and of orgeano-

silicon hydrides by mild bases.

Cleavage of Organosilioon Compounds by

Orgenometallioc Resgents

When triphenyloarbinol is refluxed in ether with two equivalents of
n~butyllithium, two of the aromatic nucleil are metalated in the orthe

position.lss In an investigetion of the reaction of triphenylsilanol with

166H. Gilman, G.E. Brown, F.J, Vebb, and S.M. Spats, J. Am, Chem. Soc.,
62, 977 (1940).
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four equivalents of nwbutyllithium under similar conditions the products
obtained on carbonation of the reamotion mixture were diphenyl-n-butyl-
silanocl end benzoic acid, which indicates that, in the siliocon analog,
sarbon=silicon instead of carbon-hydrogen bonds were attacked by the organo-
lithium reagent, The reaotions aoncerned may be represented by the general
equations

RSSiOH + R'IL —— RSSiOLi + R'H

RgS10L4 # R'L4 —> RyR'S10LL 4 RLY €0y ;:’n RoR'S10H & RCOCH

The results of attempte to extend this reaction to other organcsilioon
compounds are summarized in Table XII.

It should be pointed out, in conneetion with Teble XII, that two com=
pounde, trimethyl=9-fluorenylsilane and triphenylbenszylsilane, which were
cleaved on carbonation, were not cleaved when the resction mixture was

-
145,167 pyrehermore, the products of

hydrolyzed without carbonation,
clesvage in the oase of triphenylbenzylsilane were not phenylacetio acid
and triphenylsilancl, This has been explained as due to metalation of

the methylene carbon atom in each case, giving en organclithium compound
which, on hydrolysis, ylelds starting meberials but, on carbonation, yields
a ocompound having a carbonyl oxygen beta to silicon. These compounds are

known to be very eesily hydrolysed. The reactions involved may be illustrat-

ed by reference to triphenylbenzylsilane.

1671, G1lmen end H, Hartefeld, unpublished studies.
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TABLE XII.

Renotion of npeButyllithium with Orgenometallic compounds

Compound Cleaving agent Aoid isolated® Yield,
_on _oarbonation %
Triphenylsilanol n~CyHoLi benszoic 76
Triphenylsilanocl n-C4HoligBr none 0
Triphenylsilanol P-CHgCgH, L none 0
Tri-p=tolylsilanol n=C, 0, L1 petoluie 61
Tri-p-tolylsilanocl CGHSLi none 0
Diphenyl=p~tolylsilanol a~C,HoLi bengois 6
p-toluis 18
Tri=lenaphthylsilanol n=C 4H9 Li none 0
fri-p=xenylsilanol CgligLi Pp~phenylbenzoic 12
Tetraphenylsilane =G, HoLd none 0
Tetra-p~tolylsilene 33-C¢EQL1 none 0
Triphenyl-n~butylsilene n~C,HgLi nons 0
Irimethylphenylsilaene n~CgHgli none 0
Triethylphenylsilane n=CyligLi none o°

aAn acid corresponding to the organometallic compound used as a
cleaving agent was obbained in all runs, but only the acids obitained
a8 a result of cleavage are recorded in the table,

®See footnote 146.

%3ee footnote 167.
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TABLE XII. (ocontimued)

Compound Cleaving agent Acid isolated® Yield,
on carbonztion %
Trimethylel-naphthylsilene n=C,Hold none 0
Triphenyl=2«~thienylsilane ggCéHgLi TIriphenyl=2=-thienyl= b
S=oarboxysilane 45
Triethylepeanisylsilsne n=C, HoLi Triethyl=3~carboxy« b
4~mpthoxyphenylsilane 58~
Trinethyl-g~flucrenylsilene  n~C,H Li Fluorene-9~carboxylic  82°
S«Triphenyls ilyle«fwphenyle
fluorene n-C B 1i none o°
Triphenylbensylsilane n=C 4HSLi phenylacetio 52°
Triphenyl={phenylethynyl)=
silane n~C H,ld phenylpropiolie 58¢

%An acid corresponding to the organometallic compound used es &
cleaving agent was obtained in ell rums, but only the socids obtained
as & result of cleavege are recorded in the table.

YSee footnote 145.

OSee footnote 167,
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(Colig) gSiCH,CLH, & n=C HoLi —— (CoH, ) S1CH(LL)C H, + peC H, o
(CgHg ) 58 1CH(Li)Cglly & Hp0 ———> (Ceiis)sSiCHzcsﬁs 4 LiOH
(CGHS)SSiCH(Li)CsHs + 00y ——> (Ceﬂs)SSiCH(FCOOLi)CSHS
(ca}.ts):,’smﬁ(coom)ceﬂ5 + 5,0 —> (0685)38105 + CgHg CH,COOLL
This interpretation of the reaction is supported by the fact that with
fSetriphenylsilyle9wphenylflucrens, in which no methylene hydrogen remains
unsubstituted, no cleavege wes obszerved even on carbonation. 187 In the
case of triphenyle(phenylethynyl)esilane, however, the products were phenyle
propioliec acid and triphenylensbutylsilane, and cleavage oecurred whether
the reaotion mixture was carboneated prior to hydrolyeis or nat.167
With the sbove facts in mind, the results of the investigation may
be summerized as follows, (1) Triphenyloarbinol, when treated with
exoe8s _q-butyll'ithium in ether, is not oleaved, but is metalated on the
arometic nuoleus instead. (2) Triphenylsilanol has one phenyl group, but
not two, replaced by & nsbutyl group. (3) One aromatic lithium compound
is not formed from a silanol by the stieck of another aromatic lithium
compound of similar reactivity. (4) n-Butylmegnesium bromide does not
displace aromatic groups ;E‘rom silanols, (5) A highly hindered silanol,
such as tri-lenaphthylsilenol, is not cleaved by n-butyllithium, (6) Only
one compound of the types Rs51i end RgSiR', nemely ﬁriphewl-(p};enylothynyl)»
silane, has been cleaved by n=butyllithium. (7) Metalation of organo-
gilicon compounds ocours in those cases where a hydrogen is rendered

aocidic by adjacent groups, 'ut the silicon atom itself (as in, say,

triphenylwnebutyls ilane) does not render & nearby hydrogen acidie enough
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to be metalated. To these mey be added: (8) when diphenylsilanediol is
treated with an organolithium reagent one, but not two, of the hydroxyl
groups is repleced by an crganic group.lss
The fact that triarylsilenols are cleaved by n~butyllithium while
triarylearbinols are not must be related in some way to the greater size,
olectronegativity, and maximum covaelence of the silicon etom as compared
with carbon. The mechanism of nueleophilic displacemsnt on siliocon has
been established for only one roactionf--the hydrolysis of triarylhelo=

silanes, This has been shown to procesd by the mschanism below

R

R
: 4
HpO & RgSiX ~q—p HZO-%{-X —Tow” Hp0 SiRy + X

in which the above three factors are of importence, the most nrominent

one being the ability of the silicon atom to assume a covalency of i‘ive.82
This mechanism may serve a8 a starting point for a discussion of the
mechanism of the cleavage of silaenols by nebutyllithium. A striotly
enalogous mechanism for the latter remotion would be the following (where
Bu = ne~butyl)

3u™ 4 RSSiOH — RSSiO" 4+ Bull
R R

Bu” & R 810" == |Bu~§{~0" | —— BuSiR,0™ 4 K"
fast R slow

in which the enions illustrated should be considered to be the negative ends

168y, 5, Benedict, Master's Thesis, Lowa State College (1950).
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of ionepairs. This meohanism seems unlikely for two reasons., First,
attack by one anion upon ancther appears improbable, although oartainly
not impossible. Second, if the pentacovalent intermediate were really
formed, 81l four of ite silicon~carbon bonds would have streugths of the
same order of megnitude, and the reverse disscolation of the intermediate
into triphenylsilanclete and ne«butyllithium should be slower, not faster,
than the dissoeiation into diphenyl-n~butylsilanclate and phenyllithium,
becauge of the greater resonsnce stabilization of the phenyl anion, Thus,

the above mechanism would be transformed into the second possibility

Bu” § Ry8107 ———> [Buf%i’fo'] Fest” BuSiR,0” ¢ R
This mechanism has the advantage over the first that the undoubtedly diffi-
cult attack by one anion upon another is now the rate determining step.
This mechanism will explein why the more nucleophilic nebutyllithium will
cleave triphenylsilnol, while the less nuoleophilic nebutylmagnesium bromide
or petolyllithium will not. The lack of cleavege of triel=naphthylsilanol
is also understandable on the basis of this mechanism, since the bulky
naphthyl groups would hinder rearward atteck by the n~butyliithium. However,
sinoce by this mpohsnism the rate of cleavege depends upon the ease of
coordination of the n«butyl enion or dipole with the silicon atom, it would
be oxpeoted that cleavage would be more difficult in the silanolates, wherse
the sleotronio unsaturation of the silioon atom mast be largzely satisfied

by the adjacent negatively charged oxygen, than in the R4S:l and RSSiR' come
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pounds, where the 34 orbitals of the silicon atom are relatively unoscupied.
It might be supposed thet steric factors prevent the clustering of five
organic groups around the silicon etom in the R‘&Si case, while permitting
four organie groups and an oxygen atom to be simulteneously bound in the
silanol case. However, the fact that triphenyl-(phenylethynyl)-silane is
cleaved by g_*butvllithium makes 1t evident that, il this mechanism is the
sorrest one, five organie groups (including four bulky ones) oan be bonded
simultanscusly to silicon. DBoth these meohanisms, then, may be ruled eut.169
The fact that silanolates are cleaved while tetresubstituted silanes
ave not, indiecates thet the negatively charged oxygen atom of the silanolate
must exert en aotivating influence., This may lie in its power to coordinete

with the lithium end of the nebutyllithium ionepair. Such a mechanism might -

be represented as follows.

RgS 40 RS-0
RgS10™ ¢ LiBu —> ~ _ | — 7| | 4 &
Bu=Li Bu Li

The ooordination of nebutyllithium with lithium triphenylsilanolate would
sertainly be reversible, and it would seem that the difficult step in the

overall process would be the breaking of the silieon~carbon bond, so thet

169The above arguments mey elsoc be epplied to the mechanism in which the
entry of the butyl group and departure of the phenyl group are simultaneous,
since the negative charge on the silanolate molecule would meke it very
probable that formation of the new bond would be more diffiocult than breakw
ing the old one,
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the mechanism might be written

Rg81-0 RyS81+0
. —d "
fast Bu~Li slow By L
I II

However, it must be pointed out that,if we accept the ILyring postulete
that the transition state in s reaction may be %treated as & thermodynamie
entity, this mechanism is indistinguisheble from & one step process. Thus,
sinoo’ I and II are in rapid equilibrium, the free energy difference between
them is zerc. Therefore, the free energy difference between 1I and the
transition state is the same as the free energy differsnce between I and
‘bi:e transition state, so that the rates of reaction from I to product and
from II tn product mist be identical. The formation of the intermediate II
could become of importance to the mechanism only if the first step were
rate oontrolling., In the absence of any kinetic dets on the reection, a
decision cannot be made on this point.

Nevertheless, by either meohanism, the configuration of the transition
state would be something like the structure II, and the ease of cleavege
of the silanols would be due to the ability of the oxyanion to coordinate
with the lithium end of the n-butyllithium dipole. Similarly, the unresstiv-
ity of the R;Si and RzSiR' types would be due to lack of & coordinating
center'i‘or the lithium atom. It may be supposed that the highly unsaturated
linkage in the phenylethynyl group provides such 8 center in the oase of
triphamrl¢(plxenylethynyl)~s ilane. The remaining facts oconcerning cleavage

of organosilicon compounds by organcmetallic reagents can also be explained
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in terme of this meghanism. For example, the non=cleavage of trislenaphthyls=
silanol is the result of sterioc hindrence in this, as in the previous mech-
anism; the unreactivity of the Grignerd reegent is the result of the lesser
micleophilic chavecter of this reagent; end the fact that only one aryl
group is displeced is probebly due to the sleotronerslessing properties of
the first butyl group to enter, which decrseses the electrophilie nature of
the siliecon atom toward further atback., Furthermore, related considerations
may explain the ortho metalation of triphenylearbinol, In this compound the
insbility of the central atom to accept eleotrons from the nebutyl end of
the n=buiyllithium dipole, and the smaller ionic charscber of the carbone
carbon as compared with the siliconeoarbon bond, combine to make the dise
placement of a phenyl group difficult, However, a first step similar to the
above brings the bubtyl end of the butyllithium dipole into convenient posie
tion to stback the ortho hydrogen atom of & benzene ring,

0
(Cafix YoC” (c,1).c” ‘L1 (CaHe )07 ‘Lt
6% )2 ¢ Liby —= o)z -

-

g
(0655)30
—
- T4
VY

The lack of metalation of the diphenylen-butylsilancl formed by the cleavage

of triphenylsilanol may be atiribubted to the electronereleasing properties



128,

of the silioon atom, which reduce the soidity of all the hydrogens in the
benzene rings,

Beturning to the silicon serles, the reaction of diphenylsilanediol
with phenyllithium to give triphenylsilanocl would be understandable on the
basis of the above mechanlsm if only one hydroxyl group is oonverted to the

lithium salt before oleavege ocours. If the divalent ion were formed in

0
RyS1(OH), 4 & RLi ——>st1< s 21t 2 mm
G-

the first step

then the next step would require the displacement of an oxide ion, which

seemg very unlikely.

0
- /
T ReS1%0 R,S1=0Ls .
Rabi\ R4 —> _ | —s “ + O
0" Reli R

Singe the reaction with triphenylsilanol leads to displacement of R~ ine
gtead of 0%, R” should be displaced in preference to 0" here alsc. However,
if the intermediate were RyS8i(CH)OLi, the displacement of en CH™ ion should
be much easier then the displacement of R", end the observed reaction
should oeccur., Sinee the reaction wes carried out with an excess of phenyl-
1ithium, it is not known how many equivslents of this reagent were corxamraed.la8
However, the fact that the reaction ocourred in xylene but not in ether
acoords well with the above meehanism.lss In ether, both aoctive hydrogens

were probably replaced and, consequently, no further reaction ocourred.

In xylene, the formation of s divalent enion (silanediclate) could be pre~
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wvented both by tne non-polar nature of the solvent, and by the insole

ubility of the monovalent anion first formed.
Preparation and Reactions of Hexaaryldisilanes

The dissoelation of the hexsarylethanes into triarylmethyl radicals
is one of the most interesting and well knowm reactions in organic
chemietry. Since the siliconw-sllicon bond is not as strong as the
carbon=oarbon bond, it might be expsoted thet hexsaryldisllanes would
also dissociste into triarjrlsilyl radicals, but such is not the case.
The two previously reported hexearyldisilanes, hexaphenyldisilanesg and

68 are stable in air, melt undecomposed, and do not

hexawp=tolyldisilane,
ms:ct with oxygen, lodine, or other reagents quickly attasocked by irie-
arylmethyl redicals. Two faotors may be of Importance in this difference.
First, the steric strains involved in hexaphenyle and hexaep=tolyl
disilane must be oconsiderably smaller than in the corresponding carbon
compounds , due to the larger size of the siliocon atoms. Consequently,
the tendenocy to dissooiste must be reduced in the dislenes, However,
when atbempts are made to introduce grester streins in the disilenes by
introducing more bulky groups, the reactions are unsuccessful. Thus,

152

when tring_*tolyl—-wo or tri~-lensphthyl-chlorosilane is treated with

170, Gilman end G.N.R. Smert, J, Org, Chem., 15, 720 (1950).
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sodium in the usual procedure for preparing hexaeryldisilanes, starting
material is recovered unchanged. Also, when hexachlorodisilene is
treated with o-tolyllithium, only two halogens per silicon atom are
replaced by o=tolyl grmps.lm Evidently the steric factors in these
esses are great snough to prevent Vurtz-type coupling, so the failure

of the reaction R53101 4 Ha—>R;5ie 4 NaCl to oocur must be due to
some other factor. This second factor is probably a deoreased resonance
stabilization of the triarylsilyl radicel as cormpared with its carbon

analog. Resonance of the type which ocours in the triarylmethyls would,
R \E g —
@—éz«——»@ «—> C <> :
R R R i

in the silicon case, involve structurss having siliconwcarbon double
bonds . fl‘h; facts that the disilanes do not disscolate and that highly
hindered iriarylchlorosilanes do not react with sodium may be considered
as evidence that resonance structures having siliconwoarbon double bonds
make mach smaller conbributions to the states of molecules than do
analogous carbon struocturee,

In order to test this theory in the most favorable cese, hexawp=
xenyldisilane was prepered. In this compound steric hindrence is not
great encugh to prevent reaction, while rescnance stabilization of the
carbon anslog is very high. Hexawp=xenylethane is reported to be 100%

dissooiated even in the solid state,l’) The silicon oompound, however,

171y ,E, Bachmann, in "Organic Chemistry, an Advanced Treatise", H, Gilm
men, Ed., John Villey and Song Ino., New York, 3nd ed., 1943, p, 581 ff,
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was found to be a very stable solid, melting undecomposed at the very
high temperature of 4300, end showing no evidence of reaction with oxygen
or iodine. These properties indicate that dissociation is negligible,
and thus support the idea that resonsnce structures conteining silicone
carbon double bonds walte relatively small cconbtributions to the total
structure of organcsilicon molecules.

Preparation and Ultraviolet Absorption Speotra of
p-Dimsthylaminophenylsilicon Compounds

The absorption spectra of & number of triarylsilicon compounds have

been reported and inkerpreted elsewhero.lsg

This subjeot will not be
discussed here, except to review the conclusions of the study. The abe
scrption maxima in the ultraviolet of diphenylep=~dimethylaminophenyle
silanol and trise(p~dimethylaminophenyl)=silanol were found to show no
shift toward longer wave lengths in ecid solution. In the analogous
oarbon ocompounds the corresponding shift is very pronocunced, and is
attributed to the formetion of triaryl carbonium ions whish have
sufficiently small differences between ground and excited states so that
light of visible wave length can bring about the exeitation. The easy
change of carbinol to cerbonium ion by acids is etiributed to stabile
ization of the carbonium ion by ocontributions to its ground state from

resonance struocturee such as

+

R R R
O~~~
=/ R R R { R

-y



132,

and to the reduction in sterio strains brought sbout by the chenge from
tetrahedral to planar oonfiguration arcund the methyl cerbon atoms The
feot that the silanols exhibit no such shift wes taken to indicate that
siliconium ions are rmch lese readily formed than ars analogous carbone
ium ions. This is probably due, partly to the fact that the silicon atom
is larger than oarbon so that strains in the tetrshedral configuration
are reduced, and partly to smaller conbributions from resonance structures
such as those illustrated above, which would have to conbain silicone
carbon double bonds,

A further interesting point was noted in prepering the compounds
necessary for the ultraviolet absorption measurements. It was found that
p~dimethylaminophenyllithium displaces the chlorines from silicon tetra-
chloride much more slowly than do phenyle, p~tolyl-, or p~chlorophenyle
lithium. Since any meshanism which inwolves the coordination of the
organclithium enion with the silicon atom of the chlorosilane as the
first step would prediot that p-dimethyleminophenyllithium should reaot
fagter than the otheys, this plecs of information seems to indicate
that the mechaniam of reaotion of organolithium reagents with halo-
sllanes is not similar to the mechanism of hydrolysis of the halesilanes
which was elaborated by Sws.in.88 There would seem to be & zood possibile
ity that the mechanism of this reaction is similar %o thet proposed for
the oleavage of triarylsilenols by organolithium reagents, and it is
proposed to investlgate this problem further,

Rg81-C1 Rg31

R'I4 & RgSiCl —> | —— 7| #u2
ARSE R!
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Preparation and Relative Rates of Hydrolysis of
Diphenyl (subetituted-phenyl)silanes

During the course of this disoussion and the preceding review of
the literature, it has been pointed out in seversl places that there
appears to be some evidence for supposing that resonance sbtructures ine
volving silicon=ocarbon double bonds make considerably smaller contribue
tions tc the ground states of organosilicon molecules than do analogous
structures to the ground states of corresponding carbon compounds., It
was proposed to investigate this subjeot further by obseryving the chenges
in the rate of a reaction ccourring on the silicon atom of an orgeno-
silane a8 & series of substituents is introduced into the moleculs, and
comparing thsase changes with the changes produced when the same series
of substituents is introduced into a similar carbon compound,

Westheimerlm hee shown that the acid-weakening effeot of most para
substituents on aromatic acids can be predicted with satisfactory accuraocy
by means of calculations which depend only on the electrostatio effects
of the substituent. The p~amino and pedimethylamino groups, however, have
a greater weakening effect than ean be acsounted for as the result of

sleotrostatic effects alone. Westheimer interpreted the enhanced acide

weakening effeoct of these groups as being due tc rescnence of the type
0 + o~
=z /
gl e =
&2 o Nog

172F.H. Vestheimer, J. Am, Chem. Soc., 63, 1882 (1940)3 F.I, Westheimer
and R.P, Metealf, ibid,, B3, T530 (1041)

L
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which both increeses the negative charge on the oxygen atoms, thus ine
oreasing their attraction for protons, and at the same time interferes
with the internel resonesnce tending to stabilize the carboxyl anion.
Such resonence could be of importance only when substituents having a
strong tendency to use their unshared eleotron pairs in the formation of
coordinate tonds ere located in the pars position with respect to &

side chain which can become doubly bonded by accepting a pair of slectrons
from the bensene nucleus. These oonsiderations indicate that a p-amino-
phenyl or Eﬁimthyiaminophenyl group night heave n different effect on
the rate of a reaction oecurring on & silicon atom to whish they are
attaoched than they do on the rate of a remstion oocurring st a carbon
atom to which they are attached, sinee resonance structures analogous to
those illustrated for pedimethylaminophenylbenzoie acid would, in the
gilioon ocase, involve silloeon=~carbon double bonds,

Harmett has shamus thet the effect of s meta or para substituent
on the rate of a reaction oocurring on the side chain of a benzene de=
rivative oan be represented by the following equation

log k = log k° = po
vwhere _150 is the speoific rate constent for the unsubstituted derivative
and k is that for the substituted one. FRho iz constant for any given

type of resction and ¢ is constent for any particular substituent. This

1781, P. Hammett, "Fhysioal Organic Chemistry", loGraw-Hill Book Company,
Inc., NQ'W York, HQYQ’ 194!0‘ Chap‘bﬁr VIIQ
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genemlisation aimplifies the comparison of organosilicon compounds with
their oarbon analogs. It is only necessary to measure the rates of re-
aotion of a series of substituted arvlsilanes (including p-amino or
p~dimethylamino substituents) and vlot the logarithms of the specific
rate constants egainst the OCwconstants reported by Hammett., A linear
relationship would indicate that the effect of the pwamino or pedimethyle
amino substituents is transmitbted in the same way in siliecon and carbon
compounds, If the p-amino or p-dimethylamino substituents were out of
line, this could be coneidered evidense that these groups exert theiyr
effects of elestron releese by o different nrocess in the silicon than
in the carbon case.

The reaction chosen for study waes the basic hydrolysis of monosube
stituted trisrylsilanes. These asompounds are easily prepared, are
suffioiently stable to be worked with conveniently, and react with most
reagents conslderably more slowly then do the hale- or at‘aoxy-silanes.}'?o
Farthermore, Price has examined the hydrolyeis of trialkylsilenes and
found it to agree satisfactorily with e pgeudo first order kinetic exe
pression during the firet thres-fourths of the reaction,*¥

The hydrolysis of triaryleilenes in Price's medium (agueous slcchelie
potassium hydroxide) proceeded much too rapidly for meesurement, so ade
vantage was taken of Kipping's observation that certain polysilanes
slowly evolve hydrogen when dissolved in piperidine.4 Triarylsilanes
were found to hydrolyse at convenient reates in piperidine containing a

twenty~-fold excess of water, end the reaction was found to be pseudo
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first order until ebout 80% complete.

RgSiH & HgO —> RgSiCH 4 Hy
The sgreement of the experimental dete with & first order plot is shown
in Figure B, and the constancy of the pseudo rate constant with warying
ooncentrations of silane and & oonstant conocentretion of water ia shown
in Table VI, The pseudo first order rate constants for & series of
substituted silenes are given in Table ViI, and in Figure 7 theses oonstants
are plotted agrinet the owconstants for the sorresponding substituents as
reported by Henme‘b‘h.]‘?s It is seen that, with the exoeption of the
point representing the pwdimethylemino group, a satisfactory linear rela-
tionship exists betwesen the two series of oconstants. The slops of the
line gives p for the hydrolysis of triarylsilenes in wet piperidine as
43.09¢,.12,

Branch and Calvin heye pointed out the anomelous fact that the
Owgonstant for the dimethylemino group is more negative in the mete than
in the para position (=0.211 and 0,205, respectively), while for all
other electron releasing groups the reverse is true. They suggest that
the wvalue of o reported for the me-dimethylemine group is erronsous .74
The experiments reported here provide evidence that the error is in the
gonstant for the pare position rather than that for the meta, Figure 1}

shows that the velue of o reported by Harmett for the mwdimethylamino

174 8.,K, Branch and . Calvin, "The Theory o Orgenic Chemistry”",
Prentice-Hall Ino., New York, N.Y., 1941, p. 418,
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group fits the date of this experiment reasonably well, and is probably

correct. Hemmett's value of the pwdimethylamine o-constant was obtained

from data in the literature on the reaction of tetramethylwp~phenylenedia-

mine with trinitroanisole,lm and a statistienl factor of two was intro-

duced into the ealoulation to take care cf the bifunctional nature of

'tho; reagent. Some other influence must be at work in this particular

cage, however, since the resultent ceconstant is a mich smeller negative

later workers in other resstions. Since Ha{nma’bt' 8 tables were published,

two studies of the rate of hydrolysis of substituted ethyl benzoates,

ineluding p-dimethylaminobenzoste, have been revorted. The p-dimethyl-

amino O wecongtant obtalned from this worl: is shown as point A, Figure 7,

end the data leading to the warious values of O for the pedimethylamine

group are presented in Table XIII, It is seen that the value of «

obtmined from the hydrolysis of benzoic acid esters (~0.574.04) is consider-

;bly more negative then that ocbtained from the hydrolysis of silanes (~0.41),
The data reported above lead to two important conclusions. First,

they confirm the idea that resonance structures of a p~quinold type, such

as those illustrated previously for p-dimethylemincbenzoic soid, are more

importent in carbon compounds than in silanes. It would seem very probable

that the small contributions from such structures in the silans case is

176,

Hertel and J, Dressel, Z. physik. Chem., B29, 178 (1935).
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TABLE XIII,

O-Constent for the p=Dimethylemino Group

Reaction log 5" log k

Alkaline hydrolysis of ethyl
bengoates, 587 2,498 3,072 ~4.597  «0,610%
ethanol, 30°

Alkaline hydrolysis of ethyl .
bengoates, 567 2,342 2,870  =4,198 «0.538
scetone,; 259

Dimethylanilines with

trinitroanisole, 25° -2,382 4,500 ~3.712 ~0,205¢
Hydrolysis of triaryl-

aiéanes s wet plperidine, 3,086 »3,407 4,878 «(4411
a8

®See Pootnote 172,

G, Tommile, Ann. Aced. Soi. Fernicse, Ser. 457, 13, 3 (1841),
L Gty 38, 6171 T1624) /.

SS5ee footnote 175.

due to the difficulty of formation of siliocon=~carbon bonds of higher order
then first. Second, the data indicate thet two Jeconstents are required
for the pedimethylamino group--one when it ocours in compounds eontaining

a side chain with which it oan begome conjugeted through the benzene ring,
snd another when it ooccurs in eompounds where such conjugation is not
possible. The values suggested from presently available data are —0.57«3;.04

for oonjugated and -O.é;lf.Oé for nonwoonjugated side ohaing. This sibtw
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uvation is exaectly analogous to that cocurring at the other end of the

series of Owconstants, where the p-nitro ,175 _E-oyano,l?s

and petrifluoro-
methyl}'?? groups have twe Owconstents, one for use with conjugated side

chains (amines and phenols) and another for use with other compounds.
Mechanism of Hydrolysis cf Triarylsilanes

The reection used in the study of O=constants in silieon compounds,
namely the hydrolysis of triarylsilanes by wet piperidine to give hydrogen
ges and tx"hrylsilanols, is one for which there is no anmlogy in csrbon
chemistry. In effect 1t involves the displacement of a hydride ion by
a weak begse, Since such e resction is of considersble theoretioal interest,
and since the technique and apperatus for rate messurements on the reaction
had been worked out, a kinetic investigation of the mechanism of the
reaction was undertaken.

The reaction had already been shown to be first order in triaryl-
silane, so the effest of wvarying the conoentration of water in the reaction
medium wes next inveatligated. The chenge in pseudo first order rate
constent with chenge in water concentration is chown in Teble VIII, It is
aeen that the reaction is helf order in water up to water concentrations

of 2 Y« A% higher concentrations the order in water begins to increase.

1763.D. Roberts and E.A. MoBInill, J. im. Chem. Sos., 72, 628 (1950).

1775,D. Roberts, R.L. Webb, and E.A. MoElhill, J. Am. Chem. Soe., 72,
411 (1950).
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Price, using potessium hydroxide as the basie reasgent, had found the
hydrolysis of trialkylsilasnes to be first order in silane, first order
in hydroxyl ion, anrd probebly 'first order in hydroxylated solvent.44 The
half order in water suggests that the attaoking species is hydroxyl ion
in this reaction elso, If piperidine is represented as PH and triphenyle
silane as SH, we can write the following equations.

: L S
PH ¢ H)O === PH, + Ui
[pe}] (o]
[e] [E50]

X

13

Since [PH;] = [oe7],

e

[ ]
—
=
aven |
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The hydrolysis is first order in silane, and if it is also first order in

hydroxyl lon, then

. dgiﬂ] = k[sx] [og]
« xx8[su] [rE)¥ [m0)%
This treatment accounts for the observed half order in water, but does
not ageount for the inoresse in order as the water concentration increeses,
Furthermore, if hydroxyl ion is the attaoking agent, the source of the
second hyarogen atom involved in the oproduotion of e hydrogen molecule is

unaoooxintad for. Undoubtedly, these two queations ere related. If
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hydroxyl ion is the attacking species, & hydride ion must be expelled;
this would be a very reactive particle and would immediately remet in
some way with the other reagents at hand. Since the product of the rew
aotion is hydrogen gas, the hydride ion must pick up a proton from the
solvent., At low water concentrations, this proton evidently comes from
piperidine.

OH" $ SH4 PH — > SOH ¢+ H 4 P~
als . yfsn] [on”] [
- wdfsa] [myo]® [l

Iﬁ should be essier to obtain a proton from water than from piperidine,
and at higher water concentrations this apparently happsns, thus increas-
ing the order in water.

OH- 4 SH ¢ H,0 — > SCH ¢ Hy 4 OH

- ié_ﬂzﬁ_l = x[su] [or] [x,0]
kK‘sJ?i [31{] [Hzo]% [Pﬁ]%

This pleture of the remction is very similar to that developed by
Price for the hydrolysis of tria.lkylsilanem“ Howsver, since that time
Swain has examined the kinetlios of the hydrolysis of trisrylhalosilanes
by water, and reached the conclusion that e pentacovalent intermediate

igs involved in the meohanism.ez as illustrated below.

o i e ol o S 4
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(The water moleoules invelved in solvating the ions formed are omitted
from the equation for simplieity.,) The faoct thet for the hydrolysis of
triaryleilanes is large and positive (43.09) indicates that this reaction
is stromgly reiarded by inoreasing nepative cherge on the silicon aton,
aend oconsequently that the cherge on the siliocon atom must be less positive
in the transition sbate than in the ground stete. It wes an exactly
analogous consideration that led Swain to postulate the above pentacow
valent intermediate in the helosilane hydrolysis, so the poesibility arises
that such an intermediate may be of importenos in the hydride ocese. The

reaoction would then be written

R R RR] Hoorem R R -
CH™ 4 a;-a—-»[no—‘qi-a] 2 Hoi{ $Hy & (GH" or P )
R R

The question would then arise whether the firast or second step is rate
determining. If the first step is fast and the sesond slow, as in Swain's
oagse, then the overall order of the premetion would be given, as shom above,
by the expression « %[%Iﬂa kK%[SH] [Hgo]%[PH]% in piperidine, or
- daiﬂ - xKB[sH] [nzcﬂ% [PH]® 1n a nonwparbioipating solvent. If the first
ste» is slow and the second fast, then in any remetion medium in which the
water ooncentration exoeeds the piperidine concentration ten to one or
more, the water consumed in the second step will not appear in the rate
equation, and é—géﬂg wxd{si] [m,0]3[r]%,

It is evident, then, that the gquestion of which is the rete deterw
mining step could be settled if the order of the remction in all three

reagants, ailam, piperidine, and water could be determined in & single
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medium, In order to do this, the reaction must be run in en inert solvent,
so that the concentretion in toth water and piperidine can be varied.
Methyloellosolve was chosen, since it is & good solvent for silare, pipere
idine and water, and has a sufficliently high boiling point so that solw
vent vapors will not interfere with the measurements. The data from runs
in methyleellosolve are shown in Tables IX mnd X, From these it is seen
that in thies sclvent the reaction is half order in piperidine, but gero
order in water at low water concentrations, increesing towerd half order
in water at higher ooncentrations. The half order in piperidine confirms
the equilibrium step postulated above and, along with the fast that the
order in weter is never greater than one~half, indicates that the first
step in the equation above is rate determining, or élse that the incipient
hydride ion obtmine its proten from methyloellosolve. The further fact
thet the order in water approaches szero as the water concentration decreases
must meen that, at low wabter concentrations, methyleellosolve takes the
plece of water in the preliminary equilibration with piperidine,
(H,OCH,CH, OB # PH<—=== CH,O00H,CH,0" + pi*

If this ia true, the Z-methoxyethoxide ion must be the attacking
species at low water concentmbions, and the produsct of the reaction should
be triphenyl-{Zemethoxysthoxy)«silane instead of triphenylsilanol, This
wes teated on & lerger scele in methyloellosolve conteining about 0.2% water,
and a 79% yield of triphenyl-(2wmethoxyethoxy)=silane was obtained, along
with some triphe,zwlsihnol. The application of this reaction to the prepar~

etion of other élkoa:ysilanos will be discussed further in the following
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sectlion,

Sinee the low order of the reaction when run in methylesllosolve
may have been due either to the first step in the above eguation being
rate determining or to participation of methylcellosolve in the reaction,
it was now obvious that if the order of the resction in all three re-
agents was to be determined, it must be done in an aprotic solvent. Vhen
triphenylsilane (or the faster reaoting diphenylepechlorophenylsilane),
weber, and piperidine in concentrations emall enough to be varied with
reasonably small changes in activity coefficient were dissolved in weter-
misoible aprotiec solvents, such as diethyloellosolve or dioxene, the rate
of hydrolysis was too slow to be followed kinetieally. With the idea that
the direoct addition of variable amounts of hydroxyl ien ir the form of
pobassium hydroxide would bring the rate up to a messurable walue, a
large number of unsuccessful attempts wes made to find an aprotic solvent
which would dissolve silane, potassium hydroxide, and water. When less
than one wvolume of water wes dissolved in dioxane, warious etherz and
polyethers of ethyleneglyool, pyridine, and mumerous othsr water-miscible
aprotic solvents, the addition of saturated aqueous potassium hydroxide
solution always led to the formation of twe liquid phases.

A different approach was therefore adopted. Iriphenylsilane and
triphenyldeuterosilane were prapared and their rates of hydrolysiz compared
in piperidine containing sbout one mole per liter of water. This isotopile
method of determining whether or not the bresaking of a bond to hydrogen is

concerned in the rate controlling step of a reaction hes been fairly widely
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applied in cases where the breaking of the bond leads to the formation

of a proton or & hydrogen a:t-,on'x,‘q""78 but this is the lirat case where it

hes been applied to & reaction in which bond fission would lead to the
formetion of a hydride ion, In general, where breaking of a bond to
hydrogen is involved in the ra'he‘ controlling step, the resction is slower
with the gompound containing deuterium thean with the one sconbaining protium.
When the breaking of a bond to hydrogen is not rate controlling, of course,
the rate is the seme in both cases, The difference in rate with the two
igsctopes is due to the faot that the mass ratio between deuterium and
protium is very large for isobopes and, consequently, the dif'ference in
gserc poin. energy between sompounds combteining these isotopes is signif- -
icantly large., Sinoe deuterium is heavler than protium the fundamental
vibration frequenoy, and therefore the zerc point snergy, of deuterium
compounds will always be smaller than those of protium compounds, As
mnleoules move from their ground state into a trensitlion state there is a
general loosening of bonde et the point of atbtmek, with consequent de-
crease in vibration frequencies and sero point energies. Ginoce protium
compounda heve larger zero point enerzies than deuterium compounds in the
ground #t&te, & proportional decresse in gero point energies will give s
larger absolute deorsase for the protium than for the deuterium analog.
Conseguently, the activation energy will be smaller, and the rate of ree~

aobion faster, for the protium compound than for the deuterium ome. "

178p,H, Westheimer end K, Nieolaides, Jd. Am, Chem. S0g., 71, 36 (1949),
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This relationship between rates of reaction of isotopic compounds

has been reported to be a general o:ma,.?"‘78

80 it was somewhat surprising
to find that triphenyldsuterosilane hydrolyzed faster than did triphemyle
silane containing the natural proportion of hydrogen isctopes. The date
are plotted in Figure 6. The ourve for ﬁriphewldau‘aarosiiane is not
linear, undoubtedly due to the presence of a significant proportion of
protium compound in the sample, but a line drawn through the eerly points
gives a pseudo first order rete constant of 8.45 x 1074 seo."} for trie
phenyldeuterosilane as compared to that of 1.44 x 10~% sec.”) for trie
phenylsilane, It has been predicted that compounds containing heavy
isotopes .xight reaoct faster then those containing light 1sotopes,179 and
cases have been reported previously where deuterium compounds rescted
faster than their probium a.mlogs.leo although in none of these did the
magnitude of the abnormal isotope effeot approech that of the norml.
Since triphenyldeuterosilane wes hydrolyzed almost six times faster
than triphenylsilane, it is evident that there must, in this ocase, be
an inorease in zerc pouint energy on passing from ground state to transition
state. Then the inoresse would be greater for the light isctope so thet

the activation energy would be greater, and the rate of reaction slower,

179, Polanyi, Neture, 132, 819 (1933); B. Topley and H, Iyring, J. Chem.
Phys., 3, 217 (1954, -

180y, F,Ks Wynne=Jones, J. Chem. Fhys., 2, 381 (1934); E.A. Moelwyn=
Hughes and K,F. Bonhoeffer, Naturwiss., 22, 174, (1934;; K, Sehwers,
Sitsungber, der Akademie der Vissenschaften math, naturwiss. Xlesse,
April, 1934,
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for this ismotope than for the heavy one, An inorease in gero point
energies in the trensition state implies e relative tightening up of
bonds with respect to the ground stete. Since the bonds around the
silicon atom must be loosensd by the enbfy of the hydroxyl ion, the
tightening up must occur at the hydrogen atom whers a nn# bond is being
formed. This leads to the conclusion that the inecipient hydride ion in
triphenylsilane is, in the transition state, sc fimmly bound to the
proton from the solvent that the increese in zero point energy for this
new, high«frequency bond outweighs the decrease in zeroc point energy at
the silicon atom.

Thus, the fact that triphenyideuterosilane reacts faster than trie
phenylsilane not only shows that the breaking of the siliconshydrogen bond
is involved in the rate detemmining step of the hydrolysis, but indicates
further that the new hydrogen-hydrogen bond is already largely formed in
the trensition stete. Hence, if the reasction is written as follows

R R [ R R ] R R .

CH™ 4 §iwH —— [HO---81---H---H---OR| — HO-81 ¢ Hg 4+ OR

R 1R 2 3 4 R
it can be said that, in the transition state, bonds 1 and 3 are nearly
complete, From the positive walue of P for the reaction, it can be said
that the silicon atom is less positive in the transition stete than in
the ground state, so bond 1 must be nearer formation than bond 2 is to
oleavage. In this way, the reverss isctope effect hes given a clearer
picture of the transition state than is usually obtainable from the normal

effaot.
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It has been mentioned thet Swain, from e kinetic study of the
mechanism of hydrolysiz of triarylhalosilanes, postulated a reversibly
formed pentaoovaelent intermediate in that resction. Tt has also been
pointed out that, from thermodynamic considerations, remection through an
intermedigte which is formed repldly and reversibly is kinetically in-
distinguishable from a one step process. On kinetic grounds, then, it is
impossible to say whether the hydrolysis of triarylsilanes goes by a one
step process such as thaet shown above, or by a two step process like Swain's

mechanism of halosilane hydrolysis.

-

R R N H,0 R R
———
oH" ¢ \gi.-ﬁ VTN HO—-ﬁi-H —io 30.81,21 $ Hy & "

The abnormal isotope effect, together with the positive value of Ps however,
enzbles us to say that the formation of the oxygenwsilicon bond is, at
least, almoat complete in the trensition state, so that such s pentacoe
valent intermediate may well be involved.
Preparation of Triphenylalkoxysilanes from
Triphenylsilane
As was mentioned in the previous seotion, the hydrolysis of trie
phenylsilane in wet methylecellosolve containing piperidine was found to
be sero order in water at water concentretione less than 0.5 M. This led

to the oconsclusion thet the methylosllosolvete anion mast be the attacking

gpecies, and that the product of the remotion should be triphenyle{2=
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methoxyethoxy)wsilene. ¥hen the reaction was repeated on a larger secale,

this was found to be indeed the onse.

R'CH 4 PH === R'0" 4 P,
R'O™ & RssiH 4 HOR® —»R'Lﬁiﬁa + HZ 4 R*Q”

Several attenpts were then made to apply the reaction to the synthesis
of other triphenylalko:qrbilanas. A number of primary snd secondary alcohols
and silanols were used with varving degrees of success. The resulbte are
shom in Table XI., Tertiary alechols have, thus far, ziven unsatisfactory
results, but since no attempt hes been made to estmblish optimum conditions
for the reaction, it is not yet pessible to evaluate the possible usefulness
of the reaction. Alternstive methods of preperation involve treating trie |
phenylohlorosilane or triphenylsilane with alkeli metal alkoxidas.s The
mathod using briphenylchlorosilane gives good yields and has the advantege
that triphenylehlorosilane is commeroially aveilable while triphenylsilane
is not., The piperidine procedure has the advantages that triphenylsilane
is less subjeot to hydrolysis during manipulation than is triphenylchloro=
silane, and that all resgents and products except triphenylsilane and
triphenyh%mihm are volatile liguids or gases, Thus, at the end of
the reaoction period the liquids ocan be distilled off and the product
obtained ss a rc’aiduo » without the negessity of meparating it from an

inorganiec by-produot.
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SUMMARY

A comperison has been made betwesen the properties of the verious types
of orgenosllicon compounds reported in the litersture and those of anal-
ogoug carbon types.

It has been found that & number of non«sterically hindered triaryle
sllanols are cleaved by nebutyllithium to give diaryl-nebutylsilanols,
wheresas most tetrasubstituted silanes are not oclesaved. This hes been
contrasted with the metalation of triphenylearbinol by n-butyllithium
from the point of view of mechanisms concerned.

Some hexseryldisilanes have been prepered and found to show no evidenoe
of dissogiation into redicals. This has been contrasted with the dissocia-
tion of hexearylethanes, and the difference atiributed in lavge part to
reduced resonance stabilimetion of the silyl radicels,

The ultraviolet absorption spectra of a number of silicon analogs
of triphenylmethane dyes have been examined. The lack of any shift in
gbsorption maxime as the silanol is converted Yo the conjusate aeid has
been considered as evidence for e reduced facility of formation of silicon-
ium ions, a8 compared with carbonium ioms, and this in turn has been
interpreted as the result of reduced reson;n'z%e stabilization of the silicon
ions,

The relative rates of hydrolysis c¢f substituted triarylsilanes have
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been compared with the sigme constants for the substituents, and it has
been found that the agreement is good except in the case of the p-dimethyl-
amino group. This hes been interpreted as being due to smeller contribu-
tions from silicon=carbon doubly bonded resonance structurss than from
analogous structures in carbon compounds.

The mechanism of the hydrolysis of triarylsilanes in wet piperidine
has been found to involve atieok by hydroxyl ion on the #iliocon atonm,
snd simalteneous sonbination of the hydride hydrogen with proton from
water or solvent.

An unmususlly large reverse isotope effeoct has been found in the fact
that triphenyldoutorusilane is hydrolyzed mbout six times faster than
triphenylsilane oontaining the natural ratio of hydrogen isotopes.

A oconvenient synthesis of triarylalkoxysilanes from triarylsilanes

has been developed.
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