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I. INTRODUCTION

Since the discoveries of orgenic compounds of silicon,
germanium, tin, and lead in the last half of the nineteenth
centurys much information about the relationships of analw
ogous compounds &aa appeared in the chemical literature,

As 8 clagssical example, Mendaléaffl predicted, in 1871, that
the hitherto missing element "eka-silicon"--germaniume~would
form a tetraethyl derivative bolling at 160° with a density
of 0.96 based on the properties of analogous compounds of
1ts nelghboring elements, The synthesis of tetraethyle
germane in 1887 verified his prediction in a surprising way.2
However, soon after enough knowledge of these compounds had
been accumulated, 1t was realized that the gsimilarities
.among them are limited to & certain extent and in some cases
are only superficial, Scattered information about the come
parisons of certain specific types of organic compounds of
Group‘IV~B elements (silicon, germanium, tin, and lead) is
ebundant but no comprehensive work has been found in this

fleld,

iMandsléaff, Aﬁnﬁ, Suppl. 8, 196 (1871),
2c, Winkler, J. prakt. Chem, /2 7 38, 204 (1287).
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It has been the chief purpose of this work to generalize
the properties of 5emé types of organice compounds containing
Group 1V-B elements snd to extend the studles to the unknown
analogs in order to fill some of the gaps of missing informae
tion concerning the chemistry of these compounds.

In the historical part of this thesis an effort has been
made to summerize the organic compounds containing Group IV-B
elements with the viewpoint of comparing the similarities and
differences in properties among the analogous types of come
pounds, These are discuased under various sections accords
ing to the nature of groups attached to the eentral Group
IV-B elements, Important types are emphasized with examples
of some individual compounds so that & genersl pilcture of
this important branch of organic chemistry may be given,

During the course of this investigation, & method for
the synthesis of a highly versatile orgencsilicon-metallie
compound, triphenylsilylpotassium, has been developed., Sube
sequent studles have shown that compounds of this and related
types are unusually good for the preparation of some diffie
cultly obtainable orgsnosilicon eompounds., Also, it has
been shown that triphenylsilylpotassium adds to ethylenle
linkages in the same way as some very reactive organometallie
compounds., A number of hexasubstituted disilanes were made
for the studies of the possiblility of dissociation. Several

new water-soluble organotin compounds were prepared as a



result of the studies of introduclng wateresolubllizing groups

into orgenotin compounds.



II. HISTORICAL

While organice compounds containing Grau? IVeA elamﬁntas

(T4, Zr, Hf, and Th) are relatively little kncwn,4 there 1is

a tremendous amount of work reported on the organie come
pounds contalning Group IVB alementa.ﬁ 511icon, as a second

’element of Group IV of the periocdic table, belongs more

definitely to the Besubgroup than to the A-subgroup since

the inert gas structure (with two g-electrons and six p=-
electrong in the outermost shell of an atom) is satisfied

by the atoms of ths\ﬁ»aubgroup elements in their tetrasco-

valent state but not by those of the A-subgroup elements,
Many known orgsnosilicon compounds are closely related to

the analogous compounds of other elements of this sube

groupe. It 18 now known that silicon has an organic chemistry

of its own but not one rivaling that of carbon, &

g

5In some periodic charits subgroups A and B from Group
IITI to Group VII are named in the opposite manner,

433@ H, Gilman, "Organiec Chemis try", 2nd ed., John
Wiley end Sons, New York, 1943, p. 557, See, also, R, G.
Jones, Doctoral Dissertation, Iowa State College, 1941,

5A 11st of general references 1s given at the end of
the Historical Part,

€por a general discussion of the relationships between
organosilicon compounds and thelr carbon analogs see G, E,
Dunn, Dectoral Dissertation, Iowa State College, 1951,



In the historical review iny compounds c¢ontaining at
least one earbon-silicon, carbon-germenium, carbon-tin, or
carbon~lead bond are discussed. Compounds in which all bonds
are indireectly connected hetween carbon and Group IV-B ele-
ments such as lead tetraamcetate, Pb{(00CCHz)4» are not in-
cluded, Compounds classified in this category have the E
atoms (E represents any CGroup IV-B slamam% throughout this
thesis) linked to carbon, hydrogen, halogen, oxygens; nitro-
gen, and other atoms, Due to the large number of compounds
which might be Included under this classification, it is im-
posaible to discuss all of them in this survey. Therefore,
only the important types are presented.

Generally speaking, as the atomiec weight of the central
element E increases, its bond become weaker, For example,
chlorine and bromine attack the carbon-hydrogen bond of
tetraalkyléilan@ rather than the aarbon»ailieon bond. In
tetr&alkylgermans they attack one of the carbonegermanium
bonds while usually two alkyl groups are removed at once from
the corresponding tin and lead compounds, Tetraphenylsilane
boils undecomposed above 400‘,7 and can be nitrated, sulfo-
nated, or halogenated,; while tetraph&nyliaad decompoges at
270° and lésaa all its phenyl groups by heating with glacial

acetic aaid.s

"R. N. Lewls and A. E. Newkirk, J. Am. Chem. Soc.,
69, 701 (1947). o

BL. W. Jones and L. Werner, 1ibid., 40, 1257 (1918).
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While there is a gradual change of the properties of
analogous compounds from silicon to lead, a mueh greater geap
can be found between germanium and tin than snywhere else in
this group. Impbrtant properties in whiech the organlic com-
pounds of tin and lead differ from those of silloon and
g&rmanium are as follows:

(1) The monols RzBOH (in this thesls R represents any
organic radical, alkyl or aryl) and diols RgE(OH)g of tin
and lead are much less like alecohols. They are definitely
basle snd form gelts with aclds, '

(2) Wnile the monols of silenes and germanes lose
water to form ethers such as hexaphenyldislloxane, the organo=-
tin end orgeanolead hydroxides @aually glve a mixture of RgEO
and 945 compounds upon haating. ‘

(3) Orgenic helldes of tin and lead form complexes with
‘emmonia end amines guch as (Gﬁﬁg)gﬁnﬂlg¢ﬁﬁﬁsw Those of
sllicon end germanium ususlly react with these basle sub-
stances,

(4) Organotin and orgenclead halides are much more
stable than the corresponding silieon and germanium enalogs.
Halides of the former group are only partially hydrolyzed by
water in the absence of alksasli,

(8) Mono- and di~-fluorides of organotin and orgenclead
compounds elther melt or decompose at a high temperature and

are somewhat soluble 1in water while the analogous compounds
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of silicon and germenium ere either liquids or low-melting
solids insoluble in water.

(6) The E~E bond of orgsnoditin and organodilead com-
pounds gives indications of dissoclation., Little is lmown
about germanes, while negative results have been reported for
organcdisilanes.

It seems desirable to mention briefly the nomenclature
of organlc compounds of silicon, germanium, tin, and lead
before the various types of compounds are dlscussed, For
orgeanosilanes the report by the Committee on Nomenclature,
~ Spelling, and Pronunciation of the American Chemical Society®
1s adopted throughout this work, Post10 gives & very good
discussion on this subjeet in his book. Orgenogermanes are
named with the seme rules as those for the silanéa. The
shorter form "germ-" and "germyl" are used instead of
"german~" and "germanyl", as proposed by 0. H. Johnson .1t
Thus, corresponding to "silanol" end "disiloxane", the names
"germanol" and "digermoxsne™ follow., PFinally, in conformity
with the nomenclature generally adopted for orgsnotin and
organolead compounds, the endings "tin" end "lead" are used

instead of the older forms "stennane" and "plumbane",

QE.‘J. Crane, Chem. Eng. News, 24, 1233 (1946).

104, w. Post, "Sillcones and other Organic Silicon
Compounds”, Reinhold, New York, 1949,

110. H., Johnson, Chem. Revs., 48, 259 (1951).




A. Tetraalkyl and Tebraaryl Compounds

Compounds eonteining four C-E bonds are included in this
gection. They are the simplest, most stable, and most aomman
compounds of this series. Numerous simple {(only one kind of
radical) and mixed (more than one kind of radical)tetra-
alkyls end tetraaryls araiknown. The first orgenlc compounds
of silleon, germanium, tin, and lead syntheslzed are all of
this type. In 1863 Friedel and Craftslg synthesized the first
organosilicon compound, btetraethylsilane. Winkl@rg, the
discoverer of germanium, was also the first chemist who pre-
pared tetr&ethylgafmane. Léwlgs in 1853, published an
article on the first organotin compounds in the chemleal
literature.’® He was also credited as the producer of the
first orgenolesd compound in the following year.l& Since
then the list of tetraalkyl and tetraaryl compounds has in-
creased rapldly over a period of about one hundred years.
| Tetraalkyl~ and tetraarylw-silanes are made by the action
of the Grignard resgent on silicon tetrachloride™® or by the
Flttig praaadura.lﬁ The use of the Grignard reagent has the

sdvantage that 1t allows stepwise introduction of organie

12, Friedel and J. M. Crafts, Ann., 127, 28 (1863).
3. Lowig, Ann., 84, 308 (1852). |
¢, Lswig, J. prakt. Chem., 60, 304 (1853).

155, Polis, Ber., 18, 1540 (1885).
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radicals Into silicon tetrachloride. By this method,
Kippinglﬁ was able to prepare optleally active @rg&nQailiean
compounds such as benzylethylpropylsilanol.

The germanium analogs can also be prepared by the re-
action of the Grignard reagent with germanium tetrshalide,
A large excess of Grignard reagéntAmust be used, or the mailn
product would be of the type RzGeX. Thus, even with 36 moles
of phenylmagnesium bromide to 1 mole of germanlium tetrabromlde
only a 40 per cent yleld of tetraphenylgermsne is obtainad.lv
However, 1f the Grignaerd reagent ls first converted into di=-
phenylzine before it is treated with germanium tetrabromilde,
high ylelds of tetraphenylgermane may be obtained,l7#
Johnson and Nebergallla observed that the use of organo=
lithium compounds &n the praparabion of tetrasubstituted
germenes often glves better yields than the Grignard pro=
cedure, Johnson and Harrisl? studied the reaction between
triphenylgermane and phenyllithium and fbund that the
principal product depended on the order of mixing the re-
actants, Thus, when dilute triphenylgermane is added to

phenyllithium, the prinecipal product 1ls tetraphenylgermane.

18p, s, Kippling, J. Chem. Soc., 91, 209 (1907).
176, T, Morgen end H.D.K. Drew, ibid., 127, 1760 (1925),

178¢, A, Kraus and L, S. Foster, J. Am. Chem. Soc., 49,
457 (1927), _— =

( 18y, H, Johnson and W, H. Nebergall, ibid., 71, 1720
1049),

190, H. Johnson and D. M, Harris, ibld,, 72, 5566 (1950),
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When the reverse is carrled out, over half of the-praduqt
is hexaphenyldigermene, In 1931 Schwearz and L@vinaﬁhnge
demonstrated optical activity of organogermanium compounds
by preparing bromoethylisopropylgermene and resolving the
mixture through the use of Debromocamphorsulfonate.

S8imple tetrasubstituted organoctin compounds are made by
the action of the Grignard raagentgl or the organolithium
aompaunagg on stannic chloride,; by the reaction of tin alloys
with organie halidaa,13 and by other mmﬁhada.zs Unsyme
metrical compounds are best made from tha_raaetimﬁ of the
Grignard reagent with an organotin halide,?4

The tetrasubstituted lead compounds are prepared by
the reaction of lead chloride with an organic halida,35 by
the reaction of alkyl halides with sodlium-lead allay,gs and
27

by other methods., Good yields of tetraslkylleads are obe

tained from the reaction of alkyllithium wlith a lead halilde

§6R. Schwarz and M, Lewinsohn, Ber., 64, 2352 {1931).

) QlW* J. Pope and 8, J. Peachey, Proec. Chem. Soc., 18,
200 (1903},

22p. R. Austin, J. Am, Chem. Soc., 54, 3726 (1932).

gac. E. Arntzen,; Doctoral Dissertation, lIowa State
Callege,‘EQQQ. ;

E*E. Krause and R, Pohlend, Ber., 57, 532 (1924).
25&, Grittner and E. Krause, Be?.,'ﬁg, 1418 (le1s),
265. Cehours, Ann., 122, 48 (1860).

ﬁ?R‘ W, Leeper; Doctoral Dissertation, Iowa State
College, 1942,
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and an alkyl halide,?®

The tetraalkyl compounds sre mostly colorless, stable
liquids. Golng dnwﬁ the serles, the bolling point, density,
and refractive 1ndex{6f the tetraalkyl compounds increase |
from silicon to lead, The tetraphenyl compounds are all
colorless solids with a slight decrease in melting point from
silicon to lead, The mixed melting point depressions in
these compounds are very small, However, the mixed melting
point depression of (CgHg)4Ge + (CgHg)4Sn 1s about three times
as great as that of (CgHg)eSn + (6535)4?&.39

Among the mixed eompounds, the aryl groups are, on the
whole, less firmly attached than the alkyl groups. Dlethyl~
diphanylgarmana} for example, s8plits off phenyl grnu@s rather
thén the ethyl groups on treatment with bromine to form di=
ethyldibromogermane,®C The firmness of attachment of carbon
to tin in the reaction

RoSnRé + 2HCl——> ReSnClg + 2R'H

increases in the arﬁariﬁl

eyclohexyl > phenyl > l=naphthyl > p-snisyl > l-thienyl.

28y, Gilman end R. G. dones, J., Am. Chem. Sos.s 72,
1760 (1950). |

29¢,D,K, Drew and J. K. Lendquist, J. Chem. Soc.,
1480 (1935).

aoEi A, Flood, g_q m» kaqn m., é&, 1663 (1953):

311, S. Bobasghinskeje and K. A, Kotscheschkov, J. Gen
Chem. (U.8.8.R.}» 8, 1850 (1938), [/ C.A., 33, 5820 (I@W WA
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Krause and sahlattigaﬁ

found the order of decreasing strength
 of the carbon~lead bond to bes’

cyclohexyl > ethyl > mathy1‘>-phanyl‘>‘gftemyl,> l~naphthyl.

| The reason that the cyclohexyl group is the most stable

group in these compounds is by no means due to sterle hinm
drance. The action of excess cyclohexyllithium on silicon
tetrachloride gives only tricyeclohexylchlorosilane, which
does not accept an alkyl, phenyl, or benzyl group from the
corresponding alkyllithium., On the other hend, germenium
accommodates three cyclohexyl and one alkyl, phenyl, or benzyl

18,33 The steric

group, but not a fourth cyelohexyl group.
strain of the cyclohexyl gréup 1s completely absent in tin;
tetracyclohexyltin is a stable compound melting at 263‘.2&
The l-naphthyl group seems to be less sterically hindered
then the eyclohexyl group. Three lenaphthyl groups can be
put on silicon® and four on germanium.>®

That steric hindrance alone cannot explain the diffi-

culties of obtalning some organolead compounds is shown by

the fact that tetra-lenaphthyltin is knawn36 while the lead

EQE Krausa an& O, Sehléttig, Ber., BB, 427 (1925).

33@ H, Nebergall and 0, H. Johnson, J. Am. Chem. So¢.,
71, 4022 (1949).

34y, Gilman and C. G. Brannen, s.bm., 73, 4640 (1951,)..

55&. West, unpublighed work thraugh the a@uvtaay of
Dr., E., G. Rochow,

Y | | ~
C. Quintin, Ing. chim., 14, 205 (1930) ﬁsé-a 28,
2182 (1932)_7/. PR P& 4
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snalog 1s diffieult to pr@p&r@,av although lesd is larger than

tin, Tri-tert-butyltin compounds are known whereas oni:gr
orgeanolead compounds containing two tert~butyl groups attached
89,40 Apparently, other factors
41

to lead have been syntheslgzed,
such as resactlion mechanism must be considered.
Tetrasubstituted compounds of the type R4E are in general
stable to strong vases. ? Tetra-p~propylsilane, for example,
1s stable on heating with a strong potassium hydroxide solu-
tion.43 Tetraphenyltin is refluxed with‘alemhalic sodium
hydroxide for three haurg wlthout appreciable deaampasi%ign;zﬁ
On the atﬁér hand, this type of compound is cleaved rather
easily by halogens and aniﬁ&.44 Tetraphenyllead is cleaved

by bromine in pyridine at «50° to give almost quantitative

L mpa T ——— Baille, J. Am, Chem. Soc., 61,
731 (1939).

8, Krause and K. Wainbarg, Ber., 63, 381 (1930).

395. Robinson,s Doctoral Dissertation, Iowa State
College, 1929,

ﬁoH. Gilmen and L. Balessa, lowa State Coll. J. Seci.,
3, 108 (1929).

410. G. Brannen, Doctoral Dissertation, Iowa State
College, 1951‘

43L. 3. Miller; Doctoral Diaaartatiam, Iowa State
College, 1950,

43c. Pape, Ann., 222, 354 (1@@4). |
44y, gilman and P, J. Marshall, J. Am, Chem. Soc., 71,

2066 (1949); see, also, ¥, J. Marshall, Doctoral Disserta~
tlon, Iowa BState College, 1948,
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yield of triphenyllead bromide.%® Similerly, tetrasubstituted
tin3546 garmanss;év and silenes®® are cleaved by bromine to
form the corresponding halides.

The hydrogenation of tetrealkyl and tebtrasryl compounds
of tin and lead have been studied, among other workers, by
Gershbein and Ipatieff.4? They concluded that the chief
products are the hydrocarbons RH derived from the organic
radicals with hydrogen and only a traﬁa of the R~R compounds
resulting from the coupling reaction,

While the hydrogenation of tetrasubstituted germanes is
little known, hydrogenation of symmetrlcal and unsymmetrical
silanea)has been investigated by Dolgov and co=

50,581,582

workers, They found that by heating a number of

~45g, oruttner, Ber., 51, 1208 (1918).

46g, W, Post and H. R, Baker, J. Am. Chem, Soe., 55,
1112 (1933).

| 4Ty, R, Orndorff, D. L. Tebern, and L. M. Dennis,
1bid¢j ﬁ’ 3513 {lgB‘?)p

48, Ladenberg, Ber., 40, 2274 (1907).

491, L. Gershbein and V. N, Ipatisff, J. Am. Chem.
80c., 74, 1540 (1952), | Chem

0y, Ipat'ev end B. N. Dolgov, Ber., 62B, 1220 (1929).

51 « .
B. N. Dolgov and ¥, N, Volnov, J. Gen. Che
(U.8.8.R.), 1, 330 (1931), @ A, 26, T168 (1932)_/.

528, Dolgos Jol S\ :
. gov and ¥, Volnov, Zhur., Obschel Khim., 1, 21
(1931), [g.g_., 284 -&5%5 (1931) 7. &
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gimple and mixed silanes in hydrogen, decomposition and re-
arrengement take place in such a way that the more symmetrie
cal compounds are produced, This symmetrization réaation is
general and proceeds according tb the scheme!

RS1Ry —>R,S1R) + R§S1 and 2RSIR; + Hy—>2RH + RISISIRY
As an example, phenyltriethylsilane iz hydrogenated to form
benzene end hexsethyldisilane, The latter eempaﬁnd is also
produced by heating tetrsethylsilane at 350° under hydrbgan
presaurﬁ.sg’sl

There 1z snother type of interesting reaction of the
tetragubatituted compounds, namely, the dispraportionatioﬁ
reaction.53 When an equimolecular mixture of tetrame thyle
lead and tetraethyllead is treated with triethyllead chloride
of aluminum chloride as a catalyst, a redistribution takes
place to yield all of the five possible Rn?bni,n compounds,
the amount of each preoduct being dependent upon the law of'
probability. In other words, this 1is a completely random
redistribution.54 Similar observations have been obtalned

for organie compounds of tin and silieon~55

53ror a general discusaien gsee G, Calingaart end H, A,
Beatty in H. Gilman's "Organic Chemistry", 2nd ed., Jolm
Wiley and Sons, New York, 1943, pp. 180?~1818a

54G‘ Calingaert, H, A, Beatty, and H. Soroos, J. Am,.
Chem. Boces 62, 1099 (1940).

56g, Calingaert, H, Soroos, and V. Hnlzda, ibld., 6?,
1107 (1940),



] G

Alieyelie compounds containing & Group IV-B element have
been aynthesized, Compounds of the type |
_CHg ~ Gﬁg\ 5 CoHg

Gﬁg\ 7 ~ )
CHg ~ CHg CalHg

are known for 3ilio¢n,53 &armanimmaﬁ? Ein,ﬁa and 1@&&.59

The steric hindrence of these e¢yellc compounds increases from
sllicon to lead, When the tin end lead c¢ompounds are treated
with bromine, the rings are broken with the formation of

- bromodiethylecl-bromopentyl-tin end ~lead, respectively.

B. Halogen Compounds
Nearly every type of halogen compound (RaEX, RoEXaq,
and REXg) with nearly every element of Group IV+B and every
halogen is known. The halogen compounds occupy & position
of great lmportance in the organic chamiatﬁy of these ele-
ments because during the synthesis of various types of other
compounds some halogen compounds sre utilized., Very often
the use of halogen compounds 1s the best if not the only way
for the synthesis of organic compounds contalning Group IV-B

elements,

565, Bygden, Ber., 48, 1236 (1915).
7R, Schwarz and W. Reinhardt, Ber., 65, 1743 (1932).

: "
583, Gruttner, E. Krause, and M. Wiernik, Ber., 80,
1549 (1917).

’ | |
596, oruttner and E. Krause, Ber., 49, 2666 (1916),
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A simple way of making orgenohalosilanes 1s by the treat
ment of an organic halide with silicon., Thus, when silicon
is treated wlth an alkyl or aryl chloride at high temperature
in the presence of a catalyst, & mixture of mono=~, di-, snd
tri-halides 1s obtained.®0 The aetion of & limited smount of
Grignard reagent on tetrahalosilanes furnishes a convenlent
wey for the synthesis of partially alkylated or arylated
halosilenes, 8361 Direct addition of triehlorosilane to
alkynes®2 in the presence of acetyl peroxide or ultraviolet
light gives rise to substlituted trichlorosilanes., Good ylelds
of triethylsilyl bromide, chloride, and fluoride can be ob-
tained by treating hexaethyldiasiloxane with concentrated
sulfuriec acld and the corresponding sodium or ammonium
halide,.®3

The preparations of orgsnogermenium halides are in
general gimilar to those of the silicen amaloga.ll For the
preparation of triphenylgermyl bromide by the bf@mination of
tetraphenylgermane, ethylene bromlde is a better solvent than
carbon tatraahlaride.47 With hydrogen bromide in the presence
of sluminum bromide, one of the alkyl or aryl groups of

gEE G. Rochow, de ‘Am, Chem. Sog., 87, 963 (1948),

- Gi1lism, H. A, Liebhafsky, snd A, F, Winslow,
kibidn) 655 801 (1341);

ﬁam W, Pletrusza, L. H. Bommer, and F, C. Whitmore,
ibid., 70, 484 (1948).

6%, A, Flood, ibid., 55, 1735 (1933),
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tetrasubstituted germene is replaced by bromine.®% Dihalides
of orgenogermaenes are made by heating sn organic halide with
germenium in the presence of copper,5% or by the action of
bromine on diaelkyldiarylgermene in whicech the aryl and not the
alkyl groups are diapi&aaﬁ.gﬁ Two phenyl groups of tetraw
phenylgermane can be substituted by bromine wlth eass, while
diethyldibromogermane 1s obtained by bromination of tetrae=-
ethylgermene in very low yleld.®€ The dibromide and di-
fluoride can be made by converting the dichloride to its
oxlde and treating with hydrobromic or hydrofluorie scid, b5
Organogermyl trichlorides are mede by the action of alkyl

or aryl halides on the cesium germanium chloride somplex
Cs(GeCly)+87 Thus, ethyl lodide at 110° remcts with this
complex to glve a 60 per cent yield of ethyltrichlorogermane,
and iodobenzene similarly rescts at 250° to give 80 per cent
of phenyltrichlorogermane. Recently, Anderson developed a
methed of changing a c¢hloride into an 1odide,. 58 Ethyltri-
chlorogermane ig treated with diethylamine to give

€41, M, Dennis end W, I. Patnode, ibid., 52, 2778 (1930).
5g, @. Rochow, ibid., 69, 1729 (1947).
66g, A. XKraus snd C, L. Brown, ibid., 52, 3690 (1930).

875, Tehakarisn and M, Lewinsohn, Compt. rend., 201,
838 (19358). ‘ ' ‘

68y, H. Anderson, J. Am, Chem. Soe., 74, 1421 (1952),
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ethyl=tri(diethylamino)-germane followed by conversion into
ethyltrilodogermane using hydrogen iodide.

One of the most eenveniant methods for the preparation
of organotin halides involves the heating of e mixture of
tetraslkyl~ or tetraaryl-tin with stannle halide,89270 By
varying the ratio of these reactants, good ylelds of RginX,
RoSnXg, end R8nXz can be obtained, Another general method
of preparation is to cleave tetrasubstituted tin compounds
with halagenﬁ.‘ Due to the esase of replaeing two organic
redicals et once by halogen, chlorine is seldom used for
the preparation of a monohalide by this method. When bromine
is used, the reaction mist be carried out at a2 low aampark»
ture in order to minimigze the formation of ths dibromide.
Iodine 1s preferable for less of the dihelide results.
Organotin fluorides can be made by tresting an slecoholic
solution of elther an RzSnOH or RgSnX compound with potassium
fluoride, The organotin fluorides are so insoluble that
Rz8n0H or Rz8nX compounds would praﬁipiﬁate the fluoride ions
of potassium fluoride quantibatzvaly.?1’?g Organotin dile
nalides can be made by treating the R48n compound with

-

haloganagéﬁge or halogen acids, heating equivalent

69K, A, Kocheshkov, Ber., 66, 1661 (1933),

70K, A. Kocheshkov, J. Gen. me (U.8.8.Re)s 4» 1359
(1934), /Cohes 29, 3650 [1935). 7“2‘“'
"lg, Krause, Ber., 51, 1447 (1918).

VEE. Krause and R, Becker, Ber., 53, 173 (1920).
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smounts of tetrasubstituted tin with stennic halide,®® or by
reacting RgSn0 with halogen aaidalé’aé ﬂr,phaayhmraua penta=
ehloride,”o Thé trihalides are made by the metion of hydroe
gen chloride on an alkylstannonle# aaid;44 by the action of
alkyl lodides on Kﬁn613,7§ or by heating a mixture of RySn
or RgSnXg with a stannic halide,®?
The lead compoundss likewlse, can be prepared from the
resction of an orgenolead compound with halogen or hydrogen
halide, From the atu&i@s of Calingeart gg,g;.s?a a purer
product of RzPbCl e¢sn be obtained from the cleavage of R,uFPb
compound with HC1l gas in hexane than in ether or cleavage with
squeous hydrochloric acid. The preparation of monchalides
from the tetraaryls are diffleult to control because halogens
convert these dirdetly into the dihalides., Even ét -75°
bromine cleaves tetraaryllead in ether to the dibromide
though tetraalkyllsad gives the monobromide under these con-
ditions, However, when the activity of the halogen is

(T Cahours, Ann., 114, 354 (1860),
743.6.,F. Druce, J. Chem. Soc., 119, 758 (1921),

785, Tehskirian, M. Lesbre, and M, Lewinsohn, Compt.
rend,, 202, 138 (1936),

76g, Calingeart, F., J. Dykstra, and H. Shepire, J.
;A_gg_c Chem. Sot¢., 67, 180 {1948). ‘ ‘

. alﬁ'this thesis compounds of the typaz“—mcﬁﬁ” are called

-nonic¢” seclds in sccordance with the Chemical Abstracta.
However, an alternative form "-oic" hes been proposed by
Johnson (see footnote 11).
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diminished by solvation, the monochalide can be obtained in
good yielﬁa.*ﬁ Organclead hsalides, similar to those of the
tin compounds, can also be mede by heating the tetrasubsti-

tuted compound with a dihalida-vv

Actlion of h&ieg&na on
diarylleads furnishes a method of making organolead di-
halidea.vs No armmahia trihalides of lead have been re-
ported, though a few alkyl trihalides are knewn.?g Organoe-
lead trihaliéas are less stable then the mono- and di=-
halides since the most stable inorganic and orgeniec com=
pounds of lead eare the di- and the tetra-valent compoundsj
for the tatvavalent lead compounds, thavﬁfare, the staw
ybility decresses with lncreasing number of inorganie groups,
With the exceptlons of fluorides @x tin and lead, all
of the halides of this group are liquids or lowemelting
solids more soluble in organic solvents then in water, Ore
genic fluorides of tin and lead are peculiar. They are non=
volatile, salt-like compounds with high decomposition temper=
atures wlthout @alting, and are somewheat soluble in water,
Organotin and organolead halldes tend to form complexes,

especlally the tin compounds. ?yﬁieal examples &re

T7p. R, Austin, ibld., 54, 3289 (1932),
78, Calingeart, Chem., Revs., 2, 43 (1925).
79y, Lesbre, Compt. rend., 206, 1481 (1938),
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(CHg) 58nBr MH5,80 CHgPbIz. 30gHgN,79 and
(gagygano.(egﬂﬁ)@snmﬁﬁl |
' The analogous germenium®® end silicon®® nelides react with
armonisa or smines without the formastion of complexes,

| Organlic halides of thia group are hydrolyzed with water
to the hydroxy compounds or derivatives of polymers derived
from them. The ligntar the central element E, the more
eaglily tha‘éampaund hydrolyzes., The halides react with a
large variety of organometallic compounds to form simple and
mixed tetrasubstitubed compounds. Compounds of the type
RaEM (M is a Group I-A metal) heve been reported for all
Group IVeB elements. They can be made from the corresponding
halides of the type RzEX., These will be discussed in a later

section,

C. Oxygen Compounds

Orgenic compounds containing at least one E«0 bond are

classlified under this seetion. There are two important types

" 80g, 4, Kraus and F, Ce Schmldt, J. &g, Chem, Soc., 58,
2297 (1934).

81? Pfeiffer end O, Brach, Z. anorg. & llgem. Chem.,
87, 229 2191&}.

83@; A. Kraus and E. A. Flood, J. Am., Chem. Soc., 54,
1635 (1932), | SRS

838, 0. Sauer and R, H, Hasek, ibid., 68, 241 (1946).
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of oxygenw-containing compounds, nemely, the alecoholic type
(with en E-OH linkage), and the ethereal type (with either
an E~0-R or an E«0«E linkege).

All three types of hydroxy compounds, RzEOH, RoB(OH)g,
and RE(OH)z, occur, theoretically at least, wlth the Group
IV-B elements., However, two hydroxyl groups on the same E
atom always tend to lose water similar to those of the carbon
analogs. Unlike the latter compounds they polymerize im-
mediately to form polymeric "omofams" (en abbrevietion of
"orgenometallic oxides of Group Four-A metals™y silicones are
the typlcal examples although silicon 1s considered by asome
to be a non-metal). The polymerlec oxldes have no resemblance
to the ketones other than the empiricel formulss, The trie
hydroxy compounds, likewise, lose water at once to give
compounds of the type, REOOH, which are highly polymerized
and they bear no resemblance to the carboxylic aclides except
for a feeble acidlity.

The monols of gilicon and germanium undergo moleculsr
condensation with great ease and in some cases the uncon-
densed monols are difficult to isoclste, Trimethylsilanol,
for example, condenses so rapidly that it ¢an be isolated

only by a speclal gra@adura;&&’85 It forms a sodium salt even

84p, 0, Ssuer, ibid., 86, 1707 (1944),-

851, H, Sommer, E. W, Pietrusze, and ¥, C., Whitmore,
ibid., 68, 2282 (1946).
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with an aqueous sodium hydroxide aalutian.sﬁ Hydrolyses of

triethylbromogermsene and triphenylbromogermene do not yield

the germanols. Instead, hexaamymigamuxmaw

86

and hexa=
.phﬂnyiaigarmﬁxane are isolated as the products of
hydrolysis. Triphenylgermanol can be made by treating e
benzene solution of sedium triphenylgermanoclate with waﬁer»aé
Monohydroxy compounds of tin and lead, unliks those of
silicon. and germeanium, have no resemblance to aleohols,
They behave like the alkalles and form sslts with acids.
The low molecular weight compounds are soluble in water,
Unlike silanols and germenols, they do not give ether~like
axiaea on heating, Instead, they disproportionate to give
a mixture of oxides and tetrasubstltuted compounds., Thus,
when triphenyltin hydroxide is heated, s mixture of tetra-
phenyltin, diphenyltin oxide, and water is mbtaineﬁ»av
Simllar results are obser#ﬁd’with‘ﬁrim@thyltin hydrexid&,aa
while the thermal decomposition of triethyltin hydroxide
splits off a molecule of ethane to give dlethyltin oxide and
diethyltin.aﬁ Few orgenolead hydroxides hﬁva been described.

8, A. Kraus and L. S, Foster, ibid., 48, 457 (1927).

87R. P, Chambers snd P. C. Scherer, ibid., 48, 1054
{19286),.

88¢, A, Kraus and R, H. Bullerd, ibid., B5l, 3605 (1929).

89y, Hareda, Sei., Papers Inst. Phys. Chem, Research
(Tokyo), 36, 497 (1@39)“2§§;§., w&,ﬁ%%% (1940) 7. .



They are made by treating the halides with potassium hydroxe

ide or silver oxide,90s91 They are basie¢ and absorb carbon
dioxide gas from the air to form a carbonate, '
Dialkylsilene diols lose water and polymerize to form

pelyailoxanaa.gg

Diarylailane dlols are more stable although
on heating they also leose water to glve polymers su@h as
ZTYG$H53@810;75~ The latter compound has been isolated from
the hydrolfaia of diph@nylﬁiahloreailane.93

Hydrolysis of dimethyldiehlorogermsne presumably gives
dimethylgermenium dihydroxide, but the reaction is revers-
ible which makes 1t diffiecult to lsolate the hydroxide or
mxide.94 ‘Diethylaibrmmegarmana is converted by alkalies into

pelymeric forms of diathylgarmanium‘exiﬁe:aﬁ a similar trens-

formation oceurs with the phenyl analeg.lv?ég

%05, Krsuse and E. Pohland, Ber., 55, 1283 (1922),

919. H, Browne and E., E, Reld, J. Am., Chem. Scc., 48,
830 _(1927), » ' —_

92

“BE. G, Rochow, "An Introduction to the Chemistry of the
Silicones™, 2nd ed., John Wiley and Sons, New York, 1951.

937, F. Hyde snd R. C, DeLong, J. Am. Chem. Soc., 63,
1194 (1941). | - s T T =

94g, @, Rochow, ibid., 70, 1801 (1948),
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In the tin seriesm, all dihydroxy compounds lose water
at once to form polymers with the exceptlion of the tertiary
alkyl compounds. The di-tertiary alkyl compounds guch ag di-
tert-butyltin dihydroxide can be isal&ta&,Qﬁ such, 38 They
are feebly basle like those c¢f the manuwhyéﬁwxy compounds
though they are wesker, Dialkyllaad dihydroxides are une
known though a few of thelr selts have been ?r@pare&. For
example, disthyllead dinitrate can be prepared by the action
of nitric acid on tetraethyllead in chlaraiarm.gﬁ Diaryls
lead dihydroxides are a&aé unknown aé guch but the dehydrated
compounds , diaryllead oxides,; cen be lsolated, These, too,
form salts with aclds like those of the tin analogs.%6

The triols of orgsnosilanes are presumably produced
from the hydrolysls of the alkyle or aryl-trihalosilanes but
they at once dehydrate and polymerize like the d1015.92  How-
ever, th@'hyﬁrelyaia and subsequent condensatlon of ﬁathyl»
trichlorogermene 1s found to be reversible like that of di=-
methyldichlorogermane, Methylgermanetriol has not been 1so-
lated but thers ia”avidanea £ar its &xiatana@¢11 Hydrolysis
of phenyltribromogermane glves an amorphous product soluble
in alkaline solutions, The product seems to be a mkxture of

the seid, CgHgGeOOH, and the snhydride, (CgHsGe0)g0.l” A

5¢, D, Hurd end P, R. Austin, ibid., B3, 1543 (1831).
96z, Polis, Ber., 20, 3332 (1887).
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number of arylgermanonic anhydrides have been prepared by the
action of dlarylmercury on germanium tetraahloride.év Alkyle
germanonic anhydrides are prepared from the hydrolysis of
alkyltrihalagarm&m@‘gv These substances are amorphous poly=-
mers with no definite melting points and are soluble in
alkaline solution,

The dehydration products of the organotin trihydroxides,
like CH@ShGQH, can be made from the hydrolysis of the trie

98,99,100

halide, They are amphoteriec in character, They

form salts with inorganie hydrqxidaavé’lgl’log

tin halldes with halogen amcids.’22101:102 on heating with

and form organo=-

aqueous alkall the oxide 1is formed,1°5 while heating with halo=-

ganiaaid3194 splits off the hydrocarbon. ﬁamhaurnega’lesatudiad

7. A. Plood, J. Am. Chem. Soc., 58, 4935 (1933).
%84. Lambourne, J. Chem. Soc., 121, 2533 (1922),

QQK' A, Kotscheschkov, Ber., 62, 996 (1929).

100, A. Kotscheschkov snd A. N, Nesmejsnov, Ber., 84,
628 (1951)»

101 | )

0 Y. Leabre and GCo Glﬂtﬁy C gb¢ rend., 198, 1426
(1934).,

102

J.G.,P, Druce, 3. Gham. Soc., 121, 1859 (1922).

193%. J. Pope snd $. J. Peachey, FroaQ Roy. 30c.» 72,
7 (1803),.

104E. I. Fiklna,‘T. V. Talalena, and K, A, Kocheshkov,
J, Gen. ﬂhs e (U.8.8.R.)s 8, 1844 (1938), [C.A.» 33, 5839
T1939) 7 "

195H. Lambourne, J. Chem. Soc., 125, 2013 (1024),
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the structure of methanestannonic acld, CHgSnOOH, and con=
cluded that it is probably & eyelie trimer, Alkylplumbonie
acids (derived from the ﬁrihydr@xid@s) can be made by the ace
tion of an alkyl iodlide on sodium plumbiﬁa,1°§’19? Thay are
unstable and decompose in moist air or by heating. -
Compounds of the type RzEOR' are known for all Group

IV-B elemmata; The silicon derivatives are prepared from

the reaction of the ahlarasil&nea with aldéchols,®4 or from

108 ., the

the action of the Grignard reagent or dlalkylzine
orthosilicates, The alkoxysilanes behave like the halow
sllanes in that they hydrolyze easily to form the silanols
and their dehydration products. The dialkyldialkoxysilanes
are satlsfactory intermediates for the menufacture of sili-
cone polymers .92
Only & few slkoxygermanes and & phenoxygermane have been
prepared, Unlike the sllicon compounds, neither germanium
tetrabromide nor the chloride react with alcohols to form the
alkaxygarmﬁnea.log Tetraethoxygermane and tetraphenoxygermane

are made fr@m the reaction of germanium tetrahalide with

108y, Losbre, Compt. rend., 200, 550 (1955).

107y, Lesbre, ibid., 210, 555 (1940).
108&; Ladenburg, Ann., 173, 148 (1874).

' 109p, L, Tabern, W. W. Orndorff, and L. M. Dennis,
£¢ Am, cﬁﬁmu ﬁﬂﬁyoa &Z} 2039 (}.ggﬁ)o

———
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110,111

sodium ethoxide and sodium phanexideﬁv, regpectively.

Germenium tetrailsocyanate rescts with alecohols to give alkoxy
campaundaollﬁ
Alkoxytin eompounds are also made from the resction of
orgenotin halldes with a sodium alaehela%a.ll3' Like thaiﬁ
“gillicon and germenium anelogs, they are hydrolyzed easily.
Very little is known about the lead compoundas, Browne and
. Raié91 attempted to make triethylalkoxylead from the action
of trietnyllead chloride with sodium alkoxide but obtained
only'a<amall quantity of oil which could not be purified,
A number of trialkylphenoxyleads heave bean'mad@ by reecting
tetraalkyllead with phenols at about 150® in the presence of
silica 331.114
Another ethereal type of compound, RzEOER), is also
known in this group. Hexasubstituted disiloxanes are made
from the dehydration of trisubstituted silancls. The une
symmetrical disiloxanes are convenlently made from the re-

action of sodium silanolate with a ehlorosilane,+1®

10y, v, stdgwlck and A, W, Leubengayer, ibid., 54,
048 (1932), ' B

i, W
(1932),

1124, H, Anderson, ibid., 71, 1799 (1949).

1135, Ledenburg, Ber., 3, 363 (1870), |
114y, 8, Pat. 2,008,003; /C.A.s 20, 5863 (1935)_7.
18, N. Benedict, M. S. Thesis, Iowa State College,

Laubengayer and P, L., Brandt, ibid., B4, 549

1950,
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Hexasubstituted digermoxanes are prepared from the hydrolysis
of the halagevmane.lv The (Rz8n)g0 compounds are prepared

from the aorrespondingfhydroxidaa by the removal of a molecule
of watarig*’vs

or by tha oxidation of hexasubatitutea'éitin
campaunda.sa’lls The (85?b)ga'edﬁpcunds ara’illmdafinsd |
solids and are very 1ittle mentioned, Triphenyllead oxide is
obtained by adding an excess of aleoholic potash to the bro-

mlde and is described as being goluble in alcoholic

alkaliaa.45

D, KNitrogen Compounds

The amino compounds are the most common type of this
series, Like other compounds mentioned barcra, the stability
of the amino compounds decresses with increasing atomic weight
of the qantrai E atoms, ?rimathylanillnoailanallv is a
stable compound while th@AanilinagQrmanes decompose readixy.ﬁg
The instability of the gérmanium compounds 1s not due to
ateric hindrance because germanium 1s lsrger than siliecon,
(Germanium forms tétra#lnnaphehyl c@ﬁpaundass while silicon
only forma trielenaphthyl aarivativea.34) This instability

may be explained by the scidity or baalcity of the elements

TTEc, A, Kraus and W. V, Sessions, J, Am. Chem. So0ces
47, 2361 (1925), -

ll?ﬁ. H. Anderson, ibid., 73, 5802 (1951).
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in this group.aa

The aminosilanes are prepared from the reaction of
halosilanes with ammonis and amines,.83 Organie groups on
either the halosilane or the amine hinder the multiple sub-
stitution of the hydrogen of the emines, Thus, while two

tvimethylsily183‘84 118

or two triethylasilyl groups can be
introduced into ammonia to give the hexasubstituted disile
azsnes, only one hydrogen atom in ethylamine 1s displaced
by triethylsilyl group to form the triethylethylaminoe
silaﬁa.ll& With methylemine, however, two trimathylsi}yl
grbupa can be introduced to form h@pt&m@tﬂyl&iailamane.aa
Also, the tertiary emine, [ (CHg)g81 ZW33 1s not formed
from trimethylchlorosilane while (Hﬁ&i)ﬁw can be made with
great eaaa.llg ’Erawar and_ﬁabarlgo prepared a number of
pmlysilazanas’and found that they have a grester tendency
to form small ring compounds than the corresponding
silexanes.lgl Tr&alkylaﬁinasilanea end hexaalkyldisila-
zanes are‘eaaily hydrolyzed to form the ailanolsvor Alw

siloxanea.83’84 Trialkylaminosilanes can be converted to

118¢, A, Kreus and W. K. Nelson, ibid., 56, 105 (1934),
119, stock and K. Somieski, Ber., 54, 740 (1921),

120g, p, Brewer and C. P, Haber, J. Am, Chem, Soc.,
70, 3888 (1948), | ,

121y, patnode and D, ¥, Wilcock, ibld., 68, 358 (1946).
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the halosilanes by the trestment with hydrogen halides or
halogen aaiﬂe.1gg
Orgenoaminogermanes cen also be prepared by the reac~

tion of ammonia or amines with sn orgsnohsalogermene, How=
ever, the stabllity of the aminogermane 1as even 1@33 than
that of the aminosllene., In edditlion to the @aaé of hydrol-
ysls of the orgenoaminogermanes, they lose ammonia easily |
with the formetion of secondary amines and even tertiary
aminaa.lgﬁ Dihalogermenes react with ammonia to give poly=-
meric imines such as (Eﬁﬁeﬁﬂ)n.ﬁﬁ When & trihalogermane 1is
treated with ammonis a nitride, ROeN, is formed, 27 These
sre amorphous substences readily hydrolyzed by water,

| Orgenosllyl isocysnates and is@thioayanakaa are formed
through‘fhﬁ reactlon of the silver salts with halo-

194;125’195 Organoisocyanates of germanium are

silanes.
similarly prepared by heating germanium tetrachloride with
gllver isocyenate in benzana.lgv These pseudo halides of

orgenosilanes and organogermanes behave like the

12%p, 1, Beiley, L. H. Sommer, and F. C. Wnitmore,
ibld.s 70, 435 (1948),

123, A. XKraus and C. B, Wooster, ibid., 52, 372 (1930).

1534}1‘ H, Anderson, ibi(ﬁ,’ '7 Y 1220 (1?*&3)-

125G, 8. Forbes end H, H. Anderson, ibid., 70, 1222
(1048), . =
1264, 1§, Anderson, ibid., 72, 193 (1950).

127, w

Laubengayer and L, Reggel, ibid., 85, 1783
(1943).,

-
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correaponding hﬁliéaa in that they hydrolyze essily to form
the hydroxy compounds, Andarsanlgé_feund that the ease of

hydrelysis of the isothiocyanates inecreases with inereasing
number of isothloeyanate groups,

Orgenotin halides combine go easily with ammmnia end
amines that the preparatlion merely involves the mixing of
the two compounds. 28 Complexes eontaining as meny as four
molecules of ammonis have been reported,12® They have no
sharp melting point and are decomposed by haating. _

Very few organolead compounds containing a PbeN bond
have been made, Saundarslag prepared a number of compounds

of the type, RSOgNR!'PbRy and Heap and Ssunders'®l made the
/G{}\ | ) &
phthalimide (RzgPbN{  _CgHy) compounds. They found that
co

these organolead compounds possess powerful sternutatory.
properties, Qrgaﬁeiead nitratea are made by the treatment
of the hydroxides with nitrie aeid.g?

| In thia'Laboratery, some methiaaideﬁ and methosulfates
of Eydiméthylaminaphanyl compounds of sil&aan,ﬁ tin,lﬁg and

1280, A, Kraus and W. N. Greer, ibid., 45, 3078 (1923),
120
(1924),

P. Pfeiffer, Z. anargﬁ allgam. Chem., 133, 91

*

130p, ¢, Saunders, J. Chem, 3@@., 684 (1@3&).
131g, Heap and B, C, Saunders, ibid., 2983 (1@49).
132393 the Ezperimental Part of this thesils,
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1ead155 have been made, Some of these compounds are spprew

e¢lably soluble in water.

E, Hydrogen Compounds

Compounds containing one or more E~H bonds and at least
one C-E bond ars ineluded in this section. In genersl, the
hydrogen eompounds are rather unatablé; the hsaéiar the
central element E 1s, the less stable is the hydride. All
three types (Rgﬁﬁ, RgEHg, and REHgz) of hydriﬁaa.are known
with‘ailieon, germanium, and tin, but nokorganolaad hydrides
have been reported. ‘ ‘

The organosilicon hydrides (or simply organosilanes)
are made by the action of the Grignard reagent on halo~-
silenes such as trichlorosilane and by the reduction of
organosilicon halides with lithiuwm aluminum hydrida.154
The silieon~hydrogen bond of the organosilanes is essily
attacked by oxygen and halogens, The stability of the |
silenes increases with increasing number of organic radicals
atteched to siliecon, The hydrogen atoms in orgenosilenes

behave very muech like the halogen stoms in orgsnohalosilane,

135

L Summers, Doctoral Dissertation, Ilowa Stabe
College, 1950,

154A. E. Finholt, A, €, Bond, Jr., K. E, Wilzbach,
and H. I. Schlesinger, J. Am. Chem., Soc., 69, 2692 (1947),
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For example, they react with organolithium compounds to form
tetrasubstituted silenes,>50s136,157,138
Orgsnogermanium hydrides are likewlse prepared from th@
reduction of the halid35154 or by the reaction of ammonium
halide with orgenogermeniumemetallic compounds such as tri-
athylg@ymylsoﬁium,aa Th@ germsnols and digermoxanes can A
also be reduced by lithium aluminum‘hyﬁride to bhaygermanas%a
Organagermanium\hydr&des react readily with the halogens or
halogen acids to form the halldes, When triphenylgermene is
heated, it dlsproportionates to form a mixture of toiraw
phenylgermane, diphenylgermane, and some unchanged tri-
ph@nylgarmana‘lg

Organotin hydrides are made by treating orgasnotine
sodium with ammonium bromide or by the reductlon of = ‘
halide with lithium aluminum hydriée.iﬁ& They resct rapidly
with halogen, oxygen, and the alkall metals, 9 Triphenyl-
tin hydrlde 1s oxidized readily in air to form hexaphenyl-
ditin,87 Diphenyltin dihydride 1s so unstable that it

changes to diphenyltin immedlately after its preparation.gv

1554, G4lmen and $. P, Massie, Jr., ibid., 68, 1128
(1948).

136z, N, Mesls, ibid., 68, 1880 (1946).

1374, Gilmen and H. W. Melvin, Jr., ibid., 7L, 4050
(1949). A .

138y, H, Nebergall, ibid., 72, 4702 (1950). |
139, A, Kraus and W, N, Greer, ibid., 44, 2629 (1922).
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FP. Alkall Compounds

Alkali compounds of all Group IV~B elements are known.
They are usually made by the action of an eslkall metal on
either & halide or a h&xaaubétxtataa dimer in the presence
of a sultable aélvant, These c¢ompounda are seldom isolated
as such but they are important intermediates for the syn=
thesis of a large number of organic compounds containing
Group IV-B slements.

Alkall compounds of silicon are less known than those
‘of any other Group IV-B elements. EKraus and matoughléo ré=-
ported the preparation of triphenylasilyllithium and trie

141

phenylsilylsodium In 1933, and Kraus and Nelson made

triethylsilylsodium in the following year, In 1951,

Benkeser and Seversonté®

pr@pﬁra& triphenylsilylpotassium
from phenylisopropyltriphenylsilane., Almost at the same
time it was observed thal hexaphenyldisilene was cleaved
with sodiumepotassium alley to give triphenylsilyl-
potaaslum.léﬁ However, some of the early work by Kraus
and co=workers could not be repested in this and other

labaratariaa.;éé

140¢, a, Kraaa and ﬂ. ‘Eatough, 1bid., 55, 5008 (1933).
MUle, a. Krsus end W, K. Nelson, ibld., 58, 195 (1954).
1é33. A,‘Bankwaer and R, G saveraan, ibid.s 73, 1424

(1951i&
34, Gilmen end T. C. wu, ibid., 73, 4031 (1951),

1**8@@ the Exparim&ntal Part snd the Diseussion Part
of this thasiu.



-7

In this Leboratory, it hag been found that the organo-
8ilicon-metallic aamp@ﬁnda, Rz31M, can be prepsred by the
reaction of alkall metals or their alloys with compounds of
the type Rg8iY, where R in this case 1s an aryl group, and
Y may be an alkyl, aryl, slkoxy, trisyl¥, halogen, oxygen,

hydrogen, and possibly nitr@gan.144

Ether 1s usually used
as the solvent, ’ N
Triphenyigarmylsaﬁium is preparad by elsaving tetra-
phenylgermene with}agdium in liquid emmonia, An excess of
sodium may react further to yleld the disodio derive-
tivas.85’145 Like the sillcon analog, hexaphenyldigermane
can be cleaved by sodium to give triphﬁnylgavmylaadium.ae

123 82 are also

Hexaphenyldigermoxane and hexsethyldigermoxane
cleaved by sodium in liquid smmonia or by lithium in ethyl-
amine to yleld the corresponding organogermanium-metallic
compounds ., | ;
Organotin-alkall compounds are made In the same way,
Either a hexasubstituted ditin or a tetrasubstituted tin
is treated with sodium in liquld emmonia to give the alkali
campounda.116 Organotin halides end dihalides are also con=-

verted to the mono- or di-sodio derivatives by sodium in

‘ izgﬁ, A. Kraus and C., L. Brown, Je Am. Chem, 30¢.,
52, 4031 (1930},

#An abbreviation of "triphenylsilyl".
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146,147 Organotin hydrides, such as trie

ligquid ammonis,
phenyltin hydride, react similarly to form the sodium com-
pmunda.gv The phenoxy group of trimethylphenoxytin cen be
displaced by aadiam.lﬁa Polytin compounds containing more
then one Sn~Na bond have been prepared. For exampla, hexee
methyltritinel,3-disodiun, (CHz)sSn(Ne)Sn(CHs)eSn(Na)(CHz)g
is prepared from the reaction of dimethyltin dibromide with
dim@thyltinuaiﬂa&ium,lég

Organols ad-metallic compounds of the type RzPbM are
similarly prepared from RzPbX, RgPb, or RgPbg with alkali
metals in liquid ammonis, Far,exampla,,h@xaayalahaxyléi~
lead is cigavad by sodium to form tricyclohexyllead-
sodium, 150 The yieldg of RanM compounds from the cleavage
of hexaph@nyldilaﬁd decrease with an increase in the atomle
weight of M.gv It has been observed that the Greup IT-A
metals behave like the monovelent metals in liquid ammonisa
reaationa.g? Diphenyllead dibromide reacts with lithium
to give diphenyllead-d1l1thivm, 151

( _TE@R’ H. Bullard and W, B, Robinson, ibid., 49, 1368
1927),

1475, 4. Bullard and F. R. Holden, ibid., 53, 3150
(1931). . o . o
148 4. Kraus and A, M, Neal, ibid., 51, 2403 (1929).

149:, s, Kraus and W. N. Greer, ibid., 47, 2568 (1925).
1$OF, Hein and E, Nebe, Ber., 7B, 1744 (1942},

151L, D. Apperson, Doctoral Dissertation, Iowa State
College, 1940,
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In this Laboratory, 1t has been shown that lead chlorilde
reacts with three equivalents of phenyllithium to form tri-

133

rhenyllead-11ithium, S3tannous c¢hloride 11kawis& reacts

with phenyllithium to give triphenyltin=1lithiwm.®2 he
reaction of germenium dilodide with phenyllithium has been
studied, but the ldentity of triphenylgermyllithium has not
been definitely establiahed.153

The organometallic compounds of the type RzEM are qulte
reactive. They react with a number of R'X compounds to form
RzER'. They are usuelly colored compounds ranging from
yellow to deep red with the intensity iheraaaing from lead
to silicon, The RzEM compounds are smmonolyzed and hydro-
lyzed aésily. For example, triethylgermyllithium ammono«
lyzes to glve triathylg&rmana.gg Triphenylsilylpetassium‘
hydrolyzes to give triphenylsilane whieh‘undergees further
hydrolysis to yleld triphﬁnylailanal.144

Carbenation of triphenylsilylpotassium gives the ex-
pected acid, (Gaﬂﬁ)gsiﬂasﬁ, which loses carbon monoxide
easily to give triphenylsilanol,l42 When triphenyllead-
lithium 1is aarbonated and hydrolyzed, benzolc acid is ob-
tained., An equilibrium reaction

(CgHg )oPb + cgﬁgbi (cgﬂg)avbni

lgﬁﬁ Gllman and 3. D. Rosenberg, J. Am., Chem. So¢.,
T4, 531 (1953).

153, ¢4lman, L. Summers, and S. D, Rosenberg,
in press.
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has been pr@p@sadlaﬁ to acecount for the formation of benzole
acld, However, this is not observed with triphenyltin-

lithium.lsz

G. Di-Compounds

Organic compounds conteining one E<E!' bond (E may or
may not equel to B') are included in this section. The sta-
bility of the E~E bond alsgo decreases with inereasing atomic
welght of B, The E-E bond of all elements in the gréup can
be broken by chlorine or bromine, and by alkall metals,

Hexasubstituted disilanes are mede by treating the
haxahala&iailane with aialkylzine,154 Grignard raaganﬁs;lﬁs
or a mixture of an organic halide and sodium, 1565187 goy.
ever, the ylelds obtained by these methods are low and
tetragubstituted silanes are formed presumably due to the

cleavage of the siliaonwsiliean bond under the experimental

conditions. These digilanes c¢an be prepared by coupling &

1545, Priedel and A, Ladenburg, Ann., 208, 251 (1830).

158y, ¢, Schumb and C, M. Saffer, Jr., J. Am. Chem,
Soc., 61, 363 (1939).

156y, ¢, Schumb, J. Ackerman, Jr., snd C, M. Saffer,
J‘.Pnp ‘ibidus ﬁg‘* 2487 (1938).

187y, ¢, Schwmb and C, M, Saffer, Jr., lbid., 63,
93 (1941), —



»4,1«-

trisubatituted halosilane with sodium in boiling

xyl@na.lﬁa’lag Hexaethyldisglilane is formed by heating

tetrasthylsilane with hydrogen under high prassura.sl
Hexaphenyldigermene, 1like the slliecon analog, may be
prepared by treating triphenylbromogermene with sodium in

boiling xylanath

However, the reaction of germanium tetra-
chloride with the Grignard reagent may give elther tetra=
phenylgermane or hexaphenyldigermene, depending on the
experimental aonaitiona;lﬁg Alsoy the reaction of tri-
phenylgermene with phenyllithium yialda‘eithar tetraphenyl=-
germane or haxaphsnyldigarmane as the ahiqf prméuet,ydspsnd»
ing on the order of mixing‘thﬁaa‘reaganta.lg The eoupling
reaction of a halogermene wlth aodiﬁm cannot be carrled out
in liquid smmonia because 1t ammonolyzes easlly. However,
using e weak ammonolyzing solvent end a weak hydrolyzing
halide, Kraus and Flood®? were sble to obtain hexsethyl~
~ digermane by treating triethylfluorogermsne with 1lithium in
sthylamine. B ; , | o
Symms trical hexasubstituted ditins are prepared con-
veniently by the coupling of trisubstituted tin halides with
godium in liquid ammenia,llﬁ Hexephenylditin can be obtained

158W Sehlenk, J. Ranning, and G, Racky, Ber., 44,
1178 (1@11).

1893 Gilmen and G. E. Dunn, J. Am, Chem, Soc., 73,
5077 (1951).

160y, n, Johnson and D. M, Karria, ibiﬁ., 72, 5564
(1950).
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by heating aiphanyltin.vg Unsymmetrical ditinas are prepared
by the reaction of RzSnX compounds with RiSnNa aompaunds;lﬁl
Organodilesd compounds are made by the resction of lead
22

chloride with an organolithiuwm compound, or by the elimina=~

tion of halogen from the halide with sodium in liquid
ammania.ﬁ? v
Several mixed dl-compounds have been made by the aoup1f
ing reaetion of the RzEM compounds with the EéE’X compounds,
These include (Cgfig)yS10e(Cghg)ss t® (CgHg)5818n(Calg)gs o
(CgHg)551Sn(CHz) 5,740 and (CgHg) 50e8n(CHg) .58 Mixed ai-
compounds containing a Pb~E' (E' may be 81, Ge, or Sn) bond
such &s (GH3)5SnPb(GgH5)3llﬁ have not been succesafully
made, , ‘ , «
Ags it has been mantiongd previously the strength of the
E~E bond of the di-compounds increases with decressing atomic
welght of the eentral E atom, 1t might be expected that the
silicon~slilicon bond is the most steble in this seriles,
That this 1s the case is shown by the reports that the
sllieon-silicon bonds of some h@xasubatiﬁut&d disilanes
ere nbt cleaved by sodium in liquid ammaniqgllgkiithium in

188

ethylamine , 18 1odine,159 oxygen, °° concentrated sulfuric

acid,lsg or alkali.lﬁg - However, in this Lsboratory, 1t has
C., A, Kraus and R, H. 3ullar&, ibid., 48, 2151.(1926).

162p, g, Kipping, J. Chem. Soc., 119, 647 (1921),



né\an

been shown thet the silliconesilicon bond of hexaphenyldie
silane can be cleaved by bromine, sodium in liquid ammonia,
or potassium in hot di-n~butyl ethmr?gg although the eleav~
age of the silicon~silicon bond ig slower than that of other
E-E bonds under similar conditions,

Hexasubstituted digermanes reasct with sodium in liquid
ammonia, lithium in ethylamine, or bromina.82 Like 1its
silicon analog, hexaphenyldigermane gives no sign of disgso-
clation into triphenylgermyl radicals either in dilute
benzene solutionl?»163 opn in the solid state, 183

The Sn-3n bond in hexasubstltuted ditin 1s weaker than
the Ge~Ge bond and the S1-81 bond of the corresponding
germenium and silicon snalogs, Thus, the Sn-Sn bond of an
organoditin is not only eleaved by sodium in ligquld ammonie
or by halogen, but also by the halogens of other halogen-
contelining compounds, For example, hexasthylditin rescts
with mercuric chloride to form triethyltin chloride and

mercury,lﬁé Hexaethylditin can also be cleaved by organo-

metallic compounds like phenylmereuriec chloride*54

or by an
alkyl halide such as ethyl iodide.r68 Hexemethylditin re=-

acts with oxygen or sulfur to form the oxide or sulfide,

EEEP? W. Selwood, Jd. Am. Chem, Soc., 81, 3168 (1939).

164&. N. ﬂeaméyanov,‘K~ A. Kocheshkov, snd V, P,
Puzyreve, J. Gen, Chem (U.S.8.R.), 7, 118 (1937), /[ C.A.,
31, 4200 (T937)_/.

168), Ladenburg, Ber., 4, 19 (1871).
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reapectively.lls

The Pb«Pb bond in arganedilaadé is even less stable than
the Snuﬁn bond in orgenoditins, Thus,; hexaphenylditin melts
at 237° while hexaphenyldilead decomposes at 155°, Hexaw
substituted dileads are cleaved by 10dinel68 ag well es
bromine, In the latter case a dibromide can be abtained.lﬁv
Hexsaryldileads can be oxidized by potassium permangsnate %o
the triaryllead hydroxides while the tetrassrylleads do not
react under similar aanditians.lﬁg

The obgervations on the degree of dissociation of
organcditins and organodileads reported in the literature are
quite discordant. Molecular welght determinations by
bolling= and meltingwpoint measurements indicate that they
are appreciasbly dissociated in d4ilute solutions and leas so
in eoncentrated aolu%iuna,34’116’169’179’1v1’17g while

magnetic susceptibility measurements show thet the degree

EEEE, Krause and G, G. Relssaus, Ber., 58, 888 (1922),
168?, R. Auatin, 1bid., 53, 3514 (1931).

169 wmidgley, Jr., C. A. Hochwalt, snd G. Celingaert,
1b1d., 48, 1821 (1923).

lng« K]’.‘ﬂ’ﬂﬂ@, Ber., % 20860 (1931)"
lVIE. Krause, ggg.,‘gg, 2060 (1921).
1725, Kreuse and G. G. Relssaus, Ber., 55, 897 (1922),



wlBm

of dlssociation is very sma11.175’174’17$ Untll the whole
problem has been re-examined carefully all one ¢an say now
is that the guelitative indications point to some diéaosiam
tion of these compounds, especlally those of the aryl series
end those of the lead compounds. However, the quaﬁtitativa

results obtained so far appear to be of doubtful value,

H. Poly»Compounds

The poly~compounds consist of an EeE chain of three or
more E atoms. Like the dl-compounds, the heavier the atom
E is the less stable is the poly compound,.

Orgenopolysilanes of the type (Rgai)nﬂ in whiech n
‘aquals to 4, 6, or 8, have been prepared by the reaction of

176,177,178 According to

diaryldichlorosilane with aadium.
these authors, two types of compounds are obtained, s cyclie
type and & linear one, Polydimethyleslilanes are ppepared by

the reaction of dimethyldichlorosilane with sodium in a

mﬁ‘ Pl‘ﬁﬂkﬁl ﬁnd P, W, Selwood, 30 Am. Qhﬁm. 39@&,
62, 2765 {1940).

174y, Morris end P. W. Ealwmmd, 1b1a., 63, 2509 (1941),

1784, Morris, W. Byerly, snd P, W, Selwood, ibid.,
64, 1727 (1942).

176p, S. Kipping end J. E. Sands, J. Chem. 8@0¢, 119,
830, 848 (1921),

1779, s. Kipping, 1bid., 123, 2590, 2598 (1923).
1?99. 8. Kipping, 1bid., 125, 2291 (1924),
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similar way.lvg Octaphenyltrisilane can be made from tri-

Phﬁnylﬂilylpatnsaiummao

although ib,hﬁa not been made by
the reaction of octachlorotrisilane with the Grignerd re=~
agant'155

Octaphenyltrigermane ig made on trestment of diphenyle
dichlorogermane with triphenylgermylsodium as is the case
with the silicon analag.145 When diphenyldiechlorogermane
is treated with sodium in xylena, & product of the compo=
sition /[ (CgHg)oGe 74 1= formed, 143 Similarly, when phenyle
trichlaregermana'ia treated with dodium or patasgium a
produst of the composition (CgHgGe)g is obtained. Also, a
linear and a cyelic structure have been prmpcsa&.go

A few polytin compounds hava baén reported, Degf--

meﬁh&it&tratin146 tn149

snd dodegamethylpentat are prepared
from the reaction of dimathyltin dibromide,; sodium, and
trimethyltin bromide in liquid ammonle., The reaction of
phenylmagnesium bromide with stannous chloride gives dodeca-
pheny;pantatin as a side reaﬁtion pra&uat.lgl A series of
eqmpcénds of the formula Rg3n havarbaan.mad@ by the resc-
tion of the Grignard r@agaﬁt with stannous chloridag4’73

or by the reactlion of an RgSnXg compound with sodium in

laﬁﬁg A, Surkhﬁ?ﬁ, 2} &ﬁﬁVCtha B0C .y Z&’ 965A(1949)-

180y, g1iman, T, C. Wu, H. A. Hartzfeld, G. A. Guter,
A, @q‘3Mith; Je Je Gﬁ@dman; and 8, H, Eidt, ibi&., z&,
561 (1952). .

1813. Boeseken and J., J. Rutgers, Reec., trav. chim.,
42, 1017 (1923), -
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1iquid ammonia.87’149 These compounds are yellow solids end
thelr molecular welghts depend on the method of preparation
and their age.®% Apparently, they are polymers, The struc-
ture of (CgHg)gSn has been studled by Jensen and Clauso~
Kaaa.lgz
The diarylleads, llkewise, are prepared by the reaction
of the CGrignard resgent with lead ahlarida.lﬁﬁ They are une~

stable in the air or light and form colored solutions.
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III. EXPERIMENTAL

All resctions involving organometallie, organosilicone
metallic, or organotinemetallic compounds were carried out
in essentially the same menner. It consisted of a three=
necked flask with standard taper ground glass Joints,
equipped wlth a glass«~blade stirrer, 8 graduated dropping
funnel, and a Friedriech condenser, (For the preparation
and reactions Involving triphenylsilylpotassium the condenser
was replaced by a ground glass gas~inlet tube,) The,appara~
tus was carefully cleaned and dried in an electric oven at
110° for at least 2 hours and, while 1t was still hot,
flushed well with dry, oxygen-free nitrogen passed through
a train containing alkaline pyrogallol, concentrated sul-
furi@ ecid, anhydrous caleium chloride, and soda lime, in
that\brdar. A small positive pressure of nitrégen was ale
ways maintained above the reaction mixture during the re=
action period wlth an oil trap connected in parallel with
the reactlion system. HEther and other solvents were dried
over sodium wire until the surface of freshly cut sodium
ramainad‘bright in the solvent,

Anulyaes for ochlorine, bramina, and iodina were made.
by the macro Parr bomb method, Orgenotin and organosilicon
compounds were ansalyzed by decomposing arkample in concen-

trated sulfuric acid, followed by ignition of the residue



wB0

to the corresponding oxide. In the case of some organo=
silicon compounds, glacial acetlic acld was added towet the
sample prior to the addition of sulfuriec acid,

The bolling points and melting points rapartqd herein
were uncorrected, For compounds melting below 250° dew
termination was made in a silicone-oil bath with a 280°
thermometer (one degree divisions). Far‘highnmélting com=
pounds a copper block equipped with a 520° thermometer (tﬁo

degree divisions)was employed.

A, Organosilicon Compounds

1. Triphenylsilylpotassium

83.101 -
During the course of this investigation sodium-potassium

8. Preparation and handling of sodium~-potassium

alloy was used frequently. The preparation and handling of
the extremely reactive alloy warrant special precautionsa.
The alloy was easily made by heating 1 part of sodium
with B parts (by weight) of potassium in xylene until both
metalaamelted. The molten metals were fused together to a
kbig globule by using a glass rod in an atmosphere of nitro-
gen; After the alloy had been cooled to room temparatura,185

it was transferred to a well»preteatad econtainer with a dry,

¢lean pipet. It was advisable always to cover the alloy with

18311 alioy is a liquid at room temperature,
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a layer of dry xylene in the pipet as well as in the con-
tainer in order to protect it from the alr, A\&Qmml. test
tube surrounded by & jar filled with sods ash was found
»satisfaatary as the alloy contailner.
In ceses where the alloy had to be éiapnaeﬁ of, this
was always carrled out in a nitrogen atmosphere becasuse the
alloy reacted mildly even with water or salcobol in nitrogen
1f they were added slawly. In the presence of slr the alloy
may inflame spontaneously. Accordingly, no large amount of
volatile inflammable liqulds should be placed in the vieinity
of the alloy unless they are well protected, |
Very often there was a small film of alloy ettached to
the inner wall of the pipet after 1t hed been used to trans-
fer the sodlum-potassium alloy. Thls was removed conven-
iently by putting 1t Iin & 18-ml, test tube and adding Just
2 or 3 drops of ethanol from the top of the pipet and eclosing
1t with the forefinger. As the ethanol flowed down inside
the pipet, 1t reacted with the trace of alloy andvsvolved'
‘hydragen, wnich forced the alloy down to the bottom of the
test tube and thereby reacted with the sclvent smmqthly.
It must be pointed out, however, that this operation 15 not
recommended for an inexperienced handler unless he is closely
watched by someone, For fuw%h@r,inrormaﬁien one may look
up "Precautions in the Preparation snd Handling of Sodium=

Potassium Alloy and Compounds Prepared from It" compiled by
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the Orgenie Group of the Chemistry Department, Iowa State
ccllega»‘

By exercising proper precautions with the use of gsodlume
potessium alloy, the author has not experienced any accldent
caused by the use of the alloy in more than one hundred ex-
periments. Sodlum-potassium alloy has been found to be one
of the most useful r@agéntg for the preparation of trlaryle
silicon-metallic sompounds, ,

b, Triphenylsilylpotassium from hexephenyldisilane and
sodium-potassium alloy. Triphenylsilylpotassium was made

conveniently by the reaatian of hexaphenyldisllane with
sodium-potasaium alloy. A typleal preperation is described
belows - , |
In a 280-ml, three-necked flask fitted with a glass
stirrer, a stopper, and a gas~-inlet tube, was placed 4.0 g.
(0.0077 mole) of hexaphenyldisilane after the flask had been
swept with nitrogen. One ml, of sodium~potassium allay wasg
added all at once onto the disllane against a stream of
nitrogen. About 5 ml, of anhydrous ether was added to form
a paste, The reaction mixture was then stirred slowly., In
most cases a greenish yellow coloration was developed right
after the stirring motor had been started, This indicated
that the triphenylailylpctaasiuﬁ began to form, After about

30 minutes a brown paste was obtained., To this was added
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80 ml. of anhyﬁrmua~ethevlaé

and the resection mixture was
stirred at room temperaturse for 24 hours. It should be
pointed out that 1f too much ether was used at the early
stage of the reaction, the alloy became coated end it did
not initiete any reaction et all. However, es soon as the
reaction had started, the alloy cleaned 1tself so that the
reaction went smoothly even In a heterogensous system.
Uaually, the reactlion was pra@tieally aamplete in a aay.

| While the triphanylsilylpataaaium suspenslion was being
stirred, 15 to 20 g. of pure mercury was added slowly to
amalgemate the excess alloy In the system, The smalgeama-
tion was an exothermic reaction and, therafore, was carried
out very cautiously, Th@_amalg&m was stirrad in the system
for 1 or 2 hours until a viscous, semi~liquid smalgam was
insured. Then the suspension was decanted from the stlcky
amalgem into a dropping fumnel in an atmosphere of nitro=-
gen., Traces of solids remaining in the flaak ware vinse&»
with & small amount of ether and decented into the funnel.
Ordinarlly, one washing was suffieiéntyto bring everything
but the amalgam into the dropping funnal. Due to the lack
of a sultable method for analyzing the amount of triphenyl-
silylpotassium, it was assumed that the cleavage resction
was complete, as in most ceses 1t was nearly so. A quali-

tative test for the ecm§15tion of the resction involved

1847me golor of the reaction mixture faded out some=
what during the addition of ether,
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the removal of a sample and the hydrolysis of it. Appearw
ance of white sollds in the interface indicated an incom=-
plete reasction. Color Test 1185 for the triphenylsilyle
potassium suspension was vositive, the organiec layer being
‘bluish~green end the aqueous layer being violet,

¢+ Iriphenylsilylpotassium from hexaphenyldisilane and
potaesgium, A mixture of 2.0 g. (O.QGSQMmsle) of hnxaphanyl-
disilsne, 0.6 g. of pa%aa&ium; and B0 ml. of n-butyl ether
was stirred at 80-90° for 30 hours. To the light brown
suspension was added 1.0 g. (0.0092 mole) of trimethyl=-
chlorosilane dissolved in 20 ml, of ether after the trie.
phenylsilylpotassium suspension had been cooled to room
temperature. The color of the reaction mixture changed to
light gray at the conclusion of the sdditlon. After 485
minutes water was added carefully to destroy the excess
potassium, The hydrolyzed mixture was flltered to gilve
0.4 g. (20 per Qant) of' recovered hexaphenyldisilene melt=
ing at 360-362°, The athar@ai swlutinn from the flltrate
wasa driad over godium sulfate, filterad, and distilled to
give 1.8 g. (70 per cent) of colorless crystals melting at
97-102°, wa‘raaryaﬁallizatiana from 98 per cent ethanol
yielded 1.2 g. (47 per cent) of pure 1,1,l-triphenyl-2,2,2-
trimethyldisilane melting at 107-108°. |

188y, Gilmen and F. Schultz, J. Am, Chem. Soc., 47,
2002 (1925). -



de Triphenylsilylpotassium from triphenylchlorosilane
and sodium-potassium slloy. A solution of 4.5 g. (0.015
mole) of triphenylechlorosilane in 80 ml, of anhydrous ether
wag added raplidly to a stirred mixture of 2 ml. of sodium-
potassium alloy in 20 ml, of ether. On stirring the re-
action mixture became bluish-gray, and some black precipi-
tate was gradually formed., After 36 hours a sclution(af
2.0 g. (0.018 mole) of trimethylehlorosilane in 20 ml, of
ether was added rapidly to the reaction mixture, Fifteen
minutes later water wes added carefully to get rid of the
excess alloy. Following the removal of the soclvent from
the sodium sulfate-dried ethereal solution there was ob-
tained 4.9 g. (97 per cent) of pale yellow crystals melting
at 95~101', Two reerystallizations from 95 per cent ethanol
gave 5.4 g. (87 per cent) of colorless crystals of 1,1,1-
triphenyl-2,2,2-trimethyldisilane melting at 107-108°,
otassium from triphenylethoxysilane
and sodium-potassium alloy. A solution of 3.0 g. (0.01

e. Triphenylsilyl

mole ) of triphenylsthaxysilana and 1.2 ml, of sodiume
potassium alloy in 100 ml., of ether was stirred at room
temperature for 18 hours to give a dark auapgnaion. Then
3.5 go (0.022 mole) of braﬁgbenm@ne‘in 15 ml, of ether was
added rapidly to the rgaation mixture, and the latter was
stirred for 15 minutes, The excess alloy was destroyed

carefully by adding dilute hydrochloric acid. From the
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hydrolyzed mixture 1.6 g. (48 per cent) of tetraphenylsilane
melting at 218-231° was obtalned by filtration, After two
recrystallizationa from benzene, 0.8 g,~{34 per cent) of
pure ecrystals melting at 233»855' was obtained; a mixed
melting point with an suthentiec sample showed no depression.

f. Triphenylsilylpotassium from tetraphenylsilane and

sodium-potassium slloy. A mixture of 3.4 g. (0.01 mole) of
tetraphenylsilane and 2 ml, of sodiumepotassium alloy in 50
ml., of ether was stirred 24 hours at room temperature.
Mercury was added cautiously to the dark ten mixture for
amalgamating the exéﬁsa plloy. The 3uspaﬁsion was decanted
from the amalgam to a dropping funnel from which 1t was
added to 11.8 g. (0.04 mole) of triphanylghiarasilana d;e~%
solved in ether. Some heat was evolvea, and the reaction
mixture changed to light gray rapldly. After aﬁlﬁinutes'of
gstirring wa@er}was added, snd the mixﬁur& was filtere& to
separate 7.5 g. of insalubls 3m11& residue, }Thia was bolled
with benzene and filtered again. There was obtained 4.3 g,
(83 per cent) of solid residue melting at 350-385°, One
recrystallization from dioxene gave 3.8 g. (70 per cent) of
hexaphenyldisilane (mixed melting point) melting at 360~
562‘, From the ethereal solution there was obtained 2.1 g.
(0,008 mole) of pure triphenylsilsnol melting at 149-150°,
This was supposedly the hydrolysis product of the unused
triphenylehlorosilane,
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e szralxsis‘gg triphenylsilylpotassium., A triphenyl=
silylpotassium suspension (0.0l mole) prepared in asccordance

with the method described on page 52 was hydrolyzed with
water, Two colorless liquid layers were formed, The
ethereal solution was separated, dried over sodium sulfate,
filtered, and distilled to give some colorless olly erys-
tals., Petroleum ether (b.p., 28-40°) was added to the solid
and filtered to give 1.4 g. (BO per cent) of colorless crys=-
talline residue melting at 180-152"; a mixed melting point
with triphenylsilanol showed no depression. From the evapo-
ration of the filtrate followed by a recrystallization an
additional 0.2 g. of triphenylsilenol was obtained., The
total yield of pure triphenylsilanol thus obtained was 1.6
g. (58 per cent), Purther eveporation of the mother liquor
regulted in an oll from which no solid separated on stande

ing.

2. Organosilanes prepared from triphenylsil

a. Tetraphenylsilane,

(1) From bromobenzene., A mixture of 1,6 g. (0.0031
mole) of hexsphenyldisilane, 1 ml, of sodium~-potassium alloy,
and B0 ml, of ether ﬁas stirred at room temperature for 16
hours., One g. {0.0084 mole) of brgmebenaeﬁe dissolved in
20 ml. of ether was added rapidly to the resulting dark
brown mixture. Some heat was evolved, Fifteen minutes

later water was added to destroy the excess alloy. The
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colorless solid thus formed was filtered and drled to give
2,0 g. (96 per cent) of crude product melting at 228-231°,
One recrystallization from benzens ralsed the melting point
to 233~-235°3 no depression of melting point resulted from
admixture with an suthentile speclimen of tetraphenylailane,

(11) From chlorobenzene. A triphenylsilylpotas-

sium suspension (from 8,0 g. of hexaphenyldisilane) was
prepared according to the praeadureAdaacribed on page 52,
This was added rapildly to 3.5 g. (0.031 mole) of chloro-
benzene dilssolved in 30 ml., of sther. S3ome heat was evolved,
Color Test I at the end of 15 minutes was posltive; at the
end of 30 minutes 1t became negative, After 1 hour of stire-
ring, the reaction mixture was poured into a dry 1ce-sther
slurry in order to see 1f any carbonation product could be
obtained, Following the attainment of room temperature,

the éarbmnatad mixture was acidifiad‘with dilute hydrochloric
acid end filtered. The ethereal solution was separated and
extracted three times with dilute aqueous alkaline solution.
However, no organic acid separated upon the acidification

of the alkaline extract. The ether-insoluble solid from
the reaction mixture was filtered and dried to givg Te6 g

of white solid melting at 230° to form a turbid liquid. |
The erude product was bolled with benzene and filtered hot.
The insoluble galid.was recrystallized from dloxane to

give 0.8 g. (10 per cent) of hexaphenyldisilane (mixed
melting point) melting et 360-382°, The benzene solution
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was evaporated to & small volume and cooled to give 5,6 g.
(53 per cent) of colorless crystals melting at 230-832°%;

a mixed melting point with tetraphenylsilane wes not de=-
preased,

(111) From flgorabangena. A triphenylsilyl=-
potassium suspension (from 4.0 g. of haxaphanyldiailane}
prepared as before (page 52) was added rapidly to 1.5 g. (
(0,016 mole) of fluorobenzene dissolved in 25 ml, of ether.
There was no color change or heat effect. Six hours later
there stlll seemed to be no apparent change. Another 1.5 g.
of fluorobenzene was added to the reaatign mixture, and 1t
was stirred at room temperature for 70 hours, At the end
of this period Color Test I was st1ll strongly positive,.
Water wasg added to the reasction mixture. Some heat was
avalvad while the reaection mixture turned bright yellow and
then gradually gave wey to a gray augpangion., The hydro-
lyzed mixture was filtered to give 0.1 g, (3 per cent) of
impure hexaphenyldisilene melting at 360-356", The ethereal
solution was separated from the filtrate, dried over an=-
hydrous sodium gulfate, filtered, and distilled, The olly
residue, on cooling, solidified. This solid was washed
with a small amount of cold petroleum ether (b.p. 60-70°)
and filtered in order to remove the olly meaterlal. The
solid residue thus obtained was boiled with ethanol and
filtered to separate 0.8 g. §1ﬁ per cent) of colorless
erystals melting at 231-233%; a mixed melting point with
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tetraphenylasilane was not depressed, FEthanol was distilled
from the filtrate., The residue was recrystalllized from
petroleum ether (b.p. 60-70°) to give 1.3 g. (31 per cent)
of triphenylsilanol (mixed melting point) melting at 149-
151°,

b, Triphanylbansylaiiana."A triphenylsilylpotassium
guspension was praparadffram 4,0 g af hexaphsnyldiuilane
as previocusly deseribed (page 52). This was added fairly
repidly to 2 g. (0,016 mole) of benzyl chloride in 20 ml.
of ethar“ Heat was avolvéd, and Color Téat~I became nege-
tive immediately after the addition. Five minutes la ter
the reaction mixture was hydrolyzed with water and flltered
to remove 0.3‘5. (& 9@? cent) of impure haxaphanyldiailana
melting at 340-348°., The ethereal solution was dried over
anhydrous sodium sulfate, filtered, and dlstilled to yileld
4,6 g, of gummy solids. The erude product was dlssolved
in 50 ml, of petroleum ether, filtered hot, snd cooled to
give 0.7 g. (17 per cent) of colorless shining plates melt-
ing at 215-220", This wes shown to be hexsphenyldisiloxane
by 8 mixed melting point. Evaporation of the mother liquor
deposited a second erop of solids melting from 90-170°,
Further evaporation of the mqﬁher 1iquar to a very smell
volume gave 1.8 g. (33 per cent) of bilg transparent crystals
melting at 88-92°, This was recrystallized from 5 ml., of
petroleum ether (b,p. 60-70°), ylelding 1.2 g. (22 per cent)
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of pure triphenylbenzylsilane (mixed melting point) melting
at 98-99°,

¢. Triphenyl-p-tolylsilane. A mixture of 2.0 g
(0,0039 mole) of hexaphenyldisilsne, 1 ﬁl. of sodium=-
potassium alloy, and 75 ml, of ether was stirred at room
temperature for 24 hours, To this was added 2,0 g. (0.0092
mole) of p-iodotoluene dissolved in 20 ml, of ether., Some
heat was evolved, Ten minutes later the reaction mixture
was hydrolyzed with water and filtered to collsct 0,12 g.
(6 per a@nt) of recovered hexsphenyldisilane melting at
345-353°, From the ethereal solution there was obtained
27 g. of solid melting at 125-135%, The crude product wes
dissolved in 25 ml. of petpoleum ether (b.p. 60-70%), fil-
tered, and cooled to g;ve 1.7 e (65(par cent) of praeticaily
colorless crystals melting at 138-140°; a mixed melting
point with an suthentle sample of triphenyl=p~tolylsilane
was the same, From the mother liquor there was obtained |
0.5 g. (19 per cent) of impure product melting at 152-136°,

4. Triphenylfg:tclylsilan&. A triphenylsil&lpotassium

suspension prepared from 4,0 g. of hexaphenyldisilane ac~
cording to the:prageduya deseribad previously (page 52) was
added rapidly to 3.0 g. (0.018 mole) of o-bromotoluene dis-
‘solved in 20 ml. of ether., Heat was evolved from the resulte
ing light reddish brown suspension. Color Test I after 18

minutes was negative, After 4 hours of stirring the reactlion
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mixture was filtered by suction, The solid residue after
the evaporation of ether was washed with some cold petroleum
ether (b,.p. 6ﬁ~?3‘) to dissolve the gummy materlial, and then
1t was filtered to give 3‘1'g. of light tan powder melting
at 155-170°. This was dissolved in 50 ml. of hot benzene,
filtered hot, end cooled, There was obtained 0,3 g. of
needles melting at 224-227°., 4 mixed melting point showed
that this wes hexeaphenyldisiloxane., The mother liquqr was
concentrated to a smell volume and chilled to give 1,7 g.
of erystels melting et 185-190°., One recrystellization from
a ‘solvent of benzene and ethenol yielded 1.3 g. (24 per
cent) of pure triphenyl-g-tolylsilane melting at 188-190°,
©. Triph@nylwgpaarboxyphanylsilan& (attempted).,

bateh of triphenylsilylpotassium suspension was made from
4.0 g (0.,0077 mole) of hexaphenyldisilane by the procedure
described before (page 52). This alloy-free suspension was
added rapidly to 4 g. (0,014 mole) of potassium p-iodobenzo~-
ate suspended in 20 ml. of ether. There was no apparent
change during the addition, so tha raantien mixture was
stirred 90 hours &t room tsmperatur@; At the end of thils
period there seemed to be no changse. qu@r'Teat 1 wes
posltive., Aqueous ammonium ghlcride solution was added to
the reaction mixture, the mixture was filtered. The solld
residue was bolled with glacial acetlc acid and filtered
to give 0.4 g. of colorless shining plates melting at
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264-267°; a mixed melting point with p-liodobenzoic acid was
not depressed., From the ethereal asiutina 0.8 go of tri=-
phenylsilanol was obtained. The aqueous solution was acidl-
fied with dilute acid to give 2,8 g. of solid which,7after
one raaryaﬁallizaﬁian from a mixed solvent of benzene and
alcohol, ylelded 2.1 g, of p-lodobenzoic acld melting at
266-268%, BSince there was 3.2 g. (0.013 mole, 92 per cent)
of p-lodobenzolc acid accounted for, thers seemed to have
been no reasction between triphanylsily%gotaaaium aad yatas«

sium p-lodobenzoste under the e xperimental conditions.

3. Orgenodisilanes prepsred from tripheny:

8. 1,1,1-Triphenyl-2,2,2-trimethyldisilane. It has
been shown previously that thils compound was made in a 47

per cent yleld from hexaphenyldisilane and yaka&aium (paga
54) and in a 67 per cent yleld from triphenylehlorosilene
end sodium-potassium alley (page 55)., It was found that a
better yleld of 1,1,1u%ripnany1-2,$,$~t%imabhylﬁisilana
could be abtain@d>fram the triphanylnilyipotaaaium»prapars&
from hexaphenyldisilane end sodium-potassium alloy,

A mixture of 3.0 g. (0.,0058 mole) of hexaphenyldisllane,
1.5 ml. of sodium-potassium alloy, ana 70 ml. of ether was
stirred 20 hours at room temperature. Then 1.6 g, (0.015
mole) of trimethylehlorosllane dissolved in 20 ml, of ether
was added rapldly to tha‘éaaatian‘mixtur@. The eolorless

suspension was hydrolyzed carefully with water. Following
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drying and distillation of the ethereal solution there was
obtained 3.3 g. (86 per cent) of crystals melting at 101~
104°, One reerystallization from 95 per cent ethanol gave
2,9 g. (75 per cent of colorless needles melting at 107-
108°, 8ince the melting point was a few degrees higher than
that reported in the 11tmratura,18g enalysis was made on
this compound, - o

Anal. Caled, for CgyHp,S1gt 31,16,88, Founds 81,
16,69, 16,70, |

b. Ll ; , ot
of 3.0 g. (0.01 mole) of triphenylechlorosilane, 1 ml. of

sodium-potassium alloy, and 59 ml. of ether was stirred at
room temperature for @4'haurg. To the resulting dark sus-
pension was added 1.8 g. (0.012 mole) of redistilled tri=-
ethylehlorosilane dissolved in 20 ml, of ether, The brown=-
ish tinge of the reaabian mixtm@& faded out, and a bluishe
gray coloration appeared, Fifteen minutes later water was
added slowly to destroy the unreseted slloy. There was ob-
tained 0,13 g. (5 per cent) of hexaphenyldisilane melting at
364-359", From the ethereal solution 3.5 g. (92 per gentj

of colorless crystals melting at 80-85° was collected. Two

' 1353&nkaaaryand Severson (see footnote 142) reported

the melting points of 1,1,l-triphenyl=2,2,2«-trinethyldi«
gilane and 1,1,l-triphenyl-2,2,2«trlethyldisilane to be 103~
104° and 92,5-93,5°, respectively. Later, they reported the
correscted melting point of the former compound to be 107-108°
and that of the latter compound to be 98,5~97° in a recent
article /H. A. Benkeser, H, Landesman, and D, J, Foster,
J+ Am, Chem. Soc., 74, 648 (1952)_7,
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recrystallizations from 95 per eent ethanol gave 2.3 g.
(60 per cent) of colorless granular crystals melting at 98e
99°, Analysis for silicon was made because the melting
point was a few degrees higher than that reported in the
1iterature,186 o “ ; v

Anal, Caled, for CgyHspSlg: 81, 14,98, Found: 81,
14.85, 14.93, S

é. Pentaphenylchlorodisilane. A triphanylailylpatéan
sium suspension prepared from 4.0 g. of hexaphenyldisilane
eccording to the previously described procedure (page 52)
was added f&irly repidly to 4.0 g. (0,018 mole) of diphenyl-
dichlorosilane dissolved in 20 ml, of ether, The resulting
gray suspension was mtirradyl‘hoqr at room temperature and
was then filtered. The solvent was distilled from the
filtrate to give 7.1 g. of colorless solids melting at 199«
140°. Two reorystallizations from petroleum ether (bepe |
60-70°) gave colorless granular crystals melting at 154-155°,
The yield of the pure product was 3.7 g. (50 per cent).

Anal, Caled. for CzoHsS1aCli 81, 11.79; Ol; 7.43.
Found: S1, 11,765 11481} Cl, 7.42, 7.43. ,

de 1,1,1,2-Tetraphenyl=2,2~dichlorodisilene, A mixture
of 10 g. (0.019 mole) of hexaphenyldisilane, 2 ml. of
sodium~potassium slloy, and 75 ml. of ether was stirred 48
hours at room temperaturs, Then 25 Ze of mereury was added
slowly to amalgamate the unused elloy. The triphenylsilyl-

potassium suspension was decanted into a dropping funnel
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from which 1t was added slowly to 8.0 g. (0.038 mole) of
phenyltrichlorosilane dissolved in 30 ml, of ether during
a period of 30 minutes., Some heat was evolved, and the
reaction mixture turned gray. After 1.5 hours of stirring
at room temperature the reaction mixture wes filtered, The
insoluble gray solid residue was extracted twice with hot
- benzene to give 1.6 g. (16 per cent) of hexaphenyldisilane
melting at 360-362°, The ethereal solution was distilled
to give 13.5 g. of gummy residue which solidified on stand-
ing., This solld wes very soluble in benzene, acetone, and
chloroform and was partially soluble in ethanol and petro-
leum ether, An attempt to crystallize this solid was un~-
aueeaaﬁfuly s0 1t was arush@d to a powder, washed with cold
petroleum ether (b,p. 28-40‘),and,fi1tevad.. The solid
resldue after such treatment melted at 98-101°., The yleld
of this partially“purifiad product was 5.6 g. (34 per cent),.

 Anal., Calcd. for CpgfagS1aClp: S1, 12.89. Found: 81,
13.38, 13.42, , A

8. 131,1-Triphenyl-2,2,2-trichlorodisilane. A batch

of triphenylsilylpotassium of the same size (10.0 g. of
hexaphenyldisilene) was prepared ;n the same way as that
deseribed in the previous sestion. The suspension thus made
was added, over a period of 10 minutes, to 6.5 g. (0.038 |
mole) of silicon tetraschloride dissolved in 25 ml. of ether,
At the end of the addition Color Test I of the greenish-

gray mixture was negative., After 2 hours of stirring the
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reaction mixture was filtered by suetlon. The insoluble
solid was shaken with dilute alecchol in order to dissolve
the inorgenic substances. There was obtained 3.7 g. (37
per cent) of hexaphenyldigilane melting at 360-362%, The
ethereal solution was distilled to give a solld residue
melting at 140-145°, The crude yield was 9.0 g. (59 per
cent), It was soluble in ether, benzene, acetone, and
chloroform, One erystallization from 40 ml, of petrolewm
ether (b.p, 60-70") gave 4.1 g. (27 per cent) of crystals
melting at 143-146°., From the mother liquor a seecond crop
melting at 140-143° was recovered. It was noticed that the
eompound was not very stable. On standing the melting
point was lowered, ’; o

Anal, Caled, for Gigﬂlﬁﬁigclsx 81, 14.28, Founds
14,38, 14.41.,

4, Orgesnopolysilsnes prepered from ggiphénylailzlﬁataagium.

8. Octaphenyltrislilane. &\tr;phenylailylpataasiam
suspension was prepared from 4.0 g, {0.0077 mole) of hexa-
phenyldisilane according to the previously desoribed pro-
cedure (page 52). This was added falrly rapldly to 1.5 g.
(0.0059 mole) of diphenyldichlorosilsne dissolved in 20 ml,
of anhydrous ether., The resction mixture wes stirred 9
hours at‘réam temperature. At the end of this period Color
Test I was positive, probably due to the slight excess of

triphenylsilylpotassium present, The reactlon mixture was
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filtered by suetion, The gray‘residue was bolled 30 minutes
with BO ml, of dry benzene and filtered hot. On standing,

a small amount of white precipltate was formed whieh wa5 re=-
moved by filtration. It melted at about 270° to form a
turbid liquid which becsme clear at about 320°, This was
believed to be ifmpure hexaphenyldisilene from the starting
material, The benzene extract was concentrated to about 10
ml,, and to this was added 20 ml., of petroleum ether (bape
60-70%). On cooling to room temperature 2.2 g. {53 per
cent) of white solid melting at 238-244° was obtained by
filtration., Three raeryatallizationsyf?am a mixed solvent
of ethanol and benzene gave 1.2 g. (29 per cent) of color-
less needlss melting at 260-262° to form a #cmzawhat gele
atinous mass which became clear at 266°.,

Anel, Calod. for CegHeoSiss S1, 12,00, Found: Si,
11,98, 11,84, ,

This preparation was checked by Guter and Smith in this
Laboratory. It was found that a product melting at 302
303° wes obtained by the same procedure. Analysis showed
that it, too, had the composition of octaphenyltrisilane.
Also, the melting point of this product seemed to vary
sccording to the state of sub&iviai@n cf the sample., From
molecular models studies it was suspected that this in-
conslstency in the melting polnts might posalbly be due te

the existence of isomeric forms,
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b. Decaphenyltetrasilane, A mixture of 1.0 g. (0.0021
mole) of pentaphanylehlaraéiaiiana;’0.4 g+ of sodium, and
30 ml., of dry xylene was refluxed for 4 hours, The resulte
.ing violet suspension was cooled to room temperature and
filtered. Ethanol was added to the solid residue to react
with the unused sodium, and the mixture was filtered to
separate the insoluble solid residue which melted at 320~
330°, A smell amount of whita solid was separated from the
xylene solutien. ‘The combined yieldAcf erude decaphenyl=-
tetrasiléne was 0.5 g. (867 per cent). It was recrystal-
lized twice from a mixed solvent of ethanol and benzene to
give shining white orystals which melted atb 335° when
heated rapidly.

Later, Hartafelalav rapeat@& this preparation using
14,3 g. (0,03 mole) of pentaphenylechlorodisilane (24 hours
ef‘raflumw%iM$) and obtalned & product melting at 320-340°,
After several recrystallizations a 44 per cent yleld of
erystals melting at 359-362° was obtained, A sample was
heated at 110° for 2 hours and was analyzed to give 12,88
- per cent and 12,98 per cent of silicon. (Theoretical value

for decaphenyltetrasilane is 12,71 per cent,)

5. Orgsnodisilanes containing phenyl and p-tolyl groups.

a. Hexaphenyldisilane, This compound was made

187y, A, Hartzfeld, unpublished studies.
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eapsentially according to a publiah@& precadura‘lsg It was
very freguently used as the starting materlial for the
preparation of triphenylsilylpotassium., The success of
this preparation depends on the purity of triphenylchloro-
silane, the manner of mixing, and the sbsence of moisture
in the system., Under propér conditions, ylelds of 9094
per cent could be obtalned in very high’purity. The pro=
duct obtained from this prepara%ien was a very finely
divided erystalline substance which needed no purification
for the preparation of triphenylailylpataaaium. ‘

In connection wlth the,atmdies of ecupling resctions
of triarylsilylpotassium with trierylsilyl halides, triphenyl-
silylpotassium was treated with triphenylchlorosilane to
form hexaphenyldisilane., In contrast with the coupling re-
action of triphanylailyipatasnium,with\tr:methylahlare—
silane to form 1,1,1~tripheny1-8,a,a-trimﬁthyldia11ana,
the reaction of the triphenylsilylpotessium with triphenyl-
chlorosilane is a rather slow resction.

| A triphanyléilylpetassium sugpension wesa praparad from
4.0 g (0,0077 mole) of hexaphenyldisilene in accordance
with the procedure given on page 52, Thls suspension was
added rapidly to 4.6 g. (0,016 mole) of triphenylchloro-
silane dissolved 1n‘ae ml, of ether, No appreciable smount
of heat was evolved, The ecolor Qr»the resulting mixture
was only e 1lttle lighter than that of triphenylsilylpotas-

sium before it was mixed, Color Test I after 2 hours was
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positive, The reaction mixture was stirred 24 hours at
room temperature and was filltered to glve 7.3 g« of gsolids,.
>Diluta aqueous ethanol solutlion was addad to the residue in
order to dissolve the inorganic salts formed from the
coupling reaction. It was notliced that some heat was
evolved, probably due to the hydrolysis of the unused'tri~
phenylehlorosilane, The solid after such treatment was'”
filtered and dried to gilve 6.2 g.X(V? per ecent) of crude
hexaphenyldisilane melting at 348-353%, One reerystalliza-
tion gave 5.3 g. (86 per cent) ef’cryatala melting at 360-
382°,

In another experiment the reactlon mixture containing
triphenylsilylpotassium and triphsnylahlmrgailane was
stirred 4 hours at room temperature to give enly 30 per
cent of pure hexaphenyldisilane and a large amount of hexa-
phenyldigiloxane as & by-product,

b. Pentaphenyl-p-tolyldisilene,

(1) From pentaphenylchlorodisilane snd p-tolyl-

lithium. An ethereal solutlion containing 0,011 mole of
freshly prepared p-tolyllithium was added rapldly to 4.8 g.
(0.01 mole) of pentaphenylehlorodisilane. The reactlion
mixture became more ana more turbid, but very little heat
was evolved. After 16 haurs of mt;rrigg water was addmd,
and the mixture was flltered to give 2.8 g. (53 pervcent)
of white powder melting at 270" to form a turbid liquid,
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Two recrystallizations from benzene ylelded small, needle=-
like erystals melting at 283-285°, They welghed 1.5 g.
(23 per cent). }

Anel, Caled, for CzqHzgSlp: 8i, 10.54, Found: 8i,
10.50, 10.47,

| (11) ¥rom triphenylsilylpotassium and diphenyl-
p~tolylchloreosilane, A triphenyleilylpotassium suspension

prepared from 5,2 g (0,01 mole) of hexaphenyldisilane in
accordance with the procedure gilven before {page 52) was
added rapidly to 6.2 g, (0,02 mole) of diphenyl=p=tolyle
chlorosilane (preparsd from diphenyldichlorosilane and
Ertalyllithiﬁm in 81 per cent yield according to the pro=-
cedure of G. E. Dunn®) dissolved in 30 ml., of ether, The
reastion mixture became light greenishegray, and some heat
was evolved, Color Test I after 1 hour was weakly positive,
becoming negative at the end of 5 hours, Water waz then
added, and the mixture was filtered to give 8,7 g, (82 per
cent) of white powder melting at 276~282°, One recrystale
lization from benzene gave 8.2 g. (77 per cent) of fine,
needle~like erystals melting at 283-285%, A mixed melting
point with the product prepare& by the reaction of pentae
phenylchlorodisilane with E}talyllithinm was the same,

Co 1,1;Q;Q&Tatraphnnylnlyandifgrtalyldiailana, A mize

ture of 22,4 g. {0.0725 mole) of freshly distilled diphenyle
p-~tolylehlorosilasne, 4.8 g. (0.21 g, atom) of sodium, end
50 ml, of dry xylense was hested umtll the sodium melted,
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Then the reaction mixbture was stirred vigorously at the
rafluxing temperature, Immediately some deaplyvvialat
precipltate appesred,; and a dark suspension was formed on
further stirring. After 6 hours of refluxing the reaction
mixture was allowed to cool to room temperature. A large
smount of white precipltate separated from the dark violet
reaction mixture., Some benzene was added In order to make
1t possible to pour the slurry out easily. The insoluble
solld was obtained by suction flltration., The filtrate was
practically colorless, The vliolet r&aidue eentaining aome
finely divided sodium was transferred into a 600-ml. beaker
and was treated with 50 ml. of 95 per cent ethanol for the
removal of unused sodium, The colorless solid thus ob=-
tained was washed first with water, then with 20 per cent
ethanol, and filtered, There was obtained 16.6 g. (84 per
cent) of colorless solid melting at 250-282°, Two recrys~
tallizations from benzene yielded 12.3 g. (62 per cent) of
colorless solid melting at 252-263°, From the mother
liquor 1.9 g. (10 per cent) of impure product melting at
248-250° was reauvura&@ Alze, from»the xylene solution of
the original reaction mixture 1.2 g. of solid melting at
180-210* was obtained by evaporstion. No purification work
was done on thas¢ impura products, o

Anal, Caled. for CzgHzeSig: Si, 10.27., Found: Si,
10.26, 10.28.
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d. 1,1,1,2-Tetraphenyl«2,2«dl~p~tolyldisilane,

(1) From 1,1
and p-tolyllithium, A solution containing 4.0 g. (0,0092

.y 2-tetraphenyl-2,2-dichlorodisilane

mole) of 1,1,1,2-tetraphenyl~2,2«dichlorodisilane in 40 ml,
of ether was added, over a period of 10 minutes, to 0,0%205
mole of freshly prepared p-tolyllithium in ether. A small
amount of heat was evolved during the addition, The reac-
tion mixture after the addition was pale yellow and a little
cloudy. On stirring more snd more white preaipitata»waa
formed. Color Test Iqafkér 8 hours was still positive, 50
the reactlon mixture was stirred at room temperature over-
night, After 16 hours 8 large amount orkwhita preclipltate
was formed, and Color Test I became negative, The reactiocn
mixture was filtered by suetion. The solid residue was
extracted twice with hot benzene. The benzene extract was
evaporated to give 1.2 g. of white solld melting at 217=-
222°, Two recrystallizations from patreleum.athar‘{b.p. 60=-
70°) gave colorless fine needles melting at 229-230°, Yields:
0.7 go {14 per cent). PFrom the éthareal golution of the re-
ection mixture a large amount of gummy resldue was obtained
from which & small amount of the desired product could be
1solated, 4 -

Anal. Csled. for CzgHzgSig: 81, 10,27, Found: 81,
10.51, 10.33. |

(11) From triphenylsilylpotassium and phenyldi-

grﬁolyiahldrosilane. A suspension of 0,02 mole of
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triphenylailylpatgaaium was prepared in accordence with the
praca&ura‘deaaribma on page 52, This was added rapldly to
6.4 g» (0,02 mole) of phenyldi-p-tolylehlorosilane (prepared
in 92 per cent yleld from phenyltrichlorosilane and p-tolyl-
lithium by the modified procedure of G. E. Eunns) dissolved
in 60 ml, of ether. A yellowlsh-gray suspension was formed
with evolution of a small smount of heat., Color Test I
after 30 minutes was negative, Four hours la ter thls gray
pﬁaby suspengion was hydrolyzed with water and filtaréd to
give 8.1 g. of white powder melting at 228°, From the
athereal solution 3.2 g. of gummy solid residue was obe
tained, It was washed with petroleum ether to dissolve

‘the tarry material and filtered to give l.gvg, ef white
- 8011d melting at 226°, The ecombined orude yleld was 9.3 g.
(85 per cent)., One aryatalii;ation from a ao@gtiqn of ben=-
zene and petroleum ether (b.p. 80-70°) gave 7.9 g. (72 per
cent) of pure product melting at 229-230°3 a mixed melting
point with the product prepared~from 1,1,1,2-tetraphenyl=-2,
2-dichlorodisilane was the same,

a, 1;1,1-Triphenyl~3,2,Q—tri«g;toly&diailana.

phenylehlorosilene, A tri-p-tolylsllylpotassium suspenaion
was prepared from 4.0 g. (0.0066 mole) of hexa-p-tolyldi~
silane and 1 ml. of sodium-potassium alloy by the same method
as that for triphenylsilylpotassium, After emalgamation
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the slloy-free organosilicone-metallle coﬁpound was eadded
raplidly %o 3.9 g. (0,013 mole) of triphenylchlorosilane dis=-
solved in 40 ml, of ether., The reaction mixture changed
slowly from tan to white with the evolution of a small
amount of heat. One hour later Color Test I was negative,
Water was added, and the mixture was filtered to give 3.6 g.
of white solid melting at 288-262°, The ethereel aalutidn
wes separated, dried over sodium sulfate, filtered; and dis~
tilled. The residue was boiled with petroleum ether and
filtered to sepsrate 0.3 g. of insoluble aolia,reaidue
melting at 258-260°., The @étal erude yield was 3,9 g, (53
per cent). The arﬁda product was dissolved in a benzene-
petroleum ather (bep. 7B«115°) solution and}qaelad'tc glve
0.7 ge of colorless crystals melting at gaanaso‘.‘ Evapora=
tion of the mother liquor deposited 0.3 g. of colorless
crystals melting at 240-340°, These two batches of solids
appeared to be a mixture ofvl,l,l»triphmnyl-%,2,8~tr1~27
tolyldisilane and hexa-p~tolyldisilane, the latter coming
from the uncleaved starting material, Further evaporation
of the mother liquor yielded 1.9 g, (28 per cent) of color=-
less fine needles melting at 262-264°., The remaining mother
liquor was evaporated to almest dryness, and some petroleum
ether was added to the residus gn&’rilterad to glve 0.5 ge
of impure product melting at 240-248°, One recrystalliza-
tion raised the melting point to 262-264°%,

14
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Anal. Celed. for CgoHsgS8ipt Si, 10.01. PFound: 8i,
9,94, 9.94.

Prom the ethereal aolubian‘af'tha reaction mixture,
after the removal of 0,3 g. of solids melting at 255~260° de~-
scribed above, there was obtained 0.5 g. of triphenylsilanol
(mixed melting point) melting st 1485~-148°., Eveporation of
the mother liquor deposited aaﬁe colorless plates melting
. at 151’. These were recrystalllized from petroleum ath@r“
(bepe eo—vo?) to give ealerﬂsaa granulaer crystals melting
at 156-160°; mixed melting point with 1,1,l-triphenyl-
5,3,5atri~gytglyldisilaxana prepared by Benedict11® ghowed

no depreasion,

(11) From ] Rl SRS b Lk . e
and grtolylliﬁhium.' Freshly prepered p-tolyllithium solu~-

tion (0,022 mole) in ether was added rapldly to 2.0 g.
(0.,0051 mole) of impuve\1,1,1—tr$phany1«2,2,Q~trichlaro~
was evolved, and white sollids were formed, After 6 hours
of stirring at room temperature the light yellow #uapenaian
was hydrelyzéé with watsr.{ Twm‘préehically cléar illquid
layers were formed. The aqueous layer wasvaxtraatad once
with ether. The combined ethereal solutlon was dried over
sodium sulfate, filtered, and distilled to give a glassy
resldue weighing 2.7 g, This was dissolved in a solution
eontaining 50 ml, of petroleum ether (b.p, 60—?0’) and 10
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ml, of benzene, On cooling only 0.3 g. (11 per cent) of

¢olorless crystals melting at 260-264" separated; a mixed
melting point with the 1,1,l-triphenyl-2,2,2=triep=-tolyl~
disilane prepared from tri-p- tolylsllylpotassium and tri-

phenylahleraailane wag not depressed.

fe 1s1,2-Triphenyl~l,2,2-tri-p-tolyldisilane. A mix-
ture of 4.6 g. (0.0082 mole) of 1,1,2,2-tetraphenyl~l,2-
di-p-tolyldisilane, 1 ml. of sodium~potassium alloy, and |
10 ml, of ether was stirred at room temperature. About 1
minute later a yellow color appéagad; 15 minutes 1ater a
deep yellow suspension was formed., Another 40 ml. of ether
was added all at once to the reaction mixture the color of
which faded out somewhat during the addition, An hour after
the addition of the second bateh of ether a bright orange-
colored suspension was formed, The aiphanyl—grtolylsilyl-
potassium suspension thus mgé@ agp&arud to be somewhat dife
- ferent from triphenylsilypotassium in that the former was
a pasty suspension which did not precipitate down readily on
atan&ipg while the latter did. Also, thair_aoiars were dife
ferent as mentioned above., | |

After 40 hours of stirring the excess alloy was amal=
gemated with 15 g. of mercury. The alloy-fres organosilicon-
metalliec suspension was decanted into a dropping funnel.

It was obgerved that iﬁ digseolved in bﬁnsane or pehro;eum

ether (b.p. 60«70") to give a slightly turbid solution.
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Color Test I of the suspension was positive.

The diphenyi-art@iylsilyipobassium suapanmioniwﬁa added
rapidly to 8.2 g. (0,016 mole) of phenyldi-p-tolylehloro=-
silane ﬁimaolv&d.in 40 ml, of ether, There was vary‘littla
heat evolved during the addition., After 2 hours of stirring
at room temperature the gray suspension was hydrolyzed with
water and flltered to remove a trace of gray precipitate,

The ethereal solution was washed twice with water, separated,
and dried over sodlum sulfate, Distillation of the solu-
tion gave 8.3 g, (92 per cent) of ecolorless sticky solids
melting at 216-228°, The crude product was recrystallized
from 120 ml, of benzene-ethanol (1:1) solution to give 4.6 g.
of lustrous crystals melting at 222-225°, The mother liquor
~was concentrated to give 1 g. of erystals melting at 190°
which, after one recrystallization, melted at 221-224°,

The combined eruda‘pr@duat was recrystallized from benzene-
ethsnol to yiéid 4.7 g. (B2 per cent) of shining, fluffy
erystals melting at @26-%27‘; o -

Anal, Caled, for caggsﬁsigz 8i, 10.01, Pound: 81,
9,92, 9,95,

Be 1,anlph@ﬁyl-l,lg2,ﬂytetr&*grtalylﬁiailane. A mix-
ture of 10,7 g. (0,033 mole) of phenyldi-p-tolylehlorosilane,
1.5 g. (0.065 g, atom) of sodium, and 50 ml, of dry xylene
was stirred at the refluxing temperature for 15 hours., The

dark violet suspension was cocoled to room temperature and
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filtered by suection. The solid residue was placed in a
beaker containing 200 ml, of 95 per cent ethanol until all
excess sodium had reacted. The resulting white solid was
filter@d, washed with 20 per cent ethanol, and égied té
give 5.9 g. of crude product melting at 232-236°, From the
distillatlon of the xylene solution a considerable amount
of somewhat olly solld wss obtained. This’was washed with
50 ml. of cold petroleum ether (b.p. 60-70°) and filtered
to separate 2.3 g. of crude produect melting at 217-225°,
A mixed melting p@int ahnwa& that thaae two batches of pro-
ducts were the same, The combined yleld of the erude
material was 8,2 g. (86 per cent), Two recrystallizations
from a benzene-petroleum ether (b.p. 60-70°) solution gave
6.7 go (?1 per cent) of shining granular crystels melting
at 240-241°, | S |

Anal. Celed, for CyoHxeSig: S1, 9,77, Found: 81,
9.69, 9,76, , . .

he 1,1-Diphenyl-1,2,2,2-tetra-p-tolyldisilane, A sus-

pension of triagptalylgilylpataasinm in aﬁhar‘waa pr@pareé
from the cleavage of 4.8 g. (0,008 mole) of hexa~gyﬁolylé
disilane with sodium-potassium alley in thé same way as for
triphenylsilylpotaasium. After amalgamation, the alloy-
free organosilicon-metallic mixture was added rapldly to 4.9
g. (0,016 mole) of diphenyl-p-tolylchlorosilane dissolved

in 40 ml. of ether. Some heat was evolved during the addi-
tion., Water was added to the tan mixture after 1t had been
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stirred for 20 hours at room temperature, The colorless
mixture was filtered to give 3.2 g. of white solid melting
at 226-233°. The ethereal solution was separated, dried,
and distilled to give 6.0 g. of colorless fluffy solid melt-
ing at 200~220°, The 9.2 g, of combined crude product was
recrystallized once from anzeneepetpolaum ether (b.p. 60=
70*) and once from acetone to give 5.2 g. (57 per cent) of
fine, colorless needles melting at 240-241°.

Anal. Caled, for CyoHzaSist Si, 9.77. Found: Si,
D464, 9,65, ‘ ' ,

It was observed that 8 mixed melting point of 1,1f
diphenyl«l,2,2,2-tetra-p-tolyldisilane and 1,%fdiphagy1-
1,1,2,2-tetra-p~tolyldisilene was the same,‘%écfeéi’.

i. Phenylpenta-p-tolyldielilene, A tri-p-tolylsilyl-

potassium suspension was prepared from 3.0 g. (0.005 mole)
of hexa-p-tolyldisilene and sodium-potessium slloy, The
slloy-free suspension was added rapidly to 3.2 g, (0.01
mole) of phenyldi-p-tolylechlorosilane dissolved in ether,
Some heat was evolved, After 16 hours of stirring the re-
action mixture was hydrolyzed with water and filterad.

There was obtained 2.4 g+ of white solid melting at 384~388'
From the ethereal solution 0.3 g. of white solid melting

at 270-280° was 1solsted, The combined crude product was
reerystallized twlce to yleld 1.1 g. (19 per cent) of shin--
ing plates melting at 288-280°.



Anal, Caled. for Cg1H4pSig: 81, 9.53. Found: 81,
9,49, 9,50, |
j. Hexawp-tolyldisilane. An ethereal solution contain-

ing 0.078 mole of p~tolyllithium was added to 2.6 g. (0.01
mole) of hexachlorodisilane dissolved in 50 ml. of ether
over a period of 10 minutes., Heat was evolved from the
orange=colored suspension., The r@aatian'mixture waé
stirred 20 hours at room temperature, At the end of this
perlod Color Test I wes positive, Following the hydrolysis
~of the reaction mixture 3.6 g. of colorless solid wes col-
leocted by filtration, It melted at about 230-330°, The
crude‘produet:was dissolved in 100 ml, of hot toluene and
cooled slowly to room temperature, There was obtained 1.8
g. {30 per cent) of hexa~p~tolyldisilane (mixed melting
point) melting at 354-356°. Eveporation of the filtrate
yielded a second crop of colorless crystals melting at 228-
300*., Further concentration of the mother liquor gave 1.2
g. {31 per cent based on the assumption that one mole of
hexachlorodisilane produced one mole of tetra-p-tolyl~
silane) of tetra-p-tolylsilane malting at 228.230°, This
compound was also identified by & mlixed melting point with
an authentie sample,“ ;

In a second experiment a 10 per cent excess of p=-
tolyllithium was added to hexachlorodisilane dissolved in
dry benzene at 0° over a perlod of 1 hour followed by 16

hours of stirring of the reaction mixture at room



temperature, There was obtained a 28 per c¢cent yield of
haxa-gftolyléisiiana and a 32 per eent yleld of tetrangy
tolylsilane,

In & third experiment a 20 per centvexcess of p-tolyl-
lithium was added to hexachlorodisilane dissolved in ether
at -85° over a period of 1 hour followed by stirring 16
hours at rmam temperature and was worked up as usual to
give a 27 per cent yleld of hexa-p-tolyldisilane and a 29
per cent yial& of tetra-p-tolylsilane, |

In a fourth experiment, 1nsteaﬁ of adding the 6rgano~
lithium compound to hexachlorodisilane the reverse order
of eddition wes employed. Thus, 0.36 mole of freshly pre-
pared p-~tolyllithium solutianlwas placed in a ﬁnrea-neakad
flask immersed in en ice bath. To this there was added 15
2. (0.056 mole) of hexachlorodisilane dissolved in 40 ml.
of ether over a peribd of one hour, It was observed that
a vigorous reasction occurred when each drop of the,héxae
ehlorodisilane solution hit the p-tolyllithium solution.
After the additlon had been completed, the reaction mixture
was stirred at room temperature for 16 hours and then ﬁaa
hydrolyzed. There was obtained 15,3 g. of insoluble solid
which melted at 180° to form a turbid liquid., This cruda 
product was boiled in 100 ml, of toluene and filtered hot.
The insoluble residue did not melt below 450°, whereas it
burned with s yellow flame, It weighed 0.4 g. The toluene
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solution was concentrated to a small volume snd was cooled

to give 12 g, of colorless granular crystals melting at 180-
190°, Two reorystallizations from toluene yielded 9.2 g.

(42 per cent) of tetra-p-tolylsilane (mixed melting point)
melting at 228-230°, No hexa-p-tolyldisilene was isolated
from this experiment. From the ethereal solutlon of the re-
action mixture only a molasses~like residue was obtalned »
after the removel of the sodium sulfate-dried ether solution,

No pure product could be obtained from thls residue.

8. C(Cleavage of the giliconesilicon bond of hexasubstituted
disilanes

8. Hexaphenyldisilene, ‘ “
(1) By potassium, The cleavage reaction of hexa-

phenyldiailane with petasai&m in di-n-butyl ether was de-
scribed on page 54, . . ,

(11) By sodium-potsssium alloy. This reaction has
been described on page 52, and elsewhere in the Experimental
Part,

(111) By sodium in liquid ammonia, This will be
described on page 97, ,

(iv) By 40 per cent sodium amalgam (attempted).
A mixture of 2,0 g. (0.0039 mole) of hexaphenyldisilane, 0.4
ml. of 40 per cent sodium esmelgam, and 50 ml. of ether was

gtirred at room temperature for 68 hours, There was no
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evidence of reaction though the reaction mixture became light
gray at the end of this periocd. In order to find out if
triphenylsilylsodium had formed, a solution containing 5.4
g. (0,035 mole) of ethyl lecdide in 20 ml. of ether wes added
rapidly to the reaction mixture, There was no heat effect
or color chenge during and after the addition. After the
resction mixture had baen gtirred 2 hours at room tamyara*'
ture, water was added carefully to destroy the unchanged
sodium smalgem., The resulting mixture was decanted from
the mercury and filtered. The recovered hﬁxaphgnyldisi;ana
(mixed melting point) melting et 359-361° weighed 2.0 g.
{100 per cent}. 4 _ ‘ o
In enother experiment a mixture @?nkaining‘ﬂ.ﬂ e

(0,0039 mole) of h@xaﬁhanyldiailana; 8.5 equivalents of 40
per cent sodium smalgem, gnd‘loé ml., of ether was stirred
48 hours at room temperature, Then 1.7 g. of trimethyl-
‘chlorosilane in 20 ml. of ether was added to the reaction
mixture followed by 20 minutes of stirring after the addie-
tion. There was reeavared 1,9 ge. (98 per cant) of hexa-
phenyldisilane (melting point and mixed melting point) from
the hydrolysis of the reaction mixture. ‘ _

(v) By aaﬁiam’aiggsgaion in xylene (attempted).
A mixture of 2.86 g. (0.0055 mole) of hexaphenyldisilane end
0,72 go (0,011 g, atom) of a 35 por cent sodium dispersion |
in tetrahydronasphthalene (Ethyl Corporation) was stirred
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vigorously in 70 ml, of dry xylene at the refluxing tempere
ature for 5 hours, Then 3.4 g. (0,022 mole) of ethyl iodide
dissolved in 10 ml, of xylene was added to the reaction
mixture, and it was refluxed for asnother 5 hours. The mix-
ture was hydrolyzed carefully and filtered to give 2,75 g.
(96 per cent) of rescovered hexaphenyldisilane, ‘
(vi) By sodium dispersion in dloxene gattgmgtedi.
A mixture of 2.4 g, (0.0046 mole) of hexaphenyldisilene and

1.2 g. (O.QIRtg. ataﬁ) of a 35 per cent sodium dispersion
in tetrahydronaphthalene (Ethyl Corporation) was refluxed
in 70 mle of pura'&iaxana for 66 hogrs.A Th§raAwa5 no evie
dence of reaction, A solution of 2,9 g. (0,019 mole) of
ethyl iodide in 15 ml, of dloxsne was then added, and the
reaction mixture was refluxed for another 7 hours., Follow-
ing hydrolysis 2.1 g. (88 per ecent) of hexaphenyldisilane
melting at 357-360° was recovered. B ‘
(vii) By lithium aluminum hydride (attempted).
A suspension aontainiﬁg 340 ge {0.0078 mole) of hexaphenyle
disilane, 0.17 g. f6‘6044,moim} of lithlum aluminum hydride,
snd 50 ml, of ethér was stirred at the refluxing tempera-
ture for 48 hours, There was no apparent change in the re-
sction mixture, The unahangad.lithium aluminum hydride was
destroyed by first adding water, then di;utg hydro¢h10r1¢
acld salutiaﬁ. There wes obtained 2.9 g. (97 per cent) of
unchenged hexasphenyldisilane melting at 362-364°,
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(viii) By 30 per cent hydrogen peroxide (attempted).
Seven g. of 30 per ecent hydrogen peroxide was added to 5.2

g+ (0.01 mole) of hexaphenyldisilane suspended in 50 ml. of
glacial acetic acid, The reaction mixture was refluxed for
24 hours, Water was added to the suspension, and the mix-
ture was filtered, The recovery of the unchanged hexa-
phenyldisilane was quantitative, ;
(1x) By chromic acid., Chromic acid solution was

prepared by dissolving 5,0 go of ahramium ﬁricxida in 8 ml.
of water followed by the addition of 10 ml. of glacial acetie
‘acid, This solution was added to 3.0 g.‘of hexaphenyldi-
sllane, and the mixtuf@ wag heated at 80-90° for 2 hours
with occasional shaking, ‘The reanlﬁing‘&ark green mixture
was diluted with 10é‘m1. of water. So0lid sodium carbonate
was added to neutralize the resction mixture until the ade
dition of a small amount of sodium earbonate did not cause
evolution of gaaes.}‘Follcwing filtration of the neutral-
ized mixture there was obtained 2,7 g. (90 per cent) of im=
pure hexaphenyldisilane melting at 3B6-360°%, It wes boiled
with petroleum ether (b.p., 60-70°) and filtered hot to
separate 2.5 g. (83 per cent) of pure hexaphenyldisilane
melting at 362°. Only a trace of brown solld remained from
the distillation of the filtrate, ‘

In a second experiment, double the emount of chromic

acid was used, and the resction mixture containing chromiec
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aeid and hexaphenyldisilane was refluxed 48 hours. In this
run, only 48 per cent of haxaphanyldiailane could be re-
covered, The aqueous solution waa‘axtragt@d‘with ether,
from which & syrupy residue was obtained, Purification of
this by-product was unsuccessful, ‘

(x) By bromine. Ten g. (0.019 mole) of hexaphenylw
disilane suspended in 250 ml, of refluxing carbon tetra-
chloride containing 3.4 g. (0,021 mole) of bromine was
stirred 42 hours. The solvent and the uncheanged bromine
were removed by distillation to leave a solid residue (10.8
g.) melting at about 100° to form a turbid liquid, This
erude product was boiled in 200 ml, of ystrmlaum e ther
(bepe 60-70"), riltara§ hot, and aa@l@d.‘vThshinaoiubla
solld, melting polnt 346-354°, weighing 4,1 g. was recrystal-
1ized from dloxane to give 3.6 g. (36 per cent) of pure
hexephenyldisilane (mixed melting point). The petroleum
ether extrect was concentrated twice to colleect 6,2 g. (47
per cent) of aruﬁa,triph&nylbf@m@silane melting at 118~
118°. Two recrystallizations from petroleum ether (b.p.
60-70°) raised the melting point to 118-120°; a mixed melt-
ing point with an anthentle specimen of triphenylbromo-
silane was the same, ?he yield of the pure product was 4.3
g. (33 per cent),

- In a second experiment hexaphenyldisilane was allowed
to reset with bromine in refluxing carbon tetrachloride for

6 days, The reaction mixture was worked up according to
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the procedure desceribed in the previous paragraph to gilve
a 19 per cent recovery of hexaphenyldlsllane and a 65 per
cent yleld of crude, or a 55 per cent yleld of pure tri-
phenylbromosilane,

b, Hexa-p-tolyldisilane. A mixture of 1.0 g. (0.0017

mole) of hexsepetolyldisilane, 0.6 ml. of sodlum-potassium
alloy, eand 5 ml, of ether was atirrsd at room temperature,
Three hours later eanother 30 ml, of ether wes added to the
brown slurry. The color of the reaction mlxture became
yellow after this addition,; but 1t rasumed a brown golmrav
tion on stirring: After 24 hours of stirring 0.6 g.
(0.,0035 mole) of pebromotoluene dlssolved in 20 ml, of
ether was added, The reaction mixture changed to greenish-
brown, then greenlsh-gray, and finally a gray,auspehaian
was formed. Meanwhile, some heat was evolved, Ten minutes
later water was added to destroy the excess alloy. Two
liquid layers with some white solid at the interface were
formed. This solid was removed by filtration., It melted
at 220-226° (0.5 g.). The ethersal solution was separated,
dried over sodlum guifate, filtered, and distilled. There
was obtained 0.6 g. of white solid melting et 216-222°,

A mixed melting point shov&& that this product wasg identiecal
with that obtalned by the filtration of the hydrolyzed re-
action mixture. The total orude yield was, therefore, 1.1

g« (85 per cent). The combined erude product was
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recrystallized twlce from a benzene-ethanol solution to give
0.6 g. (46 per ecent) of colorless crystals melting at 232«
234°, There was no depression in mixed melting point with
an authentic sample of tetra-p-tolylsilane, - |

¢ 1;1,1-Triphenyl-2,2,3~trimethyldisilane., A mixture
of 2.0 g« (0.006 mole) of 1,1,l~triphenyl-2,2,2-trimethyl-
disilane, 1.5 ml, of sodium-potassium alloy, and 100 ml, of
ether was stirred et room temperature, Immedliately after
mixing a yellow color developed from the reaction mixture.
About 2 hours later a large asmount of yellow grecipitate
was formed in the dark green mixture, After 21 hours of
stirring a solution eontaining 1.4 g. (0,009 mole) of bromo-
benzene dissolved in 20 ml, of ether was added rapidly.
Heat was évélvad during the a&ditian while the reaction
mixture became a light tan suspension eantaining soma'white
precipitate, Fifteen minutes 1ater water was added to
destroy the excess alloy. Tb@yhy@ralyzad mixture was
filtered by suction te;givgyl.O g. (B0 per aent)‘ef»tétrau
phenylsilane melting at 230-232°, The ethereal solution
was separated and distilled to leave a small amount of brown
liquid containing some white solid. The solid was filﬁéfed
end washed with a small emount of petroleum ether (b.p.
60-70°). This was shown to be tetraphenylsilane by a mixed
melting point., It weighed 0.2 g. (10 per cent) and melted
at elvagés‘. No attempt was made to dilstill the small amauht
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of supposed phenyltrimethylsilasne from the brown oil.
d. 1,1,2,2-Tetraphenyl~1l,2-di-p~tolyldisilane.

(1) By sodium~potassium alloy. This organodi-

gilane was cleaved readily by so&ium—pdﬁasgium alloy in ether,
The procedurd has been given on page 78,

(11) By lodine (attempted). Ten drops of a dilute

solution of iodine in chloroform was added to 0,50 g. of
1,1,2,2~tatraphénylw1,Qndifgyﬁolyldisilana dissolved in 30
ml, of chloroform. The solution was refluxed for 24 hours.
There was no evidence of reactlion. The purple color pf,the
solution seemed to be the same as that at the beginning.
Chloroform and iodine were removed by distillation to re=-
cover 0,46 g« (92 per cent) of starting material malting
“at 250~-252°,

(111) By oxygen (attempted). Dry oxygen gas was

bubbled through a solution containing 0,50 g. of 1,1,2,2-
tetraphenyl-l,2-di-p-tolyldisilene dlssolved in 30 ml. of
refluxing benzene for 24 hours. The benzene was then dis-
tilled to recover 0.48 g. {96 per cent) of starting material
melting at 250-282°%, v | |

8. 1,1,ﬁmTriphenyi-l,2,2~tr1fgrtely1&iailane‘

(1) By iodine (ettempted). A solution containing

25 ml. of chloroform and 0.5 ge of 1,1,2=~triphenyl=-1,2,2«
tri-p-tolyldisilene was hested with 4 drops of a 1 per cent
solution of,iodine in chloroform at the refluxing tempera-

ture for 16 hours, After the solvent had been removed by
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distillation, 0.47 g. (94 per cent) of unchanged starting
material was recovered, ”

(11) By oxygen (sttempted). Oxygen ges was bubbled
through 0,50 g. of 1,1,2-triphenyl~l,2,2-tri-p~tolyldisilane
dissolved in 25 ml, of benzene at the refluxing temperature
for 18 hours, A 98 pér cent recovery of starting material

was obtained,

7. ZPreparation of other orgsnosiligon-metalllc compounds

8. Triphenylsilylldthium,
(1) From triphenylchlorosilane

jattemgta&!. Trle

phenylehlorosilane, 2.9 g. (0,01 mole), was dissolved in 80

ml, of ethylamine at 10°, To this there was added 0.14 g.
(0,02 g. atom) of lithium, The latter dissolved slowly to
form a deep red solution. Then 1.8 g, of bromobenzene was
added to the salutiqn, The deep red color of the solution
changed to light yellow after the addition., The solution
was stirred for 1 hour at room temperature, and the solvent
wes evaporated slowly at room temperature by a stream of
nitrogen., Ether was addad'to’extraak the deep brown resgidue
énd filtered to separate 0.8 g. of insoluble material which
did not melt below 250° end was soluble in water (presum-
ably inorganie). The ethereal solution was distilled to
glve a deep brown oil. No tetraphenylsilane or eny pure
product ecould be isolated,

In a second run, the solution eontaining lithium and
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triphenylchluraaiiane (same size) was cooled to =30°, end
to 1t there was added snother portion of triphenylehloro-
silane. The deep red color gave way to light yellow as
before, and the reaction mixture was stirred 2 hours at -30°.
Then the mixture was warmed to room temperature to remove
the solvent. The gelatinous residue was extracted with
ether, From the ether extract én oily rgsidue was obtalned
which was vecuum~distilled to glve 4,0 g. of colorless
liquid boiling at 186-188° at 1,1 mm., pressure. On stande-
ing, 1t solidified, m.p. 48-51°, This s0lid product ap=
peered to be triphenylethylaminosilene. No hexaphenyl-
disilene was lsolated. / ' | .

In 2 third attempt one equivalent of 1$th1um‘wagvaddaa
\to triphenylehlorosilane in ethylamine in order to try to
 make the so-called "Triphenylsilieyl Ethylemine" prepared

140 me reaction mixture was stirred

by Eraus and Eataugh.
2 hours at ~50°, and then it was warmed to remove the
aelvanh, The resldue was vacuum-distilled to give a color-
less liquld boiling at 176«178° at 0.6 mm. pressure, m.p.
51«54°*, A mixed melting point with the product obtained
from the second run was not depressed. A sample of thls
product was bolled 1n ether for 2 hours, but no hexa-
phenyldisilane resulted. When this product was treated
with dilute hydrochloric acid, triphenylsilanol separated,
Apparently the only produgb which could be 1sclated was

triphenylethylaminosilane,



In a fourth experiment it was planned to find out whe ther
or not triphenylehlorosilane alone reacted wlth ethylamine.
A solution of 5.9 g. (0,02 mole) of triphgnylahlorosilane
in ethylamine was stirred 2 hours at -20°, After evapora-
tion of the solvent 7.1 g. of light tan solld melting at
50-53° was obtained., This did not depress the melting point
of the product formed when 1ithium was added. Apparently
triphenylchlorosilene reacted with the solvent, ethylamine,
with or without the presence of lithium to give triphenyl-
ethylaminosilane, , ‘ w 4

(11) From triphenylbromosilane (attempted), Tri-
phenylbremoailﬁnﬁ was prepared in 98 per cent yleld from

the bromination of triphenylsilane wlth bromine in reflux-
ing carbon tetrachloride, - | ‘ -

In the first attempt 3.4 g. (0,01 mole) of triphenyl-
bromosilane was dissolved in ethylamine at ~40;. Lithium
wire, 0.14 g. (0.02 mole) was dissolved in this solution in
about 30 minutes ts’férm a deep red'solution, Than the re-
action mixture was warmed to remove ethylamine, and about
30 ml, of ligquid ammonia was}cgndensad’on the oilly residue
after the latter had been eooled‘tg‘eéof. 30 apparant
chenge was observed after the addition of 1.9 g. of bromo-
benzene. The raaﬁtiun'mixture was stirred at -40° for 6
hours, and the solvent was evaporated as 1t was allpwad to

warm to room temperature. The gummy brown residue was
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extracted with ether from which a brown oil was obtained,
This appeared to be triphenylethylaminosilane, Ne‘tetra—
phenylsilane was isolated, | |
(111) From triphenylsilene (attempted). A pre=
liminary experiment was designed for the purpose of finding
out 1if triphenylsilane reacted with ethylsmine the same way
triphenylohlorasilane did. Triphenylsilane was stirred in
ethylamine at 0* for 4 hours, After the solvent had been
evaporated; there was recovered 94 per eent of unchanged
triphenylsilane, This showed that triphenylsilane alone
did not react with ethylamine. |
In & second experiment 4,0 g. (0.015 mole) of triphenyl-
silane was dlssolved in ethylamine at -30°. Then 0.22 g.
(0,031 g, atom) of lithium wire was added to foﬁm a deep
red solution, Two hours later 6.3 ge (0,031 mole) of iodo-
benzene was added in one pQrtimn. There was no appreclable
change during the addition, The solvent was evaporated
slowly by a stream of nitrogen while it was allowed to warm
to room temper@ture‘ A deep brown gummy residue was re-

mained, An attempt to purify the residue was unsuccessful,

(1v) From hexaphenyldisilane snd phenyllithium
gattemgtagl.; A mixture containing 5.2 g. (0.01 mole) of
hexaphenyldisilane and 0,02 mole of phenyllithium in 50 ml.
of ether was stirred 60 hours at room temperature., No ap-

parent'reaetionfwaa observed, The ether was distlilled,.
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and 50 ml. of xylene was added to the residus. The resction
mixture waes heated at the refluxing temperature for another
30 hours. It waes noticed that a brownish-orange color wes
developed when the reactlion mixture was hested., On cooling
the color faded somewhat., Onm re~hesting the color became
intense sgain. Pinally, the suspenslon was cooled and
filtered by suction to giw@ 4‘7 g+ (90 per cent) of re=
covered hexaphenyldisllane melting at 362-364°, From the
filtrate a small amount of gummy solid melting at 210-240"
was separated. The quantity was too small to be purified
conveniently, This reaction had also been studiad by Dnnng
in this Laboratory with similar results, |
be Triphenylsilylsodium,
(1) From triphenylsilane (aﬁtamgtaéi. A nalutida

of 2.86 g. (0,011 mole) of triphenylsilene in 50 ml, of
ether was stirred at room temperature for & hours with 0.5
ge of 35 per eeﬁt sméium‘ﬂisp&rsign in tetrahy&ranaphtha«
lene (Ethyl Corporation). Then 3.5 g. (0.022 mole) of ethyl
1odide was added to the reaction mixture and was stirred
for another 4 hours. The excess sodium was treated with a
few ml., of ethanol, followed by about 50 ml, of water,

The orgenie layer was separated, dried avér sodium sulfate,
end distilled., Petroleum ether (b.p. 60-70°) was added to
the residue and filtered. One g;vof triphenylsilanol was
obtained as the insoluble resldue, The filtrate was

*


mailto:ni@nt.ly

w37 -

svaporated to leave an oll which solidified on stending.
There was obtained 1 g, of triphenylethoxysilane (mixed
melting point) melting at 62-64", No triphenylethylsilane

was isola ted,

(11) From triphenylbenzylsilane (attempted). A
mixture contalning l;é-g; of 35 per cent sodium dispersion
in tetrahydronaphthalene (Ethyl Corporation), 3.8 g. (0.011
mols) of triphenylbenzylsilane, and 76 ml. of ether was re-
fluxed for 8 hours. No change was observed except that h
part of the sodium dispergiwm_a@aleae@d to form small lumps,
To thls there was added 6.8 g. (0.044 mole) of ethyl lo=-
dide, and the reaction mixture was then stlrred 18 hours
at room tempersture, Some deep blue precipitate was
formed, probably due to the formation of sedlum lodide, A
3m§11 smount of methanol was added to react with the un-
used sodium in the system, The mixture was distilled to
remove volatile solvents., Water and ether were added to
extraet the residue, From the ethereal aolution 3.8 g.
(100 per cent) of impure starting materisl melting et 80w
93° was recovered. One recrystallization from petroleum
ether (b, p.,sémvs*) yielded 2.4 g. (88 per cent) of
colorless transperent crystals melting at ®5~995. From
the mother liquor only some ilmpure triphenylbenzylsilane
was ébtained,

(111) From hexaphenyldisilane and sodium in

l1iguld ammonia. Although hexaphenyldisilsne did not react
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with sodium in xylene or dioxane, it was cleaved by sodium
in 1iguid ammonia smoothly to give presumably triphenyl-
silylsodium, v ,

- Sodium, 0.35 g, {0,015 g, atom), was cut into small
pleces and dropped into abgut\%& ml. of liguid smmonia at
«50°, To thls deep blue solution was added 2.6 g. (0.005
male) of hexsaphenyldisilane in one portion. The reasction
mixture was stirred 6 hours at ~50°, It was observed that
same‘brawn preecipitate had formed although the eolor was
masked by the deepr blue color dus to the excess of scdium
in liguid ammonia., The cooling bath was then removed so
that smmonla was aﬁaparaﬁaﬁ as 1t was warmed up. A small
amount of ethanol was added to the dead white residue te
destroy the excess saﬁium" Water was then added, and the
mixture was filtered to give 1.6 g. of solid which softened
at 120° but did not melt completely until 360°, This was
boiled with & solution of benzene and ethanol and filtered
hot. There was obtained, as the Insoluble residue, 0.1 g.
(4 per cent) of hexaphenyldisilene melting at 360-362",
The filtrate was cooled to glve 0.8 g, of solid melting
at 150~200°., This was shalken with cold ethanol and ‘
filtered to separste 0.4 m. of solid melting at 2B0-234°,
One recrystallization from benzene raised the melting point
to QS&*E&%‘;‘a mixed melting point with tetraphenylsilane

was the same, The yield was 0.3 g. (9 per cent). The
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ethenolic solution wasz evaporated to dryness, snd the
residue was recrystallized from petroleum ether (b, pe« 60-
70"} to give 0.4 g, (11 per cent) of triphenylsilancl
melting at 151-152°, .

From the mother liquor after the removal of 0.8 g. of
s0lid melting at 150-200° evaporation of solvent resul ted
in 0,12 g. of colorless crystals melting at 163-167°, I%
appeared to be impure hexaphenyldisilazane {lit.ws MeDe
178%).

c. Pantephenyldisilenyllithium (attempted). A mixe
ture of 2,0 g. of pentaphenylchlorodisilane, 0.25 g. of
lithium, and 30 ml, of ether was stirred 7 hours at room
temperature and then refluxed 10 hours, No reaction was
observed, The ether waa evaporated, snd 30 ml. of di-n-
butyl ether was added. The resctlon mixture was rgflux@d
12 hours. There was no indilcation of any reaction, Color
Test I at the end of this perliod was negative,

gatt@mgtaél. A mixtura of

2.4 g. of trimethylethoxysilene, 2 ml. of sodiumwpotassium

d. Trimethylsilylpotessium

alloy, and 20 ml., of ether was stirred vigorously at room
temperature for 24 hours. There was no indieation of re-
action., The colorless suspension gave a negative Color
Tegt 1.

In another experiment 2.5 g. of trimethylehlorosilane

1@8ﬁ. H, Reynolds, L. A, Bigelow, and C. A, Kraus,
E& ﬁ_ﬁt Chene. Soa..g _5_;1;-’ 3087 (1@39);
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was stirred with 2 ml, of sodium-potassium alloy for 70 hours
at room temperature. Then 5.9 g. (0,02 mole} of triphenyl-
chloresilane was added and stirred for 30 minutes. Water
was added to destroy the excess alloy, and the mixture was
filtered to remove ﬁraeaé of solid melting at 330%, Prom
the ethereal solution 5.4 g, of Impure triphenylsilanol
melting at 126-142° was obtained, presumebly from the hy-
drolysis of triphenylchlorosilsne, One recrystallization
from petroleum ether (b. p. 60«?9’) gaveys,g ge of pure trie
phenylsilanol melting at 150°,

1silyldipotassium (attempted). A solution of

5,1 ge (0,02 mole) of diphenyldichlorosilane in 50 ml, of
ether was added to 5 ml, of sodlum-potassium alloy., The re=-
action mixture was stirred 70 hours at room temperature to
form a blulsh-gray suspension. As much ss 60 g. of merecury
was necessary to amalgamate the unchanged alloy to form a
gticky mass, The auspsnsion-was decanted from the amalgam
into a dropping funnel from which it was added to 7.1 g.
(0.08 malé) of methyl 1@&1&@@ After 24 hours water was
added, and the mixture was‘tilpared to remove & small amount
of solid melting at about 300°., From the ethereal solution
a very sticky gummy solid residue was formed,. Purification
of this residue was not suaeassf&li 7 |

In another experiment 2,5 g. of diphenyldichlorosilane

was stirred with 2.4 ml, of sodium-potassium alloy in 60 ml.
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of etheyr for 86 hours., The excess alloy was smalgamated,
and the suspension was dﬁeamﬁaﬁ’into a dropping funnel from
which 1t was added to 5,9 g. (0.02 mole) of triphenylehloros
sllane suspended in & small amount of ether, There was no
apparent chsnge during this addition, The reaction mixture
was then stirred 44 hours. Water was added to the blulshe
gray suspension, and 1t was filtered by suction. The solid
residue was extracted with benzene and filtered hot to give
1.1 g. of solid melting et 170-270°, Further recrystalliza-
tion from benzena yielded 0.7 g. of white powder melting at
180-230°. Subsequent reerystallizations did not yield a
pure product. From the ethereal soluﬁion‘ﬁ.ﬂ g. of impure
triphenylsilanol melting at 142-146° was obtained. There
was no indication of the formation of diphanylsilyldipataa-

aimn

8, Addition of triphenylsilylpotassium to the gcarbon~carbon

double bond

a, gggyhﬁnzggci1f3udi.h@nviabh lgilane., A triphenyl~
silylpotassium suspension prepared from 5.2 g, (0,01 mole)
of hex&phanylﬁiailane sccording to the prqea&ure{dasgribaa
previously on page 52 was added repidly to 3.6 g. (0.02
mole) of trang~stilbene dissolved in 50 ml. of dry benzene.
The reaction mixture turned brownish-red rapidly during

the addition without much change in temperature., After 24
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hourg of stirring the reaction mixture was hydrolyzed with
water, 3ome heat was evolved during the hydrolysis, and the
mixture changed momentarily to deep violet, then light green
and finally a light gray, turbid liquid resulted., The
hydrolyzed mixture was filtered to remove traces of sollds,
The organic layer was separated from the filtrate, dried
over sodium sulfate, filtered, and distllled to gilve 8.8 g.
of colorless viscous oll, This oil was bolled with ethanol,
filtered hot, snd eooled, On standing, 0.36 g, (5 per cent)
of tetraphenylsilane (mixed melting point) melting at 230-
 232° was obtained., The mother liquor was concentrated to
give 4.7 g. (B3 per cent) of colorless crystals melting at
129-134°. Two reerystallizations from a mixed solvent of
ethanol and petroleum ether (b. p. 60-70°) gave 3.4 g. (39
per cent) of large, transparent crystals ﬁglt&ng at 13B5-138°,

Anal, Caled, for CyoHog31: 81, 6,37, Found: 81,
6.40, 6,41, o

b. Carbonation of (-triphenylsilyl=-ol, @ ~diphenyl=
ethylpotessium, A triphaﬁylailylpabassiumfauapenaieﬁ was
prepared from 5,2 g. {0.01 mole) of hexaphenyldisilane in
accordance with the procedure described on page 52, This
suspension was added rapidly to 3.6 g. (0,02 mole) of trens=
stilbene dissolved in 50 ml, of dry benzene, The brownishe
red mixture was stlirred 18 hours at room tempersture and
~then was poured into a dry ice~ether slurry with stirring.

The carbonation mixture was allowed to stand until it
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reached room temperature. It was hydrolyzed with dilute
hydroehloric acld and was filtered to remove 3.0 g. of solid
melting at 295° with evolution of gases, This product wes
insoluble in chloroform, xylene, ethancl, or alcoholie
potash, but 1t was very soluble in hot dloxane. Three re-
crystallizations from dioxene gave 1,7 g. of white erystals
melting at 298-300* with evolution of gases at the melting
temperature, |

From the ethereal solutlion of the reasetion mixture,
0.4 g. of tetraphenylsilane (mixed melting point) was ilszo-
lated from 6,1 g. of the gummy resinous resldue, Attempts
to isolate other pure products from ths mother liquor were
unsuccessful, _ ‘ ; o

- The silicon content of the carbonation product was
analyzed, Results showed that it contained 6,12 per cent
and 6,18 per cent of silicon., The ealnulate& value for
3 -triphenylsilyl- «, 8 -diphenylpropionic acid,
(Gsﬂs)53163(0&H5)6§(G5H5)GGGK, is 5,79, while thet for di=
(/3utriphanylailylwcx,(ioaiphﬁnylathyi) ke tone,
[ (gl ) 3S1CH(CgHg )CH(CgHg ) 7,005 18 6,19, Infrared
speetralag gshowed that thig product seemed to be the former
compound, namely, the aeid, Further 1d@ntifieation wo rk

and related investigations are nnderway.

189The author thankk Mr, M, Margoshes for the Infrared
spectra studies of this and other aampounﬁs,
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B. Organotin Compounds

1., Organotin chlorides

e, Triphenyltin chloride., This compound ﬁas:prepara&
by the reaction of tetraphenyltin with stannic chloride ac-

cording to the procedure given by Dr, Bullard of Fastman
Kodek Company. The yield varied somewhat with the ratio of
the two reagents. An excess of atannid chloride is neces~
sary in order to obtain good ylelds of triphenyltin ehloride.

In one experiment 61.0 g, (0.143 mole) of dry tetra-
phenyltin end 12.4 g. (0,0476 mole) of stannie chloride were
placed in a 1000-ml., flask equipped with an alr condenser
topped with a drying tube. The mixture was haated in & wax
bath to 220° in a period of 30 minutes. The liquid was
maintained at this temperature for 2 hours with occasional
shaking, The reaction mixture was cooled and then it was
boiled with pebroleum ether (b, p. 75-115°) and filtered hot
to remove 10.2 g. (17 per cent) of uneanvertad tetrephenyl-
tin, The filtrate was concentrated and cooled to glve 50,4
g. (69 per cent) of triphenyltin chloride melting et 98-
103°%*, Two recrystallizations from petroleum ether {(bs D
75«1156°) raised the melting point to 108-107°).

In snother run 128 g, (Q.so mole) of tetraphenyltin and
36,5 g. (0.14 mole) of stennic chloride were fused together

and worked up the same way described above to glve 71 per
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~cent of triphenyltin chloride and 1 per cent redovery of
tetraphenyltin, Reaenbarglge ren the reaction with 118.0
g« (0.276 mole) of tetraphenyltin and 33.4 g. (0.128 mole)
of stannie chloride and obtained 92,8 g, (65,5 per cent) of
triphenyltin chloride melting at 104~108°,

b. Dighagxlﬁ&n dichloride. A mixture containing 85.4
ge (0.2 mole) of tetraphenyltin and 52.1 g. (0.2 mole) of
stannic chloride was heated slbwiy‘bo 180° esnd then mein-
tained at that tam@eratura for 2 hours with occasional shak=
ing. The light yellow liguid solidifled on cooling. The
crude brﬂduet was boiled with aetive. carbon in 250 ml, of
petéglaum ether (be p. 28~40°), filtered hot, and eooled to
yield 119 g. (87 per esnt) of colorless erystals melting at
40-44*, One recrystallization from 300 ml. of petroleum
ether (b, p;}aﬂ~70’) raised the melting point to 43°,

Yield: 105 g. (76 per’ceﬁt). 7 v | f v ‘

¢. Phenyltin trichloride. A mixture containing 21.4 e

(0,05 mole) of tetraphenyltin and 39,1 g. (0.15 mole) of
stannic chloride was heated at 150° for 3 hours. The re-
sulting liquid was distllled in vecuo. There was obtained
80.7 go (84 per ﬁan§§ of colorless liquid boiling at 96°

at 1.4 mm. pressure,

190§npublishwé studles of S. D. Rosenberg,
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2, Organotin compounds containing subgtituted phenyl groups

a;\Triphenylfg?br@mcphamyltin, Triphenyl-p~-bromophenyl~
' | 191 |

tin was prepared by Krause and Weinberg from the reaction
of p-dlbromobenzene, magnesium, and triphenylbromotin. No
yleld was given in this peper, Besides, the melting point
of this compound was reported to be 224°, which seemed to be
gbnormally high for ecompounds of this typa; Accordingly,
the preparation of triphenylep~bromophenyltin was re=
investigated, Triphenyltin chloride was used es starting
meterial becsuse of its availability, Also, the use of an
organollithium compound was eumployed,

(1) Frvm'g?bramapheﬁyllithium_(att&mptad),“3@vara1

attempts were made to preparse ﬁrigh@nylugybrnmaphanyltin
easantialiy uging e yublisba& praeaéuralgg for the preparaw
tion of ﬁh@vailiaen snalog, , , | o

In the first sxparimmnﬁ 0,10 mole of freshly prepared
n-butyllithium was added, over & period of 10 minutes, to
25,8 g. (0.1l mole) of p~dibromobenzene suspended in 50 ml,
of ether at 0°. A negative Color Test 11.&195 ﬁgs obtained
immediately after the addltion. Then 34,7 g. (0,09 mole)
of triphenyltin chloride dissclved in ether was added to the

T§ig.vxrauaayﬁnd K. Weinberg, Ber., 62, 2235 (1929).

1924, Gilmen end H. W. Melvin, Jr., J. Am. Chem. Soc.
72, 995 (1950).

193y, Gilman and J. Swiss, ibid,, 62, 1847 (1940).
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organolithium compound thus formed, The resection mixture was
warmed by the heat of reaction while a large amount of white
precipitate was formed, After two hours of refluxing the
reaction mixture was hydrolyzed with ammonium echlorlide solu~
tion and filtered by suction, There was obtained, as the
insoluble solid, 20,5 g. of white solld melting at 190-212°,
Two recrystallizations from benzene yielded 15.2 g. of
tetraphenyltin (mixed melting point) melting at 223-225°,
The ethereal solution of the reaction mixture was separated,
dried over sodlium sulfate, filtered, and distilled to glve

& pleasant-smelling, yellow gummy residue, This was treated
with hot 95 per cent athan&l,‘maalad, and filtered to
separate 19,9 g. of creame-colored, sticky solid melting at
103~110*, Two recrystallizations from s solutien of bengzene
and ethanol raised the melting point to 117-119°. This com-
pound contained halogen and tin, It aantainea 18.% per cent
of bromine and %2,3 per ecent of tin by analysias., The struce
ture of this compound was not investigated. ‘

In a second experiment, 0,11 mole of n~butyllithium was
added to 27.2 g. (0.02 mole) of p-dibromobenzene dissolved
in 100 ml, of ether, After 5 minutes, 36.5 g. (0,095 mole)
of triphenyltin ehloride dissolved in 100 ml. of benzene was
added rapidly to the organolithium compound which was cooled
in an ice bath., Ten minutes later the reaction mixture was

poured onto & dry ice~ether slurry with stirring. Following
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attainment of room temperature the carbonstion mixture was
hydrolyzed with dilute hydraehlaria acid (1:3) and filtered
to separate 18,6 g, of tetraphenyltin melting at 219-222°,
The ether solution was extracted twice with 400 ml. of 7 per
cent sodlium hydroxlde aolutziem Upon aﬁsi&if&aation of the
alkaline extract some solid precipitated. The organie acld
was extracted with ether, from whieh 1.2 g+ of pebromo=
benzoic acid (mixed melting point) melting at 248-252" was
obtained., From the ethereal solutlon after the alkaline
extraction some olly solid was formed. This was washed with
a small amount of cold ethanol and filtered, The colorless
solld residue (23,5 g.) melted at 108~110°. Two recrystale~
lizations from ethanol raised the melting point to 11?-11@”.
A mixed &ﬁlbing point showed that this wes the same compound
as that obtained in the first rmn,

| In a third attempt, the reaction was run at -20* and
worked up as usual, Again, the only products obtailned were
tetraphenyltin snd the unidentifled compound melting at
117-119°. In these attempts no triphenyl~p-bromophenyltin
was formed,

{11) From 2rbramophanylmagnaaium liodide. A mag=-

nesium lodide golution in(athﬁr~waa prep&rsﬁ‘by‘tvaating an
excess of magnesium with iodine in snhydrous ether followed
by filtratlon through glass wool to remove the excess mag-
nesium, To 11.8 g. (0.05 mole) of p-dibromobenzene was

added 0,05 mole of n~butyllithium at o°., Ten minutes la ter
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0.05 mole of magnesium lodlde dissolved in ether was added
rapidly to the reaection mixture and was stirred 10 minutes}
meanwhile, the resction mixture was cooled to -20°, Then
19.3 g. (0.05 mole) of triphenyltin chloride dissolved in
76 ml. of dry benzene was added rapldly to the reaction mix-
ture. Color Test I at the end of the addition was negative,
Three minutes later the reaction mixture was hydrolyzed wiﬁh
cold, agueous ammonium chloride solution. The ethereal
solution was separated, driea over sodium sulfate, filtered,
and distilled to give 21,7 g. (86 per cent) of white solid
melting at 132-134%, One raeﬁystaliizaﬁicmyrrom a solutlion
cantaining 150 ml, of ethanol and 50 ml, of benzene gave
18.1 g. (72 per cent) of colorless crystals melting at 133=-
135°, Subsequent regryatallizatigﬁs from a solution of
ethanol and benzene or from ethanol alone d1d not change
the melting point, VBinas the melting point found was very
different from thet described in the 11taraturalgl, the
compound was analyzed, - , o

Anal. Caled, for Co4HgBrSn: Sn, 25.46; Br, 15.79,
Found: Sn, 23,858, 25,643 Br, 15,64, 18,70, ,

b. Triphenyl~pedibromomethylphenyltin (attempted).

Attempt was made to prepare triphenyl-p-dlbromomethylphenyl-
tin by thﬁ breminaﬁien of triphenylep-tolyltin with N-bromo-
succinimide following sssentislly the method of preparation
of the ailicon snalog by C. G.lﬁrannanﬁél

Thirteen and two-tenths g. (Q.Gs‘mn1e) of
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triphenyl-p~-tolyltin, 11.8 g. (0.08 mole) of 96 per cent N-
bromogsuceinimide, and 300 ml, of esrbon tetrachloride were
refluxed 12 hours under the irradiation of a mereury=-vapor
lamp. Four snd one~half g. of tan powder malting with de~-
composition at 120° was obtained by filtration. From the
distillation of the filtrate, 1,5 g. of light brown solid
decomposing at 180" and iﬁ.% g+ of light brown sticky solid
were obtained. They gave & positive Bellsteln Test for
halogen, No pure compound was tsolated from this reaction,
This experiment was repeated in bgnzene solution, from
which a umail‘ﬁmmunt of solid decomposing at 260° and =
large amount of gummy solid were obtained, They, again,

seemed to be a bad mixture which could not be separated,

3. Organotin compounds gontaining waterw~solubilizing groups

a, Triphenyl-p-dimethylaminophenyltin., An ether solu~-

tion contalning 0,14 mole of p-dimethylaminophenyllithium
was added to a suspension of 52,1 g. (0,14 mole) of tri-
phenyltin chloride in 150 ml. of ether over a period of 15
minutes. 8ome heat waa’evalved, The grayishﬁyallow BUB
- pension was stirred 1 hour at room temperature-and then
hydrolyzed with agueous ammonium chloride solution, The
somewhat pasty solid formed was filtered and dri@&.d"Than
it was bolled with charcoal in petroleum ether (b, p. 75-
115°) snd filtered hot. On cooling a white solid melting
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at 127-130° was separated. Yield, 45.5 gz. (72 per cent).
Two reerystallizations from petroleum ether (b. p. 7B=115%)
ralgsed the melting point to 132-134°,

{1) Wriphenylggrﬁim@tnyxaminaphanyltin methiodide,
A mixture containing 4.7 g. {Q,Olymole)‘ef triphenyle=p-
‘dimethyiaminmphanyltin, 14.2 g. (0.10 mole) of freshly dige
tilladrmksth;yl lodide, and Q&ml.‘ of methanol was refluxed
for 4 hours, The resstlon mixture was cooled in an lce-
water bath and wes filtered by suection., There was obtailned
5.8 g. (95 per cent) of aﬂlorléss aaiid which melted at 167=
169° with evolution of gases when 1t was heated at the rate
of 6° per minute in a capillary tube. When it was heated
at the raﬁa of 2* per minute 1t melted at 184°, Recrystal-
lization from methanol did not change the melting point.
On exposure to light the compound turned yellow. In the ab-
sence of light it remained colorless, This compound 1ls
slightly soluble in hot water and is very soluble in hot
me thanol and ethenol, ‘ ‘ - -
Anel. Caled. for CoyHpgINSn: Sn, 19.393 I, 20.73.
Found: 8n, 19,80, 19.59; I, 20,71, 80,45. _
(11) Triphenyl-p-dimethylaminophenyltin metho-

sulfate, Two and one~half g. (0,02 mole) of ?ediaﬁilled di-
me thyl sulfate was addad'@a 4,7 ge (6.01 mole) of triphany1~
p-dimethylaminophenyltin dissolved in 20 ml. of dry benzene.
There was very little heat effeet while some white solid
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appeared slowly. The reaétion mixture was heated in a hot
waﬁer bath for 2 hours. On cooling, 5.1 g. (88 per cent)
of white solid melting at 229-233° with evolution of gas was
obtained, This was reecrystallized from methsnol, It was
found thet the melting point of this purified product also
varied with the rate of heating. When a sample was heated
in a capillary tube at the rate of 3° per minute, it melted
at 240-243°, When it was heated twice as fast, 1t melted
at 244-246°, This compound is insoluble in water end is
soluble 1nﬁhet methanol, hot chloroform and ethylene glycol,

Anal, Celed. for CogHgiNO4SSn: Sn, 19,01, Foundt
Sn, 20.14, 20.09. |

be Diphanyldiu(grﬁimethylamingphanyl)mtin. A solution

of 0,085 mole of p-dimethylaminophenyllithium in 86 ml. of
ether was added, over g peried of 10 minuhag,‘to 14.4 go
(0.042 mole) of diphenyltin dlchloride dissolved in 20 ml.
of dry ether., Heat was evolved, and a dark green color
developed. The resasction mixture was stirred 1 hour at room
temperature, and the ether was distilled. The greenish oily
residue was extracted with hot benzene, After the benzene
had been avaparatsd from the extract, a iight brawnyrasinou»
residue resulted. It weighed 18.7 g. (87 per cent).
Attempts to purify the e¢rude grcéueh were unguac@ssful.a

It was soluble in most organic solvents except cold ethanol

and cold petroleum ether (b, p. 80-70°), This crude product
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was used for the preparation of the following two deriva-
tives wlithout further purification.
(1) biphanyldim(Eﬁdimathylamincphenyl)*tin di-

methiodide. To 5.1 g. (0,01 mole) of thais crude diphenyl-
di-(p-dimethylaminophenyl)=tin was added 14.2 g. (0.10 mole)
of methyl ifodide (the excess methyl iodide being used as the
solvent)., The reaation‘mixcura was allowsed to stand at room
temperature for 3 hours during which time a white solid was
formed. This was crushed, washed with petroleum ethar‘(b. Pe
28=40%), end filtered, Light tan solld waighiﬁg 7.8 g. (98
per cent) was obtained, When 1t was hested at the rate of
4° per minute, it melted at 164-168°, It was insoluble in
water and most organic solvents except alcohols and glyecols.
Rearyatallix#tion of the erude product from methenol d4ild
not chenge the melting point, whieh varied with the rate of
heating. 7 , _ o o

Anal. Celed. for CagHzgIsNgSn: I, 51.84; Sn, 14.89,
Found: I, 32.32, 51.763‘3n; 14,63, 14.69.

{11) Diphanyldim(grdimethylaminophanyl)wtin di~

metheaﬁlgatgg(attﬁgyhé§).  Tan;g. (0.08 mole) of dimethyl
sulfate wes added to 5.1 g. (0,01 mole) of erude diphenyldi=-
(Epdimathylnminayhﬂnyi)*ﬁin dissolved in 30 ml. éf me thanol.
The solution turned green with evolution of heat. After 2
hours of refluxing a brown solution resulted. FEther was

added to the eold solution; two layers were formed. No solid
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separated. Then the solution was distilled, and the residue
was taken up with weter, An excess of scetone was added to
precipltate 0.9 g. of fine white powder decomposing at 1285°,
Purification of this product was unsuceessful, Further ad-
dition of acetone to the mother liquor resulted in an oil.
This oil was insoluble in most orgenie solvents except
methanol, Also, 1t was slightly soluble in water, .
Co Phenyltriw(Erdimethylaminoph&nyl}wtin {att@mpted);

A solution containing 0.12 mole of p~dimethylaminophenyl~
lithium in 76 ml, of ether was added to 11.8 g. (0,039 mole)
of phenyltin trichloride disaelvad in 20 ml, of ether,
Color Test I was negative until all of the aryllithium com=
pound had been added, After 2 hours the reaction mixture
was hydrolyzed and worked up as usual, About 20 g, of olly,
graylish-violet solid was obtained from the ether solution,

- Attempts to purify the erude product were unsuccessful, It
separated as an oll in benzene, carbon tetrachloride, ace-

tone, gnd solvent palrs,

d. Tetrakis-(p-dimethylaminophenyl)-tin. A solution
containing 0.12 mole of p-dimethylaminophenyllithlum in ether
was added to 7.8 g. (0403 mole) of stannic ehloride dissolved
in 25 ml, of benzene, Heat was evolved while the reaction
mixture became graylsh-green, After 1 hour of stirring the
pasty mixture was poured into lced w&ﬁar, There wasg obtained
14.8 g. (82 per cent) of light brown solid melting &t 163-

200°, Recrystallization from a solution of ethanol and
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benzene gave white needles melting at 196-198°,
(1) Tetrakis«{p~dimethylaminophenyl)~tin tetra-

methiodide. Three g. (0,005 mole) of tetrakis~(p-dimethyl=

sminophenyl)=tin, 12 ml, of methyl lodide, and 50 ml, of
methanol were refluxed gently on a water bath.fgr 4 hours,
Light brown solid (5.4 g., 93 per cent) was obtalned by
filtration. It melted with daaempaaiﬁian at 190°*, The
erude produet eould be reefyatallizsd from water to give
colorless méedlaa, but the melting point was not affected,
This compound is sw&ubla in hot water and slightly soluble
in hot methanol, , -

fnal, Caled. for CyghgaINgSnt Sn, 10,173 I, 43,50,
Found: 8n, 10.19, 10.033 I, 42.?3, 42,79,

(11) Tatrakiae{Eyaimethxlgmin@phanyl)etin tetra~
methosulfate (attempted). A mixture containing 3.0 g,
(0,005 mole) of tetrekis-{p-dimethylaminophenyl)~tin, 10,4
g. (0,082 mole) of dimethyl sulfate, and 20 ml., of methanol
was refluxed on a water bath for 1.5 hours. ©On cooling, a
light violet precipltete wesa formed. This crude product
was too stlcky to be pl&aad'in -1 capillary‘tuba for melting
point determination. It\wﬁéﬁselubl@ in water and hot meth-
anol, but insoluble in most other orgénie solvents, It was
partially purified by dissolving in‘hﬁt‘mathanql‘and then
preciplitated by a Iargs amount of ether, The pale reddish~

brown solld so formed was dried in s deslceator. It softened



*115”

at 180°, then gas bubbles evolved and finally turned dark
at 195°, The weight was 3,1 g. Analysis showed that it
contained 13,5 per cent of sulfur and 13.1 per cent tin,

No reasonable product had this aam#asiﬁiom. It appeared to
be & mixture,

In & 1@09~m1.

@, 1
three-necked flask fitted with a glass stirrer, a dropging
funnel, and & nitrogen gas-inlet tube wes placed 6.6 g.
(0,035 mole) of finely ground anhydrous stannous chloride
suspended in 300 ml, of ether. While this suspension was
kept at =«10%, 0,108 mole of phenyllithium wes added dropwise,
over a period of 1.5 hours, to the stannous chloride., The
reasctlion mixture changed from yellow to deep red and finally
to tan, Freshly distilled Y =diethylaminopropyl chloride,
5.8 g, (0,039 mole), was added over & period of 15 minutes
to the triphenyltin-lithium suspension at -10°. After the
addition, the reactlion mixture was allowed to warm to room
temperature and then was refluxed fcr‘@vhaurs. The gray
suspension was hydrolyzed with cold water and filtered.
Seven-tenths g, of solid melting at 215-220° was obtained,
which, after one recrystallization, was identified as tetra-
phenyltin by mixed melting point. Following separation,
drying, and distillation of the ethereal solutlon from the
filtrate an olly residue welghing 14,5 g. was obtained,

It sollidifled upon coeoling in a dry ice-acetone bath,
However, attempts to purlfy the crﬁda product by 1ow‘
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tempersture erystallization were unsuccessful. The erude
product wes uaad as such for the preparation of the followw
ing derivatives,

(1) 1 , inopropyltin methiodide.
Crude triphenyl~"Y «diethylaminopropylting 4.6 g. (0.0l mole),

was mixed with 14,2 g. of methyl iodide with stirring, A
paste waa formed immediately with evolutlon of heat., After
30 minutes, the excess methyl iodide was e vaporated to gilve
a light yellow paste which was then washed with petroleum
ether (b. p. 28-40%) and filtered, Six g, of solid melting
at 153-158° was obtained., Two recrystallizations from a
solution of ethanol and petroleum ether (b. p. 80-70°) gave
4,1 g. (68 per cent) of colorless lustrous plates melting
at 173-175°, This compound is soluble in ethylene glycol
and ehloroform and is slightly soluble in hot water,

Anal, Caled. for CogHzgINSns I, 20,943 Sn, 19,58,
Pound: I, 21,07, 21.37; Sn, 19,64, 18,72,

k Y =31 yltin methow
sulfate gattamgteai, Three g. of dimethyl sulfate was added
to 3.8 g. {6.668@ mola} of t»iphaaylww’-digthylaminayyapylo
tin dissolved in 30 ml. of benzene. A large amount of heat
was evolved while the whole mixture solidified, After 1
hour of refluxing on a water bath, two liquid laygrs were
formed. The mixture was placed in(arrefrigar&tor. Four g

of white molid melting at 118-132° with evolution of gases
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waa’aeparated by filtration, This product was very soluble
in water, ethanol, me thanol, end acetlc aeid at room temper-
eture, Purification of the crude product was unsueccessful,
It elther separated as & s@iaky g0lid or formed two liguid

layers in several solvents,

f¢'Triphenylugraarbcxyphonyltin (attempted). This com=
pound has been made by the oxidation of triphenyl-p-hydroxy=
me thylphenyltin with potassiunm parmanganate.ga In this ex~-
periment, an attempt was made to synthesize 1t by the re- ‘
action of triphenyltin chloride and lithium p-lithiobenzoate,

One-tenth mole of n=-butyllithlum dissolved in 62 ml, of
ether was added fairly repidly to 10.1 g. (0.05 mole) of p-
bromobenzolie acld suspended‘in 50 ml.rof ether, Heat was
@VQlV@d during the addition. The reactlon mixture was kept
below -10° at all time. Color Test II-A was negative after
the additidn. Then 19,3 g. (0.05 mole) of triphenyltin
chloride was added in one portion to the cold mixture,
Color Test I immediately after the addition became negatlve,
The reaction mixtura was hydrolyzed with aqueous aﬁmanium
chloride solution and was filtered to separate 10.2 g. of
white solld melting at 113-118°, Recrystallizations from
petroleum ether‘(b. P. 60-70") raised the melting point to
125~136‘, Thisg camﬁaunﬂ contained 53.0 per cent of tin by
enalysis, It seemed o be triphenyltin oxide,
/[ (CgHp)z8n_J20, the calculated value of which wes: Sn,
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35.2 per cent. The melting point reported for this compound
is 124°, ﬁh@ preparation of triphenyl-p~cerboxyphenyltin
might be successful 1f the organoclithium compournd is first
converted to the Grignard reagent snd then treated with tri-
phenyltin echloride,

C, Organic Compounds Contalning Bonds Between
Two Different Group IV-B Elements

1. Trivhenylsilyltriphen:

A triphanylsilylpptasaium”aa&pemaian prepared from 5.2
g. (0,01 mole) of hexaphenyldisilane wes, after amalgema=
tion, added rapidly to 7.7 g. (0.02 mole) of triphenyltin
chloride suspended in 50 ml, of ether. Some heat was evolved,
and the tan color of the resction mixture faded away gradu-
ally. Color Test I after 4 hours was still positive; 6
hours later 1t became negative, The light gray suspension
thus formed was hydrolyzed with water and filtered. There
was obtained 10.5 g. (0,017 mole, B6 per cent) of white
solid melting et 280-286°, Upon further heating some gray
solid bagﬁn to form in the molten sample. The crude producﬁ
was recrystallized bnas_from & mixed solvent of. dioxans and
benzene (1:1) to give 9,2 g, (76 per cent) of colorless,
gshinging crystals the melting point of which depended somee
what on the rate of heating, Thus, when a sample was hﬁgtad

fairly rapidly in a capillary tube it melted at 296-298°;



when another sample was heated very slowly it softened at
288° end melted at 292°, In all cases some gray precipitate
was formed in the molten sample when 1t was heated above
its melting polint. A mixed melting pain# of this compound
with the triphenylsilyltriphenyltin prepared by the reaction
of triphenyltin*&ithium wlth triphsnylahleraailanalﬁg wes

not depressed,

d (sttempted)

In the first experiment, a sugpanaian of triphenyllead-
lithium was prepared by tresting 0.09 mole of phenyllithium
with 8.4 g« (0,03 mole) of lead chloride suspended in ether
according to the procedure deseribed raaenﬁly.iggy To the
cold suspension of txiphany;imadfxithiu@ thus prepared,
there was added repidly a solution of 849 g. (0,03 mole)
of triphenylehlorosilsne in 100 ml. of ether. There was no
apparent change during the uéﬂit;aa, After 1B minutaa
Color Test I was weakly positivej 1 hour la ter it became
negative. The reactlon mixture was stirred at room temper=.
ature for 4 hours end then was hydrolyzed with aqueous am-
monium chloride solution. The mixture was flltered to
separate 9,7 g, of gray solid which did not melt below 360°

and was insoluble in benzene, chloroform, or nitrobengene,

’igéﬁ. ﬁilman, L. Bummers, end R, W, Leeper, J. Org.
Chem, , 3«_2, 830 (19&3);
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Upon ignition it burned with a smoky flame, emltting blue
and carmine red éalar. It was suspected to be le ad chloride
contaminated with some lithium salt and some organiec material,
A sample was bolled with water and filtered hot. The aque~
ous solution gave & positive test for lead and chloride ions.
From the ethereal solution 7.8 g. of light yellow solid
melting at 128-140° was obtained. This was dissolved in =
mixed solvent of pebtroleum ether (b, p. 80=70°") and acetone
and was cooled to give 0,3 g, of light yellow solid whinh
turned gray at 140° and black at 210°, ?ha'mmﬁhe; liguor
was concentrated to yleld 5.4 g, of erystals melting at 136«
146°*., One recrystallization from petroleum ether (b, p, 60=-
70°) gave &;& g« of triphenylsilanol {mixed melting paimﬁ).
This experiment was repeated %h#ag timﬂs by‘varying the
reaction time and the temperature, In‘all eases only lsa@
uhlérid@ and triphenylsilanol were obtalned in good yleldy
no triphenylsilyltriphenyllead was isolated, =

Since there appeared to be no reaction between tril-
phenylchlorosilene and triphenyllead-lithium, 1t was hoped
that 1t might be possible to synthesize the triphenylsilyl~
triphenyllead by the reaction of triphenylsilylpotassium
wlith triphenyllead iodide, & triphsnylsiiylpoﬁassium sug«
pension was prepared by cleaving 2.0 g. (0.0039 mole) of
hexaphenyldisilene with sodiume-potassium g;lay'aa’dasgribed
previously on page 52, A suapanaion of 3.9 g. (0.0069 mole)
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of triphenyllead lodide in ether was added to the alloy-free
triphenylsilylpotassium suspension. The raactian nixture
became light brown after the addition, and no apprecisble
amount of heat was evolved, After 1 hour of stirring a
light gray suspension was formed, This wes hydrolyzed with
water and was filtered, The greenish-gray solid residue
waa bolled with b&nzane and was filtered to separate 0,7 g.
of greenisheyellow powder which turned gray at about 340°
but did not melt below B00®, From the benzene solution 1.1
g« of white sollid which turned gray at 155° and melted at
220° was obtasined. This seemed to be hexaphenyldilead,

From the ethereal solution 1,8 g. of colorless solid was ob-
teined which melted with decomposition at 170%, On standing
it changed to & lightkbrawnvﬁalar, This was bolled with
petroleum ether (b, p, 60~70°) and filtered hot, From the
colorless filtrate there was obtained 0.5 g. of white crys=
tals which turned gray at 165° and melted at 195° with de=
composition, This product was not 1&antifi@&.

(attempted)

3, Triphenylstannyltriphenyllead

A triphenyllead~lithium suspension was preparqd by
treating 0,06 mole of phenyllithium with 5.6 g. (6.02 me}@)
of lead ehlarida,lg4 To this suspension was added 7.7 g.
(0.02 mole) of triphenyltin chloride in one portion. No

apparent change was observed after the addition., The reaction
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mixture wes stirred 5 hours at ~5° and then was hydrolyzed
with aqueous ammonium chloride solution and filtered., From
the filtrate 0.2 g. of white crystals decomposing at 155°
and melting at 224° wes obtained., These sppesred to be
hexaphenyldilead, The insoluble tan solid (14.5 g.) turned
gray upon heating, but 1t did not melt below 360°, Three
ge of this product was extracted with ether for 3 days in a
Soxhlet extrasctor. The extract was evaporated at room
temperature with the ald of a water pump to leave 2.3% g of
colorless platea, Upon heating, part of the g&mp;a began
to decompose at 93°, forming a light brown liquid; then it
changed to gray at 120°, From thaet temperature until 225°
there was no further change in tha}sample,‘a mixturafof wet
white solid aontaining some biguk precipitate, At 225° it
melted to form a aelmrleas‘liqgia with some black prsaipiw
tate., In the extractor, 0.3 g. of insoluble solld was re-
covered which did not melt upon heating. It seemed to be
inorgenic matter, ‘
The colorless plates thus obtained changed on standing,
Some black,lustrous spots gradually appesred on the center
of some of these plates, A samﬁl@ of these plataﬁ was
heated on a melting point bloeck. At about 70* it turned
brown and then black without melting. Apparently, this

product is unstable on stending.
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Iv. DIBCUSSION
A. Orgenosilicon Compounds

In this invéatigation & number of Qrganosiliaon}eam+
pounds have been prepara& &y the resction of triphenyl-
silylpotassium with an organic halide. T#iphanylsilyipgn
tassium 18 a vafy reactive iﬁtermeaiata. It not only re-
acts with a large number of organiec halides‘but alaé adds to
the ¢arbcny1'gra&p”(an¢h as the addition to Hiehler's ke tone

134) and to the carbon-carbon doubie bond of

in Color Test I
trans-stilbene, The last reaction 1s of interest because
enlyvvery reactive Qrganamaﬁallie gompognﬁa‘can add to the
ethylenic 11ﬁka$ﬁ-195 $imilar reactions have not been
observed for triphenyltinelithlium, which does not give a8
positive Color Test I or add té‘ﬁgﬁggfstilbmna.}gﬁ
Among various compounds sbudied 1nrthia investigation
it was found th&é hexaphenyldisilane is the best starting
maeterial for the preparation ofvtviphanylailylpataasium»
The use of hexaphenyldisilane has some advantages whiah are
not found in any other ;tar%ing material such as triphenyl~

chlorosilane, triphanyieﬁhoxyailana, or tetraphenylsilane,

‘lgﬁﬁar a general discussion of the reactivity of
various kinds of organometallic compounds, see H, Gllman,
"Organic Chemistry™,; 2nd ed., John Wiley and Sons, New
York, 1943, pp. B20-529,
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First, hexaphenyldigilane ean be made in excellent
yields by coupling triphenylechlorosilene with sodium., The
procedure is very simple and the product obtained directly
from the reactlion is good enough for the preparation of tri-
phenylsilylpotassium without further purification. As a
matter of faot, ichaa been ubaervad that the‘giaavage rew~
action with the reorystallized h@xaphﬁnylaiailgna_ia not
as satisfactory as that using the "erude" hexaphenyldisilene
whieh is aetually of high purity. The reason for the slow
reaction of the reerystallized hexaphenyldisilane 1s not
due to the abasence of catalytle substances which might be
present in the wnpurifie&_hex&yhgayldiazlana but rather due
to the degree of subéivi&&en of the starting materlal be-
cause the hexaphenyldlsilane is separated from the coupling
reaction of triphenylchlorosilane as a finely divided
granular erystalline substance while the recrystallized
product ﬁenda to form rather large erysﬁala. In a hetero-
geneous reaction like the cleavage of hexaphenyldlsilane
with sodium~potassium alloy, the rate of reaction depends
8 great deal on the surface area of the raaetants, the
larger the surface area the faster the reaction. Other
starting materials are elther not avallable or diffieult
to purify. For example, triphenylethoxysllane has to be
made an& purified., Triphenylehlorosilane, although come
mercially avsilable, 1s difficult to keep due to lts ease
of hydrolysis, Hexaphenyldisilane can be dried conveniently
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by putting it in an oven at 110° to insure the absence of
moisture while this cannot be applled to low-melting ea@a
pounds like triphenylchlorosilane, The ahahility‘of he xa~-
phenyldisilane makag_it possible to keep it indefinitely.

Sesond, hexaphenyldisilane is the ideal starting
material for the preparation of triphanylsiiylpataasium,‘
when the lack of byeproduct 1s being eaﬁsi@ar&d. The re=-
sction of hﬁxaphenyldisilaas with sodium~potasslium alloy
proceeds according to the équabian:

(OgHg) 35154 (Cglg )3 + 2K(Na) —» 2(CgHg) 581K

In other words, one mole of haxaphanyldisilane gives two
moles of triphsnylailylpqtasaium,» The only foreign materials
in this a&atam are the excess alloy gnd the solvent, ether,
However, when other compounds are used there are some by=-
products present in»th@”symtam ﬁhlch, in some cases, might
induce side reactions, rendering the yield and the purity
of the products low. Thus, when triphenylethoxysilane was
used as the starting material for the preparation of tri-
phenylsilylpotessium a 48 per cent yleld of tetraphenyl-
gilane was obtained failawing ﬁr&g@mmn@ withkbrcmmbenaana
while & 96 per cent yield of téﬁraphanylsilans can be ob=
tained when hexaphenyldisilane 1s used agy#tarting material

196

under aimilar,aqnditiana. Benkeser and co-workers cleaved

triphenylmethoxysilane with sodiumepotassium alloy followed

198, A, penkeser, H. Lendesman, and D. J. Foster,
g,,ﬁﬁ. Chem. S0C.s 74» 648 (1952),
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by treatment with triethylechlorosilene and obtained 41 per
cent of 1;1,1~triphﬁny1~2,Q,Q»twiethyldisilane while a 80
per cent yield of the same compound can be obtained from
triphanyl@hlerasilana.152 The impuritlies in the former case
are potassium methoxlde and sodium me thoxide whila those in
the latter case are the alkali metal ehlorides, None of
these by~products are formed from hexaphenyldisilane, The
use of this compound leads to the best pcsgibla pﬁﬁity of
triphenylsilylpotassium, end this is particularly importent
for the investigation of new reactions. ,

Third, the cleavage reaction of hexaphenyldisilane
starts immediately on stirring a suspension of the dlsilane
with sodium-potassium alloy and then goes smoothly., Any
uncleaved starting meterieal may be recovered as such with
ease due to the high stability and low solubllity of hexa-
phenyldisilane, Thisg is‘nmt the case when compounds like
triphenylsilane are used, ‘Thia m@rit’sf uging haxaphenyl-
disilane is important because 1t enables one to trace the
starting materlal end to study a reaction more accurately,

The cleavage of haxaphanyléiailane of mcdiumﬁpatassium
gilay in ether 1araarried out in a heterogeneous system
egontaining two liquld phases and a2 solid phase., In this
type of reaction the rate~determining process is physical

rather than chemlcal, The rate ls affected by the method

of mixing, concentration, and the relative volume of the
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reactants, the size and shape of the contalner, the solubllity
of the resctant, and the tendeney of the reacteant to eling

to the metalllic globules, Accordingly, a high conecentration
and starting materials free from impurities (especially mois-
ture and agids) should be used ta,inaure 8 successful cleav-
age reaction particularly at tha‘vary,béglnning of the
cleavage reaction., The liquld state of the sodium-potassium
alloy furnishes the advantage thet, on stirring, a new sur-
face of the alloy is produced continuously to provide active
spots for the reamctlon., Needless to say, if the reactants
and the solvent are not pure &nd_dry, the alloy will be
coated and no reaction will proceed, -

The problem of separating tha‘axcass¥allay from the
triphenylsilylpotassium or yice versa is very important in
the successful spplication of triphenylsilylpotassium to the
synthesis of organosilicon compounds, If thé excess alloy
were allowed to remain fﬁ the system it would react with
the organic hglidaa or add to the unsaturated linkages so
that a‘elean~aut,reaebian in these cases would not be pos=~
sible, TFurthermore, the presence of alloy in the system may
be hazardous for the subsequent processes such as hydrolysis,
For compounds which are not’atable to bases the presence of
unnecessary alkali metals 1s definltely undesirable,

It was thought that there might be two ways of separat-
ing the unused alloy from the triphenylsilylpotassium sus-

pension, Flrst, this could be done if a solvent could be
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found which would dissolve triphenylsilylpotassium but not
the alloy. Second, opposite to the first, a solvent might
be used to dissolve the alloy but not the organosilicon-
metallliec compound. With the former dbjent,in mind, & number
of solvents, ineluding toluene, triethylamine, and di-n-butyl
ether at moderately high temperatures, have been tried withw
out success. Triphenylsilylpotessium is such a highly

polar compound that i1t seems unlikely that a aalvant exists
which dissolves but does not react with 1t, Therefore, the
second possibllity, 1.e., to find a aubstapea‘which dig~-
solves only the excess alloy, was explored. Mercury is the
1deal substance for thls partieular purpose, After some
preliminary studies,; & pr@agduravforwtha :Qmoval qf excess
alloy from triphenylsilylpotessium was worked out.

The advantages of amelgamation of the excess alloy may
be mentioned briefly. Mercury dissolves sodium and potas-
slum in all proportions but neither mercury nor the amalgam
is remetive enough to displace potgsaiumlrrgm triphenyle
silylpotassium, The amalgam 1s much heavier then the tri-
phenylsilylpotassium suspension so hhak it is very easy to
separate them by decantatlion or by means of a siphon. By
properly adjusting the amount of mereury a viscous, semi-
liquid amalgam can be formed which makes possible the separa-
tion from the organosilicon-metalllic suspension wlth great
ease, Finally, the reactivity of the alkell metals is

diminished considerably by amalgamation, so that the fire
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hazard 1s substantially reduced. As a matter of fact, small
amounts of the amalgamated alloy c¢an be taken out in the |
open alr and treated wlith water aafaly; ;

It is of interest to point out that In some reactions
the excess of sodium~potassium alloy need not be removed
for the reactlon of triphenylsilylpotassium with some halo=
gen compounds. Thus, triphenylailylpotasaium.reacta,with
bromobenzene and with trimethylchlorosilane in the presence
of excess alloy to glive good ylelds of tetraphenylsilane and
1s1,1~triphenyl~2,2,2- trimethyldisilane, respectively. In
other reactions, however, the presence of excess alloy ls
definitely undesirable. For example, in the reaction of
triphenylsilylpotassium with”triphanyltin’ehlorida,‘a}76‘par
cent yleld of pure triphenylsilyltriphenyltin 1s obtained
following the ramavalvof the excess alloy, while only 36 per
cent afﬁth@’produet is obtained if the excess alloy is not
removed. Bome hexaphenylditin ls formed as a by~product due
to the coupling of triphenyltin chloride with the excess
sodium-potassium slloy. ¥Excess alloy would certainly com=-
patevwith triphenylsilylpotassium the addition reactlon to
the ethylenic linkage of trens-stilbene, | | 4

The reaction of triphenylsilylpotassium with haloben-
zenes shows that, ss one should expect, bromobenzene is more
reactive than ehlorobenzene, whieh;win turn, is more re=-
active than fluorobenzene., Thus, even in the presence of

excess alloy bromobenzene reascts wlith triphenylsilylpotassium
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in a period of 15 minutes to give a 96 per cent yield of
tetraphsnylailane.‘ With chlorobenzene in a peried of 1 hour
a 53 per cent yleld ef‘tetrapﬁanylsilane is bbtained nndar
the experimental conditions. Fluarebanzens,.howaver, givaa
only a 12 per cent yleld of tetraphenylsilane in a periad ’
of ?O hours. Aithﬂugh the éxparimental conditions of these
reactions studled were not exsctly the seme (1t is difficult
to attain uniformity in a heteroganaeué sygtam},,tha general
trend of the rsaétivitiea of these halldes is evident,
The diffieculties in qbtaining a gogdyyial& of the par-
tially phenylsated hexachlara&isilanaa, such as 1,1,1,%- )
tetraphenyl-2,2-dichlorodisilane and 1,1,l-triphenyl-2,2,2-
triehlaradisilane, are partly‘du@ to tha(posaibla,aiéa re-
actions and partly due ta.the}inatgﬁility Qf these chloro
compounds, For example, when silicon tetrachloride is
treated with an squivalent amount of triphﬂnyiailylpctamu
sium, one, two, or m@?e of the ehlorine atoms in silicon
tetrachloride may be substituted by thﬁ“briphenylsilyl
group, giving rise to a mixture of compounds, Also, one
would e xpect the compound 1,1,l-triphenyl-2,2,2-trichloro=-
disilane to hydrolyze easily because there are three chleorine
etoms on one silicon atom. Thus, ﬁlthcugh pure pentaphenyl-
chlorodisilane can be kept even in alr for a long time, the
di~ and the tri-chlorodisilsnes change on standing for &

short time,
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Triphenylsilylpotassium has been used successfully for
the preparation of phenylated polysllanes. Octaphenyltrie
silane and decaphenyltetrasilane waré,maﬁa. They are the
only examples known so far of octasubstituted trisilenes and
decasubstituted tetrasllanes although a number pf»pclyw
silanes of the formula (RyS81), have been vapqrted.lvﬁ’lvv
The method of preparation of these polysilanes may well be
extended to prepare the high@r homologs. ;

A large number of organodisilenes, both symmetrical
and ungymmetrical, can be made by the reactions of organo~
sllicon-metallic types. The coupling reaction of an organo-
silicon~metallic compound with an orgenchalosilene may be
repsated so that the resulting organoslilane has & silieon
chain twice as long as that of either of the reactants.

The synthesis of deaaphaﬁyitetmasiiane 1s an example, When
tripﬁenylailylpetasaium 1s treated with diphenyldichloro-
gilanse, pentaphanylehl&rodia11ane;ia formed, When this di-
ailama‘ia treated with sodium, decaphenyltetrasilane is ob-
tained, By this method, i1t seems quite possible to prepare
higher polysilanes contalning phenyl and other groups, al=-
though the maximum attainable length of the silicon chain
is not comparable with that of carbon,

Phenylated disilanes aon?aining one, two, or three
chlorine atome have been made. These chloro derivatives
not only serve as the starting materials for the‘praparatisn

of polysilanes but are also used as an alternative way of
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preparing & number of unsymmetrical diailanea'sontaining :
different groups on different silicon atoms, v

There are ten different ways of putting two different
groups on the two silicon atoma}in th@ hexasubstituted diu
silane, All of the disilanes contalning phenyl éroupa and
p~tolyl groups have been prepared in this investigation for
the purpose of studying the possibllity of dissoclation of
these compounds, It is found; as & result of these studles,
that, as one would expect, the melting point and the golu=
billty vary in accordance with the degree of symmgtry of the
molecules, The more symmetrical the disilene 1s, the less
soluble and the higher melting the silicon compound is,
The melting polnts of the organcdisilanes containing phenyl
and p-tolyl groups are given in Table I, o

From the melting peint studles 1t is seen that the most
. symmetrical disilanes (hsxaphenyl and hexa-p~tolyl) have the
highest melting points, while the most unsymmetrical disilane
(1,1,2-triphenyl~1,2,2-tri-p-tolyldisileane) has the lowest
melting point in this a@riﬁs, The gature ana thg\pa&ition
of the substituted group also show some effects on the melt-
ing point of the molecule. Thus, while hexaphenyldisilane
has a higher melting point than the hexa~p-tolyl compound,
the reverse is observed in the pentasubstltuted serlesj
penta=p=tolylphenyldisilane has & higher melting point than
pentaphenyl~p-tolyldisilane. The symmetrical tetraphenyldi-
p-tolyldisilane has a higher melting point than the
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Table I

Melting Points of Hexasubstituted Disilanes Containing
Phenyl and p-Tolyl Groups

" Disilane Formule M. Pes °C
Hexaphenyl~ Y,8181Y,"  360-~362P
Pentaphenyl-p-tolyl- Ys31812Z¥2 283-285

1,1,2,2=Tetraphenyl~l,2«di~p-tolyl- YpuZS181ZY¥p 252253
1,1,1,2-Tetraphenyl-2,2-dl-p~tolyl- YsSiSiZs¥ 229230
1,1,1-Triphenyl-2,2,2-trli-p-tolyl- Ygﬁiﬁing 262-264
1,1,2-Triphenyl=1,2,2-tri-p-tolyl-  Y2S181Zg¥ 226-227
1,2=-Diphenyl=l,1,2,2-tetra~p-tolyle YZo3i81Zg¥ 240-241
1,1-Diphenyl-1,2,2,2~tetra-p-tolyl- Y228181Z3 240-241
Phenylpenta-p-tolyl= YZp318iZy  288-290
Hexa-p~tolyls Z3S181%;  354-356

®Tn this table ¥ represents the phenyl group and Z the
p~tolyl group.

bﬁeeanﬁly a bateh of hexaphenyldisilane melting at
368-370° was obtained from the purified triphenyl-
chlorosilane, -
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unsymme trical compound but thls is not observed in the di=-
phenyltetra-p-tolyl series. 1In the latter case the sym-
metrical and unsymmetrical diphenyltetra~p-tolyldisilanes
have the same melting point and a;mixture of these two com-
pounds algo melts at the same temperature, 240-241°,

Mixed melting point studies of the hexasubstituted di-
silanes containing phenyl and p~tolyl groups show that,}like
other compounds, the more similar the eompounds the less de~
pressioh occurs in their mixed melting polnts. Thus, 8 mix-
ture of approximately equal amounts of pentaphenyl-p-tolyl-
digilane and phenylpenta—gytﬂlyldiailans melts 35 degrees
lower than the melting point of the lower melting component,
The mixed melting points of a mixture of disilesnes contain-
ing same number of phenyl and p«tolyl groups show very little
depression, - A . S

The amall depresalons in the mixed melting pointa‘of a
mixture of two closely similar compounds have been reported
in the literature., Drew and Landquistgg‘studiea‘the mixed
melting points of a mixture of tetraphenyl compounds of
earﬁan, silicon, germanium, tin, and lead and observed that
there was very little depraagian ;n the melting point of a
mixture of two of these compounds, Even a mixture of five
of all these compounds melts at 220-221°, a melting point
range usually considered a eriterion of a pure compound.

The solubilities of the hexasubstituted disilanes In
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general vary with the symmetry of the molecules, Hexaphenyle
disilane and hexs-p-tolyldisilane are only glightly soluble
in hot benzene. The unsymmetrical compounds like 1,1-di-
phenyle-l,2,2,2~tetra~p-tolyldisilane and l,l,%»tripﬁanyl»l,
2,2=tri-p~tolyldisilane are very soluble in benz@né and
other solvents. The aalubilitiaa, however, have not been
determined quantitatively, |

The symmetrical disilanes are made by the coupling re-
action of a triarylchlorosilene with sodium. The unsym=
metrical disilanes are formed either by eaupling a triaryle
silylpotessium with & trisubstituted halosilane or by treat-
ing the partially arylated hexachlorodisilane with an
appropriate aryllithium compound, It has been found that
the coupling reasction glves a better yleld and purer di-
silanes than the reaction of the halodlsilane with an
aryllithium, For example, pentaphenyl-p-tolyldisilane is
obtalned In 28 per cent yleld by tresting pentaphenylchloro=
disilane with p«tolyllithium and in 77 per cent yleld by the
reaction of triphenylsllylpotessium with diphenyl-pwtolyle
chlorosilane, Similaerly, 1,1,1,;2«tetraphenyl~2,2«disps
tolyldisilane is obtained in 14 per cent yleld frem the
organclithium reaction and 72 per cent from the coupling
reaction; 1,1,lstriphenyl=2,2,2-triep-tolyldisilane 1is ob=
tained in 11 per cent yleld by the organolithium reaction
and 26 per cent yileld by the coupling reaction.
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It has been shown that under ordinary conditions, hexa«
aryldisilanes do not dissociate into triarylsilyl radicals
analogous to the triarylmethyls. A contrasting example 1s
provided by the faet that hexa~p=biphenylylethane is highly
dissociated even in the solid statel®” while the silieon
analog shows no evidence of digsacia%ioﬁ.lsg In this work
two hexearyldisilanes with improved solubllities over hexa=
phenyldisilene have been treated with oxygen and lodine but
there 1z no indicatlion of the formation of the triarylsilyl
radicels., One of the hexaaryldisilanes prepared, the 1,1,2-
triphenyl=l,2,2«tri-p-tolyldisilane, wes sent to Northwestern
Universlty for megnetie susceptibility meamsurements. Fol-
lowing 1s a copy of a le tter addressed to Dr, Henry CGllman
from Dr. P, W, Selwood of the Northwestern Universlity.

Department of Chemistry
Northwestern University
Evanstony Illinois
January 1ll, 1952

Prof, Henry Gilman
Department of Chemistry
Iowa State College
Ames, Iowa

Dear Professor Gllmang

The sample of disilane which you sent us appears
to be diamagnetic with the susceptibllity of epprox-
imately «0.6 x 10=6, This value is obtalned both
for the solid and when the substance 1s in benzene
golution. The preclsion of the results 1s not very

= o — - : ‘ . L
Re Muller, I. Muller-Rodloff, and W. Bunge, Ann.,

520, 235 (1935).
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high because of the relatively large volume of soluw
tion we are forced to use in our present apparatus
and,; also, because the solld, like many similar sub-
stances, 1s remarkable for the electrostatic charge
which it tends to pick up.

However, I feel ecmplataly eonfident that no
appreciable free radicsl is formed and, perhaps, on
the basls of these measurements we could say thet an
upper 1imit for dissocistion would be not over 5% in
the benzene solution, Taken together with your own
observations on these subsbances, I am sure we can
gay that the disilenes are entirely different from
the hexaasrylethanes so far as thelr dissoclation is
eoncerned, ~

With best wishes,

Very sincerely yours,

P. W, Selwood

The lack of dissocistlon of hexaaryldisilenes is probe
ebly due to the small resonance stabilization of the tri-
aryl groups which necessitates a strusture containing a
silicon-to~carbon double bond the contribution of which is
considered to be small, However, dipole moment measurements
of trimethylarylsilanes favor the postulation of structures
involving a double bond between & carbon and a silicon
atem.lgg Perhaps we can say that structures contalning
carbonegilicon dauble_bonda mey form underyﬁgrtain‘favcrgbla
conditions, but the contribution of these structures in some
hexasryldisilanes may be too small to stabilize the tri-
arylasilyl radicals, Nevertheless; if the gix aryl groups of

198y gorser and T, mwms, I, &. hem. Soc., 13
5817 (1951). |
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the hexaaryldisilane (preferably an unsymmetrical one becsuse
of}highar solubility) have very bulky ortho-substituted
groups to increase the sterie hindrance of the molecule, the
chances of dissoclatlon of the silicon-ailicon bond might

be appreclably increased, The bond energy of the silicon=-
8ilicon bond is considerably smaller than that of the
carbon-carbon bond (SieS1, 45 kealymole; C=C, 80 kcal./
mmlalgg) end 1t hes baaﬁ showny inythis investigation, that
the siliconesllicon bond of some ﬁexaaryldiailanas can be
cleaved by & number of rsagents such aa,sadium“pata@sium

143 and bromine,

alloy A |

The infrared spectra of the hexasubstituted disllanes
containing phenyl and p~tolyl groups have been studled by
Dr. V. A, Passel and Mr, M, Margoshes, Samples of theose die
silanes are dissolved In carbon disulfide and the infrared
sbsorption spectra are taken. The phenyl group attached to
silicon gives absorption bands at 13.54(# O.lec) and
14.3 (% 0414} and the p-tolyl groups at 12.5.c(f 0.1 ),
The 1n(xﬂ}%«valaaa of each compound are determined, The

values

Ioy n (fo)
A0 Phs st 10 (R, 4,

1991, s, Pitzer, ibid., 70, 2140 (1948),

%I@ = percentage of transmittence if there were no
absorption band,

I = sctual percentage of transmittance,
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are plotted as the ordinate versus the velues

| Eumhar of gytaiylpgraﬁpa |
as the abseissa, A straight 1ine passing thrcugb the arigin
is obtalned, A simiiarrpraaaaura is Qarriad out on the
monosilanes eontaining phenyl and p-tolyl groups., The
points plotted for this series also 1lle on the same line,
This shows that the intensity of the sbsorption bands of
the phenyl and the gytalyl groups depend on the mumber but
not on the position of these groups. Thué, both i;isaf“
triphenyl~1,2,2-tri-p~-tolyldisilane and 1,1,l-triphenyle
2;2,2=tri~-p-tolyldisilane give the same point on the straight
line, , , , }
It 1s of interest to point out that for trisubstituted
chlorosilanes containing phenyl and p-tolyl gréupa, 8
straight line passing through the origin can also be ob=
tained but this line has a different slope from the other
one in which no chlorine atom is present in the molecules.
In ths studies of the eleavage of the silicon-siliecon
bond of h@xaaryldiaiianas;vit is found that, among the
chemicals tested, only resctive alkell metals snd halogens
can cleave the silicon-silicon bond. Sodium-potassium alloy
is the most useful reagent in that 1t 1s easy to prepare and
1t ecleaves hexasubstltuted disilanes smoothly to give high
yields of triarylsilylpotassium, Sodium cannot c¢leave
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hexaphenyldisilane in bolling xylenes; hot dioxene, or ether,
but it may do so in liquid ammonia although the resetion is
not as cleen as the cleavage reactlon with sodiumwpotassium
alloy in ether. Possibly lithium may cleave hexaphenyl-
disilene in liquid ammonle or ethylamine, , ,

Among the halogens, iodine is too unreactive to initi-
ate any cleavage reaction of hexasryldisilanes although it
reacts rapldly wikhvhaxn&ryl&hh&n@s to form the lodides,
Bromine, however, is active enough to cause the cleavage
resction of the organodisilene but the reaction is rather
slows Thus, in 42 hours 33 per cent of triphenylbromosilane
is obtained by the cleavage of hexaphenyldisilane by bromine
while a BB per cent yleld is obtalned In a period of 6 days.,
Probably the more actlve halogens, chlorine and fluorine,
would be found to cleave hexaephenyldisilane in a more rapild
rab@‘ . . | S .

A number of oxidizing agents have been tried as cleave
age agents for hexaphenyldisilane, ineluding oxygen gas.,
The last chemlical is known to react readily with some hexa=
arylethanes to give peroxides. ﬁéwa#ar; this has not been
obgserved for hexasubstituted disilenes containing phenyl
and p-tolyl groups. Hydrogen peroxide does not cleave the
siliaunwailiaén bond under the experimental condltions em~
pi@yad. Chromic acld exidiaea &eme of the haxaphenyldisilana
but no pure product can be obtained prabahly because chromic

acid attmcks the carbonshydrogen bond or even the carbone-
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carbon bond in eddition to the siliconesilieon bond, It is
believed that some oxidizing agents might be found which
eleave only the siliconw-silicon waﬁa‘aw hexaaryldisilane,

One of the typieal redueing agents, lithium aluminum
hydride, has been tried as a cleavege agent for hexaphenyle
disileane. Results show that the disilane 1z completely
inert to this reducing agent. Phenyllithium, too, does not
react with wsxﬁvw§§qwa»w»paﬁe*

In 1933 Kraus and %ﬂwasmwwﬁm treated triphenylbromoe
sllans with lithium in ethylamine and e¢laimed that the
solvated free radlcal "triphenylsiliceyl ethyleammine” was
isolated which could be distilled at 150" in a high vacuum
without a@aagﬁam»a»ez, @aaewmwﬁw to these workers thls come
pound melte at 45° and has the formula, (CgHg)s21eCoHgNHa,
ﬁWWQ 1t was treated with another equivalent of 1ithium,
"lithium triphenylsilicide” was obtained which reacted with
bromobenzene and wlth smmonium bromide to give tetraphenyle
silane and triphenylsilane, respectively. This solvated
free radical, according to the same report, gave almost
quantitative yleld of hexaphenyldisilane on selution in
ether followed by the evaporation of the ethereal solution
to dryness.

In this investigation several experiments have been
carried out in order to cheek the above results., It was
found that triphenylehlorosilane reacts with ethylemine in

the wm@wwﬁaa or absence of lithium to give a product melting



w1l 43-

at B0 and, contrary to the findings of Kraus and Eatough,
this aompauna'éaas not react with lithium to give triphenyle
silyllithium. (ﬁe'tatraphenylailane is formed by ﬁhe treatw
ment of tﬁa so-called "lithium tﬁiphmnylailieide“ with
bramébanﬁeua.) Also, when the so-cslled "triphenylsilieyl
ethylammine™ is evaporated with ether, no hexaphenyldisilane
is formed., It is belleved that the resction of triphenyl-
ehloroglilane with lithium in ethylamine praduces triphenyl-
ethylaminosilene, (ﬂgﬂg)gﬁiﬁﬁﬁgﬁg. It seems unlikely that

a triphenylesilyl free radical can be 1solated as such.,
More improbable is the ataﬁ@msnklée that the free radical
cen be distilled at a high tempersture without decomposi=-
tion. The work of Kraus end Egtaughiig_ﬁomld not be re~

, ; 2 ‘
produced in anaﬁhsr_l&baraturygyoé Under the experimental

conditions, E@nkesapggg

Tound that an almost quantitative
yield of the N-sthyl compound wag‘nbtainaa but hm solvated
free radical was formed, ’Xt appears that triphenylhalo~
silanes are not sultable for the preparation of triphenyl-
s1lyllithium in ethylamine baaauag»bhey react easily with
the solvent, \ﬁaxaphanyldiailang,probably ganrba nleaved by
1ithium in liquid smmonia or liquid ethylamine as 1t can
with sodium,; If the resetivity of lithium is highvaneﬁgh.

Under such circumstances the,aempatifi#n amination reactlon

ga&?rivata communicatlion to Dr, Henry Gilman from
Br‘ R. A, Benkeser of Purdue ﬁnivar&ity, 1951,
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of triphanylhaleailana is ruled out because there is no
organohalosilane in this system.

Triphenylsilylpotassium adds to the carbon-carbon double
bond of transestilbene to give (3 ~triphenylsilylsd, B-di=
phenylethylpotassium according to the following equation:

(CeHg )zS1K + CgHgCH = CHCgHg — = (CgHg ) 3S1CH(CgHg )CH(C4Hs )X

The potasainm compound 1is &erivatiaed by hydrolysils and by
carbonation. The addition reaction furnishes & convenlent
way of syntheslizing some organcszilicon compounds. The addie
tion of an organometallie compound such as phenylisopropyle
potassium to an olefinie group is well known, but no report
has been found on similar reactions of the silicon compounds,
The addition of an orgenogermylsodium compound to the eth-
ylénic linkage has not been studied, but triphenyltine-
lithium does not add to the carbon-carbon double bond of
Eggggpstilbane.igg The addition of arganoailieonkmatalii@
compounds to multiple linkages 1s interesting for the |
yurpose of aarralating’tha ahﬁmieal properties of th@ or ganoe

siliconmetallic types with the carbon analagé.

B. Orgsnotin Compounds

Reactions of tetraphenyltin with stannic chloride furnish
a simple, convenient, and efficient method for the prepara-

tion of phenyltin ehlorides, It has been found that an
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exceas of stanniec echloride is desirable because of the relaw
tive volatility of stanniec ehloride., Yields asround 70 per
cent of triphenyltin chloride are obtained by varylng the
ratio of tetraphenyltin to stannliec chloride, The difficulty
of obtaining a higher yield may be atitributed to the fact
that under these conditions, some diphenyltin &1&h@0riéa and
perhaps some phanyltin tviehlorida are also formed, Theae
lest two compounds can be removed esslly from triphenyltin
ehloride by recrystallization., If some unconverted tetra=-
phenyltin is left over in the pr@parati@n, its separation
from triphenyltin chloride is a little more difficult.
Therefore, an excess of stannic chloride is preferable unw~
less the reaction 1is carried out in a sealed tube,

In this Laboratory triphenylep-bromophenylsilane has
been made by the r@&@ti@n of t%iphanylehloroailana with -

brammphenyllithium.lgg

However, under simlilar conditions
triyhanylmgpbrmmophanyltin 1s not formed by the reaction of
triphenyltin chloride with p-bromophenyllithium., Neverthe-
less, when the lithlum compound 1s converted to the Grignard
reagent good ylelds of triphenyl-p-bromophenyltin can be
obtained. The failure to obtain the desirable product is
probably due to the c¢leavage of the carbonetin bond of the
orgenotin compounds by the organollithium compound, Since
the Grignard resgent ls less reactlive than the organolithium

compound, no cleavage of the carbon-tin bond oecurs and the
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expected product eén be obtained, The carbon-silicon baﬁd
is much stronger than the carbon~tin bond. Consequently,
no cleavage occurs when triphenylehioroailaaa 1s treated
with pebromophenyllithium and the triphenyl-p~bromophenyle
silene can be obtained. The difficulty in syntheslzing
triphenyl-p-carboxyphenyltin by the reaction of triphenyltin
chloride with lithium pe=lithiobenzoate is probably due to
the same reason, g,g},‘elegvags of the earbon-tin bond by
the organaiithium compound, The insolubility of the lithium
salt in this eaaa‘algo%mak@s 1t more difficult for the re-
action to proceed, | B

Evidence for the cleavage of the carbon-tin baﬁd and
the carbon-lead bond hag been observed previously in this

@6; and t@traphenyllaaﬁacg can be

Laboratory, Tatrayhanyl*in
cleaved by nebutyllithium to give tetrﬁngybuﬁylﬁin,and
tetramgyhntyllaady regpectively. The corresponding metal-
metal interconversion feaeti@n with tetraphenyllead and n-
butylmagnesium bromide does not aaéur in the game length

of ﬁimm.gcg

P |

The reaction of triphenylep-tolyltin with Nebromo=
suceinimide did not give the bromomethylphenyl compounds,
Under similar conditions, triphenyle-p=tolylsilsne resacts

with one equivalent of N~bromosuccinimide to give 73 per

391H Gilman, F., W, mera, and R, G. Jones; J. Am,
Chem. Soc., 83, 2482 {1941).

2024, Gilman end F. W, Woore, ibld., 62, 3208 (1940).
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cent of triphenyl~p~bromomethylphenylsilene; with two equiva=-
lents of Nebromosuccinimide 63 per cent of ﬁriphenyl~gydiu
bromome thylphenylslilane can be abtaimeé.él The difficulty
of brominating the p~tolyl group of the tin compound may
also be due to the relatively unstable carbonetin bond which
might be ecleaved by Nebromosueccinimide under the experimental
conditions, -

From the studles of the water~-solubility of organotin
compounds containing quaternary ammonium groups and the cors
responding lead analegs,15ﬁ it 1a geen that in general the
organotin compound is more soluble than the organolead comw=
pound, Orgenotin and organolesd compounds aantaining three
phenyl groups and an alkylaminoalkyl group are more soluble
than those econtaining three phenyl groups and a pwdimethyl=
aminophenyl group, For aampaunds having the seme number of
quaternary ammonium groups the methosulfates are more s0le
uble than the methiodides, Finally, the solubility of the
orgenotin and the orgenclead compounds increases with ine
ereasing number of quaternary ammﬁninm groups in the molew
cules,

To 1llustrate these g@neralisatiana, for example; the
methosulfate and the methiodide of triphenyl-p-dimethyl-
aminophenyltin and those ofvtriphenyl«gydimethylaminaphanylv
1@&&133 are practiéally insoluble in water, while the tetraw
methlodides of tatrakis*(grdimebhylaminophﬁnyi)»1@&&153 and
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tetrakise~(p~dimethylaminophenyl)=tin are quite soluble in
water, The last compound can be recrystallized from hot
water, Triphenyl-Y -diethylaminopropyllead methiodide is
essentlially insoluble in water while the corresponding
methosulfate is extremely soluble in watar.155 The tin
analog, triphanylwjfudiﬁthylamingprapyltin methiodide, is
gsoluble in hot water, while the corresponding methosulfate
is soluble even in cold water, but it is very difficult to
purify,

C. Organic Compounds Containing Bonds Between

Two Different Group IV-B Elements

Only a few compounds of thls type are known, These
have been mentioned in the Historieal Part of thls disserta-
tion. Organlc compounds containing # silleon-germanium,
silicon-tin, and germaniumﬁﬁinrbanﬂ have been made, but no
compounds eontaining a silliecon-lead, tin-lead, or germaniume
lead bond have been cbtalned. _

These types of compounds are all made by the coupling
of an RzEM compound with en ﬁéE*K aamyound, the X and the M
atoms may be interchanged depending on the avallability of
the material., For example, triphenylsilyltriphenyltin cean
be made by the reaction of triphenyltin-lithium with tri-
phenylechloroailane in 71 per cent yielﬁlﬁg‘cr by the rew-
action of triphenylsilylpotassium with triphsnyltinrahlcrida
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In 76 per ecent yleld., However, when this method is applied
to the synthesis of organolead compounds containing & silicon=
lead or a tinelead bond, no expected pure product can he ob=
tained. In the organolead reactions there i1s a tendency
toward the formaﬁien of inorganic lead hellde, hexaphenylw-
dllead, and prcbably diphenyllead., The purification of
these products is further scmpliaated by the fact that the
ﬁnreaéted starting material may hydrolyze to glve the
hydroxy compound or 1ts derivatives. For example, in the
attempted synthesis of triphenylsilyltriphaﬂyllead the
starting material triphenylehlorosilane hydrolyzes to yleld
triphenylsilanol, The products obtained by the reaction

of triphenyllead-lithium with triphenyltin ehloride may also
be contaminated by a mixture containing the,hydrélysis
products of the sterting materlals, It 1s of interest to
observe that one of the unidentifled produata deconmposes

on standing to give some black spots on the surface of the
erystals, This seems to show that organolead compounds
containing a direct linkage between lead and a CGroup IV-B
element except carbon are too unstable to be made,

The difficulty of preparation of these organolead com=
pounds may be due to the wealmess of the le 2ad bonds con-
nected to other Group IV~B elements, It has been mentloned
repeatedly in the Historleal ?art that for the same type

of compounds the stabillty decreases with Increasing atomie
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welght of the central Group IV-B element. For example, all
types of organic hydrides of silicon, germanium, and tin
are known but none of the organolead hydrides has been
‘syntheslzed, However, it would not seem advisable to draw
broad conclusions because of the unusually small amount of

work whileh has been done along these lines,
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V. SUMMARY

A comparison has been made of the propertles of varioua
types of orgenic compounds containing Group IV-B elsments,

A procedure for the preparation of triphenylsilylpotas-
sium haa been worked out, It was found that\hexaphenyl~
dislilane is the best atarting materlial for tha‘praparation
of triphenylsilylpotassium. Sodium~-potassium alloy is
preferable as the eleaving agent for hexaphenyldisilane.

The amalgamation method was applied successfully for the re=-
moval of the excess alloy in the preparation éf triphenyl=
8ilylpotassium, ;

The reaction of triphenylsilylpotassium wlth phenyl
halides showed that bromobenzene 1s more reactive than
chlorobenzene, which, in turn, is more resctive than fluoro~
benzene, ; - ’

Octaphenyltrisilane and d&aaphenyltetrasilane have been
pfapared by the reactions with triphenylsilylpotassium,
These compounds are the first ones known of thé type ﬁBSia
end Ryn814.

A complete series of hexaaryldisilanes contalning phenyl
and p-tolyl groups has been made, The solubllities and the
melting pointa of these compounds vary with the degree of

symmetry of the molecules, These compounds can be cleaved
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by sodium-potassium alloy to glve the triarylsilylpotassium
compounds but they do not react wlth oxygen or iodine,
There has been no Indication of dissocistion of these mole-
cules.

The silicon=silicon bond of hexeaphenyldisilsne can be
cleaved by sodlum in 1iquid ammonla, potassium in dien-butyl
ether, sodium~potassium &lléy in ether, or by bromine., The
bond was not cleaved by sodium dispersion, sodium amalgem,
l1ithium eluminum hjdrida, phenyllithium, or hydrogen peroxe
ide, Treatment of hexa@h@nyldisilana with chromie acld
apparently led to the oxidation of the whole molecule,

Treatment of triphenylehlorosilane with lithium in
ethylamine resulted in the formetion of triphenylethylamino-
sllane and no triphanylailyl free radical was formed, nThis
i1s contrary to the findings reported in the literature,

Triphenylsilylpotassium adds to the carbon-carbon
double bond of trens-stilbene to glve (E-triphenylsilyle~ol,
(3~diphanylethy1patassium,, ‘

Triphenyl=p-bromophenyltin was made by the reactlon of
p-bromophenylmagnesium iodide with triphenyltin echlorilde,
but 1t cannot be obtained from the corresponding lithium
compound . An explanation for thls difference has been given,

There is a definite Increase in the water-solubility
of organotin compounds on the introduction of one or more
quaternary ammonium groups. ,Tha me thosulfates are more

soluble than the methlodides. Comparisons with the
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ecorresponding lead compounds have been made,
Triphenylsilyltriphenyltin has been made by the reaction

of triphenylsilylpotsssium with triphenyltin chloride.

Attempts were made to prepare ofganalead compounds containe

ing a lead-silicon and a lead-tin bond,
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