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SUBSTITUTED CHLORO COMPOUNDS OF SILICON, GERMANIUM, TIN
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In an earlier paper! we reported some of the preliminary studies concerning the
reaction of the azobenzene-dilithium adduct with substituted chlorosilanes. For
example, it was observed that the azobenzene—dilithium adduct reacts with dichloro-
diphenvisilane to give octaphenyl-1,2,1,35-tetraaza-3,6-disilacyclohexane (I}, a new
tvpe of heterocyclic compound containing silicon and nitrogen atoms. Similarly,
dichloromethvlphenyvisilane gave 1,2,3,4,5,6-hexaphenyl-3,6-dimethyl-1,2,4,5-tetra-
aza-3,6-disilacvclohexane (I1).

2 CH,N{Li)-N{Li}C,;H, +~ = RR'SiCl, —+

(I R = CH,, R = CH, (III), R = R = CH, {IV}, R = R’ = C,H;
Vil R =C,H,, R = —CH =CH, {VII}, R, R" = ——CH,CH,CH,CH,CH,—

The syntheses of related cvclic compounds have been reported by \Wannagat
and Niederprum® who prepared 3,3,6,0-tetraphenvi-1,2 1 5-tetraaza-3,6-disilacyclo-
hexane (VIII) by the reaction of dichlorodiphenyvisilane with hydrazine. Theyv also
prepared 3,3,6,6-tetramethyl-1,4-diphenyl-1,2,4,5-tetraaza-~3,6-disilacyclohexane (IN)
using phenvihydrazine and dichlorodimethylsilane.

C,H, CHs CH, CH,
\<i/ \Qi/
PN N
H-XN N—H H-N N~-CsH;
I
H--N NX—-H CsH.—XN N-H
>siZ >sig
C;H, CH; CH, CH,
(VIII; (IX})

The object of the present investigation was to extend the study of the reactions
of the azobenzene—dilithium adduct with chlorosilane with a view to preparing different
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substituted tetraazadisilacyclohexanes. Also, attention was directed towards preparing
heterocyclic compounds, containing Ge-N\, Sn—N and Pb-N bonds, analogous to the
tetraazadisilacvclohexanes.

The reaction of dichlorodimethylsilane with the azobenzene-dilithium adduct
gave an S86.6°, vield of I,-,.;,;—tetraphen‘ 1-3,3.6,6-tetramethyi-1,2,4,5-tetraaza-3,6-
distiacyclohexane (IXI), m.p. 226-227°. This compound, though reasonably stable in
air, was easilv hvdrolyzed to hydrazobenzene on treatment with boiling water or
acids. In a separate run employing a slightly different procedure for work-up which
involved the treatment of the reaction mixture with water resulted in the isolation
of a 64.9 %, vield of hydrazobenzene. No cyclic product, (ILI), could be obtained from
this run. Similar reactions of dichlorodiethyvlsilane and dibenzyidichlorosilane gave
1,2,4,5-tetraphenyvl-3,3,6,6-tetraethyvl-1,2,4,5-tetraaza-3,6-distlacyclohexane (IV), m.p.
2002017, and 1,2,4,5-tetraphenyl-3.3.6,6-tetrabenzyl-1,2,4,5-tetraaza-3,6-disilacyclo-
hexane (V}, m.p. 133-1557, in 67.6°, and 30.7 %, yvields, respectively. The compar-
atively low yield of (V7 could be attributed to the hindrance exerted by bulky benzyl
groups attached to the silicon atom. It was observed that in a reaction using dichloro-
di-o-tolvlsilane and the azobenzere—dilithium adduct no cyclic tetraazadisilacyelo-
hexane corresponding to product (V') could be isolated. The greater steric requirements
of a~tolvl groups would considerably increase the dithiculty in forming this compound.

From the reaction of dichlorophenyivinvisilane and the azobenzene—dilithium
adduct, a 37.2°, vield of 1,2,3,4.5.6-hexaphenyvi-3,6-divinyvi- I,~,1,3—tg;r.taza—_),6«dx-
sitacvclohexane (VI) was obtained. This product melted over the range 215-220° and
could probably be a mixture of the two possible isomers. On using cyclopentamethvl-
enedichlorosilane, a 70°%, vield of 1,2,4.3-tetraphenyi-3.6-dicyclopentamethylenc-
-1,2.4,5-tetraaza-3.6-disilacyclohexane (VI), m.p. 331-332° (decomp.}, was obtained.

The trisubstituted chlorosilanes reacted with the azobenzene-dilithium adduct
in an expected manner to give substituted silvlhydrazines.

SiIRR'R"}
CeH N(Li-N{Li}CH; = 2 RR'RSiCl ——» C,H,—~ N—N—C,H;

{(RR'R7ISi
(N, R=R =R"=CH, (XII, R=R"=R"=CH; (XII}, R=R"=CH, R" = CH,
(XHIL R = CH,;, R = R” = C,H;

N'-Diphenyl-N, N*-bis(trimethylsilyljhvdrazine (X}, N,N'-diphenyl-N, N -bis{tri-
eth}. Isilylihydrazine (XI), N,N’'-diphenyl-N,N’-bis(dimethyviphenyvisilvhbvdrazine
(XII} and N, N’-diphenyl-N,\N"-bis(diphenvimethylsilyvljhvdrazine (XII1} were ob-
tained in vields of §9.82,, 72.79;, 6;.2°; and 75.0 %, respectively, from the reaction
of the corresponding chlorob.lanes with the azobenzene-dilithium adduct.

CeHy;  CgH,
\Ge/
CeH,—N* ¢ 1\ C.H
(XIV)
CH.~N1 , *N_C.H,
\Ge‘/
C.H, GCgH,
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The reaction of dichlorodiphenvigermane with the azobenzene-dilithium
adduct was quite similar to that of dichlorodiphenvlsilane. The product obtained was
octaphenvl-x,2,4,5-tetraaza-3,6-digermacyclohexane (XIV), a new heterocyclic
compound. This substance melted at 306-307° (decomp.).

Unlike the reactions of silicon and germanium halides, diphenyvltin dichloride
reacted with the azobenzene-dilithium adduct to give a go.g ¢, vield of diphenvltin
{polvmer) and a 93.19% vield of azobenzene. No cyclic product containing tin and
nitrogen, analogous to the tetraazadisilacyclohexanes, could be isolated. The formation
of diphenyltin and azobenzene in nearly quantitative vields would suggest the pos-
sibility of an initial halogen-metal exchange reaction followed by the elimination of
lithium chloride. From the reaction of the azobenzene-dilithium adduct and diphenyvl-
lead dichloride, the products isolated were metallic lead and azobenzene. However,
none of the desired cyclic product was obtained.

EXPERIMENTAL

All melting points are uncorrected. In general, reactions were carried out under
an atmosphere of dryv, oxvgen-free® nitrogen. Tetrahvdrofuran beiling at 65-66°,
was freed from peroxides and moisture before use by refluxing over sodium followed
by distillation from lithinvm aluminum hyvdride. Dibenzyvldichlorosilanet, dichlorodi-
o-tolylsilane®, diphenyltin dichloride® and diphenyvllead dichloride® were prepared by
standards procedures. Silicon®and germanium?® analyses were carried out using previous-
1y reported procedures. Solutions of the azobenzene-dilithium adduct in tetrahvdro-
furan were prepared as in a reported procedure!. 0.

The azobenzene—dilithinn addict and dichlorodimethylsilane

A solution of 0.1 mole of the azobenzene—dilithium adduct in 150 ml of tetra-
hydrofuran was added during 1 h to a stirred solution of 12.9 g {0.1 mole) of dichloro-
dimethvisilane in 25 mi of tetrahvdrofuran. The reaction mixture became warm and
the flask was cooled in a water bath (approx. 15%}. The solution was colored light
orange-vellow when the addition was completed. The solvent was removed by distil-
lation and the residue extracted with 200 ml of hot, sodium-dried benzene. The ben-
zene-insoluble portion was 8.0 g of lithium chloride, identified by qualitative tests.
Subsequent to removal of the solvent from the benzene solution and treatment of the
residue with petrolcum ether (b.p. 60~707) there was obtained 20.8 g (86.6°,) of
1,2,4,5-tetraphenyl-3,3,0,0-tetramethyi-1,2,4,5-tetraaza-3,6-disilacyclohexane  (111),
m.p. 224-226° After one crystallization from a mixture of benzene and petroleum
ether (b.p. 60-70°) the product melted at 226-227°. (Found: C, 69.66, 69.46; H, 6.33,
6.51; N, 11.04, 11.68; Si, 11.32. C,H,,N,Si caled.: C, 69.97; H, 6.71; N, 11.65;
Si, 11.69 %)

From the petroleum ether-soluble portion an orange-red solid was obtained
after removal of the solvent. This residue was chromatographed on alumina and
elution with petroleum ether (b.p. 60-70°) gave 1.8 g (9.9 9,) of azobenzene, m.p.
67—68° {(mixed m.p.}.

In a second run using the same quantities of reactants and solvent, a slightly
different procedure was adapted for the work-up of the mixture. After the addition
of the azobenzene—dilithium adduct was completed (I h), the reaction mixture was
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hvdrolyzed with water and worked up to give a 6.4.9°; vield of hvdrazobenzene, m.p.
125-127° {mixed m.p.}. A small quantity (7.1 %) of azobenzene m.p. 67-68° was also
isolated. No 1,2.435-tetraphenyls, 3,6,6“tctmmeth} I-I,2,4,3-!&21"332&«“,G—dibﬂa(:}'cio-
hexane could be obtained from this run.

The acobenzena-dilithins: adduct and dichiorodizthyisitas:

To a stirred solution of 15.5 g {0.1 mole) of dichlorodiethvisilane in 50 ml of
tetrahvdrofuran was added during a 1-h period, 0.1 mole (130 ml} of a tetrahvdrofuran
solution of the azobenzene-dilithium adduct. The reaction was exothermic and the
temperature was controlled by cooling the flask in a water bath {approx. 15°). After
ihe addition was completed the solvent from the mixture was removed by distillation
and the residue was then extracted with 300 ml of sodium-dried benzene. Removal of
the solvent from the benzene solution gave a light orange-vellow solid which on
treatment with dryv petroleum ether {b.p. fo-70°) gave 8.0 g {(67.6°%,) of 1,2,4,35-
tetraphenvl-3,3.6,6-tetracthel-r 2, S-tetraaza ~3.6-disilacyclohexane (IV), m.p. 1g0-
zco’. The compound melted at 200-201°, after ervstallization fm'n a mixture of
bernzene and petrolenm ether (b.p. 6o--yo*i (Found: C, ,1 78, 71 al; H, 7.31, 7.16;
N, 1072, 10.62. CuuH (N Si, caled.: C, 71.65; H, 7.46; X, 104478

The azpbenzesse-dilithinm addact and dibensvidichloresilane

The azoberzene-dilithium adduct {0.0735 mele, 125 ml} was added to 21.1 2
{o.075 mole) of dibenzyvidichlorosilane? (in 25 ml of tetrahvdrofuran} during 1 b
Subseruent to stirring the reaciion mixture at room temperature for 12 h and removal
of the solvent, there was obtained a vellow-orange residue which was extracted with

1ot benzene. The benzene-insoluble portion was 6.1 g of lithium ch!ﬂndv The benzene

solotion was worked up as in the previous experiment to give &x g (30.7 7.} of
1.2,1,5-tetraphenvi-2,3,6,6-tetiabenzvi- 1,24, 5-tetraaza-3,6-disflacvelohexane . (\y,
m.p. 150-134 . Twe cryvstallizations from petreleam cother {(b.p. 80-707} raised the
m.p. 1o 153-155 . {Found: C, 7 3..:9;, su.30; H. 603, fro; N, 7.006, 710, C5.H (NS,
caled.: C, 7a.32; H, 6.16; X, 7.x3°,.3

From the reaction mixture 0.0 g [6.67,) of azobenzene, m.p. 66-63° {mixed
nep}, was alo isolated,

The azobenrene—2ritthinm adduct and Jichiors plrenvivinvisions

To 10.2 = {0.05 mole} of dichiorop ‘m-*n i\'znnszhm dﬁs‘u*x‘ed in 25 mil of teira~
hyvdrofuran was added during 1 b 0.03 mele {zoo mb of the azobenzene-dilithium
adduct. The solvent was removed 1 by distillation and the residue was extracted with
hot, sodium-dried benzene. Subseguent to removal of the =olvent from the benzene
solution there was obtained a light orange-veliow, viscous lquid, which solidified on
treatment with 50 mi of cold methanol. The light vellow solid was ervstallized several
times from a mixture of benzene and petroleum ether {(b.p. Go-70 o give g.o g (37.29,)
of 1,2,3,4. 3,M~he\aprenvi~‘,t~~d;\‘:m‘i 1,2.4,5-tetraaza-3,0-distlacvclohexane {\ I}, mele-
ing over the range 215-220". Repeated crystallizations from different solvents did not
improve the melting point of this sample. {Found: C, 76.84, 76.89; H, 5.59, 5.47; N,
.04, 9.03; 54, 8.68, 8.50. C,oH. N 58, caled.: C, 76.38; H. 5.77: N, S8.go; Si, 8.93%.)

The methanol selution was evaporated and the orange-red residue obtained was
chromatographed on alumina. Elution with petroleum ether (b.p. 60-70°} gave 0.8 g
{8.8 9.} of azobenzene, m.p. 67657 {(mixed m.p.}.
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The azobenzens—dilithium adduct and cvelopentamsthylenedichiorosilana

The azobenzene-dilithium adduct {0.1 mole, 130 ml} was gradually- adde=d to
18.2 g (0.1 mole) of cyvclopentamethylenedichlorosilane dissolved in 50 ml of tetra-
hvdrofuran. After the addition was completed (x hj, the mixture was stirred for 1S h
at room temperature and then refluxed for 1 h. The solvent was removed by distillation
and the residue hydrolyzed by water. The water-insoluble portion was a light vellow
solid which after repeated treatments with benzene gave 18.0 g (70.09;) of 1,2,4,5-
t»traphen\ I-3,6-dicyvclopentamethylene-1,2,4,5-tetraaza-3,6-disilacvclohexane (VII),
m.p. 325-326° (decomp.). This substance was found to be poorly soluble in common
organic solvents like acetone, ethvl acetate, benzene, toluene and xvlene. Several
washings with hot tetrahydrofuran raised the melting point to 331-332° (decomp.).
(Found: C. 72.74, 72.88; H, 7.11, 7.04; N, 10.00, 9.98; Si, 10.14, 9.95. C,,H N ,Si,
caled.: C, 72.88; H, 7.01; X, 9.99; Si, 10.00°,.)

Tie azobenzenz~dilithium adduct and dichlorodi-o-tolvisilane
A solution of 28.1 g (0.1 mole) of dichloredi-o-tolylsilane® in 50 ml of ether was
added to 0.1 mole of the azobenzene—dilithium adduct (in 125 ml of tetrahvdrofuranj
over 2 3-h pericd. The mixture was refluxed for 7 h and subsequent work-up in the
usual manner gave 10.0 g (54.7 %) of azobenzene, m.p. 66-67° (mixed m.p.). None of
the expected cyclic compound was obtained. A small quantity (2.7 g) of an uniden-
titied product, m.p. 263-204°, was isolated from this run.

The azobeuzcne—~dilithinn: edduct and clilorotrinisthvisilanz

A solution of 0.1 mole of the 1zobenzene—di1ithium adduct in 150 ml of tetra-
hvdrofuran was added dropwise to a stirred solution of 21.8 g (0.2 mole] of chloro-
trimethylsilane in 30 ml of tetrahyvdrofuran. The addition was C'u'rled out during 30
min and the mixture was colored light orange-vellow at the end of thiz period. The
solvent was removed by distillation after stirring the mixture for 1z h at room
temperature. The residue was extracted with 200 ml of hot benzene. The benzene-
insoluble portion was a white solid (8.2 g) which was identified as lithium chloride by
qualitative tests. The benzene solution was distilled to remove all the solvent, and the
rC>I(IUL was treated with 30 ml of cold methanol to give 29.5 g (85.89;) of crude
N, \’-diphenyl-N,XN"-bis(trimethylsilvljhvdrazine (X), m.p. 105-110°. Two crystal-
lizations from petroleum ether (b.p. 6o-70°) gave 25.5 g (77.6 %) of the product
nultinrr at 1r1.3-112.5° (Found: C, 65.65, 05.61; H, S.24, 8.39; N, 8.03, 3.50.

1sH 2y N5i, caled. - C, 6;,8 H, 8.59; N, 8.5z2°,.)

The methanol solution was evaporated to give an orange-red residue which was
chromatographed on alumina. Elution with petroleum ether (b.p. 60-70°) gave 0.2 g
(.1 2,) of azobenzene, m.p. and mixed m.p. 6;7-65°.

The azobenzens—dilithinn: adduct and chivrotrictiivistlane
To a solution of 22.6 g (0.15 mole} of chlorotriethy Isilane in 30 ml of tetra-
hvdrofuran, 0.75 mole of the azobenzene~dilithium adduct (130 ml) was added during
30 min. After the addition was completed, the mixture was stirred for 12 h at room
temperature. The solvent was then removed by distillation; the residue was extracted
with 200 m! of hot benzene and worked up as in the previous experiment to give
2254 (,_.7 2.} of N, N’-diphenvl-\, X "-bis(triethvisilvl}hyvdrazine (XI), which melted
at 83—84° after crystallization from a mixture of petroleum ether (b.p. 60—70°) and
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methanol. (Found: C, 69.79; H, 9.37; N, 6.83. C,. H ,N.Si. caled.: C, 69.8g; H, 9.70;
N, 6599,.)

Also 0.3 g (5.9 %) of azobenzene, m.p. and mixed m.p. 67-68°, was isolated
from this run.

The azobenzene—ddithivm adduct and chloredimetirytphenyisilane

The azobenzene-dilithium adduct {0.05 mole, 130 mi} was added to a stirred
solution of 17.1 g (0.1 mole} of chlorodimethylphenyisilane in 30 ml of tetrahvdrofuran
during 30 min. The mixture was stirred at room temperature for 12 h and afterwards
the solvent was removed by distillation. Work-up of the residue by the usual procedure
gave 17.8 g (78.7 25) of crude N, N'-diphenyl-N, N -bis(dimethviphenvisilvlihvdrazine
(XII), m.p. 110~-115°. Crystallization from a mixture of petroleum ether (b.p. 60-707)
and methanol gave 15.2 g (67.2%) of the pure preduct, m.p. 118~-119>. (Found:
C, 7465, 71.65; H, 6.73, 6.92; N, 6.4, 6.23. C,H,.N,Si, caled.: C, 73.29; H, 7.13;
N, 6.19°.))

A small quantity of azobenzene (0.5 g, 5.5 °;), m.p. 67-68> (mixed m.p.) was
also obtained from this reaction.

Fle asobesszene—dilithit: adduct and chlorodiphenyimethyvisiiane

To a solution of 23.3 g (0.1 mole) of chiorodiphenyimethvlsilane in 30 ml of
tetrazhvdrofuran was added 0.05 mole of the azobenzene-dilithium adduct (xoo ml)
during a r-h period. After stirmng the mixture for 1z h at room temperature, the
solvent was removed and the residue was worked up as in the previous experiments
togive 26,22 (0.8 2, ) of crude NV, N '-diphenvl-V,\"-bis(diphenyvimethylsilvlihvdrazine
{X111}, which melted at 150-155" {shrinks at 120°). Several crvstallizations from
benzene gave 22.5 g (75.02,} of a product melting at 161-163> Repeated cristal-
fizatlons from difierent solvents failed to improve the melting point of this sample.
{Found: C, 79.0, 70.13: H, 6.40, 6.27; X, 1.5, 4.148. C,H,N,Si, caled.: C, 79.14; H,
6.29; N, 1.86°4.}

The azobenzenc—d:iithim addict and dichlorodi phenvigermane

A solutinn of 0.05 mole {z00 mi} of the azobenzene-dilithium adduct was
gradually added to 11.9 g (0.05 mole} of dichloradiphenvigermane. After the addition
was completed (1 h), the mixture was stirred at room temperature for 12 h. The solvent
was removed and extraction of the residue with hot benzene left 5.2 g of lithium
chioride. Subsequent to removal of the solvent from the benzene extract and treat-
ment with cold methanol, there was obtained 9.5 g (23.27;) of octaphenvi-1,2,4,5-
tetranza-3.H-digermacyclohexane (XIV), which melted at 306-307° (decomp.} after
cnistallization from hot benzene. (Found: C, yo.13, 70.23; H, 5.10, 1.95; N, 6.6, 7.08;
Ge, 17.64. C H )N Gen caled.: C, 7o.27; H, 4.63; N, 6.35; Ge, 17.75%.)

Work-up of the methanol-soluble portion by the usual procedure gave 3.5 g
(38.12,) of hvdrazobenzene, m.p. 127~129" {mixed m.p.}, and 1.8 g (19.8 °,) of azo-
benzene, m.p. 66-68° {mixed m.p.}.

The azobenzene~dilithitsn adduct and diphenyitiis dichloride
The azobenzene—dilithium adduct (0.1 mole, 130 ml} was added slowly to a
stirred solution of 34.3 g (0.1 mole) of diphenyitin dichloride in 50 ml of diethyl ether.
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The reaction was exothermic and the temperature was maintained at o° by cooling
the flask in an ice-salt bath. After the addition was completed (1 h) the mixture was
stirred at room temperature for 1 h and the solvent removed by distillation. Subsequent
to the usual work-up and treatment of the residue with petroleum ether (b.p. 60—70°),
there was obtained 21.8 g (90.9 °;) of a light vellow solid, identified as diphenylitin
polvmer, m.p. 270—272°. Several crystallizations from benzene raised the m.p. to
271-2737. (Found: C, 53.19, H, 3.96. C,.H,Sn caled.: C, 52.80; H, 3.67°25.

This substance lost its light yellow color on prolonged exposure to air, probably
due to oxidation to diphenyltin oxide.

The petroleum ether-soluble portion was evaporated to give an orange-red solid
which after crystallization from the same solvent gave 17.0 g (93.49;) of azobenzene,
m.p. 70-71° (mixed m.p.).

The azobenzene—dilithinm adduct and diphenvilead dichloride

To a suspension of 6.5 g {0.015 mole) of diphenyllead dichloride in 25 ml of
tetrahvdrofuran, 45 ml (0.0r5 mole) of the azobenzene-dilithium adduct was added
during 30 min. The reaction was exothermic and the mixture turmed black due to the
precipitation of a black solid. After stirring for 1 h at room temperature, the solvent
was removed and the residue treated with hot benzene. The benzene-insoluble portion
was washed several times with water to give 1.2 g of a black solid, identified as metallic
lead. A few lead particles in the form of shot were also visible in the black residue.

Removal of the solvent from the benzene solution gave a light orange-red solid
which after treatment with petroleum ether (b.p. 60—70%) gave 1.4 g (21.59,) of un-
changed diphenyllead dichloride, m.p. 270° (decomp.}.

The petroleum ether-soluble portion was chromatographed on alumina to give
2.5 g (91.6 ;) of azobenzene, m.p. 67-63° (mixed m.p.).
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STUMDMARY

Treatment of the azobenzene-dilithium adduct with dichlorodimethyisilane
gave 1,2,.4,5-tetraphenyl-3,3,6,6-tetramethyl-1,2,4,5-tetraaza-3,6-disilacvclohexane.
Similar reactions of dichlorodiethvlsilane, dichloridibenzylsilane, dichlorophenyl-
vinylsilane, and cyclopentamethylenedichlorosilane gave the corresponding cvclic
compounds. Substituted silvihvdrazines were obtained from the reaction of the
azobenzene—dilithium adduct with chlorotrimethylsilane, chlorotriethyisilane, chloro-
dimethviphenyvisilane and chlorodiphenvlmethylsilane. Reaction of dichicrodiphenyl-
germane with the azobenzene-dilithium adduct gave octaphenyl-1,2,4,5-tetraaza-
3,6-digermacyclohexane. Diphenvitin and azobenzene were obtained from the reaction
of diphenyitin dichloride with the azobenzene—dilithium adduct; whereas, metailic
lead and azobenzene were isolated from the corresponding reaction emploving
diphenyllead dichloride.
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