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New ‘organomitallic aliphatic E']1_étefo'c_\}Fc":l}:es, iz, the l-sténna¥4-sﬂééyélohexane, the 1istatina-4-germanacyclohexane and
the 1,4-distannacyclohexane ring systems have been synthesized by means of addition reactions inveolving diphenyitin di-
hydride and th__e appropriate itisaturated Feactants. Complexes of_.t]_ngse compogn_ds_with several cyclic so_lt_rents:were isor

lated. - "

- Cyclic organotin compounds were described, in -

1917, by Griittner, et al.;® who prepafed cyclopen-
tamethylenedimethyltin and cyclopentamethyletes
diethyltin by thereaction of pentametlylenedimag-
. nesium bromide with the appropriate dialkyltin di-
halide.” This method has been applied:to the syn-
thesis of cyclopentamethylene’ derivatives of* the
other IVth group elementssilicon,? germaniurh and
lead.®® -~ Although the number of known orgéfiotin
compounds  recently has considerably . increased,
only one new heterocyclic system containing tin in
the ting has been reported since that time.” Kuivila,
et al.,® prepared heterocycles in. the dibenzocyclo
heptadiene series containing tetra- and bivalent tin
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in the seven-membered ring. ~This method of syn-
thesis involved the reaction of o,0'-dilithiodibenzyl
with diphenyltin dichloride or stannjc chloride,

. In contection with a program involving the syn-
thesis of organometalli¢ compounds containing one
of the IVth group elements silicon, germanium. or
lead in . addition to tin,® reactions.of diphenyltin
dihydride with diphenyldivinyl derivatives of sili-
con, germanim and. lead were studied, Since
triphenyltin hydride had been found to add to these
compounds in good yield,® such reactions might be
expected to yield organometallic polymers of type

_Reaction of diphenyltin dibydride with diphen-

- yldivinylsilanie afforded a crystalline product (m.p.

134-135°) with moleculat weight (Rast determina- .
tion) and analytical data calculated for the miono-
addition product I (M =Si). Examination of the
infrared spectrum revealed the presence of CsHySn

“and CeHsSiin a 1:1 ratio; "there appeared to be no

absorption bands fWhic'::l_l__(;'ould be attributed to Sn-H
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or to SiCH=CH,’ On the basis of the foregoing
evidence it is apparent that the product is the cyclic
monomer III (M = 5i) and as such represents the
first example of a 1-stanna.4-silacyclohexane de-
rivative, In addition a small quantity of insoluble,
unmeltablé material which has not yet been ex-
amined in any detail (presumably of structure II)
was isolated. Apparently ring closure of the inter-
mediately formed I is the favored reaction.

Similarly, reaction of diphenyltin dibydride with
diphenyldivinylgermane vielded a crystalline prod-
uct (m.p. 124-125°). Infrared spectroscopy re-
vealed the presence of Cgll;Sn and CeH:;Ge in a
1:1 ratio and the absence of any Sn—H and Ge-
CH:=CHj, absorption,” This, together with mo-
lecular weight: and: analytical data, -identified. the
product as the cyclic monomer III (M = Ge),
a l-stanna-4-germanacyclohexane derivative:
here insoluble, unmeltable material was isolated as
well.

It appeared. that the ring compounds TIT (M. =

St or Ge) ‘when recrystallized from: cyclic solvents. -

such as benzene, toluene, pyridine 'or- dioxane
formed crysta]line complexes it a strict 1:1 ratio.
These complexes are quite weak as appears from
the fact that they readily deconipose on heating.
They all show the m.p. of TII (M == Si'or Ge) which
compounds are ‘also. obtained iipon attempted re-
crystallization-of the complexes from, e.g.; ethanol,
as appears from the analytical resuits Complex
formation of this kind Has not been previously ob-
served w1th tetrasubst1tuted denvatwes of silicomn,
germamum ortim: -

"Reaction of dxphenyltln d1hydr1de with' diphenyl-
divinyllead resulted in formatlon of tneta]hc lead
only (compare ref. 6)."

Attenipted synthesis of the 1,4+ mstannacyclohex-
xane system (III, M = Sn) by reaction of diphenyl-
tin' dihydride with diphenyldivinyltin proved un-
successful: - Only low-melting products ‘which de-
composed on' " heating  with . evolution “of ~ gas
(presumably of structure I, M = ‘Sn) and msoI—
uble, unmeitable material were obtained,

‘Another possible method of synthesis involves the

addition reaction’of two molecules of dlphenylvmyIJ

tin hydride followed by tyelization ©
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2PhSn(H)CH==CH,; —>
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The 1,4-disilacyclohexane® and the 1,6-disilacyclo-
octane? ring systems have recently been synthesized
in thig way.

Triphenyltin hydride has been reported to add to
phenylacetylene in a 1:1 and 2:1 ratio.?® Instead
of using diphenylvinyltin hydride as the starting
material, equimolecular amounts of diphenyltin
dihydride and phenylacetylene were allowed to
react, the intermediately formed diphenyl-5-styryl-

~ tin hydnde IV not being isolated

Ph,SnH, + PhC=CH —>
Ph Ph

| CHzCH—Ph/Ph
HSnCH=CHPh

— Sn
AN AN
Ph Pn Ph-CHCH, Ph
Iv : v .

The reaction product was a solid which melted at
ca.  70-90°. Fractional crystallization from 1-
butanol afforded fractions melting at 70-72° and at
144-145°, respectively. Comparison of their in-
frared spectra revealed only very slight differences.

- In each spectrum there was no evidence for the

presence of Sn—H or SnCH=CHPh (band at
985 cm.7! ). Spectral evidence, together with

~analytical and molecular weight data, led to the

identification of both reaction products as the cyclic

. dimer of IV, which apparently exists in isomeric

forms. _ _
e " Experimental'? -

Starting Mateérials.—Diphenyltin dihydride,*® diphenyl-
divinylsilane,”® diphenyldivinylgermane,” diphenyidivinyl-
tin' and diphenyldivinyllead? were obtained by published

procedures,
1,1',4,4"-Tetraphenyl-i-stanna-4-silacyciohexane —A

‘mixture of 5.50 g. (0.02 mole) of diphenyltin dilivdride and

4.72g. {0.02 mole) of diphenyldivinylsilane was heéated for. 4
hr. at 65° and for 9 hr. at 80°. The solid reaction product
was filtered from the adhering oil and recrystallized from
dimethylformamide to vield 2.35 g. (23%) of material with
m.p. 182-134°. : Recrystallization from ethanol raised the
Theinfrared spectrum revealed the pres-
ence -of CgfI—5i (band at 1100 cm.?), CsH—Sn (band at
1065 cii. 1) and of CH; (doublet at 2860 cm. 1), bit there
was no evidence for' Sn—~H (band at 1825 ¢m. ‘1), or S1CH*%

CH; (band at 960 em. 7).

Anal Caléd. for. CraHagSiSn . C 65 7‘7 H 5 52 31 —+
Sn, 28.70; mol. wt., 511.. Found: 65 88; H, 5. 77 54
Sn, 28.86;: mol. wt. (Rast), 408,

~ Complex with Benzene: Anal. Cach for CzaHzgSlSﬂ
CaHs St -+ Sn, 24.80. Found S1 + S, 24 54
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Complex with Toluene: Awnal. Caled. for CoHpsSiSn-
CeHs: Si+ Sn, 24.32. Found: Si 4 Sn, 24.56.

Complex with Pyridine: Anal. Caled. for CuHyuSiSn:
CsHN: 8i + Sn, 24.85. Found: Si + Sn, 25.08. .

Complex with Dioxane: Anal. Caled. for CosHeSiSt-
CyHzOq: Si -+ 8n, 24.49. Pound: Si+ Sn, 24.68.

1,1’4-4’'-Tetraphenyl-1-stanna-4-germanacyclohexane.—

Equimolecular amounts of diphenyltin dihvdride (5.50 g.,
0.02 mole) and diphenyldivinylgermane (5.60 g.) were
heated together for 4 hr. at 65° and for 8 hr. at 80°. The
partly solid reaction mixture was taken up in a small volume
of petroleum ether, Filtration yielded 3.45 g. of a solid
which melted at 110-115°, Reerystallization from ethanol
(twice) raised the m.p. to 124-125°; yield of pure product
1.92 g. {(17%). The infrared spectrum revealed the pres-
ence of CollsGe (band at 1080 cm. ™), of CgHs—5n (band
at 10685 em. %} and of ~CHe~- (doublet at 2860 cm. ™), but
there was no evidence for Sn—H (band at 1825 em.7?) or
GeCH=CH, (band at 952 cm.™?).

Anal. Caled. for CosTlGeSn: C, 60.42; H, 5.02; Ge 4+

81, 34.56; mol. wt., 5.56. Found: C, 60.19; H, 5.19; Ge’

-+ 8n, 34.74; mol. wt. (Rast), 545.

Complex with Toluene: Anal. Caled. for CopHaGedn-
CqoHs: Ge 4 Sn,20.52, Found: Ge - 8, 29.59.
1,17,2,4,4',5-Hexzaphenyi:-1 ,4-distannacyclohexane.—
Phenylacetylene (7.1 g., 0.07 mole) was added dropwise to a
rapidly stirred solution of 19.2 g. (0.07 mole) of diphenyltin
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dikydride in 50 ml. of #-pentane. When the spontaneous
evolution of heat had ceased the reaction mixture was re-
fluxed for 2hr. Thereupon the solvent was removed and the
residue was heated at 100° for 6 hr.  Upon cooling, a brittle
product (26.0 g.) was obtained which melted at ca. T0-90°.

When a solution of 10.0 g. of this product in 150 ml. of 1-
butanol was rapidly cooled, 2.5 g. of a white powder precipi-
tated which melted at 70-72° (sintering at 68°).

Anal. Caled. For CgoHgSne: C, 63.71; H, 4.81; 8n,
31.49; mol. wt., 754. Found: C, 63.44; H, 5.05; Sn,
81.79; mot. wt. (Rast), 780.

The mother liguor after 3 days at room temperature had
deposited 2.7 g. of a crystalline solid which after recrystal-
lization from acetic acid melted at 144--145°. The infrared
spectra of hoth compounds were very similar in the region of
3500-680 em.™*. There was no evidence of Sn—H (band at
1825 em. %} or of SuCH=CHC:;H; (band at 985 cm, ™).

Anal. Caled. for CyHgeSne: C, 63.71; H, 4.81; Sn,
31.49; mol. wt., 754. Found: C, 63.77; H, 5.08; 5n,
31.69; mol, wt. (Rast), 817. :
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