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THE PREPARATIOXN AXD PROPERTIES OF CYCLIC SILICON OLEFINS AXD
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It was previously reported!-® from our Laboratory, that a convenient entry
into the 1-sila-z-cvclopentene ring system is afforded via a Grignard cvclization of the
appropriate open-chain organochlorosilane. We now wish to report an extension of
this method to the preparation of 1,1-dichloro-1-sila-2-cyclohexene (I). \WWe were able,
moreover, to convert the latter compound to the unique cyclic silicon diene svstem,
1,1-dichloro-1-sila-2,4-cvclohexadiene (I1I).

In keeping with our earlier findings® on the mode of addition of trichlorosilane
to terminal aceivienes in the presence of organic peroxides, treatment of 5-chloro-
1-peniyvne with trichlorosilane in the presence of benzovl peroxide as initiator resulted
predominantly in frans addition, affording the cis olefin as the major product (eqn. 1).
The cis- to trans-olefin ratio was on the order of 3:1. The two isomeric olefins were
separated by vapor phase chromatography, and structural assignments were made
on the basis of infrared and NXMR spectra of the products.

peroxide

CLSiH <+ HC=C{CH,),Cl > CLSiCH =CHI{CH.,),Cl (1)

cisfirairs =3

Ring closure to form 1,z-dichlore-r-sila-2-cvclohexene (I) proceeded smoothly
{eqn. 2} when the original olefin mixture contained either 75 or S5 °; of ¢ts-35-chloro-
1-{irichlorosilyl}-1-pentene, although the vield of cyclic product was increased from
414 to 59 °; in the latter instance.
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No attempt was made to study possible cis-irans isomerization under cyclization
conditions, although it has been shown! that the next lower member of the series,
trans-g-chloro-1-{trichlorosilyl)-1-butene, undergoes isomerization under similar
conditions.

In the way of further confirmation of structure (I}, its diphenylated derivative,
1,1-diphenyl-1-sila-z-cyclohexene, was prepared and characterized (eqn. 3).
s
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The availability of appreciable quantities of (I) via the described route prompted
speculation as to the possibility of introducing a conjugated diene moiety into the
six-membered ring svstem. The approach undertaken consisted of allylic bromination
of (I). followed by subsequent dehydrohalcgenation. Bromination was readily ac-
complished with N-bromosuccinimide (eqn. 4}, vielding, as the principal product, a
compound to which we have assigned the structure 1,1-dichloro-4-bromo-1-sila-z-cyclo-
hexene (IT) based upon its infrared and NMR spectra.

Br
N xBs | N
S (4
ala oy
n (In

The bromination step, however, undoubtedly produced other brominated species, as
evidenced by the boiling point range exhibited by the reaction product. It would
appear reasonable that 1,1-dichloro-z-bromo-1-sila-3-cvclohexene could arise via
bromine introduction at the 2-position of the allylic radical system, while formation of
dibrominated products can also be envisioned. Unfortunately, it was not possible to
ascertain the identity of the minor components of the brominated mixture, since
attempted separation of the allylic bromides by VPC invariably led to decomposition
of the sample.

Although dehydrohalogenation of chloro-substituted cvelic silicon systemns had
previously been carried out successfully in our Laboratory by the use of quinoline
and ferric chloride?, treatment of the brominated mixture obtained above (eqn. 1)
with these reagents led only to partial or total destruction of starting material.
Pyrolysis at 35607, however, afforded as the principle product 1,1-dichloro-1-sila-
2,y-cyclohexadiene (III), along with minor amounts of 1,1-dichloro-1-sila-2-cyclo-
hexene and 1,1-dichloro-1-sila-3-cvclohexene (IV).

Br
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Spectral data obtained on (III) were quite consistent with the proposed structure:
its infrared spectrum showed two sharp bands of equal intensity in the olefinic region,
at 6.11 u and 6.45 g, while the UV spectrum of this compound gave a jyar = 265 mu.
Although conclusive evidence was lacking, the production of (I) and (IV) during
pyrolysis can be rationalized by a scheme similar to that depicted in eqn. (3)-
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o _ e N . o~ ~
Ty e Ny ol N L L
~ i o L3 ~g;~ .
oS¢ a-Ka oo alg ol
an m (Iv)

Additional evidence as to the identity of (III) was obtained by phenylation of
the mixture arising from pyrolysis, followed by reaction with maleic anhydride. The
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TABLE 1
NJMR SPECTRA OF VARIOUS SILANESS.D.¢

Silane -Values

(1) cis-CI-CH,5-CHACH>-CH*=CH!-SiCl; 4.2t (H! doublet), 3.32 (H® pair of merged tri-
plets), 7.39 (H? quartet), S.oo (H* quartet), 6.47
(H5 triplet)

(2} trans-CI-CH_3-CH.#*-CH_>-CH*=CH!-SiCl, 1.15 (H! two triplets), 3.30 (H® two triplets),
7-32 (H3® quartet). 7.99 (H* quartet), 6.39 (HS

triplet}

{3) (l:Hts—CH;—Cﬂzz‘—CH::CH‘—‘S£CI= 3-13 (H!® two triplets), 3.09 (H? two triplets),
7-43-S.23 (H3 H*' complex pattern}), 8.69 (HS
multiplet

)] CH15—CH14—C}{3Br—CH==CH‘—SiCl: 3.03 (H*® two doublets}, 3.10 (H! doublet), 5.20

(FI* quartet}, 7.52 (H* multiplet), 8.00-3.80 {H*
complex pattern)

{5} (EHJ—CH‘=CH"’—CH==CH‘—SEiCl= 3.06 {H®*two quartets), 3.01 (HL, H3, H* multiplet),
7.82 (HS doublet)
(5} tH:s-CHz‘—CH‘=CH:—CH=1—;SiCI: 2.28 {H= H? muliiplet), 7.54 (H?® multiplet), S.15

(H! multiplet), 8.73 {HS triplet)

(=) CH:‘-CH;'—CH:‘—CH'-‘=CH3—-ASi(C6H5‘)= 2.73 (H! multipler), 3.26 {H? onc triplet of a pair),
4.08 {H?* doublet), 7.61-3.28 (H*Y H3 complex
pattern), 3.87 (H® multipict}

St éH)—CH‘:CH‘—CH3=CH’—Si{C H.1), 2.73 {H! multiplet), 3.21 (H? two quartets}, 3.01
2 e*43 /2 P 1
{H=, H?*, H3 multiplet), S.03 {H® doublet)

e These specira were determined in carbon tetrachloride solution with tetramethyvisilane as
aninternal standard. AVanan A-60 N)MR spectrometer was emploved. Chemical shifts are measured
to the estimated center of a singlet or mueltiplet. 2 In the case of each of the spectra listed, the
peak areas are quite consistent with the proton assignments made. € The values listed for entry (6)
in this table are taken from the Ph.D. thesis of J. L. Noe, Purdue University, 1g63. The compound
was prepared by subjecting a2 mixture of ring-chlorinated 1.1-dichloro-i-silacyclohexanes to
dehydrohalogenation. {Found: C. 36.2r; H, 5.16; CI, g32.10. CGHSiCl, caled.: C, 35.03; H, 4.8z:
Cl, 424492

reaction of {III} with excess phenyimagnesium bromide or phenvilithium, however,
afforded only poor vields of 1,1-diphenyvl-r-sila-2, ¢-cvclohexadiene {eqn. 6). Analvsis
by vapor phase chromatographyv showed that the phenyvlated species (V), {(VI) and
{VII) were produced in almost equal amounts from this reaction”.

S TN A e P L~

b v i Ph)MzBr S o o : (6}

SSi7 . T s L T ST PrL: ~si~ ~5i- e
aNa atha atha T Ph-"'\Ph Ph-o~Ph Ph- '~Ph
(I {7825y {DHero,d (IV}Hr19,) (V1(30°,)  (VD335%) (VID{35%}

Either the mixture thus produced, or (V) alone {after VPC separation} was
found to give the same Diels—Alder adduct when treated with maleic anhvdride, thus
confirming the presence of a conjugated diene system.

” Analytical conditions (VPC) could not be found for the separation of (V1) from (VII), but

the inirared spectrum of a mixture of these two compounds collected by VPC, strongly indicated
that the mixture consistad of these two monoolefins.

J- Organometal. Czem., 4 (16635) 284—290
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TABLE 2

INFRARED SPECTRA OF VARIOUS SILANESS.D.¢

Silane

Infrared absorptions (u)

(1) cis-5-Chloro-1-(trichlorosilyl}-1-pentene
(2} trans-5-Chloro-1-(trichlorosiivl}-1-pentene

{3} 1.1-Dichloro-1-sila-2-¢cvclohexene

3.4, 6.2, 6.9, 7.3, 7.6, 13.4, 14.2
3.4, 0.1, 6.9, 7.6, 10.1, 12.2, 13.4
3-144. 6.27, 6.87, 7.01, 7.14, 7.34, 7-49, 7-85, 8.08,

8.45. 8.92, 8.98, 10.36, 11.19, 12.64, I2.90, 14.3,
15.1

{4) 1,1-Dichloro-4-bromo-1-stla-2-cvclohexene 3.40, 6.28, 6.93, 7.13, 7.31, 7.42, 7.2, 8.39, 8.51,
8.74, 9-10, 9.29, 10.45, 10.75, 11.65, 11.82, 12.20,

12.37, ¥12.68, 13.3, 14.3

{3} 1.1-Dichloro-1-sila-2,4-cvclohexadiene 3.27.6.11, 6.45. 7.24, 7.35. 7-92. 8.45. 8.03, 11.55,
12.20, I4.4

{6} 1,1-Dichloro-r-sila-3-cyclohexene 3-34. 3-47. 6.08, 6.93. 7.20, 7.90, 8.31, 8.8, 9.6,
10.8, 11.6, 12,1, 12.8

{7} 1,1-Diphenvyl-1-sila-2-cyclohexene 3.26, 3.35, 3-12, 6.27, 6.72, 6.87, 6.98, 7.11, 7.50,
8.44. 9.01, 10.02, 10.35, I1.21, I2.85, 13.1, I3.75,
4.3, I5.1

i8) 1,1-Diphenvl-1-sila-2, 4-cyclohexadiene 3.22, 6.16, 6.48, 6.73, 7.00, 7.26, 7.32, 9.02, 11.69*
12.6, 13.20, 13.5, 13.15, T3.3

@ All spectra were obtained on neat samples. » All spectra except for compounds (1), (2) and
{6} were obtained on a Perkin Elmer Model 221 spectrophotometer. The spectra of (1), (2} and (6)
wereobtained ona Perkin Elmer Infracord, Model 137. € The values listed for compound (6) were
taken from the Ph.D. thesis of J. L. Noe, Purdue University, 1664.

In Tables 1 and 2 are Iisted the N)MR and infrared spectra of the various silanes,
both cyclic and open-chain, which have been synthesized and reported in this paper.

EXPERIMENTAL

5-Chloro-x-(trichicrosilyl)-1-pentene

Hydrosilation of 5-chloro-1-pentyne was carried out in a flask equipped with a
Friedrichs condenser and mercury trap (closed svstem). There was mixed 70 g (0.683
mole) of the acetvlenic chloride,* 14 g {0.0578 mole} of benzovl peroxide, 201 g (1.48
mole} of trichlorosilane and 600 ml cyvclohexane, and the mixture brought to reflux.
After a reaction time of 70 h solvent and excess reagents were removed under aspirator
vacuum and the residue distilled in a Todd apparatus. There was obtained 88.xr g
{34 %) of 3-chloro-1-{trichlorosilyl}-1-pentene (cis + trans), boilingat 55-66°/ca. 1 mm.
Analvsis of the reaction mixture by vapor phase chromatography before distillation
{Perkin Elmer Model 154, 10’ QF-1 column, 150°) indicated the cis isomer comprised
74, of the product.

The addition was also carried out on a larger scale. In another run, a mixture
of 1300 ml cyvclohexane, 42 g (0.173 mole) of benzoyl peroxide, 200 g (1.95 mole) of
the acetylenic chloride and 536 g (3.96 mole) of trichlorosilane vielded, after workup,
204 g (51 °;) of the adduct. (Found: C, 25.68; H, 3.45; Cl, 59.23. C;HSICl, calcd.:
C, 25.23; H, 3.39; Ci, 59.60%.)

* Purchased from Farchan Research Laboratories, Wickliffe, Ohio.

J- Orgasometal. Chem., 3 (1965) 284—~200
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1,1-Dichloro-z-sila-2-cvclohexene

In a s-liter three-neck tiask fitted with condenser, stirrer and nitrogen line were
placed 23500 ml of anhvdrous ethyl ether, 120 g (1.93 g-atom) of powdered magnesium
and ca. 1 ml of methyl 1odide. Reflux was initiated and 123.1 g (0.517 mole) of 5-
chloro-1-(trichlorosilyl}-1-pentene (about 859, cis) In five times its volume of an-
hyvdrous ethyl ether was added dropwise. After stirring for 18 h, salts were filtered off,
and the ether was removed under aspirator vacuum. A final filtration was followed by
diztillation, yielding 51 g (59 %) of 1,1-dichloro-i-sila-z-cyclohexene boiling at 59g-61°/
15 mm. Analyvsis by vapor phase chromatography (Perkin Elmer Model 154, 12’
QY-1 column, 154°) Indicated this material was at least g5 °; pure. The large dilution
factor emploved in the reaction is necessitated by the large quantity of flocculant
salts which are produced. When magnesium shavings were used in place of the pow-
dered metal, the c_vclization was incomplete and some starting material was recovered.
{Found: C, 36.30; H, 1.67; C}, 43.06. C;HSiCl, caled.: C, 35.94; H, 4.82; Cl, 4241 9,.)

in another run, emplo; Ing 322 g (h33 mole) of s-chloro-1-{trichlorosilyi}-
1-pentene (ca. 75 %5 cis-isomer) and 125 g (5.15 g-atomn) of powdered magnesium there
was obtained, after workup similar to that above, 100.1 g {44°,) of cvclic product.

Bromination of 1.1-dichloro-1-stla-2-cyciohexene

In a one- neck flask equipped with condenser and mercury trap were plawd
600 ml of carbon tetrachloride, 86.7 z (0.519 mole) of 1,1-dichloro- 1-sila- -2-cvclohexene
and gz2.7 g (0.521 mole) of N-bromosuccirimide. The mixture was held at refiux for
5 h, and fltration was followed by removal of solvent under aspirator vacuum.
Distiliation afforded the following fractions (3.1 mm): Forerun to 74°, 0.4 g; 74°-81.5°,
69.G g; 81.5-887, 20.3 g; 85-115°, g.9 g. While infrared spectra of the tirst and last
fractions indicated some degree of contamination, all fractions appeared to be mostly
1,1-dichloro-y-bromo-1-sila-z-cveclohexene, although the presence of more highly
brominated products was suspected. All attempts to analvze samples of the allvlic
bromide by vapor phase chromatography led to decomposition. A\ redistilled sample
{b.p. 64-8° at 1.5 mm} anaivzed correctly and gave an NMR and infrared spectrum
consistent with the allvlic structure. {Found: C, 24.8;7; H, '..()7; Br, 32.36; Cl, 28.73.
C;H S1BrCl, caled.: C, 2341 H, 2.87; Br, 32.49; Cl, 28.339%,.)
x,F-Dichloro-1-sila-2 g-cyclohexadiene

1,1-Dichloro-y-bromo-1-sila-2-cvclohexene (r11.8 g, containing some more
highly- brominated material) was passed through a tube filled to a height of 10~ with
6 cm glass beads at 560° under nitrogen flow. Distillation of the pyrolyvsate vielded
261 g of material boiling at 54-607/7.8 mm. The pot residue from this distillation was
taken up in petroleum ether (35-7°) and repyrolyvzed, atfording an additional 3.9 g of
the diene. —\nmv sis by vapor phase chromatography of the combined distillates (¥ and
M Moaodel 500, 5" FFAP column. So%) indicated the presence of three compounds in
the ratio of 6:6:41. Collection of the first peak {conditions as above, but at 75°)
followed by comparison of its infrared spectrum with that of an authentic sample
showed it to be 1,x-dichloro-1-sila-3-cyclohexene, while the impurity represented by
the second small peak was identified as 1,1-dichloro-1-sila-2-cyclohexene by com-
parison of its retention time with that of an authentic sample. The third peak, after
collection, was shown by its NMR and IR spectra {see Tables 1 and 2) tobe thedesired

J- Orzanometal. Cizm., 4 {1965} 284-290
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diene. (Found: C, 36.56; H, 3.88; Cl, 42.61. C;HSiCl, caled.: C, 36.38; H, 3.67;
Cl, 12.66°,)

Unsuccessful attenpts at dehvdrobromination of 1,1-dichloro-4-bromo-1-sila-z-cyciohexene

A. With ferric chloride. Approximatelyv 1 ml of the bromo compound was heated
at 140° with a trace of anhydrous FeCl, in a clesed system for 24 h. Distillation at the
end of this time afforded only a small amount of starting material as the only volatile
product, identified by boiling point {72.4°/2.7 mm) and infrared comparison.

In another run, 5.0 g of the bromide and a trace of FeCl; were heated to 200° in
a pot attached to a small distillation set-up. After 30 h, only a few drops of material
had distilled over; an infrared spectrum taken on this sample indicated little olefin
adsorption. Distillation of the pot residue under reduced pressure vielded only about
0.3 ml of liquid, b.p. 28-30°/0.3.4 mm (ambient, 27°) which VPC indicated was a
mixture with at least five major components. No starting material was recovered.

B. With guinoline. 1,1-Dichloro-t-bromo-1-sila-2-cyclohexene, 5.0 g, was added
to 25 ml of quinoline and heated at 2305 for 2.5 h in a small distillation assembly. No
liquid distilled, and upon cooling, the material in the pot solidified to a brown glassy
substance which yielded no volatiles upon attempted distillation under reduced
pressure.

1,1-Diphenyl-r-sila-2-cyelohexene

I,1-Dichloro-1-sila-2-cyclohexene (1.0 g, 0.0239 mole) was diluted with about
three times 1ts volume of anhyvdrous ethyl ether and added to a three-fold molar excess
of phenvllithium. After the addition was completed, the mixture was allowed to stir
for several hours and then was worked up in the usual manner. Distillation (after a
forerun of biphenyl) gave 4.1 g (70°9,) of product boiling at 140-8° at 0.1T mm. A
sample collected by VPC (Aerograph Autoprep, 15  Carbowax 20 M T.P.A. prep.
column, 2207} was submitted for elemental analyvses (1Y 1.5034). See Tables 1 and 2
for the NMR and infrared spectra of this compound. (Found: C, S1.69; H, 7.28.
C;HSicaled.: C, 81.60; H, 7.20°,.)

1,1-Diphenvi-r-sila-2, g-cxclokexadicne

To a stirred solution of a twao-fold excess of phenvllithium in anhydrous ethyl
ether was slowly added 2g9.0 g {0.176 mole) of 1,1-dichloro-1-sila-2,4-cvclohexadiene
dissolved in an equal volume of anhvdrous diethyl ether. After addition had been
completed, stirring was continued for 1o min longer, and the mixture hydrolvzed.
The organic layver was separated, dried, solvent removed, and the residue distilled at
oy mm. A\fter a forerun of ca. @ ml of biphenyl (7o-72), 4.2 g of material was collected,
b.p. 128-142° Analysis by vapor phase chromatography (F and M Model 720, 12°
DEGS celumn, 165°) disclosed that this cut contained three compounds in the ratio
35:35:30. Separation of the last from the first two peaks was effected on a 15" prep.
Carbowax 2o M T.P.A. column (Autoprep, 220%). It was found that the last peak
was 1,1-diphenyl-1-sila-2, ¢-cvclohexadiene (see Tables 1 and 2 for NMR and Infrared
spectral, #§ 1.60g0, while the IR and NMR spectra of the first two peaks (collected
together — incomplete separation) indicated a mixture of 1,1-diphenyl-1-sila-2-cyclo-
hexene and 1,1-diphenyvl-z-sila-3-cvclohexene. (Found: C, S2.03, H, 6.26. C,.H,;Si
caled.: C, S2.21; H, 6.49°9;.}

J. Organomelal. Chem., 3 {1965) 283-2g0
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Reaction of malcic anhydride with 1,1-diphenyl-1-sila-2, y-cyclokexadiene

Maleic anhydride (0.15 g) and a 040 g sample of 1.1-diphenyl-1-sila-2,4-cyclo-
hexadiene containing some biphenyl and 2- and 3-cyclic olefins as contaminants were
dissolved in octane and heated at reflux for 4 h. The mixture became cloudyv, but
evaporation of the solvent under reduced pressure afforded only a thick liquid. Upon
standing in the cold for a period of weeks however, this oil partially solidified. It was
recrystallized from benzene to give a white solid, which, upon sublimation, (170°/
o.z mm) vielded a white powder which was analyvtically pure and had a melting point
of 164-5° (uncorrected, Nalge melting point block}).

In another instance, 0.0165 g of the diene (VPC collected) and 0.0110 g of
maleic anhvdride were mixed neat and heated at 120° for 0.5 h. At the end of this time
only solid remained in the reaction tube, excess anhyvdride having sublimed to the
sides of the vessel. The adduct was recrvstallized from benzene to vield 0.0036 g of
white powder which melted at 188—g2°. (Found: C, 72.55; H, 5.52. C,;HSiO4
caled.: C, 72.81; H, 5.24°%.)

ACKNOWLEDGEMEXTS

The authors are grateful to the National Science Foundation whose financial
assistance made this work possible.

SUDMMARY

A svnthesis of 1,1-dichloro-1-sila-2-cyclohexene has been achieved. This olefin
has been phenvlated by means of phenyvllithium and 1,1-diphenyi-r-sila-2-cyclochexene
thus prepared. Bromination of 1,I-dichloro- 1-sila-2-cyvclohexene with N-bromo-
succinimide produced several products, one of which was identified as 1,1-dichloro-
g-bromo-1-sila-z-cvclohexene. Pyrolysis of the latter produced principally 1,1-dichloro-
r-sila-2 s-cveichexadiene. This cyclic diene reacted with phenyllithium to produce
1,1-diphenvl-r-sita-2, s-cvclohexadiene, a compound which reacted further with maleic
arhyvdride to form a Diels-Alder adduct.
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