Siuicon HeETEROCYCLIC COMPOUNDS

column at 140°. Pure samples of each Ci; product analyzed
were not available thus precluding a determination of their rela-
tive response factors. The results reported are based only on
the relative peak area. The assignment of glpc peaks is as
follows: CDA (10.8 min), trans-CDE (12.9 min), ¢is-CDE
(14.3 min), CDD (15.1 min), CDD (16.4 min), trans,trans,trans-
CDT (17.2 min), CDD (18.4 min), CDD (19.7 min), cis,trans-
trans-CDT (21.2 min), CDD (22.5 min), cis,cis,irans-CDT
(24.7 min), and cts,cis,cis-CDT (26.4 min). As a check on this
procedure, samples were occasionally reanalyzed by gipc on a
150-capillary squalane column at 120°. The relative vyields
obtained with this column were always within 39, of those ob-
tained with the TCEP column. For hydrogenations carried out
at temperatures over 160°, by-products were formed which had
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retention times very close to cis- and irans-CDE on the TCEP
column. This interference did not occur with the capillary
column, and the yields were obtained with this procedure.

Registry No.--1a, 29079-66-1; all-trans-CDT, 676-
22-2; trans,trans,cis-CDT, 706-31-0; c¢is-CDE, 1129-
89-1; trans-CDE, 1486-75-5.
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The hydrosilation reaction has been utilized for the synthesis of silicon heterocyelic compounds.

With an

appropriately substituted silane, the ring-closure reaction results in a silacyclopentane rather than the expected

silacyclohexane.
of cis- and trans-1,1,2,5-tetramethylsilacyclopentane.

The principal methods for the preparation of silicon
heterocyclic compounds utilize some type of organo-
metallic ring-closure reaction. For example, the stan-
dard method for the preparation of silacycloalkanes is
the reaction of a di-Grignard reagent with a dichloro-
silane.®* The major disadvantage of this method is
the limited number of functional groups that can be
introduced into the ring system.

BrMg(ClT,) MgBr  +  SiCl,

———

Si
/N
ca  a

The present study was aimed at the exploration of
the usc of the hydrosilation reaction for a ring-closure
method with particular emphasis on ring systems that
contain an a-alkyl substituent.

Silicon hydrides add eleanly across terminal double
bonds to yicld n-alliylsilancs in the presence of both
free-radical catalysts? (dibenzoyl peroxide) and ionic
catalysts® (chloroplatinic acid). If the olefin contains

HePtCls
ClSiH + CH;=CHCH,CH,CH; ———>
ClSiCH,CH,CH,CH,CH;

an internal double bond and with chloroplatinic acid
as catalyst, the double bond migrates to a terminal
position before the addition occurs. For example,
2-pentenc yields only n-pentylsilane.

. H;PtCls
ClsSiH + CH;CH=CHCH,CH; ~———>

Cl:SiCH.CH.CH,CH,CH;
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5-(Dimethylsilyl)-1-hexene, upon treatment with chloroplatinic acid, yields equal amounts

Ring closure reactions involving hydrosilation have
been reported.®

2 (CH,),SiHCH,CH==CH, -
CH, CHCHCH, CH,
\_/
Si Si + polymer
/ N\ /
CH, CHCHCH, CH,

Results and Discussion

Syntheses of the appropriate starting materials are
presented in the Experimental Section. Treatment of
5-(dimethylsilyl)-1-hexenc with chloroplatinic acid in
pentane yields a mixture principally composed of cis-
and trans-1,1,2,3-tetramethylsilacyclopentane (2) (73%
vield) and only a trace of the expected 1,1,2-trimethyl-
silacyclohexane (1). The five-membered ring was
also observed as the major product when 5-(methyl-
chlorosilyl)-1-hexene was used as the starting material.

HthCls
ST GUY
HSi(CH,), Si S

, CH, CH, , ‘\ CH,
CH, CH, CH, CH,
1, trace 2, major

This unexpected path of ring closure finds probable
explanation in the mechanism for hydrosilation as
proposed by Chalk and Harrod.” In their proposed
mechanism, a seven-membered ring would be re-
quired as the key intermediate in the formation of 1,
whereas a six-membered ring intermediate would
lead to 2.

Using the hydrosilation ring-closurc reaction, 1,1-
dimethylsilacyclopentanc was obtained in 609 vield
from dimethyl(3-butenyl)silanc. The hydrosilation

(6) J. W. Curry and G. W. Harrison, J. Org. Chem., 1219 (1958).
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compares very favorably to dilithium reagent ring-
closure reactions (54-769%, yield).2

To obtain an authentic sample of 1, an organometal-
lic ring closure was employed. 1-(Trichlorosilyl)-5-
chlorohexane was prepared; however, all attempts to
ring close thig compound met with failure.

When the silyl group was placed at the secondary
position and ring closure was attempted to the primary
position, the desired compound was obtained in 23%
vield.

BFCHchQCHzCHchCHa + I\Ig —>1
CISi(CH, ),

Structure Assignments.—The assignment of struc-
tures to 1, cis-2 (2a), and trans-2 (2b) is based prin-
cipally upon their comparative spectral data. The
carbon-hydrogen analyses of 1 and 2 were consistent
with the empirical formulas. Compound 1 contained
only one peak in glpe analysis. However, glpe analysis
of compound 2 showed that it was a mixture of two
components. These two compounds, 2a and 2b, were
separated using preparative glpe and spectral data was
obtained on all three compounds.

The main distinguishing feature in the ir was that
1 showed a band at 11.4 g while 2a and 2b were clear
in this region. Oshesky and Bentley® have assigned
a band in the 10.93-11.00-u region as being character-
istic of silacyclohexanes. However, the ring systems
in their study were all without alkyl substituents
on thering.

In the mass spectra, all three compounds showed a
parent peak at m/e 142. The mass spectra of 2a and
2b were identical and differed from that of 1 by an
m/e peak at 114, which appeared in the spectrum of 1
but not in those of 2a and 2b. This P — 28 peak can
be interpreted as the loss of ethylene from the unsub-
stituted side of the silacyclohexane. ™

In the nmr, the SiCH; signal for 1 and 2b was a
singlet but was a doublet for 2a. This allows assign-
ment of the cis structure to 2a and the trans structure
to 2b.

CH,
CH; CH,
/CH:s S'/
CcH. _Si .
: Ner
CH, CH, o
2a 2b

Experimental Section

The ir spectra were obtained either with neat samples or with
7-109%, solutions in CHCl, using a Beckman IR-3a spectro-
photometer. Nmr spectra were obtained with 109 solutions
in CCls using a Varian HA-60 instrument with either TMS or
benzene as the internal standard. Mass spectra were obtained
using 2 modified CEC-103 instrument.

cis- and trans-1,1,2,5-Tetramethyl-1-silacyclopentane (2).
5-Chloro-1-hexene.—To 82 g (1.0 mol) of biallyl! was added 300
ml of concentrated HCl. The mixture was stirred at room
temperature for 16 hr. The product (bp 121°, n¥p 1.4308) was
isolated by distillation. The vield was 18 g (14%,). Unreacted
biallyl (80%) was recovered.
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Anal. Caled for CH(Cl:
60.48; H, 9.49.

5-(Dimethylchlorosilyl)-1-hexene.—A Grignard reagent was
prepared from 40 g (0.33 mol) of 5-chloro-l1-hexene and 12 g
(0.5 g-atom) of Mg. To this was added 50 g (0.4 mol) of di-
methyldichlorosilane, and the mixture was heated at reflux over-
night. The mixture was filtered through Celite, and the product,
bp 118° (12 mm), was isolated by distillation. The vield was
10 g (18%). A sample of the product was reduced with LiAlH,
in ether and characterized as the hydride, 3-(dimethylsilyl)-1-
hexene (see below).

5-(Chloromethylsilyl)-1-hexene.—To a slurry of 12 g (0.5
g-atom) of Mg powder in 400 m! of ether was added 24 g (0.19
mol) of 5-chloro-1-hexene. After the addition was complete,
45 g (0.40 mol) of methyldichlorosilane was added, and the
mixture was heated at reflux overnight. After filtration through
Celite and distillation, there was obtained 23 g (729), bp 110°
(15 mm). A sample of this material was converted to 5-(di-
methylsilyl)-1-hexene with methylmagnesium bromide for
characterization (see below).

5-(Dimethylsilyl)-1-hexene.—To excess LiAlH, in 100 ml of
ether was added 3 g (0.03 mol) of 5-(dimethylchlorosilyl)-1-
hexene. The mixture was heated at reflux overnight, then
poured over cracked ice. The ether layer was decanted, and the
aqueous layer was extracted with 100 ml of ether. The product,
bp 70° (12 mm), n®p 1.4411, was isolated by vacuum distil-
lation. The yield was 3.6 g (769,): ir 3.3, 6.1, 10.0, 10.9
(monosubstituted ethylene), 4.45 (SiH), and 8.0 u (SiCHj);
nmr § 5.1-6.0 (monosubstituted ethylene pattern, 3 protons),
3.8 (m, 1 proton, assigned as the SiH), 2.1 (vinyl methylene, 2
protons), 1.1-1.8 {(m), 0.95 (d, 6 protons), and 0.05 (d, J = 7
Hz, 6 protons, SiCHj).

Anal. Caled for CgHwSi:
C,67.60; H,12.58.

Ring Closure. Method A.—A catalytic amount of chloro-
platinic acid was placed in 100 ml of olefin-free hexane and heated
to reflux. Then 10 g (0.071 mol) of 5-(dimethylsilyl)-1-hexene
in 100 m] of hexane was added dropwise over a 4-hr period. The
mixture was heated at reflux for an additional 4 hr, and then
the solvent was removed by distillation. The product mixture,
7.3 g (73%), bp 145-150°, was isolated by distillation. Glpe
analysis showed that the mixture contained three components,
later shown to be c¢is- and trans-1,1,2,5-tetramethyl-1-silacyclo-
pentane (489, each isomer) and 1,1,2-trimethyl-1-silacyclo-
hexane (49%). The two silacyclopentanes were separated using
preparative glpe (see below).

Method B.—Into 200 ml of olefin-free pentane were placed
5.0 g (0.02 mol) of 5-(chloromethylsilyl)-1-hexene and a catalytic
amount of chloroplatinic acid. The mixture was placed in a
pressure bottle and shaken at 60° for 24 hr. The product mix-
ture, 2.1 g (55%), was isolated by distillation. The product
ratios were the same as in method A. Of several catalysts tried,
only chloroplatinic acid was effective. With other catalysts,
either starting material or polymeric material (in the case of
dibenzoyl peroxide) was obtained.

Anal. Caled for CiHiSi: C, 67.51;
C, 67.75; H, 12.39.

Separation of cis- and trans-1,1,2,5-Tetramethyl-1-silacyclo-
pentane (2a and 2b).—The mixture of cis and trans silacyclo-
pentanes was separated by preparative glpe using a 20 ft X 0.5
in. SE-30 column at 110° with a flow rate of 80 ml/min He.
The trans (2b) and cis (2a) isomers had retention times of 3.7
and 4.4 min, respectively. The refractive indices of the trans
and cis isomers were n%p 1.4364 and 1.4399, respectively.

The mass spectra of the two isomers were identical: m/e (rel
intensity) 27 (38), 31 (12), 43 (15), 38 (12), 59 (22), 67 (20),
72 (15), 73 (20), 83 (base peak), 86 (35), 99 (35), 100 (99), 127
(15), 142 (25); ir (both isomers) 3.4, 6.9, 8.05, 14.5 u; ir (cis
isomer) four symmetrical bands at 11.05 (s), 12.3 (w), 13.05 u
(8); ir (trans isomer) three symmetrical bands at 12.05, 12.6, 13.2
«, equal intensity; the 12.05-u band had two shoulders at 11.8
and 12.2 . In the nmr, the cis isomer showed a doublet (SiCHs)
at 50 (J = 7 Hz), and the trans isomer showed a singlet (SiCHs)
at 6 0. Both isomers showed an unresolved multiplet at 6 1.

1,1-Dimethyl-1-silacyclopentane.—To 150 ml of pentane were
added 5 g (0.044 mol) of dimethyl(3-butenyl)silane, bp 95°,
n%p 1.4190 [lit.12bp 98.5° (735 mm), n®D 1.4161], and a catalytic

C, 60.75; H, 9.35. Found: C,

C, 67.51; H, 12.74. Found:

Found:

H, 12.74.

(12) A. D. Petrov, N. P. Smetankina, and G. I. Nikighin, Izv. Akad.,
Nouk SSSR, Otd. Khim. Nauk, 1468 (1958); Chem. Abstr., b8, 8117 (1959).
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amount of chloroplatinic acid. The mixture was stirred for 16
hr at room temperature. The pentane was removed by dis-
tillation through a 24-in. spinning-band column yielding the
product, 3.1 g (609), bp 102°, n®p 1.4288 (lit.® bp 103-105°,
n*p 1,4340). '

1,1,2-Trimethyl-1-silacyclohexane (1). 1-(Trichlorosilyl)-5-
chlorohexane.—To 20 g (0.16 mol) of 5-chloro-1-hexene in 250
ml of cyclohexane were added 60 g (0.50 mol) of trichlorosilane
and 3.6 g of dibenzoyl peroxide catalyst. The temperature of
the mixture was maintained at 65° for 90 hr. The solvent and
excess trichlorosilane were removed by atmospheric distillation,
and the product, bp 110-112° (0.12 mm), was isolated by vacuum
distillation. The reaction yield was 21 g (879,). The product
was converted to trimethyl-n-hexylsilane for characterization
(see below).

Trimethyl-n-hexylsilane.—To 50 g of 1-(trichlorosilyl)-5-
chlorohexane was added 50 ml of 3 I/ methylmagnesium bromide
in ether. The mixture was stirred at ambient temperature for
1 hr, then poured over cracked ice, and extracted with two 50-
ml portions of ether. The ether was removed by distillation,
and the product, bp 195-197°, n?p 1.4125, was distilled. The
1-(trimethylsilyl)-3-chlorohexane was treated with magnesium
in ether, and the resulting Grignard reagent was hydrolyzed with
H;0. The product was distilled and shown to be trimethyl-n-
hexylsilane by comparison of its spectra (nmr, ir) with those of
an authentic sample prepared from the reaction of n-hexylmag-
nesium bromide and trimethylchlorosilane.!?

Attempted Ring Closure of 1-(Trichlorosilyl)-5-chlorohexane . —
To a large excess of Mg in 500 ml of ether was added 20 g (0.063
mol) of 1-(trichlorosilyl)-5-chlorohexane. The mixture was
heated at reflux overnight, and then 35 g (0.25 mol) of methyl
iodide was added. The mixture was again heated at reflux for

(13) F. C. Whitmore, L. H, Sommer, P. A. DiGiorgio, W. A. Strong,
R. E. Van Strien, D. L. Bailey, H. K, Hall, E. W. Pietrusza, and G. T.
Kerr, J. Amer. Chem. Soc., 68, 475 (1946).
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24 hr, Water (100 ml) was then added and the organic material
was extracted. The ether was removed by careful fractionation,
and the volatile product was distilled. This material was shown
to be trimethyl-n-hexylsilane by comparison of its spectra (nmr,
ir) with those of an authentic sample.!?
1-Bromo-5-(dimethylchlorosilyl )hexane .—Anhydrous HBr

was bubbled through a mixture of 20 g (0.11 mol) of 5-(dimethyl-
chlorosilyl)-1-hexene and 0.5 g of dibenzoyl peroxide in cyclo-
hexane for 6 hr. During the reaction period, an oil separated
from the cyclohexane solution. The ir of this oil showed a strong
band at 9.5 u (810). After separation of the oil and removal of
the solvent, distillation yielded 18 g of product mixture, bp 80—
100° (3 mm). Glpec analysis of this material showed it to be
composed of equal amounts of two components. The material
was taken into the ring-closure step without further purification.

Ring Closure.—A solution of 18 g of crude 1-bromo-5-(dimeth-
vlchlorosilyl)hexane in 500 ml of ether was added to an excess
of Mg turnings, and the mixture was heated at reflux overnight.
Water was then added and the ether phase was decanted and
dried (Nas804). The ether was removed by distillation, and the
product (bp 150-153°, n%p 1.4410) was distilled. The product
vield of the reaction was 3.8 g[23.6%, from 5-(dimethylchlorosilyl)-
1-hexene]: ir8.0 (SiCHj;), 7.25 (~CHjy), 11.4 u (silacyclohexane?);
nmr 8 1.1 (d, «-Me), 1.0-2.2 (m), 0.1 (SiCH;); there was no
olefinic signal; mass spectrum m/e (rel intensity) 26 (19), 43
(12), 59 (35), 72 (25), 73 (25), 85 (35), 86 (25), 87 (11), 99
(base), 101 (15), 114 (35), 114 (35), 127 (60), 142 (63).

Anal. Caled for CsHy;sSi: C, 67.51; H, 12.74.
C,67.27; H, 12.59.

Found:

Registry No.—1, 30102-80-8; 2a, 36982-63-5; 2b,
36982-64-6; 5-chloro-1-hexene, 927-54-8; 5-(chloro-~
methylsilyl)-1-hexene, 36982-66-8; 5-(dimethylsilyl)-1-
hexene, 36982-67-9,

One-Electron vs. Two-Electron Oxidations.
The Vanadium(V) and Manganese(IlI) Oxidations of Cyclobutanol
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Vanadium(V) oxidizes cyclobutanol in high yields to the ring cleavage product, 4-hydroxybutyraldehyde.
The observations that 1-methyleyclobutanol reacts about nine times faster than cyclobutanol, that the oxidation
of 1-deuteriocyclobutanol is accompanied by a low deuterium isotope effect (ku/kp = 1.21), and that cyclo-
butanol is about 1000 times more reactive than cyclohexanol, all support the mechanism consisting of a rate-
limiting ring opening reaction leading to the -CHCH,CH,CHO radical as the first reaction product. The
presence of manganese(Il) in chromic acid oxidations of cyclobutanol has a strong accelerating effect on the
reaction, and leads to a large decrease in the deuterium isotope effect and to a large increase in the reactivity of
I-methyleyclobutanol. The yield of cyclobutanone decreases and that of hydroxybutyaldehyde increases with
increasing concentration of manganese(Il) in the system. These observations are consistent with a mechanism
in which the effective oxidant is manganese(III), formed probably by the reaction Cr(VI) + Mn(II) & Cr(V) +
Mn(III), reacting via the same free radical intermediate as vanadium(V). Both results strongly indicate that
cyclobutanol reacts rapidly and smoothly with one-electron oxidizing agents under ring cleavage, and can be suc-
cessfully employed as a probe for one-electron oxidants.

Cyclobutanol reacts with chromium(VI), which is a
two-clectron oxidant, to yield, by carbon-hydrogen bond
breaking, the corresponding ketone, cyclobutanone?
(eq 1), while cleavage of the carbon—carbon bond occurs
in the reaction with onec-electron oxidants like chro-
mium(IV)? or cerium(IV)? (eq 2 and 3). It has been
proposed?® that the property of cyclobutanol to react by
cither carbon-hydrogen or carbon-carbon cleavage
could malke it a valuable tool for determining the ability
of oxidants to react as either one- or two-electron re-

(1) Inquiries should be addressed to J. Rodek, Graduate College, Uni-
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OH
. 0
Cr(VI) + —  CrIV) + [f (1)
OH
M+ [j’H — M 4+ CHCH)CHO  (2)

«CH,(CH,),CHO —> HO(CH,),CHO (3)

agents. However, before one can use cyclobutanol
oxidations as a diagnostic tool, one has to gain more
confidence that the observed pattern is indeed generally
valid.



