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Summary 

Detarls are prowded for the preparation of three 1-oxa-2-sllacyclohexanes; 
namely, l-oua-2,2dlphenyl-2-s~lacyclohe2iane, 1-oxa-2,Zdunethyl-2-sllncyclo- 
hexane and 1-oxa-2-methyl-%sLlacyclohe\ane from magnesium hahde-catalyzed 
reactions of some dlchlorostianes and magnesium metal in tetrahydrofuran. A 
Lhorough discu&on of their mechamsm of formatlon is also presented and 
syntheses of the following compounds are reported for the fust time: 1-oxa-% 
methyl-2-sllacyclohevane (the fuw reported compound of this type contalmng 
a chwal s&con), (4bromobutoxy)chlorodlmethylsllane and (4bromobuto\y)- 
chloromethylstlane. 

Introduction 

Reactions between dwhlorodiphenylsdane and some metals yielding octa- 
pheny!cyclotetrasllane and decaphenylcyclopentasllane are well documented 
[I J. Dodecamethylcyclohevastime has also been prepared by slmllar procedures 
from dlchlorodimethylsllane [ 2,3]. In 1963, Anderson found that when reac- 
hens of dlchlorodlphenylsllane and magnesium metal in tetrahydrofuran (THF) 
were catalyzed with lodlne crystals, l-o~a-2,2-d~phenyI-2-s~acycloheuane (I) 
was isolated, and reactlons of dlchlorodunethylsllane and magnesium metal, 
catalyzed wth ethyl iodide In THF yielded l-osa-2,2-dImethyl-2-sllacyclo- 
hexane (II) [4]. We now report in some detzul preparahons and the mechantsm 
of formatlon of some 1-oxa-Z-stiacyclohexanes from magnesium hahde-cata- 
lyzed reactlons of dlorganodwhIoroskmes and magnesium metal m THF. 

Results and discussion 

Fornzatlorz of some 1-ala-2-stlacyclohexanes 
We have found that when reactions of dlchlorodrphenyklane and 
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magnesium metal were catalyzed with anhydrous magnesium iodide m THF, 
compound I was was formed (ca. 45%) in addition to a VISCOUS 011: 

wx2 RR’StC12 + Mg - 
THF 

+ MgCI, 

(1-U) 

1, R=R’=Ph, X=1 
II, R=R’=CH3 ,X=Eir 
Ill, R=CH3. R’=H,X=Br 

Unexpectedly, under sunuar condltlons employmg magnesnun bromide mstead 
of magnesium iodide, octaphenylcyclotetrastlane (IV) was isolated In a -14% 
yield and the formatlon of I was not observed. 

Magnesium bromide-catalyzed reactions of dlchlorodlmethylskne and magne- 
sium metal In THF gave only II (ca. 65%) and no cyclopolysknes (e.g. dodeca- 
methylcycloheuasdane) wele detected. 10 a slrnku manner, compound III, 
which contams a chu-al sIIIcon, was formed as a racemlc modlficatlon from 
dlchloromethylsilane, magnesium bromide and magnesium metal in THF. 

ReactIons between trlchlorophenylsllale or slilcon tetrachlorlde and mag- 
nesium metal m the presence of magnesium bromide have ylelded only polymers 
and Intractable ods 

Mecizanmn of formation of /I 
The synthesis of II W.IS thoroughly lnwstlgated and its mechanism of for- 

mation 1s postulated as follows: 
Step 1. Hahde exchange betneen dlchlorodunethyklane and magnesium 

bromide undoubtedly occurs [ 51. 

(CH ,)&CIz + MgBr? - (CH,),S&CI + hIgBrC1 

Step 2 hng opening of THF via cleavage of its carbon-oxygen bond by 
the sibyl bromide gave 

I 
(CH3)2S~BrC~ + Cl- Sl-0-C4HeBr 

0 
I 

CH3 

(Y) 
Step 3 Formation of a Gngnard reagent by reactlon of magnesium metal 

wnth the C-Br bond of V LS proposed 
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V + hlg + Cl-SI -O-&HJlgBr 
I 

CHI, 

Step 4 Ring closure by Intramolecular cycllzatlon between the Gngnard 
reagent. and the stiyl chlonde would yield II. 

CH, 

Cl-~1--O-C~H8RlgBr - II + hlgBrCl 

CHJ 

In a sumlar manner, (4-bromobuto~y)chloromethyis~l~ne (VI) was Isolated 
m a 10% yield from a renctlon of dlchloromethyisllane and magmesium bromide 
tn THF. 

CH~SIHCI~ + MgBr2 t 

CH3 
I 

w Cl -SI--O-C~H~B~ 
I 

H 

Treatment of VI wth magnesium metal afforded III in 21% yield We belleve 
that the mechamsm of formation of I, although rot Investigated, from dlchloro- 
dlphenylsllane, magnesium lodlde and magnesium metal in THF also proceeds 
VEI a sunlIar pathway, with the intermediate forrnatlon of (l-lodobuto\y)chlo- 
rodlphenylsllane [CISIPh,--O-(CH2)_,I]. The fact that the presence of I was not 
observed when magnesium bromide was used In the place of magnesium lodlde 
may very well reflect the low order of reactlvlty of bromochlorodiphenylsllane 
relatwe to chlorolododlphenylsrlane (presumably formed by haIlde exchanges 
between dlchlorodIphenyMane and respectwe magnesium halldes) towards 
cleavage of ethers. This seems to be a very reasonable assumption smce the rate 
of cleavage of ethers by different s~Iy1 hahdes has been found to be governed 
markedly by both the type of organic groups and halogens bonded to a sll~con 
atom [ 7-91: q SI-~ > ISI-B~ > =Sl-Cl and -SI-CH~ > q SI-Ph Such a pro- 
cedure, Involvmg reactlons of related dlchlorosllanes wth magnesium halides m 
the presence of cyclic ethers of va.rylng rmg size, has great potential as a general 
method for the preparation of a wde variety of heretofore lnacesslble com- 
pounds havmg the structure, C~SI(RR’)~-O-(CH?),,X. It IS quite concewable 
that these novel types may be dlfflcult to prepare, especially In high bqelds, by 
conventional methods, owng to the well establlshed propensity of mixed sllyl 
halldes towards factie dispropotilonatlon [lo]. 

2 =S1_XCl = =SICl~ + =s1x, 

~IIechanrsm of formation of IV 
The mechanrsm of formation of IV from reactions of dwhlorodlphenyl- 

stiane and magnesnun metal In the presence of magnesium bromide 1s still ques- 
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tlonable: A h&de eschange reactlon IS expected to occur between dlchlorodl- 
phenylsllane and magnesium bromide affordmg bromochlorodlphenylsllane 
(vlde supra) Reactlon of this intermediate with magnesium metal could yield 
species wth some sflylene-llke character (a silicon analog of carbenolds) or a free 
silylene (a slhcon analog of carbenes) wtuch may couple affordmg IV. 

Ph?SiBrCI + Mg -+ Ph,Sl(hlgBr)CI 

+ 4ph2S,] - IV 

Since the presence of Aylenes have been invoked In many reactions of 
some dxhlorosllanes wth metals [ll], we were prompted to mvestlgate the ml- 
portance of such renctlve a,pecles In our system. In an effort to determine the 
mtermedlacy of these species, several reactions of dlchlorodlpheny!sL!ane, mag- 
nesium bromide and msgpeslum metal were carried out in the presence of cy- 
ciohesene and dmhenylacetylene, common ‘-trappIng agents.’ of divalent species 
In both cases, IV was Isolated and no products reflecting addltlon across the 
carbon-carbon multiple bonds were detected. 

Some reacttons of I-oxa-2.stlacyclohe.~anes 
Treatment of I w&h phenyihthmm resulted 111 an evothermlc reaction 

which after ac!d hydrolysis gave 4.trlphenylsdyl-l-butanol (VII) m an 80%yleld. 

I + PhL1 -+ Ph,SK’H,CH2CH,CH20H 

(VII) 

The physlcal and spectral propertIes of VII were m excellent agreement wth 
those of VII obtalnecl from a renctlon between trlphenylsll~~lllthlum and THF 

[12:]. 

When acid hydrolysr, was used In the work-up of reactlons mvolvmg dlchlo- 
rodImethyMane, magnesium bromide and magnesium metal, 5,5,7,7_tetrameth- 
yl-6-oua-5,7d~s~laudecan-l,lld~ol (VIII) was obtamed and the formatlon of 
II was not observed. A reactlon of pure II wth 20% aqueous hydrochlonc acid 
at room temperature for 2 h affording VIII m an 87% yield confirms the du-ect 
formatlon of VIII from II 

HCI 
II + Hz0 - [HOCH,CH2CH.CH2(CH3)1S1]:0 

(~111) 

The form&Ion of the aforementioned compounds served to further estab- 
hsh the structure of I and II 

Ekpenmental 

All resctlons were carned out under an atmosphere of oxygen-free dry 
rutrogen Tetrahydrofuran was freshly dlst&d from sodium under rutrogen 
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prior to use. Chemicals were obtamed from commercial sources and used tvlthout 
further punflcatlon. 

Gas-llquld chromatographlc (GLC) analyses were carried out using a 6 X 
l/1 In. 

and proton magnetic res- 
onance spectra were carried out on a Varlan .A 60 spectrophotometer usmg car- 
bon tetrachlorlde as the solvent and tetramethylsk~ne as an internal standard 
hlolecular weights were determmed In benzene with a hlechrolab Vapor Pressure 
Osmometer, Model 301 A. Elemental analyses were performed by Galbrz.uth La- 
boratories, Knouvllle. Tennessee 

Al! melting and bolllng points are unconected 

Getzeral procedlrre for the PI eparattorz of anhydrous salts 

Anhydrous magnesium bromide and iodide were prepxed by reactions be- 
tween 1,2dlbromoethane and methyl iodide with magnesium metal In THF, 
respectively In general, the appropnate alhyl halide, dissolved in ca. 100 ml of 
TH F, was added dropwise to a suspension of magnesium turnings 117 THF with 
rapld sttrrmg. LJpon completed addltlon, the presence of salts was observed and 
the reaction mLyt.ure was stu-red at room temperature until the exotbermlc reac- 
tlon subsided. G!lman’s Color lest 1 of alIquors of these ml\tures were negative 
at this stage, mdlcatlng the absence of any organometalllc spectes, such as 
Grlgnard reagents [ 131. In some cases excess THF was removed b:t dlstlllatlon 
under mtrogen prior to the addltlon of the sllyl chlorides. 

Freparatron of I-~~a-2,‘-drphcrl~l-2-sllac~c~ohe~at~e (I) 

To ca. 0.1 mol of magneslurn iodide (prepared from 28.4 g of methyl Iodide 
and 7.2 g of magnesium turnings 111 125 ml of THF) was added dropwlse at room 
temperature with rapid stxrlng a solution of 25.3 g (0 1 mol) of dlchtorodlphenyl- 
sltane dissolved in 125 ml of THF over a 2 h period. After the mixture was heat- 
ed at reflus for 2-I h, 200 ml of ether was added prior to removal of salts and 
excess magnesium metal by flltrntlon The flltrate was hydrolyzed with 100 ml 
of 10 ‘;c HCI subsequent to washing the organic layer several times \\lth 1OZ 
aqueous sodium blsulflte then dlstdled water. After drying the organic layer, the 
solvent was removed and the residue was dlstllted under reduced pressure afford- 
ing 11.2 g (45%) of I, b.p. 128-132’/0.3 mm (Lit [Li] b-p. 215--‘316°/31-38 
mm). (Found C, ‘15.13, H, 7 05, Sl, 11.15, mol. wt , 350. C,,H,sOSl calcd - C, 
‘i5.59; H, 7.05, SI, 11.05%, mol wt 25-I.) 

The PRIR (Ccl,) spectrum had the followlng resonances. 6 1.1 (t, 2 H), 1.7 
(m, A H), 3.9 (t, 2 H) and 7.4 (m, 10 H). The IR (neat) spectrum showed bands 
at 3080 s, 2940 s, 1600 m, 1440 s, 1180-1010 sand 920 s cm-‘. 

Preparation of I-oxa- %,‘-d~rneth~ll-,-srlacvclohe.ra,le (II) 

To ca 0 1 mol of mag-neslum bromide (prepared from 18.8 g of 1,2-dlbro- 
moethane and 7.3 g of magnesium turnmgs In 125 ml of THF) was added drop- 
Lvlse at room temperature a solution of 12 9 g (0.1 mol) of dlchlorodlmethyl- 
sllane dissolved in 125 ml of THF. After the mixture was heated at reflux over- 
night, 200 ml of petroleum ether (b-p. 60-70’) was added followed by removal 
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of salts and excess magnesmm metal by flItratIon. 
yielded 8.5 g (65%) of II, b.p. 117-118”/760 mm 
mm). (Found: C, 55.30; H, 10.93; mol. wt. 532.” 
lO.S3%: mol. wt. 130.) 

Dlstlllatlon of the f&rate 
(Lit. [4] b.p. 118-120”/760 
C,H,,OSi cakd.: C, 55.32; H, 

The PhlR (CCL,) spectrum had the following resonances. 0 1 (s, 6 H), 0.6 (t 
2 H), 1.6 (m, 4 H) and 4.8 (t, 2 H). The IR (neat) spectrum showed bands at 
2950 s, 1430-10 m, 1260 s, 1180 m, 1160-1030 s, S10 sand 790 s cm-‘. 

PreporatIon of (4-bromob1cto.x y)chlorod~methylariune ( i7) 

To ca. 0.1 moi of magnesium bromide (prepared from 2.4 g of mngnesmm 
turnmgs, 50.1 g of 1,Zdlbromoethane and 185 ml of THF) was added dropwlse 
at room temperature a solution of 25.6g (0.2 mol) of d~chIorodlmethylsllane 
dissolved In 125 ml of THF with rapld stunng. After heating the mixture at re- 
fIu\ ovemlght, the salts were removed by flItratIon and the solvent by dlstllla- 
tlon The residue was dM.llled under reduced pressure welding 16.8 g (95%) of 
V (nc), b-p. 55-56”/0.3 mm. The equivalent weight, determIned by tltratlon of 
a H,O/THF solution of an Alquot with standard 0.1 IV NaOH, was found to be 
Z-11. (&,H,,BrCIOSl calcd : 245.) 

The PdIR (C&) spectrum had the following resonances 6 0 1 (s, 6 H), 1 4 
(m, 4 H), 3.1 (t, 2 H)and 3.1 (t, 2 H). 

Preparation of II from 1’ 
To 3.6 g of magnesium tumlngs was added dropwse over a ‘I! h period at 

room temperature, a solution of 24.5 g (0.1 mol) of V 111 100 ml of THF. The 
reactlon mL\ture was stu-rell afterbtards at ro13m temperature ovemlght. GLC 
analysts of an altquot of this mL-twe Indlcatlhd a greater than 90% yield of II A 
PMR spectrum of a pur:flecI portlon of the ml\ture was ldentlcal with the spec- 
trum of an authentic sample of II. 

Preparation of (4-bromob;t’ox~)c~llorometh~11ilane (Vi) 
To ca. 0.1 mol of magnesium bromide (prepared from 2.4 g of magnesium 

turnmgs and 50.1 g of l,%cbbromoethane In 125 ml of THF) was added drop- 
wse at room temperature 23.0 g (0.2 mol) of dlchloromethylsrlane dissolved In 
125 ml of THF wth rapid \turlng. After hentmg the mixture at reflux overmght, 
the salts were removed by flltratron and the solvents by dlstlllatlon The residue 
was distilled under reduced pressure yleldlng 18 3 g (10%) of VI (nc), b.p 59- 
63”/0.8 mm 

The PkIR (Ccl,) spectrum had the followmg resonances. 6 0.1 (d, 3 H), 
1.4 (m, 4 H), 3 0 (t, 2 H), 3.3 (t, 2 H) and 4.8 (q, 1 H) 

Preparation of III from Vi 
To 2.-I g (0.1 mol) of magnesium turnings suspended In 50 ml of anhydrous 

* The unexpecredlv b~gh molecular HLI&L. delermtned bb tapor pressure onomeLr~ in benz+ne. 

seems LO LndLcsLe Lhsr JJ probably exlns as a LeLramer in ChaL solvrnl 4 molecular weigh1 delermLn- 
ed by mass speclromeLr\ was found Lo be 130 (calcd 130) 

l * 9 prcvlous repoq menLIons ~01aLmn of a small fracr~on presumably consti~ng of an vrueSol\ed 

mlrLt.ue of V and (-l-oromobuLo~y)bromodtmeLhyl~~ne I141 
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ether was added dropwse a soluclon of 11.6 g (0.05 mol) of VI dissolved In 50 
ml of anhydrous ether with rapid stu-rmg. An esothermlc reaction occurred 
After stn-rmg for 2 h at room temperature, the mLsture was filtered and the sol- 
vents uere removed by dlsttiation. The residue was dlstllled yleldmg 2.3 g (21%) 
of III, b-p. 75--83”/760 mm, and 4.3 g of a solid residue 

The PhlR (Ccl,) spectrum had the followng resonances: 6 0.1 (d, 3 H), 
0.6 (m , 2 H), 1.5 (m, 4 I-I), 3.7 (m, 2 I-4) and 4.5 (m, 1 H). 

Preparation of octaphenylcyclotetrasrlane (IV) 
To ca. 0.1 mol of magnesium bromide [prepared from 18.8 g (0.1 mol) of 

1,2-dlbromoethane and 12 g of magnesium metal in ca. 125 ml of THF] was 
added dropwrse over a 1 h penod at room temperature with rapid stwnng a so- 
lutlon of 25.3 g (0 1 mol) of dlchlorodlphenylsllane dissolved ln 200 ml of THF. 
The mlsture was refluxed overnight pnor to removal of salts and excess magne- 
slum metal by flItratIon &After stu-ring the salts In water, the white precipitate 
observed was collected by flItration, drwd and soxhlet extraction using benzene 
as the solvent afforded 8 g (-l4%) of pure IV, m-p. 323-325”. 

The ongnal flltrate was hydrolyzed with dilute HCI. After drying of the 
organic layer and removal of the solvents a viscous residue was obtzuned. Attempts 
to Isolate compounds from the latter by dlstlllatlon and colum? chromatography 
were unsuccessful. 

Preparatlotz of I\‘- in the presence of cyclohexene 
A slmllar reaction, as described above, using the same quantity of reactdnts 

and solvent was c,arned out m the presence of 125 ml of freshly distilled cyclo- 
hevene Work-up m the same manner afforded 7.2 g (40%) of IV, m-p. 322-323” 
and a viscous residue. GLC analysis of the residue lndlcated the atxence of an) 
volatile matenal. 

Preparation of IV in the presence of dtphenylacetylcrze 
A sun&u reaction, as described above, using the same quantltles of reac- 

tants and so!vent, was performed In the presence of 17.8 g (0.1 mol) of dlphenyl- 
acetylene. Work-up of the renctlon mixture in the usual manner afforded 7 5 g 
(45%) of IV, m.p. 325-328”, and a wscous residue. Chromatography of the res- 
idue on a column of alumina yielded 16.3 g, a 92% recovery of diphenylacetylene. 
m-p. 61-63”, after elutlon with petroleum ether/benzene (l/l)_ 

Preparatron of 5,5,7,7-tetrameth_~~l-6-o.ra-5.7-d~srlaundecan-l. 1 I-drol ( VIII) 
From dlchlorodm~ethylsllane, rnagneslum brornlde and magrleslum metal 

111 THF A sunJar reaction as that described for the preparation of II, employing 
the same quantity of reactants and solvent, was carned out After heating the 
reaction mixture at refluh overrught, the salts and excess magnesium metaI were 
removed by filtration. The filtrate was hydrolyzed with dilute HCI and the or- 
garuc layer was dried. Removal of the solvent by dlstlllatlon of the residue under 
reduced pressure afforded 16.2 g (59%) of VIII, b p. 68-72”/10 mm. (Found: 
C, 51.90; H, 10.78. C,,H,oO& calcd: C, 51.74; H, 10.86%) 

The PhlR (Ccl,) spectrum had the followng resonances: 6 0.1 (s, 6 H), 0.6 
(t. 2 H), 1.6 (m, 4 Hj, 3.7 (t, 2 H) and 6.1 (s, 1 H). The IR (neat) spectrum 



showed bands at 3310 s, 2950 s, 1420 w, 1260 s, 1180 w, 1080-1030 s, 920 m, 
840 sand 790 s cm-‘. 

From II and aqlceorls HCI. A mLYt.ure of 25 g (0.19 mol) of II, 50 ml of 
THF and 100 ml of 10% aqueous HCI was stured at room temperature for 2 h. 
After several extractions with ether, the combined organic layers were dried over 
anhydrous sodium sulfate. Removal of ether, followed by d~tltlation of the res- 
ldue under reduced pressure afforded 22.6 g (87%) of VII, b-p. 68-72”/10 mm. 

Reactron of I wrih phenylllthlum 
After stirring a mlsture of 0.05 mol of phenylllthlum and 12.5 g (0.05 mol) 

of I m 100 ml of THF/ether (l/l) at room temperature for 3 h, Color Test 1 \Y~S 

negative. The mixture was hydrolyzed by the addition of 100 ml of 10% HCI, 
pnor to work-up m the usual manner affordrng 16 g (80%) of 4-tnphenylsllyl-l- 
outanoi, m.p. 109-llO”, after recrystalkatlon from benzene/petroleum ether. 
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