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SUMMARY 

A umber of stereoselective reactions of l-substituted-1,2-diwethylsilacyclo- 

pentanes are described. Reactions of the silyl chloride (II) with ZnFs and with 

2lcohofs catalyzed by amines are stereoselective 2s a result of rapid isomeriza- 

tion of II. Aleoholysis of silicon hydride (I) catalyzed by transition metals 

is apparently an inversion reaction regardless of the nature of the.catalyst, but 

cap appear to be stereoselective because of isomerization of alkoxysilane product. 

Reduction of silyl fluoride (IV) by lithium aluminum hydride is nonstereoselective, 

a result which is proposed to arise through rapid isowerization of intermediates 

with expanded coordination. 

lXTRODUCTION 

In the preceding paper in this series [&] we have reported preparation of 

numerous l-substituted 1.2-dimethylsilacyclopentanes and have demonstrated that 

they undergo a number of stereospecific transformations, behaving therein more 

like acyclic silanes than like the 1,2_dimethylsilacyclobutanes previously 

*P~el&&ary camunicatious of portions of this work have appeared. (Refs. l-3) 



complete13 differegt behavior from either-less-strained aeyclics or more- ~. .._ ::- .I -. . . . :....- - 
strained cyclics , and 'includixq&good evidence that extracoordinate intermediates : . : 
are formed and that they cau undergo pseudorotatL&s at observable~rates. 

.' 
The ~ssi&de~+ of 2 &d & configurations xiecessa+ for the stereochgaical 

- 
studies b& be& &cuss~'in detail in the first pa&.of tb& work [&I and in 

‘. .~ - ~. 
the skferences cft~ed therein, ._ The assignments are basedmainly on X&Z chemical 

shifts. .Tsble 1 contafns the principal BIt absorptions used for structural 

as&gnmants for the-new canpounds reported in this paper. 

. 

TABLE 1. .NKR S-E'- OF I-SUBSTITDTED 1,2-DIMFPBYLSILACvCLCP EmAErEC* 

i+ic+ (VII) 0.11 l-o5 -5.3 

g-sma& (I?&) -0.15 1.10 -3.2 

p;-siacfhcr;j (vIEIf 0.11 

z_siocrhc8, (VIn) -. 0.14 

E_siocH~cfT3~;1' ox) 0.11 

~-SioC?ii5~z cm 0.15 

~~siCC(cr43Ls '(XI C.L' 

~-SiC?C(&3k3 (Xl 0.15 

Z_SioCek&evelo (xx> 0.11 

z&OC&~-cvClo:(xTf - O.Ll; 

-swC&>* (XII) 0.05 

z_SiK(CEa)2 (XII) 0.11 

w=Nm&? (XIII) 0.0s 

z-siEzr(qgI& (x;II) 0.10 
; ,_. 

"Ch&i&L shifts measured i.n ppm downfield from TKS as internal standard. 
Gakplete spectra_are presented in the~experimentsf %ecti3n;- : 

_ 
. 

RESlILTS-ARDDISCZlSSION ._ 

TEie~-+sr&achtitil resul&..of a.nu&ek 'of react&+ of I-kG.&ituted i,2- 
_ . . . ._.- .-.- . 

. dimethylSiiaey=lopen~n~ lire listed'& Tabzes 2%. 
~.. 

: . 'Host of~thke-&a&ions are 
. . ‘: ..... .-- 

:_ . ._ I 
. . . . . . ._. -_ -- 
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stereoselective, but the sterwselectivity 

step in the mechanism, hence the different 

.In several of the reactions noted in Table 

does not always arise in the same 

types will be discussed separately_ 

2, the sterwselectivity arises, at 

least in part, fran isomerization of l-chloro-1,2_dimethylsilacyclopentane (II) 

ptior.to -&action, We have already noted [5.7,87 a propensity toward facile 

isomerisation on the part of the corresponding chlorosilacyclobutane, and the 

same can be said, to a somewhat lesser degree [8? about II. Perhaps the simplest 

example of stereoselectivity noted in Table 2 is the case of zinc fluoride 

reaction with II. In that case, following the reaction by %I NMB, II is 

isomerized at a rate much faster than reaction, and the mixture of silylfluoride 

isomers produced is essentially the same as the equilibrium mixture of chloride 

isomers (50/50). The equilibration of II has been followed also under some&at 

different conditions 183, as has that of Si-F (IV, see belaP), and both have 

equilibrium mixtures that are appr oximately 50150 in the two isomers. 

TABLE 2. STEREOCHIMISTRY OF SOME RE&TIONS OF 1-B&LCSIrLKYCU)P~&?FS 

compound g/e Product Z/E -- Reagent -- 

Sic1 (11) SO/20 Z&2 SiF (IV) 54/46 

Sic1 (II) 55145 z-2 SiF (IV) 54% 

sic1 (II) 55145 @@CCeQMgBr SiC&Q4e-E (VI) 7J939" 

Sic1 (II) &i/14 pMeOC&idfgBr SiC&CHe-E (VI) iO/90 

sic1 (II) 5OJ50 (@I )2= sW=b)2 (x=) 35J65 

sic1 (II) 5OJ50 (Gz!Hg)2= sNwf5)2 @II) 30/70 

SIP (IV) 5155 LMlsk SiH (I) 44/56 

SIP (IV) 3OJ70 =A=4 SiH (I) 47J53 
sip (IV) 5OJ50 LfiLB, SiH (I) 45J55 

SiF (IV) 7-f/23 L-LA=& SiH (I) 49151 

Sic1 (II) 5OJ50 cyclo-CeIi~~OH/ siclCeH~~-cyclo (XI) 7f95 
quinoline 

sic1 (II) 50&O (C&)oCOHJquinoliue siWQ%)a (X) 3J9-7 
* For experimental see preceding paper 4 . 

gather more interesting, and obviously more complex is the alcoholysis of 11 

catalyzed by &nines (Table 

composition of the product 

catalyst ai well as cf the 

has been much discussed in 

3 and last two entries in Table 2), in which the 

mixture is a function of the nature of the amine 

alcohol. The amine-catalyzed alcoholysis reaction 

terms of mechanism [g,lO]. but no uork has clearly 

. . 



Prdddct-Ratio -- 
. . . 

:- 

~Aniline' . . 
.&o/&& ._ _. ~40160 

a-~&hylar&.ihe~ _’ - 3q/70- .-. .- -30/7d 

p&_&e -. _. 52h.8 40/60 

Q&.nolin~ 35f65 30/70 

C&lohexyleaine 30/70 -25/75 

T&e;hy&mine 33/67. -35f65 

Isopropylamine :55/45 30170 

. 

37/63’ -- 

‘i2/83 .. 

14% 

-lo/go 

lo/go - 

lo/go 

Jx.938 

-d&&I the role of the-amine, It obviously does complex the EC1 formed in the 
. 

_a.l+ol>%is and thereby affects the guilibrim position-in the system. It 

ap$a&n~ly is involved kinetically as a catalyst.[llJ, but the kinetic effect is 

not alvays seen Cl2]. -There is catalysis by HCl produced in the reaction and by 

addedanxnonium chloride Cl31157, and both are acting as general base catalysts 

coordinated vith' the-kltihdl proton, EC1 being present in largely undissociated 

form in inert solvents and ammonium chlorides presumably present as ion pairs 

[13]. Added amine can presumably either act as a general 

or as xeaction proceeds it could be converted to ammonium 

catalyst. 

base catalyst itself, 

chloride which acts as 

The present results indicate that in methanolysis in particular the nature 

of-the arrine plays-a major role in determining product composition. However, 

amine can-be shown to act in another capacity as veil in interactions with 

ha&lanes.. It +s been shown that chlorosilanes unde*go.racemization or 

isomerizati& reaations with donor molecules by way of a mechanism involvkg 

&panded coordination [8,11]3 Pyridine and quinolike are among the reagents 

th+ give rise-to rapid isomeqzation of l-chloro-1,2-dimethylsilacyclobutane ant 
L 

IT. It-is- thus reasonable to propose that stereoselectivity in the alcoholysis 

of II- &ises due-to the rapid e&ilibri~~ezi~a~&ished betveen ?-II a+ & _. ._: -. 

&j_$by way 9% specit%s vi& -tided {oord&atick kuch G$ XrV and XV in 
_: ---: .’ .- 

-Sdfiae. rY(vhichke-n&; howe&,1 the:or&: intermediates- in&lv&.). ’ _’ _. :. .- ._ .- :.___ - 

_ 
. 

.-. : . . 
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The stereoselectivity does not arise by isomerization of the alkoxysilanes after 

reaction, since the ratios of isomers do not change during the course of the 

reaction, and quite different ratios are obtained for the same alkoxysilane 

using different amines. The reaction can be envisaged as occuring by vay of 

transition states such as XVIII, XIX (Schane 2) giving backside attack (and 

hence inversion stereochemistry, as is frequently observed for the amine- 

catalyzed alcoholysis [17-J), and the g/g product ratio would be given by kz/ka 

if K = 1 and the equilibrium is rapidly established. The nature of both alcohol 

and smine would affect the ratio kz/& probably mainly through steric factors. 

Indeed, the bulkier the alcohol used, the greater the preference for g product. 

which 3s a reasonable result on steric grounds. Overall rate of product 

formation should be affected by the basicity of the amine vhen it is acting as 

a general base catalyst, but clearly there is no relationship in the present 

data betveeng& ratio and catalyst basicity, A bias tward z product is seen 



+ + 

Cl - R3;H 

for both aniline (pea, _&&I = 4.6) and isopropylamine (p&x, R&I = 11.5) but not 

for Nmethylaxil~-ne (pKa, F&I = 4.8). It is difficult to see a clear pattern 

of steric effects for the amineg either. Isopropylamine and cyclohexylamine 

might have been expected to behave similarly from the poLnt of viev of steric 

effects, at least in canparison with a j" a&ne like triethylamine. In the 

methanolysis reaction where appreciable differences ia Z/E ratio due to catalyst _- 

can be seen, cyclohexylamine is like triethylamine, not like isopropylamine. 

Au&e play- the role of rxucleophilic catalyst can also‘be envisioned Cl81 

(Schane l), and intkxtwdiates of the type XIV and XV are presumably present in 
.~ 

the &ocess Of isoxnerizatioa of 11. 
.- -. 

-aver, Scheme 1 effers no obiriously 
__-.l 

better rationale fo; the effects-of am&e&on Z/i rat&, and it would probably -_ : . . 
-l&&to retention steieochemistry, since available information-indicates that. 

~dispfacenen~_tif l&m&g groups 5&m a&al &xHtions'of trigonal bipka&dg 
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_alcoholysis~catalysed by amines normally is stereospecific with inversion [17]. 

:... -. 
Giv_en the fact that alcoholysis of Sic1 is stereostilective, it is not 

.- 

surprising.& find that aminolysis is also (Reaction 1, Table 2) 

-0 +2RnNH 
pentane 

/"tl 

II 

o- + R$&,c1- (1) 

1 t 
ti 

Again the apparently thermodynamically more stable g isomer of the silylamine 

product is formed preferentially, and again we assume that a rapid equilibrium 

betveen Sic1 isaners @-IIeg-II) and unequal rates of attack on the two is the 

reason for the stereoselectivity. 

Alcoholysis of silicon hydrides catalyzed by transition metals is another 

method of access to alkoxysilanes. The reactions have been found to be 

stereospecific by previous workers [21,22-J, although sometimes veakly so, and in 

the silacyclopentane system the hydrides (I) can be readily separated into 

fractions that are predominantly z or z_ Consequently the SiH alcoholysis 

offered the possibility that alkoxysilanes enriched in either2 or s component 

could be prepared, a preparative goal which could not be achieved using the 

stereoselective alcoholysis of SiCl. We have studied the alcoholysis (Reaction 

2 and Table 4) of I in the presence of three different catalysts using hydride 

0 +ROR C8t._ 

0 

f& 
(2) 

/ tH Catalysts: 1% Pd/c (A) / =\ 
(PkxPkMcl (B) 

OR 

I &Ptcle-6&o/m (c) 

enriched in either z or 3 isomer and using methanol (MeOH), ethanol @OH), 

2-propanol (iPrGIi) and cyclohexanol (cHexGH). Alcoholysis with MeOH or EtOH 

appears to be a stereoselective reaction favoring g-product to approximately the 

same extant with both alcohols and all three 

this result is deceivfng with respect to the 

because alcoholysis vith iPrOH and cRexGH is 

catalysts. It seems likely that 

alcoholysis reaction itself, 

clearly stereospecific but follwed 



:2io~:.-‘;.‘_m. :/-_ . . . . ..-‘. j_.LI_-_ ..-- -..._- -_~ _... -.: + .~. 

..- ._ : ~ _.. 
-. _. 

_ 

:- 

.~_ 

(:._ _-.~~_. 

.- 
.- 

: 

:. ..; ,I .._ :- _ .- :. 

by-a~_rel&i*ely_siapi ~s~er~~~~~~~_~f~~the-~l~sll~~e.~i~iti~llp--fo~ed.~ The 
: -. -. i _.. 

'two.&&& ;ihder:.IjI &d.gI:(T&le &) represent-the:isomerratios .folind at the 

,app&+teip hal_f-lif e of the reection.and ata later time when the reaction is 
-- -. _.. 

essentially &plete. The results indicate thatthe alcoholysis is clearly 

:predominantly, if not &nple_tely;_stere&pecific withinversion with all three 

catalysts. Previous results of Scmaner [21] and Coz~iu L] also shw a reaction 

-that is not completely stereospecific , presrnnably indicating that isomerization of 

alkoxysilane is catalyzed by the transition metals. In the present work it is 

clear.that isomerization of SiR.is-'not occurring t&i& the course of the 

reaction, as shown by gc analysis of the g-I&I ratio a: intermediate times. We 

pi-es-e that the methanolysis and ethsnolysis reactions are also stereospecific 

but that isomerization of methoxy- and ethoxysilane is more rapid than that of the 

moxe hiidered alkoxysilanas. 

The ste~eochanical result of inversion is the same as that previously 

observed in acyclic.systems for the SiR alcoholysis when the Pd/C or QPtCle [21) 

catalysts are used. .Alc&holysis using (PhsP)e RhCl in benzene is reported to 

proceed with predominant retention [22], hwever in that work2-propanol gave 

raceaic product, and methanolysis in MeOH gave inversion. The present result of 

inversion was not affected by the presence or absence of benzene as solvent. The 

I 
mechanism suggested [22] for the Rh catalyzed alcoholysis involves initial 

III 
oxidative addition of Si-H to give penta&ordinste Rh . Next, alcohol can 

attack, and it is suggested that ROH attacks Si directly without prior coordina- 

tion to Rh. Perhaps the relatively law stereospecificity of this reaction meens 

that alcohol can either attack directly or--after coordination to Rh, with 

different stereochemical results,. and.with the favored pathway being a complex 

function of alcoho& structure and concentration as well as silane structure. 

Interestingly, vhile In-the previous pape* in this series [41 we have discussed 

the-possibility that there could be a bias tward retention-reactions caused by 

s&e _angle.strain present in the-silacyclopentane ring or in the reaction 

intermediates it-forms,.the present obserPatiou is the first that we knw of in 

." ~i or P_ chemistry in which a strained ring:species r&zts_with &zersion while 

acyclic examplesproceedwith retention. Unfortunately,--we w&e &t able to 

. 
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further ex$lore this_.phenomenon in thisilacyclobutane series,. since th_e ring is 
: ,- 

open& u&r the resction'conditions -[?I. 

Regretfully, on& of &he sy&hetio goals of~the investigation of alcoholyses 

was not in ~fact realized. While z-i&e&of--the i&o~ropoq~a& cyclohexoqsilanc 

could be sham by.R&iR to.predominate at early stages of the reaction, attempts 

to isolate.m&tutes enriched in-g-isomer were not successful due to the 

relatively rapid iswerization. 

A stereoselective reaction of a somevhat different type is afforded by our 

st&ies of the lithium aluminum hydride (LAli) reduction of l-fluoro-1,2- 

dimethylsilacyclopentane, IV (Reaction 3 and Table 2); The IAH reduction of 

Si-P compounds has been shown to be stereospecific with acyclic derivatives and 

toproceed with inversioh E17a-j. lW0 examples of stereospecific retention are 

knovn in cyclic.systems, silacyclobutane [7] and a silacycloherane heavily 

encumbered with fused aromatic rings [24]_ A single example of racemization has 

been reported [17cl, and that is in the system that among those studied is most 

ciosely related structurally to the silacyclopentane ring; nanely, a silacyclo- 

hexene. 

The isomers of IV are readily separable by spinning band distillation, and 

gh&y are much more configurationally stable than the correspondkg Si-Cl isomers 

under a variety of conditions. A number of species do, h-ever, act as 

isomerizing agents for IV, as observed by NMR. A mixture with an 86/14 Z/E -- 

ratio is converted in less than 10 minutes to an approximately 50/50 mixture 

when added to methanol as solvent present in large excess. Such a racemization 

[25] or isaneriaati-on [26] of Si-F by HeOH has been previously reported and 

proposed to be occurring by vay of extracoordinate Si species. With the 

mechanistic precedent established for other silicon halides in the presence of 

other rrJCleOphiliC solvents c8,16j, and given the results to be presented below, 

we agree that a mechanism by way_ of expanded ‘coordination is likely. 
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Rexamethylphosphorus triamide in CC14 also isomerizes IV (t$ = ca. 2 days), as 

does tetrabutyl&onium fluoride in CRC13 (t+ = E-2 h). Rate data for these 

systas are only semiquantitative due to the difficulties of integrating poorly 

separated 'R NMR peaks for the Si-Me groups of z- and E-IV. Rovever, the RMPT 

isomerixation proceeds orders of magnitude more slowly for IVthan for the 

corresponding Si-CZ canpounds (II). 

We find that isomerization occurs in the course of IAR reduction of IV_ 

Starting with isomeric mixtures which contain a preponderance of either z- or 

E-IV, an approximately 50150 ratio (g/E = 47 + 2/53 i: 2) of silicon hydride (I) 

isomers is obtained. When the reaction is followed by % RMR, Si-Me peaks 

characteristic of z-1 and E-1 grew in, and they do so as the approximately 50/50 

mixture. The ratio of fluoride isomers changes very little as reaction proceeds, 

indicating‘that neither aluminum hydride nor alrrminum fluoride is isanerizing IV 

prior to reaction. Silicon hydride is also not being isomerised after it is 

initially formed. When the reduction reaction is carried to completion and then' 

an extra -unt of one of the I isomers is added to the reaction mixture, 

isomerization of the extra I occurs only slowly. Also in separate experi-ments, 

I has been shown to be isomerized only slowly by l&I in ether and not at all by 

tetrabutylammonium fluoride in CDCls. 

We think it significant that SiF reduction, while normally stereospecific, 

is reported to proceed with racsmization in Corriu's six-membered ring system 

[17cl. We assume that the mechanisms are related. It is possible to imagine 

that there are single-step processes occurring which are competing inversions 

and retentions and that rates fortuitously cancel. In our system the observa- 

tions made would require the near identity of 4 rate constants. Furthermore, 

identical rates of inversion and retention would also have to be proposed in the 

6-membered ring case. We think this is highly unlikely, particularly in view of 

the normally high stereospecificity of organosilicon reactions in the absence 

of some special racemizing process. 

The only other reasonable alternative left for the silacyclopentane system, 

given the lack of isomerization of either starting material or product under 

the reaction conditions, is irreversible conversion of IV to an intermediate 



chenicallJi-r?~e;i~-~~~le pkxisses &der the reaction conditions; we konclude 
; -. ~, _ -I _ _- 

-that-lthe~i~~tirmediate au& be one with expanded.coordiiition. We &mot, of 
.- 

course:.p&cisely defi%the nature of the intermediate, but a s-coordinate 

iatexmediate-which undergoes pseudorotations is a &asonable postulate. We 

believe it is~reasonable to propose that pseudorotatious will be wore readily 

observable in re&ctioae df silacyclopentanes thah in acyclic silanea or 

silacyclobutanes because axial attack of a nucleophile would lead to an 

intermediate-which would not be especially satisfactory (Scheme 3): That 

Scheme 3 

./f 

Q 
F 

H-Sli---F 
Me 

“!A e 

F 

H HeSSi L3 
MZ ret. 

-intermediate would have either the F or one of the ring bonds axial, and these 

nisyweli be choices which are not much different in energy. Pseudorotation woulc 

presumably be facilitated in order to get a6ay fro&the initial, unsatisfactory 

int&eidate (XX) and to get to those with both F and a ring bond axial (XXIII 
- -.. 
ax+XXIV), aka si&e &rry pseudorotation will uot su.ffice to convert XX to 

eithetWIII OF XXIV. I& contrast-to the situation with the silacyclopentane, 

.~ 
acyclic systems do not have the St&in present.in XX which induces pseudorota- 



tions ) 

reacts 

analog 
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and inversion is observed. In the case of the silacyclobutane, which 

with retention, the initially formed intermediate is presumably not the 

of XX, but the analog of XXII, which goes to one of the most stable 

trigotil bipyramids by a single pseudorotation. Hence, the observation of 

isomeriration with IV is the result of the moderate degree of strain in the 

silacyclopentane ring, and it might be expected that other reactions which 

involve displacement of relatively poor leaving groups froze Si would show a 

tendency tward isomerization when applied to silacyclopentanes. 

We have developed a number of methods for the preparation of 1,2-dimethyl- 

silacyclopentane derivatives enriched in one of the geometric isomers. In a 

number of cases, but not those of the alkoxysilanes or silylamines, we can 

obtain mixtures enriched in either geometric isomer. While stereospecific 

reactions of the silacyclopentanes shw more in ccmmon with acyclic silanes in 

terms of stereochemical outcome, there are notable exceptions. Rhodium'- 

catalyzed alcoholysis of Sill occurs with inversion, while the reaction goes with 

retention in acyclic silanes. Most notable with the silacyclopentanes is a 

heightened tendency to give stereoselective reactions or iscmerizations. We 

have shcwn that this can occur as a result of a) rapid isomerization of starting 

material, b) rapid isanerization of product, or c) rapid isomer&ration of an 

extracoordinate intermediate. Due to the complexity introduced by these multiple 

possibilities it is not possible at this l5ne to make generalizations about the 

circwnstances under which isomeriration can be expected to compete with a 

stereospecific transformation. We suggest that a balance of factors, principally 

caused by a moderate amount.of ring strain, makes the silacyclopentanc system a 

particularly favorable one in which to look for stereochemical evidence of 

reactions occurring via extracoordinate intermediates. 
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G&zal. G&e&l experimental~ptodedure~. includin& a&lysis bp NMR and GLPC,.. 

ierkthe &m&-as 'those reported'id the.preceding-cornmu;lication [43_ .pro&ct ratic 
: 

were measured dy- B@:or~GISC, 
--. 

as inaicetea in the iueividusl expe&ment&l sections 

In many, but not all, ~caseSCdup1Gat.k runs were &de and product ratios were' 

reproducible to +,'2$; &rnpounds tefered to in both papers have been g%ven the sas 

nmber. 

General Method of Amine-Catalysed Alcoholysis of Si-Cl (II)_. The chlorosilane 

(II, g/g= 50/50) was dissolved in anhydrous pentane and placed in a round 

bottom flask equipped with a condenser and an addition funnel. A quantity of 

alcohol and-smine in slight excess in canparison to II was added as a solution 

in pentan& The solution was then brought to reflux and progress of the reaction 

was- followed by GLBC analysis. The reaction required reflux of from several 

minutes (neOE. EtOH) to-several hours (IprOE, cHexGH) to several days (tBu0H). 

The precipitate of amine hydrochloride was filtered off, washed with pentane 

anu the solution concentrated. All the alkoxysilacyclopentanes obtained (VII to 

XI) were purified by distillation. 

The experiments noted in Table 3 were carried out in the same mancer.start- 

ing with quantities of 11 of the &dew of 200 xng, and products were simply 

analyzed by GLPC on a 20' x l/b' column of 20$ SE 30 on Chromosorb W. 

1-Methoxy-1,2-dimethylsilacvclopentane (VII)_. Reactants: U-56 g (0.0% mole) 

_ of II, 3.2-l g (0.100 mole) of methanol and 12.95 g (0.100 mole) of quimline. 

Weight of VII obtained: 10.5 g (8~9, bp lG5-llO" (60 me). Anal. Calcd. for 

*E~OSi: c, 58.2; H, 11.1. Found: c, 58.4; H, ll.O$$. 'II NHR (ccl,, 60 HHz) 

6 0.15 and 0.11 (s, relative intensities 35165, Si-Clla), 3.43 and 3.36 (s, rel. 

int. 35/65, OCI&). =g nmr (cD(&, 90 MHz): 6 0.22 and 0.19 (s, iel. int. 33/65) 

3.85 and 5.80 (s, rel. int. 35/65). % rmr (cycle): 6-3.2 (Sims, ~-mr), 

-5.3 (sic& E_vII). Ratio of GLBC retention times at wO:</tE L 0.$4. -- 

1-EtboxPl,2-d~ethylsilacyclooentane (VIII). Reactants: 12.5 g (O.C& mle) 

of IL b-25 g .(O-Q92 mole) of ethanol and 11.9 g (0.w mole) of quin0;ir.e. 



Weight of VIII obtained: lo.9 g (82$>, bp 80-85~ 

C,El@si : C, 60.7; 8, 11.4. Found: C, 60.8; H, 

6 O-14 and 0.11 (s, rel. int. 30/70, Sic%). 3.71 
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(20 mm). Anal. Calcd. for 

ll.2$. =H nmr (ccl+, 60 MHZ): 

and 3.66 (q, .J = 7 Hz, rel. 

int, 30/70. OCl&. 'H- (GDGla, 9 MHz): 6 0.19 and 0.17 (s, rel. int. 30/70), 

3.59 and 3.55 (q, J = 7 Hz, rel. int. 30/70). Ratio of GLPC retention times at 

1200: t /t 
g. g 

= 0.532. 

1-Isonronoxp-1.2-dimethylsilacyclopentane (IX). Reactants: 9.70 g (0.065 mole) 

of 11, 4.68 g (0.077 mole) of Z-propanol and 10.06 g (O-G77 mole) of quinoline. . 

Weight of Ix obtained: 8.7 g (785)s bp 90-95O (15 am). Anal. Calcd. for 

C&&%i: C, 62.7; H, 11.7. Found: C, 62.4; H, 11.5$. % nmr (Ccl,, 60 MHz): 

B 0.15 and 0.11 (8, rel. int. 10&O, SiCHs). 'H nmr (CDCls, 90 MHz): d 0.19 and 

0.16 (s, rel. int. 10&O), 4.06 and 4.03 (Sept., J - 6 Hz, rel. int. 10&O, OCH), 

1.15 (d, (=a).$). Ratio of GLPC retention times , programmed at 2O/min from ZOO0 

to 1400: 
tZ'tR 

=o.g46. 

I-t-Butoxy-1.2-dimethy1si1acyclopentane (X). Reactants: 6.00 g (O.&O3 mole) of 

II, 3.29 g (0.0443 mole) of&-butanol and 5.72 g (0.0@3 mole) of quinoline. 

Weight of X obtained after 3 weeks: 4.9 g (65%). bp 9%loo0 (15 mm). Anal. 

Calcd. for CloI&@Si: c, 64.4; H, 11-g. Found: C, 64.1; H, 11.8$. 'H nmr 

(CCL. 60 MHz): 6 O-15 and O-11 (s.. rel_ int_ 3/Y7, SiCH,). 1.21 (s, (ClE+),,C)_ 

SLPC at 15OO: only the peak of isomer Ewas identified. 

1-Cyclohexoxy-1.2-dimethysilacyclopentane (XI). Reactants: 5.00 g (0.0336 mole) 

of II, 3.70 g (0.0369 mole) of cyclohexanol and 4.77 g (O-0369 mole) of quinoline. 

Weight of XI obtained: 5 g (7&), bp 125-130° (12 mm). Anal. Calcd. for 

C&&&Si: c, 67.8; H, 11.4. Found: c, 67.5; H, 11.2%. 'H nmr (cc14, 60 MHz): 

6 0.14 and 0.11 (s, rel. int. 7/93, Sic&)); 3.6 (m, OCH). Ratio of GLPC 

retention times at 170°: 
tZ'tR 

= 0.968. 

General Method of Stereoselective Aminolysis of Sic1 (II). The chlorosilane 

(II, g& = 50/50) dissolved in pentane was introduced into a flask equipped 

with an addition funnel and condenser (water-cooled for diethylamine, methanol 

at -40° for dimethyIa&ne). The solution vas stirred mechanically at room 

temperature. The =Aine dissolved in pentane was added slcwly from a funnel 
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having a &&ing coil.. The-solution *as maintained 

a&distilled. 

1-Dimethylamino-1.2~dimeth<lsilacyclopentane (XII), 

mole).of-.II-z&d.&5 8 (0.1 mole) of dimethylamine. 

at reflux,.then.-filtered 

Reactal&: 6.0 g (0.040 

Ueight of XII obtained: 4.5 

g (70$), bp_-91-95o (I.2 sss): Anal. Calcd. for CeElsRgi: C, 61.0; Ii, 12.1; N, 

8.9; yo*uruf C, 6oig; Ii, 12.1; N, 9-e; 'li nmr (Ccl,, 60 MHZ): 6 0.11 and 

0.05 (s,-rel.~ i& 35i65, SiGR&)_ 

I-DiethylamZno-1,2-dimethylsilacyclopentane (XIII). Reactants: 6.0 g (O.&O 

mole) of II and 7.3 g (0.1 mole) of diethylsmine. Weight of XIII obtained: 

5.5~8 (75$), bp 113-118° (15 mm). Anal. Calcd. for C&&NSi: C, 64.7; H, 12.5; 

N, 7.5. Found: C, 64.6; H, 12.6; N, 7.4s. 'H nmr (CCb, 60 M&z): 6 0.10 and 

0.6 (3, rel. int. 30/70, Sic&). 

General Procedure for Metal-catalvzed Alcoholysis of 1,2-Dimethylsilacvclonentane 

(I). The reactions in Table 4 were carried out without solvent by slow addition 

.of alcohol to I in the presence of the catalyst: lO$ Pd/C (Fluka Puriss.); 

.trisItriphenylphosphine)rhodirrm (I) chloride (Merck Schuchardt for synthesis); 

chloriplatinic acid (Fluka), 0.01 W ~ptClo*6Ha0 in TRF, A micro-scale 

app.eratus coosisting of a 5 cm3 round bottan flask vith a condenser topped.vith 

a calcium chloride tub& tnd two side arms sealed with rubber septa was purged 

with argon. I (200 mg, 1.75 mmol) and the catalyst (0.01 to 0.02 mmol) were 

introduced, and thereafter alcohol (1.75 mmol) was added progressively vith a 

a syringe. The solution vas agitated by hand. The evolution of hydrogen 

took place without the necessity for heating. The analysis of products 

formed was carried out by GLPC during and at the end of the reaction, 

as described for the amine-catalyzed.alcoholysis. 

In the case of alcoholysis in the presence of (phsP)sRhCl, the reactions 

vere also carried out in anhydrous benzene using the conditions described by 

Corriu .end Thoreau [22]. The results vere comparable to those obtained in the 

absence of solvent. 

Preparation and At&muted Isomerization of l-Fluoro-1.2-dimethylsilacyclopentane 

(Iv),- .A mixture of-&.23 g (O-27 mole).of II (z/g =-55/45) and 27-81 g (0.27 
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mole) of ZIG" vas placed in a flask ancf stirred for 15 min- The reaction 

mixture vas distflled and 8.3 g (0.08 mole) of ZnF2 vas added to the distillate. 

Redistillation afforded 28 8 (7Y$) of IV fg& = 54% as deternined by mr), bp 

llO-lll(). Anal. Calcd. for CoH~ESi: C, 54.4; Ii, 10.0; Si, 21.2. Found: C, 

54-4; H, 10.0; si, 2X.4$. MS: 132f51), 104(99), 90@6), 89Cl~), 63(48), 

62(49), 47(48), 32(a), 28(99). The isomers were separated by spinning b&d 

distillation. E-IV: %I wr (Ccl&): 6 0.21 (d, J = 7.6 Hz, 3H), 0.3-2.02 (m, 

IOII), 0-g (d, J = 1.5 Wz). lsF xnnr (CCL, tel. to CFCl,): 6 -163.01 (rn). 

Z-IV: 'H nmr (CC&) 6 0.23 (d, J = 7.6 HZ, 3H), 0.34-2.02 (m, lOH), 1.10 (d, 

J=7Hz). lRF nmr (CC14, CJ?C&): 6 -169.23 (septet). 

A mixture of 0.38 g (0.0~~~6 mole) 

mole) of ZnF2 was placed in a vial and 

spectrum of the product mixture shoved 

54/&i ratio. Wmr spectra taken during 

ZV vas formed in a z/g = 54/46 ratio, 

of II (z/E = 80/?0) and O.l+ s (tt.001 

heated at 78* for 50 min. An nmr 

unreacted starting material in a Z/E = -- 

the co~lse of the reaction indicated that 

A mixture of 0.115 g (0.0011 mole) of Xv (z/g = 80120) and 0.18 g (0.0014 

mole) of ZnFa was placed in a nmr tube, heated at 80° for 3%~. then aLfowed to 

stand at room temperature overnight. An nmr spectrum shoved no isanerization 

of IV. 

Reduction of IV with Lithium Aluminum Hydride (L&i). A mixture of 0.27 g (3.002 

mole) of IV (E/g = 5/95), O.oj g (8 x 10m4 mole) of LAE and 2 ml of anhydrous 

ether was placed in a vial equipped with a septum. The reaction mixture was 

analyzed immediately after mixing using GLPC (16' x l/8" 15% Apiezon L on 60-80 

mesh Chromosorb W, llr"). Three peaks were observed with retention times 

(measured from ether signal) of 2.44 ($3.9 $), 2.74 (34.3s) and 3.38 (26.75) min. 

(X-s analysis and a comparison of retention times identified the peaks as IV, 

g-1 and z-1, respectively. The reaction was carried o-Jt three additional times 

with the results shovn in Table 2. 

Reduction of IV (@ = 5195) was repeated, but with 0.15 ml of 1 (Z/E = 

20f80) added to the starting materials. &mediate GI9C analysis showed forma- 

tion of a 33/67 ratio of Z-I&-I. The silicon hydride shoved slow continued 

iswerization, stitb isomerization ba%ng complete after ona bay, The mixture 
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