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SUMMARY 

Preparations, separations of geometric isaners, and structural assignments 

based on Izmr aud on chemical evidence are described for a number of l-substituted 

1,2-dimethylsilacyclopentanes. A number of stereospecific reactions have been 

observed, and the stereochemistry is in all cases the same as that observed for 

acyclic silanes, A discussion of the role of ring strain in determining 

stereochemical outcome and reaction rates is presented. 

IN!iRODUCIION 

Comparative studies among different ring systems and between cyclic and 

acyclic species have made major contributions to understanding reaction mechanisms. 

Particularly elegant work has been done over the past decade correlating rates, 

stereochemistry and mechanism in displacement reactions at k-coordinate phosphorus 

in cyclic and acyclic examples. We have attempted in the last few years-to bring 

comparable clarity to the organosilicon area fl-81. Among the questions to which 

*Preliminary cunmunications of portions of this work have appeared (Refs. 3a and 7). 



(2) What iS t&e natA be: such’ ikter- 
.'._ -. _- - 

mediates?. 0). ls t!!ere a &e~&ceiex&ion asso&ated with reactions of the 
. 

strained ring-species~as bas‘beeti &nply documeutsd in t,he case- of phosphorus 
: 

hit&ocyclesH (4) Is there 8 stereochemical crossover in tbe~sstafL xingspecies 
I_ 

as.co&parad to larger xings.ox acyclics, snd if SO where does it occur? _<j)' Can 

evidtick be adduced that extracoordinate species.tidargo pseudorotations and is 
.~ 

the rate of psaudoxotatiou depeudent on the ring size and on the nature of 

substituentti? We n& wish to report aiguifidant nw~ information beating 0x1 these 

questi&s which is detivad horn the firs.t systematic study of stereochamistry 

the sflac+lopantaae sezzies, 

in 

A nmnber.of.2-methylaflacyclopentaue dexivat%ves axe readily obtaiuable 

through ring closure using l,~-dibrcuopentaneS a dihalosilane and magnesiuw in 

ether (Reaction I), and further derivatives are available through a variety of 

f,R=H 

XI, R = Cl 

txansfonnations, namely, reactions which result in substitution at Si without 

competition from ring-opening processes, 

ring closure reactions are geaerafly in 

the range of sC$ to TG$witb compar8b~e yields befug'obtafned by mixing all the 

xeactents in one pot or by iniEia1 formation of the di-Griguaxd x&gent frw the 

2-methylsilacyclopentane 

serieS %IWCJ~~~~ a hydrosilylation reaction has beeu reported @I. 

In the Gx&&axd&ype ring closure react&s employed in'the present work; 

the mixture of geemetric is-ers obtafued has always been near,to 5CJf59.. ftz is 

pa+aps surprising &at that should be the case, bemuse ring closu*e t&:1,2- 
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. 
dimethylsilacyclobutanes gives a product mixture substantially enriched-in one 

.:-., _-~ 

i,&ier +bJ. -For the purpose of carrying out stereochemical studies, separate 

-geaaetric i&ners are required, and a number of routes to separated isomers have 

been developed. In the cases of the silicon hydride (I) and fluoride (IV) 

isomers, spinning band distillation served to separate the mixture into fractions 

of g&ater than *$ isomeric purity. Considerable effort was expended in attempts 

to separate the geometric isomers of the chloride (II) by distillation or 

preparative gas chromatography, but unsuccessfully. Nevertheless, the chloride 

isomers, and those of other derivatives, could be obtained in near isomeric 

purity by using the Sill (I) or SiF (IV) isomers, and carrying out one of a number 

of stereospecific reactions (Table 1). Thus, essentially pure g-1-brano-1,2- 

dimethylsilacyclopentane (III) was obtained by free radical bromination of g-1,2- 

dimethylsilacyclopentane using CHBrs. In addition to the reactions shovn in 

Table 1, metal-catalyzed alcoholysis of the hydride (I) is stereospecific when 

carried out with relatively bulky alcohols (isopropyl or cyclohexyl). Alternative 

routes for obtaining a number of derivatives enriched in one geometric isomer 

are offered by several reactions which are stereoselective, and which will be 

discussed in detail in the accmpanying paper. Thus, alcoholysis of the chloride 

(II) catalyzed by a variety of amines gives a mixture of alkoxysilanes in which 

the E-isomer normally predaninates, sometimes to the extent of 90% or more. 

Structural Assiments. The assignment of structures to the E- and &-isomers was 

routinely made on the basis of mnr spectra, and the assignments are in agreement 

with reasonable stereochamical outcaues for the reactions investigated. The 

basis that could be consistently used for mar assignments in all derivatives is 

the mutual shielding effect of the methyl groups on Si and on C, vhen they are 

cis to one another. These data are shown in Table 2, and there are no exceptions 

to the generalization just stated. Thus, in both silacyclopentanes and 

silacyclobutanes [l,kJ the steric shielding effect is a dependable criterion. 

In some cases the chemfcal shift differences are quite small, and it is reassur- 

ing to have additional data with which to confirm assignments. In the fluoride 

isouxer~ (IV) the "F chemical shift is substantially upfieldvhen F is cis to the 

Q-methyl. In the aryl derivatives (V, VI) there is a much larger difference in 
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. STAR& 2.. mm SPECTXA OF i-SUBSTIT~ ~,~-~~THT~STIX~~~~E~TA~FS~* 
_ .I ~ 

. 

CcweoDHD .. 6iH (Si-C&) 6lH (c2-'%43) b+Z(Si-C&) 

'E_SiCl (11) 

&&s,cL ~.~~_ 

g-SiBr (III) 

Z_SiBr (III> 

8_siP (IV} 

z_siP (IV) 

(VI) 0.25 0.82 

(VI) 0.32 1.05 

0.38 1.00 

CL.&?- L_-Qg 

0.62 

0.66 

0.21 

0.23 

0.27 

C-33 

0-s 
1.11 

* 
Chemical shifts measured in ppm downfield from either ItiS or benzene as in_teroa.L 
standard. Complete spectra are presented in the experimental section. 

chemical shift between Q-methyls in z- and g- isomers as a result of the diamag- 

netic anisotropic shielding of the aryl rings when they are cis to the @.-me$hyl. 

Such diamagnetic anisotropic sh'lfts have previously been observed in phenyl- 

substituted cyclic silanes c&b, 101. There is an almost 0.2 ppm difference in 

the positions of the Si-H protons in E-I and 3-I occasioned by shielding from a 

cis C2-methyl group. Moreover, as with methylcyclopentanes clll, the reciprocal 

shielding due to methyl groups in the Z-1,2-dimethylsila (or germa) cyclopentanes 

as compared to the E-isomers is much more evident in the % umr spectra [12]. 

Particularly in the cases of the silyl chloride.(II) and bromide (III) there is 

canpelling chemical evidence that the free radical halogenations cl31 producing 

than occur vith retention stereochemistry. This argument has been elaborated in 

detail for the corresponding reactions in other Si systems [ha, 141. 

Reaction Stereochemistries. The stereochemical outcomes of a number of reactions 

of l-substituted 1,2-dimethylsilacyclopentanes are given in Table 1. All except 



‘192.,.- : .---I= -- ; _. ,. ; .I;. -.T__ - _. : .- .- ___ _ ) : ; ^ ..~ :- _‘_ = .-:._:$ .; .: 
.-. -. _ 

:.. -- . . 
- _.--> ;.. 

-: ___‘.y. :-_,_-. _=. : . .._. - I. . . . 

~~~ti~-ti.~~-~l~~~j;-stereospecii~~~ d;ith the possibIe~idditi&al'kxception or 
.- -. _.. ;-.;. 1 : ._ :, .- ~ 

7. 
-. 

the di:@acFent bE chlo&de-by: ax&&&~ (&ac_+m .3)_- f&_&_i&&tl$:one 
.: ~. -. _: 

erp&i&~~ has-been perfor&ed~- 
~ .-. 

Iuve?+uwould be a 1ogicaI'outctielfor that 
: :. 

reaction;- although the~poskibility that' it-mia.stereosele&ve-tid.muot stereo- 

specific- cauoot be elkiuated. -ALi of khe rektious studied are oues that are 

also.stereo&pecific with acyclic or si2~-rne?nbered ring cyclic silaues, and in all 

-kses the stereochemistzy observed is the same as that previously noted for the 

relatively unstraiued~silaues. There are some striking differences, hwever, 

between these results and those .for the &orrespouding silacyclobutanes: 'Ihe- 

LiAIQ reduction of Sic1 proceeds with retention in the latter system, as do&. 

displaknent of Sic1 by aryl Grignard [4]. -’ Ihe closest analogy to the latter 

reaction is the inversion observed with aryilithium in Reaction 3. 

It thus appears that with Si heterocycles, in contrast to P analogs [15], 

the effect of ring strain in detexmiaing the stereochemistry of stereospecific 

reactions in simple monocyclic ring sysfmns El67 is first seen in 4- and not in 

membered rings. Despite the fact that C-Si-C bond angles' in silacyclopentanes 1 

been measured to be substantially smaller than the tetrahedral angle (z" to s' 

and to be even comparable to the angle in ring system XV (93.4O) [181, a transit 

stdte or intermediate Leading to inversion of configuration at Si can be accoum 

without prohibitive increase in angle strain. That presumably means that a spel 

as XVI in vhich two of the ring bonUs span equatorial positions in a trigonal b: 

NP Ke 
/ 

I 
Y-Si-_X 

I 
He 

XVI 

PLtcrh ANP ’ si 
-- He/-- lx 

XIX 





scan be'expectg vhan r&e com&Ksons<are tide between.ac+lic a-2 54nembered cyclil 
_- 

silanes .undergoinginveraion rf%CtiOIfS; -since transition state XVI Vi11 frequently 
. . 

.be more str+ued than the corresponding one for an inversion reaction in an-acyclic 

silane, .On the other hand,.retention reactions vi11 not require the ring botids to 

equatorially placed in-a trigonal bipyramid, 

~. . 
anc-they should-shckl rate acceleration 

due to ring strain. This argument has beenmade for a fev phosphorus reactions by 

R&e [247- It appears from presently available information that with silanes ther 

is frequently s_substsntial energetic bias tward inversion, SO that the inversion 

pathuay ail-1 be follwed unless there is some very compelling reason for front-side 
; 

attack, aa there is in, for instance, the S&-Simechanism of Sourer [25J in vhich 

entertng and leaving groups are coordinated to each other. Consequently. we can e2 

the effects of ring strain on reactlon rates to be compl=.and perhaps to vary fra 

substantial acceleration to substantial retardation. Considerable aaditionalvork 

on comparable oyolio snd acyclic systems vi11 be required to clarify the situaticn 

GrlsossoReactions, A number of attempts were made to effect reaction of s+lacycl 

.derivat+vesvitharyl Griguards. Addition of E-anisylmagnesium bra&de to silyl 

.chloride (II) in ether failed ,to give reaction even with prolonged heating. Addit 

of TEE to the reaction mixture and further heating gave anisyldetivative in poor 

yield (315, Reaction 4) and in a stereoselective manner. Some possible mechanisms 

for:stereoselective reactions in the silacyclopentane series will be discussed in 

acc&panyf.ng paper, but at the moment ve have no evidence as to how Reaction 4 sho 

be classified mechanistically. When silyl braside (III) vas reacted with E-anisyl 

brom%de in ether a rapid reaction ocCurred, but the predaninant product (50$) was 

defivative, anU no anisyl product could be isolated, 

Et20 
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Reductions of silyl halides by Grignards have been observed [26], but these have 

apparently been associated with the presence in the Grignerd of a reactive &hydrogen. 

Cther ki&fs.of reduction products in Grignard teectioas have been associated vith the 

production of magnesium hydride in the course of Grignard preparation [27], but the 

yield of reduced product in the present case seems too high to have been formed 

exclusively by that route, anU furthermore, reduction is not observed with SiCl. 

The reduction of a silyl brcxnide in low yield by Mg has been previously reported [28], 

and a silyl Grignard reagent was proposed to account for the reduction. Formation 

of silyl Grignard by halogen-metal interconversion is a possible route for formation 

of SiII in the present case. In addition to the silyl halide experiments, attempts 

were made to react alkoxysilacyclopentanes with allylmagnesium bromide and 

benzylmngnesium chloride, and all attempts failed even using reflux in benzene. In 

marked contrast to these results of sluggish reactivity in the silacyclopentane 

series, both silyl halides and alkoxides readily react with Grignsrds in the 

silacyclobutane series. 

Acknowledgement. We wish to thank the Wational Science Foundation and the Centre 

National de la Rechcrche Scientifique for financial assistance. 

RXPERMENIAL 

General. Unless otherwise stated, all Grignerd and lithiwn reagents were 

prepared in three-neck round-bottcm flasks equipped with a reflux condenser, a 

magnetic stirrer, and an addition funnel. The glassware was oven dried, 

assembled hot, and flushed with nitrogen prior to conducting the reaction under a 

nitrogen atmosphere. Tetrahydrofuran (THF) was dried by distilling from calcium 

hydride and then shaking with Linde 5A molecular sieves. Carbon tetrachloride and 

bromoform were dried by shaking with Linde &A molecular sieves. 'H nmr spectra 

were run on a Brucker WHgO or Varian HA-100, A6OA or 60 spectrometers. =C wr 

spectra were run on a Brucker ~60 at 15.08 MHz with ccxnplete decoupling. 

Chemical shifts were measured relative to internal IMS unless otherwise noted. 

Infrared spectra were obtained using a Perkin-Elmer 137 Infracord spectrophoto- 

meter. Mass Spectra were recorded on a Hitachi-Perkin-Elmer RMS-;C Mass 

Spectrometer operating at '70 eV ionization potential and data are reported as m/e 



l24oCsi, 1080~v), 79a(vw); 728Cv) ~rn’~_ g-1. lx xnr (Ccl..+): 6 0.13 (d, J = 3.5 

EL, 3ja), 0.2-2.0 (m, XX?), 1.W (s, contained in previous multiplet), 3.63 (m, 

.fH); =C =: 6-5-b fS%=a),.ffL9 (a%), %~3 ('&). 37-3 (c3). 25-7 kh KLQ 

f%); IR (fib): 2830(s), ~~O(s~,.209o?s~~ J..2.6Ob), ~XOfIka), 891&w), &3(w!, 

840&I, 8lO(v>, &O(v), 723(v) a@. &al, celcd. for C&E~SI: c, 63.07; 8, 
: 

12.35; si, 24,58.' Pouud: c, 62.98; E, 12.35; Sf, 24.74%. ch.i a gss 

chratvzto~spby c0lxmn (20' x X/Ur 20$ SE 30 on Cbromosorb W) aperatiae; at so 

relative retention t%mes of the tvo Lsomers vas- : q&/t, = Ll.0. 
~.. 

Pteoaration of I-Chloro-T.Z-dimeth~lsilacPclopentane (111. A solution of 102 g 

(O.& mole) Ff X,ti-dibromopentaae and 66 g -(O.&k mole) of methyltrichlorosilane 

. fn 700 ml of ~nb~,rous.ethee was added dropvise to-a flask containing 45 g 

(1.8 g, atnns) of, magnesium tqnings &cl TOO ml of ether. The reection mixture 

"as refluxed for 2.days a.& them filtered under nitrogen. The ether vas'&&ved 

by dist$lafion a&i the resid&e-distillad uz+r vacuum to yield 36 g (55$) pf a 

I . . 
._-’ _ 

. 

_. _. ; 

: 
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‘45/55.m*ure of - and z- 1-chloro-1.2-dimethylsilacyclopentane, bp 95-s" 

042 nau). hi. Calcd. for CsR&iiC1: c, 48.46; H, 8.81; Si, 18.89. Found: 

C/48.50; H, 8.78; Si, 18.97s. ms: 148(69), =(a), =0(40), 117(56), 116(85), 

l15(100), 96(40), 93(56), 79(70), 78(9l), 63(55). 

various ratios of isomers g-11 and g-11 were obtained by chlorinating 

(Reaction 8) the appropriate mixture of I isomers as illustrated by the following 

example. A 2g/7l mixture of z-1 and E-I (5.86 g, cl.05 mole) was placed in 2 

flask containing 0.1 g (0.0005 mole) of benzoyl peroxide and 15 ml dry CC1.1. 

The reaction mixture was heated at 82O for 1.5 h. The solvent was remet-ed by 

distillation and the residue distilled under vacuum to yield 7.62 g (54.6%) of 

a JO/70 mixture of E-II and z-11, bp 65O (44 mm). g-11. 'H wr (CC14): 6 0.58 

(s, ~EI), C-4-2.04 (m, lox). 1.00 (s, contained in previous multiplet). Z-II. 

'H mar (Ccl.+): 6 0.42 (s, 3H), 0.54-2.05 (m, ZOR), 1.09 (d, J = 6.8 Hz, contained 

in previous multiplet). 

Reduction of II (Reaction 2). A mixture containing 0.38 g (0.0026 mole) of a 

30/70 ratio of g- and z-11. 0.0302 g (O.OOC8 mole) of lithium aluminum hydride 

and 2 ml dry ether was placed in a vial equipped with a septum. CLPC analysis 

(16' x l/8" 15% Apiezon L on 60-80 mesh Chromosorb W; 115O isothermal) immediately 

after mixing showed that two products had formed with retention times (min) 

(measured fran the ether signal) of 2.82 (33.8%) and 3.44 (66.2$)_ CC-MS analysis 

and comparison of the retention times identified the products as E- and g-1, 

respectively. CLF’C analysis showed that the silyl hydride (I) formed in the 

reaction slowly isomerised with time under the reaction condition such that 

after 1 day the isomcrization was complete. The reaction was repeated as shown 

in Table 1. 

Preparation of 1-Bromo-1.2-dimethy1si1acyc1opentane (III). (Reaction 9). A 

Solution of O.-l02 g (9 x 10e4 mole) of g-1 in 0.5 ml bromoform was placed in a 

nmr tube with a small amount of bensoyl peroxide. The reaction mixture was 

heated at 80° for 10 min. An nmr spectrum shelved exclusive formation of z-III_ 

'H nmr (Ccl,): d 0.66 (s, 3H), 0.8-2.0 (m, lOH), 1.04 (broad d, contained in 

previous multiplet). The reaction was repeated (Table 1) to give predominantly 



_~~~~aL;_~_.y,: Yy...’ : .C_.f: .--- -.~- -..: .,. .~_ ~.,._.__ _._ 

:_..---I_ . . . _-:-_ . ..-_-- ; .,~ .._ .;_c__ .;_ .-.- .-~. . . 
.~ 

-~-~~I;~;_-lii.:hm=.:.(cc~~~~ -&10;6S&, ga);Y:o:lT_2_~&(+1;~ lo@;; l;~l-(~~~ad-O,*.contained~ 
: I 

._ 
_i" .previ~-~in~~~re.l~~.~~:..'- ..& :-::m_ <;; -:: -.,. -_:_: ._ ._, -. I -; : 

: : .- : :. -_ 
(~eactTan:_rd).=A~sor~~ion of .r2.:g.-(O.li~moie)~of.I.(~jE_ =_33/67) in 25 ml; of 

ccl, s& placed-in a ~fl&k-cool+iby .& ice bath. A solution 0f 16.89.g of 

bro&ne (o;il.~o&~)~ih 20 ml ccl4 was added-slowly tc the-reaction mixture. 
_. : . 

.After:rrhaov~nng.t~e.solvent,. the residue vasdistilled under vacuum to yield 
. . 

13.7 g-(67$) of -the desired product, bp 63O (15 mm). l.H rimr anAlysis showed a 

Z/E isccier~~r<tio~o~ 70/30. -- HS.- l$$+lj, l+(k), I66(100), 164(W), 151(kk), 

X25(55). &i56j_. Anal. Calcd..for CeHmBrSi:. C, -37.31; Ii, 8.78; Si, 14.54. 

F0UIld: c. 37.26; H, 6.72; si, x&.56$..- : 

(Reaction 6) 'Cleavkge of the Si-Ph.bond:in V by B&was carried out in Ccl, at 

the temperature of the Bohr probe (E. 35O) by adding Br2 to a solution of V. 

Decolorkion of the Br2 is slow, and as-Br2 is added the stereochemistry of the 

r.eaction can be followed from the appearance of the 'H nmr signals in III and 

V (Table_-2), !RJO such runs vere conducted, as shovn in Table 1. .In order to 

obtai* III in pure form, a solution-of 15--a g (O-O@ mole) of V (g/g - 50/50) in 

Ccl4 was prepared and treated with 13.26 g (O-O@ mole) of Br2 at room temperature. 

After allaving the reaction mixture to stand for 48 h protected from light, the 

solution was distilled to afford 12.8 g-(80$) of III e/E = 50/50 as determined 

hy =r>, bp 90-95O (20 =n). 

(Reaction 7) Cleavage of-the p-anispl group fran Sivas carried out by placing a 

solution of O.Oi?6 g (3 x 10 4 -mole) of a 53/167 mixture of Z-VI and &VI in 0.1 

ml of-CC& in an nmr tube and adding 0.2 ml of a 1 M solution of Br2 in CC14. A 

- spectn= recorded immediately after addition shoved formation of a k8/52 

mixture of Z-III and E-III. The reaction was repeated as indicated in Table 1. 

Preparation of 1-Phenyl-1,2-dimethylsilacyclopentane iv)_. (Retiction 5) TO 35.7 g 

of a 2 ?f ether-solution of phenylLithiwn vas added 2.70 g (O;O23 mole) of a 75/25 

mixture of z-1 and g-1 in 20 ml of ether under.Ar atmosphere and with constant 

stirring..- After -26 h of reflux, hydrolysis and extractions, the,organic solution 

vas distilled to obtain 3 g (654) of V as a 25/75 mixture of 2 and J$ isomers, 

bp 1.20~5~ .(15 nrmj: Anal. -Caled. for CEH&i: C, 75.7; H, 9.5. Found:. C, 

- 

-. 
~. 



199 

75.7:.H, 9.5% The-r&ction was repeated as shown in Table 1. 

Preparation of I-(p-anisyl)-1,2-dimethylsilacyclopentane (VI). (Reaction 3) A 

sdlution of 18.8 g (C-1 mole) p-bromoanisole in oC ml of ether was added slckti?. 

to a flask containing 1.4 g (0.2 g. atom) of lithium wire and 160 mt of ether. 

After the reaction was complete, a solution of 10 g (0.07 mole) of a 55/45 

mixture of z-11 and E-11 in 50 ml of ether was added slowly to the lithium 

reagent. The reaction mixture was hydrolyzed with an aqueous solution of EnqCl, 

the ether was removed, and the resTdue was distilled under vacuum to give 9 g 

(6156) of a 45/55 mixture of Z-VI and E-VI, bp 86-7O (0.25 mm). 'H wr (CCL+): 

6 0.25 (s. 35H), 0.32 (s. 3H), 0.5-2.1 (m, 2OH), 0.8 (s), 3.65 (s. 6H), 6.8-7.6 

bb 8H). Anal. Calcd. for Cm&ooSi: C, 70.85; H, 9.15; Si, 12.75. Found: 

C, 70.59; H, 8.98; Si. 13.01$. 

(Reaction 4) A solution of 43 g (0.23 mole) of E-bromoanisole in 150 ml of ether 

was added slowly to a flask containing 10 g (0.4 g--atom) of Mg turnings and 300 

ml of ether. After addition was complete, the reaction mixture w2s stirred for 

1 h. The Grignard reagent was then added to a solution of 27 g (0.2 mole) of a 

50/50 mixture of - and Z-11 in 150 ml of ether. After the reaction mixture was 

refluxed for approximately 18 h, 200 ml THF was added and refluxing was continued 

overnight. The reaction mixture was hydrolyzed with an aqueous solution of N&Cl, 

the ether was removed and the residue vas vacuum distilled to give 14 g.(31$) of 

a 93/7 mixture (as determined by nmr) of g- and Z-VI, bp so (0.9 mm).. The 

reaction was repeated as indicated in Table 1. 
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