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SUMMARY

A number of stereoselective reactions of l-substituted-1,2-dimethylsilacyclo-
pentanes are describad. Reactions of the silyl chloride (II) with ZnFs and with
alcohols catalyzed by amines are stereoselective as a result of rapid isomeriza-
tion of IXI. Alcoholysis of silicon hydride (I) catalyzed by transition metals
is apparently an invergion reaction regardless of the nature of the. catalyst, but
can 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 isomerization of intermediates

with expanded coordination.

INTRODUCTION

" In the preceding paper in this series {4] we have reported preparation (;)f
numerous _l-éubsfituted 1,2-dimethylsilacyclopentanes and have demonstrated that
‘:hey undéfgo a'num‘ber} of stereospecific transformations, behaving therein more

like acyclic silanes than like the 1,2-dimethylsilacyclobutanes previously

Preliminary communications of portions of this work have appeared. (Refs. 1-3)



investigated in our Iaboratories [5-8]. w;.‘: Ha‘&éf&iec‘us‘sedl:the ole’ :of ring

'contribut:.ng to t:h1s behav:.or. we now_ 1sh t, report a number of

. erereoselect ve reacl:zons of the s:.lacyclopentanes demonstratw.ng 1n some cases s
~ completely different behavu.or from exther less—stra:.ned acyclics or more— o
.o strai.ned cychcs, and'locludxng good evxdence ~th:«.n: extracoord:.nate 1ntermed:.ates
are’ fomed and that they can undergo pseudorctations ‘at observable rates.
: -me assigmnents of z and E: configurations necessary for the stereochem.cal
studies have been d:[scussed in detail :Ln the first part of this work [4¥] and in
the references c:t.ted thetezn. ) 'rhe assxgments are based mainly on NMR chem.cal

sh:.fts.. Table 1 contains the pnncipal MR absorpt:.ons used for structural

ass:.gnments for the- new compounds reported in this paper.’

' TABLE 1. -NMR SPECTRA OF 1-SUBSTITUTED 1,2-DIMETHYLSTLACYCLOPENTANES

Compound : & (Si-CHa) § H(C2-CHs) & *2c(Si-CHa)
;g-sioi:gg,f (viz) ~o.11 : 1.05 -5.3
z-Si0CHs (VII) - 0.15 1.10 A 3.2
E-SI0CH:CHy (VITI) ~ 0.11 ‘
Z-5i0CB:CRs (VIII) - O.1%

gaéiocn(c&q )= (mx) '/ : 0.11
2-S10CH(CHg)z (IX) - - 0.15

'E-510C(CHg)s (%) . o oaar
: z‘s'ioc(cﬂa)é ®) . 0.15

xsiocenn g o (X1) ‘ 0.11

Z«SiOCeHu-cxclo (x1) 0.k

E-SiN(cHs)2 (XI1) ~ 0.05

z-sm(cag)a' (x11) 0.11

EwSlN(G.aH-a)z (x1rr) 0.05

-sm(%as)a (x:n) o - 0.10

*Chemical shifts measured in ppm dovnf:.eld frm 'DE as internal standard
: Complete spectra are presented in the experimszntal secnon.

_ ,RES‘UI.TS AND mscussmx

The stereochenical result:s of a mnber of react:ions of I-Substituted 1 2~'_

dimethyls:.laeyclopentanes are. hsted :m Tables 2-&. Host:of‘ these lreaenons are
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,s;éﬁe&selective’,’ butr,the -'Stereosele'ct‘ivity does not always arise in the same
';téé Vilrn i:};e‘_;heéhanis:;x; hence the different types will be discussed separately.

: S In sévefgl of the reactions noted in Table 2, the stereoselectivity arises, at

) >1easc in ’pah:, from isomeTrization of l-chloxo-1,2-dimethylsilacyclopentane (II)
pri;f to reaction. We have already noted [5 >,T,8] a propensity toward facile
isomerization on the part of the corresponding chlorosilacyclobutane, and the
same can be said, to a somewhat lesser degree [81 about II. Perhaps the simplest
exzmple of stereoselectivity noted in Table 2 is the case of zinc fluoride
reaction with II. 1In that case, following the reaction by H NMR, II is
iscmerized 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 somewhat

di ffereat conditions [8], as has that of Si-F (IV, see below), and both have

equilibrium mixtures that are approximately 50/50 in the two isomers.

TABLE 2. STEREQOCHEMISTRY OF SOME REACTIONS OF 1-HALOSITACYCLOPENTANES

Compound z/E Reagent Product Z/E

sicl (11) 80/20 ZnFn SiF (Iv) sh/hs
sic1 (11) 55/4s5 ZnFs SiF (1v) sh/hE
sici (11) 55/hs5 p-MeOCH MgBr SiCgHyMe-p (VI) T/B*
sicl (I1) 86/1k p-MeOCH, MgBr SiCgH OMe~p (VI) 10/90
sicl (11) 50/50 (CHz )=NE SiN(CHz )= (XII) 35/65
SiclL (II) 50/50 (CzBs5)2NE SiN(CzHs)= (XII) 30/70
SiF (Iv) 5/95 LiAlH, siH (1) 4 /56
siF (IVv) 30/70 LiAlH, sin (1) 4¥7/53
sir (zv) 50/50 LiAlH, siB (1) k5/55
siF (1v) Tr/23 LiAlH, sin (1) L9/s51
sict (11) 50/50 cycle~CgHy 08/ Si0CgHaz~cycle (XI) /5

quinoline
sict (1I) 50/50 (CEgz)3COH/quinoline sioc(CcHz)s (X) 3/97

* For experimental see preceding paper [i4].
P pap

Rather more interesting, and obviously more complex is the alcoholysis of II
catalyzed by emines (Table 3 and last two entries in Table 2)', in which the
composition of the product mixture is a function of the nature of the amine
cataiyht as well as of the alcohol. The amine-catalyzed alcoholysis reaction

has been much discﬁssed in terms of mechanism f9, 10], but no work has clearly



Produc: Ratio ‘.~->:; RS
S10CH-CHs (VIII) : SlOCH(C}b),, (D(]

Amine

IR 1) 5 - Z/E
’,Anlune T gomo 'lpo‘/so S 37/65
: N-Hethylam.line RERRI 1+7 & ( R 30/70. - 12/88-
Py¥idine - . - - 52/48 ... - . ho/eo - - . = 14/86
Quinolime . 35/65 30470, - .10/%0
_Cyclohexylamine . 300 - e5IT5 © 10/%
_Triethylamine - 33/6T "35/65 10/90

Isopropylamine - . :55/k5 - - 30/70 . - 12/88

.defined the. role of -the'é;nioe., It obviously does complex the HC1 fofmed in the
.a_loohol}'dis and thereﬁy' vaffercts'-’thre equilibrium position in the system. It;
apéare;ifiy,is involved kinetically as a'catalyst[il], but the kinetic effect is

: n.ct always ‘seen. [12] Thore 1is catalysis by HCl produced.in the reaction and by
added ammom.um chlot:.de [13 15], and both are act:.ng as general base catalysts
‘coordinated w:.th the” alcohol proton, HC1 being present in - largely undissociated
'form "n inert solvents and ammonium chlorides presumably present as ion pairs
[13]. Added amine can presumably either act as a general base catalyst itself,
or:ds ‘reaction oroceed's’ it could be converted to ammonium chloridé which acts as
cé;dljst. .

7 The- pre’éént resolt;s indicate that in methanolysis in particular the nature
of the ‘amine plays' a major role in detemmining product composition. However,
am;i;ne VIcarnr‘be shown ‘to act in amother’ capdcity as well ia interactions with

, .hélosilanes . .Ii has beenrnsham that chlorosilahes undergo racemization or
1somenzation reagtions with donor molecules by way of a mecha:usm 1nvolving
-erpanded coordinatlon [8, 16] Pyridine and quinoh.nﬁ' are. among the reagents
Vthat give rise to rapld 1somenzation of 1-ch10ro-1 2-dmethyls:.1acyclobutane anc
IT. 4 It: ‘is: thus reasonable to. propose that stereoselacuvlty in the a1coholys:.>
of II arises due -to :he rap:.d equ;l:.brium establ:.shed between Z-II a.nd E‘f’.[

—‘,(K ~ 1) by way of 3pec1es ‘uth expanded coord:.natx.on such as XIV and xv :m

'Schene I (vhich»_are nol: however, the. only intermediates involved ).
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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 cou;:se of the
reaction, and quite different ratios are obtained for the same alkoxysilane
using different amines. The reaction can be envisaged as occuring by way of
transition states such as XVIII, XIX (Scheme 2) giving backside attack (and
heuce. inversion stereochemistry, as is frequently observed for the amine-
catalyzed alcoholysis [17]), and the Z/E product ratio would be given by kj/ko
if K = 1 and the equilibrium is rapidly established. The nature of both alcohol
and amine would affect the ratio k;/ks, probably mainly through steric factors.
Indeed, the bulkier the alcohbl used, the greater the preference for E product.
which_ 1s a reasonable result on steric grounds. Overall rate of product
formation éﬁould be affected by the basicity of the amine when it is acting as

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

data between _z_/g ratio and catalyst basicity. A bias toward Z product is seen
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for both aniline (pKa, _Railfa = }4.6) and isoprepylamine (pKa, RG§H = 11.5) but not
for .N-meﬂlylaniline (pka, Raiv'—;i = 2&;8). It is difficult to see a c,leal; pattern
of st:eti'c effects fer :he a.m:lnes either. Isoﬁropylanine and cyclohexylamine
might have been expected to behave simxlarly from the point of view of steric
effects, at least in canpar:lson with a 3© ainine like triethyl.amine. In the
methanolysis :ceacr.mn where appreciable differences in Z/E ratio due to catalyst
can be seen, cyclohexylamine 1s like triethylamine, not: like isopropylannne.
Amine playing the role of nucleophilic catalyst: can also be envisioned {181
(Scheme 1) s and 1ntermediates of the type XIV and XV are presumably present: in
the process of 130merization of II. v Kowever, Schene 1 effers no obviously
7 bettet rationale for !:he effects of amines on z/E rat:.os, and 11: would probably
jlead to. retentlon stereochanistry, s:.nce available information :Lnd:l.cat:es t:hat:
displacement of 1eav1ng gtoups from axial pOSitions of trigonal bipyram.ds !
. (x1v xv1 and xv xvu) occurs with retention [8 19,20]., Th:.s stereocham.cal

outcome would apparently be unique ‘to the silacyclopentane system, smce B
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;gibdhoijgig'éétaiyzed:By amines normally is stereospecific with inversion [1T7].
»‘fjréibéﬁfﬁhevfact'that alcoholysis of SiCl is stereosclective, it is not

v:surptisiﬁgjtd'find that aminolysis is also (Reaction 1, Table 2)

() +2ram _pentane Q + RolbEn, C1” (1)
- i
/S%\ ) /7 N\ - .
c1 NR~
1T

Again the apparently thermodynamically more stable E isomer of the silylamine
product is foméd preferentially, and again we assume that a rapid equilibrium
between SiCl isomers (ErllzggfII) 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 [21,227, although sometimes weakly so, and in
the silacyclopentane system the hydrides (1) can be readily separated into
fractions that are predominantly Z or E. Consequently the SiH alcoholysis
offered the possibility that alkoxysilanes enriched in either Z or E 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

cat.
+Rrom 2%y O_ + Ho )
i

,Q

/ \H Catalysts: 10% Pd/c (A) / \OR
(PhsP)sRACL (B)
T BoPtClg-6Ho0/THF (C)

enriched in either Z or E isomer and using methanol (MeOH), ethanol (EtOH),
2-§;opan01 (iProH) and cyclohexanol (cHexOH). Alcoholysis with MeOH or EtOH
appears to be a stereoselective reaction favoring E-product to approximately the
sSame extent with both alcohols and all three catalysts. It seems likely that
this result is deceiving with respect to the alcoholysis reaction itself,

because alcoholysis with iPrOH and cHexOH is clearly stereospecific but followed



at ‘a- later time vhen the teact:Lon is
-..hat the' a
;brg&@@a;:iy', if not. can'nl:e_t’ci'y;.:sterenéne‘cif.ic cith v_invers}.qn with all three »
’cataly_s’tsi. 7 Previpns"’resultsv' nf.’VSormnerit217] and Corriu [22] also show a reéction
tuat fié net completely -tereosnec-_fzc-. ;,;rc.smna 7
‘alko:';ys‘i_lanet its catalyzed by thc transition metals. In the present work Vit Vis
Vcl.ear that iscnérizntion o’f Sﬂf is“nnt occurring during the course ‘of the
'reactlon, .as shown by gc analy51s of the Z—I/E—I ratio at intermediate times. We
presume that the metnanolysis and ethanoly31s reactlons are also stereospec1f1c
‘but‘ that. 1somer1_zat10n of methoxy- and ethoxys:.lane is more rap:.d than that of the
:moté hin&ercd alkoxysilanes.
Thé"stéreqchénicai ‘result of inversion is the same as that previously

ob;‘{erﬁed in a'cyc],ic::éy'étems"fnr the SiH alcoholysis when the Pd/C or HaPtClg [21]
_catalysts are used. Alcoholysis using (PhaP)s RhCl in bemzene is reported to
. proceed with ﬁredminént retention [22], however in that work 2-propanol gave
_rac'énic product, and methanolysis in MeOH gave inversion. 'l‘yhe present result of
invch%i.nn"vaS' not affected by the presence or absence of benzene as solvent. The
mechanism suggestéc{'[EQ] for the khI catalyzcd alcoholysis involves initial
qxidétiye addition of Si-H to give pentacoordina'té RTTT, 'Next, alcohol can
attack, cnd it is suggested that ROH attacks Si directly without prior coordina-
tion to Rh. Perhaps the reiatively los stereospecificity of this reaction means
that aleohol can either attack directly or. after coordination to Rh, with
different stereochemical results,_and with the favored pathway being a complex
function of alechol structure and concentration as well as silane structure.
I::terestingly,' while in the previous paper in this series [41 we have discussed
the possib111ty that there could be a bias toward retention react:.ons caused by
some angle strain present in the- silacyclopentane ring or in the reaction
int:emed:.ates it foms, -the present observation is the first that we know of in
>oi or. P chenistry in wh:.ch a strained ring species reacts witb inversion while

'acycllc _exan.:plesv proceed-,wlth:retentl_on. - Unfortunate].y,-zwe_were mt‘ able to’
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further explore t:h:.s‘ phenomenon :[n the sz.lacyclobutane series,;since r.he r:mg 1s ‘
opened under the react:.on conditions [23‘[ 7 7 i

Regretfully, one of t:he synthetic goals of. the 1nvestz.gat10n of alcoholyses'
ﬁas not in 'fact teahzed._ Wtule Z-:Lsomer of the 1sopropoxy and cyclohexoxysllann_
could be sboam by NHR to predomrnate at’ early stages of the reactxon, attanpts
to ;splat:e m_xt:ures »enrlehee in g_—:lsomer were not successful due to-the
relatiyely rép_;ld ismer;‘.iaeioh.

A s;eredselective reaction of a somewhat different type is afforded bf our
studies of the lithium alumimm hydride (LAH) reduction of i-fluoro-1,2-

dimethylsilacyclopentane, IV (Reaction 5 and Table 2).- The IAR reduction of
' ' Etp0
<(_—>>\ + LiAlR, —2% <(——>>e )
Si\ Si

Si-P compounds has been shown to be stereospecific with acyelic derivatives and
to proceed with inversioﬁ [17al. Two examples of }stereOSpecific retention are
known in cyeclic systems, silacyclebutane [7] and a silacyclohexane heavily
encumbered with fused arcmatic rings [24]. A single example of racemization has
been reported [17c], and:that is in the system that among those studied isAmorst
ciosely related structurally to the silacyclopentane ring; nemely, a silacyclo-
hexene. |

The isomers of IV are readily separable by spinning band distillation, and
'_they are much more configurationally stable than the corresponding Si-Cl isomers
under a variety of conditions. A number of species do, however, 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 iscmerization [267 of Si-F by MeOH has been rprew_n'.ousAly reported and
proposed to be occurring 'by way of eitracoordinate Si species., With the
mechanistic precedent established for othezr »silieoa halides in the presence of
other Vmicl'ebrphilic solvents {8,167, and given the 'resd],_t's to be preseneed below,

we agree that a niechaniém by way of expanded ‘coerqination is likely.
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Hexa#eéhyl?hospﬁoms triamide in CCl, also isomerizes IV (t%_ = ca. 2 days), as
does'tefrabutylamhonium fluoride in CDClg (q% = ca.2 h). Rate data for these

A systems are_,only semiquantitative due to the difficulties of integratiné poorly
separated H NMR peaks for the Si-Me groups of Z- and E-IV. However, the HMPT
isomerization proceeds orders of magnitude more slowly for IV than for the
corresponding Si-Cl compounds (IT).

We find that isomerization occurs in the course of LAH reduction of IV.
Starting with isomeric mixtures which contain a preponderance of either Z- or
E-IV, an approximately 50/50 ratio (Z/E = 4T + 2/53 + 2) of silicon hydride (I)
isomers is obtained. When the reaction is followed by 1y NMR, Si-Me peaks
characteristic of Z-I and E-I grow in, and they do so as the approximately 50/50
mixture., The ratio of fluoride isomers changés very little as reaction proceeds,
indicating that neither aluminum hydride nor aluminum fluoride is isomerizing IV
prior to reaction. Silicon hydride is also not being isomerized after it is
initially formed. When the reduction reaction is carried to completion and then
an extra amount of one of the I isomers is added to the reaction mixture.
isomerization of the extra I occurs only slowly. Also in separate experiments,
I has been shown to be isomerized only slowly by LAH in ether and not at all by
tetrabutylammonium fluoride in CDClsz.

We think it significant that SiF reduction, while normally st:ere_ospecific,
is; reported to proceed with racemizatior in Corriu's six-membered ring syst'em
{1Te1. We assume that the mechsnisms are related. It is possible to imagine
that there are single-step processes occurring which are competing inversions
and reteqtions and that rates fortuitously cancel. In our system the observa-
tions made would require the near identity of 4 rate constants. Furt:hermor_e,
identical rates of inversion and retention would also have to be proposed in the
6-m§nbered 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.

1The only other reasonable alteﬁative 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



which ‘ca lead to-either ‘somer of I.'* Smce 1omzat10n or nng-openxng ate

- chanlcally Lm:easonable ptocesses under the teactlon condltlons, we' conclude

:'that the intermed:.a..e must: be one with apanded coordrnation. We eannot of

course, prec:lsely defme the nature of the 1ntemed1ate, but a 5-coord:|.nat:e
1ntemed:n.ate wh:.rh undergoes pseudorotat:.cns "is a reasonable postulate. We
believe it 13 reasonable to propose that pseudorotat:.ons will be more readily
observable :1n'reaetions of ‘silacyclopentanes than in acyclic silanes or
silecyelebutanes Vbecause axial attack of a nucleophile would lead to an

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

_Sfc't;é,m‘e' 3

intemediate would have either the F or one of the nng bonds axial, and these
niay well be choicesvhich are not much d:.fferent in energy. Pseudorotat:.on woulc
presumably be facllltated in order to get auay from t:he uutlal unsat:lsfactory
1nteme1date (xx) and to get to those with both F and a ring bond axial (XXIII
and XXIV) and a s:mgle Berry pseudorotat:.on will not auff:.ce to convert XX tor
e1ther XXIII or *QIIV. In contrast to the s:.t\_atlon w:.th the s:.lacyclopentane,‘

Aiacych’.c systans do not have the strain Dresent in XX wh:.cn :.nduces pseudorota-
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tions, and inversion is observed. In the case of the silacyclobutane, which
reacts with retention, the ini;ially formed intermediate is presumably not the
analog of XX, but the analog of XXII, which goes to one of the most stable
trigonal bipyramids by a single pseudorotation. Hence, the observation of
isomerization 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 pcor leaving groups from Si would show a

tendency toward isomerization when applied to silacyclopentanes.

CONCLUSIONS

We have developed a number of methods for the preparation of 1,2-dimethyl-
silacyclopentane derivatives enriched in one of the geometric isomers. 1In 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 show more in common with acyclic silanes in
terms of stereochemical outcome, there are notable exceptions. RhoaiumI-
catalyzed alcoholysis of SiH 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 isomerizations. We
have shown that this can occur as a result of a) rapid isomerization of starting
material, b) rapid isomerization of product, or c¢) rapid isomerization of an
extracoordinate intermediate. Due to the complexity introduced by these multiple
possibiliries it is not possible at this time to make generalizatioms about the
circumstances under which isomerization 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 silacyclopentane system a
particularly favorable one in which to look for stereochemical evidence of

reactions occurring via extracoordinate intermediates.
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Géi;érﬁi:. ) General a:pen.mental procedures iﬁéludiﬁé éﬁalySi.é by NHR‘abndr GLPC,
were the same as those reported in the preced:.ng commum.cat:.on [’4»]. P;.-ocﬁct Tatic
were measureu by NHR or GLPC, ‘as inuicatea in the :.nd:l.v-tdual a:perimental secti.ons
In- many, but not a11, cases’ duplicate runs were made and product ratios were -
reproducible to + 2%. ’ Canpounds refex:ed to in both papers have been given the san

number.

General Method of Am:.ne-Catalyzed Alcoholys:.s of Si-Cl (1I). The chlorosilane

(11, 2Z/E = 50/50) was dissolved in snhydrous pentane and placed in a round
bottom flask equipped with a condenser and an addition funnel. A quantity of
alcohol and =mine in slight exces#, in comparison to II was added as a solution
in pentane, 'ﬁie solution was then brought to reflux and progress of the reaction
was nfollowed by GLEC analysis. The reaction required reflux of from several
mimutes (McOH, EEOR) to several hours ({PrOH, cHexOH) to several days (tBuOH).
The precipitate of amine hydrochloride was Eiltefed off, washed with pentane
and the solution concentrated. All the alkoxysilacyclopentanes obtained {(VII to
XI) were purified by distillation.

The experiments noted in Table 5 were carried out in the same manner start-
ing with quantities of II of the order of 200 mg, and products were simply

analyzed by GLPC on a 20" x 1/4" column of 20% SE 30 on Chromosorb W.

1-Methoxy-1,2-dimethylsilacyclopentane (VII). Reactants: 13.56 g (0.091 mole)
_of II, 3.21 g (6.100 mole) of methanol and 12.95 g (0.100 mole) of quinoline.
Weight of VII,obt;ained: 10.5 g (804), bp 105-110° (60 mm). Anal. Caled. for
C;H1605i: €, 58.2; H, 11.1. Found: C, 58.k; B, 11.0%. IH @R (CCl,, 60 mxz)
5 0.15 and 0.11 (s, relative intensities 35/65, Si-CHs), 3.15 and 3.3G (s, rel.

int. 35/65, OCHa). > H mr (CDCla, 90 MHz): & 0.22 and 0.19 (s, rel. int. 35/C5)

5.85 and 5.80 (s, rel. int. 35/65). 3¢ nmr (cDCl3): 6-3.2 (SiCHas, z-vn),

L =5.3 (stcna, E-VII). Ratio of GLEC retention times at 90°: tzlt =o. 931;

1-Ethoxy-1, 2-dlmethylsilac1clopentane (VIID ~ Reactants- 12, -5 g (0 081& mole)

o'g_n,,l;.zs g (0.092 po1e) of ethanol and 11.93 g (0;0% mole) of quino;ir.e.
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Weight of VIII obtaimed: 10.9 g (82%), bp 80-85° (20 mm). Anal. Caled. for
CgR1g0Si: €, 60.7; H, 11.4. Found: C, 60.8; H, 11.2%. *H nmr (CCl., 60 MHz):
5 0.1k and 0.11 (s, rel. int. 30/70, SiCH3), 5.71 and 3.66 (q, J = 7 Hz, rel.
int. 30/70, OCHz). IH mmr (CDCls, 90 MHz): & 0.19 and 0.17 (s, Tel. int. 30/70),
3.59 and 3.55 (q, J = T Hz, rel. int. 30/70). Ratio of GLPC retention times at

120°: ::Z/::E = 0.952.

1-Isopropoxy-1,2-dimethylsilacyciopentane (IX). Reactants: 9.70 g (0.065 mole)

of II, 4.68 g (0.077 mole) of 2-propanol and 10.06 g (0.07T mole) of quinoline.
Weight of IX obtained: 8.7 g (78%), bp 90-95° (15 mm). Anpal. Calcd. for
CoHoo0Si: €, 62.7; H, 11.7. Found: C, 62.4; H, 11.54. H nmr (CCl., 50 MHz):
8 0.15 and 0.11 (s, rel. int. 10/90, SiCHsz), YH nmr (CDCls, 90 MHz): & 0.19 and
0.16 (s, rel. int. 10/90), 4.06 and 4.05 (sept., J = 6 Hz, rel. int. 10/90, CCH),
1.15 (d, (CH3)2C). Ratio of GLPC retention times, programmed at 2°/min from 100°

o. =
to 140°: t:zh:E 0.946.

1-t-Butoxy-1,2-dimethylsilacyclopentane (X). Reactants: 6.00 g (0.0405 mole) of

II, 3.29 g (0.0443 mole) of t-butanol and 5.72 g (0.0L45 mole) of quinoline.
Weight of X obtained after 3 weeks: 4.9 g (65%), bp 95-100° (15 mm). Anal.
Calecd. for CigH-0Si: C, 6L.h; H, 11.9. Found: C, 64.1; H, 11.8%. H nmr
(cc1,, 60 MHz): S 0.15 and 0.11 (s, rel. int. 3/97, SiCHs), 1.71 (s, (CH.)..C).

GLPC at 150°: only the peak of isomer E was identified.

1-Cyclohexoxy-1,2-dimethysilacyclopentane (XI). Reactants: 5.00 g (0.0336 mole)

of IT, 3.70 g (0.0569 mole) of cyclohexanol and 4.77 g (0.0369 mole) of quimoline.
Weight of XI obtained: 5 g (70%), bp 125-130° (12 mm). Anal. Calcd. for
CioH-408i: C, 67.8; H, 11.4. Found: C, 67.5; H, 11.2%. H nmr (CCl,, 60 MHz):
§ 0.14 and 0.11 (s, rel. int. T/95, SiCHz); 3.6 (m, OCH). Ratio of GLPC

retention times at 170°: tz/tE = 0.968.

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

(11, z/B = 50/50) dissolved in pentane was introduced into a flask egquipped
with an addition funnel and condenser (water-cooled for diethylamine, methanol
at -40° for dimsthylamine)., The solution was stirred mechanically at room

tempefatute. The auine dissolved in pentane was added slowly from a fumel
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having',afc:cvéling coil. The -éélutidn was 'méiﬁté;ned at teflux,. then.filtered
‘and distilled.

1-Diméthylamino-1,2-dimethylsilacyclopentane (XII). Reactants: 6.0 g (0.040

mole) of II.and. k.5 g (0.1 mole) of dimethylamine. Weight of XII obtained: 4.5
g (TO%), bp 91-95° (12 mm).  Anal. Calcd. for CeHygNSi: C, 61.05 H, 12.1; N,
8.9. -Fouwnd: C, 60.9; H, 12.1; N, 9.0%. H mmr (CCly, 60 MHz): & 0.11 and

0.05 (s,-zel. int, 35/65, SiCHs).

1-D1éﬁhliai§1ﬁo-1,2-dimex:hy13:l.1acyclopeni:an'e (XIIX). Reactants: 6.0 g (0.0hO
nic;le) of II and 7.3 g (0.1 mole) of diethylaxﬁine; . Weight of XIII obtained:
5.';553 (75%); bp: 115’—118° (15 mm). Anal. Calcd. for GycHoaNSi: €, 6k.7; H, 12.5;
N, 7.5. -Found - d, 64.6; H, 12.6; N,-T.h%._ 18 mmr (cCl,, 60 MHz): & 0.10 and

0.05 (s, rel. int. 30/70, SiCHz).

" General Procedure for Metal-catalvzed Alcoholysis of 1.2-Dimethylsilacvclopentane

). The reactionms in Table b were carried out without solvent by slow addition
.of A'alc_ohol to I in the presence of the catalyst: 16% Pd/C (Fluka Puriss.);
J::rv:is(t}:iphe:iylphosphine)rhodim (1) chloride (Merck Schuchardt for synthesis):
chloroplatinic acid (Fluka}, 0.0l M HoPtCl5-6Ho0 in THF. A micro-scale
appara-t:us consisting of a 5 em® round bottom fiask with a cﬁndenser topped. with
a calcium chloride tube and 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 with a

a sytin,ge. The solution was 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 reactionm,
as described for the amine-catalyzed alcoholysis.

‘In the case iof alcokolysis in the presence of (fhsr)SRhCI, the reactions
were also carried out in anhydrous benzene using the condit:ions described by
‘Corriu and b{oreég [22]. The results weré cognpérable to those obtained in the

absence of solvent. -

Prega?ation and Attempted Isomerization of 1-F1uoro-1,2-di.methz'lsilaczciogéntaﬁe

(Iv). A mixture of 40.25 g (0.27 mole). of IT (Z/E =55/45) and 27.81 g (0.27



mole) of ZnFs was placed in a flask and stirred for 15 min. The reaction
mi%:ture was distilled and 8.5 g (0.08 mole) of ZnF» was added to the distillate.
Redistiilation afforded 28 g (79%) of IV (Z/E = Si/k6 as determined by mmr), bp
110-111°,  Anal. Calcd. for CeHyzFSi: €, 5h.k; H, 10.0; Si, 21.2, Found: G,
sh.k; B, 10.0; Si, 21.k%. Ms: 132(51), 10%(99), 90(46), 89(100), 63(48),
62(hg), br(u8), 32(kk), 28(99). The isomers were separated by spinning band
distillation, E-IV: H mmr {CClg): & 0.21 (d, J = 7.6 Hz, 3H), 0.3-2.02 {(m,
108), 0.9 (d, J = 1.5 Hz). 2°F mmr (GCl., zel. to CFClg): § -163.01 {(m).
Z-IV: ‘H amr (CCly) 6§ 0.25 (d, J = 7.6 Hz, 3H), 0.34-2.02 (m, 10H), 1.10 (d,

J =17 Hz). °F mmr (CCly, CFClz): & -169.23 (septet).

A mixture of 0.38 g (0.0026 wole) of II (Z/E = 80/70) and 0.15k g (v.001
mole) of ZnFs was placed in a vial and heated at 78° for 50 min. An nmr
spectrum of the product mixture showed unreacted starting material in a Z/E =
Sh/h6 ratio. Nmr spectra taken during the course of the reaction indicated that
IV was formed in a Z/E = 54/h6 ratio.

A mixture of 0.115 g (0.0011 mole) of IV (Z/E = 80/20) and 0.18 g (0.001k
mole) of ZnF» was placed in a omr tube, heated at 80° for 3h, then zllowed o
stand at room temperature overnight. An nmr spectrum showed no isomerization

of IV,

Reduction of IV with Lithium Aluminum Hydride (LAH). A mixture of 0.27 g (0.002

mole) of IV (Z/E = 5/95), 0.05 g (6 x 10™* mole) of LAH and 2 ml of znhydrous
ether was placed in a vial equipped with a septum. The reaction mixture was
analyzed immediately after mixing using GLPC (16' x 1/8" 15% Apiezon L on 60-80
mesh Chromosorb W, 115%). Three peaks were observed with retention times
(measured from ether signal) of 2.4k (38.9 %), 2.7k (5L.3%) and 3.38 (26.7%) min.
GC-MS analysis and a comparison of retention times identified the peaks as IV,
E-TI and Z-I, respectively. The reaction was carried out three additional times
with the results shown in Table 2.

7 Reduction of IV (Z/E = 5/95) was repeated, but with 0.15 ml of I (Z/E =
20/80) added to the starting materials. Immediate GLPC analysis showed forma-
tion of a 33/67 ratio of Z-I/E-I. The silicon hydride showed slow continued

isomerization, with isomerization being complete after one day. The mixture



::,vas then decan..ed and nxtrogen was bubbled through the uqum to: tetncve most:

‘ﬁ:of the ether. , The resxdu° was disso].ved in- cc1.,, and analyzed by mm

18,

-t

:rUm:eaeted startmg maten.al had no: undergone 1somerization. . BEUIRIRELS
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