Journal of Orgonsrmete!lic Chemistey
Elsevier Sequoin SA. Lauvsanne 429
Printed in The Metherlands

THE REACTION OF o-TRIALKYLSILYL CARBENES

JOHN W. CONNOLLY
Departmenr of Chemisiry, University of Missouri at Kansas City, Kansas City, Missouri 63110 /U5 4.
{Received July 28th, 1967)

INTRODUCTION

Recently a report was published on the reaction between chloromethyl-
trimethyisilane and alkali metals®. It was shown that (trimethylsilyljcarbene is an
important intermediate in this reaction and that it undergoes 1.3-insertion to form
1,1-dimethyl-1-silacyclopropane. The I,1-dimethyi-1-silacyclopropane undergoes
nucleophilic ring opening to produce higher molecular weight products.

In order to gain further information on the properties of (trialkylsilyl)carbenes
we have studied the reaction of compounds of the type R{CH ;3),SiCH ,Cl with sodium
where R =C,H;, n-C;H,, n-C,H, and iso-C H,. In addition to 1,3-insertion we have
found 1,5-insertion to be an important reaction when itis possible. Inall of the reactions
reported here 1,3-insertion gives two different silucyclopropanes. From the two
silacyclopropanes there are possible three isomeric cleavage products. The details and
significance of three-ring formation and cleavage are presented in the Results and
Discussion section.

RESULTS AND DISCUSSION

In general the results of the work reported here can be explained in terms of a
three path mechanism, i.e.. (2a), (2a'). and (2b).

R(CH,),SiCH ,Cl+Na — R(CH,),SiCH; + NaC} (1)
Sn210)
P [R{CH,),SiCH,], 2a)
R(CH,),SiCH; +R(CH,),SiCH,CI | [R(CH,),5i],CH, )
m RSI(CH,); +R(CH,),SiCH:  (2b)

TABLE |

YIELID OF 552 PRODUCT rs. SIZE OF RIN THE REACTION BETWEEN R{CH \);S51CH ,Cl AND sobing
R Yield [R(CH,),SiCH ]y ()

C,;H. 18

n-C A\H 4 15

n-C,H, 13
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430 J. W. CONNCLLY

Product (IIT) (Table 2} is the result of path (2a) where R =C,Hs. Since thlsf_f
material is formed in less than 19, yield this path is not an important one.
Thedatain Table 1 mdlcates that the relativei xmportance of path (2a) decreases’
as R increases in size. “This Sm’lp]y reflects the increasing difficulty of backside attack.
on the «-carbon as R increases in size. The identity of R determines the fate of thc_
carbene formed in path {2b). :

() R=C,H;
Table 2 shows the products of the reaction between ethyldimethyl{chloro-
TABLE 2
PRODUCTS OF THE REACTION BETWEEN C,H (CH,;),SiCH ,Cl AND soinum
Praduct Yield Retention time Mechanism®
{") {min}'
(” ' C;HgSi(CH,); 21 33 A
(£} ‘ 3 136
(114} C,H(CH ,),SiCH Si(CH ),C,Hy <! 149 B
{1v) (CH ), SICH 3),8i(CH,),C Hs <1 16.7 C
{v) [C,H,(CH,),SiCH, ], I8 206 D
(Vi) CH ,{C3H §),SiCH ;SI({CH 3},C,H 10 230 E
i 1-C jH1{CH ,),SiCH,SI(CH,),C H, 6 240 E
{Vi})) is0-C ;H,(CH ,),8iCH ,SI{CH,),C,H, 1.5 264 E
HX} C._J-l_;aSi_,‘ i 75! E

* 20 » §" column packed with Apiczon L (20%,) on 100-120 Chromosorb P: column temperature 190°,
Nlow rutc 24 mi/min. * A : proton abstraction: B displucement on Si; C: intermolecular carbene insertion;
0 displucement on C. E: intramolecufar insertion, © Unidentified. ¢ Several isomers. © Not measured,
/'8 « 4" column packed with SF 66 159, on Firebrick ; column temperature 250°, pressure 20 psi,

methyl)silane and sodium. Ethyltrimethylsilane (1} is the result of proton abstraction
by the (ethyldimethylsilyl)carbanion. Product (1V) is the result of (ethyldimethylsilyl)-
carbene insertion into the f-methyl group of (I) or into the -methyl group of the
starting material fellowed by reaction with sodium. It is possible that product (11} is
one of the other isomers which could be produced by this type of intermolecular
insertion reaction. The remainder of the products appear to be the resuit of intra-
molecular carbene insertion.

(Ethyldimethylsilyl}carbene can undergo 1,3-insertion to give two silacyclo-
propancs as shown in equation {3). Compound (X) is the result of insertion into the

cn,
primary / ﬁ (2a)

CH, CaHs
cu,-cnr?u-cu; (x}
CHy CH CiH
3 k|
secondary \5, (30)
CH;./
(X1)
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CHART 1}

MECHANISM OF SILACYCLOPROPANE CLEAVAGE BY C;H (CH,;),SiCH) DURING THE REACTION BEPWEEN
C,H{CH,),5iCH,Cl aND sanium

, ] praton
cu,«:,n,)s.ﬂ v CqMglCHILSICH ——ir  CoHglCH; )y SICHZSHCHY) [CgHg ) CHaCHE  ——————ie (T} {40)

o & abstrocthion
si<{
nigher mol wt. progucts (4b)
oM (CHy 1 SICHSHCHy)g CHy AN, ) 5
H H. Ny, ————e (7 5a})
s (CHa)y 4 3Tz 3 abstraction °
(xm)
CHy
(CHy Y, sa<{ + CaHglCHy lgSiCH3 .
(xm
higher mol. wt. products 1.1
c, C St Hq) C peal 4c)
Ha (CH. Ha S {CMg )y CHIC Hy —me—— ¢
aHa(CHg )y SNy SH Oy Ly Ry O e (T €
(X}
S(Q
nigher mot. wt products {(5a)

primary C—H bond and (X1) is the result of insertion into the secondary C—-H bond.

By reference to Chart | it can be seen that product (V1) is the result of cleavage
of (X). and (V) and {(VIII) are the result of cleavage of (X1). Thus. measurement of the
amount of (V1) relative to (VII) and (VIII) [assuming that paths (4b). (5b), and (5d)
proceed at comparable rates] gives the relative reactivity of the silylcarbene to primary
and secondary hydrogens. This ratio of reactivities is 1.0:2.5, respectively, This
compares with the range 1.0:1.3-1.9 reported for sec-butylcarbene undergoing
1.}-insertion?.

The cleavage of (X1} by the (cthyldimethylsilyl)carbanion produces (X1} and
{XIV) which are the anion precursors to (VI and (VII). respectively, On the basis of
the stability of the anion intermediates more (VI ) than (V1) would be expected in the
product mixture [assuming (5b) and (5d) proceed at comparable rates]. However, the
ratio of (VII) to (VIIl)is found to be 4: 1 (Table 2). The best explanation of this seems
10 be in terms of steric hindrance in the transition state. Regardless of the direction
from which the nucleophilic attack occurs on the silicon, cleavage of silicon-mcthine
linkage will do more to alleviate ring methyl to cis-silyl methyl repulsion than will
cleavage of the silicon-methylene bond.

This argument presumes that product (VII) does not come about by 1.4-
insertion. This possibility can be ruled out on the basis of the results in section (it).
Isofation of ([X) is given as evidence for paths (4b), (5b), and (5d).

(“) R =n‘C3H7

Examination of Table 3 shows that in this reaction the 1S-intramolecular
insertion reaction occurs to a considerable extent, otherwise the results are quite
analogous to thosc in section (3).

Comparison of the relative amounts of (XX1V) to (XXI1) and (XXI1) shows
that the relative reactivity of the silylcarbene to primary and secondury hydrogens is

L Orgunometal, Cheny., V1 (1908) 429 440
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TABLE 3
PRODUCTS OF FHE REACTON BRTWEEN n-C  H-(CH ,),SiCH,Cl axn SODIUM
Product Yield Retention time  Mechanism®
(% (min)
(XV) n-C, H-Si(CH,); 32 5.3 A
XV Os. (CH3Y, 18 9.3 F
{(xviy 29404 B.C
{(XVHIY 4 0.4 B.C
(XEXY 20 B.C
XXy 342 B.C
(XX [n-C3HA(CH,),S8iCH,; ], is 40.2¢ D
(XX11) n-C H,{CH ;},SiCH ;S{CH 3);-n-C , H - 45.5¢ E
‘xx'") SEC'C4HQ(CH3)253CH1Si(CHJ)1'n‘C3H L] 6 4“,0" E
(XXIV) 0-C H{C,H.)CH ,)SiCH ,SH{CH ,),-n-C H 49.3¢ E
St

(XXVy

“ A proton abstraction: B: intermolecular insertion; C displacement on §t; D displacement on C;
E: L3-insertion : ¥ : 15-insertion,  20° x §” column packed with Apiezon L (20"} on 100--120 Chromosorh
P column wemperature 1407, Bow rate 24 mimm. © Unidentified. ¥ 40" x 5" column packed with Apiezon L
{5, Jon 100- 120 Chromosork P columntemperatare 1407, pressure 40 psi.* The ratio of (O and {XXHT)
to (XX1§) 1s 2:3; the ratio of (XXUf) to (XX} 1s approximately 10: 1.

1:2. The ratio of (XX11} to (XX111) is approximately 10 :1 indicating that the steric
effect in the ring cleavage is somewhat more pronounced in this case than in section {i).

It was not possible to identify (XXV} but it apparently is not a product of
intramolecular insertion.

The compound iso-C H,{CH ;},SiCH ,Si{CH ,),-n-C ;H, was found not to be
present among the products. Reference to Chart 2 shows that this material would
result from 1.4-insertion. Thus the intramolecular insertion reaction is selectively 1.3
and 1.5

CHART 2

HISUES 6f HYROTHESOAL T 3NSERTION IN THE rEACTION pETwiEN n-C H-{CH ,1,81CH ,CEH asp sopiusm

CHLCHLCHOH 3,508 e (cu,:,sf/\>CHa NI
(XES)

CH (CHCH(CH ), SICH,SHCH ) CH,CHICH JCH e

whstra tiny
CHCH ;CH {CH {)SICH,Si(CH ),CH ,CH{CH ,),

{iid) R =n-CH, VI

Reference to Table 4 shows that the results here are analogous to those in
section {it). No eflort was made to identify products other than (XX VII), (XXIX), and
(XXX ). but the similarity of the chromatograms in this case to those of (i) and (ii)
make it apparent that QOCXHT-(XXXV) are the result of 1,3-insertion. It is pertinent
that no 11 -dimethyl-f-silacyclohexane was found in the reaction mixture. This finding
mukes it evident that 1.6-inscrtion does not occur.

L Crgansneial. Clens,, VY (190R) 420430
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TABLE 4

PRODUCTS OF THE REACTION BETWEEN n-C H4(CH,),S5iCH,Cl anD sonpium

Praoduct Yield Retention time Mechanism®
(%) {min)

XXV n-C H SI{CHa), 33 10.2* A

(XX1X) i (CHy )y 17 14.5% F

XXXy } s 19.04 B.C

POXXIY = 2104 B.C

(XXX ) [CaH,ICH,),SiCH, ], 13 24.8¢ D

(XXX 287 E

(XXXIVY 3 30.0¢ [

(XXXVY 7 E

4 See Table 3." Y x §” columm packed with Apiczon L on Chromosorb P; enlumn temperature 1407, flow
rate 24 mb:min. ' Unidentified. ¢ Samie column as above, column temperature 2507, flow rate 24 mlmin.
(it} R=is0-C4H,

This reaction was run as a structure proof of (XXIX). No attempt was made to
identify any products other than isobutyltrimethylsilane and (XXIX). The results ere
included in Table S.

TABLE §

RELATIVE AMOUNTS OF 13- AND L5-INSERTION PRODUCTS

R Yield RSi{C'H,), Yield V. 5-insertion producr® Yiehd V. 3<insertion product
(") (") (")

C,H, 2 14

n-C4- 34 g §

n-C H, R} 3 1?

150-C H, 30 b Lo

* The yields reported bere arc for the 1solated 1.3-insertion products only. Higher molecular weight materials
may result by 1, 3-insertion so these fgures do not represent the total amount of 1,3-insertion.” Not measured.

In each of the reactions studied here the product RSi{CH,}; was formed. In
every case the yield of it is too great to be consistent with the other products found.
For example, when R =C,H s a 21 %} yield of ethyltrimethylsilane was found. Further
analysis of the products showed that a small amount of C, sH 34 Si; was formed but no
less volatile products. The analytical method did not rule out the presence of non-
volatile polymers but they seem unlikely since no "tetramers”™, “pentamers™ ete. were
found.

The formation of 21%, ethyltrimethylsilane would require a 63 yicld of
C, sH,;,Si; if only intramolecular insertion occurred. Since this is obviously not the
case and since there is evidence for intermolecular insertion [product{il}] it scems
likely that some of the (cthyldimethylsilyljcarbene reacts with the solvent.

The data in Table § indicate that {,5-insertion competes very favorably with
1.3-insertion. In each of the cases where 1.5-insertion is possible the product of this

L Orvganometad, Chem, LU {THOR) 429 4430



434 J. W. CONNOL

'react:on oceurs o the extent of approximately 17 %;. The data in Table 1 mdxcate that
the x-elimination reaction occurs to: the extent of approximately 85%,. Half of this
859 goes to carbamon and half to carbene. Thus, 1,5-insertion occurs to at leas ‘t‘hwe,
same extent as 1,3-insertion. If any appreciable amount of the carbene is mvolved___ n
intermolecular reactions the ratio of 1,5/1,3-insertion would be even greater. \

Itissurprising that there s little difference in the absolute yields of 1,5-insertion
products where R =n-C;H,, n-C H,, and iso-C;H,. It would have been expected that
the latter two would give more 1,5-insertion product than the former.

The results presented here indicate that {trialkylsilyl)carbenes are very similar
to aliphatic carbenes. Their selectivity toward secondary hydrogens relative to primary
hydrogens is very closc to that reported for aliphatic carbenes. Neoheptyl- and neo-
octylcarbenes have not been reported yet so our results are directly comparable to
wholly organic carbenes. However, photochemically generated aliphatic nitrenes
undergo 1.2-, 13-, and 1.5-insertions exclusively?. [t appears then that the selectivity
observed here is purely a result of the geometry of the transition state and not due to
the presence of the silicon atom.

EXPERIMENTAL

Preparation of starting materials

The compounds R{CH;),SiCH,Cl were prepared from the appropriate
Grignard reagent and (chloromethyl)dimethylchlorosilane. Isobutyldimethyl{chloro-
methyl)silane has not been previously reported. Its boiling point is 160-162°. Its NMR
spectrum is in Table 7.

Wurtz reaction conditions

A 1.8 M solution of (chloromethyl)trialk yisilane in pentane, hexane, or heptane
was put in an erlenmeyer Nask. To this was added an excess of sodium. The vessel was
stoppered and attached to the shaft of a stirring motor. The vessel was immersed in a
tap water cooled water bath and rotated for 12--24 h. The excess sodium was then
destroyed with ethano! and the mixture was washed with distilled water and aqueous
washings were extracted with reaction solvent. The organic layer was dried and
distitled in un annular spinning band still. Yields were obtained by weighing the frac-
tions and analyzing them by gas chromatography.

In some cases the reaction was stopped before completion. In those cases
chloride analyses were done and the yields based on the amount of chioride ion found.
The resuits were the same whether the reaction went to completion or not.

{dentification of products

In general identification of the products was done by NMR spectroscopy
und/or matching chromatograms with authentic samples. This information is summa-
rized in Table 6. The preparative gas chromatography used to isolate some of the
Wurtz reaction products and the independently synthesized products was done with
un Acrograph A 90 P3 chromatography unit containing a 20’ x §th” column packed
with 207, Apiezon L on Chromosorb P. The elemental analyses and molecular weight
were determined by the Schwarzkopf Microanalytical Laboratory, Woodside, N.Y,

To demonstrete that compound (XXVIE) was not a product of the reaction

4 Egmomtetnl, Cheme, V1 (1968) 429-440
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TABLE 6
METHOD OF IBENTIFICATION OF THF PRODUCTS OF THE WURTZ REACTION
R Product Identification Product Product

metiod” isolated analyced
C zH & (i) A Yes No
C,H, (i B No No
CzH I3 (IV) B No No
C,H, (v) A Yes Yes
C;H, {vl]) A B Yes Yes
C,H, (Vi) B Yes' Yes
C,H, (Vi) B Yes® Yes"
C,H, (IX) C Yes Yes
n"C_‘H-r (XV) A Yes No
n-C,H. xvn A Yes No
n-C,H- {(XXI) A Yes No
n-C,H—; (XX”) B No No
n-C3H- (XXI1) B No No
n-C,H- XIV) 3 No No
n-C,H, XXV A Yes No
n-C.H, (XXTX} B Yes* No
n-C,Hq XXX1) A Yes No
iso-C4H, 4 A Yes No

A Yes No

XXIX)
“A :identifcation by NMR spectra ; B identification by matching chromatograms with authentic samples
C : identification by analysis and molecular weight determinution. ® These two compounds were isolated
and analyzed as & mixture. © It was not possible to isolate this material in a pure cnough form to get a good

NMR spectrum. ¢ iso-C, HSI(CH ),

between n-propyldimethyl{chioromethyl)silane and sodium a chromatogram was run
on a mixture of (XXV1l) and the Wurtz reaction product mixture. The retention nme
of (XX VII) was scen to be different from that of any of the products. The lower limit
of detectability of (XX VII) corresponds to approximately 0.2 %, yicld in this case.

In a similar way 1,1-dimethyl-]-silacyclohexane was shown not to be one of
the productsofthereaction between n-butyldimethyl{chloromethyl)silane and sodium.
This material could not have been present in greater than [ ¢, yield.

The preparative methods for the authentic samples which were synthesized are
given below.

CH,(C,H,);SiCH,Si(CH,),CyH (V). The Grignard reagent from cthyl-
dimethyl(chloromethyi)silane was prepared in dicthy! ether. To this was added an
equimolar amount of dimethyldichlorosilane. The ether was distilled off this mixture
and the remaining mixture was refluxed overnight. An equimolar amount of methvl
lithium in ether was then added under nitrogen. the ether was distilled off and the
mixture was refluxed under nitrogen overnight. After cooling to room temperature
excess methanol was added to the reaction mixture followed by several washings with
water. The product was isolated directly from the organic layer by preparative gas
chromatography. It was characterized by its NMR spectrum (Table 7) and analysis,
(Found:C,59.41;H,13.00;8i,27.58. CyH,Siciled. : C.59.31 ; H. 12,9481, 27.74 " )

n-CyH4{CH,),SiCH,Si(CH,),C,H, (V1I). Using the above procedure an
equimolar amount of n-propylmethyldichlorosilane was added to the Grignard
reagent from ethyldimethyl(chloromethyl)silane. This was followed by addition of an

S Organemetal. Cheme, L (FO0B) 420 340
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equimolar amount of methyllithium. The product was worked up and isolated as
- above. It was characterized by its NMR spectrum. (Table 7) and analysis. (Found:
C, 59.15; H,12.96; 5i, 27.69..C, ;H,45i; caled.: C, 59.31; H, 12.94; §i, 27.74%) -
- is0-C3H,(CHy);SICH,SI(CH.),C,H; (VII). Grignard couplings of isopropyl-
Grignard with {chloromethyl)dimethyichlorosilane and dimethyldichlorosilane did
not give the desired products*. Therefore isopropyltrichlorosilane was prepared from
isopropyl-Grignard and silicon tetrachloride. An equimolar amount of this material -
was added to the Grignard from ethyldimethyl(chloromethyl)silane followed by the
addition of two equivalents of methyllithium. The product was worked up and isolated
as above. It was characterized by its NMR spectrum (Table 7) and analysis. (Found:
C, 5893; H, 12.93; §i, 27.04. C,,H,4Si; calcd.: C, 59.31; H, 12.94; §i, 27.74%,)
CisHyySi3 (1X). The undistilled residue from the Wurtz reaction was analyt-
ically chromatographed under the conditions described in Table 2. There were several
peaks from 6.5 to 8.5 min and no additional peaks up to 25 min. The mixture was then
preparatively chromatographed on a 5° x §th” column packed with Apiezon L (20%)
on Chromosorb P. The mixture responsible for the several peaks mentioned above
was collected. It was analyzed and its average molecular weight was determined by
vapos phaseosmometry.{(Found :C.59.31; H. 12.97;5i.27.97 ;mel. wt., 290.C, sH 1581,
caled.: C, 59.57; H, 12.58; Si, 27.81 %; mol.wt., 302
[{CH,),SI(CH,)sSi(CH;),C,Hs (IV). An equimolar amount of ethyldimethyl-
chlorosilane was added to the Grignard from (y-chioropropyl)trimethylsilane accord-
ing to the above general procedure. The product was characterized by its NMR
spectrum (Table 7).
n-CyHy(CH3);SiCH,Si(CH,),-n-C3H, (X X 1I). An equimolar amount of n-
propyimethyldichlorosilane was added to a solution of the Grignard from n-butyl-
dimethyl{chloromethyl)silane. To this mixture was added an equimolar amount of
methyliithium. The mixture was worked up as above. The product was characterized
by its NMR spectrum (Table 7).
sec-CyHo(CH,),SICH,SI{CH,)y-n-C Hy (X X T11): Several attempts were made
to couple the sec-butyl group to silicon by Grignard reactions with dimethyldichloro-
silane, methyltrichlorosilane and silicon tetrachloride. None of these reactions gave
thedesired product. Finally sec-butyltrichlorosilane was prepared by the y-ray induced
addition of trichlorosilane to 2-butene®. Product (XX 111) was prepared by the reaction
of un equimolar amount of sec-butyltrichlorosilane and the Grignard from n-propyl-
dimethyl(chloromethyl)silane followed by the addition of two equivalents of methyl-
lithium. The product was characterized by its NMR spectrum (Table 7).
n-CyH{C HHCH3)SICH,SICHy)p-n-C o Hy (X XIV). An equimolar amount
of n-propylmethyldichlorosilane was added to a solution of the Grignasd from
n-propyldimethyl{chloromethyl)silane followed by addition of an equimolar amount
‘f:: eé:iylr;wgncsium bromide. The product was characterized by its NMR specirum
{Tabie 7).
Is0-C 4 Ho(CH,), SICH,SH{CH, }y-n-C 3 H, (X X VI1). Equimolar amounts of n-
propylmethyldichlorosilune and methyllithium were added in succession to the

A e B e,

* Miller hus reported similar difficuttics®. The coupling of internal Grignards with chiorasilunes is not n
fucile resction.

4. Orpganmueial, Chem,, $1 (1968} 429.440
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Grignard frcm isobutyldimethyl (chloromethyl)silane. The product was characterized.
by its NMR spectrum (Table 7).
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SUMMARY

The reaction between a series of compounds R{(CH;),SiCH,Cl where R is
aliphatic and sodium has been studied. The carbene R(CH,),SiCH : is an important
intermediate and it undergoes 1.3- and 1,5-insertion exclusively. In each case the
1.3-insertion reaction produces two silacyclopropanes which undergo nucleophilic
ring cleavage. The relative amount of cleavage products formed make it evident that
steric hindrance is an important factor in the transition state.
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