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Summary 

A 1:l combination cf dichloro@is- 
7;1 - - 

5 c~.clopentadienyl)titanium and alkyl- 

aluminum halide in methylene chloride solution effects the regiospecific alkylation 

of alkyny~(trimetbyl)silanes in 60-95?o yields. With R-C EC-SiMe3 substrates, 

where R= saturated alkyl group, the carbometallation (introduction of a methyl or 

an ethyl group) occurs regiospecifically and stereoselectively in a trans- manner, giving 

a 75:25 to a 9O:lO ratio of isomers. When the R in RK EC-SiMe3 is phenyl or 

1-cyclohexenyl, then a non-stereoselective carbometallation is observed (50:50 

mixtures of isomers). These results, which are explicable in terms of the formation 
L 

of the (C!gH&Ti-R cation and its attack on the alkynylsilane, offer stereochemical 

evidence for a cationic initiating step in the polymerization of ethylene by homogeneous 

Ziegler-Natta catalysts. 

* Part 36 of the series, “Organometallic Compounds of Group III”, devoted to carbo- 
metallation and hydrometallation. Cf ref. 1 for the previous part. - 



- e&t the pofymetization of WfiyIene under hbmogewous -conditions. **- Extensive 

kfnetic, ES& eiect~odfalytic am3 soWent studies have tended to implicate a @adri- 

va?ent titanium cation, [ (C5H5)Ti-CH2 
.I 

I, as the active initiating center in the 

polymerization of ethylene. Because this type of catalyst will not homopolymerize 
: 

- ->_;-, 
propylene and higher olefins and because its action on terminal alkynes is to cause 

cyclotrimerization to trisubstituted benzen= 11 
[: 1 , no stereochemical information 

has been available on the initiating step of such homogeneous catalysts. 

We now wish to report that, by use of alkynylsilanes as substrates with such 

Ziegler-Natta reagents, we have been able to effect the carbometallation of the nn- 

saturated linkage in a controlled fashion, limiting the alkyne insertion largely to the 

initial step, and thus to examine the stereochemistry of the initiating carbometalla- 

tion process. For example, alkynylsilsnes *** of the type, R-CsC-SiMe6(I, where 

R=n-C6H12, c-C6H11, C6H5 and 1-cyclohexenyl), reacted readily in methylene 

chloride solution with combinations of dichloro(bis- --5-cyclopentadienyl)titanium 
‘l 

(II) and Rn_41Clg-n (III) where R=Me or Et and n=O-2). (Table 1) Hydrolytic work-up 

led to the isolation of the regiospecifically alkylated silane IV in yields ranging from 

60-957~. The alternative treatment of the reaction mixture with D20 gave the same 

undeuterated vinylic silanes IV, demonstrating that IV had acquired a proton from 

the reaction mixture (S-H) and that little or no vinylic-metal bond was present at 

**Excellent reviews of Ziegler-Natta polymerization catalysis are available e-4), as 
we11 as numerous studies of various aspects (cf., inter alia. ref. 5-10 and -. 
!iterature cited therein). 

***Combinations of aluminum alkyls with titanium~ (IV) salts have been used to effect 

the alkylation of alhynols and alkenols, but the reaction yields mixtures of carbo- 
metallated regioisomers and has not been reported for ordinary alkynes (cf. ref. 
12 a-c). mum alkyls with zirconium (IV) salts have been 
found to lG?i?%z?%?- and, most recently, nickel salts have been shown 

to catsly-ze the addition oPme&yl, but not ethyl, Grignasd reagents to alhynyl= 

silsnes j12ej . . . 
- . __ I , 
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the time of work-up (eq. 1): 
R’ 

FgH&Ti % 
, SiiWeg 

R-C EC-SiMe3 A1C13 B’Cl ,c=c, 
=$ lXC = JsiMc3 (1) 

R’ ,Ti(C5H5)2 R’ ‘H 

Cl 

I IV a= R’ and H cis 
b= R’ and H trans 

The regiochemistry of these carbometallated products was determined by a 

sequence of epoxidation with m-chloroperbenzoic acid and protodesilylation [ldto 

give the carbonyl compound (eq. 2): 

R\s ,SiMeg 
/c= c 

ArC03H 
> (2) 

R-. .H 

IVa, b 

That an alkyl group bonded to titanium, rather than aluminum, was responsible 

for the alkylation of I was demonstrated by control experiments. Under the rfzaction 

conditions successful for II and III, namely 6-24 h at 25O C, trialkylaluminums or 

alkylaluminum chlorides and I gave O-541 of IV. Only by heating alkynylsilanes with 

triethylaluminum in refluxing benzene for 18 h were ca 50 o/o yields of IV obtained upon 

hydrolysis. 

Even though the combinaticn of II and IITundoubtedly produces the alhryl(chloro)= 

bis -~5-cyclopentadienyltitanium (V), the separate preparation of V from It and the 

Grignard reagent b4] and the admixture of V and I led to no alkylation. This finding 

demonstrates that Cp2TiRCl requires AIC12 for activation. 

In addition to rate, the most arresting feature of these titanium-mediated 

carbometallations is the stereochemistry. With alkynylsilanes bearing saturated 

groups (I, R=n-C6HI3 and c-C6HII) the vinylic silane products Iv consisted of 2, 

E-isomers ranging from a 25:75 up to a 1O:SO ratio (TVa:IVb). In other words, 

the carbometallation had proceeded principally in a trams or anti fashion. The - - 

mode of addition was determined by a:) obtaining the isomeric ratio by GLPC 



CAR&+I+tiATIONg OF A 
. _. 

IXYNYLS&A.NRS- BY COMl%A’M+ OF DICRLORO@S--r)” 
.- _ 

-- CYCL6liENTAD~~~L)T~~IUM AND ALKYLALUMRHJM CHLORIDES IN METHYLENE 
; -_~ .- 

CHLGRtiE AT 20~25% g 

Alkynylsilane Source of R Group Yield Z:E Ratio 

n-C6Hl3-C%l-SiMeg 

n-C6H13-CIC-SiMe3 

0 
C EC-SiMe3 

u 
C E C-SiMe3 

C!6H5-C z C-SiMeg 

C6H5-C sCSiMe3 

EtAICIZ1? 69%’ d 10:90 

lMeA1 Cl2 67i 15:85 

El@ 57 30:70 

Me2AlCl 67 25:75 

EtAlCl,b 95 50:50 

Me2AlCI2 95 50:50 

EtAlcl~~ 95 50:50 

o- 
, C 5CSiMe3 Me2AlCl 60 50:50 

a. In a typical procedure, 3.0 g (12 mmol) of H and 2.25 g (12 mmol) of 

trimethyl(l-octynyl)silane in 250 ml of purified CH2C12 were treated dropwise 

with 1.26 ml (12 mmol) of EtAlC12 over 2-3 min at 20-25O C and Iunder a nitrogen 

atmosphere. The flask was covered with aluminum foil to exclude light and the 

mixture was stirred for 12-25 h at 20-251~ C. Then 6.6 ml (48 mmol) of anhydrous 

Et3N was added (this acted as a buffer; without it, hydrolysis led to extensive 

desilylation of IV) and this was followed by 0.7 ml of H20. The resulting orange- 

red somtion was dried over anhydrous Na2S04 and the solvent removed. The 

residue was extrated with hexane and the extracts passed through a short silica 

gel column. The eluates were freed of solvent and then distilled @p 35-37O C 

(0.15 mm)) or analyzed by GLPC and NMR spectroscopy. 
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b. In these cases, the use of E$AlCl or Et3AI as ethylating agent gave significsut 

amounts of butyl- and hexyl-vinylsilanes, presumably via the generation of ethylene - 

and its prior insertion into ethyl-titanium bonds. 

c. Yields indicated were determined by GLPC analysis; isolated yields were 

ca 10% lower. - 

d. The most significant minor product, as shown by GLPC-MS analysis, was 

a stereoisomeric mixture of dimers, 
.- @-C6H13 \ ,SiWe3 

analysis of the vinylic products or, for those cases where the isomers were not 

separable (IV, R-a-CSHlS and R’=Et), by epoxidizing IV with c-chloroperbenzoic 

acid and recording the separate epoxide protons in the presence of Eu(fod)S shift 

reagent: and b) noting the larger, long-range splitting of the CHS-C=C-H or 

CHS-CHS-C=C-H protons in IV (RI’-=CHS or CH3CHS when these groups have a 

cis-configuration*. - By this means the carbotitanation of trimethylfi-octynyl)silane 

by either (CgHg)STiCH3(Cl) or (C5H5)STiCH2CHS(C1) was shown to proceed principally 

in a trans fashion to give a 85:15 or SO:10 ratio, respectively. This ratio of isomers 

was essentially invariant during the course of the reaction. For comparisou, the 

forced carbometallation of trimethyl(l-octynyl)silane at 80°C with(CH3CH2)3Al gave 

a 50:50 mixture of 2 and E-ethyl isomers (IV. R=n-C6H13, R’=Et). 

In contrast, the carbotitanation of alkynylsilanes bearing unsaturated groups 

a.6 to the acetylenic likage (I, R-CSH5 or 1-cyclohexenyl) proceeded regio- 

specifically but in a completely non-stereospecific fashion. The ratios of 2. E- 

isomers formed at low conversion of I and that found at the end of the reaction 

were 50:50. 

*By private communication with Professor Barry Snider, Department of Chemistry, 
Princeton University, we have learned of his complementary work on the cis-methyla= 
tion of alkynylsilanes by nickel-catalyzed additions of Grignard reagents. yy various 
structural proofs, he has shown that his major product from trimethyl(l-octynyl)silane, 

lation p_poduct,has the GLPC and NMR properties displayed by our minor 
to pertinent literature on the configura- 



&then accommodating the ethylene_ in the remaining unoccupied coordination site 

Applying~this view to the carbotitanation of I, one wouid place the alkynyl= 

sil&in -+&an available site. The difference in stereoselectivity observed in the 

carbometallation of I may stem from the tightness of the cationic complex. A tight 

pi compiex (VII) would favor a tram+alkylation; a loose or sigma-complex (VIII), 

(because of allylic charge delocalization possible with phenyl and I-cyclohexeuyl 

groups) would permit random cis or trans alhylation: -- 

R’Q> 
R - CZC - SiMe3 

i_e 

-:‘- 

\ 
C 

3 

0 

VII VIII 
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