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Summary. Aryl and alkylethynylsilanes are converted into 2,2-disubstituted vinylsilanes 

containing various common functional groups in the presence of aryl iodides, a palladium 

catalyst, formic acid, and a tertiary or secondary amine with high stereoselectivity and good 

regioselectivity. 

Vinylsilanes are versatile synthetic intermediates: for example, they have been shown to 

give regioselective and frequently highly stereospecific 
1 

reactions with electrophiles to 

produce desilylated vinyl derivatives, saturated carbonyl compounds, and substituted 2-amino- 

2 
alkylsilanes . We have previously reported that the palladium-catalysed reaction of aryl 

iodides with propargyl alcohols 
3 

in the presence of formic acid and tertiary or secondary 

amines produces Y,Y-disubstituted allylic alcohols. The results obtained suggested that steric 

factors may have a dominant effect in controlling the regiochemistry of addition of 

arylpalladium species to the carbon-carbon triple bond and prompted us to investigate the 

behaviour of the easily available aryl 
4 

and alkylethynylsilanes 5 (I). N ow we report that aryl 

and alkylethynylsilanes can react with aryl iodides in the presence of the same ammonium 

formate palladium reagent to give 2,2-disubstituted vinylsilanes (3) in satisfactory yield (see 

table 1. Various common functional groups can be tolerated both in the starting ethynylsilane 

and in the arylating reagent. 

Pd(OAc)2(PPh3)2 

piperidine or 

n.Bu3N, HCOOH 
Ar H H Ar Ar H H Ar 

\ 
R-CCC-SiMe3 + ArI 

\ 
_) ‘C=C’ + C=C’ + 

DMF, 60°C R’ 

C=C/ _ ‘C=C/ 
\ 

SiMe3 R’ ‘SiMe 3 R’ ‘H R’ ‘H 

(I) (2) (3) (4) (5) (6) 

R = aryl-, alkyl- Scheme I 

Minor amounts of the isomeric 1,2-disubstituted vinylsilanes (4) as well of the desilylated 

alkenes (5) and (6) were also isolated. The alkenes (5) can be isolated as the main products by 
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treat:ng the reaction mixture, filtered through a s111ca gel colunr-, c I t 1 I lojln~~ in 

6 
tbenre"e/watPr . The easy of desllylatlo" of the addition derlvatlbrs. hoxever~, i 'i ctr*ongi,y 

dependent upon t5e nature of the suhstltuents. For example, ti,e s;lyl rir:‘ivat~vc 1313) w;i s 

recovered unchanged w h e " the rnixturP derived from the reactlo" of .'-rethylphenyl. 

trimethyls~lylacetilenp with &hydroxyphenyl Iodide was treated as above 12.1 '1) 31' !rlth t!I I" 

benzene water (room temperature, 24 h). The corresponding I.?-dlar-ylal~er,e c.n, obtaznril in 27:' 

yield by treating the additlo" intermedlatc (3'1) with Iodine 111 benrenc/Lvat?r al 75'~‘ / $8 nJ. 

It 15 apparent from t'?u results sumqarired in the table ttlat the bt,lk) tt-lwthyislljl 

group 1s able to control the carho-palladation step 7 f;ivour>lng the regloselectlvp formation of 

(3) I" the presence of a variety of functionallzies on the aromatic r-lng aonded to the C-:‘ of 

(1). Strongly electron-withdrawing groups 5eem to affect the re1ct loll $1. c r 5 e " 1 )1 (1 the 

reyloselectlvlty (entry 1 and m). A slight worsening of tne rrgloselcctlvlty i,as been also 

observed with compou"ds containing an sp 3. carbon atom op the C-.2 (entrles 17 i"d o). 

HCWeVPr, only blth aryletbynylsilanes bearing %-hydroxy and ?-acctarvldo suhst~ttipnis on 

the aromatic ring some anomalies in the gener>al trend of the reactlo" $:ere observed. 

In the reaction of 2-hydroxyp~e"yl,trimet~yls~lyl~~etile"e with Gmethoxyphenyl lodlde 

(entry c) tkle olefinlc derlbative (6~) aas isolated as the malr product r:rovlr,g th;lt L" this 

case the inverse neglochemistry of addition of arylpalladiu~: 1ntermed:atr t:l tr-(i carbon-carbon 

triple bond is favoured. This may be the consequence of a" hydrcxyl coordination of the 

approaching palladium atom . 328 Steric factors should not !,r involved RS 1 ri t h e i) r c se " c e 0 f 

Z-methyl group (entry h) the usual trend 'was observed. The lsolatlcn of or11;j oleflnlc 

derlvatlves could be dependent on a" easy desilylatlon of the corresponding vlnylsllanes 

promoted oy the Z-hydroxy group. 

In the reactlo" of Z-acetam~dophe"yl,trimethylsilylacet~lene I 1 P 1 il. it n onefly lodldr 

(scheme Z), ?-acetamldophenyl,phenylncetile"e (81 wab lsolatt:d as the ~nain product, very likely 

through the desllylation of the starting arylethynylsllane and sunsequent I;alladIu:n-catalysed 

coupling witn phenyl iodide. 

Ph H Ph Ii ti Pii 

Ar-CzGSiMe3 + Phi - 
\ 
EC' 

\ / 

A? 
, 

'C_C' 
\SLMe ' Ar-CsC -Ph + *?/ \Ph Or A‘,zzC\Dh 

3 

(1p) (7) lo"4 (8) 5% (9) 6"/ 

Scheme II 

Control experiments revealed that (IpI desilylates easily in the presence of ploerldlne 

and formic acid to give Z-acetamldophenylacetilene (78% yield, 8 h, 60°C). The addltio" of 

his(trlphenylphosphine)palladium dlacetate to (lp), piperldine, and forvic nc;d ((70 "C, 3 h) 

resulted 1" the disappearance of the starting ethynylsilane and 1" the lsolatlon of only 7% of 
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2(2-acetamldophenyl)-I-trimethylsilylethylene and 20% of 2-acetamido-1-ethylbenzene. The 

formation of polymer 
9 

could account for this result. Apparently, under usual conditions, the 

palladium-catalysed coupling of the in situ formed Z-acetamidophenylacetilene with phenyl 

iodide is faster than any other reaction pathway. 

The regiochemistry of the silyl derivatives (3), isolated as single stereoisomers, was 

assigned on the basis of 
1 

H-NMR analysis and confirmed by their desllylation to the 

corresponding I,l-disubstituted alkenes 
10 

or to 2,2-disubstituted acetaldehydes . The syn- 

stereochemistry of addition was assumed on mechanistic grounds, literature data9 , and the 

unambiguous result of the X-ray analysis of 1,2,3-triphenylprop-2-en-i-o1 derived from the 

related palladium-catalysed reductive addition of phenyl iodide to 1,3-diphenylprop-2-yn- 

-1-01”. 

Table - Pd-Catalysed Reductive Addition of Aryl Iodldes to Aryl and Alkylethylnylsilanes” 

Entry Procedure Starting material Aryl Iodide Reaction time Vlnylsilane, % Alkene, % 

(ii. Rb (2). Ar (h)’ (3) (4) (5) (6) 

a 

b 

C 

d 

e 

f 

g 

h 

i 

1 

m 

n 

oe 

4-H2N-C6H4 ( 94) 

!, 1, 

4-HO-C6H4 (83 1 

II 0 

2-HO-C6H4 

^_ ^. 1-.1 
4-Cl-C6H4 t 84 I 

3-MeOOC-C6H4 (70) 

4-MeCONH-C6H4 (80) 

3-H2N-C6H4 (88) 

2-Me-C6H4 ( 97) 

4-MeO-C6H4 ( 96 1 

4-MeOOC-C6H4 ( 64 1 

4-MeCO-C6H4 (92) 

Me d 

CH3(CH215 (66) 

4-MeO-S H4 

1, ,t 

I, II 

I, 0 

C6H5 

3-Me-C6H4 

4-HO-C6H4 

4-MeO-C6H4 

4-HO-C6H4 

4-MeO-C6H4 

I, 1, 

4-HO-C6H4 

6 

5 (1) 

5 

5 (8) 

8 

7 (6) 

6 

8 

36 

7 

12 

8 

8 

8 

8 

48 

60 

56 

60 

50 

41 

71 

55 

47 

44 

43 

23 

23 -- 

-- 71 -- 

-- 15 -- 

76 

13 43 

li -- 

63 -- 

11 5 -- 

1G -- 

_- -- 

_- -- 

-_ -- 

18 8 -- 

10 6 -- 

?E -- 

20 19 -- 

a) Yields are given on isolated products, are calculated on the starting ethynylsilanes (l), 

and refer to single not optimized runs. b) Figures in parentheses refer to the isolated yield 

of (I), prepared from aryl halides according to the reference (7), except (lo), prepared from 

I-octyne according to the reference (5). c) Figures in parentheses refer to the time of the 

desilylation step. d) Commmercially available and used without further purification. e) 

Substitution of t-Bu,Ph2Sl- group for the lt2SS bulky NlegSi- group allowed the isolation of 

the corresponding 2,2_disubstituted vinylsilane in 58% yield. 



6400 

In a typical preparation of 2,2-disubstituted silanes (entry b, procedure A), to a 

stirred solution of 4-methoxyphenyl iodide (1.062 9, 4.54 mmol), piperidine (0.64 ml, 6.43 

mmnli 2nd OMF (2 ml) wet-e addpd 4-hydroxyphenyl,trimethylsilylacetilylacetilene (0.36 a? 1.89 mmol) and I~ ,,,,-- , -. ._ -. 

Pd(OAc)2(PPh3)2 (0.071 g, 0.094 mmol). The mixture was gently purged with nitrogen, and formic 

acid (0.19 ml, 4.99 mmol) was added all at once. The mixture was stirred at 60°C under a 

nitrogen atmosphere for 5 h, AcOEt and water were added, and the organic layer was separated, 

washed with water, dried (MgSO4), and concentrated at reduced pressure. The residue (1.1 g) was 

purified by flash-chromatography. Elution with a 91/9 n-hexane/AcOEt mixture gave the silyl 

derivative (3b) (0.337 Q, 60% yield) and the corresponding I,l-diarylethylene (5bi (0.065 g, 

15% yield). For (3b): mp 74-81°C (dec); IR (KBr) 3420, 1610, 1590, 1245, 1030, 835 CUT? ;‘H-NMR 

(CDCl,, Me3Si- group as internal standard) 6 7.53-6.80 (m, 8H), 6.26 (s, IH), 5.27 (s, IH, 

exchange with D?O), 3.90 (s, 3H). For (5b): mp 107-108’C; IR (KBr) 3360, 1670, 1250, 1030, 845 

cm -1; ‘H-NMR (CDC13) 6 7.47-6.70 (m, 8H), 5.30 <s, &I), 4.83 (s, IH, exchange with 0201, 3.87 

(s, 3H); MS (m/e) = 226 CM+). 

In a typical preparation of l,l-disubstituted alkenes (entry b, procedure O), 4-hydroxy- 

phenyl,trimethylsilyl~~~Lil~rlt! CO,31 9, 1 .02 r,,,r,ul) was reacted wiLlI 4-r~,~LhoXy)Jll~rlyl iudicie 

to.91 g, 3.88 mmol) as described in the procedure A. After 5 h the reactlon mixture was 

filtered through a column of si1.ic.a gel (60 g, 70-230 mesh) elutlng with diethyl ether (350 

ml). The solution was concentrated at reduced pressure and the residue was added of benzene (IO 

ml), water (5 ml), and Iodine (0,041 g, 0,016 mmol). The mixture was stirred at 7s3C for 7.5 h. 

Then diethyl ether and Na2S203 20% were added, the organic layer was separated, washed with 

water, dried (MgS04), and concentrated at reduced pressure. The residue (0.64 g) was purified 

by fl’ash chromatography. Elution with a QO/lO n-hexane/AcOEt mixture gave pure (5b) (0.28 g, 

76% yield). 
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