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Bis(tert- butyldiphenylsily1)cuprate 1 reacts wi th  allenes to  form allyl- and vinyl-silanes. With allene 
itself the cuprate reagent shows a different regiochemistry from that of bis( phenyldimethylsilyl) - 
cuprate. The regiochemistry can be controlled by choosing an appropriate reaction temperature. The 
intermediate cuprate 4 resulting from the addition of  I t o  allene reacts with a wide variety of 
electrophiles giving functionalised allylsilanes. Phenylallenes isomerise t o  acetylenes. 

We reported earlier that silylcuprate reagents react with allenes 
to give either allyl- or vinyl-silanes depending upon the structure 
of the allene.lP3 The intermediate copper species react with 
electrophiles giving functionalised silylated synthons. Since the 
silylcuprate reagents are usually nucleophiles, this reaction is 
formally a nucleophilic attack on an unactivated allene, a type 
of reaction with very little precedent. Oshima and his co- 
workers reported the addition of silicon-magnesium, silicon- 
aluminium and silicon-zinc bonds to allenes, catalysed by 
copper(1) or palladium, but the carbocupration of allenes is not 
known except when activating substituents are present.' In our 
work, using silylcuprates and allenes, we mostly used bis- 
(phenyldimethylsily1)cuprate rather than bis(trimethylsily1)- 
cuprate because phenyldimethylsilyllithiumt is more easily 
made than trimethylsilyllithium.$ Furthermore, the phenyl 
group is a functional handle that makes it possible to convert 
the phenyldimethylsilyl group into a hydroxy group in an 
oxidative rearrangement.' 

Recently, we reported' the synthesis and some reactions of 
two new silyl-nucleophiles: tert-butyldiphenylsilyllithium and 
bis( tert-butyldiphenylsil y1)cuprate. The former shows a differ- 
ent pattern of reactivity from trimethyl- and phenyldimethyl- 
silyllithium, giving carbonyl addition on reaction with x,P- 
unsaturated  ketone^.^ On the other hand, bis(tert-butyldi- 
phenylsily1)cuprate reacts with acyl chlorides,' a$-unsaturated 
ketones and esters,' and acetylenes," just as the other silyl- 
cuprates react with electrophiles. 

We now describe the regiochemistry of the silyl-cupration 
of allenes using this bulky silyl-cuprate reagent. We found that 
the tert-butyldiphenylsilylcuprate shows some different regio- 
selectivity in its reaction with allenes from that shown by the 
phen yldimet hylsilylcuprate. 

Results and Discussion 
The reaction of tert-butyldiphenylsilylcuprate I with allene 2, 
at solid C0,-acetone temperatures, followed by protonation 
at this temperature, gives the allylsilane 3 in high yield (Scheme 

J-SiPhzBu' + 3, 97% 
- -.= 

* 1 ii, iii 2 

-SiPhMep, 99% 

Scheme 1 ReuKrwts und conditions: i, (Bu'Ph,Si),CuLi, THF,  1, 
- 78 C ;  i i ,  (PhMe,Si),CuLi, THF,  - 78 "C; iii, NH,Cl, MeOH, - 78 'C 

t Dimethyl( pheny1)silyl chloride and lithium shot in THF.' 
$ Methyllithium and hexamethyldisilane in neat HMPA.' 

1). This regiochemistry is the opposite of that for the phenyl- 
dimethylsilyl analogue. It seems iikely that the change of 
regiochemistry may be a consequence of the steric preference 
of the bulky teut-butyldiphenylsilyl group for the end of the 
allenic system. In any case, the intermediate vinyl-copper 
species, formulated as 4, reacts cleanly with a wide variety 
of other electrophiles, giving the allylsilanes Sa-i (Scheme 2). 

Thus, the present route is an easy entry into the synthesis 
of diversely substituted allylsilanes. Alkyl halides other than 
methyl iodide do not give acceptable yields when added to the 
copper intermediate 4. but the iodide 5b can be lithiated by 
metal-iodine exchange with butyllithium, and the resulting 
vinyllithium reagent 6 reacts with ethyl bromide to give 7a in 
good yield (Scheme 3). 

The regiochemistry of attack by the intermediate 4 on the 
enones, giving the ailylic alcohols 5h and Si is remarkable. The 
corresponding intermediate derived from the phenyldimethyl- 
silyl reagent is normal in undergoing conjugate addition with 
cyclohexenone. The reaction with methyl crotonate is also 
unusual in that the silyl group is transferred, rather than the 
allylsilane group, giving methyi 3-teut-butyldiphenylsilylbut- 
anoate 5j. 

The vinyllithium reagent 6 is regiochemically stable at any 
temperature between - 78 and 0 'C. Deuteriation of 6 gives the 
allylsilane 7b in almost quantitative yield at either temperature. 

In contrast, the intermediate cuprate 4 is not regiochemically 
stable. When we carried out the reaction of allene 2 with reagent 
1 at the usual solid C0,-acetone temperature, and then warmed 
the mixture to 0 "C before quenching it (either at -78 or 0 'C) 
we obtained the vinylsilane 8, the regioisomer of 3 (Scheme 4). 
Presumably, the addition of the silylcuprate 1 is reversible. Thus 
the overall regiochemistry is easily controlled in either sense by 
the temperature. 

Unfortunately, the presumed allylcopper intermediate 9, pro- 
duced by the reaction of 1 with 2 at 0 "C, does not react with 
electrophiles apart from protons. We checked the reaction of the 
presumed intermediate 9 with our usual electrophiles, iodine, 
methyl iodide and acetyl chloride, and in all the experiments 
only the vinylsilane 8 resulting from protodecupration (96%) 
was formed. Reaction of 9 with acetyl chloride also gave the 
acylsilane 10 (75%). Since it is reasonable to expect that the 
cuprate 9 is a mixed higher-order cuprate, in which the copper 
has one carbon ligand and one silyl ligand (from the di- 
silylcuprate), it is reasonable that the silyl ligand is selectively 
transferred to the electrophile. This explains the formation of 
the acylsilane 10, since it has already been found that mixed 
cuprates transfer the silyl group rather than the carbon group 
to electrophiles. As we have pointed out before, this still 
leaves unexplained the anomalous behaviour of mixed cuprate 
intermediates such as 4, in which the carbon group is cleanly 
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Scheme 3 

transferred to electrophiles. We are not able to identify the 
corresponding silicon product in the analogous reactions of the 
presumed intermediate 9 with iodine and methyl iodide. We 
have made an effort to understand why only the protodecup- 
ration product 8 is formed in all these reactions. Reaction of 
allene 1 at -78 "C followed by quenching at the same 
temperature with deuterium oxide, gave the expected deuteri- 
ated allylsilane 7b, whereas the same reaction carried out at 0 "C 
and quenched with deuterium oxide at 0 °C  gives 8 with no 
detectable deuterium incorporation (Scheme 5). Evidently the 
formation of 7b results from the deuteriation of the vinylcopper 
species 4, but protodecupration of the allylcopper intermediate 
9 must have occurred before quenching with deuterium oxide. 
We naturally suspected that the THF was the source of the 
proton, but when the same sequence was carried out in C2H8]- 
THF (tetrahydrofuran), quenching at 0 "C with water, again 
no deuterium was present in the product 8. The yield was 
calculated on the amount of allene, and so the allene cannot be 
the proton source. This leaves only the extra tert-butyldiphenyl- 
silyl group, which would be unlikely to supply a proton. 

-SiPh2Bu' 
YiPhpBu' 0 

9 10 

As we reported before, the nature of the copper-containing 
intermediates is a matter of uncertainty, and the copper inter- 
mediates 4 and 9 cannot be as simple as we represent them here. 
We made the reconstituted cuprate 12 from 8 by way of the 
allyllithium 11, to check whether or not it shows the same 
unexplained reactivity pattern as the presumed intermediate 
cuprate 9. We treated the cuprate 12 with methyl iodide and 
acetyl chloride and got, as before, only the vinylsilane 8, and 
with acetyl chloride the acylsilane 10 (Scheme 6). Thus re- 
constituted cuprate 12 appears to behave in essentially the same 
way as that produced in the reaction of allene with 1 at 0 'C. 
We still need to find the source of the proton in the reactions of 
9 and 12. 

. .. /--SiPh2Bu' 
7b, 92% 

+ -D 
=*= \ iii,iv + 

2 1 
-SiPh2Bu' 

8, 99% 

Scheme 5 Reagents and conditions. I ,  (Bu'Ph,Si),CuLi, - 78 C; 
ii, D,O, - 78 'C; iii ,  (Bu'Ph,Si),CuLi, 0 C; iv, D,O, 0 C 

zSiph2B"f 
(Bu'Ph2Si)&uLi.LiCN + = = 3, 97% 

1 2 iii,iv - 1 
-SiPhzBut 

8, 99% 

Scheme 4 
MeOH 

Reagents andcondrrions: i, - 78 C, 1 h; ii, NH,Cl, MeOH, - 78 C; iii, - 78 - 0 C or 0 --+ - 78 C or - 78 - 0 --t - 78 C; I V ,  NH,Cl. 
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The silylcuprate reagent I reacted with alkyl-substituted 
allenes 13 and 15 at solid C0,-acetone temperatures to give 
allylsilanes 14 and 16 (Scheme 7). The corresponding reaction 

rsiph2Bur i,ii - 78°C- 

13 14, 86% 

SiPh2But 

i.ii - 78°C -.= - 
15 16, 95% 

,SiPh2Bur 
i,ii 0 "C -.= - 

15 
16, 70% (12:l) 
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17 

Scheme 7 Reagents and condirions: i, (Bu'Ph,Si),CuLi; ii, NH,Cl 

of the phenyldimethylsilylcuprate reagent with the allene 13 
was the same, but with the allene 15 it gave a mixture of the 
allylsilane and the regioisomer, the vinylsilane, in a 1 : 4 ratio. 
We repeated the reaction of the silylcuprate reagent 1 with 
butylallene 15, but at 0 "C, and obtained two products, the 
allylsilane 16. as before, and the vinylsilane 17, in ratio of 1 : 12. 
The result described above is additional evidence of the 
regiochemical instability of the intermediate, favouring at high 
temperatures the vinylsilane over the allylsilane. The E- 
geometry of the vinylsilane 17 has been proved by proto- 
desilylation with hydrogen iodide giving the Z-alkene. The 
stereochemistry of the double bond of 16 and 17 is reasonable if 
the silylcuprate attacks the allene anti to the butyl group. The 
reaction of the intermediate 18, prepared by silylcupration of 
1 , l  -dimethylallene with iodine or methyl iodide gives cleanly 
the allylsilanes 19 and 20, but acetyl chloride reacts with the 
same intermediate 18 giving the allylsilane 14 and the acylsilane 
10, in which the silyl group has been transferred to the acetyl 
chloride instead of the carbon ligand (Scheme 8). We also get 
the same result in the reaction with acetyl chloride of a 
reconstituted cuprate 22, prepared from the lithium reagent 21 
(Scheme 9). 

In contrast to their reactions with the phenyldimethylsilyl- 
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Scheme 8 Reagents: i, MeI; ii, I,; iii, MeCOCl 

-SiPh2Bur 

n 
14 
+ 

Ysiph2Bu' 0 

10, 79% 
Scheme 9 Reagents: i, BuLi; ii, CNCu; iii, Bu'Ph,SiLi; iv, MeCOCl 

cuprate, phenylallenes are not suitable substrates for the silyl- 
cupration reaction using the new silylcuprate reagent 1, because 
they undergo isomerisation to acetylenes. Thus, 1 -phenylallene 
23 and 3-methyl-1-phenylallene 25 are converted, in not easily 
reproducible reactions, into benzylacetylene 24 and 1 -phenyl- 
prop-2-yne 26, respectively (Scheme 10). The yields quoted are 

i, ii - PhCH,CECMe + BurPh2SiH Ph- = = -Me 

25 26, 63% 

Scheme 10 
ii, NH,CI, MeOH, - 78 "C 

Reagenfs andconditions: i, (Bu'Ph,Si),CuLi. THF. - 78 'C; 

the highest we obtained and were measured, using an internal 
standard, by GC and the products were identified by 'H NMR 
spectroscopy. Although the reagent is basic (terr-butylalcohol 
inactivates it), it is surprising that it induces the isomerisation of 
the phenylallenes into acetylenes. This type of isomerisation 
using strong bases," is well known, but usually leads to 
terminal alkynes. 

Trisubstituted allenes fail to react with 1, whereas they do 
react with the phenyldimethylsilyl analogue. 

Experimental 
Genera/.-Ether and tetrahydrofuran (THF) were distilled 

from sodium benzophenone ketyl under nitrogen in a standard 
still. All chromatographic and work-up solvents were distilled 
prior to use. Copper(1) cyanide was dried in ccic'uo over P20, .  
All reactions involving organometallic agents were carried out 
under an atmosphere of dry nitrogen or argon using Aame- 
dried glassware. TR spectra were recorded on a Pye-Unicam 
SP-1100 and a Mattson Cygnus-100 spectrometers as neat 
liquid films. 'H  NMR and I3C NMR spectra were recorded 
on Bruker AC-80 spectrometer, and are reported in ppm (6) 
from TMS ([(CH,),Si], J values are given in Hz. Mass 
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spectra were obtained from a Hewlett-Packard 5988-A instru- 
ment. 

The allenes 2 and 13 were bought. The allenes 15 (47',);,), 
23 (51%) and 25 (7996) were prepared by the method of 
Crabbe.' 

t e r t - But j 7 ldip henj$silyllit h ium .-t er t - B u t y 1 d i p h e n y 1 c h 1 or o s i - 
lane (30 mmol, 7.7 cm3) was stirred with lithium (180 mmol, 1.26 
g) in T H F  (30 cm3) at 0 "C for 4 h. The red-black solution is 
stable for at least 5 d, at - 15 "C. For titration, an aliquot was 
transferred by syringe into water and the basic solution was 
titrated against hydrochloric acid (0.1 mol dm-3). 

Lit h ium Bis( t e r t - bu tj~ldiphen~~lsily l ) cupra t e 1 .-A T H F so 1 u - 
tion of tert-butyldiphenylsilyllithium ( 12 mmol), prepared as 
before, was added by syringe to a stirred suspension of copper(]) 
cyanide (6 mmol, 537 mg) in T H F  (10 cm3) at 0 ° C .  The 
resulting black mixture was stirred for 30 min. I t  was used 
immediately. 

Generul Procedure for  the Silylcupration of' Al1enes.- 
Typically, the allene (5 mmol) in T H F  ( 5  cm3) was added 
dropwise to  the tert-butyldiphenylsilylcuprate reagent 1 (5.5 
mmol), cooled with a solid C0,-acetone bath, and the 
mixture stirred under nitrogen for 1 h. Yields are based on the 
allene. 

The Preparation of the Lithium Reagents 6 and 21.- 
Butyllithium (1.6 mol dm-3 solution in hexane; 3.5 cm3) was 
added dropwise to the vinyl iodide, 5b or 20, in T H F  ( 5  cm3) at 
solid C0,-acetone temperatures, and the mixture stirred under 
nitrogen for 1 h. 

Preparation of the Cuprate Reagent 22.-The lithium reagent 
21 (2 mmol) and copper(1) cyanide (2 mmol) were stirred 
together at solid C0,-acetone temperatures for 15 min, the 
silyllithium reagent 1 (2 mmol) was then added, and the mixture 
stirred for a further 30 min. 

Preparation of the Lithium Reagent 11 .-The vinylsilane 8 
(1.40 g, 5 mmol) and N-bromosuccinimide (NBS) (0.89 g, 5 
mmol) were refluxed in carbon tetrachloride (10 cm3) for 12 h 
with a catalytic amount of benzyl peroxide. Filtration, evapor- 
ation and chromatography (SO,, hexane) gave 3-bromo-2-tert- 
butl'ldiphenylsilj?lpropene (1.54 g, 86%) (Found: C, 63.2; H, 6.5. 
C ,  ,H,,BrSi requires C, 63.5; H, 6.4%); v,,,(film)~cm-' 1600, 
1230 and 1130; d,(CDCl,) 7.8-7.5 (4 H, m), 7.5-7.2 (6 H, m), 6.4 
(1 H, m), 5.9 (1 H, m), 4.05 (2 H, br s) and 1.15 (27 H, s); mi= 303, 
301 (M - Bur, 19%), 263 (loo), 261 (98), 223 (24) and 181 (28). 
The above ally1 bromide (1.1 g, 3 mmol) in T H F  ( 5  cm3) was 
added slowly to a solution of t r ibutyl~tannyl l i thium'~ (1.2 
mol d m - 3  solution in THF prepared from tributyltin chloride; 
1.5 cm3) at 0 "C and the mixture stirred for 1 h; it was then 
warmed to room temperature and stirred for a further 1 h. 
Work-up and chromatography (SiO,, hexane) gave 2-tert- 
b u t ~ ~ l d i p h e n ~ ~ l s i l ~ ~ l - 3 - t r i b u t ~ l ~ ~ t u t ~ n ~ ~ l p r ~ ~ p e n r  ( 1.53 g, 9 1 "/,,), 
vmax(film)/cm-' 1580, 1200 and 1120; GH(CDC1,) 7.6-7.4 (4 H, 
m), 7.4-7.2 (6 H, m), 5.7 (1 H, m), 5.4 (1  H, d, J 1.3), 1.9 (2 H, 
br s), 1.4-0.5 (27 H, m) and 1.1 (9 H, s); (S,(CDCl,) 146.50, 
136.50, 135.04, 129.00, 126.08, 97.05, 29.09, 28.90, 27.49. 20.00, 
19.92, 14.00 and 9.95. Butyllithium (1.6 mol dm solution in 
hexane; 0.7 cm3) was added dropwise to the above 
allylstannane ( 1  mmol) in ether (2 cm3) at 0 C and the 
mixture stirred for 30 min. 

Prrparation the C'uprute Reugcvit 12.--The allyllithium 
reagent 11 ( 1  mmol) was added to a solution of CuCN (0.045 g. 

0.5 mmol) in THF ( 2  cm3) at solid CO, -acetone temperature, 
and the black solution stirred for 30 min. 

Pro fonution of (lie Orgciriotnctcilli(. Itrrer.nic~rlicrtcr.-Methanol 
(3 cm3) saturated with ammonium chloride was added at low 
temperature to the still cold solution following the silylcup- 
ration or the halogen-metal exchange. as appropriate; the 
mixture was allowed to warm to 0 C and stirred for 10 min. 
Aqueous work-up using ether, drying (MgSO,), and chromato- 
graphy (SiO,, hexane) gave the following compounds. 

3- ter t -But j~ l (c~ip / ie t~~~l ) .~ i l j~ lpropc~t~c~ 3 (97",,) (Found: C, 8 1.6: H. 
8.5. C ,  ,H,,Si requires C ,  8 1.4; H, 8.6",,). vnldx(film)/cm ' 1650, 
1620, 1460, 1030, 850 and 810; 6H(CDCl,) 7.8-7.6 (4 H. m), 7.5 
7.3(6H,m),6.2-5.5(1 H,m),5.15 4 . 7 ( 2 H , m ) , 2 . 2 ( 2 H , d , J 4 )  
and 1.05 (9 H, s); (ic(CDCI,) 135.98, 134.58, 134.45, 129.05, 
127.51. 114.50, 27.89. 18.83 and 18.46; t n  I 280 ( M + .  6",,), 239 
(60,223 (97). 197 (42), 181 (32), 145 ( 3 3 ,  135 (100) and 105 (42). 
When the reaction mixture was warmed to 0 C and quenched 
at either 0 -C or at - 78 ' C ,  the product was vinylsilane 8. 

2- ter t -But~~l (d iphc t i j~ l ) .~ i l~~lpro~pc~ic~  8 (99",,) (Found: C ,  8 1.2; H, 
8.5. C ,HZ4Si requires C, 8 1.4: H, 8.6",,); \ ~ m , , x (  film), cm-' 1640, 
1610, 1460, 1020 and 900; (SH(CDCI3) 7.8G7.60 (4 H, m), 7.6G 
7.20 (6 H, m), 6.00-5.80 ( 1  H, m), 5.6G5.40 ( 1  H, m), 2.00 (3 H,  
br s) and 1.20 (9 H, s): S,(CDCI,) 142.50, 136.20, 13 1.50. 129.00, 
127.75. 127.60, 28.60, 25.20 and 18.30; t j i , :  280 (M' .  3',,), 223 
(loo), 197 (31), I83 (27) and 105 (25). Quenching with 
deuterium oxide in place of ammonium chloride. at 0 C, 
omitting the ammonia gave the vinylsilane 8 (99",,) as the sole 
product. 

3 - tert- Butjsl( diplimj~l )J i l j ~ l - 2 - c l ~ ~ i i t c ~ r - i o p r ~ ~ p ~ ~ n ~ ~  7 b ( 9 2" (,) ( Q uen - 
ching with deuterium oxide in place of methanol, at -78 C. 
and omitting the ammonia) (Found: C ,  81.3; H, 9.1. C1,H2,DSi 
requires C,  81.1; H, 8.95",,); \lmdx(film) cm-' 2230 and 980; 
(j,(CDcI,) 7.8G7.40 (4 H, m), 7.40-7.10 (6 H, m), 5.60 ( 1  H, m). 
5.20 (1  H. m), 2.40 (2 H, s) and 1.20 (9 H, 5 ) .  The same product 
was obtained when the lithium reagent 6 was quenched with 
deuterium oxide. 

1 -tert- Butj,l( dipheiij-I ),rilj~l-3-nic~tlij~lb~~t-2-rlze 14 (86" ()) 
(Found: C ,  81.9; H. 9.2. C2,H,,Si requires C. 81.7; H, 9.1",)); 
~~,,,,,(film)/crn-' 1640, 1080 and 820: S,(CDCI,) 7.7@ 7.40 (4 H, 
m), 7.40-7.00 (6 H, m), 5.00 ( 1  H, t, J 5 ) ,  1.90 (2 H, d, J 5 ) ,  1.50 (3 
H, s), 1.30 (3 H, s) and 1.00 (9 H, s); ui'r 308 (8",,, M + ) .  293 ( 2 ) ,  
251 (4), 239 (IOO),  231 (7)  and 197 (3). 

( Z ) -  I -tert- But),/( dipiren ~ ~ l ) s i l j ~ l i i ~ ~ p t - 2 - c t ~ ~ ~  I6 (95" ,,) (Found: C, 
82.3; H, 9.5. C,3H,2Si requires C,  82.1; H, 9.6",,); ~~~, ,~(f i l rn)~ 'crn- '  
1650, 1090 and 700; 0,,(CDCl3) 7.8S7.60 (4 H, m), 7.60-7.20 (6 
H, m), 5.60-5.00 (2 H, m), 2.10 (2 H, d, J 4 ) ,  2.0S1.70 (2  H. m), 
1.50-1.00 (4 H, m), 1.10 (9 H, s)  and 0.90 (3 H, t, J 7); m/: 336 
(M +, 2%), 279 (29), 259 (38), 239 (loo), 179 (7) and 135 (8). 
When the silyl-cupration of allene I5 was carried out at 0 C 
the allylsilane 16 and the vinylsilane 17 were formed (70",,) in a 
ratio ( 1  : 12). 

( E) - 2 - t e r t - Bu tj,l( dip hen) > I  )s ilj.lhep t - 2-me 1 7 ( Fo u nd : C ,8  2.0; H ~ 

9.55. C2,H,,Si requires C. 82.1: H, 9.6",,); ~ ~ ~ , ~ ~ ( f i l r n ) / c m  ' 1660. 
1090 and 820; (SH(CDC1,) 7.80-7.50 (4 H, m), 7.5@-7.20 (6 H, m). 
6.2@-5.80 ( 1  H, td, J 5,  2), 2.40-2.00 (2 H, m), 1.90 ( 3  H, d. J 2). 
1.40-1.20 (4 H, m), 1.10 (9 H, s), 0.90 (3 H, t, J 7); ni,: 336 ( M  &,  

5" (,), 22 1 (4), 279 (29), 259 ( loo), 239 ( 2 1 ) and 1 79 (3). 

Methj./utron of the Cuprcrtr~ Iiitert?7ecjicitr.c. - Methyl iodide (3 
mmol) was added dropwise to the silylcupration mixture (2  
mmol) and stirred at solid C0,-acetone temperatures for 1 h 
and then at 0 C for 1 h. Aqueous work-up using ether, and 
chromatography (SiO,, hexane) gave the following compounds 
3 - t e r t - h u t ~ ~ l ( ~ i p i i r n \ . l ) ~ ~ i l ~ ~ l - 2 - t ~ i ~ ~ f h ~ ~ l p r o p ~ t i ~ ~  5a (86" (,) (Found: C. 
81.5: H. 8.9; C2,H,,Si requires C,  81.6: H, 8.9",,): 
v,,,(film) cm-' 1680, 1090, 1020 and 900: OH(CDC1,) 7.80 
7.50 (4 H. m), 7.5G7.20 (6 H, m). 4.60 (2  H. s), 2.20 ( 2  H, s). 
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1.40 (3 H, s) and 1.05 (9 H, s); m/z 294 (M', 6%), 237 (loo), 
135 (89) and 105 (28). 

l-tert-But~~l(diphenyl)silyl-2,3-dimethylbut-2-ene 19 (81%) 
(Found: C, 81.8; H, 9.6. C2,H3,Si requires C, 81.9; H, 9.4%); 
v,,,(film)/cm-' 1630 and 1070; G,(CDCl,) 7.80-7.50 (4 H, m), 
7.50-7.10 (6 H, m), 2.20 (2 H, s), 1.40 (3 H, s), 1.30 (3 H, s), 1.20 
(9 H, s) and 1.00 (3 H, s); mjz 322 ( M + ,  1%), 307 (6), 265 (31), 
245 (24) and 239 (100). 

Halogenution qf' the Silylcupration Products.-Iodine ( 1.5 
mmol for 1 mmol) in two portions was added to the cuprate at 
solid C0,-acetone temperatures. The reaction mixture was 
kept at this temperatures for 1 h after which it was allowed to 
warm to 0 C and kept for 1 h. Work-up and chromatography 
(SiO,, hexane) gave the following compounds. 

3-tert-Butyl(diphenyl)silyl-2-iodopropene 5b (76%) (Found: 
C, 56.4; H, 5.6. C,,H,,ISi requires C, 56.15; H, 5.7%); vmax- 
(film)/cm-' 1600, 1120, 1020 and 960; G,(CDCI,) 7.80-7.50 
(4 H, m), 7.50-7.20 (6 H, m), 5.60-5.40 (2 H, m), 2.90 (2 H, s) 
and 1.05 (9 H, s); m/z 406 ( M + ,  l%), 349 (22), 309 (loo), 279 
( 1 1 ) and 135 (30). 

1 -tert-Butyl( diphenyl)silyl-2-iodo-3-methylbut-2-ene 20 (75%) 
(Found: C, 58.4; H, 6.1. C,,H,,ISi requires C, 58.1; H, 6.3%); 
v,,,(film)/cm-' 1620 and 1090, GH(CDCl,) 7.80-7.40 (4 H, m), 
7.40-7.10 (6 H, m), 2.90 (2 H, s), 1.60 (3 H, s), 1.50 (3  H, s) and 
1.30 (9 H, s); m/z 434 ( M + ,  273, 377 (47), 307 (23), 289 (25), 239 
(100) and 229 (27). 

Acetylution of the Intermediates.-Acetyl chloride (2.25 
mmol) was added to the silylcupration mixture ( 1  .5 mmol) as in 
the reactions above to give the following compounds. 

3-tert- Butyl(diphenyl)silylmethylbut-3-en-2-one 5c (7 1%) 
(Found: C, 78.2; H, 8.15. C,,H,,OSi requires C, 78.2; H, 8.1%); 
vmaX(film)/cm-' 1690, 1610, 1120 and 880; GH 7.80-7.40 (4 H, m), 
7.40-7.20(6H,m),5.60(1H,m),5.30(1H,m),2.40(2H,s),1.90 
(3 H, s) and 1.05 (9 H, s); m/z 322 (M', l%), 307 (12), 199 (100) 
and 135 (30). 

tert-Butyldiphenylsilyl methyl ketone 10 (7773, b.p. 
84 "Cjl2 mmHg (lit.,9 88 OCjl5 mm). 

3-tert-Butj~l(diphenyl)silylmethylbut-3-en-l-ol 5d.-Hexa- 
methylphosphoric triamide (HMPA) (3 mmol) in T H F  (1 cm3) 
at solid C0,-acetone temperatures, was added to the silyl- 
cupration mixture (3 mmol) and kept for 5 min; then ethylene 
oxide (6 mmol) was then added to it. After 30 min, the mixture 
was warmed to 0 "C and kept for 10 h before work-up, which 
gave the allylsilane (75%) (Found: C, 77.9; H, 8.8. C,,H,,OSi 
requires C, 77.7; H, 8.7%); v,,,(film)/cm-' 3350, 1630, 1110, 
1030 and 1000; G,(CDCl,) 7.80-7.60 (4 H, m), 7.6G7.20 (6 H, 
m),4.70(2H,m),3.40(2H,t ,J6) ,2 .15(2H,s) ,1 .70(1H,brs) ,  
1.90-1.60 (2 H. m) and 1.05 (9 H, s); m/z 324 ( M + ,  l%), 267 
(18), 249 (21), 225 (lo), 199 (100) and 135 (60). 

Reactions of the Cuprate Intermediate 4 Mith 0x0 Com- 
pounds.-Acetaldehyde, acetone, cinnamaldehyde, methyl vinyl- 
ketone or cyclohexenone (4.5 mmol) in T H F  (1 cm3) was added 
to the cuprate reagent 4 (3 mmol) at solid C0,-acetone 
temperatures. The mixture was kept for 2 h and then allowed to 
warm to 0°C. After being stirred for 1 h at this temperature, 
aqueous work-up and chromatography (SiO,, Et,O-hexane) 
gave the following compounds. 

3-tert-Butyl(diphen~~l)silylmeth?;lbut-3-en-2-ol 5e (69:<) 
(Found: C, 77.7; H, 8.6. C,,H,,OSi requires C, 77.7; H, 8.77;); 
vmax(film)/cm 3600, 3200, 1630, 11 10, 1080 and 870; 6,- 
(CDCI,) 7.6@ 7 30 (4 H, m), 7.3s7.10 (6 H, m), 6.0 ( 1  H, m), 
5.80 ( 1  H, m), 3.50 ( 1  H, q, J 7), 2.30 (2 H, s), 1.60 (1 H, br s), 
1.10 (9 H, s) and 0.9 (3 H, d, J 7); d,(CDCI,) 144, 137, 135, 133, 
128, 66, 48 and 29; m / z  267 ( M  - Bur, 26%), 199 (loo), 181 
(lo), I35 (4) and 105 (10). 

3-tert-Butyl(diphenyl)silylmeth~l-2-met~~j~lbut-3-en-2-ol 5f 
(43%) (Found: C, 78.1; H, 9.0. C,,H,,OSi requires C, 78.05; H, 
8.9%); v,,,(film)/cm-' 3300, 1620, 1200 and 1090; G,(CDCI,) 
7.80-7.40 (4 H, m), 7.40-7.10 (6 H, m), 6.10 (1 H, m), 5.80 (1 H, 
m), 2.30 (2 H, s), 1.50 (1  H, br s), 1.20 (6 H, s) and 1.1 (9 H, s); 
m/z 281 (M - Bur, 873, 199 (loo), 181 (12), 135 (8) and 105 
(10). 

4- t er t - Bu ty I( dip hen y 1 )sily lme thy l- 1 -phen y lpen t ci - 1,4-dien - 3 - 01 
5g (71%) (Found: C, 81.4; H, 7.8. C2,H,,0Si requires C, 81.5; 
H, 7.8%); v,,,(film)/cm-' 3500, 1620, 1150 and 1050; G,(CDCI,) 
7.80-7.50 (4 H, m), 7.50-7.10 (6 H, m), 7.10 ( 5  H, s), 6.20 (2 H, 
m),6.10(1 H,m), 5.90(1 H,m),4.10(1 H,m),2.60(2H,s), 1.80 
(1 H, br s) and 1.30 (9 H, s); G,(CDCI,) 143, 138, 137, 133, 132, 
130, 129, 128.8, 128, 126.5, 71,46, 29 and 19; m/z  355 ( M  - Bu', 
40%), 311 (12), 277 (15), 199 (loo), 135 (87) and 105 (38). 

2-tert-But~l(diphenyl)silylmethyl-3-methylpentu- 1,4-dien-3-01 
5h (67%) (Found: C, 78.6; H, 8.8. C,,H,,OSi requires C, 78.8; 
H, 8.6%); vma,(film)/cm-' 3500, 1620, 1610, 1100 and 990; 
G,(CDCl,) 7.80-7.40 (4 H, m), 7.40-7.10 (6 H, m), 6.20 (1 H, m), 
5 .80(1H,d,J2) ,5 .5~.80(3H,m),2.80(1H,s) ,2 .40(1 H,brs), 
1.20 (3 H, s) and 1.10 (9 H, s); m/z 293 ( M  - Bur, 6"3, 199 (loo), 
163 (4) and 105 (30). 

1 -( 3-tert- Butyldiphenylsilylprop- 1 -en-2-~?1 )cyclohe.v-2-enol 5i 
(47%) (Found: C, 79.9; H, 8.5. C,,H,,OSi requires C, 79.7; 
H, 8.6%); v,,,(film)/cm-' 3400, 1640, 1 100 and 1080; 6,( CDCI,) 
7.80-7.30 (4 H, m), 7.30-7.00 (6 H, m), 6.20 (1 H, m), 5.80 (1 H, 
d, J l),  5.40 (2 H, m), 2.40 (2 H, s), 2.4M.80 (7 H, m) and 1.10 

199 (100) and 135 (40). 

90 T / 1 2  mmHg (lit.,9 96 "C/20 mmHg). 

(9 H, s); m / ~  376 ( M + ,  1%), 336 (2), 319 ( M  - Bu', 8), 279 (90), 

Methyl 3-tert-butyldiphenylsilylbutanoate 5j (76';<), b.p. 

2- tert- Butyldiphenylsilylhutanoute- 1 -ene 7a.-E t h yl bromide 
(3 mmol) was added dropwise to the lithium reagent 6 (2 mmol) 
and stirred at solid C0,-acetate temperatures for 1 h and then 
at 0 "C for 1 h. Aqueous work-up using ether, and chromato- 
graphy gave the ullylsilane 7a (77%) (Found: C, 82.0; H, 9.2. 
C,,H,,Si requires C, 81.7; H, 9.1%); v,,,(filrn)/cm-' 1670, 1090 
and 910; G,(CDCI,) 7.80-7.40 (4 H, m), 7.40-7.10 (6 H, 
m), 4.80 (2 H, br s), 2.30 (2 H, q, J 7), 2.20 (2 H, s), 1.30 (9 H, s) 
and 1.00 (3 H, t, J 7); m/z 308 ( M + ,  279,279 (40), 25 1 (84), 239 
(70), 135 (100) and 105 (19). 

Protodesilylation of the Vinylsilune 17.-The vinylsilane ( 1.4 
mmol) and hydriodic acid (0.12 cm3) was stirred in benzene (1 
cm3) at room temperature for 1 h. Work-up gave (Z)-hept-2-ene. 
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