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Summary 

The alkylcopper reagents prepared from RA’IgBr and CuBr react with tn- 
methylsllylacetylene to sve rego- and stereo-selectlvlty l-tnmethylwlyl-l(Z)- 
alkenylcopper adducts Hydrolysis affords l-trunethylsllyl-l(E)-alkenes exclu- 
sively Alkylatlon, acylatlon, halogenatlon, and stannylatlon proceed stereo- 
selectively to afford synthetically useful Intermediates Homopropargylatlon 
of alkyl 1-tnmethylsllyl-l(Z)-alkenylcuprates provided better yield than that of 
the ongmal vmylcopper reagents 

Carbometallatlon of alkynes with alkylcopper reagents followed by carbode- 
metallatlon has provided a novel strategy of stereoselectlve synthesis of olefms 
[l] and some acetylenes with hetero substltuents on sp carbon, RCsCX where 
X = SR, SOR, SO?R, PR?, PORl and PSRz, can enter the sequence of reactions 
[2] We studied the application of the procedure to trunethylsllylacetylene ant 
discovered a useful synthesis of vmylsllanes, which have attracted considerable 
attention as versatile intermediates m organic synthesis [3,4] This paper ** 
describes the addltlon of alkylcopper to trunethylsllylacetylene to @ve l-trl- 
methylsllyl-l(Z)-aIkenylcopper compounds (II) xxx, which are transformed mto 
the trunethylsllylated olefms (III, IV, V and VI) The advantages of the corre- 
sponding alkyl cuprates (VII) for homopropargylatlon are demonstrated 

The reaction of Me&C-CH (I) with n-C6H1&u - MgBr, occurred rego- and 
stereoselectlvely m ether at O°C to gwe 1-trnmethylsllyl-l(E)-octene (III) after 
hydrolytic work up 7. (The cr-sllylated vmylcopper II must have been formed 
as an intermediate, but it was not isolated.) The yield of III depends on the 

* Dedicated to Professor H Normant on the occaszon of his 72 Id Birthday on 31.e 25th 1979 
** A prehmmary report deahng wth certam aspects of this work nas appeared [51 

*** The reactmn has been mdependently reported [Sl 

* Vmyisllanc III was ldentlcal with an authentic sample prepared by the chloroplatmlc acid- 
catalyzed reactmn of tnchlorosdane and 1-octyne followed by treatment with MehlgI [71 



amount of (Et0)3P adclccl as a hgand, as shod II in Table 1 These data mdlcate 
that 1 equlv of (EtO),P mckeases the solutxhty of the alhylcopper to faclhtate 
the addition, and z&t the same time moderately stabilizes the dlkylcopper b3 
preventing its clir,ier122?tion [S] 
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In contrast to I, termmally sllylated alkynes m general, l-tnmethylsllyl-l- 
alkynes, did not react with alkylcopper reagents under the same condltxons -, 
probably because of stenc hmdrance bjr the C(Z)-alkyl group 

The a-sllylated vmylcopper products (II) thus prepared are easily converted 
mto 1,2-disubstltuted vmylsllanes (IV, V, and VI) with >99% stereoselectlvrty. 
Alkylation of II with several kinds of alkyl halides in the presence of (Et0)3P 
and HMPT [lo] produced (E)-1,2-dlalkylvmylsilanes, which are important inter 
mediates for stereoselective synthesis of di- and tn-substituted ethylenes 
[11,12] and of vmyl halides [13] In particular homopropargylatron of l-tn- 
methylsilyl-l(Z)-pentenylcopper (II) proceeds m a moderate yield to give 1,5- 
bis(tnmethylsilyl)-5(E)-nonen-1-yne (IVh, R = n-C3H7, E = (CH2),C=CSlMe3), 
which can easily be transformed into the tetrahomonerol obtained from the 
codling moth [12c]_ This 1s in contrast with the reaction with vmylhthium or 
magnesium compounds, in which ehmination of HI from holmopropargyl 
iodide predominates_ The present procedure 1s therefore of practical lmpor- 
tance **_ 

* Recently some examples of carbometalIatmn of I-tnmethylsdyl-1-alkynes have been described 

L91 
** The reactzon of I-alhenvIcopper wth homopropargyl chlonde glres no couphng P oduct [lo] 
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( O’..G ERSIOh OF I-TRI\IFTIIf LSII 1 I -l(L)-\1 KE\\ LCOPPFRS (II) I&TO 1 P-DISUBSTITUlED 

V IX\ LSILXVES (III I\ \\D\I) 
__ - 

Flcctrophrk Ploduct k lCld (‘i) o 

“-C6H13 Ii30 III 76 
‘7 (0) b c 
6L (1) b 
16 (9) b 

n-C3117 n-CsHr,I I\& 64 

n-C3H, n-C@, 31 IVb 69 
n-CjH, I n c31171 I\ c 71 
n-C@, 3 Cl131 I\ d 73 
n-C&13 n-C3H,I IX e 58 
n-Cell ,3 n-CgH,71 I\ f i2 

n-C~11,3 CII2=CIiCIf~Br I\ g 57 
n-C3117 ve3SIC=c(CI12)?_I IX 11 52 

if, (R = CH3) d 
66 (R = C~Hs)d 

72 (R = n-C31171 rf 
6, (R = n-C3H71c 

CzIIg nC3H7COCI Va b3 

n C3H7 n-C3117COCl Vb 76 

n-C6H 13 n-C3117COCI Vc 80 
C$Ig 12 Via 67 

n-C+-, 12 Vlb 71 

n-CeIi,3 *2 WC i9 

n-C61113 IYBS VId 66 
n-C@, 3 NCS V Ie 66 
C3Hj (n-Bu)jSnCl VIZ 51 
XI-C3H7 (n-B~)~SrrCl V1g 56 

___- ~___ _ -_ - ----____ - 

= ‘t relds dre based on R\IgBr b The number m parentheses 1s the amount (equn 1 of (Et013P added 

= Dodecdne \\ .rs obtamed rn 33% \ reld ’ VII prepared b> addmg 1 ec~ur% of R \IgBr was used (route 

4) e VII obtamed b, the reactron of HC--‘C.%hIe3 x%rth (n-C3H7)2CuhIgBr \%as used (route B) 

The yield of IVh IS unproved by the use of vmylcuprates (VII) instead of the 
orlgmal vmylcopper derlvatlves (II) x The cuprates VII can easily be 
obtamed either by adding 1 equlv of R’MgBr to II (route A) or by reactlon 
of trunethylsllylacetylene (I) with (n-C3H7)2CuMgBr (route B). In route B, the 
yield of VII was rather low, which reflects lower yield of IVh m route B K5c as 
compared with that m route A 

Further reactions of II with other electrophlles have been exammed Acyla- 
tlon with butyryl chloride provided a-sllylated enones (V), which are useful 
precurors of allenes [15] as well as Michael acceptors [16] Halogenatlon 
[ 6,173 and stannylatlon [ 181 of vmylcoppers II afforded a-halo- and a-stannyl- 
vmylsllanes (VI), respectively, which are exceedingly versatile synthetic mter- 
mediates m a variety of chemical transformations via cy-sllylated vmylhthmm 
[19] vcxx 

* Recentlv It has been reported that ethyl 1-alhenylcuprate 1s alkylated by homopropargyl rodrde 
m hrgh yreld Cl41 

* * The reactron of I wrth (n-CeH13)3CuhIgBr m ether at O’C for 2 h afforded 1-tnmethylsrlyl-l(E)- 
octene (III) m 69% yreld after hydrolytm work up 

*** Carbodematallatron of 1-trnnethyIsrIyl-l(Z)-octenylcopper (II) wrth 3-buten-2-one afforded 
5-tnmethyIsrIyl-5(E)-dodecen-2-one m 14% yreld In further attempts to prepare 1.2-drsubstr- 

tuted vmylsrlanes treatment of 1-trzmethylsrl)l-l(Z)-octenylcopper (II) wrth Me$GCI or ClCOOEt 
gave none of the desrred products 



Gas chromatography wds performed on ‘1 Shlmaclzu GC-4BPT chlomatogiaph 
W~LII 3 mm X 3 m glass coIumns packed wth 205~ ~~oly~~th~~lcncgl~col 20hI and 
and 20% HVSG on Chlomosolb \f--AD’ (SO-100 meTh) Llass spectra wele 
obtamed on Hitachi RMU-6L mass spectrometer at 50 eV X;\IR \\ele ~cco~clecl 
on Varran EhI-360, JEOL JNAI-PRIS 60, and Var~an E&I-390 spectrometers 
with hIe,S1 as mternaI standard IR spectra were lecolclecl on a Shu-naclzu 
IR-27G spectrometer. Elemental mlcroanalyses were pclfolmecl at the Elemen- 
tal Analyses Center of Kyoto Umvcrslty All reactlons i\eie catiied out under 
dry argon_ T~lmethylsllylacetylene (I) was prepared by published mtthocis [ 201 

(E)-1,2-Drallg fvrnyfs-riaues (IV) 
5-Trrn~~fIz,i~11yL-4(E)clecelze (Via, R = ?I-C,H,, C = n-CSH, ,) To cl suspension 

of propylcopper prepared from n-C,H,hIgBr (1 mmol, 0 91 ml of 1 10 AZ 
ethereal solution) and CuBr (0 16 g, 1-l mmol) at -20°C for 15 mm, was added 
Me&CZCH (I, 0 1s ml, 1.4 mmol) and (Et0)3P (0 23 ml, 1 1 mmol) The 
mwture was gradually warmed to 0°C and stlrrmg was contmued for 2 h After 

addltlon of (EtO),P (0 46 ml, 2 2 mmol), HMPT (1 ml), and n-&H,,1 (0 20 ml, 
1.5 mmol) at -40 to -45°C the rnfitllre was kept at that temperature for 1 h 
then overmght at room temperature After addltlon of aq NH,Cl the ethereal 
solution was washed (aq NH,Cl, sat NaCl) and dried (hIgSOJ) Chromatographlc 
separation of the concentrate on slhca-gel column (hesane) afforded O-14 g 
(64%) of IVa (E > 99%). B,p 118-122” C/20 mmHg, IR (neat) 1612,1247, 
S37, 754, 691 cm-‘; mass spectrum In/e (rel 70) 212 (Al’, 0 3), 197 (ll), 73 
(100); NMR (CCL) 6 (ppm), 0 00 (9 H, s), 0 67-l OS (6 H, m), 1 OS-l 70 
(8 H, m), l-70-2 30 (4 H, m), 5.65 (1 H, br-t, J 7 Hz) -4nal Found C, 73 41. 
H, 13 5s. C,,H,,Si calcd - C, 73 50; H, 13 28%. 

5-T~~t~,~thylsrlyL-4(E)-nndecene (Wb, R = n-C3H7, E = n-C6H,3) Ylelcl, 6970, 
E > 99%; L-p_ 118-122”C/14 mmIig IR (neat) 1611,1240, 850, 833, 752, 
689 cm-‘: mass spectrum: m/e (rel. %) 226 (M’, 0 4), 211 (lo), 73 (100). 
NMR (CCL) 6 (ppm), 0.00 (9 H, s), 0.67-1.08 (6 H, m), 1 08-l 67 (10 H, 
m), 1.67-2.33 (4 H, m), 5.63 (1 H, br-t, J 7 Hz) Anal. Found C, 74 OS, H, 
13.63. CL4H3$i calcd.: C, 74.25, H, 13 35%. 

4-Trzmefhylsrlyl-4(E)-decene (IV,-, R = n-CSH, ,, E = n-C,H,) Yield, 71%, 
E > 99%; b p. lOO”C/lO mmHg, iR (neat) 1612,1243,832, 751,669 cm-‘, 
mass spectrum. m/e (rel. %) 212 (M’, l), 196 (16), 73 (loo), NMR (Ccl,) 6 
(ppm), O-00 (9 H, s), 0.67-l 05 (6 H, m), 1.05-l-70 (S H, m), 1.70-2.30 
(4 H, m), 5.63 (1 H, br-t, J 7 Hz). Anal. Found C, 73 29, H, 13 43. C,3H18S1 
calcd - C, 73.50; H, 13 28% 

Z-Trrmethylsrlyl-Z(E)-nonene (IVd, R = n-C6H13, E = n-&Y,,) Yield, 7370, 
E > 99% [4bl 

4-Trrmethylsrlyl-4(E)-undecene (We, R = n-C,H,3, E = n-C3H,) Yield, 58%, 
E > 99%, b-p. 118--122”C/14 mmH g, IR (neat) 1612,1240, 833, 751,690 
cm-‘; mass spectrum: m/e (rel. %) 226 (M’, 0 6), 211 (16), 73 (loo), NMR 
(CCL) 6 (ppm), 0.03 (9 H, s), C 87 (6 H, t, J6 Hz), 1 lo-l.45 (10 H, m), 
1.87-2.20 (4 H, m), 5.59 (1 H, t, J 7 Hz). Anal Found: C, 74 53, H, 13 48 
C14H3,,Si c&d.- C, 74.25, H, 13.35%. 
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