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Reaction of trans-HM(PEt,), (C=tC6H5 ) (M = Pt, Pd) with dimethyl acetylene; 
dicarboxylate has given trans-{(CH302C)HC=C(C0,CH3)}M(PEt3),(C~C6H5). 
It is suggested that oligomerization of a terminal acetylene proceeds through an 
alkynylalkenyl derivative. 

A hydridoalkynylmetal complex, which is formed by oxidative addition of a 
terminal acetylene group to the metal, is considered to be an intermediate in 
oligomerizations of terminal acetylenes catalyzed by low vale& transition metal 
complexes [l] _ Hydrido (path a) or alhynyl groups (path b) of such an inter- 
mediate may add to acetylenes [Zl to form an alkynylalkenyl or a hydrido- 
alkenyl complex, respectively, which can subsequently undergo reductive elimina- 
tion to the dimer and reform the starting low valent complex (eq. 1). Since the 
question of whether path a or path b is preferred remains unanswered, it should 

be of interest to ‘examine the reactions of such hydridoalkynyl complexes with 
acetylenes. Although the reaction of acetylenes with a variety of hydride-. and 
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akynyl-metal complexes [3,4] have been reported, the reaction with hydrido- 
alkynyl complexes has not yet been investigated. 

A dioxane solution (40 ml) of frans-HPt(PE&)2 (C=CPh) (I)* (356 mgj and di- 
methyl acetylenedicarboxylate (dma) (190 mg) was stirred for 2 h at 25°C 
Chromatography of the reaction mixture provided the major product as colorless 
crystals (II) (224 mg, yield 45%, mp. 89-91”C after recrystallization from 
methanol). Mass spectrum (m/e): P+ 675, [Et3PC(C02CH3)=CH(COzCH3)]+ 
261, [E&PCSZ,H,]+ 219; IR (v(m) 21OOs, ti(C=O) 169‘0 s cm-’ in Nujol) 
and proton h%R (see Table 1) confkm the complex as trans-[(CH30zC)HC=C- 
(COZCH~)]P~(PE~~)~(CZCC$H~) (II). In due consideration of the difference of 
the trans-effect between P+H and Pt-CZCCsHS moieties of I, HPt(PEt3)zCl (III) 
and (PhCS)Pt(PEtj)?C1 (IV) weie treated with dma for 2 h at 100°C in dioxane, 
respectively (eq. 3 and 4). The results suggest that the order of increasing reactiv- 
ity foi the insertion of acetylenes is Pt-H > Pt--(;“=CC6H5, regardless of the tram 
l&and. 

trans-HPt(PEt3)2 (mph) + CH3 O2 CC=tC02 CHJ 
roomtemp., 2 h, 

> 

(I) dioxane 

trans-HC(COa CH3)=C(C02 CHB )Pt(PE&)* (C-h) (2) 
(II) 

trans-HPt(PEt3)zC1 + CH302C(FCC02CHJ 
100°C,2h 

dioxane 

HC(C02CH3)=C(C02CHB)Pt(PEtB)zC1 (3) 

yield 76%; m-p_ 172-174°C; Pt 609 m/e; NMR (see Table 1; IR v(C=O) 
1710, v(Pt-Ci) 294 cm-’ ) 

trans-(PhC=C)Pt(PEts)2 Cl + CH302 CC=CC02 CHs 
loo%, 2 h 

-no reaction (4) 
dioxane 

As the palladium analog of I is unstable, we used the following system as a 
precursor of the hydridoaikynyl complex. n-BuLi (1 mmol) in hexane solution 
was added at -78°C to 1 mmol(479 mg) of trans-ClPd(PEt3)2 (CSC& H5 ) in 
30 ml of ether. After allowing the temperature to rise gradually to 20X, 
1.5 mm01 of dma in ether (10 ml) were added and the reaction mixture was 
stirred for 1 h under nitrogen. The gas evolved was identified as 1-butene by 
GLPC analysis. Chromatography of the product provided the major product as 
colorless crystals (IV, 326 mg, 52%, m-p. 87--88°C after recrystallization from 
hexane). Mass spectrum (in/e): P+ 586, [Et3PC(C02 CH3)=CH(COaCH3)]+ 261, 
[EtSPC=CPh]+ 219, proton NMR (see Table 1) and IR-spectnun (v(C=O) 172Os, 
171Os, 169Os, v(W) 2100 cm-’ in Nujol) confirm the complex IV as 
trans-[(CH302C)HC=C(COZCH3)]Pd(PEt3)2(CSX6HS). 

*This co&Iex was prepared by the reaction of HPffPE~),CI with NamC,H, [5l in benzene. yield 45%. 
Physical and spectral data agreed with those of the literature CSI. fmm-Conf&uration of this complex has’ 
been well confirmed by the charac ts&stic 1:4:6:4:1quintet formethylresonances ofthe PEt,gro&p[7]. 



tram-C1Pd(PEt3), (C=CC,H, ) n-BuLiG 

tmns-CH3CH,CH1CH2-Pd(PE;t3)2 (C=CC,H,) + 

c55 
-.’ -. 

HCllether 
trans-[(CH,0zC)HC=C(C02CHJ)~Pd(PEt3)2(C%X6HS) r 

(W 

tram-.[(CH,OZC)HC=C(CO,CH,)]Pd(PEt,),C1 

W) 
Treatment of IV with hydrogen chloride in ether at 25°C for 1 h gave colorless 

crystals (V, m-p. 158-162°C after alumina chromatography followed by re- 
crystallization from hexane/ether, yield 84%). Mass spectrum (m/e): Pf 520, 
[EtJPC(C02CHB)=CH(C02CHB)]+ 261, [E&PCl]+ 153, proton NMR (see Table l), 
and IR (v(C=O) 1715,1720, v(C-0) 1205,1190,1155, v(Pd-Cl) 298 cm-‘) 
confirm V as trans-[(CHB02C)HC=C(COzCHJ)]Pd(PEt3)zC1. 

PEt, 

I /Ha 
R- M-C= 

TABLE 1 I I =\ a 

PEt, CO&H, 
CO&H3 

PROTON NMR DATA FOR 

R M --zIl-cH, P-CH,CH, COOCIX, =C’,H Pb ‘J(PiHa) 4J(pHa)d 

(HZ) WZ) 

PhcsC Pt 1.9 m 1.11 qub 3.60 s 6.74 7.05 m 82.0 2.1 
Cl Pt 1.9 m 1.12 qub 3.65 s 5.73 t 99.6 1.5 

3.72= 
PhC=C Pcl 1.9 m 1.15 ,b 3.58 s 5.58 t 7.06 m 0.5 

3.60 s 
Cl Pd 1.9 m 1.13 qub 3.60 s 5.56 .s 0 

3.64 s 

“Spectra were recorded on Hitachi Perkin-Elmer R20 in Ccl,. Chemical shifts (6) are in ppm downfield 
from TMS and coupling constant.s Q ere given in Hz. Multiplicity d = doublet, t = triplet. au L quint& 
m = multiplet. bCharacteristic 1:4:6:4:1 quintet for methyl res.onances of the trcns-PEt,. “J(PtH) 3.2. 
dTbe geometry of the slat&mm complexes can also be determined from the magnitude of ‘J(PtHa) and 
4 J(pHa) values [Sl . 

Although we cannot yet provide detailed mechanisms for the oligomerization 
of termind acetylenes, the above results indicate that the reaction of acetylenes 
with hydridoalkynyl complexes may produce the alkenylalkynyl derivatives 
(path a in eq. 1), regardless of the gross geometry of the central metal. 
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.. ,CS6: .._ ..I- : __.. -. 1 .. . . . _- i. 

~_‘-R&&&&ces ’ 
. 

‘1. I&& Co&p and L.S. Mesiwetber. J. Org. Chem., 27 (1962? 3930; FL Singer and G. Wilkinson, j; tihcm. 
So&A. (1968)190. 

.2 R-F. Heck, Organotransition Metal Chemis&, Academic Press, New Y.o& and Lo&n 1974. pm 175.. 
G -3 IXC. Chrkkd W-8. Tsaog, J. Amer. Chem. Sot.. 89 (1967) 629: 

4 M-C. Baird, J.T. Mague. J.A. Osbdm and G. Wilkinson. J. Chem. Sot. k. (1967) 1347: W_H- Baddley and 
MS_ l+mer. J. Ax&. Chem. Sot.. 91(X969) 366X. 

4 Y. Toh@. K. Sonogasbira and N. Eagibara, Cheq. Com&un_. (1975) 54. 
5 J.B_ Teuben and H.J, De Liefde Me&r. J. OganometaL Chem_ 17 (1969) 67. 

'. 6 F. G1ocM.w and K.A.~Hooton. J. Chem. Sot. A. (1967) 1066. 
7 E-W. Randall and D. Shay, MoL Phya. 10 (1965) 41; MJ. Church and M.J. Mays, J. Chem. Sot. A, 

(1968) 3074. 
8 H-C. Clark and C.S. Wang, J. Organometal. Chem.,.&2 (1975I~C31. 


