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RHODIUM CATALYSED [2+2+2] CYCLOADDITIONS OF ACETYLENES 

by R. Grigg*, R. Scott and P. Stevenson 

(Chemistry Department, Queen's University, Belfast 

BT9 5AG, Northern Ireland) 

Wilkinson's catalyst RhCl(PPh 3 3 fs an effective catalyst (0.5 - 2 ) 
for the rapid intermolecular trimerisation of 1,6-heptadiynes with 

monoacetylenes under mild conditions. 

The metal catalysed trimerisation of acetylenes to benzene derivatives is 
well known and can be achieved with many transition metal (e.g. Ni, Pd, Co, 
Cr, Fe) as well as Ziegler type cata1ysts.l The trimerisation can also be 
modified to incorporate nitriles. Recently interest in these reactions has 
centred on their utility in steroid and alkaloid chemistry where the cobalt 
catalyst CpCo(CO)2 has proved especially useful.3 In contrast to cobalt, 
rhodium complexes are reported to generally give rise to linear dimerg 
although stoichiometric two-step trimerisations proceeding through isolable 
rhodacyclopentadiene intermediates have been reported.5 

We now report a facile catalytic acetylene trimerisation using Wilkinson's 
catalyst RhCl(PPh3)3. Thus the diynes (la-f) react with a 3-4 mole excess of 
monoacetylenes (2a-e) in ethanol at O-79' in the presence of 0.5-2 mole '$ of 
RhCl(PPh3)3 to give benzene derivatives (3) in good yield. 

The reaction shows good chemoselectivity with no detectable trimerisation 
of the monoacetylene (2) and usually none, or only minor amounts, of the dimer 
(4) arising from the diyne (1). The tendency of (2d) to undergo competing 
dimerisation at& 250 is suppressed in reactions run at 00. t-Butanol, tetra- 
hydrofuran, and ethanol-chloroform mixtures are also suitable solvents for the 
reaction. 

(1) a. X=CH2 (2) a. R=H (3) a. X=S02, R=CH20H 

b. X=0 b. R=n-C3H7 b. X=0, R=n-C3H7 

c. x=so2 c. R=CH20H c. X=NHCOMe, R=CH20H 

d. X=NHCOMe d. R=Ph d. X=C(COMe)2, R=H 

e. X=C(COMe)2 c. R=SiMe 
3 

f. X=C(CO,Et), 

(lb,c) are especial1 
3 

reactive. Thus (lc) and (2~) give 
in ethanol-chloroform (I:].5 after 10 min. at 79O [l mole $J RhCl 
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and (lb) and (2b) give (3b; 58%) [3h, Oo, Et-OH, 0.5 mole $ RhCl(PPh ) 1. 
Further illustrative examples include (Id) and (2~) which give (3~; 

which give (3d; 60% 
72%j and 

. 
give cyclodimers (4 

In the absence of monoacetylenes the 
in good yield, e.g. (lb) gives (4; X=0; 

min., 250, 0.5 mole % RhC1(PPh3)3. 

(la-f) - )( 
"^""qq+#R 

(4) (2) (6) 
a.R=H 
b.R=(CH2)2C-_CH 

(7) (8) 

The reaction can also be used to s nthesise 
5) reacts with acetylene in ethanol r 

Spiro-compounds. Thus diyne 
1 

6a; 
h, 400, 2 mole % RhCl(PPh3)3] to give 

79%) and with 1,5-hexadiyne to give (6b; 59%) [40°, 2 h, 1 mole % RhCl 
PPh3)3]. The catalyst also promotes intramolecular [2+2+2] cycle additions. 

Thus (7) cyclises to (8; 75%) in ethanol (2 h; 250) in the presence of 2 mole 
$ RhC1(PPh3)3. 

We thank the DEN1 (R.S. and P.S.) and Queen's University for support and 
the Leverhulme Trust for a fellowship (to R.G.). 

References 

1. L.S. Meriwether, E.C. Colthup, G.W. Kennerly and R.N. Heusch. J. Org. 
e., 1961, 26, 5155; V.O. Reikhsfel'd and K.L. Makovetskii, Russ. 
Chem. Revs., 1966, z, 510. 

2. Y. Wakatsuki and H. Yamazaki, Synthesis, 1976, 26; idem. J. Chem. Sot., 
(Dalton), 1978, 1278; H. Bonnemann, Angew. Chem. Innd. Engl., 1978, 
17, 505. 

3. K.P.C. Vollhardt, Accts. Chem. Res., 1977, 2, 1; E.R.F. Gesing and 
K.P.C. Vollhardt, J. Organomet. Chem., 1981, 217, 105; G. Ville, K.P.C. 
Vollhardt and M.J. Winter, J. Amer. Chem. Sot., 1981, 1Q3, 5267; T.R. 
Gadek and K.P.C. Vollhardt, Angew. Chem. Int. Ed. Engl., 1981. 20, 802. 

4. H.J. Schmitt and II. Singer, J. Organomet. Chem., 1978 
Carlton and G. Read, J. Chem. Sot. (Perkin 11, 1978, 
J. Kiji and J. Furukawa, Makromol. Chem., 1977, 2, 

,x 
1631; 
1077. 

, 165; L. 
S. Yoshikawa, 

5. E. Muller, Synthesis, 1974, 761. 

6. All yields refer to isolated products. 

(Received in UK 22 April 1982) 


