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The pal la dium-iminophosphine com plex [Pd(P-N)(CH3)Cl] (P-N = o-di phen yl-phosphino-N-benzaldimine)
has been found to be a cat a lyst for dimerization and trimerization of eth yl ene.  Some mech a nis tic in sight con -
cern ing this oligomerization is dis cussed.

IN TRO DUC TION

Tran si tion-metal cat a lyzed dimerization and oligo -
meriza tion of eth yl ene or pro pyl ene are well doc u mented.1

Among the known cases, pal la dium com plexes are gen er ally
less used pre sum ably due to their rel a tively low re ac tiv ity. 
How ever, pal la dium chlo ride has been known to be a cat a lyst
for dimerization of eth yl ene in var i ous sol vents.2  In a ki netic
study, Brookhart and co work ers sug gested that the ac ti va tion
en ergy of the eth yl ene in ser tion into a Pd-C bond of
[(N-N)PdR]+ is ca. 19 kcal/mol, which may be eas ily ac cessed
un der mild con di tions.3  In deed, dimerization of eth yl ene cat -
a lyzed by (C6H5CN)2PdCl2 and [(η3-allyl)Pd(P-O)]+ has been
re ported re cently.4,5  This out come in di cates the im por tance of 
ligand ef fect.

Re cently, lig ands of mixed do nors of phos pho rus and ni -
tro gen have re ceived much at ten tion; par tic u larly those with
imino do nor are thought to have strong trans-in flu ence.5  Such 
com plexes can lead to stoichiometric ole fin and CO in ser tion.  
To un der stand the ligand ef fect in alkene oligomerization, we
re port the re sults of [Pd(P-N)(CH3)Cl] [P-N: phosphino -
-imino ligand] cat a lyzed dimerization of eth yl ene.

RE SULTS AND DIS CUS SION

The imine-phosphine pal la dium com plex [Pd(P-N)  -
(CH3)Cl] 1 (P-N = o-diphenylphosphino-N-benzaldimine)6

does not help the re ac tions of eth yl ene poly mer iza tion, but is
an ex cel lent cat a lyst for dimerization of eth yl ene.  In the typ i -
cal run, in a 600 mL au to clave was placed com plex 1 (0.02
mmol) as well as so dium tetrakis[3,5-di(trifluoromethyl) - 
 phenyl]bo rate (0.02 mmol) in di chloro methane (50 mL) and
then pres sured with eth yl ene.  Dur ing the re ac tion course, eth -
yl ene was re filled when the pres sure was found to drop.  Af ter

the pres sure stopped chang ing, the re ac tion prod ucts were dis -
tilled and trapped at –78 oC.  The anal y sis was done by 1H
NMR spec tros copy.  The re sults of the oligomerization of eth -
yl ene are sum ma rized in Ta ble 1.  

In all in stances, only 1-butene and 1-hexene were pro -
duced.  It is worth noth ing that the for ma tion of any other iso -
meric spe cies (e.g., 2-butene) or lon ger car bon chain alkenes
was not ob served.  When the re ac tions were car ried out un der
higher pres sure (en tries 1-3), the rel a tive yields of 1-hexene
ver sus 1-butene in crease along with the de crease of over all
con ver sion.  As to the sol vent ef fect, a greater se lec tion for
1-butene over 1-hexene is ob served in ar o matic sol vents than
in di chloro methane, al though the over all con ver sions are still
worse.  The same is true of higher tem per a tures. 

We de lib er ately ex am ined the re ac tion of mix ing 1-
 butene and eth yl ene as the start ing ma te rial, but only 1- butene
was re cov ered.  There was no ob ser va tion of any prod uct of
co-dimerization or dimerization of 1-butene. While 1-butene
was em ployed as the sole re ac tant, iso meriza tion was found to 
take place, re sult ing in the for ma tion of 2-butenes.    

In constrast to the diimine-palladium com plexes which
are known to cat a lyze the poly mer iza tion of var i ous olefins,
the imine-phosphine com plex de vel oped in this study is suit -
able for oligomerization of eth yl ene.  A pos si ble re ac tion
path way is pro posed in Scheme I.  The so dium tetraarylborate
would gen er ate a spe cies I with un sat u rated co or di na tion at
the pal la dium(II) cen ter.  Eth yl ene-insertion fol lowed by
β-elim i na tion could re sult in the un sat u rated com plex of
metal hy dride II which is be lieved to be re spon si ble for the
dimerization and trimerization of eth yl ene.  

Two as pects con cern ing the cat a lytic ac tiv ity on the
imine-phosphino com plex of pal la dium(II) are note wor thy. 
First of all, al though the com plex is able to cat a lyze the
isomerization of 1-butene to 2-butene, this pro cess has not
been found in the dimerization pro cess.  Sec ondly, the for ma -
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tion of higher olefins be yond 1-butene was lack ing.  It in di -
cates that ei ther the co or di na tion of eth yl ene is prob a bly over -
whelm ing other α-olefins or in ser tion of a high ole fin is slow
in such a sys tem. 

EX PER I MEN TAL SEC TION

Gen eral Information
Nu clear mag netic res o nance spec tra were re corded in

CDCl3 on ei ther a Bruker AC-E 200 or AM-300 spec trom e ter.
All of the re ac tion, ma nip u la tion, and pu ri fi ca tion steps were
per formed un der a dry ni tro gen at mo sphere.  Tetrahydro furan
was dis tilled un der ni tro gen from so dium ben zo phe none
ketyl.  All chem i cals and sol vents were used from com mer cial
sources with out fur ther pu ri fi ca tion. Pd(P-N)MeCl was pre -
pared ac cord ing to the pro ce dure pre vi ously re ported.6

Pro ce dure for Dimerization
Into an au to clave (600 mL) was placed Pd(P-N)MeCl

(0.02 mmol) and NaBAr4 (Ar = 3,5-(CF3)2C6H3) (0.02 mmol)
in dried sol vent.  Upon flash with eth yl ene gas sev eral times,
eth yl ene gas was loaded. Dur ing the re ac tion, eth yl ene was re -
filled when the pres sure was found to drop. The mix ture was
stirred for a pe riod of time and the re ac tion prod ucts were an a -
lyzed spec tro scop i cally.
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Scheme  I  Re ac tion path way for oligomerization

Table 1. Oligomerization of Ethylene Catalyzed by Pd(P-N)MeCl

Pressure of
CH2=CH2( psi)

solvent T(oC) Time
(h)

Product Turnover no.
x 103.

80 CH2Cl2 rt 72 butene (0.928 mol);
1-hexene (0.266 mol)

46.4
13.6

200 CH2Cl2 rt 12 1-butene (0.176 mol);
1-hexene (0.049 mol)

8.80
2.45

400 CH2Cl2 rt 12 1-butene (0.125 mol);
1-hexene (0.025 mol)

6.30
1.30

80 C6H6 rt 72 1-butene (0.649 mol);
1-hexene (0.137mol)

32.5
6.85

80 CH2Cl2 60oC 48 1-butene (0.103 mol);
1-hexene (0.02 mol)

5.20
1.0

400 C6H6 rt 48 1-butene (0.155 mol);
1-hexene (0.016 mol)

7.8
0.8

80 C6H5CH3 rt 72 1-butene (0.183 mol);
1-hexene (0.029 mol)

9.2
1.5

Experimental Procedure: Into an autoclave(600mL) was placed Pd(P-N)MeCl (0.02 mmol) and
NaBAr4 (Ar = 3,5-(CF3)2C6H3) (0.02 mmol) in dried solvent. Ethylene gas was pressured. The
mixture was stirred for a period of time and the reaction products were analyzed spectroscopically.
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