
o ournal 

ELSEVIER Journal of Organometallic Chemislry 526 (1996) 385-387 

Pre l iminary  communica t ion  

A novel Lewis-acid-catalyzed 1,2-OMe shift reaction of an acetylenic 
ether on a dipalladium framework. 

X-ray structure of [ed2Cl2(/z-dppm) 2( tt-C=C(OMe)(Me))] 

Cons tanze  Kluwe,  Jan Miiller,  Ju l ian  A.  Davies  * 

Departments of Cheraistry and Medicinal Chemistry. University of Toledo. Toledo. OH 43606. USA 

Received 26 February 1996; revised 27 May 1996 

Abstract 

Treatment of [Pd,Cl,(/z-dppm) 2] with MeOC-=-CMe in CH2CI ., in the presence of catalytic amounts of HBF 4 • Et20 led to the 
formation of [Pd2CI2( bt-dppm)2(/x-C=C(OMeXMe))] via a 1,2-OMc ,.i;~ft reaction. The complex was characterized crystallographically. 

K¢~nrords: Palladium; Acetylene: Lewis acid~ Rearrangement: Vinylidene: Phosphine 

I.  I n t r o d u c t i o n  

The dipalladium(1) complex, [Pd2Clz( ~-dppm)2], is 
known to react with acetyl0nes to form either 1,2-di- 
metalated olefins (acetylene adducts) or I,I-dimetalated 
olefins (vinylidene complexes) [I-3] (Scheme I). For- 
mation of the latter involves a metal-assisted 1,2-shift 
reaction which, while relatively common for terminal 
acetylenes [4], is unusual in the case of acetylenes 
~aring heleroatomic substituents [3,5~ 13]. Reactions of 
acetylenes without electron-withdrawing groups with 
[Pd~Cl~(~-dppm) 2 ] are slow and may be facilitated by 
Lewis-acid catalysis which leads to the formation of 
acetylene adducts [ 14]. 

We have recently reported that Lewis acids catalyze 
1,2-SMe shifts in the reaction of [Pd2CI2(/~t-dppm)2] 
with MeSC~CSMe [15]. In the presence of a Lewis 
acid only the vinylidene complex, [PdzCI2( ~- 
dppm)2(/.t-C=C(SMe)2)], was formed while, in the ab- 
sence of Lewis acid, exclusively the acetylene adduct, 
[Pd2Clz(/.t-dppm)2( ~.-MeSC=CSMe)], was produced. 
The acetylene adduct could then be rearranged to the 
corresponding vinylidene isomer by addition of catalytic 
amounts of a Lewis acid (Scheme 2). 

The results with MeSC~CSMe parallel those ob- 
tained earlier from an investigation of the reactions of 
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Scheme I .  

[PdzCi2(/.t-dppm)2] with IC~CI [3]. in both cases, 
vinylidene formation resuldag from a 1,2-shift of a soft 
atom was observed. Work with Et,NC~CNEt2, in 
contrast, revealed no evidence of a 1,2-NEt 2 shift in 
reactions with [PdzCI2( ~-dppm):] [16]. Accordingly, 
reactions of acetylenic ethers are of particular interest 
since the -OR group could show similarities to -NR 2 
(first row) or to -SR (Group VI). 

We now wish to report the formation of [Pd2C! :(/.t- 
dppm)2(~.C=C(OMe)(Me))] in the reaction of 
[Pd ~CI5(/~'dppm)2 ] [I 7] with MeOC~CM¢ [I 8] in the 
presence of HBF4. Et20. This reaction represents the 
first Lewis-acid-catalyzed 1,2-shift of an acetylene bear- 
ing an alkoxy group. To the best of our knowledge only 
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Fg. I. oR~J, diagram of [Pd2CI2( ~-dppm)2( ~t-C=C(OMeXMe))], 
showing 50% probability ellipsoids, Selected bond lengths (A) and 
angles (deg): I~ I)-CI(1) 2,4l 7(I), Pd(:D-CI(2) 2.403(2), Pd(l )-P( I ) 
2.312(I), Pd(1)-P(2) 2.318(I), Pd(2)-P(3) 2.300(I), Pd(2)-P(4) 
2.313(I), Pd(1)-C(l) 1.991(5), Pd(2)-C(1) 1.991(5), C(I)-C(2) 
1.325(8), C(2)-O(I) 1.547(7), C(2)-C(3) 1.40(I), O(I)-C(4) 1.447, 
Pd(1). • • Pal(2) 3.2248(5); CKI)-Pd(1)-I~I) 92,33(5), CI(1)-Pd(I}- 
P(2) 95,72(5), CI(1)-Pd(1)-C(1) 177.0(2), P(1)-Pd(1)-P(2) 
tTi.sg(5), P(1)-Pd(t)-C(t) S6.5(t), F(2)-Pd(D-C(1) g5.3(I), 
CK2)~Pd(2)-P(3) 92.41(5), CI(2)-Pd(2)-P(4) 94.72(5), CI(2)- 
Pd(2)-C(1) 177,6(I), P(3)-Pd(1)-P(4) 171.18(6), P(3)-Pd(2)-C(1) 
86,7(I), P(4)-Pd(2)-CII) 86.0(I), Pd(l)-C(1)-Pd(2) 108.2(2), 
Pd(1)-C(1)-C(2) 125,0(4), Pd(2)-C(1)-C(2) 126.8(4), CII)-C(2)- 
O(I) I16.6(5}, C(I)-C(2)~C{3) 123.3(7), C(2)-O(I)-C(4) 109.7(2). 

one somewhat~related example of a 1,2-shifl reaction of 
an acetylene containing an oxygen functional group has 
so far been described [9,10]. The reaction differs from 
that reported here since, in the reaction of 
[Mn2(CO)0(NCMe)] with EtOC~CM¢, the 1,2.OEt re- 
arrangement was acco~npanied by CO insertion (Scheme 
3). 

3. Results and dlscusdon 

Treatment of a solution of [Pd2Cl,(~.dppm),] in 
CHIC! z wRh two equivalents of MeOC~CMe in the 
presence of catalytic amounts of HBF~. Et~O led, over 
a period of 20h, to the formation of a light yellow solid 
which settled out of sulution and proved to be air stable, 
It was washed with cold CH2CI z, dried in vacuo, and 
recovered in ca, 71% yield, based on palladium, (Anal. 
Found: C, 55,6; H, 4,5. for Cs~Hs0Cl~OP~Pd,. Cale.: 
C, 57.7: H. 4.5%, NMR (CDCJ.0: "(31P{IH}) A"A'BB' 
10.5~14 (~H) 8 i.0 (s, 3H, CH~), 2.9 (s, 3H, OCH,), 
6.9 ~8.1 (m, 40H, C~H~), 2.7 (m, 2H, PCH, P), 3.3 (m. 
2H, PCH~P)). The" p{I ll} NMR spectrum (CIX'I~, tel. 
to 8S% H~PO~) shov, ed the A.~BB* splitting pattern 
expected for an unsymmetrical dinuclear species, cen- 
tered at 12,5 ppm. This value proved to be very close to 
that observed fer the related, sulfur-containing vinyli- 
dene complex, [Pd~CI,( wdppm)~,(/,t-C-C(SMeXMe))] 
(A~BB' centered at 12ppm) [13], 

[Pd,CI:(/.t-dppm),] was found to be unreactive to- 
wards MeOC~CMe in the absence of HBF 4 • Et,O. A 
~ P{* !t} NMR spectrum of the reaction solution recorded 
after 48 h stirring in CH,CI, at room temperature exhib- 
ited one signal which corresponded to the starting mate- 
rial. After removal of tht; solvent only starting malerial 
was recovered, 

Since [Pd~CI~(~-dppm) z ] as well a~ MeOC=CM¢ 
~parately react with HBF, t. Et20, the sequence of the 
acid-catalyzed reaction is unclear. 

Single crystals were grown by slow evaporation of 
the solvent CHzCI z. X-ray analysis revealed the forma- 
tion of a dinuclear vinyitdene complex (Fig. I). 

Cryslal data: Cs~Hs0CI,OP~Pd,: M =  1122.60; te- 
tragonal, P4,: a =21;184(4)~, c'~ 14.233(2)~: V= 
6387(3)~'; "Z,=4; D~=,l.17gcm-.~; A(MoKot)= 
0.71073.~,; tt '= 7.7cm~*; F(000) ,= 2272; T= 213 _+ 
I K; yellow crystal, prism, 0.50 × 0.35 × 0.20ram ~, 
mounted on a glass fiber, Enraf-Nonius CAD4 diffrac- 
tometer, graphite monochromator, ¢0-0 scan technique. 
unit cell constants from the setting angles of 25 reflec- 
tions in the range 12 < 0 < 13 °, empirical absorption 
correction (rain. correction 0.819, max. 1.210), maxi- 
mum 20=52.0 °, 0 < h < 2 6 ;  0 < k < 2 6 :  0 < l <  17; 
ani~tropic decay (from 0.t)50 to 1.078 on I), reflection 
averaging R(int)=-2.3%, 6905 total reflections mea- 
sured, 6541 unique, 5631 reflections with F~> 
3.0or(F~), solution by direct methods, refinement by 
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full-matrix least squares, function minimized was 
2w(lFol- IF~iF, weight w is defined as 4F~/o"~(F~); 
coordinates fixed, multiplicity set to 0.5 for OI, Ola, 
C4 and C4a of disordered vinylidene moiety, isotropic 
thermal parameters refined for O1, O la, C3, C3a and 
(?4 of vinylidene moiety, one phenyl ring found to be 
disordered, multiplicity for carbon atoms C33, C33a, 
C34, C34a, C35, C35a, C36 and C36a of this phenyl 
ring set to 0.5 and isotropic thermal parameters refined, 
anisotropic thermal parameters refined for all other 
non-hydrogen atoms, hydrogen atoms refined with Uz~ o 
= !.3 × U (bonding atom), 547 refined parameters, R 
= 0.033, wRffi0.043, S ffi !.42, largest shift 0.03o', 
high peak in final difference map 0.57(9)eA -3, low 
peak -0.08(9)e,~, -'~. Scattering factors for neutral 
atoms were taken from International Tables for X-ray 
Crystallography (1974). 

The metal centers were held together by two mutu- 
ally trans dppm iigands. The a-carbon (C(I)) of the 
vinylidene moiety symmetrically bridged the palladium 
atoms; trans to the vinylidene moiety were two chloride 
ligands, completing the approximately square-planar co- 
ordination geometry around palladium in this 'A-frame' 
complex. The vinylidene moiety w~s unsymmetrical. 
The two different substituents (Me and OMe) on the 
0-carbon (C(2)) were found to be disordered over a 
two-fold axis. The distance of !.325(8)~, between C(I) 
and C(2) of the vinylidene moiety is consistent with sp-' 
hybridization. The bridging vinylidene moiety is not 
supported by any significant:" metal-metal bonding inter- 
action (Pd( I ) . . .  Pd(2) - 3.2248(5) A). 

The formation o f  [Pd :Cl : ( /~ -dppm) , ( /~ -  
C~C(OM¢)(M¢))] indicales ~hat Lewis.acid catalysis of 
1,2oheteroalom shift reactions of acetylenes is not lim- 
ited to sulfur groups. It represents the first straightforo 
ward 1,2-OMe i~arrangement of an acetylene (see 
Scheme 3). The mechanism of the Lewisoacid°catalyzed 
acetylene--vinyliden¢ isomerization is under investigao 
tion. 
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