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Zwitterionic 03-trimethylenemethane (TMM) complexes have 
been considered to be a useful agent for contributing a branched 
four-carbon building block in organic synthesis and have been 
proposed as the fleeting intermediates in Pd-mediated cycload- 
dition reactions.' Theoretical and mechanistic studies of such 
reactions have suggested that such TMM-palladium species are 
likely in an asymmetric 73 mode,2 which exhibits distinguishable 
chemistry from the much better-studied v4-TMM complexes.3 
Trost et al. have been elaborating to design a variety of organic 
bifunctional conjunctive reagents, reacting with Pd(0) to provide 
73-TMM-palladium complexes in situ. However, a well- 
characterized example of such important organometallic species 
is still lacking, since the salient development of its chemistry over 
one decade. We have recently discovered that the unsubstituted 
allenyl and propargyl complexes are remarkably susceptible to 
nucleophilic addition a t  the central carbon of their organic ligands, 
peculiarly by soft carbonucleophiles. Therefore, it opens a feasible 
avenue for the preparation of the v3-TMM and $-allyl c~mplexes.~ 
Wojcicki obtained a q3-TMM derivative of platinum essentially 
by the same synthetic strategy, but did not report its reactivity 
toward cycloaddition.5 Herein, we report a convenient synthesis 
and the first structural confirmation of the novel $-TMM- 
palladium complexes that afford direct evidence of a stoichiometric 
approach to Pd-mediated [3 + 21 cycloaddition. 
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0002-7863/9411516-4999$04.50/0 

Figure 1. ORTEP drawing of complex 2a: (a) top view (all hydrogen 
atoms areomitted for clarity); (b) sideview (the phosphinophenyl groups 
and all hydrogen atoms are omitted for clarity). 

Synthesis of zwitterionic $-TMM complexes is conducted by 
ready nucleophilic addition of carbanion to the metal-allenyl 
complexes. The reactions of trans-Pd(al-CHCCH~)( Br) (PPh3)2 
(1) with an equimolar amount of Na[CH(X)(Y)I in dry CH2C12 
a t  25 OC generate Pd(a3-CH2C(CXY)CH2)(PPh3)2 (X = Y = 
COzMe (2a); X = COZMe, Y = SOzPh (2b)).6 In the IH-coupled 
I3C NMR spectrum of 2a, two singlets a t  b 8 1.6 and 149.9 belong 
to the quaternary carbons. The downfield resonance, which 
suggests possible bond interaction with the metal, is assigned to 
the central carbon of the V ~ - T M M . ~  The high-field resonance 
agrees with the data of the corresponding carbanionic carbon in 
its Pt analogue and evidences the zwitterionic character of 2a.5 
The two terminal metal-bound carbons are located at  6 66.7 as 
a triplet with JC-H = 156.4 Hz which suggests that the 
hybridization at  these carbons is intermediate between sp2 and 
sp3, in support of the TMM characteristic. Providing additional 
spectral evidence for the 7 3  structure are the separated 1H NMR 
resonances for the syn and anti hydrogens, appearing at  6 4.38 
and 2.64, respectively. The NMR data of 2b show the equivalency 
of the phosphino and terminal methylene groups even at  -50 O C ,  
indicating that such a +TMM might be close to an allyl group 
and able to freely rotate along the C=C bond.4 

The X-ray analysis unequivocally confirms the structure of 
2a.8 Its ORTEP drawing is shown in Figure 1. The most 
characteristic features of this TMM complex are as follows: (1) 
the three C-C bond distances (<1.45 A) indicate substantial 
wdelocalization on the TMM moiety, and (2) palladium is only 
bonded to three TMM carbons with D(Pd-Ct,,,i,,l) = 2.143(7), 
2.170(7) A and D(Pd-C,,,,,I) = 2.324(6) A. These data are 
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Scheme 1 
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quite comparable to those of the platinum analogue.lI The 
dihedral angle between the Cl-C2-C3 and C1-Pd-C2 planes is 
62.q 1)O, which falls in the boundary region between those of the 
hetero-+TMM and of the @-substituted allyl c o m p l e ~ e s ~ ~ ~  and 
is in agreement with the NMR results. The fourth carbon atom 
of g3-TMM, which is 3.38(6) A distant from Pd, does not show 
any bonding interaction with the metal. The central TMM carbon 
C2isslightlyoutoftheC1-C3-C4plane(0.8(1)~intheopposite 
direction from Pd). The palladium and the four donor atoms are 
disposed in a distorted square plane with Pd slightly out of the 
plane at a distance of 0.043(3) A, LP1-Pd-P2 and LCl-Pd-C3 
being 104.25(7)' and 65.3(3)', respectively. The @-diketonate 
moiety on TMM also shows *-electron delocalization. 

The zwitterionic character of 2a and 2b is also supported by 
their chemical reactivity. Protonation of 2a and Zb with HBF4 
leads to the cationic @-substituted $-allyl complexes [Pd(73- 
(CH2)2CCH(X)(Y))(PPh3)2](BF4) (X = Y = C02Me (3a); X 
= COZMe, Y = SO2Ph (3b)). When Na[CH(COMe)z] or Na- 
[CH(COMe)(C02Me)] was allowed to react with 1, hydrofuran 
derivative Sa or 5b resulted (Scheme 1) .  Such results afford 
direct evidence that the +TMM palladium is likely a crucial 
intermediate in the Pd-catalyzed reactions of propargyl carbonates 
with carbonucleophiles.'O A plausible mechanism is preceded by 
addition of carbonucleophile to the a-allenyl complex, forming 
the 73-TMM-palladium species. Subsequent intramolecular 
cyclization between the enol oxygen and a terminal allyl carbon 
accomplishes furan formation. Another possible pathway for 
the ring closure might be coordination of the carbonyl oxygen to 
metal, followed by reductive elimination to construct the C-O 

(8) Crystal data of 2a: CUHloP20$d.CHCI,, FW = 920.52 Pi, a = 1 1.336- 
(2) A, b = 13.077(4) A, c = 16.800(8) A, a = 86.10(3)O, B = 71.24(3)O, y 
= 65.81(3)", V =  2145(1) A', Mo Ka radiation X = 0.7107 A, Z = 2, p = 
7.279 cm-1, 5619 total reflections, 4433 observed reflections ( I  > 2.041 )), 
R = 0.049, R, = 0.049. Selected bond distances (A) and angles (deg): Pd-PI 
= 2.336(2),Pd-P2 = 2.317(2),Pd-C1 2.143(7),Pd-C2 2.324(6),Pd-C3 
= 2.170(7), Cl-C2 = 1.42(1), C2-C3 = 1.45(1), C2-C4 1.42(1), C 4 c 5  
= 1.43(1), C4-C7 = 1.45(1); PI-Pd-P2 104.25(7), Cl-Pd-C3 = 65.3(3), 
Cl-C2-C3 = 108.5(6). 
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bond. In addition, complex 2a is readily coupled with an electron- 
deficient olefin such as tetracyanoethylene (TCNE) or maleic 
anhydride (MA) to form cyclopentanoids 6a and 6b, providing 
the first direct stoichiometric examples of palladium-mediated 
[3 + 21 cycloaddition. These twospecific cases were not obtained 
by the catalytic process; since TCNE and MA are such good 
a-acceptors, they may react with Pd(0) before formation of the 
TMM intermediate. 

In viewing that trans-Pt(+CHCCH2)(Br)(PPh3)2 is not 
reactive, whereas [Pt(v3-CHCCH2)(PPh3)2]+ is highly reactive 
to carbanions under the same conditions,l2 the Pd-TMM 
complexes are likely formed via nucleophilic addition of -:CHXY 
to a q3-propargyl species which may be the result of release of 
a ligand from 1. The synthetic route to the +TMM complexes 
from the reactions of carbanions and allenyl (and/or propargyl) 
complexes is feasible. It allows introduction of substituents to 
the TMM ligand and eventually to the cyclopentanoids. The 
electron-withdrawing substituents that we used are certainly 
crucial for the stabilization of such +TMM complexes. In- 
vestigations of the variation of carbanions for preparing the 113- 
TMM complexes and the reactivity of such +TMM complexes 
are in progress. 
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