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Transmetalation, the transfer of an organic moiety from one

metal center to another, is an elementary organometallic process

of importance in organic cross-coupling reactions, notably the
palladium-catalyzed coupling of organostannanes with organic
halides or triflates (Stille coupling)We report here the first direct

observation and spectroscopic characterization of an intermediate
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Figure 1. ORTEP drawing of3. Thermal ellipsoids are drawn at 50%.
Hydrogen atoms are omitted for clarity.

en route to transmetalation, using a cationic catalyst model. We Scheme 1

also demonstrate that the transfer is reversible and report, for the

first time, thermodynamic parameters relating the starting materi-

als, products, and a key intermediate in a carbon transmetalation

reaction.

Square planar complexes of the 2,6-bis(diphenylphosphino)-
methylphenyl ligand (1; see Scheme 1) are useful in the study
of processes involving cationic palladium intermediates. The

tridentate ligand inhibits both phosphine dissociation and reductive

elimination of the aryl ring. The benzylic methylene protons
resonate in an unobstructed region of theNMR spectrum ¢

~ 4.0 ppm), and when the ligand is coordinated to palladium,
they appear as a diagnostic virtual triptet.

1 and the triflatopalladium compleXwere prepared according
to literature method3 Treatment of2 with excess tributylstan-
nylfuran in cold, anhydrous acetone leads to rapid, quantitative
precipitation of the furyl comple8 (Scheme 1¥.The structure
of 3was determined by X-ray analysis of crystals grown by vapor
diffusion of pentane into a methylene chloride solution (Figure
1),° confirming the transmetalation of the furyl group. Formation
of 3 is reversibleé® Treatment of3 with tributylstannyl triflate in
CD,Cl; leads to rapid regeneration of tributylstannylfuran and
27

Transmetalation is preceded by coordination of 2-tributylstan-
nylfuran to palladium via the tin-substituted double bond. Thus,
when 2 is treated with 2-tributylstannylfuran in GBI, and
observed in a cold (205230 K) NMR probe, a small amount of
3 accumulates along with a larger amount of the furan addldict
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Formation of3 and 4 is reversible upon warming the sample.
The molecular identity ot was established by a series of,

1P, and°Sn NMR experiment$.The furyl H; signal$ (see
Scheme 1) are similar to those of the only structurally character-
izedn?-furan complex, [Os(NB)s(C4H40)]?".° The strong upfield
shift of Hg indicates dihapto coordination of the furan moigty.

A series of magnetization-transfer experiments unambiguously
connects each of the furyl protons3rand4 to a corresponding
resonance in 2-tributylstannylfuran, confirming the regiochemistry
of 4. Thus, saturation of the JHor Hg signal in 2-tributylstan-
nylfuran leads to suppression of the corresponding resonance in
3and4.!

The °%Sn signal in4 is, at +102 ppm, shifted strongly
downfield from 2-tributylstannylfurand —52 ppm). The!'°Sn
chemical shift of tetrahedral 88nX molecules is a sensitive
indicator of the polarization in the S1X bond (cf. BuSnOTf,d
17212 MezSnCl, 6 160; MegSnBr, 6 128; MeSnl, 6 39)1% The
Sn—C bond in4 is polarized by complexation of the cationic
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the H; resonance irt relative to3 and free 2-tributylstannylfuran.

(12) Arshadi, M.; Johnels, D.; Edlund, @hem. Commun. (Cambridge)
1996 1279.

© 1998 American Chemical Society

Published on Web 10/08/1998



Communications to the Editor J. Am. Chem. Soc., Vol. 120, No. 42, 198&17

palladium fragment, with the tin atom acquiring substantial exothermic AH; = —5(1) kcal/mol); subsequent transfer of the
positive charge. The ability of tin to stabilize adjacent charge is furyl group to palladium is endothermidt, = +3(1) kcal/mol).
well-known* and it undoubtedly contributes to the stability of Substrate binding requires a substantial loss of entroy& &
the Pd(olefin) bond id. Coordination of Pd to the more hindered —28(4) eu) as would be expected for an associative event. Some
double bond is surprising, but as Scheme 1 illustrates, this entropy is regained after transmetalatisdd& = +12(5) eu). The
produces a sterically favorable isomer. Coordination of the overall reaction is weakly endothermislfl,x, = —1.6(0.2) kcal/
unsubstituted double bond would bring the tributyltin moiety into mol) and proceeds with a modest loss of entropjézg&{, =
closer contact with the phosphine phenyl groups. —16(1) eu), rendering it somewhat endergonic at room temper-
Complex 4 is unsymmetrical, with inequivalent'P and ature Kaos cac™ 1073). Although these values must be interpreted
methylene resonances expected from the two sides of the ligandwith caution, they draw a clear distinction between the thermo-
These diastereotopic sites undergo rapid exchange, even at londynamic requirements of the reaction steps.
temperatures. Thus, both tHe methylene and th&P resonances These results constitute the most detailed sketch presently
for 4 at 205 K are very broad, while the same signalsZare available for a carbon transmetalation pathw#ihe observation
sharp. Loss of furan followed by coordination of the opposite of 4 establishes that substrate precoordination is an important
face provides the most obvious means of exchange. Exchangeactivating step when transmetalation occurs to an electrophilic
must occur without diffusion of the furan away from the palladium Pd fragment and that reversibig coordination is viable for
center and regeneration af* aromatic heterocycles. These experiments do not reveal the
The observation oft in equilibrium with 2 and 3 does not process by which the addudt collapses to product. We are
demonstrate thatis a true intermediate. Better evidence is found continuing our investigations into the details of cationically
in a further magnetization-transfer experiment. In an equilibrating promoted transmetalation.
mixture at 205 K, saturation of Hin 4 leads to suppression of
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