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Transition Metal Enolate Chemistry. Formation of a Palladium Alkyl Complex from a

Highly Reactive Enolato Palladium Complex
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The ester-derived palladium enolate [LPd{Ph,PCH=C(O)OEt}] 1 (L = 0-CgH,CH,NMe,) reacts instantly with dimethyl
acetylenedicarboxylate and tetracyanoethylene in tetrahydrofuran (THF) to yield respectively the alkenyl complex
[LPd{Ph,PCH[C(O)OE1](MeQ,CC=CCO,Me)}] 2 and the alkyl complex [LPd{Ph,PCH[C({O)OEt]{{NC),CC(CN,)]}] 3.

Whereas the chemistry of enolates associated with alkali
metals and early transition metals has been extremely well
investigated,! the number of studies concerning the reactivity
of enolates bound to ‘middle’ and ‘late’ transition metals still
remains limited. Recent reports about such enolate complexes
reveal that these may lead to stereoselective reactions and/or
allow convenient functionalizations.? Whatever the coordina-
tion mode of such enolates is, type A, B or C,>* these
compounds preferentially lead with electrophilic species, such
as nitriles, isocyanates and alkynes to reactions involving the
carbon atom in the position « to the carbonyl group.’
Palladium enolates have been proposed as intermediates in
numerous organic transformations. However, little is known
about the steps involved in the reactions of such species. We
now describe new aspects of the chemistry of the palladium(ir)
complex 1, an oxygen-bound enolate which has previously
been reported as being capable of reversible CO; binding.¢
Complex 1 reacts almost instantaneously with dimethyl
acetylenedicarboxylate in tetrahydrofuran (THF) to yield
quantitatively the alkenyl complex 2 [eqn. (1)].7 Owing to the
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+ Selected spectroscopic data. For 2: vicm~—! (KBr) 1715s br and 1683s
br. "H NMR: 8(CDCl;) 0.87 (t, 3 H, CH,CH;, 3J 7.2 Hz), 2.71 (d,
3H, NMe, 4Jp y 2.6 Hz), 2.80 (d, 3 H, NMe, %Jp 13 2.6 Hz), 3.58 (s,
3 H, OMe), 3.74 (s, 3H, OMe), 4.00 (d, 2 H, NCH,, 4Jp 4 1.7 Hz),
4.87 (d, 1 H, PCH, 2Jp i 12.5 Hz) and 6.43-8.16 (14 H, aromatic H).
3IP{IH} NMR: 8(THF-C¢Ds) 60.7 (s).

For 3: v/em~—! (KBr) 2201ms and 1734s. !H NMR: §(CDCls) 1.06 (t,
3 H, CH,CH3;, 3/ 7.1 Hz), 2.92 (d, 3 H, NMe, *Jp ;3 1.3 Hz), 3.16 (d,
3H, NMe, 4Jpy 3.6 Hz), 3.61 and 4.55 (ABX spin system, 2 H,
NCH,, 2J 13.7, 4Jp y 3.6 and “Jp s 0 Hz), 4.07 (dg, 2 H, OCH,, 3/
7.1 Hz, the origin of the quartet splitting is tentatively assigned to a
3Jpu coupling of 1.5 Hz), 4.32 (d, 1 H, PCH, %Jp ; 10.4 Hz) and
6.49-8.03 (14 H, aromatic H). 3'P{!H} NMR: §(THF-C¢Dg) 54.6 (s).

presence in 2 of an asymmetric PCH carbon atom, the two
diastereotopic aminomethyl groups appear as distinct signals
in the 'TH NMR spectrum [at 8(Me,) 2.71 and 8(Me;) 2.80].
The trans-P-Pd-N stereochemistry is maintained on going
from 1 to 2, as deduced from the 4J(P-H3;CN) values (both
2.6 Hz). The infrared spectrum displays two intense absorp-
tion bands at 1715 and 1683 cm~1, corresponding to unco-
ordinated ester groups. It is noteworthy that complex 2
contains two trans-bonded carbon atoms, a situation which in
view of the high trans influence of the o-bonded aryl group
could lead to further reactivity of the metal-C(alkenyl) bond.

In an effort to generate ‘sensitive’ palladium—carbon bonds
according to reaction (1), we reacted complex 1 with
tetracyanoethylene in THF [eqn. (2)]. This reaction leads
quantitatively to the alkyl complex 3 which was unambigu-
ously characterized by !'H, 3!P, and IR spectroscopy.
Although complex 3 is extremely unstable in solution and leads
to decomposition, we were able to grow satisfactory crystals
for X-ray analysis.i The result of this investigation is
presented in Fig. 1. The palladium atom which belongs to two
five-membered metallacyclic units has a nearly planar coordi-
nation environment [max. deviation out of the coordination
plane 0.04(1) A]. The two chelate bite angles are of compar-
able value [85.4(2)° for P-Pd-C(3) and 82.3(3)° for N(5)-Pd-
C(16). The large N(5)-Pd-C(3) angle of 99.1(2)° reflects some
steric interaction between the NMe, group and the two cyano
groups connected to C(3). Both chelate rings are puckered
especially the phosphorus-containing ring which needs to
accommodate three sp? carbon atoms. The twisting within this
metallocycle defines staggered conformations around each of

I Crystal data for 3-0.25 THF: C;3HpsNsO,PPd-0.25 THF, M =
658.02. Crystals suitable for X-ray diffraction were obtained from a
THF-CgD¢~pentane solution. Monoclinic, a = 12.316(2), b =
18.13(1), ¢ = 15.978(3) A, B = 104.45°, P2)/n, w(Mo-Ka) =
6.067 cm~!, F(000) = 1340, 2690 unique reflections [/ > 4a(1)], 6509
observed, R = 0.0522, R,, = 0.0732. Complex 3 was found to
crystallise with 0.25 THF molecule. The Me group (OCH,CHa) is
disordered over two positions.

Atomic coordinates, bond lengths and angles, and thermal
parameters have been deposited at the Cambridge Crystallographic
Data Centre. See Notice to Authors, Issue No. 1.
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Fig. 1 Structure of complex 3-0.25 THF: result of the single-crystal
structure analysis (solvent molecule not shown). The terminal methyl
group is disordered over two positions. Selected bond lengths (A) and
angles (°): Pd-P 2.221(2), Pd-N(5) 215.9(7), Pd-C(3) 221.1(8),
Pd-C(16) 202.7(9), P-C(1) 186.6(8), P-C(17) 181.5(7), P-C(23)
182.8(9), C(1)-C(2) 155(1), C(2)-C(3) 158(1), C(1)-C(29) 150(1),
O(1)-C(29) 133(1); P-Pd-C(3) 85.4(2), N(5)-Pd-C(16) 82.3(3),
P-Pd-C(16) 93.2(3), N(5)-Pd-C(3) 99.1(3), P-C(1)-C(2) 107.9(5),
C(1)-C(2)-C(3) 108.0(7), C(2)-C(3)-Pd 110.5(5), C(5)-C(3)-C(2)-
C(7) 54.74, C(29)-C(1)-C(2)-C(7) 57.83.

the bonds C(1)-C(2) and C(2)-C(3). The rather high?
Pd-C(3) bond length [2.211(3) A] is likely to have its origin in
the presence of the four strong electron withdrawing cyano
groups and is also consistent with the high trans influence of
the metallated aryl group. We note that the three other Pd-X
bond distances (X = atom of the coordination sphere) fall in
the expected normal range.® The long Pd—C(3) bond appears
to be responsible for the high instability of complex 3. Despite
the suspected reactivity of this Pd-C bond, an insertion of a
second *(NC),CC(CN);’ unit was not observed when treating
3 with a further equiv. of tetracyanoethylene at room
temperature.

We believe that the high reactivity of the palladium-enolate
1 toward electrophilic centres as exemplified by reactions (1)
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and (2) arises not only from the intrinsic high nucleophilicity
of the a-enolate carbon atom but possibly also from the ability
of the 16-electron complex to coordinate the alkene or alkyne
prior to reaction. It is noteworthy that for the related iron
enolate complex [Fe(n>-CsHs){Ph,PCH=C(O)OEt}(CO)] 4§
no reaction is observed either with tetracyanoethylene or with
dimethyl acetylenedicarboxylate at room temperature. This
suggests that the reaction of the Pd—enolate is a nucleophilic
attack on a coordinated alkene or alkyne. These considera-
tions may be helpful in finding new transition metal controlled
enolate-functionalisations. To the best of our knowledge,
complex 3 constitutes the first isolated metal-alkyl complex
obtained by transformation of a transition metal enolate.
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§ Complex 4 was prepared using the following procedure: a THF
solution (20 ml) of [Fe(n3-CsHs)I(CO){Ph,PCH,C(O)OEt}] (1.000 g,
1.82 mmol) was stirred for 15 h with NaH (0.048 g, 2.000 mmol). The
solution was concentrated to ca. 50% and filtered through a glass frit.
Addition of pentane afforded dark brown crystals of 4 (0.560 g, 73%).
Satisfactory elemental (C,H) analysis was obtained. IR (KBr) v/cm~1:
1951s (CO) and 1508s (C-O and C=C). IR (THF) v/cm~1 1956s (CO)
1511m and 1506sh (C-O and C=C). 1H NMR (C¢Ds) 6 1.06 (t, 3 H,
Me, 3J 7.0 Hz), 3.94 (s, 1 H, PCH, 2Jp ,; 0 Hz), 3.95 (q, 2 H, CH,, 3J
7.0 Hz), 4.10 (s, 5 H, n>-CsHs) and 7.03-7.66 (10 H, aromatic H).
3IP{1H} NMR (THF-C¢Dg) 6 58.8 (s).





