443

Journal of Organometallic Chemistry, 296 (1985) 443-447
Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

INTERMEDIATES IN THE PALLADIUM-CATALYSED REACTIONS OF 1,3-
DIENES

IV *. THE REACTIONS OF 7',7°-OCTADIENEDIYL-PALLADIUM
COMPLEXES WITH ALKYNES AND ACTIVATED ALKENES
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Summary

The reactions of [Pd(PR;)(#',n’-CyH,,)] complexes with the dimethyl ester of
acetylene dicarboxylic acid involves an unusual 1,3-addition of the alkyne to an allyl
fragment to give cyclopentene-substituted n'-allylpalladium complexes. p-Benzo-
quinone and 5-hydroxynaphthoquinone react similarly.

Introduction
Ten years ago its was reported that palladium-bonded p-benzoquinone undergoes
a stoichiometric reaction with butadiene to give a complex containing the tricyclic

system 1 (eq. 1). [2]. We report here results which suggest that this unusual reaction
proceeds by attack of the quinone on an 7',n’-octadienediylpalladium species.
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Results
This work originated in investigations of the role played by n'-n'-octadienediyl-

palladium-ligand complexes (2) in the palladium catalysed transformations of 1.3-di-
enes [1]. The extension to reactions with alkynes was expected to lead to complexes

* For part 111 see ref. 1.
** Part of the doctoral thesis. Ruhr-Universitat Bochum (1984).
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similar 1o 3 as the result of insertion into the Pd-%'-allvl bond (eq. 2). related
behaviour having previously heen observed in the reaction of [NUPPh (.9
CH, )] with alkvnes [3].
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Complex 2 (R =Me, NMe,. Phy rcacts readily with the dimethvl ester of
acetvlenedicarboxylic acid at - 30°C 1o give pale vellow compounds stable at room
temperature. The absence of signals in the olefinic region of the "H NMR spectrum
rules out structures related 1o 3, and this and the "C NMR spectrum indicate that
an unusual 1.3-addition of the alkyne to an allvl fragment has occurred. o give 4.
Confirmation of the structure comes from the further reaction of 4 {R = Me) with
HCT (or DCl. from which the cvclopentene derivative 8 could be tsolated (eg. 30

No complexes  could be isolated from reactions with other alkynes: alkvl-sub-
stituted alkynes lailed to react below the decomposition point of 2. and a multi-com-
ponent mixture, which was not investigated further. was obhtamed from the reaction
with phenvlacetylene.

Related complexes (6. 7) were obtained by treating 2 (R = NMe.) with 5-hy-
droxynaphthoquinone and 2 (R = Me} with p-benzoguinone, Clearly reductive
coupling of the Pd-bonded organic moiety in 7 will fead to b suggesting the
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intermediacy of 2 in its formation. Attempts to turn this inte a catalytic process in
the presence of butadiene have so far been unsuccessful.

The mechanism of these reactions remains open. but one van suppose that the
1 3-dipolar addition is preceded by complexation of the alkvae or alkene 1o u fifth
coordination position at the pailadium atom in 2.
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Experimental

[Pd(PMej)(n’-CG-ICH_,C(CO_,Me)zC(C03Me)C‘H(CH_,)_,—n"-CﬂHU] (4, R = Me)

Acetylenedicarboxylic acid dimethyl ester (0.5 ml, 4.07 mmol) was added to a
solution of 2 (R = Me) (0.76 g, 2.57 mmol) [4] in THF (30 ml) at —78°C. The yellow
solution became orange and was stirred at —30°C for 3 h then cooled to —78°C,
and the resultant white precipitate was filtered off, washed with cold pentane, and
dried at 0°C under high vacuum. Yield 0.74 g (81% theory).

Found: C, 47.05; H, 6.19; P, 7.13; Pd, 24.35. C,;H,,0,PPd (432.8) caled.: C,
47.18; H, 6.29; P, 7.16; Pd, 24.59%. IR (KBr): »,,, 1511, »(C=C) 1630, »(C=0)
1702, 1729 cm ™", *'P NMR (32.4 MHz, THF-d,, —30°C): & —18.3 ppm. '"C NMR
(75.5 MHz, toluene-d,, —30°C) (a): 8(C-1), 55.81, 8(C-2) 118.13 (J(P, C) 2.0).
8(C-3) 77.06 (J(P, C) 30.5), 8(C-4) 29.84, §(C-5) 37.51, 8(C-6) 51.28, 8(C-7) 32.06
(J(P, C) 10.2), §(C-8) 41.01, 8(C-9) 139.46, §(C-10) 151.16, 6(C-11,/13) 168.02,
167.02, 8(C-12/14) 51.44, 51.28, §(C-15) 17.01 ppm (J(P, C) 23.4 Hz). 'H NMR
(400 MHz, toluene-d,, —30°C) (b) §(H-1) 474 (m, J,, 7.5, J,, 13.1, J,5 11.7),
8(H-2) 3.23 (d), §(H-4) 2.40 (d), 8(H-5) 2.68 (m), §(H-6) 1.55 (m), 8(H-7) 1.37 (m),
8(H-8) 2.91 (m). 8(H-9) 2.41 (m, J,,, 2.2). §(H-10) 2.41 (m), §(H-11) 3.10 (m, J, -
—6.8, J, 5 121, J,,p -0.8), 8§(H-12) 291 (m, J,,,, 7.7), 8(H-13) 2.41 (m),
8(H-14) 0.78 (d. J,,p 8.0 Hz), 6(H-15/16) 3.44, 3.55 ppm.

(@) (b)

[Pa’(P(NMe_,)j)(nl-C?ICH_,C(CO_,Me)=C(C03Me)C‘H(CH_j)_,-nj-CjHU] (4, R=
NMe,)

Complex 4 (R =NMe,) was prepared similarly as a yellow solid from 2 (R =
NMe, ) [4] in 55% yield.

Found: C, 46.32; H, 6.97; N, 7.98; P, 5.79; Pd. 20.35. C,,H;,N,0,PPd (519.9)
caled.: C, 46.21; H, 6.98; N, 8.08; P, 5.96; Pd, 20.47%. 'P NMR (32.4 MHz,
THF-dy), —30°C): 8§ 132.7 ppm. '*C NMR (75.5 MHz, toluene-d;, —10°C) (a):
S8((C-1) 56.45, §(C-2) 118.56 (J(P, C) 4.1), §(C-3) 79.33 (J(P, C) 38.7), §(C-4) 23.40,
§(C-5) 40.73, 8(C-6) 49.84, §(C-7) 30.57 (J(P, C) 11.2), 8(C-8) 44.41, 6(C-9) 140.69,
8(C-10) 148.27, 6(C-11/13) 167.74, 166.61, §(C-12/14) 51.31, 51.15, §(C-15) 38.09
ppm (J(P, C) 10.2 Hz). 'H NMR (80 MHz, toluene-d,. —30°C) (b): 8(H-1) 4.60
(m, J,, 7.6, J,, 134, J 5 12.0), 8(H-2) 3.72 (d), 8(H-4) 2.32 (d), §(H-5) 2.88 (m,
Jsp 10.8), 8(H-12) 3.15 (m), 8(H-13) 3.02 (m, J,,, 13.8 Hz), §(H-14) 2.30,
8(H-15/16) 3.55, 3.46 ppm.

-
[Pd(PPh»,»)(n’—CHCHZC(COZMe)=C(C03Me)C‘H(CH_a)_)-nj-CjH‘,)] (4, R=Ph)

Complex 4 (R = Ph) was prepared similarly as a yellow solid from 2 (R = Ph) [4]
in 55% yield.
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Found: C. 61.89; H. 54 : Po488: Pd. 17.36. C,.HL O, PPd (618.9) caled.: €
62.06: H. 5.37: P, 5.00; Pd, 17.19%. *'P NMR (32.4 MHz. mlucuc dooo- 3070y 8
32.3 ppm. "H NMR (80 \ﬂi/ toluene-d.. - 30°C) (by: S(H-1 84 fm. S(H-2
3.62 (m). §{H-4) 2,42 {m), §(H-15./16) 3.44, 3.35 ppm.

JPAPINMe )i’ w'-CL H,O.C H, ] (6)

Complex 2 (R :N’\IL__ 0.658 2. 1.74 mmol) and S-hvdroxyvnaphthoquinone
(0.304 ¢, 1.74 mmol) were dissolved in THE (30 mly at - 40°C, The red solution was
stirred for 4 b at —20°C, concentrated and treated with cold pentane (10 mh. The
orange preapitate was filtered off. washed with pentane. and dned s - 3070 under
high vacuum. Yield 0.4 g (424 ‘hr:m'\),

Found: C.52.2: H. 6.4 N8 P37 PA 193 O H NLOPP (551,63 caled:
C. 5220 HL 6.5 NU7.60 P S Pd. 19.3%. IR (KBry: p(C=0n 1odi 16800 #1315

em TP ONMR (324 MHz THE-d. = 30°C): 8 1299 ppm. 'H NMR 200 Mz,
THF-d,. —30°Cy ey 8(H-1 486 (m, J, . 7.6, J,, — 136, _if 1 4y, mH- ) 3.64
(dy. S(H-7y 718, 8(H-8) 7.67. &4 110)149 SCH-10y 2241 44, 970 8 H NE RS
Jiage m 2800y, - TRL S(HS161 346 ppm (L L - 36, ./_ xz;l H:;.

JPdrPMe jin' g -C H,OCH, ) (7

Complex 2 (R = Me) (0.67 ¢. 2.3 mmol) and p-benzogumone (0.25 g 2.3 mmol)
were dissolved in ether (30 mly at —40°C, and the solution was stirred for 5 h. The
vellow precipitate was filtered off. washed with cold pentanc. and dried under high
vacuum. Yield 0.42 g (43% theorvy,
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Found: C. 51.4: H 6.3: P.7.9: Pd. 26.5. C-H..O,PPd (398.5) caled.: CU531.20 Ho
P. 7.8 Pd, 26.7%. IR (KBr): »(C=Cy 1610, »(C=0) 1604. 1670 cim ' P T\MR
4 MHz. 10111Lm—a;. = 30°CYy: 8 19.5 ppm. "H NMR (200 MHyz, oluene-d..

= 30°CYy (dy: S(H-1) 4.75. 8(H-2) 3.21. 8(H-9) 6.25. §(H-10) €81, S(H-15) 2.65.

S(H-163 2.98 ppm.
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Reaction of 4 (R = Mej with DCI
A solution of 4 (R = Me) (0.33 g) in ether (10 ml) was treated with 0.2 ml of a
37% solution of DClin DO then stirred for 4 h at room temperature. The arange
precipitate was filtered off and the pale-yellow filtrate was distilled 1o remove excess
DCT and solvent, and the presence of 8 confirmed by NMR spectroscopy. Analogous
results were obtained from the reaction of 4 (R = Me) with HOL
"H NMR (400 MHz. toluenc-d, ) (e): S(H-1) 5.67 (m. J, 102 J, 170,
6.6). 8(H-2) 492 (m. J,, 2.0 i, — 1.3 8(H-3) 495 tm. /o, — 1.6y S(H-4) 1.86
{m). S(H-10) 2.89 (m. J, - 2.1 S(H-11) 2.54 (mo Jy, - 1700 S(H-12) 2.35 (.
Jioas 9.2 Hoo 8(H-13) 1.74 (m). S{H-15) 3.30 (s). 8(H-16) 2,60 (53 ppm. "'C NMR
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(75.5 MHz, toluene-dy) (f): 8(C-1) 114.8, 8(C-2) 139.3, 8(C-3) 34.2 (J.,, 18.8),
8(C-4) 27.2, 8(C-5) 33.5, 8(C-6) 48.6. 8(C-7) 146.4. 8(C-8) 137.7, §(C-9) 33.1,
8(C-10) 29.1 (J.p 19.9), 8(C-11/12) 166.7, 165.4, 5(C-13/14) 51.63, 51.60 ppm.
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