Downloaded by CARLI CONSORTIUM on June 29, 2009
Published on May 22, 2001 on http://pubs.acs.org | doi: 10.1021/0m0101036

Organometallics 2001, 20, 2767—-2774 2767

[Pd{CH.C(O)Me}Cl]n, a Key Product for the Synthesis of
Acetonylpalladium(ll) Complexes

José Vicente,* Aurelia Arcas, Jesus M. Fernandez-Hernandez,™ and
Delia Bautista*$

Grupo de Quimica Organometalica, Departamento de Quimica Inorganica, Facultad de
Quimica, Universidad de Murcia, Apartado 4021, Murcia, 30071 Spain, and
S.A.C.E. Universidad de Murcia, Apartado 4021, Murcia, 30071 Spain

Received February 9, 2001

[Hg{CH,C(O)Me},] reacts with [PdCI>(MeCN),] (1:1) or with (MesN),[Pd.Cle] (2:1) to give
[Pd{CH,C(O)Me}Cl],, which can be used to prepare a variety of acetonyl complexes. Thus,
by reacting it with the appropriate ligands, complexes [Pd{ CH,C(O)Me}1],, [Pd{CH,C(O)-
Me}CIL;] [L2 = N,N,N’'N'-tetramethylethylenediamine, 2,2'-bipyridine, 4,4'-(Bu),-2,2'-
bipyridine, 1,10-phenathroline; L = PPhs, dimethyl sulfoxide (dmso)], [Pdx{ CH,C(O)Me}{ u-
«?-C,0—CH,C(0O)Me} (u-Cl)Cl(dmso),], or [Pd.{ CH,C(O)Me} »(u-Cl),(tetrahydrothiophene),] can
be obtained. The crystal structures of the last two complexes and that of [Hg{CH,C(O)-
Me},] have been determined by X-ray crystallography.

Introduction

Palladium(ll) enolates derived from monoketones
have been proposed as intermediates in numerous
organic transformations.1=3 A limited number of such
palladium(I1) complexes have been isolated, and those
well-characterized are shown to contain the o-C-bonded
carbanion [CRR'C(=0)R"]~ (A in Scheme 1)312 or the
oxodimethylenemethane dianion, [(CH,),C=0]?" (B).1314

* Corresponding author. E-mail: jvs@um.es.

T Universidad de Murcia.

+S.A.C.E. Universidad de Murcia.

§ Corresponding author regarding the X-ray diffraction studies.
E-mail: dbc@um.es.

(1) See for example: Masamune, S.; Choy, W.; Petersen, J. S.; Sita,
L. R. Angew. Chem., Int. Ed. Engl. 1985, 24, 1. Mitsudo, T.; Kadokura,
M.; Watanabe, Y. J. Org. Chem. 1987, 52, 3186. Sodeoka, M.; Ohrai,
K.; Shibasaki, M. J. Org. Chem. 1995, 60, 2648. Fujii, A.; Hagiwara,
E.; Sodeoka, M. J. Am. Chem. Soc. 1999, 121, 5450. Sodeoka, M.;
Tokunoh, R.; Miyazaki, F.; Hagiwara, E.; Shibasaki, M. Synlett 1997,
463. Nokami, J.; Mandai, T.; Watanabe, H.; Ohyama, H.; Tsuji, J. J.
Am. Chem. Soc. 1989, 111, 4126. Palucki, M.; Buchwald, S. L. J. Am.
Chem. Soc. 1997, 119, 11108. Sole, D.; Peidro, E.; Bonjoch, J. Org. Lett.
2000, 2, 2225. Fox, J. M.; Huang, X. H.; Chieffi, A.; Buchwald, S. L. J.
Am. Chem. Soc. 2000, 122, 1360. Kawatsura, M.; Hartwig, J. F. J.
Am. Chem. Soc. 1999, 121, 1473. Shaughnessy, K. H.; Hamann, B. C.;
Hartwig, J. F. J. Org. Chem. 1998, 63, 6546. Sugiura, M.; Nakai, T.
Angew. Chem., Int. Ed. Engl. 1997, 36, 2366. Hamann, B. C.; Hartwig,
J. F. J. Am. Chem. Soc. 1997, 119, 12382.

(2) Ito, Y.; Aoyama, H.; Hirao, T.; Mochizuki, A.; Saegusa, T. J. Am.
Chem. Soc. 1979, 101, 494. Ito, Y.; Hirao, T.; Saegusa, T. J. Org. Chem.
1978, 43, 1011.

(3) Burkhardt, E. R.; Bergman, R. G.; Heathcock, C. H. Organome-
tallics 1990, 9, 30.

(4) Bertani, R.; Castellani, C. B.; Crociani, B. J. Organomet. Chem.
1984, 269, C15.

(5) Wanat, R. A.; Collum, D. B. Organometallics 1986, 5, 120.

(6) Byers, P. K.; Canty, A. J.; Skelton, B. W.; Traill, P. R.; Watson,
A. A.; White, A. H. Organometallics 1992, 11, 3085.

(7) Veya, P.; Floriani, C.; Chiesivilla, A.; Rizzoli, C. Organometallics
1993, 12, 4899.

(8) Suzuki, K.; Yamamoto, H. Inorg. Chim. Acta 1993, 208, 225.

(9) Vicente, J.; Abad, J. A.; Chicote, M. T.; Abrisqueta, M.-D.; Lorca,
J.-A.; Ramirez de Arellano, M. C. Organometallics 1998, 17, 1564.

(10) Yoshimura, N.; Murahashi, S.-1.; Moritani, I. J. Organomet.
Chem. 1973, 52, C58.

(11) Vicente, J.; Abad, J. A,; Bergs, R.; Jones, P. G.; Bautista, D. J.
Chem. Soc., Dalton Trans. 1995, 3093.

(12) Albeniz, A. C.; Catalina, N. M.; Espinet, P.; Redon, R. Orga-
nometallics 1999, 18, 5571.

Scheme 1

| o”
b Ph
D E
PPh,
CSF5——I|3d -0 PPh,
PPh, >=<
Me H
F

Complexes A are frequently referred to as C-enolates,
but, in our opinion, such designation is wrong and
confusing because an enolate anion can only coordinate
to a metal through the oxygen (C) or the x electron
density. We call them ketonyls, although they have also
been named 2-oxoalkyls. Among ketonylpalladium(ll)
derivatives, only three have been characterized by X-ray

(13) Ohsuka, A.; Hirao, T.; Kurosawa, H.; Ikeda, I. Organometallics
1995, 14, 2538.

(14) Ohsuka, A.; Wardhana, T. W.; Kurosawa, H.; lkeda, I. Orga-
nometallics 1997, 16, 3038.

10.1021/0m0101036 CCC: $20.00 © 2001 American Chemical Society
Publication on Web 05/22/2001



Downloaded by CARLI CONSORTIUM on June 29, 2009
Published on May 22, 2001 on http://pubs.acs.org | doi: 10.1021/0m0101036

2768 Organometallics, Vol. 20, No. 13, 2001

diffraction studies”3 and very few are derived from Me,-
CO. These acetonyl complexes have been obtained by
oxidative addition of chloroacetone to [Pd(PPh3),],812
by reacting Me,CO with [PdCl,(tmeda)] (tmeda =
N,N,N’,N'-tetramethylethylenediamine) in the presence
of Ag.0,° or by reacting CICH,C(OCH,0Me)=CH, with
Pd,(dibenzylideneacetone); and the resulting complex
with PPhz and KOH.13 Therefore, the established pro-
cedures give acetonylpalladium(l1) complexes with PPh3
or tmeda. A related family of isolated complexes con-
taining the 0-O-bonded tautomeric enolate form (i.e., the
true palladium(ll) enolates) are derived from j-dike-
tones (D),1>16 carbonyl-functionalized phosphines (E),}"~1°
carbonyl-functionalized phosphorus ylides (F),%° or car-
bonyl-functionalized N-donor ligands.?122 Coordination
of these ligands through oxygen is forced due to the
preferred coordination of the ligand as a five-membered
chelate (E) or the transphobia between P or C toward
C-donor ligands (D, F).23

We report here a new method of synthesis of aceton-
ylpalladium(l1) complexes involving [Pd{ CH,C(O)Me} -
Cl]n, prepared from [Hg{ CH,C(O)Me},]?* as transmet-
allating agent, as well as the first crystal structures of
acetonylpalladium(I1) complexes.

Experimental Section

IR and NMR spectroscopies, elemental analyses, and melt-
ing point determinations were carried out as described else-
where.?® [Hg{ CH,C(O)Me}],>* [PdCI>(MeCN).],?6 and (MesN),-
[Pd.Clg]?” were prepared by literature methods. Single crystals
of [Hg{CH.C(O)Me},] were obtained by slow diffusion of
n-hexane into a solution of the complex in benzene.

Synthesis of [Pd{CH,C(O)Me}Cl]. (1). Method a. To a
solution of [PdCI>(MeCN),] (0.825 g, 3.17 mmol) in Me,CO (80
mL) was added solid [Hg{ CH.C(O)Me}.] (1 g, 3.17 mmol). The
resulting suspension was filtered, and the solid was washed
with Me,CO and air-dried to give 1 as an orange solid. Yield:
0.621 g, 98%. Mp: 180 °C (decomp). IR (cm™D: »(C=0), 1565
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(s), v(PdCI) 354 (m), 266 (w). Anal. Calcd for C3HsCIOPd: C,
18.11; H, 2.53. Found: C, 17.60; H, 2.23 (on the low value of
%C found, see Results and Discussion).

Method b. To a solution of (NMe,),[Pd.Cle] (0.91 g, 1.59
mmol) in water (15 mL) was added solid [Hg{ CH,C(O)Me},]
(1 g, 3.18 mmol). The resulting suspension was filtered and
the solid washed with water and recrystallized from MeCN/
Et,0 to give 1 as an orange solid. Yield: 0.57 g, 90%.

Synthesis of [Pd{CH.C(O)Me}Cl(tmeda)] (2). To a sus-
pension of 1 (100 mg, 0.5 mmol) in Me,CO (15 mL) was added
N,N,N'N’-tetramethylethylenediamine (tmeda, 100 uL, 0.66
mmol). The reaction mixture was stirred until 1 disolved and
then was filtered through Celite and concentrated (ca. 2 mL).
Et,0 (10 mL) was added, the resulting suspension was filtered,
and the solid was washed with Et,O (10 mL) and air-dried to
give 2 as a yellow solid. Yield: 136 mg, 86%. Mp and
spectroscopic properties are the same as reported previously.®
However, the 'H NMR resonances at 2.56 and 2.26 ppm should
be assigned to PACH, and MeC(O), respectively.

Synthesis of [Pd{CH,C(O)Me}CI(PPhs),] (3). To a sus-
pension of 1 (80 mg, 0.4 mmol) in THF (15 mL) was added
solid PPh3 (221 mg, 0.84 mmol) under nitrogen. The reaction
mixture was stirred until 1 disolved and then was filtered
through Celite. The filtrate was concentrated (ca. 2 mL), Et,O
(20 mL) was added, and the resulting suspension was filtered.
The solid was washed with Et,O (10 mL) and air-dried to give
3 as ayellow solid. Yield: 240 mg, 83%. Mp and spectroscopic
properties are the same as reported previously.*12

Synthesis of [Pd{CH,C(O)Me}l], (4). To a solution of 1
(60 mg, 0.3 mmol) in MeCN (15 mL) was added Nal (47 mg,
0.31 mmol). The solution turned brown, and a white precipitate
appeared. The suspension was filtered through Celite, and the
solid washed with MeCN (5 mL). The combined filtrate was
concentrated (2 mL), water (20 mL) was added, and the
resulting suspension was filtered. The solid was washed with
acetone and air-dried to give 4 as a dark brown solid. Yield:
58 mg, 66%. Mp: 214-215 °C (decomp). IR (cm™2): »(C=0),
1554 (s). *H NMR (DMSO-dg): 9 2.17 (s, 3 H, MeCO), 2.78 (s,
2 H, PdCH,). Anal. Calcd for C3HsIOPd: C, 12.41; H, 1.74.
Found: C, 12.58; H, 1.76.

Synthesis of [Pd{CH,C(O)Me}Cl(phen)] (5). To a solu-
tion of 1 (160 mg, 0.8 mmol) in MeCN (20 mL) was added phen-
H,0 (158.6 mg, 0.8 mmol). A yellow suspension formed, which
was stirred for 30 min and concentrated (10 mL), and Et,O
(10 mL) was added. The resulting suspension was filtered, and
the solid was washed with Et,O (5 mL) and air-dried to give
5 as a yellow solid. Yield: 274 mg, 93%. Mp: 230 °C. IR
(cm™1): »(C=0), 1636 (s), »(PdCI) 328 (m). *H NMR (CDCl5):
02.43(s,3H, Me), 3.14 (s, 2 H, CH,), 7.87 (dd, 1 H, H3 or H8,
SJHH = 8.3 Hz, SJHH =51 HZ), 7.93 (dd, 1 H, H3 or HS, 3~]HH
=8.3 Hz, 3Jyn =5.3 Hz), 7.95 (s, 1 H, H5 or H6), 7.96 (s, 1 H,
H5 or H6), 8.49 (dd, 1 H, H4 or H7, 3Jyy = 8.3 Hz, %Jyn = 1.5
Hz), 8.5 (dd, 1 H, H4 or H7, 3Juy = 8.3 Hz, 3Jun = 1.2 Hz),
9.51 (dd, 1 H, H2 or H9, 3Jyy = 5.1 Hz, 33y = 1.5 Hz), 9.78
(dd, 1 H, H2 or H9, 3Jyn = 5.3 Hz, 3Juyn = 1.2 Hz). 13C{H}
NMR (CDCly): 6 25.1 (CHy), 30.6 (Me), 125.1 (CH), 125.6 (CH),
127.0 (CH), 127.1 (CH), 129.4 (Cq), 129.9 (Cq), 137.7 (CH),
145.0 (Cq), 147.5 (Cq), 152.3 (CH), 149.5 (CH), 213.7 (CO) Anal.
Calcd for C15sH13CIN,OPd: C, 47.52; H, 3.46; N, 7.36. Found:
C, 47.27; H, 3.27; N, 7.40.

Synthesis of [Pd{CH,C(O)Me}Cl(bpy)] (6). To a suspen-
sion of 1 (69 mg, 0.34 mmol) in CI,CH; (10 mL) was added
2,2'-bipyridine (bpy, 53.4 mg, 0.34 mmol). The resulting yellow
suspension was stirred for 1 h, concentrated (6 mL), and
filtered, and the solid was washed with Et,O (5 mL) and air-
dried to give 6 as a yellow solid. Yield: 108 mg, 90%. Mp: 210
°C (decomp). IR (cm™2): »(C=0), 1634 (s), »(PdCI) 334 (m).
Anal. Calcd for C13H13CIN,OPd: C, 43.97; H, 3.69; N, 7.89.
Found: C, 43.76; H, 3.66; N, 8.17. The insolubility of 6 in
organic solvents prevented NMR studies.

Synthesis of [Pd{CH,C(O)Me}Cl(dbbpy)] (7). To a sus-
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Table 1. Crystal Data for Compounds 9, 10, and [Hg{ CH,C(O)Me},]

9 10 [Hg{CH,C(O)Me} ]
formula C10H22C|204Pd282 C7H13C|OPdS CeHmHQOz
My 554.41 287.08 314.73
wavelength (A) 0.71073 0.71073 0.71073
T (K) 173(2) 173(2) 173(2)
cryst size (mm) 0.22 x 0.18 x 0.13 0.60 x 0.30 x 0.05 0.36 x 0.20 x 0.18
cryst syst monoclinic triclinic monoclinic
space group P21/n P1 P2(1)/c
a(A) 10.5710(10) 5.0068(4) 8.9637(6)

b (A) 14.4210(10) 9.0404(4) 9.0961(5)

c(A) 12.2140(19) 11.3207(8) 9.5728(7)

o (deg) 90 70.100(5) 90

p (deg) 104.72 89.902(6) 101.194(5)

y (deg) 90 80.671(5) 90

volume (A3) 1088.8(3) 474.65(5) 765.67(9)
4 2 4

Decaic (Mg m=3) 2.044 2.009 2.730

F(000) 1088 2.398 568

u (mm~1) 2.532 2.398 20.030

6 range (deg) 3.27—-24.99 3.58—-24.99 3.12—-24.98

limiting indices -12<h=0 —l1=<h=<5 —10=<h =10
-17=<k=17 —-10=<k=10 -10 =k =10
-14=<1=<14 -13=<1=13 -11=<1=0

no. of reflns

measd 6573 2234 2765
indep 3179 1625 1345

Rint 0.0230 0.0069 0.0413

abs corr -scans -scans 1-scans

transmissions 0.889-0.712 0.996—-0.637 0.98529-0.28489

no. of data/restrains/params 3179/60/187 1625/47/101 1345/0/83

goodness-of-fit on F2 0.917 1.081 1.015

R12 0.0222 0.0214 0.0273

wR2b 0.0449 0.0567 0.0666

largest diff peak and hole (e A~3) 1.523; —0.400 1.021; —0.509 1.401; —2.370

aR1 = S||Fo| — |Fcll/S|Fol for reflections with I > 20(1). P WR2 = [S[w(Fo?2 — Fc2)?)/S [w(F.2)2]%5 for all reflections; w—! = ¢2(F2) + (aP)?2
+ bP, where P = (2F:2 + F,?)/3 and a and b are constants set by the program.

pension of 1 (100 mg, 0.5 mmol) in CI,CH, (15 mL) was added
4,4'-(*Bu),-2,2'-bipyridine (dbbpy, 135 mg, 0.5 mmol). The
reaction mixture was stirred until 1 disolved and then filtered
through Celite. The resulting solution was concentrated to
dryness, the residue stirred with Et,O (15 mL), and the
suspension filtered. The solid was washed with Et,O (5 mL)
and air-dried to give 7 as a yellow solid. Yield: 203 mg, 87%.
Mp: 214-215 °C. IR (cm™1): »(C=0), 1636 (s), v(PdCl) 340
(m). *H NMR (CDCls3): 6 1.43 (s, 18 H, C(Me)3z) 2.36 (s, 1 H,
COMe), 2.92 (s, 2 H, PACHy), 7.51 (dd, 2 H, H5 or H5', 3344 =
6 Hz; 4Jun = 1.8 Hz), 7.59 (dd, 2 H, H5 or H5', 3Juy = 6 Hz;
4Jun = 1.8 Hz), 7.94 (d, 2 H, H3 and H3', *Jy = 1.8 Hz), 9.11
(d, 1 H, H6 or HE', 3Jpyn = 6 Hz), 9.30 (d, 1 H, H6 or HE', 2Jpy
= 6 Hz). 13C{'H} NMR (CDClg): 4 25.3 (s, PdCH,), 30.1 (s,
C(Me)s), 30.2 (s, C(Me)s), 30.4 (s, COMe), 35.3 (s, C(Me)3), 35.4
(s, C(Me)g), 117.8 (s, CH-dbbpy), 118.5 (s, CH-dbbpy), 123.3
(s, CH-dbbpy), 124.0 (s, CH-dbbpy), 148.8 (s, CH-dbbpy), 151.4
(s, CH-dbbpy), 153.7, 156.3, 163.3, 163.8 (s, C-dbbpy), 238 (CO).
Anal. Calcd for C:H29CIN,OPd: C, 53.97; H, 6.25; N, 5.99.
Found: C, 53.60; H, 6.02; N, 6.04.

Synthesis of [Pd{CH,C(O)Me}Cl(dmso),] (8). To a sus-
pension of 1 (80 mg, 0.4 mmol) in Me,CO (10 mL) was added
dmso (150 uL, 2.1 mmol). The reaction mixture was stirred
until 1 disolved and then filtered through Celite and concen-
trated (ca. 1 mL). Slow addition of Et,O (10 mL) led to
precipitation of a solid that was filtered, washed with Et,O (4
mL), and air-dried to give 8 as a yellow solid. Yield: 114 mg,
80%. Mp: 81 °C. IR (cm™): »(C=0), 1650 (s), »(PdCI) 312 (m).
IH NMR (dmso-dg): ¢ 2.13 (s, 3 H, MeCO), 2.61 (s, 2 H,
PdCHy). Anal. Calcd for C;H,7CIO3PdS;: C, 23.67; H, 4.82; S,
18.05. Found: C, 23.64; H, 4.91; S, 17.78.

Synthesis of [Pd.{ CH.C(O)Me}{p-k>-C,0—CH,C(O)Me}-
(u-CI)Cl(dmso)] (9). Method a. To a suspension of 1 (80 mg,
0.4 mmol) in Me,CO (20 mL) was added dmso (90 uL, 1.2
mmol). The reaction mixture was stirred until 1 disolved and
then was filtered through Celite and concentrated (ca. 2 mL).

Slow addition of Et,O (10 mL) to the stirred solution led to
precipitation of a solid, which was filtered, washed with Et,O
(4 mL), and air-dried to give 9 as a yellow solid. Yield: 90 mg,
81%. Mp: 140 °C. IR (cm™1): »(C=0), 1650 (s), 1534 (s),
v(PdCI) 294 (w), 270 (w), 242 (w). Anal. Calcd for CsH11CIO,-
PdS: C, 21.68; H, 4.00; S, 11.57. Found: C, 21.76; H, 3.80; S,
11.60. About NMR data see Results and Discussion.

Method b. A solution of 8 in Me,CO (11 mL) was stirred
for 20 min. The solution was concentrated until a yellow solid
appeared. Precipitation was completed by the addition of Et,O
(15 mL). The suspension was filtered, and the solid washed
with Et,O (5 mL) and air-dried to give 9. Yield: 24 mg, 62%.
Single crystals of 9 were obtained by slow concentration of an
Me,CO solution of 8. About NMR data, see Results and
Discussion.

Synthesis of [Pd,{ CH,C(O)Me},(u-Cl),(tht),] (10). To a
suspension of 1 (80 mg, 0.4 mmol) in Me,CO (15 mL) was
added tetrahydrothiophene (tht, 90 uL, 1.01 mmol). The
reaction mixture was stirred until 1 disolved and then filtered
through Celite. The resulting yellow solution was concentrated
(ca. 2 mL), and n-hexane (15 mL) was added to give a
suspension, which was filtered; the solid was washed with
Et,0 (5 mL) and air-dried to give complex 10 as a yellow solid.
Yield: 91 mg, 80%. Mp: 96—98 °C. IR (cm™1): »(C=0), 1650
(s), »(PdCl) 278 (m), 250 (m). *H NMR (CDCl; 50 °C): ¢ 2.07
(bs, 4 H, tht), 2.26 (bs, 3 H, MeCO), 2.72 (bs, 2 H, PdCHy),
3.11 (bs, 4 H, tht). Anal. Calcd for C;H,3CIOPdS: C, 29.29; H,
4.56; S, 11.17. Found: C, 29.04; H, 4.42; S, 11.17. Single
crystals of 10 were obtained by slow concentration of an Me,-
CO solution of 10.

X-ray Structure Determinations. The crystals were
mounted in inert oil on a glass fiber and transferred to the
diffractometer (Siemens P4 with LT2 low-temperature attach-
ment) as summarized in Table 1. The structures were solved
by the heavy atom method and refined anisotropically on F?
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(program SHELX-93, G. M. Sheldrick, University of Gottin-
gen).

For compound 9 unit cell parameters were determined from
a least-squares fit of 86 accurately centered reflections (14.56°
< 260 < 24.76°) . Maximun A/o = 0.001, maximun Ap = 1.52 e
A2 The largest residual peak of 1.52 electrons was 0.98 A
from Pdl. Hydrogen atoms were included using a riding
method.

For compound 10 unit cell parameters were determined
from a least-squares fit of 67 accurately centered reflections
(14.59°< 260 < 26.00°). Maximun Ap = 1.02 e A3, Hydrogen
atoms were included using a riding method; methyls using a
rigid method.

For compound [Hg{ CH,C(O)Me},] unit cell parameters were
determined from a least-squares fit of 80 accurately centered
reflections (10.6° < 20 < 23.8°). Maximun Al/oc = 0.001,
maximun Ap = 1.40 e A=3. The largest residual peak of 1.40
electrons was 1.05 A from Hg1. Hydrogen atoms were included
using a riding method.

Results and Discussion

By reacting [Hg{ CH,C(O)Me},] with the palladium
complex [PdCIy(MeCN),] (1:1) in Me,CO or (MesN),[Pd,-
Clg] (2:1) in water, complex [Pd{CH>C(O)Me}Cl], (1)
precipitated immediately in almost quantitative yield
(Scheme 2). We have previously shown the great syn-
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thetic interest of organomercury compounds as trans-
metallating agents.?® An attempt to prepare 1 by
reacting CICH,C(O)Me with [Pd(dibenzylideneacetone);]
in refluxing toluene led to Pd metal.

Species like 1 have been postulated as intermediates
in the synthesis of 2-cyclopentenones.22° The isolation
of some related compounds formulated as enolates [Pd-
(OR)CI], (R = CICH=CR', R' = Ph, Me,'® a-pinenyl,
TBuC=CH,%°) or as a dimer [Pd{ CH,C(O)(CH;),C(Ph)=
CH,} (u-CI)],%° were long ago preliminarily reported, but
we are not aware that they had been later fully
described.

Complex 1 can be used as the starting material for
the synthesis of some new ketonyl complexes as well
as the previously reported [Pd{ CH,C(O)Me} Cl(tmeda)]
(2)° and [Pd{ CH,C(O)Me} CI(PPhs),] (3)*812 by reacting
it with the appropriate ligands.

Complex 1 is insoluble in weak donor solvents,
probably because it is a polymer (see below). It is soluble
in MeCN or dmso, certainly because it reacts to give
monomeric or oligomeric species (see below). An MeCN
solution can be used to prepare, for example, the
homologous polymeric complex [Pd{ CH,C(O)Me}I], (4)
by reacting it with Nal. The resulting solution after
removing NacCl could also contain some MeCN adduct
of 4, but addition of Et;O or water precipitated the
polymer. The same occurred when we attempted to
isolate some MeCN adduct of 1. Similarly, phen-H,0
reacted with 1 in MeCN to give [Pd{CH,C(O)Me}ClI-
(phen)] (5). In addition, other ligands reacted with Me;-
CO or THF suspensions of 1 to give acetonyl complexes
(e.g., 2 or 3, respectively). CI,CH; suspensions of 1
reacted with equimolar amounts of 2,2'-bipyridine (bpy)
or 4,4'-(‘Bu),-2,2'-bipyridine (dbbpy) to give [Pd{ CH,C-
(O)Me}ClILo] [L2 = bpy (6), dbbpy (7)].

To study the potentiality of complex 1 for the syn-
thesis of new classes of acetonyl complexes, its reactivity
with dmso and tetrahydrothiophene (tht) was explored.
When an excess of dmso was added to a suspension of
1 in Me,CO (5:1 molar ratio), a yellow solution was
obtained, from which, by addition of Et,O, [Pd{CH,C-
(O)Me} Cl(dmso)2] (8) could be isolated as a solid stable
at room temperature. Slow evaporation of an Me,CO
solution of 8 afforded single crystals of the dinuclear
complex [Pdy{ CH,C(O)Me}{u-x*>-C,0—CH,C(O)Me} (u-
CI)Cl(dmso),] (9), which can also be obtained by reacting
1 with dmso (1:3) or by recrystallizing 8 from Me,CO/
Et,0.

Addition of tht to a suspension of 1 in Me,CO in a
molar ratio of 1:1, 2.5:1, 3:1, or 5:1 led to the isolation
of the dinuclear complex [Pdx{ CH,C(O)Me} ,(u-Cl),(tht),]
(10). Although probably 10 is in equilibrium with [Pd-
{CH,C(O)Me} Cl(tht),], the homologue of 8, particularly
when a strong excess of tht is used, its scarce solubility
allowed its isolation.

(28) See for example: Vicente, J.; Abad, J. A.; Rink, B.; Hernandez,
F.-S.; Ramirez de Arellano, M. C. Organometallics 1997, 16, 5269.
Vicente, J.; Arcas, A.; Blasco, M. A.; Lozano, J.; Ramirez de Arellano,
M. C. Organometallics 1998, 17, 5374. Vicente, J.; Chicote, M. T;
Gonzalez-Herrero, P.; Grinwald, C.; Jones, P. G. Organometallics 1997,
16, 3381. Vicente, J.; Bermldez, M. D.; Carrion, F. J.; Jones, P. G.
Chem. Ber. 1996, 129, 1395, and references therein.

(29) Ito, Y.; Aoyama, H.; Saegusa, T. J. Am. Chem. Soc. 1980, 102,
4519.

(30) Ito, Y.; Nakatsuka, M.; Kise, N.; Saegusa, T. Tetrahedron Lett.
1980, 21, 2873.
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[Pd{CH,C(O)Me}Cl],

Figure 1. Crystal structure of complex 9. Selected bond
lengths (A) and angles (deg): Pd(1)—C(5) 2.082(3), Pd(1)—
S(1) 2.2377(9), Pd(1)—Cl(2) 2.3475(8), Pd(1)—ClI(1)
2.3640(9), Pd(2)—C(12) 2.050, Pd(2)—0(2) 2.062(2), Pd(2)—
S(2) 2.2320(9), Pd(2)—ClI(2) 2.4247(8), O(1)—S(1) 1.471(2),
O(3)—S(2) 1.466(2), O(2)—C(4) 1.263(4), O(4)—C(13)
1.229(4), C(4)—C(5) 1.443(5), C(13)—C(14) 1.495(5), ClI(2)—
Pd(1)—S(1) 178.49(3), C(5)—Pd(1)—CI(1) 177.53(9), O(2)—
Pd(2)—S(2) 176.64(7), C(12)—Pd(2)—CIl(2) 176.44(10).

The reactions of [Pd{ CH,C(O)CR3}CI(PPh3),] [R =H
(3), Me]*2 with O, or [PdCI,(PhCN),] have been reported
to give species [Pd{CH,C(O)CRg3} CI(PPhgs)]2, which, on
the basis of their IR spectra, are supposed to contain
acetonyl (R = H) or chloro (R = Me) bridging ligands
(see below). The last one would be isostructural with
10.

Structure of Complexes. The crystal structure of
9 was determined by X-ray crystallography (Figure 1).
The structure consists of [PdCI(dmso)]* and [Pd{ CH,C-
(O)Me} (dmso)]™ units bridged through chloro and C,0O-
acetonyl ligands. The dmso ligands are located trans to
O and ClI ligands and both are S-bonded. The Pd—S(1)
bond distance trans to chloro [2.2377(9) A] is longer than
the Pd—S(2) [2.2320(9) A] one trans to the oxygen donor.
The S—0O bond lengths are not significantly different
[0(1)—S(1) 1.471(2) A, O(2)—S(2) 1.466(2) A]. The three
very different Pd—CI distances show, in order of impor-
tance, the greater trans influence of C- than S-donor
ligands and the lengthening of bond distances when a
ligand is bridging. The Pd(1)—CI(2) [2.3475(8) A] bond
distance is shorter than the Pd(1)—CI(1) [2.3640(9) A]
one despite CI(2) being a bridging ligand and CI(1) a
terminal one. The much greater trans influence of the
acetonyl ligand with respect to S-dmso is responsible
for such values. The Pd(2)—CI(2) [2.4247(8) A] bond
length is, as expected, the longer Pd—CI bond because
CI(2) is both bridging and trans to the acetonyl ligand.
The C,O bridging coordination of the acetonyl ligand
causes the lengthening of the C—0 [O(2)—C(4) 1.263(4)
A] and Pd—C [Pd(1)—C(5) 2.082(3) A] bond distances
with respect to those in the terminal acetonyl ligand
[O(4)—C(13) 1.229(4) A, Pd(2)—C(12) 2.050(3) A]. How-
ever, the C—C(O) bond distances of these ligands are
not significantly different [C(4)—C(5) 1.443(5) A, C(12)—
C(13) 1.463(5) A]. In the enolato complex [K(18-C-6)-
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Figure 2. Crystal structure of complex 10. Selected bond
lengths (A) and angles (deg): Pd—C(1) 2.053(3), Pd—S
2.2862(7), Pd—CI 2.3650(7), Pd—CI#1 2.4660(7), O—C(2)
1.226(4), C(1)—C(2) 1.484(4), C(2)—C(3) 1.508(4), C(1)—
Pd—S 85.44(9), C(1)-Pd—Cl 90.61(9), S—Pd—Cl#1
98.23(2), CI-Pd—CI#1 85.72(2), Pd—CIl—Pd#1 94.28(2),
C(2)—C(1)—Pd 105.1(2).

{OC(=CHMe)Ph}],3! the C—C bond distance is signifi-
cantly shorter, 1.340(5) A, and the C—O bond length
longer, 1.298(5) A, than those in 9. The two reported
crystal structures of ketonyl palladium(l1) complexes—
derived from acetophenone—trans-[Pd{ CH,C(O)Ph}CI-
(PPhs);] [C—0O 1.211(6) A, C—Pd 2.093(5) A, C—C(0)
1.501(6) A] and [Pd{ u-«2-C,0—CH,C(0O)Ph} 2(PPhs)4]2*
[mean values C—O 1.258(11) A, Pd—C 2.149(10) A,
C—C(0) 1.443(12) A] show C—0O and Pd—C bond dis-
tances longer and C—C(O) ones shorter for the bridging
than for the terminal ketonyl.” In the crystal structure
of the complex [Pd{ (CH,),C=0} (PPhs),] the C—0O, Pd—
C, and C—C(O) bond lengths are similar to those found
in terminal ketonyl ligands.?® In accordance with NMR
data at 223 K, it has been proposed that the complex
[Pd{CH>C(O)Me} CI(PPh3)], is in solution a mixture of
three species, one of which has the same structure as
9_12

The crystal structure of 10 (Figure 2) consists of
dimers formed through chloro bridges. The terminal
ligands adopt a trans geometry. As usual in this class
of complexes, both palladium and the six donor atoms
are coplanar.32 The C—0O [1.226(4) A] and Pd-C
[2.053(3) A] bond distances are very similar to those in
the terminal acetonyl ligand in 9 [1.229(4) and
2.050(3) A, respectively]. The Pd—CI bond length trans
to tht [2.3650(7) A] and that trans to the acetonyl ligand
[2.4660(7) A] are longer in 10 than those trans to the
dmso and to the acetonyl ligands in 9 [2.3475(8) and
2.4247(8) A, respectively]. The Pd—S bond distances in
10 [2.2862(7) A] are notably longer than those in 9
[2.2377(9), 2.2320(9) A] probably because of the x
acceptor character of dmso. Solutions of complexes
[Pd{CH>C(O)CR3z} CI(PPh3)]2 (R = H, Me) are shown to
contain different species, one of which is isostructural
with 10.12

(31) Veya, P.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, C. Organome-
tallics 1994, 13, 214.

(32) Aullon, G.; Ujaque, G.; Lledos, A.; Alvarez, S.; Alemany, P.
Inorg. Chem. 1998, 37, 804.
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Figure 3. Crystal structure of [Hg{CH,C(O)Me},]. Se-
lected bond lengths (A) and angles (deg): Hg(1)—C(1)
2.130(8), Hg(1)—C(4) 2.130(7), O(1)—C(2) 1.224(9), O(2)—
C(5) 1.227(8), C(1)—C(2) 1.451(11), C(2)—C(3) 1.522(12),
C(4)—C(5) 1.462(10), C(5)—C(6) 1.499(10), C(1)—Hg(1)—C(4)

174.2(3), C(2)-C(1)—Hg(1) 110.3(5), O(1)—C(2)—C(1)
123.0(8), O(1)-C(2)—-C(3) 120.1(8), C(1)—C(2)—C(3)
117.0(8), C(5)—C(4)—Hg(l) 110.6(5), O(2)—C(5)—C(4)
123.5(7), O(2)-C(5)—C(6) 119.9(6), C(4)—C(5)—C(6)
116.5(6).

Comparing the structures of 9 and 10 we conclude
that (i) dmso favors the bridging mode of the acetonyl
ligand and (ii) the transphobia??® of the pair of ligands
MeC(O)CH_/S-donor ligand is greater than that of the
pair MeC(O)CH_/CI. In fact, the only reported X-ray
crystal structure of an organopalladium(ll) complex
containing an S-bonded dmso ligand has the S and C
atoms in cis position, as in 9.27 In addition, the four
structurally characterized organopalladium(ll) com-
plexes containing the dmso ligand trans to the carbon
atom have the O-dmso ligand.33

The crystal structure of [Hg{ CH,C(O)Me},] shows an
almost linear coordination with a C—Hg—C angle of
174.2(3)° (Figure 3). In addition, each Hg atom is
connected to three oxygen atoms of three different
molecules through weak Hg---O intermolecular interac-
tions at 2.908(6), 2.900(5), and 2.937(5) A, leading to a
polymeric structure (Figure 4). These distances are
shorter than the sum of the van der Waals radii of
oxygen (1.40 A)*# and mercury (1.73 A).3 This type of
weak Hg---O intermolecular interaction is frequent in
similar complexes, e.g., [(HgCl){ u-C{C(O)Me},}][3.01,
3.02 Ap36 2.88(1), 2.844(9) A37], [HgCI(CH,CHO)]
[2.84(2), 2.87(1) A],%® [HgBr{CH,C(O)Me}] [2.81(2),
2.82(2) A}, [HgCI{ CH{C(O)Me}}] [2.57(1), 2.69(1) A],%©

(33) Navarro-Ranninger, C.; Lopez-Solera, I.; Alvarez-Valdes, A,
Rodriguez-Ramos, J. H.; Masaguer, J. R.; Garcia-Ruano, J. L. Orga-
nometallics 1993, 12, 4104. Garcia-Ruano, J. L.; Lopez-Solera, I.;
Masaguer, J. R.; Monge, M. A.; Navarro-Ranninger, C.; Rodriguez, J.
H. J. Organomet. Chem. 1994, 476, 111. Nonoyama, M.; Nakajima, K.
Polyhedron 1999, 18, 533.

(34) Pauling, L. The Nature of the Chemical Bond, 3rd ed.; Cornell
University Press: Ithaca, NY, 1960; p 514.

(35) Canty, A. J.; Deacon, G. B. Inorg. Chim. Acta 1980, 45, L225.

(36) McCandlish, L. E.; Macklin, J. W. J. Organomet. Chem. 1975,
99, 31.

(37) Bonhomme, C.; Toledano, P.; Livage, J. Acta Crystallogr., Sect.
C 1994, 50, 1590.

(38) Halfpenny, J.; Small, R. W. H. Acta Crystallogr., Sect. B 1979,
35, 1239.
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Figure 4. Packing diagram showing Hg---O interactions.
Hg(1)—O(1A) 2.908(6), Hg(1)—O(2B) 2.900(5), Hg(1)—0O(2C)
2.937(5).

and [(HgCh{ u-{ C{C(O)Me}(CO,Me)}}] [range 2.80(1)—
2.91(1) A].4* However, the bridging role of one of the
carbonyl groups [C—0(2)] has only one precedent in this
family of complexes, [HgCI(CH,CHO)].38

Complexes 1, 4, and 6 are insoluble in noncoordinat-
ing solvents, and 9 slowly decomposes in solution to give
an insoluble product, probably some polymer related to
1 such as [Pd{ CH,C(O)Me} Cl],-2dmso. Complexes 5 and
7 show two singlets at around 2.4 (Me) and 3 (CH3) ppm
corresponding to the acetonyl ligand. The 'H NMR
spectrum of 8 in CDCI; shows a complex fluxional
behavior in the range +55 to —60 °C, probably involving,
among others processes, decoordination of dmso to give
9 and recoordination, such as observed in the case of
3.12 In dmso-dg at room temperature, one singlet for the
Me and another one for the CH, group is observed. The
IH NMR spectrum of 10 in CDClz shows a complex
fluxional behavior in the range +30 to —60 °C. However,
at 50 °C singlets at 2.26 (Me) and 2.72 (CH>) ppm are
observed.

One absorption asignable to »(CO) is observed in the
IR spectra of complexes 1 and 4, at 1565 and 1554 cm™1,
respectively, and in the range 1685—1628 cm~1 in those
of complexes 2, 3, 5—8, and 10, whereas 9 shows two
bands at 1650 and 1534 cm~1. In the mercurials [Hg-
{CH>C(O)Me},] and [Hg{CH,C(O)Me}Cl], »(CO) ap-
pears at 1650 cm~1. Therefore, the band at 1685—1628
cm~1 should be assigned to the terminal acetonyl ligand,
1(C0O), and that at 1565—1534 cm~! to the bridging
acetonyl ligand, »,(CO), in accordance with the longer
C—0 bond distance in the bridging than in the terminal
acetonyl ligand observed in 9. All these IR data suggest
that, in the solid state, 1 and 4 are polymers with
bridging acetonyl ligands and that all the other com-
plexes have the structures shown in Scheme 2. That of
complex 8 could be one of the five structures shown in
Scheme 3, if two isomers with trans acetonyl and
S-dmso ligands are discarded because of their mutual
transphobia (see above). There are examples of palla-
dium(ll) complexes with two dmso ligands coordinated
with respect to each other as they are in A*2 B,*3 D,*
and E** (Scheme 3). On the basis of »(PdCl) and »(SO)

(39) Potenza, J. A.; Zyontz, L.; San Filippo, J., Jr.; Lalancette, R. A.
Acta Crystallogr., Sect. B 1978, 34, 2624.

(40) Toledano, P.; Bonhomme, C.; Henry, M.; Livage, J. Acta
Crystallogr., Sect. C 1993, 49, 1916.

(41) Toledano, P.; Bonhomme, C.; Henry, M.; Livage, J. Acta
Crystallogr., Sect. C 1994, 50, 365.



Downloaded by CARLI CONSORTIUM on June 29, 2009
Published on May 22, 2001 on http://pubs.acs.org | doi: 10.1021/0m0101036

[Pd{CH,C(O)Me}Cl],
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we propose for complex 8 structure D. The IR spectrum
of the only X-ray-characterized complex containing a
bridging ketonyl ligand, [Pdx{u-«?-C,0—CH,C(O)Me},-
(PPhg)4]%", does not show any carbonyl band in the solid
state (Nujol) or in CI,CH,.” Therefore, on the basis of
the crystal structure of 9, we show, for the first time,
the different values of v,(CO) and v(CO) in ketonyl
complexes. Consequently, some reported solid-state
structures of ketonyl complexes, based on IR data,
should be revised. Thus, the complex [Pd{CH,C(O)Me} -
CI(PPhg)]2 was reported to contain acetonyl bridges in
the solid state considering the lowering of the »(CO)
band to 1654 cm~1, compared to that at 1685 cm™! in
the mononuclear complex [Pd{ CH,C(O)Me} CI(PPhjz),].12
However, the absence of a band in the region of 1565—
1530 cm™1 in the dinuclear complex*® suggests that its
structure in the solid state is a dimer with chloro
bridges. In complexes formulated as O-enolates, [Pds-
(u-Cl)4{ OC('Bu)=CH'BuU}(NCPh),] and [Pd(camphor-
H)ClI]4, the »(CO) band was observed at 1650 and 1657
cm~1, respectively.3® However, considering our IR as-
signments and that authentic enolatopalladium(ll) com-
plexes show the v(CO) band around 1500 cm~1,1920 these
compounds should be formulated with terminal ketonyl
ligands and not as enolato complexes.

In agreement with the crystal structures of complexes
9 and 10 their IR spectra should show three and two
v(PdCl) bands, respectively. In the case of 9, several
bands in the 360—200 cm™?! region make difficult their
assignments. However, complex 10 shows the expected
two bands at 278 (m) and 250 (m) cm~! assignable to
vp(PdCI) trans to tht and »,(PdCl) trans to C, respec-
tively (see Table 2). In the complex [Pd{CH,C(O)Me}-
CI(PPhg)]. the corresponding bands appear at 279 and
262 cm~1.% In complexes 2 and 5—7 one medium band
in the 318—340 cm™! region should be assigned to v¢-
(PdCI) trans to N, whereas the band at 262 cm~! in 3

(42) Bennett, M. J.; Cotton, F. A.; Weaver, D. L. Acta Crystallogr.
1967, 23, 788.

(43) Bancroft, D. P.; Cotton, F. A.; Verbruggen, M. Acta Crystallogr.,
Sect. C 1989, 45, 1289.

(44) Johnson, B. F. G.; Puga, J.; Raithby, P. R. Acta Crystallogr.,
Sect. B 1981, 37, 953.

(45) Espinet, P. Private communication.
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Table 2. Assignments of v(PdCl)2
1 2 3 5 6 7 8 9 10

n(PdCl)c 262 b
e(PAC)s—dmso 312
v(PdCl)n 318 328 334 340

v(PdCl)o 354

(PACle b 250
Vb(PdCI)Sfdmso b
vb(PdCI)tht 278

a yp(PdCIl) = Pd—ClI bridging stretching mode; v«(PdCl) = Pd—
Cl terminal stretching mode; v(PdCl)e = Pd—CI trans to E
stretching mode. ° See Results and Discussion.

Scheme 4
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has been assigned to v¢(PdCl) trans to C.22 The IR
spectrum of 1 shows a band at 354 (m) cm~! assignable
to »(PdCI) since it is not present in the iodo complex 4.
However, it is rather high with respect to the bands
above assigned to v,(PdCIl) or v»(PdCl) trans to C.
Therefore, it should be assigned to v¢(PdCI) trans to O.
In fact, a band at 353 or 352 cm~! has been assigned to
1(PdCI) trans to O in two different complexes.*¢ In
accord with this assignment, the structure of complex
1 has a terminal chloro ligand trans to O, and, conse-
quently, each acetonyl ligand should occupy three
coordination sites. In Scheme 4 we show a possible
structure of 1 assuming that each oxygen atom is
bridging two palladium atoms, similar to that observed
in the crystal structure of [Hg{CH,C(O)Me},]. The
slightly low value of %C found in 1 (17.60%, required
18.11%) can be explained assuming that some metallic
palladium or mercury is adsorbed by the polymer.
However, this contamination does not affect the syn-
thetic utility of 1. Not unexpectedly, recrystallization
from MeCN/Et,0 led to 1 containing variable amounts
of N, reasonably corresponding to two MeCN molecules
required to complete the tetracoordination of the two
palladium atoms at the extremes of the polymer. The
maximum value of %N found in these recrystallized
products was 0.54%, which corresponds to an average
value of n = 26 in the formula [Pd{CH,C(O)Me}Cl]n-
(MECN)Z

In agreement with the above IR assignments, the
medium band at 312 cm~! in the IR spectrum of 8 could
neither be »(PdCI) trans to C (~262 cm~1)—hence
excluding structures A—C in Scheme 3—nor v¢(PdCl)
trans to O-dmso (~350 cm~1)—excluding structure E.
Therefore, we tentatively propose structure D for com-
plex 8 and assign the band at 312 cm~! to v¢(PdCl) trans
to S-dmso (Table 2).

The two bands at 1142 and 1132 cm~! observed in
the IR spectrum of 9 can be assigned to v»(SO) of the

(46) Briel, O.; Fehn, A.; Polborn, K.; Beck, W. Polyhedron 1999, 18,
225.
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two different dmso ligands. The IR spectrum of 8 shows
a band at 1126 cm~1 assignable to the S-bonded dmso
ligand (see D in Scheme 3). However, it is difficult to
assign v»(SO) of the O-dmso ligand because of several
bands appearing in the 1000—950 cm™! region of the
IR spectrum of 8.

Conclusions

We report the synthesis of the simplest monoaceto-
nylpalladium(ll) complex, [Pd{CH,C(O)Me}Cl],, ob-
tained by transmetalation reactions using [Hg{ CH,C-
(O)Me},] and [PdCIy(MeCN),] or (MesN)2[Pd2Clg]. We
have shown that it can be used to prepare some of the
already reported complexes as well as complexes with
different bidentate chelating ligands and with dmso or
tht. The use of these monodentate ligands affords new
classes of acetonyl complexes, some of which have been
postulated in solution but not isolated. The assignment
of the band corresponding to the »(CO) mode in a
bridging ketonyl ligand is reported for the first time.
We report the first crystal structures of acetonyl palla-
dium(ll) complexes.
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Note Added in Proof. During the correction of the
galley proof of this article, a report appeared describing
the synthesis of some acetonyl palladium(l1) complexes
(Ruiz, J.; Rodriguez, V.; Cutillas, N.; Pardo, M.; Pérez,
J.; Lopez, G.; Chaloner, P.; Hitchcock, P. B. Organome-
tallics 2001, 20, 1973). The IR data of these complexes
support our proposal to distinguish terminal and bridg-
ing acetonyl ligands using the position of the band
assigned to the »(CO) mode. Some of our results were
preliminarily communicated in a meeting on organo-
metallic chemistry [XIX Reunion del Grupo Especial-
izado de Quimica Organometalica, poster PB01; Valla-
dolid (Spain), July 19—21, 2000].
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