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Synthesis and reactivity of new palladium alkyl complexes containing
PMe, ligands: Insertion reactions and formation of bis( pyrazolyl) berate
derivatives
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Abstract

The complex PACl.(cod) (cod = 1.4-cyclooctadiene) reacts with one equivalent of R(Mg)Cl (R = CH,CMe,Ph, CH,SiMe;,
CH,CH ,-0-Me) 1o yield monoalkyl derivatives of composition Pd(R)Cl(cod). The cyclooctadiene ligand is readily displaced by dmpe
(dmpe = 1.2-bis(dimethylphosphino)ethane) and PMe, to generate Pd(R)CIL.) (L,=(PMe;),. dmpe) of which, the complex
Pd(CH ,CMe,Ph)CI(PMe,), thermally isomerizes to the palladium aryl Pd(C H,-0-CMe;)CI(PMe,), in the presence of catalytic
amounts of NEt,. Carbonylation of the alkyl derivatives affords acyl complexes PA(COR)CI(L ) and related iminoacy! derivatives have
also been obtained by the analogous reaction with rerr-butyl-isocyanide. New alkyl and acyl species containing bis(pyrazolybborate
ligands have been prepared by holide metathesis in the PA(R /CORICI(PMe;), complexes. During the course of these reactions one
equivalent of PMe, is liberated. The complex Bp* PU(CH ,SiMe)(PMe,) has been structurally characterized by X-ray crystallography.
© 1997 Elsevier Science S.A.

Kevwords: Palladium alkyl complexes: Pd-C o bonds: Organometallic chemistry: Ligands
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1. Introduction derivatives of Pd(Il) containing PMe,; and dmpe as
coligands.
Interest in the organometallic chemistry of palladium
derives largely from its pivotal role in a number of

important catalytic cycles. These include, olefin oxida- 2. Results and discussion
tion, the oligomerization of olefins, dienes and ) o
acetylenes, carbonylation, vinylation, acetoxylation, iso- 2.1. Synthesis of alkyl deriratives

merization, halogenation, coupling of arenes [1-3]. In
most of these processes, intermediates containing Pd—-C
o bonds are either known to be generated or are
proposed as transients, and consequently the chemistry
of palladium alkyl complexes remains an area of intense
research activity [4-15]. In this paper, we report on the
synthesis, characterization and reactivity of some alkyl

When one equivalent of Mg(CH ,CMe, Ph)Cl is added
to a cold suspenslon of PdCl ,(cod) (cod = 1.4-
cyclooctadiene) in Et,0, a yellow solution results from
which a yellow mlcrocrysla]hne solid can be isolated in
cood yields. 'H and “c{'H} NMR and elemental analy-
sis data indicate that metathesis of one chloride ligand
has taken place with formation of the species
Pd(CH,CMe, Ph)Cl(cod) (1) (Eq. (1)) [16-18].

— Mg(CH,CMe,Ph)CI
" Corresponding author. PdClx(cod) Pd(Ct:ipCMePh)Ci(cod) )
' New address: Departamento de Quimica y Ciencia de los Materi- -MgCl, 1

ales. Universidad de Huelva, 21819 Palos de la Frontera, Huelva,

Spain.
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Complex 1 is moderately stable in solution and in the
solid state, but the diolefin ligand may readily be dis-
placed by other neutral donor molecules such as phos-
phines. Thus, the derivatives Pd(CH,CMe,Ph)CI(P,)
(P, = (PMe;),. 2: dmpe, 3 [dmpe = 1.2-
bis(dimethylphosphino)ethane]) are prepared in moder-
ate to good yields (Eq. (2)). Complex 2 can also be
directly obtained by addition of

Pd(CH,CMe;Ph)Cl(cod) Pd(CH,CMe,Ph)Ci(P2)
1 2
P= PMB;, 2 ( )
1/2 dmpe, 3

2 equivalents of PMe; to the reaction mixture of Eq.
(1), without isolation of complex 1. It is important to
note that the addition of the phosphine should be ac-
complished only after all the starting PdCl,(cod) has
been consumed. On several occasions, when the phos-
phine was added at the beginning of the reaction. the
known [19] dialkyl cis-Pd(CH,CMe, Ph),{(PMe;), was
obtained instead. A related pailadium bis-alkyl com-
plex has been reported to result from the reaction of
PdCl,(bipy) with 1 equiv of LiCH,CMe, in which the
dialkyl complex Pd(CH,CMe,),(bipy) was isolated [20].
Presumably, the insolubility of the starting material
leads to the observed dialkylation in this case. The
characterization of complex 2 follows unambiguously
from the analytical and NMR data. The two phosphine
ligands occupy mutually trans positions, as can be
deduced from the appearance of virtually coupled triplets
[21.22], both in the 'H and "C{'H} NMR spectra. for
the methyl groups of the PMe‘ ligands, and from the
presence of a singlet in the "'P{"H} NMR spectrum
(6= —149).

Obviously, complex 3 exhibits a cis disposition of
the chloride ard the neophyl groups. Two inequivalent
gpd mutually coupled P nuclei are observed in the
“P{'"H} NMR spectrum (8, = 24.2, 8, = 33.5, J(AX)
=29 Hz). In this case, the methylene carbon of the
neophyl ligand is evidenced by a doublet (8= 40.6,
“J(CP) = 117 Hz) as a result of its coupling with the P
trans to it (consistent with these observations, phospho-
rus coupling is not resolved in the resonance of the
analogous carbon atom in complex 2).

Interestingly. complex 2 isomerizes to the o-tert-
butylphenyl derivative Pd(C H,-0-CMe,)CI(PMe,),
(4). when a toluene solution is heated to reflux in the
presence of triethylamine as a catalyst. The NMR

w0
MeaP\ O
Pd

c” “eme,

4

data of the yellow crystalline material isolated is clearly
in accord with the proposed formulation. In addition to
a pseudotriplet for the two trans PMe; ligands, the
aliphatic region of the "C{'H} NMR spectrum contains
only the signals expected for a CMe, group. In addi-
tion, four aromatic C-H resonances and two signals for
quaiernary carbons are observed. Examples of this kind
of rearrangement, which implies the transposition of an
ortho-H to the methylene, have been previously de-
scribed in related systems [23-28]. Probably, the forma-
tion of a stronger Pd—C(aryl) bond, compared with the
Pd-C(alkyl), is in part responsible for the favourable
thermodynamics.

The synthetic procedure used for 2 has also been
employed for the preparation of other derivatives, such
as the 2-methylbenzyl complexes 5 and 6. Upon reac-
tion of PdCl,(cod) with 1 equiv of Mg(CH,CH ,-0-
Me)Cl, the formation of a white microcrystalline precip-
itate was observed. This is assumed to be
Pd(CH,C H ,-0-Me)Cl(cod), although it was not iso-
lated. When 2 or | equiv of PMe, are added to the
above mentioned suspension, the n'-benzylic and the
n°*-pseudoallylic derivatives 5 and 6 can be obtained in
55 and 50% yield, respectively. These complexes are

H3C
Hy
Me;;P\ /C
Pd

AN
c” “pMe,

ME3P\ A CH3
pd—2
Cl

6

yellow (5) and orange (6) microcrystalline materials,
stable to air in the solid state but not in solution, and
soluble in most common organic solvents, with the
exception of petroleum ether.

The NMR data for the n' derivative § are similar to
those of the neophyl complex 2 and in agreement with
the structure proposed. Some related benzylic com-
plexes have been reported previously [29-31]. For the
Pseudoallylic complex 6, doublets are observed in the

H NMR spectrum for the PMe, (8 1.29 ppm, “J(HP)
= 1.1 Hz) and for the Pd~CH, groups (& 2.83 ppm,
“J(HP) = 2.7 Hz). A comparison of the spectroscopic
data of 6 with those of the Ni complex Ni(n’-
CH,C,H ;-0-Me)CI(PMe,), previously prepared and
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fully characterized by our group [32] suvugly supports
the proposed 7*-pseudoallylic structure of 6 [33.34].

Related Pd(1) atky! derivatives can also be obtained,
for example the complex Pd(CH,SiMe,)CI(PMe,), (7)
(Eq. (3)). It is worth mentioning

1) 2 PMe.
) 2 Pd{CH,5iMe;)Ci(PMes),

2) Mg(CH,SiMe;)Ci , (3)

PdCiy(cod)

that the synthesis of complex 7 requires the addition of
the phosphine to be carried out at the beginning of the
reaction, i.e., prior to the addition of the Grignard
reagent. Otherwise, reduction to metallic palladium
competes with the desired alkylation, leading to a con-
comitant decrease in the isolated yield of 7.

Complex 7 is characterized. by 'H NMR spec-
troscopy. for instance by a pseudotriplet for the methyl
protons of the phosphines and by a triplet for the
methylene.

2.2. Insertion reactions

The reaction of some of the alkyl derivatives already
described with CO has been studied. these reactions are
summarized in Eq. (4). the products in all cases being
n'-acyl complexes. The conditions required for achiev-
ing optimum yields of the insertion products are some-
what variable. Thus, whilst the reaction of 2 is essen-
tially complete after 15 min at room temperature and |
atm, the analogous reaction of complex 7 which con-
tains the CH,SiMe, group requires 20 h at 2 atm. For
the cyclooctadiene derivative 1, the reaction is particu-
larly facile and may be carried out at —50°C (I atm
CO. |5 min) due probably to the lability of the coordi-
nated olefin.

co

Pd(R)CI(L>) Pd(COR)CI(L;)

= CH,CMe,Ph, L, = cod, 8 (4)
= CH3CMe,Ph, L = PMe;, 9
R CHleMEa.L PM93,10

In addition, a refated acyl complex 11 containing the
chelating dmpe ligand, has been obtained by the
metathesis reaction depicted in Eq. (5).

PA(COCH,CMe,Ph)Ci(cod) — P8 o p(COCH,CMe;Ph)CI(dmpe)

1

(5)

The new acyl derivatives are readily characterized by
spectroscopic methods. They all display a strong ab-
sorbance in their IR spectra, assigned to ¥(COR), which
ranges from 1650 cm ™' for the PMe, derivatives 9 and
10 to 1730 cm™" for the cis complexes 8 and 11. The
latter value, although towards the higher extreme of the
range of frequencies found for Pd(II)-n'-acyls, is simi-

lar to other values reported for the CO stretching fre-
quency of some cis-acetylpalladium complexes [35].
For the trans spec1es 9 and 10, the methylenic carbon is
evidenced in the ""C{'H} NMR spectra as a triplet,
coupling to two equivalent phosphorous nuclei, with
coupling constants of 15 Hz (10) and 17 Hz (9), while
the acyl C=0 carbon atom resonates as a smglet in
both cases at ca. 235 ppm, indicating that *J(CP) is
larger than *J(CP) for the acyl group of these rrans
complexes [36]. For the related nickel derivatives of
compoqmon trans-Ni(COCH, R)X(PMe ), [37], the sit-
uation is in general the opposxt with J(CP) being of
the order of ca. 25 Hz, while *J(CP) is close to zero. On
the other hand, the carbonyl carbon nucleus of the cis
derivative Pd(COCH,CMe,Ph)Cl(dmpe) 11 resonates
as a doublet of doublets with *J(CP) values of 10 and
141 Hz, attributed respectively to the coupling with the
cis and trans P nuclei, in good agreement with other
values reported previously in the literature [38—40].

Iminoacyl complexes can also be prepared by inser-
tion of rert-butylisonitrile into the Pd—C bond of com-
plexes 2 and 5. Thus. the addition of 1 equiv of CNBu'
to a THF solution of complexes 2 or § yields the new
yellow crystalline compounds 12 and 13, formulated as
shown in Eq. (6). The IR spectra of these materials
display strong absorptions at 1650 (12)

I
N /C _CH2R
pd
ci PMe; (6)

NBu'
t Me;P.
Pd(CH,R)CI{PMe,),

R = CMe,Ph, 12
CGHQ'O‘Me. 13

and 1610 cm" (13). NMR data are also in agreement
with the n'-iminoacyl structure proposed for these com-
plexes and are similar to dnalogous compounds previ-
ously described [41]. Thus, the "C{'H} NMR spectrum
of 13 shows the Pd-C(NR)R' resonance as a singlet at
171.2 p ppm. while the methylene carbon appears at 61.5
ppm (t, *J(CP) = 13 Hz). Once again, “J(CP) > >J(CP)
for the iminoacyl group in these Pd complexes, while
for the Ni analogues [42] the opposite trend is observed
(*J(CP) (20-25 Hz) > *J(CP) (6-8 Hz)).

2.3. Reactivity towards bis(pyrazolvi)borates

Finally. we have studied the reactivity of some of the
alkyl complexes described above towards the pyra-
zolylborate anions Bp (dihydrobis(pyrazolyl)borate) and
Bp~ (dihydrobis(3.5-dimethylpyrazolyDborate).

Poly(pyrazolyl)bonates have become an important
class of ligands with unique properties, as indicated by
the variety of species they form with most metals and
metalloids [43]. A number of such derivatives of Pd(II)
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have been prepared [44.45] and we have previously
reported the reactivity of the palladium aryl complex
Pd(Ph)BH{PMe,), towards the bulky hydrotris(3-ters-
butylpyrazolyl)borate anion: in that case. n' coordina-
tion of the tridentate ligand was achieved [46], the
adoption of such a coordination mode undoubtedly is
steric in origin. When 1 equiv of the KBp' salt (Bp’ = Bp
or Bp ") is added to cold (—20°C) THF solutions of the
alkyls 2 or 7, a smooth reaction takes place with
formation of yellow suspensions. After work-up, yellow
crystals of the new complexes 14-17 can be isolated, in
moderate yields. Elemental analysis and NMR data
show that, in all cases, the halide has been substituted
by Bp’ and that one equivalent of PMe; has been
liberated in each case (Eq. (7)).

Pd(CH,R)CI(PMe,), (Bp')Pd(CHZR)(PMe;)
R = CMe,Ph, 2 R = CMe,Ph, Bp' = Bp, 14
SiMes, 6 CMesPh,  Bp*, 16
SiMe;, Bp, 15
SiMe,, Bp*, 17

(D

The NMR data obtained for complexes 14-17 show
clear differences depending upon the nature of the Bp’
ligand. Thus, complexes 14 and 15. of composition
BpPd(CH,RXPMe,), display, in their room temperature
'"H NMR spectra, broad singlets for the two protons of
the methylene Pd—CH,. This observation requires the
coordination plane to be an effective plane of symmetry
and we propose the existence of a fast exchange, on the
NMR time scale, between the two degenerated boat
configurations [47-52] to explain the observed equiva-
lence of the methylenic protons (Scheme 1). Actually,
under the conditions of the NMR experiment (20°C, 500
MHz) the fast exchange limit has not been completely
l;eached. since the Pd—C H, signals are still broad. with
"J(HP) remaining unresolved. In accord with the flux-
ional mechanism proposed, each pyrazolyl ring displays
distinct well-resolved resonances. Also, the observation
of a sharp doublet (*J(CP) =7 Hz) for the methylene
carbon nucleus of 15 indicates that no PMe, inter-
change is taking piace under these conditions. As ex-

H-B:‘N
MeaP ANIN Me,P
4 e3P —pyxN
";C/PG‘N\OJ ' H—c/Pd‘;qN\O
MeJSi "‘ Megsi/‘ 7_
N
x H H*B\’
N-N" H
+N-NJ = @

Scheme 1.

Fig. 1. Molecular structure and numbering scheme for 17.

pected, for the more sterically crowded Bp“ derivatives
16 and 17, the inversion of the boat configuration is
considerably slower and this is evidenced by the chemi-

Table 1
Crystal and refinement data for complex 17
3a
Formula C,;H BN, PPdSi
Formula weight 4727
Crystal system monoclinic
Space group P2 /n
a(A) 10.692(2)
b (A) 20.536(2)
c(A) 11.326(2)
B (deg) 99.06(2)
V(A3) 2455.9(6)
z 4
Crystal dimensions (mm*) 0.1 X015 x0.15
D, gem ™) 1.2%
ulem ') 8.6
Temperature (K) 295
Diffractometer Enrat-Nonius
Monochromator graphite
Radiation Mo K a (A=0.71069 A)

26 range (deg)

2-50

Scan technique w/24
Data collerted (= 12,000 10012, 23, 1Y)
Unique data 4306
Observed reflections, 1, > 3o (1) 2613

R, (%) KN
Standard reflections 2/57
Weighting scheme unit
R=TIAFI/ZIF,) 36

R, =(CwA F/Yw|E )2 3.8
Maximum shift /error 0.03
Absorption conection range 0.82-1.1%
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Table 2 .\

Selected bond distances (A) and angles (deg) for compound 17

Pd-P 2.2242) N(3)-Pd-C(1) 92.(2)

Pd-N(1) 2.123(8) N(D-Pd-C(1) 174.6(2)

Pd-N(3) 2.098(4) N(1)-Pd-N(3) 82.6(2)

Pd-C(1) 2.045(6) P-Pd-C(1) 87.9(2)
P-Pd-N(3) 176.7(1)
P-Pd-N(1) 97.5(1)

cal inequivalence of the methylenic CH,R protons at
room temperature.

We have carried out a single crystal X-ray study of
the derivative Bp " Pd(CH,SiMe;)(PMe,) (17). Fig. |
shows an ORTEP [53] perspective view of the molecule
and Tables I and 2 collect relevant structural data.
Complex 17 has a distorted square planar structure. in
the solid state. the angles N(1)-Pd-C(1) (174.6(2)°)
and P-Pd-N(3) (176.7(1)°) display slight deviations
from the ideal value of 180°. The two Pd-N distances
(2.123(5) and 2.098(4) A) are very similar and in the
range found for other Pd-N distances in
poly(pyrazolyl)borate derivatives (2.17 average for the
Pd-N distances in the Pd(IV) complexes Tp'PdR; [45]
or 2.02 average for the Pd-N distances in Tp,Pd [54]).
The distance Pd-P of 2.224(2) A compares well with
other examples in the literature [6]. while the Pd-C(1)
separation of 2.045(6) A is within the usual range for
Pd(ID-C(sp*) ¢ bonds [45.55-58].

Finally. acyl compounds derived from complexes
14-17 have been prepared by two different synthetic

methods, as summarized in Eqgs. (8) and (9). Thus, the
paent acyls 9 and 10 have been employed for the
synthesis of complexes 18 and 19, by reaction with the
corresponding KBp'

Pd(COCH,R)CI(PMe;),

(Bp')Pd(COCH,R)(PMe,)

R = CMe,Ph, Bp' = Bp*, 18 (8)
SiMe;, Bp, 19

(Bp')Pd(CH,R)(PMe;)

(Bp')Pd(COCH,R)(PMe;)

R = CMe,Ph, Bp' =Bp, 20 (9)
SiMes, Bp*, 21

salt. Alternatively, the Bp’' derivatives 14 and 17 were
reacted with CO (2 aum) at room temperature, to yield
complexes 20 and 21. Spectroscopic data and elemental
analyses are in accord with the formulation proposed.
The product acyl derivatives contain a strong ab-
sorbance at 1640-1680 cm™' in their IR spectra as-
signed to r(COR). All these complexes display separate
and sharp NMR resonances for the two inequivalent
pyrazolyl rings, indicating that the square planar geome-
try is configurationally stable. However, and consistent
with our findings during the study of the parent alkyl
compounds 14-17, the inversion of the boat configura-
tion in the Bp complexes 19 and 20 occurs at apprecia-
ble rates at room temperature, while for the Bp " deriva-
tives 18 and 21, this inversion process is suppressed on
the NMR time scale, under the same conditions.

Table 3
Microanalyses and IR data for compouads 1-21
Compound Microanalyses® IR(em "

C (%) H () N (%) mC-0) r(C-N)
PA(CH ,CMe, Ph)Cl(cad). 1 56.3 (56.6) 6.7 (6.5)
Pd(CH.CMe.PhICKPMc,),. 2 45.5 (45.00 7.5(7.3)
Pd(CH,CMe, Ph)Cl(dmpe) - 0.5 CH.C1,. 3 41.9 (42.4) 6.3 (6.4)
PA(C H,--CMe )CKPMe, ). 4 44.8 (45.0) 7.7(1.3)
Pd(n'-CH.C H -0-Me)CI(PMe ), § 42442, 7.2(6.7)
Pd(n'-CH C,H -0-Me)CHPMe;). 6 41.6 (40.9) 6.0 (5.6)
Pd(CI1,SiMe JCRPMe, ). 7 31.6(31.5) 7.6 (7.6)
PA[C(OXCH ,CMe, Ph]Cl(cod). 8 55.4(55.5) 6.1(6.1) 1725
PdiC(O)CH ,CMe. Ph]CI(PMe,),. 9 4.6 (44.9) 6.9 (6.8) 1650
PA[C(O)CH ,SiMe, ]CH(PMe ,),. 10 32.1(323) 7.0(7.1) 1646
PA[C(O)CH.CMe, Ph]Cl(dmpe). 11¢ 1720
PJ[C(NBu )CH ,CMe, PhiC{PMe ). 12 50.0(49.4) 8.0(7.9) 2.7028) 1660
PACINBU' YCH ,C (H -0-Mc]CI(PMe ), 13 47.3(47.3) 7.8(7.5) 25(29) 1620
BpPd(Ci,CMe,Ph)PMe,). 14 491 (49.3) 6.7 (6.5) 12.5012.1) 1500
BpPd(CH ,SiMe  PMe,). 15 79(31.5) 6.9(6.7) 13.6 (13.4) 1497
Bp ' Pd(CH .CMe, Ph)X(PMe,). 16 529{529) 7.3(7.2) 10.7 (10.7) 1539
Bp ' Pd(CH,SiMe )(PMe.). 17 432(43.2) 7.8(7.6) 1701 1539
Bp " PA[C(O)CH,CMc, Phj(PMe;), 18 52.1(52.8) 7.2(7.0) 9.9 (10.3) 1662 1536
BpPd[C(OICH ,SiMe, [(PMe,). 19 BA(37.8) 6.6 (6.3) 12.4 (12.0) 1655 1500
BpPd[C(OICH ,CMe, Ph{(PMe ). 20 48.8 (49.0) 6.3(6.1) 112014 1681 1495
Bp ' PA[C(OIYCH ., SiMe  J(PMe,). 21 431 (43.2) 6.9(7.2) e 1638 1538

"Caleulated vajues in parentheses.
"In nujoi waull.

“Due to the high instability of this compound in air. analytical duta were not obtained.
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3. Experimental details

Microanalyses were performed by the Microanalyti-
cal Service of the University of Seville. Perkin-Elmer
Models 577 and 684 spectrometers were v-ed for IR
spectra, and Varian XL-200 and Bruker AMX 300 and
AMX 500 instruments were used for NMR studiez. The
*C resonance of the solvent was used as an internal
reference, but chemical shifts are reported with respect
to SiMe,. *'P NMR shifts are relative to external 85%
H,PO,. All preparations and other operations were
carried out under oxygen-free nitrogen by conventional

Schlenck techniques. Solvents were dried and degassed
before use. The petroleum ether used had a boiling
point of 40-60°C. The sal.s KBp' were prepared fol-
lowing literature procedures [59.60]. Tables 3-9 contain
the analytical and spectroscopic data for the complexes
prepared.

3.1. Synthesis of alkyl complexes
3.1.1. Pd(CH,CMe, Ph)Cl(cod) (1)

PdCl.(cod) (0.28 g, 1 mmol) is suspended in Et,O
(25 ml) at -50°C. To the suspension

Table 4
'"H and ' P{'H} NMR data for compounds 1-7
Compound *'P{'H}* 'H
CH )" C H'_l Me Ph others
15 2.668 1.70s  7.08m, 7.17, 7.52d (7.6)  cod: 1.5-1.6m. 3.93m, 5.85m
2¢ —14.9s 1.06pt (3.3) 1.951(3.3) 1488 7.0-7.5m
3 33.5d, 24.2d (29)  1.06d (10.6), 1.44d (9.0)  1.86dd (8.1.5.4) 1.51s  7.1hrt, 7.2brd. 7.6brd 1.53-1.80m (PCH,)
4" -15.7s 0.93pt (3.3) 1.57s  6.8-7.6m
54 - 14.5s 0.98pt (3.3) 2.60t(6.7) 2.36s  7.0-8.0m
6 38s 1.29d (11.1) 2.83d 27 246 6.9-7.4m
7t - 14.65 1.40pt (3.4) 0.35t (8.9) 0.02s

Values of J in Hz.

“J(PP) in parentheses. "J(HP) in parentheses. * J(HH) in parentheses. ‘In C,D,. “In CD,Cl,. 'In CD,COCD,. ¥In CDCI,.

Table §
“C{'H) NMR data for compounds 1-7

Compound ''C{'H}*

PCH,) CH, Me Ph others

1" 40.3s 30.4s 124,55, 12545, 126,05, 15195 (Cq) 26,55, 29.85 (CH, ). 100,35, 128.0s (CH), 41.9 (CMe )
2 14.0pt (14) 3085 226 12525 12638, 127.95, 15275 (Cy) 1.8 (CMes) )
» 130 (30), 41.8d(72) 34.0d(6) 1248, 126,65, 12775, 15495 (Cq)  23.6dd (9. 24) (PCH ) 32.0dd (24, 35) (PCH )
) 194D 39.85 (CMe,)
4 13.1pt(14) 327 12275, 12425, 127,35, 135.20(6). 36,0 CMe,

150.0t (4) (Cq). 152,65
s 13.0pt(14) 15.4s 21.2s 12475, 125.4s. 129.4s, 131.8brs,
, 137.75 (Cq). 147.5s (Cy)
6 13.9d(32) 225 2.2 124.6s. 12535, 130,15, 130.2brs,
_ 136.3s (Cq). 146.2s (Cq)
7 144pt(14) 021s 3ls
*J(CP), in Hz, in parentheses. "In C,D,. “In CD,Cl,. ‘In CD,COCD.. “In CDCI,.
'Il‘able 6‘
H and "'P('H} NMR data for compounds 8-13
Compound ‘'P{'H)* 'H

P(CH, )" CHY Me  CH(PhY others

u
80 3.52s 1.37s  7.1-7.5m 2.3-2.5m, 4.70brs, 5.70brs (cod)
9 . - 14.8s 1.26pt (3.5) 3ASs 1408 7.1-7.4m
|og ~21.0s 1.36pt (3.6) 2.39s 0.03s
ud 2234, 12.3d(22)  1.21d (10.7) 1.34d (8.S)  3.40s 136 7.11t.7.25d. 7.37d (7.4} 1.70-1.79m, 1.50-1.5%m (PC H,)
12! - 199 1.07pt (3.5) 2.86s 1.59s  7.0-7.5m 1.30s (N-C Me,) )
13 170 0.99pt (3.3) 3R41(1.5) 26ls 69-7.7m 1.46s (N-C M)

Values of J in Hz.

"J(PP) in parentheses. "J(HP) in parentheses. J(HH) in parentheses. *In C, D, “I2 CD,COCD,. 'In CDCI,. *In CD,Cl,.
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'I;uble 7
"C{'H} NMR data for compounds 8-13
Compound '‘C{'H}*
P(CH;) CH, Me Ph others
8" 64.3s 28.7s 12575, 126.1s, 128.4s, 148.1s (Cq) 27.3s, 30.5s (CH,), 105.9s,
17295 (CH). 215.25 (CO),
38.65 (CMe,)
9 13.6pt (14)  70.0t€17) 28.6s  126.0s, 126.7s. 128.4s, 149.65 (Cq) 38.4s (CMe,), 233.55 (CO)
10¢ 14.3pt (13)  48.91(16) -0.5s 235.65 (CO)
1 121d(29)  67dd (36, 17)  294s  125.3s, 12595, 12795, 154,95 (Cq) 24.7dd (24, 9) (PCH,)
1.2d (14) 29.9dd (35, 24) (PCH2), 248.2dd (10. 141)
37.6d (5) (CMe,)
12" 14.2pt (13)  61.51(13) 2875 125.0s, 126.5s, 12745, 150.5s (Cq) 30.6s (NC Me,), 39.4brs, CMe,,
55.85s (CMe,), 171.2s (CN)
13 14.5pt (14) 547t (12) 20.7s  1259s, 12635, 130.7s, 131.8s, 137.55, (Cq)  31.2s (NC Me,), 65.6s, (CMe,),

176.2s (CN)

“J(CP), in Hz, in parentheses. "In C,D,. “In CD,COCD;. “In CDCI,. “In CD,Cl,.

Mg(CH,CMe, Ph)CI (1.1 ml, 0.9 M solution in Et,0) is
added. The reaction is stirred for 30 min at —50°C, then
it is left to reach room temperature and stirred for an
additional 4 h. A yellow solution and a microcrystalline
yellow solid are formed. The suspension is filtered off
and the solid residue is washed with Et,0 (30 ml). The
combined liquids are pumped off, the resulting white
solid is dissolved in Et,O (40 ml) and the solution is
concentrated and cooled down to —20°C to give pale
yeHow crystals of 1. Yield, 0.22 g, 60%.

3.1.2. Svathesis of complexes 2, 3. 5, 6 and 7

To a suspension of PdCl,(cod) (0.28 g, ' mmol) in
Et,O (20 mD) cooled to —50°C, Mg(CH,CMe, Ph)Cl
(0.8 ml, 1.3 M solution in Et,0) is added. The mixture
is stirred for 30 min at low temperature and 4 h at room
temperature. PMe, (2 ml, I M solution in THF) is then

added to the reaction and after stirring the mixture for
30 min the resulting suspension is filtered off and the
solution pumped to dryness. The residue is extracted in
Et,O0 (40 ml), centrifuged and the solution is concen-
trated under reduced pressure. Complex 2 is isolated as
white crystals by cooling the solution at —20°C
overnight. Yield, 0.28 g, 70%.

Complexes 3 and 5 are obtained as yellow or white
crystals in 50-55% yield following the preparation
described above for 2. Pd(n’-CH,CH ,-o-
Me)CI(PMe,) (6) is prepared in a similar fashion but
the reaction mixture is treated with only 1 equivalent of
PMe,. Orange crystals of 6 can be isolated from Et,0-
CH,Cl, (1:1) solutions in 50% yield.

The synthesis of 7 is carried out in low temperature
THF solutions and the :ddition of the PMe; must be
done prior to the addition of | equivalent of

Table 8
'H and *'P{'H} NMR data for compounds 14-21°
Compound  ""P{'H) 'H
P(CH,"  CHS Me Ph¢ Bp*
14 - 1055  0.52d(9.6)  2.05brs 1.39s 6.98t. 7.20t, 7.99brd (7.4)  5.99t, 5.96t. 7.65brd, 7.54brs,
7.03brs (CH-pz) (2.0)
15 —8.8s 0.784 (9.9)  0.82br, ().60br 0.15s 5.95m, 7.00d, 7.44d, 7.57d,
7.61d (1.5)
16 —9.5s 0.68d(9.6)  1.48dd, 2.73m (10.1) 1.61s 1.37s  7.06t. 7.25, 7.78d (7.2) 2.00s, 2.33s, 2.38s, (1:2:1)
(19.6)" (Me-pz), 5.57s, 5.59s (CH-pz)
17 - 8.7s 0.84d (9.7) —0.09dd (12) (159)",  0.21s 2.01s, 2.30s , 2.32s, (1:2:1)
1.23dd (2.4 (11.9) (Me-pz), 5.58s, (CH-pz)
18 —163s  0.70d (9.6)  3.27d, 3.38d, (19.6)" 1.235 1.39s  7.05m, 7.10m. 7.30m 1.89s, 2.08s, 2.325, 2.33s
(Me-pz), 5.58s, 5.60s (CH-pz)
19 - 1625  0.76d (9.0)  2.65brs 0L.01s 5.97s. 5.89brs, 6.91s, 7.55s.
7.60s, 7.65s
20 —166s  0.63d(9.8;  3.26brs 1.30s 7.15¢, 7.221, 7.27d (7) 5.91brs, 5.95brs, 6.94brs,
7.66brs, 7.72brs (CH-pz)
21 —~158s  0.85d(9.7)  2.54d.2.89d (15.6)" 0.04s 1.92s, 2.28s, 2.30s, 2.35s

(Me-pz), 5.57s, 5.59s (CH-pz)

J values in Hz. i
“In C,D,. "J(HP) in parenthescs. *J(HH) in parentheses.
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Mg(CH,SiMe;)CL. Colorless crystals of 7 are obtained
from concentrated ether solutions in 74% yield.

3.1.3. Reaction of Pd(CH,CMe,Ph)CI(PMe,), with
NEt,: Synthesis of Pd(C, H,-0-CMe,)Cl(PMe ), (4)

A toluene solution (20 ml) of 2 (0.1 g, 0.23 mmol) is
treated with excess of NEt; (0.2 ml, 2 mmol). The
mixture is refluxed for 3 h under nitrogen. The solvent
is removed under reduced pressure and the residue
dissolved in Et,0 (20 mi). The ether solution is concen-
trated and cooled to —20°C to give pale yellow crystals
of 4. Yield, 60%.

3.2. Reactions of alkyl-Pd(1) complexes with CO: For-
mation of acvl-Pd(1l} derivatives

3.2.1. PdIC(OI)CH,CMe,PhICl(cod) (8) and
Pd[C(O)CH,CMe, PhICI(PMe ), (9)

Complex 1 (0.2 g, 0.52 mmol) is dissolved in THF
(30 ml) and the solution is cooled to —50°C. CO is
bubbled through the solution for 15 min. The solvent is
then removed under vacuum and the white solid residue
is extracted in 30 ml of a CH,Cl,:Et,O (1:1) mixture.
Pale yellow crystals of 8 are obtained, in 93% yield, by
cooling the solution at —20°C.

The same procedure is employed for the synthesis of
9. starting from the corresponding alkyl 2. 9 is isolated.
quantitatively, as white crystals from Et,O solutions.

3.2.2. Pd[C(O)CH,SiMe  ICI(PMe,), (10)

Compound 7. (0.1 g, 0.26 mmol) is dissolved in THF
(40 ml). The solution is transferred, via cannula, to a
pressure vessel which is charged with 2 atm of CO. The
reaction is stirred for 20 h and after removing the excess
of pressure, the solvent is evaporated under vacuum.
The solid residue is dissolved in Et,O (20 ml) and the
solution is filtered off and pumped off tc dryness,
resulting in analytically pure pale brown solid in quanti-
tative yield.

3.2.3. Svnthesis of Pd(COCH,CMe, Ph)Cl(dmpe) (11)

To a THF (30 mi) solution of 1, (0.2 g, 0.5 mmol),
cooled to —50°C, dmpe (5.5 ml, 0.1 solution M in
Et,0) is added. The reaction is stirred at —50°C for 30
min and 2 h at roem temperature. The solvent is
pumped oft and the residue is extracted in a 1:] mixture
of CH,Cl,: petroleum ether (30 ml). The volume is
reduced under vacuum and the concentrated solution is
kept at —20°C overnight, yielding colourless crystals of
11 in quantitative yield.

3.3. Reactions with CNBu': Synthesis of iminoacyl com-
plexes

3.3.1. PdlC(NBu')CH,CMe, PhICI(PMe, ), (12)
Pd(CH,CMe, Ph)CI(PMe;), (2) (0.15 g, 0.35 mmol)
is dissolved in 20 ml of THF and CNBu' (0.35 mi, | M

Table 9
"C{'H} NMR data for compounds 14-21°
Compound "C{'H)
P(CH)) CH, Me CH(Ph) Bp’ others
14 14.3d (3D 3. 7brs 3L 127.1s, 104.3s, 104.0s, 139,05, 138.05, 41.7s
124.95. 135,65, 135.3s (CH-pz) (CMe,
153.65 (Cq)
1§ 15.0d (32) 33dM 2.2 104,15, 104.25, 13525, 138.5
s, 139.1s (CH-pz)
16 15.1d (31) 3lds 27.9s, 124.8s, 12.6s, 12.7s, 14.55, 14 8 41.1s
28.08 126.2s, (Me-pz). 104.8s, 105.4s (CH-pz): (CMe,}
127.95, 143.85, ldd.ds, 1458, 147.05 (Cy-pz) )
154.05 (Cq)
17 16.1d (32) =204 (8) 1.5s 1255, 12,75, 1448, 1485
(Me-pz), 10425, 104,75 (CH-p2).
143.5s, 143.9s, 14545, 146.9s (Cy-p2)
18 14.0d (29) 63.3d (16) 29.8s, 125.1s, 12.5s, 12.7s, 13.4s, 144 37.3s
28.1s 126.1s, (Me-pz), 104.6s, 104.9s (CH-p2). (CMe,)
143.7 (Cy) [43.65. 14435, 146,45, 14755 (Cg-pz) 23305 (CO)
19 14.8d (29) 47.0d (16) ~-10s 104,15, 104.ds, 13525, 135.6s. 233.35(CO)
139.5s. 140.0s (CH-pz)
20 14.0d (30) 66.6d (16) 28.5s 125.3s, 104.25, 104.5s, 135.1s. 139.5s. 37.4s
125.95, 140.25, 145.7s (CH-pz) (CMe,)
148.8s (Cq) 23235 (C
21 14.5d (29) 46.3d (14) -0.8s ! 1245, 12,68, 1375, 14.5s 235.5s ((C(?))

(Me-pz). 104.7s. 105.1s (CH-pz),
143.7s. 144.3s. 146.4s. 147.45 (Cg-pz)

“In C,D,: J(CP) values, in Hz, in parentheses.
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solution in THF) is added to the solution at room
temperature. After stirring for 2 h, the solution is pumped
to dryness and the remaining solid is dissolved in Et,O
(15 ml). Cooling the yellow solution to —20°C pro-
duces yellow crystals of 12 (0.14 g) in 80% yield.

Compound 13 is isolated as yellow crystals (60%
yield) following the same procedure.

3.4. Synthesis of derivatives
bis(pyrazolyl)borate ligands

containing

3.4.1. BpPd(CH,CMe, Ph)(PMe,) (14)

To a THF solution (40 ml) of 2 (0.1 g, 0.23 mmol) at
—20°C, a solution of KBp (0.05 g, 0.26 mmol) in THF
(10 ml) is added. The resulting yellow suspension is
stirred for 1 h at low temperature and 4 h at room
temperature. The solvem 1s evaporated under reduced
pressure and the remaining solid is extracted in
petroleum ether (30 ml). The solution is filtered off to
ciiminate the inorganic salts and kept at —20°C for
several hours. Complex 14 is isolated as pale yellow
crystals. Yield: 48%.

Compounds 15-17 are prepared according to the
same procedure.

3.4.2. Bp® 2d[ClO)CH,CMe, Phl(PMe;) (18)

To a solution of 9 (0.19 g, 0.42 mmol) in THF (40
ml), cooled to —2¢°C, KBp* (0.10 g, 0.42 mmol) in
THF (10 ml) is added. A yellow suspension is inmedi-
ately formed and is stirred for ca. 6 h at room tempera-
ture. The solvent is pumped off and the solid residue is
extracted in petroleum ether (20 ml). The solution is,
after centrifugation, concentraied under vacuum and
kept at —20°C overnight to give colourless crystals of
18 in 35% yield.

Complex 19 (43% yield) is obtained following the
same preparation.

3.4.3. BpPd[C(O)CH,CMe, Phl(PMe,) (20)

Complex 14 (0.15 g, 0.33 mmol) is dissolved in THF
(40 ml) and CO is bubbled through the solution for 15
min. The resulting colourless solution is taken to dry-
ness and the solid residue is dissolved in a (2:1) mixture
of pentane:petroleum ether (30 ml). Colorless crystals
of 20 are obtained by cooling the solution down to
—20°C. Yield, 0.08 g, 50%.

Compound 21 is prepared in the same fashion in
60% yield

3.5. X-ray structure determination

A colorless crystal of prismatic shape was resin
epoxy coated and mounted in a Kappa diffractometer.
The cell dimensions were refined by least-squares fit-
ting the 6 values of the 25 reflections with a 26 range
of 17-30°. The intensities were corrected for Lorentz

and polarization effects. Scattering factors for neutral
atoms and anomalous dispersion corrections for Pd, P
and Si were taken from the literature [61]. The structure
was solved by Patterson and Fourier methods in the
centrosymmetric P2, /n space group. An empirical ab-
sorption correction [62] was applied at the end of the
isotropic refinements. A final refinement was under-
taken with unit weight and anisotropic thermal motion
for all atoms except the hydrogen atoms that have been
refined isotropically. The hydrogen atoms were in-
ciuded with fixed isotropic contributions at their calcu-
lated positions. No trend in AF vs. F, or sin 6/A was
observed. Final difference synthesis showed no signifi-
cant electron density. Most of the calculations were
carried out with the X-Ray 80 system [63]. Atomic
coordinates for these structures have been deposited
with tlie Cambridge Crystallographic Data Centre. The
coordinates can be obtained, on request, from the Direc-
tor, Cambridge Crystallography Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK.
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