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Abstract 

The complex PdCl,(cod) (cod = Id-cyclooctadiene) reacts with one equivalent of R(Mg)CI (R = CH,CMe,Ph, CH,SiMe,. 
CH $,H,-o-Me) to yield monoalkyl derivatives of composition Pd(R)Cl(cod). The cyclooctadiene lipand is readily displaced by dmpe 

(dmpe = I .2-bis(dimethylphosphino)ethane) and PMe, to generate Pd(R)CI(L,) (L, = (PMe,),, dmpe) of which, the complex 
Pd(CH ,CMe, PhKI(PMe 3 I2 thermally isomerizes to the palladium aryl Pd(C,H ,-o-CMe3)CI(PMe q I2 in the presence of catalytic 

amounts of NEt ?. Carbonylation of the alkyd derivatives affords acyl complexes Pd(COR)C)(L, 1 and related iminoacyl derivatives have 

also been obtained by the analogous reaction with trot-butyl-isocyanide. New alkyd and acyl sp~irs containing bis(pym/.olyl)bor~lt~ 

ligands have been prepared by halide mctiltheais in the Pd(R/COR)CI(PMe,), complexes. During the courst’ of these reactions one 

equivalent of PMe , is liberated. The complex Bp ’ Pd(CH ,SiMc 3 )(PMc 3 1 has been structurally characteri/.cd by X-ray crystallography. 
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1. Introduction 

Interest in the organometallic chemistry of palladium 
derives largely from its pivotal role in a number of 
important catalytic cycles. These include, olefin oxida- 
tion, the oligomerization of olefins, dienes and 
acetylenes, carbonylation, vinylation, acetoxylation, iso- 
merization, halogenation, coupling of arenes [I--3]. In 
most of these processes, intermediates containing Pd-C 
G 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 [~-IS]. In this paper, we report on the 
synthesis, characterization and reactivity of some alkyl 
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derivatives of Pd(lI) containing PMe, and dmpe as 
coligands. 

2. Results and discussion 

When one equivalent of Mg(CH ,CMe, Ph)CI is added 
to a cold suspension of PdCl,(cod) (cod = I .4- 
cyclooctadiene) in Et,O, a yellow solution results from 
which a yellow microcrystalline solid can be isolated in 
good 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 )l [ 16 181. 

Mg(CH2CMe2Ph)Ct 
PdClp(cod) - Pd(Ct.zCMe2Ph)Cl(cod) 

-MgC12 
(1) 

1 
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Complex 1 is moderately stable in solution and in the 
solid state, but the diolefin &and 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 = I,?- 
bis(dimethylphosphino)ethane]) are prepared in moder- 
ate to good yields (Eq. (2)). Complex 2 can also be 
directly obtained by addition of 

2P 
- Pd(CH#Ule~Ph)CI(P2) 

P = PMe3, 2 
112 dmpe, 3 

(2) 

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 [ 191 dialkyl cis-Pd(CH ?CMe, Ph),(PMe, I2 was 
obtained instead. A related palladium bis-alkyl com- 
plex has been reported to result from the reaction of 
PdCl,(bipy) with I equiv of LiCH,CMe, in which the 
dialkyl complex Pd(CH$Me,),(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 31 1 P{ H} NMR spectrum 
(A= - 14.9). 

Obviously, complex 3 exhibits a cis disposition of 
the chloride ard the neophyl groups. Two inequivaient 
y,nd mutually coupled P nuclei are observed in the 

P(’ H) NMR spectrum ( S, = 24.2, S, = 33.5, J(AX) 
= 29 Hz). In this case, the methylene carbon of the 
qeophyl ligand is evidenced by a doublet (S = 40.6, 
-J(CP) = 117 Hz) as a result of its coupling with the P 
trms 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 +t~rf- 
butylphenyl derivative Pd(C, H ,-+CMe, )Cl(PMe 1 ), 
(4). when a toluene solution is heated to reflux in the 
presence of triethylamine as a catalyst. The NMR 

Me$ 
Me+ 

Pd 

Cl’ ‘PMe3 

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 ‘?{I H} NMR spectrum contains 
only the signals expected for a CMe, group. in addi- 
tion, four aromatic C-H resonances and two signals for 
quaternary 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 [23-281. 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 ZC,H,-o- 
Me)CI, the formation of a white microcrystalline precip- 
itate was observed. This is assumed to be 
Pd(CH ?C,H ,-o-Me)Cl(cod), although it was not iso- 
lated. When 2 or 1 equiv of PMe, are added to the 
above mentioned suspension, the $-benzylic and the 
$-pseudoall 1’ d y IC erivatives 5 and 6 can be obtained in 
55 and 50% yield, respectively. These complexes are 

H3C 

H2 
M%P, ,c 0 

Pd 
-a 

Cl ’ ‘PMe3 

5 

MQP, 
Pd-‘:) 

CH3 

Cl’ ’ 
b 0 

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 $ derivative 5 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 [29-311. For the 

P 
seudoallylic complex 6. doublets are observed in he 
H NMR spectrum for the PMe, (S 1.29 ppm, ‘J(HP) 

= I I. 1 Hz) and for the Pd-CH, groups (S 2.83 ppm, 
%HP) = 2.7 Hz). A comparison of the spectroscopic 
data of 6 with those of the Ni complex Ni(q’- 
CH &, H ,-o-Me)CI(PMe, 1, previously prepared and 



fully characterized by our group [32] strtiugly supports 
the proposed $-pseudoallylic structure of 6 [33.34]. 

Related Pd(I1) alkyl derivatives can also be obtained, 
for example the complex Pd(CH z SiMe, )CI(PMe 3 I2 (7) 
(Eq. (3)). It is worth mentioning 

PdC12(cod) 
1) 2 PMe3 

* Pd(CH2SiMe3)CI(PMe& 
2) Mg(CH$AMe&I (3) 

7 

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. 

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 
q’-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 IS min at room temperature and 1 
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 bc carried out at - 50°C ( I atm 
CO, IS min) due probably to the lability of the coordi- 
nated okf’in. 

Pd(R)CULz) 
co 

- Pd(COR)CI(L2) 

R ??CH2CMe2Ph, L2 = cod, 8 
R = CH2CMe2Ph, L = PMe3,9 
R = CH2SiMe3, L = PMe3, 10 

(4) 

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

dmpe 
Pd(COCH2CMe2Ph)Cl(cod) - Pd(COCH2CMe2Ph)Cl(dmpe) 

(5) 
11 

The new acyl derivatives are readily characterized by 
spectroscopic methods. They all display a strong ab- 
sorbance in their IR spectra, assigned to v(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)-v’-acyls, is simi- 

lar to other values reported for the CO stretching fre- 
quency of some cis-acetylpalladium complexes [3S]. 
For the trwrls species 9 and 10, the methylenic carbon is 
evidenced in the “C{‘W NMR spectra as a triplet, 
coupling to two equivalent phosphorous nuclei, with 
coupling constants of IS Hz (10) and 17 Hz (9), while 
the acyl C=O carbon atom resonates as a singlet in 
both cases at ca. 235 ppm, indicating that ‘J(CP) is 
larger than XCP) for the acyl group of these mm 
complexes [36]. For the related nickel derivatives of 
composition tr-crns-Ni(COCH1R)X(PMe,)2 [37], the sit- 
uation is in general the opposite, with ‘J(W) 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 trms P nuclei, in good agreement with other 
values reported previously in the literature [38-401. 

Iminoacyl complexes can also be prepared by inser- 
tion of tort-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 5 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) 

;BU’ 

CNBu’ 
Pd(CH2R)CI(PMe3)2 p 

Me3P,pd,C-CH2R 

Cl ’ ‘PMe3 (6) 

R = CMe2Ph, 12 
C6H4-o-Me, 13 

and I6 IO Cl11 ~ ’ (13). NMR data are also in agreement 
with the q’-iminoacyl structure proposed for these com- 
plexes and are similar to analogous compounds previ- 
ously described [41]. Thus, the C{’ H} NMR spectrum 
of 13 shows the Pd-C(NR)R’ resonance as a singlet at 
17 I.2 ppm, while the methylene carbon appears at 61 .S 
ppm (t. %CP) = I3 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(W) (20-Z Hz) > ‘J(CP) (6-8 Hz)). 

Finally. we have studied the reactivity of some of the 
alkyl complexes described above towards the pyra- 
zolylborate anions Bp (dihydrobis(pyrazoly1)borate) and 
Bp * (dihydrobis( 3,S-dimethylpyrazolyl)borate). 

Poly( pyrazolyl)borates 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) 



have been prepared 144.451 and we have previously 
reported the reactivity of the palladium aryl complex 
Pd(Ph)Br(PMe,), towards the bulky hydrotris(5terr- 
butylpyrazolyl)borate anion; in that case. 17’ coordina- 
tion of the tridentate ligand was achieved [46]. the 
adoption of such a coordination mode undoubtedly is 
steric in origin. When I 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(CH2R)CI(PMe3)2 
KBp’ 

e (Bp’)Pd(CH$)(PMe3) 

R = CMe2Ph, 2 
SiMe3, 6 

R = zre2$, Bp’ = Bp; 14 

SiMz3, ’ 
BP 916 
BP, 16 

Si Me3, BP’, 17 

(7) 

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 ? R)(PMe, ). 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-S2] to explain the observed equiva- 
lence of the mcthylenic protons (Scheme I ). Actually, 
under the conditions of the NMR experiment (20°C. 500 
MHz) the fast exchange limit bas not been completely 
reached, since the Pd-C H, signals are still broad. with 
“J(HP) remaining unresolied. In accord with the flux- 
ional mechanism proposed, each pyrazolyl ring displays 
distinct well-resolved resonances. Also, the observation 
of a sharp doublet (%CP) = 7 Hz) for the methylene 
carbon nucleus of 15 indicates thal no PMe, inter- 
change is taking piace under these condition>. As ex- 

Scheme I. 

Cl 

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

petted, 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- 

Tahk I 
Crystal and rcfinemcnt drrta ihr compkx 17 

3a 

FOl7llUlil 
. . 

(‘,,I-1 ,,,RN,Pl’dSI 
E’ormula weight 472.7 
<‘lySlill hjM311 monoclinic 
Space gvup I” -1 /II 
t, 0;) IO.h‘E(Z) 
h (A, 20..536(2) 
(’ (A, I I .326C3 
p klt!g) W.Oh(2 1 
v bi3) 2455.9(6) 
% 4 
Crystal dimensions (mm ) 0. I X 0. IS x 3. IS 
IIL~d,k (g cm ’ ) I.28 
p km ’ 1 X.6 
Temperature (K 1 295 
Diffractometer I;,nraf-Noniu.\ 
Monochmmator praphitrl 
KadLttion MO K cy ( A = 0.7 I tlhc) ,i) 
2 0 range (deg) 2--w 
Scan technique c1,,/2H 
Data colkwd ( - 12. 0. 0) to ( 12. 24. i 7) 
Unique data 3.?dc, 
Ohwvcd ref!w!ion\. !,, > .3v( /,, j 2613 
K,“, (r/c) 3.1 
Standard reflections z/s7 
Weighting scheme unit 
K = Clh:FI/CI F],I 3.6 
R,, =(~~‘~~F/T,r.l~;,l~)“-’ 3.8 
Maximum shift/erPor 0.03 
Absorption correction range 0.82 - 1 . I _ 



Tahlc 2 
Selected IWnd distances t ji) illld illlgiCS (dcg) for compound 17 

Pd-P 2.2’4(2) N(3)-Pd-C( I) ‘mHZ) 
Pd-N( 1) 2.1X5) N( I )- Pd-C( I 1 173.6(Z) 
Pd-N(3) ‘.09X(-I 1 N( I )-Pd-N(Z) K2.h( 2) 
Pd-C( I) 2.015(h) P- Pd-CY I 1 87.9(Z) 

P-Pd--N(3) I76.7( 1) 
P-Pd-N( I) 973 1) 

cd 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. 1 
shows an ORTEP [53] perspective view of the molecule 
and Tables I and II collect relevant structural data. 
Complex 17 has a distorted square planar structure, in 
the solid state. the angles N( I I-Pd-C( I) (174.6(Z)“) 
and P-Pd-N(3) ( 176.7( I Y) display slight deviations 
from the ideal value of !80”. 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. I7 average for the 
Pd-N distances in the Pd(IV) complexes Tp’PdR, [45] 
or 2.02 average for the Pd-N disiances in Tp,Pd [%I). 
The distance Pd-P of 2.224(Z) ,I compares well with 
other examples in the IiJeralure [6]. while the Pd-C( I) 
separation of 2.045(h) A is within the usual range fol 
Pd(Il)-C(sp.‘) u bonds [45.55-583. 

Finally, acyl compounds derived from complexes 
14-17 have been prepared by two different synthptic 

methods. as summarized in Eqs. (8) and (9). Thus, the 
pa-*ent acyls 9 and 10 have been employed for the 
synthesis of complexes 18 and 19, by reaction with the 
corresponding KBp’ 

Pd(COCH2R)CI(PMe3)? 
KBp’ 

- (Bp’)Pd(COCHzR)(PMe3) 

R = U&Ph, Bp’ = BP’, 18 
BP, 19 3, 

(8) 

(Bp’)Pd(CHzR)(PMe3) -.?!-+ (Bp’)Pd(COCH,R)(PMe,) 

R = CMezPh, Bp’ = Bp, 20 
SiMe3, BP’, 21 

(9) 

salt. Alternatively, the Bp’ derivatives 14 and 17 were 
reacted with CO (2 atm) at room temperature, lo 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 l640- 1680 cm- ’ in their IR spectra as- 
signed to v(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 af apprecia- 
ble rates at room temperature, while for the Bp * deriva- 
tives 18 and 21. this inversion process k suppressed on 
the NMR time scale. under the S~~IIW conditions. 

-- 
chlli”‘lll”i Mlc~o;tniti> 4~4.’ Ii< (Cl11 ’ )” 

(’ (‘4 1 I-I (‘#I 1 N (‘C 1 I’((’ -0) AC’-N) 

Pd(CH ,(‘Mc, PhK’llc~~~d). 1 Sh.3 (SC,.Cl) (3.7 (h.5 1 
Ptl(Cl-i:CM~;l’hlCI(PMc,),. 2 
P‘i(CHZC’M~lPh)Cl(tlmpc): 0.5 CH,<‘l,. 3 
PJK’,, H .,-~I-CMe 1 KY PMc ,I>. 4 
Pdt?q-CH~C,,II,- r,-McK’I(Pk, &. 5 
Pd(11~-CH_T,,H,-r,-Mc)CI(PMe,~. 6 

7 . WC I1 ,%Mc 1 K-1: P:& 1 ):. 7 
Pd[C(OKH,CMc, Ph]Clkod). 8 
Pd#3OK t 1 ,CMe, Ph]CI(PMe q 1:. !J 
Pd[C(O)CH 2 SiMc ,]CI(PMe i 1:. 10 
Pd[CKW-H ,CMr, Ph]Cl(dmpe). I I‘ 
Pd[C( NHu’ KY $-ML’~ Ph]lc”!QPMc t ):. 12 
I’~[C(IWI K’H yC’,,H.,-o-Mc]CI(PMc ( ):. 13 
&pPd(CiZ ,CMe, PhKPMc, ). 14 
BpPd(CH,SiMe,)(PMe,). 15 
Hp * Pd(CH ,CMc, Ph)lPhle < ). 16 
Bp’ Pd(Ct_j2SiML.~)(PMe,). 17 
Hp ’ Pd[C(O)CH ,CMc 2 Ph](PMe, 1. 18 
BpPd[C~OICH,~iMe,](P,l%c,). I9 
HpPd[CWICH ,CMe, Ph](PMe, 1. 20 
Bp’ Pd[C(OK’H ,SiMe,](PMe,). 21 

3s.s (45.0) 
3 I .9 (42.4) 
44.x (35.0) 
42.4 (42.1) 
4 I .h (40.9) 

21.6 t31.s) 

55.4 (55.5) 

44.0 (44.9) 

3’ ’ (32.3) . _.L 

SOAl (39.4) 
47.3 (47.3) 
39 I (49.3) 
37 9 (37.5) 
S2.9 15’.9) 
-I3 2 (-I.3.2) 
SZ. 1 (52.X) 
3x.4 (37.X) 
4X.# (4‘1.0) 
43. I (43.7) 

7.5 (7.3) 
0.3 (6.4) 
7.7 (7.3) 
7.2 (6.7) 
(,.(I (5.6) 
7.h (7.6) 
6. I (6. I) 
6.9 (6.X) 
7.0 (7. 1 I 

x.0 (7.9) 
7.x (7.5) 
6.7 (6.5) 
6.9 (6.7) 
7.3 (7.2) 
7.x (7.6) 
7.2 (7.0) 
6.6 (6.3) 
6.3 (6. I ) 
6.9 (7.2) 

172.5 
IhSO 
Iha? 
17’0 

2.7 (2.X) 
2.5 (2.9) 
I?.$ (lZ.1) 
13.6 ( 13.3) 
10.7 (10.7) 
Il.7 (I 1.9) 
9.9 ( 10.3) I M-2 
12.4 ( l2.h) 1655 
I l.2(1 IA1 I681 
I I.1 (I 1.2) 1638 

IbhO 
Ih20 
I so0 
1397 
IS39 
IS.39 
1536 
1 so0 
I395 
15.38 

“Cill~UliltfXl valut.3 in parentheses. 
hln nujoI Rull. 
‘Due to the high inhtahility of this compound in air. analytical datil were not obtained. 



3. Experimental details 

Microanalyses were performed by the Microanalyti- 
cal Service of the University of Seville. Perkin-Elmer 
Models 577 and 684 spectrometers were ~!‘sd for IR 
spectra, and Varian XL-200 and Bruker AMX 300 and 
AMX 500 instruments were used for NMR studie::. The 
13C 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 .lPOj. 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 sa!.; KBp’ were prepared fol- 
lowing literature procedures [59,60]. Tables 3-9 contain 
the analytical and spectroscopic data for the complexes 
prepared. 

3. I. I. Prl(CH2CMe2 PhKl~coi!) (I) 
PdClJcod) (0.28 g, 1 mmol) is suspended in Et,0 

(25 ml) a t - 50°C. To the suspension 

Table 4 
‘H and I’ P(’ H) NMR data for compounds l-7 

Compound ” P{’ HI” ‘H 

PtCH$ CH! MC Ph’ others 

I” 2.66s 1.70s 7.0&n. 7.17t. 7.SZd (7.6) cod: I .S-- I.hm. 3.93m. 5.8Sm 

2d - 14.9s I .06pt (3.3) 1 .%I (3.3) I .3Xs 7.0-7.Sm 

3’ 33.5d, 242d (29) 1.06d il0.h). I.-&Ad (9.0) IMdd (8.1. 5.4) 1.51s 7.lhrt. 7.2hrd. 7.hhrd I .S3- I .XOm (PC N,) 

4” - 15.7s 0.93pt (3.3) 1.57s 6%7.6m 

sd - 14.ss 0.98pt (3.3) 2.6ot (6.7) 2.36s 7.0~X.Om 
6’ 3.h 1.29d (I 1.1) 2.83d (2.7) i! 46s 6.9-7.h 
7” - 14.6s I .4opt (3.4) 0.3st (8.9) O.O?s 

Values of J in Hz. 
’ J(PP) in parentheses. hJ(HP) in parentheses. ‘JtHH) in parentheses. “In C,,D,,. ‘In CD,CI,. ‘In cDICOCD,. ;!ln CDCI,. 

Table 5 
“C(’ H) NMR dirta for compounds l-7 

compound ’ ’ CT{’ i-l)&’ 

PKH \ 1 01, Me I’h others 

46..ls 3O.A 123.5s. IZS.Js. I%.ls. 151.9s (C’(l) 26.5s. 29.8s (C’II 1). 100.3s. 128.0s ((‘)I). 31.9 ((‘Me,) 
. 14.opt (14) 30.8s 33 ‘\ . _._I 125.2s. I26..k I27.9,\, lSZ.7\ (Cq) 3 I .Ks 1 (‘Me, 1 

3’ 1.7.ld (30). ~1.8tI (72) 33.Od (0) 12-w. 126.6h, 127.7s. lS3.9, (Cql 23.hlli (9. 24) (P(‘l-I, 1 32.Ocld (21. 35) (I’c’tl_‘) 
. Il.‘ld(l7) 

4h 
.39.8!, ((‘Me, 1 

I.t.lpt (14) 32.7s 122.7s. Ixk 127.3s. 135.21(h). 36.0 (‘Mc t 

5” 
I so.ot (4) (Cq), IS2.6s 

IXlpt (14) 1s.4, 2 I.3 123.7s. IXSs. l29.k. 13lAbrs. 

6” 
1.37.7s (Cq). 147.5s (Cq) 

l3.9d (32) ‘3 ‘F 33 7 me.*. ,&..A 1 Xhs. 1’5 % 131). Is. 130.2hrs. _. . . I. 

7’ 
136.3s (Cq). 146.2s (Cq) 

14.4pt (14) 0.21s 3.1s 
- 

‘JKTP). in Hz, in parentheses. hln C,,D,. ‘ In CD Cl .’ ?’ ‘In CD,COCD,. ‘In CDCI {. 

Table 6 
‘H and ” P{‘H) NMR data for compounds 8-13 

Compound ‘I P(’ H}’ ‘H 
-_ 
P(CH \ It, CH! Me CH(PhY others 

8” 
- 

3 5% . . . *. I .37s 7. I -7.Sm 
9v 

2.3-LSm. -+.70brs. S.7Ohrh (cod) 
- 14.8s 

IO’ 
I .26pt (3.5) 3.1% I .4Os 7. I -7.4m 

-21.0s I .36pt (3.6) 2.39s 0.03s 
11” 22.3d. 12.3d (22) I .2 Id ( IO.71 I .34d (8.5) 
12” 

3.40s 
- 19.9 s 

1.36s 7.llt. 7.2Sd. 7.37df7.4) l.70-1.79m. l.SO-I.S9m(PCH,) 

13d 
1.07pt 13.5) 2.8hS I .S9s 7.0-7.Sm 

- 17.1 s 
I .3Os (N-C MCJ q ) 

0.99pt (3.3) 3.84t ( I.5) 2.6 Is 6.9-7.7m 1.46, (N-C/W,) 

Values of J in Hz. 

“J(PP) in parentheses. hJ(HP) in parentheses. “J(HH) in parentheses. “In C,D,. ‘In CD,COCD,. ’ In CDCI x. P ln CD,CI ,. 



Table 7 
’ 'C{' H) NMR data for compounds 8-13 

Compound ’ ‘C{’ H)” 

PKH,) CHI Me Ph others 

8” 64.3s 28.7s 125.7s. I%. IS. 128.4s. 148.1 s (Cq) 27.3s. 30.5s (CH z ). 105.9s. 
172.9s (CH). 2 15.2s (CO). 
38.6s (CMe,) 

9’ 13.6pt (I-1) 7O.Ot ( 17) 28.6s 
10J 

126.0s. 126.7s. 128.4s. 139.6sQ) 38.4s (CMe, 1.233.5s (CO) 
14.3pt (13) 48.9t (16) - 0.5s 235.6s (CO) 

11’ 12. Id (29) 67dd (36. 17) 29.4s 125.3s. 125.9s, 127.9s. 154.9sq) 24.7dd (24.9) (PCH z 1 
ll.2d(l-C) 29.9dd (35.24) (PCH2), 248.2dd (I 0. I-l I ) 

w 
37.6d (5) (CMe,) 

!4.2pt (13) 61.5t (13) 28.7s 125.0s. 126.5s. 127.3s. 15OSsQ) 30.6s (NC Mr,), 39.4brs. CMe,, 
55.8s (CMe,). 171.2s (CN) 

13h 13.5pt (14) 54.7t (I 21 30.7s 125.9s. 126.3s. 130.7s. l31.8>,, 137.5s, (Cq) 31.2s (NCMe,), 65.6s. (CMe,), 
176.2s (CN) 

“J(CP). in Hz, in parentheses. hIn C,,D,. ‘In CD,COCD,. “In CDCI,. ‘In CD,CI,. 

Mg(CH ,CMe, Ph)CI ( 1. I ml, 0.9 M solution in Et,O) 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,0 (40 ml) and the solution is 
concentrated and cooled down to - 20°C to give pale 
yellow crystals of 1. Yield, 0.22 g, 60%. 

X1.2. Syttthesis of cwtnplexes 2, 3. 5, 6 cm-l 7 
To a suspension of PdCl,(cod) (0.28 g, ! mmol) in 

Et,0 (20 ml) cooled to - 50°C, Mg(CH CMe, Ph)Cl 
(0.8 ml, I .3 M solution in Et,O) is added. The mixture 
is stirred for 30 min at low temperature snd 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,0 (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 50-55s yield following the preparation 
described above for 2. Pd(q “-CH ?C 6 H J-c~- 
Me)CI(PMe,) (6) is prepared in a similar fashion but 
the reaction mixture is treated with only 1 equivalent of 
PMe I. Orange crystals of 6 can be isolated from Et ?O- 
CH,CI, ( 1: I) 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 I equivalent of 

Table 8 
’ t-1 and ” P{’ H} NMR data for compounds 14-21” 

Compound ” P(‘H) ’ I-l 
_- 

MCH x 1” CH; Me Ph’ Bp” 

14 - 10.5s 0.52d (9.6) 2.05brs I .39s 6.9Xt. 7.20t. 7.99brd (7.4) 5.99t. 5.96t. 7.65brd. 7.54brs. 
7.03brs (C’H-pz) (2.0) 

15 - 8.8s 0.78d (9.9) 0.82br. O.hObr 0.15s 5.95m. 7.OOd. 7.44d, 7.57d. 
7.6Pd (1.5) 

16 - 9.5s 0.6Xd (9.6) I .4Xdd. 2.73m ( IO. I 1 1.61s 1.37s 7.06t. 7.251. 7.78d (7.2) 2.00s, 2.33s. 2.38s. ( I :2: I ) 
( 19.6Jh (Me-pz), 5.57h, 5.S9s (U-I-pz) 

17 - 8.7s O.X4d (9.7) - 0.09dd ( 12) ( IS.9)t’, 0.2 Is 2.01 s, 2.30s , 2.32s, (I :2: I) 
I .23dd (2.4)” ( I I .9) (Me-pz). S.%s, (CH-pz) 

18 - 16.3s 0.7Od (9.6) 3.27d. 3.38d. ( 19.6Jh I .23s I .39s 7.0.5, 7. IOm. 7.3Om 1.89s. 2.08s. 2.32s. 2.33s 
(Me-pz). 5.58s. 5.60s (CH-pz) 

19 -- 16.2s O.?hd (9.0) 2.65brs O.Ol h 5.97s. 5.89brs. 6.91~ 7.55s. 
7.60s. 7.65s 

20 

21 

- 16.6s (i.63d (9.8 i 3.26brs I .3os 7.13. 7.22t. 7.27d (7) 5.9 I brs, 5.95brs, 6.94brs, 
7.66brs. 7.72brs (Cff-pir.) 

- 15.8s 0.85d (9.7) LS4d. 2.89d ( I S.61h 0.04s 1 93s 3 ‘8s 3 30s. 2.35s . h., “._ 1, a. 
(Me-pz), 5.57s. 5.59s (CH-pz) 

J values in Hz. 
“In C,D,. “J(HP) in parenthews. ‘J(HH) in parentheses. 



Mg(CH, SiMe,)Cl. Colorless crystals of 7 art: obtained 
from concentrated ether solutions in 74% yield. 

3.2.2. Pd{CYOKH,SiMr, IClf PMtj, I? t IO) 

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

Compound 7. (0. I g, 0.26 mmo!) is dissolved in THF 
(40 ml). The solution is transferred, via cannula, to a 
pressure vessel which i(; 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,0 (20 ml) and the 
solution is filtered off and pumped off to dryness, 
resulting in analytically pure pale brown solid in quanti- 
tative yield. 

32.3. Svnthesis oj Pdf COCH, CMe, Ph~Cl~drnpe) t 11) 

3.2. Rettctims oj’ cdkyl- Pdf II) compkxes with CO: For- 
nmiun oj’ ncyl- Pdf 11) derircrtil*us 

3.2.1. Pd[C(0)CHZ CMe, Ph]Cl(cod) (8) md 
Pd~COCH,CMe, Ph]Cl( PMu, jz (9) 

Complex 1 (0.2 g, 0.52 mmoi) 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 IC!,:Et20 (1: 1) mixture. 
Pale yellow crystals of 8 are obtained, in 93% yield, by 
cooling the solution at - 20°C. 

To a’ THF (30 ml) solutioi of l-, (0.2 g, 0.5 mmo!), 
cooled to -50°C dmpe (5.5 ml, 0.1 solution M in 
Et,O) is added. The reaction is stirred at - 50°C for 30 
min and 2 h at room temperature. The solvent is 
pumped off and the residue is extracted in a I : 1 mixture 
of CH .C!,: 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. 

The same procedure is employed for the synthesis of 3.3.1. PdiCfNBu’KH,CMe, PhlClfPMe,, & (22) 
9, starting from the corresponding alky! 2. Y is isolated, PdKH ,CMe, Ph)Cl(PMe,), (2) (0. IS g, 0.35 mmo!) 
quantitatively, as white crystals from Et,0 solutions. is dissolved in 20 ml of THF and CNBu’ (0.35 ml, I M 

Cmpound “C(‘M) . 

P(CH ,) a-l, Mk! CH( PI1 1 others 

I4 

I5 

16 

I7 

I43J (3 I) 

lS.Od (32) 

lS.ld (31) 

16.ld (32) 

I -ml (20) 

l-ml (29) 

34.7hrs 

3&l (7) 

31.4s 

-ml (8) 

63.3J ( 16) 

J7.W (16) 

66.6d ( 16) 

46.3d (14) 

31.7h 

2.2s 

27.9s. 
28.0s 

1.5s 

29.8s. 
2X.Is 

- I .os 

28.5s 

- 0.8s 

127. I b. 
I24.94 . 
IS.Ms (c-q) 

1X8.4. 
126.2s. 
127.9s. 
I S-LOS (Cq) 

125.1s. 
126. I s. 
143.7 Kq) 

I’5 3s L. . . I, 
I25.%, 
148.8s (Cq, 

103.3~. lO4.Oh, 130.0s. 13X.6,\. 
135.6~. 135.3s WH-p;/.) 

lO-k.1~. 104.2s. 135.2s. 138.5 
h, 139. Is (CH-pz) 
12.6s. 12.7s, 14.5s. I4 8a 
(M+p/.). I04.8~. 105.4s KH-pr.1; 
143.8s. 144.3s. I45.Xs. 147.0s (Q-p?.) 

12.5s. 12.7s. 14.4s. lS.X> 
(Me-p/.), l04.Z~. I04.7~ (C’H-pd. 
143.5~. 143.9s. 145.4s. 146.9s K$pr.) 
12.5s. 12.7s. 13.4s, 14.3s 
( W-pd. I04.6~. 104.0s ((‘H-p/.). 
143.6s. I44.3.\. 146.4s. 147.5s Q-pd 
104.1s. Io4.4,. 135.3. 135.6s. 
I39.5s. l4O.Os (C’H-pd 
IO4.2s. 104.5~, 13S.ls. 139.5s. 
140.2s. 145.7~ ( C’H-pa) 

12.4s. 12.6s. 13.7s. 14.5s 
(Mu-pd. 104.7s. 105. Is (CH-pd. 
143.7s. 144.3s. 146.4s. 147.4s (Cq-pd 

-I 1.7s 
(CMe, i 

41.1s 
((‘Me?) 

37.3s 
(CM+) 
233.(& (CO) 
233.3.\ (CO) 

37.4s 
(CM+) 
232.3s (CO) 

235.5s (CO) 

“In C,Q,: 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,0 
( 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. Syrz thesis rlf dericatires contuining 
bis~p~ru,lol~l)borut~ ligands 

3.4.1. BpPd(CH,CMe2 Ph)fPMe,) (14) 
To a THF solution (40 ml) of 2 (0.1 g, 0.23 mmoi) at 

- 20°C, a solution of KBp (0.05 g, 0.26 mmol) in THE’ 
( 10 ml) is added. The resulting yellow suspension is 
stirred for 1 h at low temperature and 4 h at room 
temperature. The soivear 1s evaporated under reduced 
pressure and the remnming solid is extracted in 
petroleum ether (30 ml). The solution is filtered off to 
eliminate the inorganic salts and kept at - 20°C for 
several hours. Complex 14 is isolated as pale yellow 
crystals. Yield: 48%. 

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

3.4.2. Bp * pd[C’c OK’H,CMe, PhlfPMe,) (18) 
To a solution of 9 (0.19 g, 0.42 mmoi) in THF (40 

ml), cooled to - 2O”C, KBp * (0.10 g, 0.42 mmoi) in 
THF ( 10 ml) is added. A yellow suspension is inmedi- 
ateiy 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, conc?vtr:lted under vacuum and 
kept at - 20°C overnight to give :o!ouriess crystals of 
18 in 35% yield. 

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

3.4.3. BpPd[CCO)CH2 CMe, Phlf PMe., ) (20) 
Complex 14 (0.15 g, 0.33 mmoi) is dissolved in THF 

(40 ml) and CO is bubbled through the solution for 15 
min. The resulting coiouriess solution is taken to dry- 
ness and the solid residue is dissolved in a (2: 1) mixture 
of pentane:petroieum 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 deteminutiorl 

A colorless crystal of prismatic shape was resin 
epoxy coated and mounted in a Kappa diffractometer. 
The ceil dimensions were refined by least-squares fit- 
ting the 8 values of the 25 reflections with a 20 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 P 2, /IZ 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 ail atoms except the hydrogen atoms that have been 
refined isotropically. The hydrogen atoms were in- 
cluded with fixed isotropic contributions at their caicu- 
iated positions. No trend in AF vs. F, or sin 8/h 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 the Cambridge Crystallographic Data Centre. The 
coordinates can be obtained, on request, from the Direc- 
tor, Cambridge Crystallography Data Centre, 12 Union 
Road, Cambridge CB2 iEZ, UK. 
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