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The oxidative addition of 2-(chloromethyl)pyridine to tetrakis(triphenylphosphine)palladium(0) in
toluene at 100°C gave [{PdCl(CsH4N-2-CH2)PPhs}s] (1a), which was characterized by analytical, molecular-

weight, and IR data as well as *H, 3'P, and *C NMR spectroscopy.

The chloride ligand was readily replaced by

other halides, whereas tertiary phosphines such as diphenylmethyl-, phenyldimethyl-, and triethylphosphines
cleaved the bridge after substitution of triphenylphosphine to result in the monomeric trans-[PdCl(CsH4N-2-

CH_3)(PR3)2] complexes.

Reactions of 1a with carbon monoxide and other reagents are also reported. The

corresponding 3-picolyl complex [{PdCl(CsHsN-3-CHz)PPhs}x] was also prepared, but could not be well

characterized because of lower stability and solubility.

Organopalladium complexes have been investi-
gated extensively,! since they play important parts in
organic synthesis as catalysts and/or intermediates.?
The benzylpalladium(II) complexes prepared by oxi-
dative addition of benzyl halides to palladium(0)3
have attracted special attention of many workers.
Thus Stille and his collaborators revealed the Sn2
nature of the oxidative addition of benzyl chloride and
related compounds to Pd(PPhs)s; and PdCO(PPhs)s
based on the stereochemical investigations. Carbon
monoxide is readily inserted into the Pd-C bond,®
leading to synthesis of ketones® and esters.”
Oxidative addition of benzyl chloride to palladium
atoms yielded dimeric n3-benzylchloropalladium(II),®
and the same n3-benzylpalladium(II) structure was
also realized by the reaction of trans-benzylchloro-
bis(triethylphosphine)palladium(II) with sodium
tetraphenylborate in ethanol.?

The benzylpalladium(II) complexes have thus been
studied extensively, but investigation of the picolyl-
palladium(II) complexes are rather few, although sev-
eral papers have appeared in reporting the picolyl
complexes of Cr,19 Co,!V) and other metals such as Mn,
Mo, and Fe,'2 and their reactions with various electro-
philes.’® Roberts and Klabunde® obtained a picolyl-
palladium(II) complex by cocondensation of 2-
(chloromethyl)pyridine with palladium vapors, but
the exact structure has not been clarified. Recently
Hiraki and his collaborators reported several 2-
picolylpalladium(II) complexes.’¥ As an extension
of our studies on the o-pyridyl complexes,15-17) this
paper reports on the properties and structures of some
picolyl-palladium(II) complexes. A preliminary
account and X-ray molecular structure of the 2-
picolylpalladium(II) complex have previously been
reported.18)

Experimental

Air-sensitive compounds were handled in an atmosphere

of nitrogen using solvents and reagents which had been
redistilled under and purged with nitrogen, respectively.
Tetrakis(triphenylphosphine)palladium(0), Pd(PPhs)s, was
prepared according to literature.l® 3-(Chloromethyl)-
pyridine was prepared by treating the hydrochloride com-
mercially available with triethylamine in diethyl ether.
Tertiary phosphines and other reagents were purchased and
used without further purification.

Preparation of the [Chloro(2- and 3-picolyl)(triphenyl-
phosphine)palladium(II)] Complexes, [{PdCI(CsH4N-2-
CH2)PPhs};] (1a) and [{PdCI(CsHN-3-CH2)PPhs}.] (4).
To a solution of Pd(PPhs)s (3.15 g, 2.73 mmol) in toluene
(50 cm3) was added 2- or 3-(chloromethyl)pyridine (3.48 g,
27.3 mmol) and the mixture was heated to 100°C for 30
min. The mixture was then left standing at room tempera-
ture for 4 h to deposit a yellow-green precipitate, which was
filtered and dissolved in dichloromethane (50 cm3). After
filtration, the solvent was distilled away under reduced
pressure to obtain a yellow solid of 1a or 4 in 73 and 15%
yields, respectively, which was recrystallized from a mixture
of dichloromethane and methanol (1 : 5 by volume).

Preparation of the Bis[chloro(2-picolyl)(diphenylmethyl-
and phenyldimethylphosphine)palladium(Il)] Complexes,
[{PdCl(CsH4N-2-CH3)PPh;Me};] (1b) and [{PdCl(CsH4N-2-
CH3)PPhMe;}:] (Ic). To a solution of la (0.28 g, 0.28
mmol) in dichloromethane (10 cm3) was added PPh:Me
(0.43 g, 2.2 mmol) or PPhMe: (0.30 g, 2.2 mmol) to change
the color of solution from yellow to pale orange-yellow.
After the reaction at room temperature for 3 h, the solution
was concentrated to ca. 3 cm? by evaporation under reduced
pressure. The concentrate was charged onto a column (30
cmX1.5 cm d) of Aluminiumoxid 60 PFass (Type E,
Merck). Petroleum ether (150 cm3) was passed through the
column to elute the excess phosphine, and dichloromethane
(70 cm?®) was used as the developing solvent. The eluate
was concentrated to 10 cm3 again, and petroleum ether (50
cm3) was added to the concentrate to precipitate yellow
crystals of 1b or 1c in 62 and 45% yields, respectively, which
were recrystallized from a mixture of dichloromethane and
diethyl ether (1:6 by volume).

Preparation of the Bis[bromo- and iodo(2-picolyl)-
(triphenylphosphine)palladium(Il)] Complexes, [{PdX-
(CsH4N-2-CH2)PPhs};], X=Br (1d) and I (1le). A methanol



June, 1989]

solution (15 cm3) of sodium bromide (0.309 g, 3.00 mmol) or
iodide (0.450 g, 3.00 mmol) was added to a dichloromethane
solution (30 cm3) of 1a (0.15 g, 0.15 mmol). The mixture
was allowed to react at room temperature for 3 h and then
concentrated to ca. 20 cm3 by evaporation under reduced
pressure to deposit a yellow (1d ) or deep yellow (1e) precipi-
tate in 80 and 65% yields, respectively. They were recrystal-
lized from a mixture of dichloromethane and methanol (1:5
by volume).

Preparation of the trans-Chloro(2-picolyl)bis(triethyl-
phosphine and phenyldimethylphosphine)palladium(II)
Complexes, trans-[PdCI(CsH4N-2-CH3)(PRs)2], PR;=
PEt3 (2a) and PPhMez (2b). To a solution of 1a (0.35 g, 0.35
mmol) in dichloromethane (10 cm3) was added PEts (0.50 g,
4.2 mmol) or PPhMe; (0.59 g, 4.3 mmol), when color of the
solution changed from yellow to pale orange-yellow. After
the reaction at room temperature for 3 h, the solution was
concentrated to ca. 1 cm?® by evaporation under reduced
pressure. Diethyl ether (30 cm3) was added to the concen-
trate and the mixture was cooled to —78°C to precipitate
white to pale yellow crystals in 15 (2a ) and 62% (2b) yields,
respectively. They were recrystallized at the Dry Ice-
methanol temperature from a mixture of dichloromethane
and diethyl ether (1:10 by volume) containing a small
amount of free phosphine.

Preparation of Chloro(2-pyridylacetyl-C,N)(triphenylphos-
phine)palladium(II), [PdCI(CsH4N-2-CHzCO-C, N)PPh;] (3).
Carbon monoxide was bubbled at ambient temperature and
pressure for 8 h through a suspension of 1la (0.15 g, 0.15
mmol) in tetrahydrofuran (THF) (50 cm3) to result in a pale
yellow clear solution. Then the vessel was stoppered and
the reaction was allowed to continue for further 4 h. Then
the slightly reddish solution was concentrated to ca. 10 cm3
by evaporation under reduced pressure to precipitate white
crystals in a 47% yield. A mixture of dichloromethane and
diethyl ether (1:5 by volume) was used for recrystallization.

Reaction of la with Phenyldimethylphosphine. Four
different quantities of phenyldimethylphosphine (0.009 g
(0.065 mmol), 0.027 g (0.0195 mmol), 0.032 g (0.23 mmol),
and 0.054 g (0.39 mmol)) were added to four tubes of which
each contained a solution of 1a (0.065 g, 0.065 mmol) in
CD2Cl: (0.3 cm3). Concentrations of PPhMes were 0.22,
0.65, 0.77, and 1.3 mol dm-3, respectively, 1a being 0.217 mol
dm~3 in each solution. These solutions were subjected to
'H NMR assay of 1c and 2b formed.

Reaction of la with Hydrogen Chloride. A dichloro-
methane solution (15 cm3) of hydrogen chloride (0.07 mol
dm-3) was added dropwise to a solution of 1a (0.23 g, 0.23
mmol) in dichloromethane (20 cm3) and the mixture was
stirred at room temperature for 2 h. The solvent was then
evaporated to dryness under reduced pressure and the
residue was extracted with CD3OD (0.7 cm8). The solution
was subjected to 'HNMR measurement to identify 2-
methylpyridine hydrochloride. No other organic com-
pounds except triphenylphosphine were detected. The
residue was further extracted with chloroform. The extract
was evaporated to dryness to leave an orange solid, which
was identified to be trans-[PdClz(PPhs)2] by IR spectros-
copy?® and elemental analysis (Found: C, 60.93; H,
4.08%. Calcd for CseHsoCleP2Pd: C, 61.60; H, 4.31%) and
the yield was 36%.

Reaction of la with Silver Acetate. Silver acetate (0.12 g,
0.72 mmol) was added to a suspension of la (0.29 g, 0.29
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mmol) in benzene (20 cm3) and the mixture was allowed to
react at 40 °C for 3 h. The solvent was evaporated to
dryness under reduced pressure. The residue was treated
with dichloromethane (20 cm3), and silver chloride and
remaining silver acetate were filtered off. The yellow fil-
trate was again evaporated to dryness and the residue was
extracted with diethyl ether (20 cm3). The solvent was
vaporized and the residue was dissolved in CDCls (0.5
cm?d). A small amount of 2-picolyl acetate was identified on
the tHNMR spectrum (CHs, 2.16 s; CHz, 5.27 s; H® of
pyridine, 6 8.66 d). On the other hand the IR spectrum of
residue suggests the presence of triphenylphosphine, picolyl
and acetoxyl groups, and the elemental analysis (C, 52.03;
H, 4.10; N, 2.47%) is near the values calculated for
[{PAOCOCH3(CsH4N-CH2)PPhs}2] (C, 60.07; H, 4.65; N,
2.69%). The yield was 43%. Purification was not suc-
cessful.

Reaction of la with Phenylacetyl Chloride. To a solu-
tion of 1a (0.32 g, 0.32 mmol) in CD2Cl: (0.5 cm3) were added
CsDs (4 cm3) and phenylacetyl chloride (0.10 g, 0.65 mmol),
and the mixture was heated to 80°C for 3 h, color of the
solution changing from yellow to red. Then the solution
was cooled and evaporated to ca. 2 cm?® under reduced
pressure. Red-orange crystals were filtered and the filtrate
was subjected to 'H NMR spectrometry. The organic com-
pound giving proton signals at 3.83 d and 4.17 s ppm could
not be identified. The crystals were identified as
Pd:Cly(PPhs)2 by elemental analysis (Found: C, 48.76; H,
3.29%. Calcd for C3eHsoP2Cl4Pd2: C, 49.18; H, 3.44%) and
comparison of the IR spectrum with that of an authentic
sample and literature.2) The yield of the dinuclear com-
plex in the present reaction was 73%.

Derivation of Methyl 2-Pyridylacetate from la. Carbon
monoxide was passed slowly through a suspension of la
(0.18 g, 0.18 mmol) in THF (30 cm3) for 7 h. A methanol
solution (5 cm3) of sodium methoxide (0.023 g, 0.43 mmol)
was added to the reaction mixture and CO bubbling was
continued for further 2 h.  The solvent was evaporated
to dryness under reduced pressure and the residue was ex-
tracted with diethyl ether (20 cm3), which was again
vaporired. The residue was dissolved in CDCls (0.5 cm3)
and shown by 'H NMR assay to contain a small amount of
methyl 2-pyridylacetate (CHs and CH: overlapping, 3.77
broad: HS of pyridine, & 8.40).

Measurements. Infrared spectra were recorded in Nujol
on a JASCO DS-701G spectrophotometer. A JEOL JNM
MH-100 instrument was used to obtain 'H NMR spectra at
100 MHz with tetramethylsilane as internal refer-
ence. 3CNMR spectra were taken at 25.0 MHz on a JEOL
JNM FX-100 spectrometer with tetramethylsilane as exter-
nal reference and 3!P NMR spectra were recorded at 40.25
MHz on the same instrument with phosphoric acid as
external reference. The molecular weight was determined
in dichloromethane at 25 °C by vapor pressure osmometry
with an instrument manufactured by Knauer in West Berlin,
West Germany.

Results and Discussion

Although Ni(PPhs)s reacted readily with 2-, 3-, and
4-(chloromethyl)pyridines, the expected picolylnickel-
(IT) complexes could not be isolated, On the other
hand, the reactions of Pd(PPhs), with these pyridine
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Table 1. Analytical Data for the Picolyl Palladium(II) Complexes
Found (Calcd)
Complex
C/% H/% N/% Mol wt
[{PdCl(CsH4N-2-CHz2)PPhs}z] la 58.01 4.30 2.94 924
(58.09) (4.29) (2.82) (993)
[{PdCI(CsH4N-2-CH2)PPhsMe}z] 1b 52.71 4.42 3.11 851
(52.56) (4.41) (3.23) (868)
[{PACl(CsH4N-2-CHz)PPhMez}z] 1c 45.17 4.58 3.65 733
(45.19) (4.61) (3.76) (744)
[{PdBr(CsH4N-2-CHz)PPhs}e] 1d 52.70 4.02 2.50 1065
(53.31) (3.91) (2.59) (1081)
[{PdI(CsHsN-2-CHz)PPhs}z] le 48.23 3.51 2.24 1083
(49.05) (3.60) (2.38) (1175)
[PAC1(CsHsN-2-CHz)(PEts)z] 2a 45.77 7.42 2.75 447
(45.97) (7.72) (2.98) (470)
[PACl(CsH4N-2-CHz)(PPhMez)2] 2b 51.88 5.57 2.46 501
(51.78) (5.53) (2.74) (510)
[PAC1(CsH4N-2-CH2CO)PPhs] 3 57.09 4.14 2.70 518
(57.28) (4.04) (2.67) (524)
[{PdCl(C5H4N-3-CHz)PPhs},] 4 57.41 4.11 2.61
(58.09) (4.27) (2.82)
Table 2. Some Far IR Data in cm™!
S (TI Hb ﬂ Complex v(Pd-X) v(Pd-P)
N Ha
Ha \ N la 284m 420m
Pd Pd_l 1b 280m 430m
- AN cle” o 1c 268m 420m
N _Pd” 1d 181m 420m
d y N le 153m 420w
/Pd H Ha Ha 2b 278m 415m
P | Hb 3 292w 497m
Ci A B 4 265w 420w
Fig. 1. Two possible dinuclear structures for

[{PdCI(CsH,N-2-CHz)PPhs}z] (1a).

derivatives did not take place at room temperature, but
occurred at 100 °C to finish after 30 min. The 2- and 3-
picolylpalladium(II) complexes were isolated, but
stability and solubility of the latter were not enough to
allow full characterization. The 4-picolyl complex
was not even isolated. Thus the stability of the pico-
lylpalladium(II) complexes varies remarkably with
the site of substitution on the pyridine ring.
Characterization of the Dinuclear Picolyl Com-
plexes. The analytical and molecular-weight data in
Table 1 indicate that complexes la and 1b—1e which
were derived from la by the ligand substitution reac-
tions are dinuclear. As a dinuclear structure for the
palladium(II) complexes the di-u-chloro structure is
most common.2)) However, X-ray analysis revealed
that [{PdBr(CsHsN-C2)PPhs}z] has the pyridyl(C2?, N)-
bridged structure.22  If the picolyl ligand in the pres-
ent dinuclear complexes also functions as a similar
bridging ligand, the two structures depicted in Fig. 1
are conceivable. Structure A has a Cg axis, while B
being shown in the 2-litiomethyl-6-methylpyridine-
tetramethylethylenediamine dimer? has a center of
inversion. Hiraki and his co-workers proposed struc-

ture B,14 but molecular models indicate that A is more
favorable, since the bulky triphenylphosphine ligands
experience a serious steric interference by the picolyl
ligand in structure B. In fact X-ray analysis has
confirmed that compound 1a has structure A.1®

The p(Pd-Cl) frequencies observed for la—Ic
(Table 2) are rather low for the terminal chloride, but
are reasonable when located at the coordination site
trans to carbon.® Table 3 lists 'TH NMR data for com-
plexes la—1c. The pyridyl ring protons are readily
assigned by reference to the data for free 2-picoline2¥
except the Hé atoms of 1a and 1b of which signals are
indiscernible because of overlapping with those for
the phenyl-ring protons. Thus, the triplet signal at
about 6 6.5 is assigned to H5 and the doublet in the §
6.7—7.0 region to H3® which resonates at lower field
than H5 because of the anisotropic effect of the
(PPh3)CIPACHg substituent.?>1”  The remaining tri-
plet in the 6 7.0—7.3 region is attributed to H¢, H® of
1c appearing as a doublet at § 7.84.

Each of the pyridyl-ring protons except H* of the
picolyl ligands resonates at a remarkably higher field
than that of 2-(chloromethyl)pyridine (H3® and HS,
around & 7.6; H4, 7.13; HS, 8.56).122 In the case of
Fe(Cs5HsN-2-CHy)(n5-CsHs)(CO)2, the pyridyl-ring
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protons show similar upfield shifts (H3 and H5, 8 6.90;
H4, 7.32; HS, 8.28),122 which were considered to be
caused by the electron-donating effect of the CH:ML.,
moiety.14122)  The phenyl-ring protons in la, 1b, and
1c exhibit two multiplets at about é 7.5 and 7.9, the
former being assigned to the meta and para protons
and the latter to the ortho protons.2® The methyl
protons of the phosphine in 1b resonate as a doublet at
8 2.22 with %J(P-H)=ca. 12.5 Hz, but those in lc
exhibit two doublets at & 1.88 and 1.91 both with 2J(P-
H)=ca. 11 Hz (Fig. 2), showing that the two methyl
groups of phenyldimethylphosphine in lc differ in
their time-averaged magnetic environments. This
indicates that there is no plane of symmetry through
the Pd-P bond?” in accordance with the dinuclear
structure A in Fig. 1.

The methylene protons of the picolyl ligand in la—
1c are not equivalent as is seen in Fig. 1, but exhibit
two separate signals in the 6 2.42—2.52 and 3.72—3.81
regions, respectively (Fig. 2 and Table 3). The
higher-field signal is a triplet and the lower-field one

b
b

1a

4 3 2

1b _l 1 l 1 I

4 3 2

] ) ] . ]

1 3 2
Ppm ’

Fig. 2. Methyl and ‘methylene signals in HNMR
spectra of [{PdCl(CsH4N-2-CH2)L}2] with PPhs
(1a), PPheMe (1b) and PPhMe: (1c) as L.
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doublet, both having the same coupling constant of
about 9 Hz. Irradiation at the frequency of the triplet
reduced the lower-field doublet to a singlet, and
irradiation at the latter frequency reduced the triplet
to a doublet, confirming the geminal coupling (J=ca.
9 Hz) of the methylene protons. The P NMR spec-
trum of 1a exhibits a signal at é 36.06 downfield from
H3POs. Irradiation only at the region for the phenyl-
ring protons gave a doublet shown in Fig. 3. The
coupling constant is ca. 9 Hz, indicating that the
phosphorus atom couples to one of the methylene
protons which resonates as a triplet. As is seen in
Fig. 2, the low-field doublet for 1c splits due to ca. 3
Hz coupling to phosphorus. . Thus one of the methyl-
ene protons in lc strongly couples to *'P with J=ca. 9
Hz, while the other weakly with J=ca. 3 Hz.

Table 4 lists the **C chemical shifts and J(P-C)
values for complex la together with the corresponding
data for uncoordinated triphenylphosphine?®) and 2-
ethylpyridine?® for comparison. Assignment for the
phenyl carbons in 1a was made on the basis of J(P-C)

Jp-H £ 9Hz

]
36.06 ppm

Fig. 3. 3PNMR signal from [{PdCl(CsH4N-2-
CHz2)PPhs)2] (1a) under irradiation at the phenyl-
ring proton resonances.

Table 3. Proton Chemical Shifts in ppm from Internal Tetramethylsilane at Room Temperature

Pyridyl-ring proton

Phenyl-ring proton

Complex  Solvent CH: CH3s
H3 H* H5 Hs meta and para  ortho
la CD2Clz 6.95d 7.26t  6.53t a) 2.44¢ 3.81d 7.55m 7.89m
1b CDCls 6.80d 7.15t  6.47t a) 2.52t 3.72d 7.51m 7.85m 2.22d
1c CDCl;3 6.74d 7.09t  6.46t 7.84d 2.42¢ 3.75dd 7.53m 7.97m 1.88d, 1.91d
2b CD:Cl2 7.13d 6.77t  6.53br 8.15d 2.78s,br 7.43m 7.65m 1.80s
3 CDCls a) a) a) 9.57d 4.11s 7.45m 7.75m

a) Indiscernible because of overlapping with signals from the phenyl-ring proton.
s: singlet, d: doublet, t: triplet, dd: doublet of doublets, m: multiplet, br: broad.



1806

values and by reference to uncoordinated PPhs and
[{PdBr(CsH4-C2)PPhs};].18 The methylene carbon of
the picolyl ligand in la resonates at 6 28.47 and
appears as a triplet of doublets under the off-resonance
condition, 2J(P-C) being ca. 7 Hz. The small cou-
pling constant suggests that the methylene and phos-
phine ligands are mutually cis. Assignments for the
pyridyl-ring carbons' were made based on the off-
resonance data and referring to [{PdBr(CsHsN-

Table 4. 13C Chemical Shifts  (in ppm from external
Me4Si) and Coupling Constants J (in Hz)
in CDzClz at Room Temperature

Kiyoshi IsoBg, Yukio NakaMURrA, and Shinichi KAWAGUGHI

Phenyl carbon in la Phenyl carbon in free PPhs

[Vol. 62, No. 6

C2)PPhs}2].18)  As is shown by Table 4, the shielding
of each carbon is quite similar to that of the corre-
sponding ring carbon in 2-ethylpyridine, indicating
that the (PPh3)CIPdCH: moiety is functioning as an
electron-donating group, but the effect is weaker than
that of the (PPhs)BrPd group directly attached to the
pyridyl ring in [{PPdBr(CsH4N-C2)PPhs}.].16)
Although the 3-picolyl complex 4 was prepared and
isolated, it is less stable and less soluble in organic
solvents than the 2-picolyl complex la and its charac-
terization has not been enough to allow the structure
assignment. Results of the elemental analysis indi-
cate that the complex is not mononuclear but may be

- polynuclear, since a dinuclear structure seems dif-

Characterization of the Mononuclear Picolyl Com-
The mononuclear picolyl complexes 2a and
2b were prepared by the reactions of la with excess
amounts of PEts and PPhMes, respectively and
isolated at low temperature. The analytical and
molecular-weight data in Table 1 indicate that they
are mononuclear and the v(Pd-Cl) frequency of 2b in
Table 2 is quite similar to that recorded for trans-
[PdC1(CH2Ph)(PPhs)2].# The 'HNMR data for 2b
are included in Table 3. Contrary to the case of lc,
the methyl protons of the phosphine ligands in 2b

6 J(P-C) é J(P-C) ficult.
(o 130.98  51.5 (o 138.3 21
Cc: 13513 118 C: 1344 20 plexes.
C3 128.60 11.8 C3 129.2 7
Ct 131.01 0 Ct 129.3 <1
Picolyl carbon in 1a 2-Ethylpyridine
é J(P-C) o
CH: 28.47 ca. 7 CH: 32.0
C2 169.83 C2 163.9
C3 123.48 Ccs 121.9
Ct 136.01 Ct 136.3
Cs 117.7 (0 121.9
Cs 151.72 Cs 149.8
JL 10 JAL‘
i 1 1
4 3 2 L‘
11 ™~
1 1 1
4 3 2
1c 1C
) i ﬂ
1:3
1 1 1
4 3 2

~

K

l

4

[{PdClR(PPh3}2] +

1
3 ppm

2PPhMe, =" [{PACIR(PPhMe,)},] +

2

2PPh3

1a 1c
+2PPhMe%PhMe2

2[PAC1R(PPhMe

2b

22!

Fig. 4. The methylene-proton signals from [{PdCl(CsH4N-2-CHz)PPhs}s]
(1a) in CD2Cl2 at room temperature in the absence and in the presence of one
equivalent, three times, and six times molar amount of phenyldimethylphos-
phine. In the reaction scheme R represents the 2-picolyl ligand.
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resonate as a singlet at 6 1.80 with no coupling to
phosphorus, and the picolylic protons also exhibit a
broad singlet at 6 2.78. The benzylic protons in
trans-[PAC1(CHzPh)(PPhs)2] also lack coupling to
phosphorus and the behavior was rationalized by
the rapid phosphine exchange between the mono-
nuclear complex and PPhs freed by the equilibrium
2[PdCl(CH2Ph)(PPhs)] 2 [{PdCl(CHzPh)PPhs}2[+2PPh3.®
Similar situation seems to be realized for 2b. In fact
the tHNMR spectrum of 2b in CD2Cly at —40°C
exhibits two triplets at 6 1.83 and 2.74 assignable to
the phosphine methyl (J=ca. 3 Hz) and picolyl meth-
ylene (J=ca. 8 Hz) protons, respectively, indicating that
the rapid phosphine exchange is prohibited at lower
temperature and that 2b has the trans structure.39

The Phosphine Substitution and Bridge Cleavage
Reactions of la with Phenyldimethylphosphine.
Figure 4 compares the methylene-proton signals
exhibited by solutions of la in CD2Clz at room
temperature  containing various amounts of
PPhMe;. An equimolar mixture of 1la and PPhMe;
shows signals assignable mainly to la and lc accom-
panied by a small amount of 2b giving the signal at 6
2.78. When a three times molar amount of PPhMe;
is added to la, the predominant species is 1c and the
amount of 2b is also increased. The last spectrum in
Fig. 4, which is given by a 1:6 mixture of 1la and
PPhMe,, is composed of broad signals assignable
solely to 2b. Such a sequence of spectra indicates that
the phosphine substitution reaction of la with
PPhMe; to produce 1c takes place prior to the bridge
cleavage to result in a mononuclear complex 2b.

As was described in the Experimental section, the
mononuclear complexes 2a and 2b were obtained
upon direct crystallization from the reaction mixture,
but the dinuclear complexes 1b and 1c were isolated
by virtue of the chromatographic separation of the
mixture.

Characterization of the 2-Pyridylacetyl Complex 3.
Complex 1a reacted readily with carbon monoxide in
THEF to afford white crystals of 3, which is shown to
be mononuclear by the analytical and molecular-
weight data in Table 1. A very strong IR band at
1690 cm-! is assigned to the »(C=O0) vibration and a
weak band at 330 cm~! may be tentatively assigned
to the »(Pd-N) vibration. The !H NMR spectrum
shows the methylene signal as a sharp singlet at &
4.11. These spectral data for 3 conform with the
following (C,N) chelate structure.

@

|
Cl — Pﬂ—-C\\0
PPh3

o-Picolyl Complexes of Palladium(II)
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In this structure the pyridyl ring lies on the coordi-
nation plane and the methylene protons experience
equal magnetic environment. Although the signals
from the pyridyl-ring protons except H¢ are indiscern-
ible because of overlapping with those from the
phenyl-ring protons, H® resonates at 6 9.57. Such a
remarkable downfield shift of H® may be caused by
the deshielding anisotropic effect of the carbonyl
group. Similar 2-pyridylacetyl complexes (CsH4N-2-
CH2CO)Mn(CO)s and (CsH4N-2-CH2CO)Mo(CO)e-
(n5-CsHs), to both of which the (C,N) chelate structure
is proposed, show the methylene singlet at § 4.00 and
the pyridyl-ring Hé doublet at 6 8.99 and 8.96,
respectively.122 .

Reactions of the Picolyl Ligand with Some Re-
agents. As was described in the Experimental sec-
tion, reactions of the picolyl ligand with some re-
agents were examined. Hydrogen chloride decom-
posed la in dichloromethane to produce 2-picoline
hydrochloride and trans-PdCla(PPhs)..  The reaction
of la with silver acetate in benzene gave a small
amount of 2-picolyl acetate and a complex which
was presumed to be [{PdOCOCH3(CsHsN-2-CHz)-
PPhs}e). The acetato complex may be formed by the
ligand substitution of la and function as an inter-
mediate for production of 2-picolyl acetate.
Production of benzyl acetate by the reaction of trans-
benzylchlorobis(triphenylphosphine)palladium(II)
with silver acetate was similarly presumed to be pre-
ceded by replacement of chloride with acetate.®» The
reaction between la and phenylacetyl chloride was
tried with the aim of getting 2-picolyl benzyl ketone,
but identification of organic products was unsuccess-
ful, although [{PdCls(PPhs)}2] was obtained in a high
yield. Carbonylation of la followed by the reaction
with methoxide gave methyl 2-pyridylacetate. This
is analogous to the reactions reported for the benzyl-
palladium(II) complex.#” Thus complex la is a use-
ful intermediate for preparation of various pyridine
derivatives.

We wish to thank Mr. Junichi Gohda for elemental
analysis and Mr. Tetsu Hinomoto of JEOL Co. Ltd.
for measurements of the 13C and 3!P NMR spectra.
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