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The reaction of phenyl-2-pyridinyl acetylene (1)  with [MCl,(SEt,)] (M=Pd, Pt) affords { M[(o- 
NC,H,)C=C(Ph)](SEt,)C12) (M=Pd, Pt)(2a-b) in almost quantitative yield. The reaction of 2b 
with nucleophiles such as water and diethylamine lead to nucleophilic addition of these molecules to 
the activated C=C bond to produce (Pt(cis-(o-NC,H,)CH,C(O)(Ph)lCI,(SE~) ) (3) and {Pt[(cis-(o- 
NC,H,)CH=C(Ph)(NEt,)]C12(HNEt,) ) (4). respectively. The reaction of 1 with equimolar 
amounts of Na,PdCI, yields the cyclopalladated complex (Pd[(o-NC,H,)(Cl)C=C(Ph)](p-Cl) }2  (5). 
On the other hand, only products resulting from the hydrolysis of the C=C bond are found in the 
reaction of 1 with K2PtC1,. The X-ray structure determination of 2b shows a monoclinic system, space 
group P2,ln, with u = 9.083 (2 ) ,  b = 11.238 (2 ) ,  c = 17.913 (3) A, b = 93.00 (2)", V = 1826 A', Z = 4, 
D, = 1.947 g.cm3, R = 0.062 and Rw = 0.075 for the unique reflections and parameters. 

Keywords: platinum; palladium; heterosuhstituted alkyne; nucleophilic addition; crystal structure 

INTRODUCTION 

Transition-metal complexes enable nucleophilic addition reactions to C=C and 
C=C bonds as one of the most broadly applicable methodologies for the preparation 

* Authors for correspondence; e-mail: osvaldo@ if.ufrgs.hr. 
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36 A.C. AIUB et al. 

of new organometallic complexes and their application in synthetic organic chem- 
istry.’ It is assumed that these reactions proceed via coordination of the 
unsaturation to the electrophilic transition metal center. followed by addition of 
the nucleophile to the coordinated multiple bond. We have previously demon- 
strated that reactions of heterosubstituted alkynes and olefins with nucleophiles, 
in the presence of Pt(I1) and Pd(I1) compounds, are strongly dependent on the 
nature of the heteroatoms attached to the unsaturated C-C In this manu- 
script we present full details of the reaction of phenyl-2-pyridinyl acetylene 
coordinated to Pd(I1) and Pt(I1) with nucleophiles. 

EXPERIMENTAL 

General 

All reactions were performed in Schlenk-type flasks under oxygen- and 
water-free argon. Solvents were dried and distilled under argon, tetrahydrofuran 
and n-hexane over sodium benzophenone ketyl, dichloromethane and chloro- 
form over P,O,, and methanol over CaO. ‘H NMR spectra were recorded at 
200.13 MHz,13C NMR spectra at 50.32 MHz on a Varian Gemini - VXR - 
200 MHz instrument, externally referenced to TMS. IR spectra were recorded on 
a Mattson 3020 FTIR spectrophotometer. Elemental analyses were performed by 
the ‘Central Analitica do IQ-UFRGS (Brazil)’. 

Starting materials 

Na,PdCl, was purchased from Aldrich and the trans-[MCl,(SEt,),] complexes 
(M=Pd, Pt) were synthesized as described in the l i terat~re.~ Phenyl-2-pyridinyl 
acetylene (1) was synthesized in 85-90% yield by the reaction of 2- bromo- 
pyridine with phenyl acetylene in the presence of catalytic amounts of 
[PdCl,(PPh,),] and Cul.’ All other reagents were obtained from commercial 
sources (Aldrich or Merck) and were used as received. 

Synthesis of {Pd[(o-NC,H,)C=C(Ph)](SEt,)CI,} (2a) 

Phenyl-Zpyridinyl acetylene (0.11 g, 0.61 mmol) was added to a solution of 
[PdCl,(SEt,)2] (0.20 g, 0.56 mmol) in THF (20 mL). The reaction mixture was 
stirred under reflux for 16 h. The solvent was concentrated to cu. 3 mL and then 
hexane (40 mL) was added, yielding an orange-yellow solid, that was recovered 
by filtration, washed with hexane (3 x 30 mL) and then dried in vacuo. Yield, 
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Pd(I1) AND Pt(1I) COMPLEXES 3 1  

0.215 g (86%). Anal. Calcd. for C,,CI,H,,NPdS(%): C, 45.85; H, 4.30; N, 3.15; 
Pd 23.80. Found: C, 45.60; H, 4.22; N, 3.10; Pd 23.50. IR (KBr pellets): 
2223 cm-' (v C C ) ;  'H NMR (CDCI,): 8.74 (d, lH, 3JHH = 5.6 Hz, o-Py); 7.70, 
7.60, 7.40 and 7.20 (4m, 8H, CH aromatic); 2.81 (m, 4H, CH,); 1.47 
(t, 6H,,JH, = 7.3 Hz, CH3).13C NMR (CDCI,): 152.2 (CH-1-Py); 144.7 
(Cipso-Py); 137.9 (CH-3-Py); 131.9 (CH-o-Ph); 129.6 (CH-p-Ph); 128.2 
(CH-m-Ph); 127.1 (CH-4-Py); 124.0 (CH-2-Py); 121.3 (Cipso-Ph); 93.7 and 
86.7 (CEC); 76.1 and 75.4 (CH,); 13.0 and 12.8 (CH,). 

Synthesis of {Pt[o-NC,H,)C=C(Ph)](SEt,)CI,) (2b) 

Complex 2b was obtained using a similar procedure to that described for 2a. 
Yield, 0.221 g (92%). Anal Calcd. for Cl,Cl,Hl,NPtS(%): 38.20; H, 3.59; N, 
2.62; Pt 36.51. Found: C, 38.17; H, 3.56; N, 2.58; Pt 36,40. IR (KBr pellets) 
2221 cm-' (V CEC); 'H NMR (CDCI,): 8.71 (m, 1H,o-Py), 7.73-7.21 (m, 7H, 
aromatic), 2.96 and 2.56 (2m, 4H, SCH,), 1.37 (t, 6H, 'JHH = 7.4 Hz, CH,); I3C 
NMR (CDCl,): 153.1 (CH-1-Py); 145.4 (Cipso-Py); 138.2 (CH-3-Py); 132.4 

(CH-2-Py); 122.0 (Cipso-Ph); 98.5 and 87.2 (CeC); 30.8 (SCH,); 12.8 (CH,). 
(CH-o-Ph); 130.3 (CH-P-Ph); 130.0 (CH-m-Ph); 128.7 (CH-4-Py); 124.8 

Synthesis of (Pt[cis-(o-NC,H,)CH,C(O)(Ph)lCI,(SEt~)} (3) 

Water (4.0 mL, 222.0 mmol) was added to a solution of 2b (0.10 g, 0.10 mmol) in 
chloroform (15 mL) and the reaction mixture was stirred under reflux for 
3 days. The resulting yellow solution was concentrated to ca. 4 mL and hexane 
(20 mL) was added yielding 3 as a dark yellow solid, that was recovered by filtra- 
tion and dried in vacuo. Yield, 0.085 g (81%).Anal. Calcd. for C,,CI,H,,NOPtS(%): 
C, 36.90; H, 3.82; N 2.53; Pt, 35.32 Found: C, 36.75; H, 3.80; N, 2.5 1 ; Pt 35.20.1R 
(KBr pellets): 1756 cm-' (v C=O); 13C NMR (CDC1,): 195.1 (C=O); 157.6 
(Cipso-Py); 152.3 (CH-1-Py); 138.2 (CH-3-Py); 136.0 (Cipso-Ph); 133.1 

(CH-2-Py); 48.5 (CH,); 31.8 and 30.1 (CH,S); 12.7 and 12.2 (CH,). 
(CH-o-Ph); 129.1 (CH-p-Ph); 128.7 (CH-m-Ph); 127.9 (CH-4Py); 123.7 

Synthesis of {Pt[(cis-(o-NC,H,)CH=C(Ph)(NEt,)]Cl,(HNEt,)} (4) 

Complex 4 was obtained using a similar procedure to that described for 3, the 
volume of diethylamine used was 10.0 mL (100.0 mmol). Yield, 0.103 g (91%). 
Anal. Calcd. for C,,Cl,H,,N,Pt(%); C, 42.64; H, 5.28; N 7.10; Pt, 32.98. Found: 
C, 42.59; H, 5.22; N, 7.08; Pt 32.70. IR (KBr pellets): 3196 cm-I (vN-H); 
H NMR (CDCI,: 8.50 (m, IH, o-Py), 7.68-7.18 (m, 5H, Ph), 6.97 (s, IH, I 
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38 A.C. AIUB et al. 

CECH), 6.80 (t, lH, 3JHH = 6.5 Hz, aromatic), 6.02 (d, lH, 3JHH = 7.9 Hz, 
aromatic), 3.65, 3.18, 2.87 and 2.58 (4m, 8H, CH,), 1.63-1.08 (m, 12H, CH,). 

Synthesis of {Pd[(C(Ph)=C(Cl)(o-NC,H,)l(~-CI)), (5) 

To a solution of Na,PdCl, (0.50 g, 1.70 mmol) in methanol (50 mL), phenyl-2- 
pyridnyl acetylene (0.30 g, 1.70 mmol) in 10 mL of methanol was added. The 
reaction mixture was stirred under methanol reflux for 22 h. The formed orange 
precipitate was recovered by filtration and chromatographed in silica gel using 
CH,Cl, as eluent. The resulting orange solution was concentrated under reduced 
pressure to ca. 3.0 mL. Addition of hexane (50 mL) afforded an orange solid 
which was recovered by filtration, washed with hexane (3 x 25 mL) and dried 
in vacuo. Yield, 0.424 g (70%). Anal Calcd. for C,,H,,N,Cl,P~(%); C, 43.79; 
H, 2.54; N, 3.93; Pd, 29.85. Found: C, 43.40; H, 2.80 N, 3.70; Pd, 29.73. IR 
(KBr pellets): 1612 cm-' (vC=C). 

Crystal structure determination [6-121 

Dissolving trans- ( Pt[(o-NC,H,)C~C(Ph)]Cl,(SEt,)) in a minimum of acetone 
and allowing slow diffusion of pentane into the yellow solution, at room 
temperature, produced yellow crystals of the complex. A suitable crystal 
(0.10 x 0.10 x 0.2 mm) was mounted on an Enraf-Nonius CAD4 diffractometer 
using graphite monochromated MoKa radiation. The structure was solved by 
direct methods (SHELX86; Sheldrick, 1986) and refined with anisotropic dis- 
placement parameters (VAXSDP, version 3.0, 1986). The H atoms were calcu- 
lated at ideal positions and used for calculation of the structure factors only. The 
DIFABS absorption correction was applied after isotropic refinement with 
T,, = 1.1013, T,,, = 0.7753 and T,,,, = 0.9884. The crystallographic parameters 
were obtained by automatic centering of 25 reflections. The w/28 scan technique 
was employed to measure the intensities for 6902 reflections. Unit cell dimen- 
sions were determined by least-squares refinement of the setting angles of 25 
reflections with values for 28 between 3 and 3 1 '. Table I contains all the relevant 
crystallographic parameters for the structure of 2b. 

TABLE I X-ray crystallographic parameters of trans- { Pt[(o-NC,H,)C~C(Ph)]C12(SEt,) 1 

Crystal parameters 

Molecular formula C,,H,,Cl,NPtS 
Formula mass 535.41 
Crystal system Monoclinic 
Space group P2,ln 
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Pd(I1) AND Pt(I1) COMPLEXES 39 

TABLE I (Continued) 
~~~ ~~ 

Crysful parameters 

a(& 9.083(2), 
WA) 11.238(2), 
c(A) 17.9 13(3)8, 
P(") 93.0112 
V A 3 )  1826.0 
Z 4 

F(000) 1024 
D, (g.cm3) 1.947 

Dafa collection parameters 

MoK, (A) h = 0.70930 
T (K) 223 
Reflections collected 6902 
Independent reflections 
Reflections observed 3570 (1>30,,,) 
IA (cm-9 81.655 

3570 [Rint = 0.0231 

Refinement parameters 

Parameters 
Extinction coefficient 
R 
Rw 
4 0  

200 
1.5732.10-' 
0.062 
0.075 
0.001 

RESULTS AND DISCUSSION 

Reaction of the alkyne 1 with MCI,(SEt), (M=Pd or Pt) in THF, under reflux, 
produces the air stable complexes 2a and 2b in almost quantitative yield 
(Scheme 1). The structure of these compounds has been assigned on the basis 
of their IR, NMR ('H and 13C) spectra and elemental analysis (see experimental 
section). In the IR spectra of these compounds the band corresponding to the 
v(C=C) stretching frequency is relatively close to that of 1 (2225 cm-'), indicat- 
ing that the C-C triple bond is not q2-coordinated to the metal center. The 
structure of 2b has been determined by X-ray diffraction analysis and the results 
are presented below. 

ffph - MClZ(SEt2)z 

\ N  THF, reflux 
c1 

1 2a, M = Pd 
2b, M = Pt 

SCHEME 1 
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40 A.C. AIUB et al. 

Crystal structure studies of 2b 
Atomic coordinates and thermal parameters of the non-hydrogen atoms are given 
in Table 11. Selected bond lengths and angles are listed in Table 111. 

TABLE 11 
factors ( A 2  x 103) 

Atomic positional fractional parameters (xl 04) and equivalent isotropic temperature 

~~ 

xla Ylb ZIC &,i 
Pt 0.25647(6) 0.2 1395(5) 0.103 15(3) 2.166(8) 
CKl) 0.4821(4) 0.1656(4) 0.0589(2) 3.00(7) 
C W  0.0322(4) 0.2670(4) 0.1452(3) 3.78(8) 
S 0.2397(5) 0.0424(4) 0.1685(2) 3.17(8) 
NU1) 0.263( I)  0.373( 1) 0.0474(6) 2.4(2) 

0.440(2) 0.445( 1) 0.1355(9) 2.9(3) 
C(2) 0.53 l(2) 0.426( 1) 0.1890(8) 2.6(3) 
C(3) 0.398(2) 0.046(2) 0.235( 1) 4.8(4) 

C(5) 0.287(2) -0.082( 1) 0.108(1) 3.8(4) 
C(6) 0.157(3) -0.105(2) 0.054( 1) 6.8(6) 
C(12) 0.173(2) 0.390(1) -0.0 144(8) 2.9(3) 
~ ( 1 3 )  0.168(2) 0.494( 1) -0.0544(8) 2.9(3) 
C(14) 0.259(2) 0.586( 1) -0.0292(8) 2.7(3) 
C(15) 0.349(2) 0.572( 1) 0.0348(9) 3.1(3) 
(316) 0.350(2) 0.464( 1) 0.0709(8) 2.7(3) 
C(21) 0.628(2) 0.394( 1) 0.2487(8) 2.7(3) 

(323) 0.759(2) 0.432(2) 0.3667(9) 4.2(4) 

C(4) 0.378(3) 0.142(2) 0.292( 1 ) 5.4(5) 

C(221 0.655(2) 0.46812) 0.3097(9) 3.4(3) 

C(24) 0.822(2) 0.323(2) 0.3653(9) 3.9(4) 
~ ( 2 5 )  0.800(2) 0.25 l(2) 0.30% 1) 3 3 3 )  
C W )  0.702(2) 0.285(2) 0.247( 1) 3.9(3) 

B,, is defined as 4/3[a2B,, + b2Bzz+ c2B3, + ab(cos 'y)B,, + ...I 

TABLE 111 Selected interatomic distances (A) and bond angles (") for 2b 

Pt-CI( 1) 
P t  -C1(2) 
P t - S  
P t -N( 11) 
C(  16)-C( 1) 
C(  1 )-C(2) 
N( 11)-C(16) 
C( 16)-C(15) 
C( 15)-C( 14) 

2.301 (4) 
2.287(4) 
2.264(4) 
2.060( 1 )  
1.400(2) 
1.250(3) 
1.34(2) 
1.37(2) 
1.39(2) 

C( 22)-C(23) 
C(23)-C(24) 
c (24j -c i25j  
C(25)-C(26) 
C( 14)-C(13) 
C( 13)-C( 12) 
C(12)-N(ll) 

1.412(3) 
1.38(2) 
1.4 l(2) 
1.35(3) 
1.36(2) 
1.38(2) 
1.38(2) 
1.37(2) 
1.36(2) 

~ ~~~ ~~ 

N(11) -P t  -S  177.0(3) C(2)-C(l)-C( 16) 174.0(2) 
N(1 l)-Pt-CI( 1) 89.3(3) C1( 1)-Pt-S 93.6(1) 
N( ll)-Pt-C1(2) 89.0(3) C1( 1) -P t -CI(2) 178.3( I )  
P t -N( l l ) -C( l )  90.6(6) c 1 (2)-Pt-S 88.1 
C(12)-N(lI)-C(16) 118.0(1) N( l l ) -C( l6) -C( l )  117(1) 
c (2 )  -C(2 I)-C(22) 122( 1) C(3)-S-C(5) 10 1.6( 9) 
C(l)-C(2)-C(21) 175.0(2) 
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Pd(1I) AND Pt(l1) COMPLEXES 41 

The platinum atom is almost square-planar with N( 1) and S in a trans arrangement 
(Figure 1). The two chloride atoms are also trans. The substituted-pyridinyl- 
ligand is perpendicular to the plane of the ‘PtC1,S’ fragment. 

The C(1) . . .Pt and C(2) . + .Pt distances are 3.123 and 3.722 A, respectively, 
indicating a weak interaction of the platinum atom with the unsaturated carbon 
C( I ).I3 It is important to note that platinum-q’-alkynes co rnp le~es ’~~’~  usually 
have C-Pt bond lengths between 2.230-2.330 A. It is significant that the 
C(l)-C(2) distance is 0.042 8, longer than the triple bond distance (1.208 A) 
found in phenylacetylene.I6 These facts indicate strong conjugation involving the 
C( 1)-C(2) bond, the pyridine and phenyl rings. 

Reactions of water, diethylamine and chloride with 1 bound to Pt(I1) and 
Pd (11) 

The reaction of a large excess of water with complex 2b gives compound 3 in a 
good yield (81%). The disappearance of the v(C=C) bond and the appearance of 
the characteristic stretching vibration of the C=O group (v,,= 1756 cm-’) in 
the IR spectrum of 3 is a strong indication that the CEC bond has been oxidized 
by H,O. Compound 2b also reacts with other nucleophiles such as diethylamine’ 
to yield complex 4. The structural assignment of 4 was based on its spectro- 

H24 

H61 H51 

FIGURE 1 
ment ellipsoids are shown at the 50% probability level for non-H atoms. 

A perspective view of the compound 2b with the atomic numbering scheme. Displace- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



42 A.C. AIUB et al 

scopic data and has been confirmed by an X-ray diffraction analysk2 The ob- 
served trans-stereochemistry of the exocyclic C=C bond (with respect to the NEt, 
group and the proton) suggest that this reaction proceeds via an overall concerted 
HNEt, addition to the C=C bond. This reaction can be understood in terms of 
oxidative addition of HNEt, to 2b leading to Pt '" complex. Insertion of the C=C 
bond into the Pt-NEt, bond would give four-membered platinacycle that, followed 
by reductive elimination, affords compound 4 (Scheme 2). 

In contrast to 2b, compound 2a is very stable and does not react with water or 
diethylamine under various reaction conditions. However, addition of equimolar 
amounts of 1 to a methanolic solution of N%PdCI,, under reflux, yields compound 
5 as a yellow insoluble microcrystalline solid (Scheme 3). The structure of com- 
pound 5 has been deduced from its CHN analysis and IR spectrum. Moreover the 
H NMR spectrum of the monomeric derivative of 5 (prepared in situ by the 

addition of Py-d.5 to the CDC1, suspension of 5 in an NMR tube) indicated the 
presence of phenyl and pyridinyl aromatic protons. It is important to note that the 
regio- and stereochemistry at the exocyclic C=C bond is as usually obtained from 
chloropalladation of propargyl amines," thioetheres" and simple alkynes.'' In- 
deed, these reactions are assumed to proceed via external C1- attack on the CpC 
bond to form the most stable five-membered cyclopalladated complex. It is sig- 
nificant that the similar Pt(I1) compound has not been detected from the reaction 

t of 1 with K,PtCl,; only a complex mixture of organometallic products were 
observed, probably arising from hydrolysis of the CrC bond (see above). 

It is important to note that alkyne 1 does not react with nucleophiles in the 
absence of Pt(I1) and Pd(I1) compounds, clearly indicating that the C=C bond is 
activated by the metal center. The nature of the transition metal also plays an 
important role on the selectivity of the reaction of 1 with N3PdC1, and K,PtCl,. 
Thus, chloropalladation of the alkyne occurs easily, whereas chloroplatination 
has not been observed with alkyne 1. This different behaviour can be attributed 
to the more easily access to Pt" compounds via oxidative addition of the 
nucleophilic than for Pd.*' 

1 

CHART 1 

t The IR s ectmm of this mixture of products shows vcm0 at 1720 cm-] 8 and vC." at 2875,2910 
and 2940 cm- Y . 
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SCHEME 2 

1 

1 

2a, M = Pd 
Zb, M = Pt 

SCHEME 3 
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