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Abstract 

The reactions of the 2- and 4-pyridyl complexes [MX(CsH4N-C')(dppe)] and trans-[MX(CsH4N-C'XPPh3) 2 ] (M ,,~ Pd, Pt; X =, Ci, 
Br; n -  2, 4) involving halide displacement from the organic halides X-CH2R (X m CI, Br; R ,-CN, Ph, CH=CH 2) by the pyridyl 
nitrogen have been studied kinetically by conductivity in acetone or acetonitrile at 25"C. The kinetic data fit the second-order rate law 
rate k2[X-CH2R][complex], in agreement with an SN2 process at saturated carbon. The higher rates are displayed by the 2-pyridylp- 
latinum derivatives with X -  Br in both the metal complex and the organic halide. The higher nucleophilic power of the 2-pyridyl 
complexes compared with their 4-pyridyl analogs is paralleled by a higher basicity, as reflected by a higher pK a value. In any case, the 
metal-containing substituent enhances considerably the reactivity and basicity of the pyridine nitrogen. The rates are scarcely influenced 
by the coordination geometry around the metal. 

1. Introduction 

2oMetallated pyridines l'eatut~ enhanced ba:dc and 
nucleophilic abilities, as shown by their high p/(, val- 
ues (in the range 8-10) relative to pyri,'~ne itself (4.47 
in water-dioxane I:1 v /v  at 0.1 tool dm~ ~ ionic 
strength) [1-9], and by the ease of nucleophilic dis- 
placement of halide ions from X-CH2R ( X -  CI, Br; 
R ~ CH=CH 2, COMe, Ph, CN) [7-9] and even of the 
chloride from chlorinated solvents [6,10]. In particular, 
the nucleophilic power of the 2-pyridyl ligand in the 
complexes [M(dmtc)(CsH 4N-C2)L] (M =Pd, Pt; dmtc 

dimethyldithiocarbamate; L ~ tertiary phosphine) is 
much higher than that of 4-dimethylaminopyridine [8,9], 
which is widely used as a 'hypernucleophilic' catalyst 
in a variety of organic reactions [11,12]. In a previous 
study [8,9] we have described the mechanism of halide 
substitution by the above-mentioned derivatives 
[M(dmtc)(CsH4N-C2)L] on the organic substrates X- 
CH2R, which involves an essentially S N 2 process at the 
CH 2 carbon, as suggested by solvent and leaving group 
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effects and by activation parameters. We have now 
extended these investigations to using 2- and 4-pvridyl 
complexes of the type transo[MX(C~H4N-C")(dppe)] 
[M~Pd,  Pt; X~CI ,  Br; n ~ 2 ,  4; dppe~i,2- 
bis(diphenylphosphino)ethane] to gain further insight 
into the role played by the central metal, the coordina- 
tion environment, and the position of the metal-contain- 
ing unit on the pyridine ring. 

2. Results and discussion 

The 2-pyridyl complexes 1-5 and their 4-pyridyl 
counterparts 6-8 react with organic halides according to 
Eqs. (1) and (2) in Scheme 1 and Eqs. (3) and (4) in 
Scheme 2 respectively. The new starting complexes 2, 6 
and 8 were prepared as described in the Experimental 
qection, along with some final 2- and 4-pyridylium 

oducts resulting from the alkylation reaction with 
~.,t-CH 2CN. 

The analytical and selected spectral data for the new 
derivatives are also reported in the Experimental sec- 
tion. 
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The kinetics of reactions (1)-(4) were monitored by 
conduetometric techniques using a procedure described 
earlier [9]. All kinetic runs were carried out under 
pseudo°firstoorder conditions by use of an excess of the 
organic halide X-CH,.R over the metal complex. The 
pseudo-first-order rote constants kob ~ fit the second-order 
rate expression 

t,o,, - a] ( s )  
without any statistically significant fit,'st-order contribu~ 
tion (Tables ! and 2). 

Tt~ same rate law was observed for the analogous 
substitution reactions involving the dimethyldithiocarba- 
mate complexes of the type [M(dmtcXC~HaN-C")L] 
(M ~ Pd, Pt, L "~ tertiary phosphine) [9], It thus appears 
that the reactions of 2- and 4-metallated pyridines with 
X=CH: R are classical S N 2 processes at saturated c a r -  

bon, such as those involving non-metallated pyridines 
as nucleophiles [ 13]. 

The kinetic data in Table I indicate that a marked 
increase in the rates (ca. two orders of magnitude) 
occurs when the halide is changed from X ~ CI to 
X ~ Br in both the metal complex and the organic 
halide. This finding is to be mainly ascribed to a leaving 
group effect, in line with tile long-established view that 
tile primary factor which determines tile rates of alkyla- 
tion of pyridines and, in general, the quatemization of 
nitrogen bases is the X-CH2R bond breaking in the 
alkylating agent [14.13]. The change of halide ligand 
from CI to Br in the 2-pyridyl complexes I, 2 and 4, $ 
can hardly be held responsible for so large an effect, 
since the corresponding pK, values (see Table I) ate 
little affected by the nature of X. However, the choice 
of an identical halide X in both the complex and the 
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alkylating agent was dictated by the need to avoid 
undesired halide-exchange side reactions. 

The 2opyridyl complexes :2 and $ react about one 
order of magnitude faster than their 4-pyridyl analogs 6 

and 8 respectively, other things being equal. The greater 
nucleophilic I~wer of the 2..pyridyl ligand is attended 
by a higher basicity of the 2-pyridyl nitrogen, as shown 
by the pK,, values in Tables i and 2. A comparison 

Table I 
Second-order rate constants for reactions (I) and (2) and pK a values of the 2-pyridyl complexes 1-3, and 4, S at 25 °C 

Con, elex M X PKa ~ R 10.~k2 b (mol" I dm.~ s ,-I) 

[MX(C~ H 4 N-C:' Xdppe)] 
1 

3 

trans-[PtX(C 5 H 4 N-CZ XPPh ~)2 ] 
4 

Pd CI 8.23 CN 0.44 ± 0.01 
CH~CH z 0.17 ± 0.01 

Pd Br 9.68 CN OO.7 ± 0.8 
Ph 157 ± 2 
CH = CH z 48 ± 2 

Pt CI 10.37 CN i.8 ± 0.1 
CH---CH z 0.52 ± 0.01 

CI 8.84 

Br 8.72 

CN i.5 ± 0.2 
CH=CH 2 0.24 -1:0.02 
CN i 16 :t: 4 
Ph 155.3 + 0.2 
CH=CH 2 78..4 5:0.8 

a Measured by potentiometric titration with HCIO 4 in water/dioxane 1:3 v /v  and ionic strength 0. i reel dm- 3 (LiCIO4). 
i, In acetone. 
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Table 2 
Second-order rate constants for reactions (3) and (4) and pK a values of the 4-pyridyl complexes 6-8  at 25 °C 

Complex M p Ka a R ' 105k2 b (mol- tdm 3 s-  ')  

[PdBd.CsH4N_C'~Xdpp¢)] 6.69 CN 2.5 + 0.2(1.78 5= 0.02) c 
6 Ph 9,0 + 0.2(16 5= 2) c 

CH=CH2 3.2 5= 0.2(4.88 5= 0.05) c 

trans.[ MBd C s H 4 N-C'S X PPh 3 )2 ] 
7 Pd 5.67 

8 Pt 6.50 

CN 2.0 + 0.2 
Ph 11.3,4-0.3 
CH=CH 2 2.88 + 0.03 
CN 6.7:1: 0. I 
Ph 28 + 1 
CH=CH 2 6.8 :!: 0.3 

' Measured by potentiomettic titration with HCIO4 in water/dioxane 1:3 v /v  and ionic strength 0,1 moldm -3 (LiCIO4). 
b In acetone, 

In acetonitrile. 

with the pK a value 4.47 of pyridine [8] and the k~, 
value (7.0 ± 0.3) x 10 -~ mol- ~ dm 3 s- 1 for the reac- 
tion of pyridine with Br-CH,CH-CH2 in acetone at 
25°C clearly indicates that the metal-containing sub- 
stituents in the pyridine ring of complexes 2, $ and 6, 8 
act as good electron releasing groups. The fact that 
substitution on position 2 entails higher nucleophilic 
and basic abilities than substitution on position 4 on the 
pyridine ring suggests that the electron release from the 
metal is essentially inductive in character. Accordingly, 
an X-ray structural study of the 2-pyridyl complex 
rronso[PtCI(CsH4N=C2XPMe2Ph):] has shown that 
there is hardly any w backbonding in the platinum-2- 
pyridyl bond, around which free rotation was observed 
in solution at ambient temperature [10] *. 

Replacement of palladium with platinum in the struc- 
turally related complexes 1, 3 and 7, 8 brings about a 
ca, threeofold increase in reactivity and also a one to 
two unity increase in the pK a values, indicating a better 
electron donating ability of the platinum center. 

The parallelism so far observed between nucleophilic 
ability and basic properties is not always extant, sug- 
gesting that the factors increasing the thermodynamic 
stability of the N-protonated derivatives are not always 
coincident with those which lower the activation energy 
of the SN2 process. Thus, 4-dimethylaminopyridine (4- 
droopy) exhibits a pK~ value of 8.51 and a second-order 
rate constant k~ of 5.64 x 10 -~ reel -* dm ~ s - '  for the 
reaction with Br-CH2CH=CH ., in acetonitrile at 25°C 
[9]. Replacement of the 4~NMe~ group in 4-droopy by 

~ i g h e r  ~¢tivities of bromide versus chloride ¢leclrophiles 
~ l  of 2- versus 4-pyrldyl complexes might also ensue from some 
electrostatic inte~ctton between the metal and the halide in an axial 
position, which could favor the orientation of the electrophilic carbon 
unit towards the pyridyl nitrogen atom, thereby assisting the N-C 
bond making process, Predictably, such an interaction would be more 
impoctant for bromide than for chloride and could possibly lake place 
only with the 2-pyridyl SlY'ties, 

the metal-containing substituents in complexes 6-8 
causes a marked decrease in the basicity of the pyridine 
nitrogen (pK a in the range 5.67-6.69), whereas the 
reactivity towards Br-CHzCH=CH a is little affected 
(k z in the range 2.88-6.8 × 10 -3 reel- '  dm 3 s- i in 
acetone or acetonitrile at 25 °C). In contrast, a change in 
the coordination geometry around the metal center from 
rrans-PtCl(PPh3) 2 of 4 to PtCl(dppe) of 3 and from 
trans-PdBt(PPh02 of 7 to PdBr(dppe) of 6 leads to pK a 
increases of 1.53 and !.02 respectively, without any 
relevant change in the nucleophilic power (of. k 2 values 
for the reactions of 3 and 4 and those of 6 and 7 in 
Tables I and 2 respectively). 

It is worth noting that the reactivity of the 2opyridyl 
complexes 3 and 4 is also scarcely influenced by the 
higher steric requirements of the trans°PtCl(PPh~)~ unit 
of 4 relative to the PtCl(dppe) group of 3. 

The substituent R of the organic halide X-CHzR 
affects the reactivity in the order Ph > CN -- CH=CH z. 
The higher reaction rates observed for R ~ Ph (despite 
its higher steric demand) suggest that the phenyl group 
has a greater ability to lower the activation energy of 
the process through delocalization of the incipient posi- 
tive charge in the transition state [13]. 

3. Experimental 

3.1. Preparation of F~ridyl and pyridylilma complexes 

The complexes [MCI(CsH4N-C2)(dppe)] (M = Pd, 
Pt), trons.[PtX(CsH4N-C2XPPh~)2 ] (X = CI, Br) [4,6] 
and trans.[PdB~CsH4N-C2XPPh3)2] [2] were pre- 
pared by published methods. Some pyridylium deriva- 
tives of these compounds were also described as result- 
ing from profanation or alkylation reactions at the pyri- 
dine nitrogen [4,6,7]. All chemicals and solvents were 
of reagent grade and used without further purification. 
The solvents were evaporated to small volume or to 
dryness at reduced pressure on a rotary evaporator. 
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3.2. Preparation of  IPdBr(C 5 H,s N-C" )tdppe)] (n - 2, 
4) 

(a) The ligand dppe (0.44g, I.I mmol) was added to 
a stirred suspension of the binuclear complex [PdBr(p.- 
CsH4N-C2,NXPPha):,]2 [16] (0.53g, 0.Smmol) in 
benzene (ca. 150dmJ). The resulting yellow solution 
was stirred for 2h,  concentrated to small volume and 
diluted with diethyl ether to precipitate the crude prod- 
uct. Reprecipitation from the same solvents gave the 
white complex [PdBr(CsH4N-C2)(dppe)]CtH6 (0.57 g, 
76.9% yield). The presence of a benzene molecule of 
crystallization was shown by elemental analysis and GC 
measurements in CH 2C! 2 solution. 

(b) The ligand dppe (0.44g, 1. I mmol) was added to 
a stirred suspension of trans-[PdBr(CsH4N- 
C4)(pPhj)2] (0.79g, I retool) in benzene (ca. 100dmJ). 
The reaction mixture was worked up as described above 
to yield the white complex [ P d B r ( C s H 4 N -  
C4)(dppe)]CtH6 (0.65 g, 87.7% yield after teFrecipita- 
tion from a benzene/diethyl ether mixture). 

3,3. Preparation of  trans.lPtBr(C 5 H~ N-C 4 )(PPh 3 )z ] 

Upon addition of an excess of NEt 3 ( l .5mol,  
10.8 mmol) to a solution of 4-bromopyridine hydrochlo- 
ride ( I. 17 g, 6 retool) in CH 2Ci 2 ( 10 dm 3) some precipi- 
tation of triethylammonium chloride occurred. After 
filtration the solution was diluted with toluene (100dm 3) 
and concentrated to a volume of ca. 50 dm ~ to remove 
the mote volatile CHjCI 2 and NEt 3 and to complete the 
precipitation of NHEt 3C!. The t~sulting toluene solution 
of 4obromopyridine was degased, saturated with N 2 and 
added to a solution of [Pt(PPho~)4] (2.49g, 2retool) in 

toluene (ca. 100dm 3) under N 2. The mixture was heated 
at 95 °(2 for 1 Oh and left overnight at room temperature. 
Concentration and dilution with Et20 gave a yellow 
solid (l .80g),  which was extracted with benzene (ca. 
80dmJ). After filtration of the insoluble residue, the 
solution was concentrated and diluted with Et20 to 
precipitate a pale yellow compound ( l .10g)  consisting 
of trans-[PtBr(C5H4N-C4XPPh3)2] contaminated by 
trace amounts of cis-[PtBr2(PPhj) 2 ] [ ~5(31 p) 13.7 ppm, 
~J(Pt-P) 3619Hz in CDCIj] and other unidentified 
products. The pure off-white complex was obtained by 
reprecipitation from a CH2CI:,/MeOH solvent mixture 
(0.81 g, 46.2%). 

3.4. Reactions of the 2- and 4-pyridyl complexes with 
Br-CHzCN 

The reaction of [PdBr(CsH4N-C2)(dppe)], trans- 
[PtBr(CsH4N-CJ)(PPh3)2], and trans-[PtBr(CsH4N- 
C4)(PPhj)2 ] with an excess of bromoacetonitrile yielded 
the cationic complexes [PdBr{(I-CH2CN)CsH4N- 
C2}(dppe)] + (94.5%), trans-[PtBr{(1-CH2CN)CsH4N- 
C2](PPh3)2]+ (89 .8%) ,  and trans-[PtBr{(I- 
CH2CN)CsH4N-C4}(pPhj)2] + (84.6%) respectively, 
isolated as perchlorate salts as previously described for 
the preparation of related compounds [7,9]. 

3.5. Analytical, spectral, and conductivity data 

The new 2- and 4-pyridyl complexes and some of the 
(I-cyanomethyl)-2- and -4-pyridylium derivatives were 
characterized by elemental analysis, conductivity meao 
surements, IR spectra in the solid, mid by ~H and 
31P{~H} NMR spectra. The analytical, conductivity, and 
o~lp NMR data are listed in Table 3. 

Table 3 
Elemental analysis, conductivity and ~tP NMR data 
Compound Analysis '~ 

C H N Br 

Molar ,~t p Resonances c 
conductivity b 

[PdBt(Cs H 4 N-C 2 Xdppe)]C 6 H 6 
2 
[PdBI(CsH 4N-C4Xdppe)]CtH6 
6 
trans-[PtB~(C 5 H 4 N-C 4 XPPh 3)2 ] 
8 
[PdBr[( ! -CH 2 CN)C s H 4 N- C 2 I(dppe)]CIO4 

trans-[PtBr{( I -CH 2 CN)C ~ H 4 N- C 2 }(PPh 3) 2 ]CIO.I 

trans.[PtBr{( I -CH 2CN)C5 H 4 N- C'*}(PPh 3)2 ]CIO4 

59.5 4.5 1.9 10.7 48.6 d; 31.0 d 'j 
(59.98) (4.63) (I.89) (10.79) 2j(p_p) 32. i 
59.6 4.6 1.8 10.4 52.3 d; 34.4 d d 
(59.98) (4.63) (I .89) (10.79) 2j(p_p) 23.2 
56.5 4.0 1.5 9.3 22.9 s d; Ij(pt_p) 3022 
(56.1 !) (3.90) (I.60) (9.1 !) 23.0 s e; Sj(pt_p) 3038 
49.2 3.7 3.4 146.0 56.8 d; 48.4 d e 
(49.40) (3.77) (3.49) 2j(p_p) 16.6 
50.8 3.5 2.7 145.0 17.5 s e 
(50.77) (3.57) (2.75) tJ(Pt-P) 2544 
50.4 3.6 2.7 122.6 19.5 s ~ 
(50.77) (3.57) (2.75) ~J(Pt-P) 2760 

a Calculated values in parentheses. 
b Values in Scm 2 real ~ i for 10 ~3 moldm -3 acetone solution at 25°C. 
c Spectra recorded at 30°C; 8(3t p) values in ppm from external 85% H 3PO4, downfield shifts being taken as positive; coupling constants in Hz; 
s ~ singlet, d = doublet. 
d In CDCI 3. 
e in CD2CI 2. 
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The cationic 2- and 4-pyridylium complexes behave 
as univalent electrolytes in acetone solution [17]. The 
presence of CIO~" as counteranion is confirmed by their 
IR spectra, which show the typical u(CI-O) and 8(C1- 
C I bands at ca. 1 ~00 and 625 cm-i respectively. Fur- 
thermore, the pyridine ring vibration at 1557-1567 cm- 
of the 2- and 4..pyridyl complexes shifts to higher 
frequency (1607-1613cm - i )  in the corresponding 1- 
cyanomethyl derivatives. 

In the t H N M R  spectra  o f  the latter compounds in 
CDzCI 2 the (I-CHzCN)CsH4N group is characterized 
by a 8(CH~CN) resonance occurring as a singlet at 
5.84 ppm and 5.17 ppm for trans-[PtBr{(I- 
CHzCN)CsH4N-C2}(pPh3)2] * and trans-[PtBr{(1- 
CHzCN)CsH+N-C+}(PPh3)2] + respecti, ,dy, and as an 
AB system centered at 5.bOppm for the asymmetric 
[PdBr{(I-CH 2CN)C~H 4N-C2}(dppe)] * cation. 

The IR spectra were recorded with Perkin-Eimer 
1430 and 983 instruments using Nujoi mulls and CsI 
windows in the range 4000-200cm-~. The conductiv- 
ity measurements were carried out with a digital CDM 
83 conductivity meter. The NMR spectra were recorded 
with Varian FTSOA and Bruker AC200 spectrometers. 

3.6. Kinetic and pK, measurements 

Kinetic runs under pseudo-first+order conditions were 
carried out with a more than ten-fold excess of X-CH + R 
over the metal complex whose concentration was around 
10 = ~ tool dm ° ~ by monitoring changes with time in the 
specific conductance X, of acetone or acetonitri!e so!u+ 
tions of the reactants, Xs vs, time data were fitted by 
non+linear reSression to the Onsager+coiTected rate law 

,+, + +o + looo (,  = 

where / ] - a ( l  ~= exp(=kob+t)) (with a the metal sub+ 
strate concentration), and Xo, A++. s, and kob+ are the 
parameters to be optimized [18]. 

The pK, values of the complexes were evaluated by 
potentiometric titration with HCIO,~ in water/dioxane 
(1:3 v /v)  at 0,1 moldm =~ ionic strength (LiCIO,~) at 
25 °C, according to literature procedures [19], 

All statistical and graphical data analy~s were car- 

fled out with in-house non-linear regression computer 
programs written in TURBOBASIC TM (Borland Int.) and 
implemented on a personal computing system. 

Acknowledgements 

Financial support from Ministero Universit~t e Ricerca 
Scientifica (MURST, 40 and 60% funds) is gratefully 
acknowledged. 

References 

[I] K. lsobe, E. Kai, Y. Nakamura, K, Nishimoto, T, Miwa, S, 
Kawaguchi, K. Kinoshi|a and K, Nakatsu, J. Am. Chem. Soc.. 
102 (1980) 2475. 

[2] K. lsobe, Y. Nakamura, T. Miwa and S, Kawaguchi, Bull. 
Chem. Soc. Jpn,. 60 (1987) 149. 

[3] F.P. Panizzi, G.J. Sunley, J.A, Wheeler, H. Adams, N.A. Bailey 
and P.M. Maitlis, OrgamJmetailics, 9 (1990) 131. 

[4] B. Crociani, F. Di Bianca, A. Giovenco and A. Scrivanti, J. 
Orh, anomet, Chem,, 251 (1983) 393. 

[5] B. Crociani, F. Di Bianca, A. Giovenco and A. Bertun, J. 
Organomet, Chem., 323 (1987) 123. 

[6] B, Crociani, F. Di Bianea, A, Giovenco, A. Berton and R. 
Bertani, J. Organomct. Chem.. 361 (1989)255. 

[7] B. Crociani, F. Di Bianea, A, Fontana and R. Benani, J. 
Organomet. Chem., 425 (1992) 155, 

[8] B. Crociani. F. Di Bianca, P. Uguagliati and L. Canovese, 
hmrg. Chim, Acta. 176 (1990) 5. 

[9] L. Canove~, P. Uguagliati, F, Di Bianca and B. Crociani, J, 
Organomer. Chem,. 438 (1992) 253. 

[10] B, Croclani, P, Di Blanca, F. Benetollo and G, Bombieri, J, 
Ch,++m, Re,v, (S~, (1992) 296, 

[111 G, H0fle, W. SlesIich and H, Vorbrusgetl. Angew, C/lon.. RJL 
Ed, Engl.. 17 (1978) 5f;L 

112] E.F,V. Serivcll, C/win, 3,~', R¢o+, 12 (198~) 129, 
[13] N,S, I~aaes, in Phy,~fi:al Organic Clwmislry, Wiley, New York, 

1987, Chap. 10. 
[14] K.T. Leffek and C.B. gtm, Can. J. Chem., 53 (1975) 3408. 
[15] E,M, Arnett and R, Reisch, J. Am, Chem, &Jc,. 102 (1980) 

5892, 
[16] K. isobe and S. Kawaguchi, Iletcro¢~'c&s. 16 (1981) i~3 .  
[ 17] WJ, Geary, Coord, Chem. Rev,. 7 ( 197 !) 81, 
[18] B,L, Muff, Jr, and V J, Shiner, Jr,, J, Am, Chem, S~¢'., 84 

(1962) 4672, 
[19] A, Gustavo Gonzales and F, Pablos, Anal, Chim, Acta, 251 

(1991} 321. 


