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The kinetics of carbene formation from cis-[PdClz(CNR)(PPh3)] (R = p-CsH4- 
NO?, p-&H&l, o-C6H4Me, o,o’-CsHjMez) and pam- or o&o-substituted anilines 
have been studied in 1,2dichloroethane at 30°C. The reaction proceeds stepwise 
through an intermediate adduct produced by nucleophilic attack by the amine 
on the isocyanide carbon. Steric strain inthe intermediate caused by ortho-sub- 
stituents produces an overall decrease in rate and makes the reversal of the for- 
mation of the intermediate comparable in rate with the subsequent steps lead- 
ing to the final carbene complex. The results allow a unified picture to be pre- 
sented for the general mechanism operating for both primary and secondary aro- 
matic amines. 

Introduction 

We previously studied the mechanism of carbene formation from palladium(I1). 
isocyanide complexes and para-substituted primary anilines [l] : 

cis-[PdCl,(CN-p-C&X)(PPh,) J + P-~C&LNH, 
1,24ichloroethane 

30-c 
l 

cis-[ PdCl, ~C(NH-p-C,H,X)NH-p-C~~~ (PPhj )] (1) 

(X = MeO, Me, H, NO,; Y = Cl, H, Me, MeO) 
The dependence of the pseudo-first order rate constant, kabs, on amine concen- 

tration was of the form shown in eq. 2 where the second-order rate constant, kZ, 

k ohs = kzlbbel (2) 

* To whom correspondence-should be addressed. 
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Results and discussion 

The reactions studied are-shown in Scheme 2. Two sets of kinetic investiga- 
tions were carried out; (a) reactions of ortho-methylanilines with para-substi- 
tuted isocytides; (b) reactions of para-substituted anilines with ortho-metbyl- 
isocyanides. 

SCHEME 2 

Y’ 

Cl, ,PPS X’ 

c,/pd\c_____N -9 0 
XI 

X 

ml) 

X X’ x” Y Y‘ Y” 

H H NO2 Me H H 

H H NO2 Me Me H 

H H Cl Me H H 

Me H H H H Me 

Me H H H H 0Me 

Me Me H H H OMe 

(Amine) 

tm, 

In order to ascertain whether the presence of o&ho-substituents has any effect 
on the nature of the products, the complexes IV have been prepared and charac- 
terised (see Table 4 in the Experimental section). The IR spectra show the typical 
bands of coordinated bis(arylamino)carbene groups in the ranges 3320-3110 
(v(N-H)), 1543-1540 and 1340-1310 cm-’ (v(C-N)) [4-81. The cis configu- 
ration of the starting isocyanide substrate is retained in the reaction, as shown 
by the occurrence of two v(Pd-Cl) bands in the range 310-282 cm-‘. 

The rate data are reported in Table 1 and Table 2 for the reactions of set (a) 
and (b) respectively. In general, the steric hindrance by o&o-substituents caused 
a marked decrease in the overall reaction rates relative to those of the analogous 
para-substituted reactants [l]. Therefore we used isocyanides activated by good 
electron-withdrawing groups (P-Cl and p-NOz) in the substrates reacting with o- 
toluidine and o,o’dimethylaniline. The complexes III with the less activated p- 
tolyl- and p-methoxyphenyl-isocyanide reacted extremely slowly with these o- 
hindered amines under the conditions used. For the same reason, the more basic 
p-substituted anilines (p-Me and p-MeOC6H4NHz) had to be used for the reactions 
with o-tolyl- and o,o’&ethylphenyl-isocyanide complexes. When steric hin- 
drance was introduced into both reactants, the rates were too low to allow reli- 
able measurements under the same experimental conditions. 
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-Fig- 1. Detierxdence of the second-order rate coefficient kA. OP the amine concentration [AI. for the reac- 
tion of cis-[PdCl~<CN-pC~~O2)8ph3)1 with o.o’-dimethylaniline (a) and of cis-[PdCl2<CN-o-C&$b%e)- 
@Ph3)l with P-ankidine (b). 

The dependence of the second-order rate parameter, kA, on the amine concen- 
tration for some reactions of Tabie 1 and 2 is shown in Fig. 1. 

As can be seen in Table 1 for the reaction of thep-N02C61&NC complex with 
o-toluidine, kA is a constant, according to the rate law 2 already obskved for un- 
hindered reactants Cl]. By contrast, the dependence of.kA on [A] is curvilinear 
for all other reactions, indicating the stepwise nature of the mechanism (cf. 
Scheme 1). The rate data for the latter reactions fit the general rate law 3 already 
observed with secondary amines [2,3]. This can be converted into eq. 4, which 

.k-2 

‘jkA = {k4 + k3[A])k2 + !lk2 (4) 

gives a linear dependence of l/k; vs. l/CA] _ m the range. of amine concentnitions 
for which k4 << k3 [A]. .E%amples -of th_is doubly reciprocal plot _are given in Fig. 2. -_. 

A l&z&squares fit of the iinear portion of such plots gave the k2_ and ks[k-i 
terms as the inverse intercept and intercept/slope ratio, respectively. Strai!zbt 

~. 
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Fig- 2. Dependence of the inverse second-order rate coefficient IlkA. op inverse amineconcentration for 

the r%=idfon of Ck-CPdCl~(CN-~-C6E?4NO-&(PPh~)] 
c6N&fe)(PPh3)] with p-an&Sine (la). 

with o.o’-dimethylaniline (a) and of cis-[PdC12(cN-o_ 

Fig. 3. mOtS Of kA/(k2 - kd VS. amine -IXentI'&iOn for the reaction of cis-[PdC1*(CN-pC6H4Not)(PPh3)J 

with o,o’-dimahylaniline (a) and of Cis-[PdC12(CN_o-C6H4Me)(PPhg)l wth p-a~~ae @)_ 
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lines throughout the amine concentration ranges i&stigated were-obtained on 
plotting kJ(kz - kA) vs. [A], by the use of an alternativ& form bf es_ 3 and the 
appropriate kz values obtained as above: 

kdkn - kd = kdk-2 + (kdk--2)[Al (5) 
An example of such plot is reported in Fig. 3. 
Plots according to eq. 5 gave k3/k_* ratios in good agreement with those ob- 

tained from the linear portions of reciprocal plots of l/k, vs. l/CA]. The inter- 
cepts (k4/km2) were either statistically insignificant at the 95% confidence level 
of the least-squares treatment or comparatively small and affected by large rela- 
tive errors (Tables 1 and 2). This indicates that conversion of the intermediate 
(Scheme 1) to the final carbene complex IV takes place preferentially through 
the catalytic action of the amine (kg step). These results show that the same 
mechanism of carbene formation from palladium(I1) isocyanide complexes ap- 
plies to primary and secondary amines. 

It is also confirmed that the peculiar rate law 2 observed for p-substituted pri- 
mary anilines is associated with the fact that for these amines the ks2 term is. 
negligible as compared to the k, + k,[Al one in the general eq. 3. When suffi- 
cient steric strain is introduced into the intermediate by the presence of ortho- 
substituenti, the k_2 term (which relates to collapse to the starting reactants) 
increases while at the same time k4 and k3 decrease [2,3], thereby yielding the 
rate law, eq. 3. The form of this law is such that the amine concentrations at 
which kA approaches the limiting value k2 are lower the higher the k3/k-= ratio. 
Therefore, since with unhindered primary amines and isocyanides the limiting 
value k, was reached-even at the lowest feasible amine concentrations *, we 
can confidently conclude that the k3[k+ ratios for these systems are very large. 

The data in Table 1 and plots in Fig. 1 are very revealing in this context. In 
the reactions of o-toluidine with cis-[PdCh(CN-p-C,H,X)(PPh,)], rate law 2 is 
still observed for X = NO, whereas with X = Cl the general law 3 applies. The 
latter law was restored for X = NO2 by the use of the more hindered o,o’-di- 
methylaniline_ Apparently, one single substituent on the amine reacting with the 
p-nitrophenylisocyanide complex is not sufficient to enhance the k+ term, ow- 
ing to the overwhelming stabilization of the intermediate which arises from the 
strongly electron-withdrawingp-nitro group. This is borne out by the changes 
in the k3/ke2 ratio which result from a net balance of combined steric and elec- 
tronic factors [2,3]. Thus, the larger value (152 M-l) for thep-NO&&NC com- 
plex reacting with o,o’-dimethyhmilme compared to that for the p-ClC6H4NC 
complex reacting with o-toluidine (48 M-l) is mainly due to a decrease in k_, re- 
lated to a more electronically stabilized intermediate, in spite of the higher steric 
hindrance of the reacting amine. 

Rata data in Table 2 show that o-substitution on the coordinated isocyanide in- 
creases the k+ term to such an extent that rate law 3 in generally observed. In these 
cases the k3/km2 ratio appears to be mainly influenced by steric factors, as can be 
seen from the comparatively low value found for the reaction of p-&nisidine with 
the more hindered o,o’-dimethylphenylisocyanide complex (a result of concom- 

*Tocheckthiswehaverepeatedsomeofthekineticstudies~eportedearlier[l].extendingthe 
aminecoocentrationstothelowest possibIeranges <Teble3). 
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TABLE 3 

kp VALUES FOR THE REACTIONS OF cis-[PdC12<CN-pC6H4X,(PPh3)1 WITH POM- AND ortho- 

SUBSTITUTED ANILINES AT 30°C IN l.P-DICHLOROETHANE 
‘. 

X Amine kz 
<iw&nin-~) 

NO2 p-toluidine 54.02 a 

NO2 o-toluidine 8.40 

NO2 o.o'-dimethyhniline 6.02 

cl p-toluidine 4.03 = 

cl o-t01uidine 1.60 

Me p-toluidine 0.75 = 

a values ?z assessed from ref_ 1. 

itant decrease in ks and increase in r2_*). On the other hand, changes in the para- 

substituent on the entering amine have little influence on the k;/k-* ratio for the 
reactions of p-MeC6H,NH, and p-MeOCsH&Hz with the o-tolylisocyanide sub- 
strate. 

The interplay of electronic vs. steric effects is also borne out by the kl values 
listed in Table 3. 

As can be seen, the k2 term increases with increasing electron-withdrawing 
properties of the p-substituent on the isocyanide and decreases with increasing 
steric hindrance on the entering amine, other things being equal., in agreement 
with the k2 step being a direct nucleophilic attack by the amine on the isocya- 
nide carbon [l-3]. 

The same arguments apply to the kz values in Table 2 relating to reactions of 
o-substituted isocyanide complexes. In this case, the accelerating effect of elec- 
tron-releasing groups on the amine is also evident. 

Rxperimental 

Mate+als 

The complexes cis-[PdClz(CNR)(PPh3)] (R = p-C6H4N02, p-c&&l, o-C6i&Me, 
o,o’-CBHSMe2) and the corresponding carbene derivatives cis-[PdC12 {C(NHR)NHR’) 
(PPhs)] (R’ = o-C&&M e, o,o’-CgH3Me2, p-C,H,Me, p-C,+@Me) were prepared ac- 
cording to the general methods reported earlier [4,6,9]. In the case of the more 
hindered reactants (O,O’-Me2C&~z or o,o’-Me2C6H3NC) a molar ratio amine/iso- 
cyanide complex ~30 was used and the reaction mixture was kept at room tem- 
perature for 4 days. All products were purified by successive reprecipitations from 
chloroform or acetone by addition of ethyl ether and identified by elemental anal- 
ysis and IR spectra (Table 4). The amines were purified by sublimation or by dis- 
tillation at reduced pressure over KOH. The solvent, 1,2_dichloroethane, was puri- 
fied by standard methods [lo]. 

Kinetics 
The reactions were followed spectrophotometrically by measuring changes in 
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TABLE3’ .. 

ANALYTICAL AND PH+SICAL DATA _ 

COmpleX -Cdl& M_P:= 

CC> 

Pale- : 

YdlOW 

Pale- 
YellOW 

Off- 

white 

white 

White 

white 

235-237 

247-250 

201-204 

250-252 

248-250 

215-218 

~is-[Pdcl~~C(NH-o,o’-C5H3Me2)NH-pC5H40Me)<PPh3)~ off- 240-245 

white 

4 Uncorrected values: all campleas decompose on melting. 

optical density in the range 330-360 nm with time by means of an Optica CF- 
4R double-beam instrument. 

Freshly prepared solutions of the complex, stored under nitrogen in an alumi- 
num-foil wrapped flask, were used for each kinetic run. The reactions were started 
by mixing known volumes of pre-thermostatted standard solutious of the reagents 
in the thermostatted (+O_l”C) cell compartment of the spectrophotometer. A solu- 
tion containing the same concentration of the entering amine was used as a refer- 
ence_ The reacting amine was present in sufficient excess to provide pseudo-first- 
order conditions and to force the reactions to completion_ The final spectra were 
generally in good agreement with those of the products prepared and character- 
ized independently. The values of pseudo-first-order rate constants kobs, were ob- 
tained from the slopes of plots of log(D, - D,) vs. time, where Dt and D, are 
the optical densities of the reaction mixture at time t and after 7-S half-lives, 
respectively_ The values of k,, were reproducible to better than +lO%. 

Infrared spectra 
Infrared spectra were recorded on a Perkiu-Elmer 457 spectrophotometer us- 

ing hexachlorobutadiene mulls and NaCl windows in the region 4000-1200 cm-l, 
nujol mulls and CsI windows in the region 1700-250 cm-‘. Calibration was per- 
formed with a polystyrene film. 
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