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Isocyanide complexes of the type, cis-[ Pd(RNC)&]- 
(R = p-MeOGHd,p-Me&H1 Ph or p-NO&HI) react 
under appropriate conditions with methanol or pri- 
mary and secondary amines to give the bis-carbene 
complexes cis-[PdjC(NHR)Y[K%] (Y = MeO, p-Me- 
OGHJNH, p-MeGHdNH, PhNH, Me2N or Ph(Me)N). 

The chloride ligands appear to be loosely bound 
to the central metal as to give partial dissociation in 
methanolic solution and to be easily replaced by other 
anionic or neutral ligands. This is also confirmed by 
the low values of Pd-Cl stretching frequencies (263- 
305 cm-‘). cis-[I PdjC(NHPh)NHp-MeGH&%j re- 
acts with sodium perchlorate io give a cationic bi- 
nuclear complex with bridging chloride, [PdJC(NH- 
Ph)NHp-MeC~H&Cl]r[CIO~]~. Conductivity and 
molecular weight measurements are reported. The 
ir and p.m.r. spectra are discussed in relation to the 
nature of the carbene ligands and the configuration 
of the complexes. 

Introduction 

In the last few years the reaction of Fe”, Pd”, Pt” 
isocyanide complexes with various nucleophiles such 
as alchohols or amines have extensively studied.‘-” 
In all of these cases either neutral or cationic carbene 
compounds have been obtained. In a previous paper’ 
we have reported that the complex cis-[ Pd( PhNC)?ClJ 
reacts with methanol or p-toluidine to give products 
of the type: 

phNc-L 2’ 
ph-HN.\C,Pd\C, 

:I 
Y 
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where Y = Me0 or p-MeC6H4NH. We have now 
found that both the coordinated isocyanides of the 
starting compound undergo a similar reaction under 
appropriate conditions, yielding neutral bis-carbene 
derivatives. On the other hand, some recent re-inve- 
stigations on the “Chugaev’s salt” and related com- 
pounds’2-1s have led to the characterisation of neutral 
and cationic complexes in which a cyclic bidentate 
carbene ligand is present: 

li 
NHCHj 

(M = Pd” or Pt”; X = neutral or anionic &and) 

Experimental Section 

The isocyanides and 
[ Pd(RNC)X12], were _., 

the starting complexes, cis- 
prepared by literature me- 

thodsL.‘D. Aniline and N-metlylaniline were distilled 
before use. All other chemicals were reagent grade 
and were used without further purification. Con- 
ductivity measurements were takn using an LKB 
8300 B conductivity bridge. Molecular weights were 
determined in 1,2-dichloroethane solution with a 
Mechrolab osmometer, at 37’C temperature. 1.r. 
spectra were recorded with a Perkin - Elmer 621 
spectrophotometer in the region 4000 - 250 cm-’ and 
with a Beckman 1.R. 11 in the region 350-180 cm-‘. 
Both exachlorobutadiene mulls (4000- 1300 cm-‘) and 
nujol mulls (1700-I 80 cm-l) were used. The spectra 
were calibrated against carbon monoxide, polystyrene 
film or water vapour. P.m.r. spectra were taken 
with a Hitachi - Perkin - Elmer R 20 A instrument, 
at 34’C temperature, with T.M.S. as internal standard. 
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Preparation of cis-[PdjC(NHR)NHR’{zXJ (R = p- 
MeOGH.+, p-MeCnH+ Ph._ ~-NOZC,HJ; R’ = p-MeO& 
H,, p-MeGHI, Ph; X = Cl, Br, or N3). The starting 
complex, cis-[ Pd(RNC)X12], (2 mmoles) dissolved 
or suspended in chloroform was treated with an ex- 
cess of the amine, R’NHz, (complex/amine molar 
ratio = l/4). The reaction mixture was stirred for 
three days at room temperature, then treated with 
charcoal and filtered. The resulting clear solution 
was taken to small volume under reduced pressure. 
Addition of ether precipitated the bis-diamino-carbene 
complexes, which were purified by two or three re- 
precipitations from the same solvents. (Yields = 
80-90%). When R = p-NOzCsH4, after 3 days stir- 
ring the reaction mixture consisted of a yellow solid, 
which was filtered off, and a red-orange solution, from 
which the product was recovered in a 50% yield. 
Molecular weight measurements of cis-[ PdjC(NHPh)- 
NHp-MeCsH&Clz] gave a value of 600 (Calcd mol. 
wt. = 597.8). 

The deuterio-complex, cis-[PdjC(NDPh)NDp-MeCs- 
H&ClJ, was obtained by dissolving the corresponding 
nondeuteriated compound in MeOD. After one day 
the exchange reaction was complete, and the product 
was recovered by removal of solvent under reduced 
pressure. 

The complexes, cis-[ PdjC(NHPh)NHp-MeCsH&- 
BrJ and cis-[ Pd{C( NHPh)&(N&], were prepared 
from the corresponding chloro-derivatives by meta- 
thetical reactions with NaBr and NaN3 respectively, in 
methanol/chloroform ( l/ 1) mixture. (Yields = 70- 
80%). 

Reaction of cis-[Pd(PhNC)Klz] with dimethylam- 
ine. Gaseous dimethylamine was bubbled into a 
chloroform suspension of the starting complex (2 
mmoles) until a clear solution was obtained (ca. 15 
min). The reaction mixture was allowed to stand 
at room temperature for 2 hours, then the excess of 
amine was removed by a stream of nitrogen. The so- 
lution was taken to dryness under vacuum, leaving a 
crude product, which was purified by reiterated pre- 
cipitations from methanol with ether (Yield = 83%). 

Reaction of cis-[ Pd(p-MeGH~NC)G] with N- 
methylaniline. The starting complex (4 mmoles) dis- 
solved in chloroform was treated with an excess of 
N-methylaniline (16 mmoles). After three days the 
reaction mixture still showed a strong band at about 
2200 cm-’ of the unreacted coordinated isocyanide. 
A further excess of the amine was then added and the 
solution was allowed to stand at room temperature for 
another three days. Since after this treatment the 
reaction was not yet complete, the solution was re- 
fluxed for ca. 12 hours then treated with charcoal 
and taken to dryness under reduced pressure. The 
resulting crude product contained only traces of in- 
completely reacted materials, which were separated 
from the bis-carbene complex by chromatography 
through a silica gel column, using dichloromethane 
as eluent. The unreacted materials passed first, 
whereas the bis-carbene derivative was tenaciously 
retained by the silica gel as to require a large volume 
of dichloromethane in order to recover the pure pro- 
duct in about 30% yield. 

f-‘reparation of cis-[ PdjC( NHR)OMelK12] (R = p- 
MeGHI, p-MeGH4 or Ph). A suspension of the start- 
ing complex, cis-[Pd(RNC)2C12] (4 mmoles), in a 
methanol/chloroform (5/l ) mixture was refluxed for 
about 4 hours (R = Ph), 6 hours (R = p-Me-&H,), 
10 hours (R = p-MeO&Ha), in order to drive the 
reaction to completion (disappearance of v(N = C) 
bands). In all cases some decomposition occured. 
The reaction mixture was taken to dryness under 
reduced pressure, leaving a brown solid, which was 
dissolved in dichloromethane and treated with char- 
coal. After filtration, the clear solution was concen- 
trated to small volume and the product precipitated 
on adding an ether/light petroleum ether (l/ 1) mix- 
ture. It was purified by reprecipitation from the 
same solvents (Yields = 30-50%). 

The complex cis-[PdjC(NHPh)OMe&lz] was also 
prepared by keeping a suspension of the starting com- 
pound (2 mmoles) in methanol at 40°C for one weak. 
The reaction mixture was then worked up as above 
(Yield 60%). For this bis-carbene complex molecu- 
lar weight measurements gave a value of 456 (Calcd. 
mol. wt. = 447.6). 

Preparation of [PdjC(NHPh)NHp-MeC~H&l]JCl- 
0412. The complex cis-[ PdjC(NHPh)NHp-MeCsH&- 
Clt] (1 mmole) dissolved in methanol (40 ml) was 
treated with a slight excess of NaClO., * Hz0 and stir- 
red for 2 hours. After removal of the solvent under 
vauum the solid residue was treated with dichloro- 
methane in order to separate the soluble product from 
the insoluble salts (NaCl and NaCl04 in excess). The 
CHQ solut,ion was dried with sodium sulphate, treat- 
ed with charcoal and eventually taken to small volu- 
me under reduced pressure. Slow addition of ether 
gave greenish crystals of the chloro-bridged complex 
(Yield = 60%). 

Preparation of [PdjC(NHPh)NHp-MeC6H&(PPh3)- 
Cl] [ClO,]. This compound can be prepared in two 
ways: 

(i) The neutral complex, cis-[PdjC(NHPh)NHp-Me- 
CsH&C12] (1 mmole), dissolved in acetone was treat- 
ed with a slight excess of NaClO+-Hz0 and the sto- 
cheiometric amount of PPhj. After two hours stir- 
ring, the reaction mixture is taken to dryness and the 
solid residue treated with chloroform. After filtra- 
tion the solution was concentrated to small volume 
under reduced pressure. Addition of ether gave a 
white precipitate, which was purified by recrystalliz- 
ation from the same solvents (Yield = 90%). 

(ii) The chloro-bridged compound, [ PdjC(NHPh)- 
NHp-MeC6H@1]2[ClO,]z (0.5 mmoles) dissolved in 
chloroform was trated with PPhj (1 mmole). The 
resulting solution was worked up as above. 

Preparation of [Pd(C(NHPh)NHp-MeC6H&(bipy)] 
[ ClO,l,. The neutral complex, cis-[Pd j C(NHPh)- 
NHp-Me&,H&Cl?] (1 mmole), dissolved in a chlo- 
roform-methanol (l/ 1) mixture was treated with Na- 
Cl04.H20 (3mmoles) and CL, a’bipyridyl (1.3 mmoles). 
The reaction mixture was stirred for one hour and then 
worked up as in the previous preparation (method i). 
Yield is close to quantitative (ca. 95%). 
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Results and Discussion 

The bis-carbene complexes have been obtained 
according to the following reaction: 

RNc\ /’ + 2 HY_ R-HXc 

( f- 

/’ 

RNCYPd\CI 
/ * pd\C, 

-Cl) 

(R = p-MeOCsH4, p-MeC6H4, Ph or p-NO$ZsH~; Y 
MeO, p-MeOC6H4NH, p-MeC6H4NH, PhNH, MezN or 
Ph( Me)N). 

An excess of the nucleophile, HY, is usually requi- 
red in order to drive the reaction to completion. The 
ease of this reaction depends on the nature of HY in 
the sense that amines react much faster than methanol. 
Moreover, a!iphatic amines are more reactive than 
aromatic ones: dimethylamine, for instance, reacts 
completely in cu. two hour, whereas aromatic amines 
require about 2-3 days at room temperature. The 
reaction with N-methylaniline is unexpectedly very 
slow: even after one week at room temperature and 
several hours at boiling chloroform temperature the 
reaction mixture still showed traces of the coordinated 
unreacted isocyanide (\J(N = C) at - 2200 cmL). In 
this case the bis-carbene complex could be separated 
from the other products by chromatographic methods. 
The nature of group R affects mainly the reaction with 
methanol. The observed reactivity order is PhNC> 
pMeChH4NC > I_‘-MeOChH4NC. The same order was 
also found in a kinetic study on the reaction of cis- 

[ Pd(PPh3)(RNC)C%] with I>-toluidine,’ which showed 
that electron-releasing groups reduce the reactivity of 
coordinated isocyanides towards nucleophiles. 

Analytical and phisical data are reported in Table 1. 
Molecular weight measurements in 1,2-dichloroe- 

thane show that the neutral bis-carbene complexes are 
monomeric in this solvent. 

These compounds behave as non-electrolyte? in 
halogenated solvents such as dichloromethane or 1,2- 
dichloroethane. However, in methanolic solution 
they show molar conductivity values varying in the 
range 30-51 ohm-’ cm* mole-‘. This fact is attribut- 
ed to dissociation equilibria of the type: 
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which become appreciable in methanol because of 
its higher coordinating properties. 

The chloride ligands in the neutral derivatives are 
easily replaced by other anionic or neutral ligands. 
Metathetical reactions with sodium bromide or azide 
give the corresponding bromo- or azido-derivatives. 
‘The reactions with neutral ligands are shown in the 
followjng scheme: 

[Pd (C(NHP~He-MeC,H,j,clJ 

(ibipy 
’ +*~C’04’~[~{C(NHPh)N”~~~~,] z 

@twl) 
(bipy)] El OJZ 

These reactions provide further evidence of the pro- 
perty of the carbene ligands to give cationic com- 
plexes.6.” The analytical and physical data of these 
products are also reported in Table 1. The conductivi- 
ty values correspond to those of uni-univalent or bi. 
univalent electrolytes. The reaction with sodium 
perchlorate yields a chlorobridged binuclear compound, 
the structure of which is confirmed by the bridge- 
splitting reaction with the stocheiometric amount of 
triphenylphosphine. 

ZnJrared Spectra. The characteristic i.r. bands of 
the compounds studied are reported in Table 11. 

The N-H, C-N and C-O-Me stretching fre- 
quencies of the bis-carbene derivatives are close to 
those found for other neutral or cationic palladium 
and platinum carbene complexes.2,3~5,s~‘4,‘7,‘8 The w 
(N-H) bands fall in the range 31 lo-3390 cm-‘. They 
are shifted to 2262-2526 cm-’ in the deuteriated 
product [ PdjC(NDP)NDp-MeGH&ClJ. 

The presence of many v(N-H) absorptions in the 
same complex may be accounted for by hydrogen 
bonding in the solid state. It can be also noted that 
v(N-H) values of methoxy-amino-carbene are general- 
ly lower than those of the corresponding diamino- 
carbenes. The strong broad band at 1536-1557 cm-’ 
arises from a carbon-nitrogen stretch with a consider- 
able double bond character between the two atoms. 

Compounds 

f~~~~~~~“~qE$ll~~~ 1 , 

F PdjCiNHPhj];(N-,j,] 
Pd!C(NHPh)NMe.I.Ci.l 

E 

‘PdjCiNHPh,OMejkI>j 

PdtC(NHp-NOE,H.)NHp-MeC,H,J,CI,] 
[PdlCcNHp-MeCaH.):j,CL] 

[PdjC(NHp-MeC,H,)N(Me)Ph ,Cl,] 
PdlC(NHp-MeC,H,)OMej,CI? 

i PdfC(NHp-MeOC.H,~OMeLCl,l PdlC(NHp-MeOC,H.)NHp-MeC.H,liCI,] j 

PdlC(NHp-MeOC,HAj,CL] 

PdfC(NHPt 
rPdIC(NHPt 

Ab 
C H N X (ohm ‘.cm’ 

C&W C&d. Found. C&d. Found. C&d 
Mn o,r, 

, mnlr-1, 

ivory ivory ivorv 48.97 56.25 54 nn 49.2 56.1 55 1 4.11 4.72 4 29 4.2 4.1 4.3 9.37 8.16 9.3 8.1 23.27 II.86 22.9 11.5 140.150 150 dec. dec. 46 51 

_ _ _ 
P&~yoll0\ 53.57 

_ ._ _ 9.83 9.9 12.44 12.2 127 50.5 
54.0 4.15 4..> L.,.“, L>., 15 11nr _)ZT - 

white 
148 dec. 30 

Ji hi .4=, R 5 11 5, ,117 117 
white 

42.93 .- -- 43.0 ._.- 4.05 _... -.. 4.1 ..,__ 6.26 . 6.3 . . . 14.97 15.84 15.5 14.8 214 dec. 
z.5 

yCllOW 
130 dec. 

48.89 49.0 3.81 3.9 12.22 12.1 10.31 10.2 
ofi-white 

I41 dec. 48.5 
57.57 57.7 5.15 5.2 8.95 8.9 II.33 11.2 

white 
196 dec. 47 

57.57 57.8 5.15 5.1 8.95 9.0 II.33 I I.1 I98 dec. 34 
white 
o!l-white 

130.135 dec. 

white &-white 42.58 45.45 52.23 54.77 42 45.7 52.4 54.9 7 4.66 4 4.39 4.90 68 4.7 45 4.7 5.0 8.12 8.52 5 5.89 52 8.0 8.4 5.8 54 14.91 10.28 I’(97 10.78 15.0 14” 10.6 IO.1 135.145 1111119 145.155 A‘v. dec. dec. ::.5 84 48.5 35 

IL1 
59:5 4:; 6.,06 

-. ._... .._ .._ ..~ “_.. 

0NHp-MeGHA (PPh,)CI]CIO, 

[PdjCiNHPh,NHp-MGH,J,C112[CIO,]> I)NH~-M~C,H~ I ,(bipy)][CIO,]! 

white 59.78 4.69 5.9 7.61 7.4 140.150 dec 
white 51.74 51.4 4.1 I 
grccnkh 50.81 50.4 4.26 4.0 4.4 9.53 8.46 9.4 8.3 IO.71 8.04 10.5 8.0 252 135.145 dec. ._. 147 

Table I. Analytical and Physical Data of Neutral and Cationic Palladium(ll)-bis-Carbene Derivatives. 

a All melting points are uncorrected. b Methanol solutions. C = IO-’ M, at 25°C 
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Table II. Characteristic ix. absorptions (cm-‘). 

Compounds v( N-H) v(C=N) v( Pd-X) Other bands 

[ PdjC(NHPh)NHp-MeGH&CL] 

[ Pd{C(NDPh)NDp-MeC&@L] 

[PdjC(NHPh)NHp-MeCsH,jtBrI] 

[ Pd{C(NHPh)&Cl, 

[PdIC(NHPh)d~(N,),l 

[ PdlC(NHPh)NMe&CI,] 

[ Pd/C(NHPh)OMej&] 

[ Pd{C(NHp-NOGHI)NHp-MeC~H,~A%] 

CPd~C(NHp-MeC,R)j,Cl,l 

[ PdjC(NHp-MeGH,)N(Me)GH+Cl~] 

[ Pd{C(NHp-MeGH,)OMej,Ch] 

[ Pd{C(NHp-MeOCsH&j,Clz] 

[Pd{C(NHp-MeOGH,)NHp-MeC~H&Ch] 

[ PdjC(NHp-MeOCsH,)OM~L%] 

3383 m, 3316 w 
3208 ms,br, 3175 sh, 3115 w 
2526 m, 2459 w, 2347 ms, 2262 w v(N-D) 

3390 m, 3312 w 
3210 ms,br, 3170 sh, 3110 w 

3380 m, 3310 w, 3210 m,br 
3170 sh, 3110 w, 
3385 m, 3310 w, 3270 m 
3210 m, 3170 sh, 3115 w 

3193 ms, 3180 sh, 3140 mw 

3230 sh, 3190 ms.br, 3140 mw 

3284 mw, 3210 m 
3175 sh, 3120 w 
3386 m, 3332 mw, 3250 m, 
3210 m, 3160 sh, 3115 w 

3335 mw, 3160 m, 3110 w 

3230 sh, 3185 s,br, 3120 sh 

3382 m, 3310 sh, 3260 sh, 
3210 m,br, 3120 w 
3380 m, 3310 sh, 3260 sh, 
3210 m, 3170 sh, 3110 w 

3230 sh, 3195 ms,br, 3130 sh 

1555 s 
1536 s 

1545 ms 

1540 s 

1543 s,br 

1545 s,br 

1557 s,br 

1545 s,br 

1548 s,br 

1540 vs,br 

1545 s 

1540 vs,br 

1543 vs,br 

1542 vs 

1540 vs,br 

[Pd{C(NHPh)NHp-MeCsH&(PPh,)Cl]CKI, 3375 m,w, 3300 m,br, 3240 sh 1542 s,br 

[PdJC(NHP)NHp-MeCJH&(bipy)] [Clo,], 3308 ms, 3240 ms,br 1542 s,br 

3370 mw, 3300 m, 
3260 m, 3150 sh 1543 s,br 

288 s,br 
270 sh 
289 s 
263 ms 
232 ms, 225 sh, 
217 s 
294 s 
270 s 
373 ms 
345 ms 
290 sh 
274 s.br 
305 s’ 
283 s. 265 sh 
299 ms 
280 ms 
295 s 
280 sh. 267 ms 
290 ms 
276 m 
302 s 
283 s 
298 sh, 
281 s, 267 sh 
298 sh 
281 s, 268 sh 
301 s 
280 s 

302 ms 

296 s,br 
280 sh 

2057 s 
2038 s v(N=N) 

1245 s v(C-O-Me) 

1511 v(N-O),,,, 
1340 v(N-O),,, 

1250 s v(C -O-Me) 

1250 s v(C-O-Me) 

1095 s,br v(Cl-0) 
620 s &Cl-O) 

1085 s,br v(Cl-0) 
620 s 6(Cl-0) 

1090 s,br v(Cl-0) 
621 s S(Cl-0) 

vs = very strong, s = strong, m = medium, w = weak, 

It is only slightly affected by deuteration. In the 
methoxy-amino-carbene groups another strong band 
at ca. 1250 cm-’ is assigned to a C=O-Me stretching 
mode.‘7,‘8 All neutral bis-carbene derivatives show 
at least two v(Pd-X) bands, supporting a cis configu- 
ration for these compounds.” In the case of the 
complex [ PdjC(NHPh)&(N&j, the cis structure is 
also supported by the presence of two v(N =NJ ab- 
sorptions at 2038 and 2057 cm-’ respectively. It is 
to be noted, therefore, that the cis structure of the 
starting bis-isocyanide complexes is retained in reac- 
tion 1. The low values of v(Pd-Cl) (263-305 cm-‘) 
indicate rather weak palladium--chloride bonds ow- 
ing to the high trcrns-influence of the carbene li- 
gan&~1,2.3,8,18 This is reflected by the extensive disso- 
ciation of Pd-Cl bond in methanol and by the tenden- 
cy to give cationic complexes according to the scheme 
2. The two carbene ligands in the complex [PdjC- 
(NHPh)NHp-MeG,H&PPh~)Cl][ClO~], are probably 
in cis position to each other, as they are in the parent 
compound, cis-[PdjC(NHPh)NHp-MeGH+~G]. The 
position of the v(Pd-Cl) band (302 cm-‘) in the phos- 
phine derivative is not decisive for assigning its struc- 
ture on the basis of fruns-influence arguments. 

P.m.r. Spectra. The p.m.r. data of the bis-carbene 

(17) 1%. Crociani and T. Boschi. 1. Oruanomrlullic Chem., 24, Cl 
(19io). 

_ 
(18) H.C. Clark and M.H. Chisholm. Inorg. Chem.. IO, 1711 (1971E): 
(19) D.M. Adams. xc Metal-L&and and Relalcd Vibrationa n 

Arnold, London, P. 44 (1967). 

sh = shoulder, br = broad. 

complexes soluble in CDClj are shown in Table III. 
The assignment of N-H resonances is based on their 
disappearance after treatment of the CDCL solution 
with DzO. The methoxy-amino-carbene ligands are 
characterized by N-H signals occurring at very low 
values (-1.5 to -1.0 7). 

In the diammino-carbene groups the N-H bands 
are not clearly observable, since they fall in the same 
range as those of the phenyl protons (1.4-4-O ~1, their 
presence being deduced from the integration values 
before and after DzO treatment. This is also con- 
firmed by the occurrence at 3.19 7 of a N-H signal, 
which is not masked by the phenyl absorptions, in 
the complex [PdjC(NHp-MeG,Ha)N(Me)Ph~El~]. The 
diammino-carbcnc derivatives show a further deu- 
terio-sensitive band at cu. -0.5 7, which has relative 
intensity less than one and probably arises from N-H 
protons in hydrogen-bonded molecules or, alternati- 
vely, in different isomeric species in solution. 

The lower values of T (N-H) in the methoxy-amino- 
carbenes compared with those of diamino-carbenes 
indicate a more acidic character of N-H protons in 
the former compounds (this is also reflected by 
the lower values of N-H shetching frequencies, as 
seen before). 

Resonances due to 0-Cl% and N-CH3 groups of the 
carbene ligands occur at 5.23-5.28 7 (for the methyl 
attached to oxygen) and at 6.92 T (for the methyl 
attached to nitrogen), in good agreement with the 
corresponding values reported in the literature for 

ftmrganica Chimica Acfn ( 6 : 4 1 Dewmbcr, 1972 
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Table III. P.m.r. data fur some bis-carbene complexes 0 (7). 

Compounds Phenvl protons 
N-CHJ -CHFCH, 
0-CH, -C,H,-OCH, N-H 

[ Pd{C(NHPh)NHp-MeGH,!,CI,1 

[ PdjC(NDPh)NDp-McCaH&CL] 
[ Pd{C(NHPh)OMej2C1,] 
[ Pd/C(NDPh)OMejQ,] = 
[ PdlC(NHp-MeCaH,)N(Me)PhKLl 

NiMejPhjzClJ = [ Pd{C(NDp-MeGHa) 
[PdjC(NHp-MeCsHJOMejzCiz~ _ 

I [Pd{C(NDp-MeCsH4)0Mejj,C1, c 
[ Pd{C(NHp-MeOC,H,)&Cl~] 
[ Pd(C(NDp-MeOCsH.~~~,Cl,l c 
[ PdlC(NHp-MeOGH ~j~ti~-~MeGH&ClJ 

[ PdjC(NDp-MeOGHd)NDp-MeGH&Ci,] c 

1.4-4.ob [ _ 10.5-j 

1.4-4.0 b [9] 
2.2-3.2 m [5] 
2. .2-3.2 m [5] 
2. .O-3.1 m [ -91 d 
2.;;.; ;1,{9] 

?82 4 (41 
1.6-3.9 b [ -4.81 
1.6-3.9 b r4i 

1.5-4.0 b [ -9.71 

1.5-4.0 b [S] 

- 

5.23 s[3] 
5.23 $31 
6.92 $31 

6.92 $33 5.28 s[3] 
5.28 I ;I31 

[ Pd{C(NHp-MeOGHJ)OMejjtC1,l 2.97 [4] q 

7.76 s, 7.82 s,br, 
7.95 sh [3] 
7.80 s,br, 7.95 sh[3] 
- 

7.73 s [3] 

:,::: : _ [?j 
7:74 s [3] 
6.27 s,br, 6.32 sh[3] 

6.26 6.27 s,br, s.br, 6.30 6.32 sh([3] sh[3] 
7.73 s,br [3] 
6.25 s,br, 6.29 sh[3] 

-0.45 [ -0.51 

-1.9 [l] 

_;.19 [,l]d 

11.6 [l] 

--0.56 [ -0.31 

--0.48 [ -0.41 

- 

s[3] 
7.73 s,br [3] 

5.27 6.28 s [3] -1.5 [I] 

n in CDCl, solution, 5 f 0.02; integration values in parentheses; b set of broad multiplets; c not isolated, obtained after 
D,O treatment; d the phenyl protons and N-H signals slightly overlap; s = singlet, m = multiplet, q = quartet, sh = shoul- 
der, br = broad. 

other palladium( II)- and platinum( Wcarbene deriva- 
tives 3,8,13,14,17*18 

It is known that amidinium saW and carbene 
complexes of chromium” or platinum6** show hinde- 
red rotation about the C-N or C-O bonds. In the 
case of a methoxy-amino-carbene group four possible 
isomers may be present in solution:6,8 

R 

H-k>_ Pd . 

r! 

H-h\ 
Y Y 

, /C--cPd ; 
CH&’ 

R-d.>c_pd 
o/ oY 

R-N%C_ p#j 
I 

’ H&-OJ 

LHJ tti3 

(A) (8) cc) (0) 

Assuming that free rotation occurs in the C+Pd bond, 
the number of possibIe isomers in a bis-carbene com- 
plex is given by the combinations of (A), (B), (C) and 
(D) structures. In this way four symmetric isomers 
of the type [Pd(A)K%] (or [Pd(B)X12] etc.) and six 
of the type [Pd(A)(B)ClJ (or [ Pd(A)(B)Ch] etc.) 
can be obtained, the former showing only one 0-CH3 

(20) G.S. Hammond and R.C. Newman Ir.. /. Phys. Chem.. 67, 
1655 (1963). 

(21) I.A. Connor and E.O. Fischer, 1. Chm. Sot. (A), 578 (1969), 
and references therein. 

resonance and the latter two equivalent ones. The 
same considerations can be extended to the bis-di- 
amino-carbene 

when R#R’. In the case of R=R’ the total number 
of possible isomers is reduced to six. If there were 
hindered rotation also about the C+Pd bond, the 
number of possible isomers should be considerably 
higher in any case. The p.m.r. spectra of the bis- 
methoxy-amino-carbene derivatives show only one 
isomer to be present in solution. Moreover, the oc- 
currence of one sharp 0-CHS resonance indicates that 
this isomer is of the type [ Pd(A)2C12]. One isomeric 
species is also observed for [ PdjC(NHp-MeC6H4)N- 
(Me)Ph[&l. In the case of the ether bis-diamino- 
carbene complexes the spectra are characterized by 
broad unresolved multiplets for the phenyl protons 
and by broad resonances (half band widths = 6-9 
c.P.s.), often followed by shoulders, for the methyl 
protons of -C~HJ-CH~ or -CsH4-OCHs groups. This 
is probably due to the presence of more than one 
isomer in solution. 
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