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Infrared bands mainly associated with v(M-X2 ) stretching.modes (M = Pd 
or Pt., and X = Cl, Br, or P) have been identified in the spectra of 35 carbene 
complexes. Based on these results and on I! JI (31 P-*” Pt) the trans-influence of 
the carbene ligands is assessed. 

Introduction 

A series of palladium and platinum carbene complexes of the ligand 1,3-d& 
methylimidaxolidine-2-ylidene and related carbenes has been prepared. Prepara- 
tive details [2, 33, chemical properties [4,5], I&, ’ H NMR [5], and l3 C NMR.. 
[l] spectra have been published. We now report other spectroscopic studies 
(far IR and 31 P NMR) which in addition to providing structural information, 
afford further data concerning the trans-influence of the new carbene ligands. . . 

Inikared spectra 

Carbene complexes of the series ck- or trcms-L2 MC&, where L 7 tertiary : 
phosphme or amine and M =_Pd or Pt, show strong infrared absorptions in the 
range 270-3.50 cm-l (see Table l)._These.bands are tentatively attributed to 
ZJ(M-C& ) vibrational modes. In drder to confirm this assignment a number of .. 
analogous bromo complexes was prepared: these (&-isomers) showed strong 
absorptions at 175-205 cm-‘. [v(M-Brz )] and the bands previously ~assigrkd :. : 
to metal--chlorine vibrations were absent (see Tables 1 and 2). Howeveqbands ., 
~ociaid.~@ y(M-Br* ) were not sufficiently strong for most of the.trans- ... :: 

.-. . . . . . 

'*.F&&tI&e ref.3;p~t~;ref.5;part~I.ref.l.- .’ 



. . ._.. 
140. ::. -. :- 
_: ,/(_’ ._ ._ 

: 
^ . 

I : F6ETAb-CXiCORINE STRET&kG VXBRA’kNS INTHE SE&E& eis;.AND t~ons-~MC12 (i= pR-- 
.TLAILYPHOSP~~GRARSINE;GRCAREENE;M=P~ORPt) :,., : : _, .: 

Fo+tla’ tmns-Series cis-Ser&?s 
.. ., 

$41 s 

3379 
3409 
340%-s 
339 vs 
3davs 
340 ys 

b 

348 a. 325 s = 

b 

351 s (318 xn) 

350 s 

b 

b 

b 

b 

CNzIn 

<XXXII) 

<XXXN) 

<=xw 

308 s. 277 a 

305 i, 275 zri 

312 s. 2as s 

.312s,285s. 

312 ~9,268 vs 

359 VS. 286 s 

306 ys, 285 s 

311 s, (305 shx 
283 s 

31b vs. 295 vs 

310 s. (302 sh). 
281 s 

;;; 2 (302 sh). 

315 s, (310 sh), 
286 a 

302 s. 272 s 

306 s. 275 m 

309 s. (302 sh). 
285s 

305 s. 292 s 

313. s, (303 Sh), 
280 s 

312 &. <307 sb), 
447s 

= SpecM run a~ NUN mulls udng KBr dksc~, b rata not available; tmns - cis isomerisatiwx too faeik. c A-L~O 
shoulders in spectrum at 330 and 320 km -I_ AZ1 pea& in the appropete region are Quoted, but the sboul- 
ders (in Parentheses) aXe not necessarily associated with #(M--C&). 

isomers thaCanyreZ~~bleassi~~ntseould.be made, and,for these,figures have 
been kitted from Table 1. In common with most other square planar dihalides 
the tmns-isomers in the present compounds show only one strong v(M--C& ) 
band wkreas there are invariabry two major absorptions associated with 
v(M---x, ) in the c&z-series, 

Far infrared frequenciqs, and especially y(M-C12 ) liave also be& uskfrtl in 
assessment of ~g~d’~~~~uence f63. In the present series we have already 
noted. [2,41; based ~ati X-ray structural data, that the carberies exert a trans-in- 
fluence ,for pi&uum(II)~ very close to that_ of t&m &hosphin&, Infrared spec- 
tra, hopreva, ate less simple $0 #nterpret for this *es, in which the cis+om- 
plex& axe~unsymmetrical. Howeyer, jf *teaa of using mean Y(W--X, ) valties’ 
-(see e.g..;.&& -6) we”eoasider both frequencies a trena is clearly #sczrnible; e.g., 
c&npiuceSf(e&pound), u(Pk-Clz ) cm-’ ] : (I) 308,277; (IX) 312*- 288;and (XLX) L 
~~~XO~ 281; with’&-PtC& (Hilt3 jz 305,283 171. The values clearly suggest a very 
sin@+ b&&&~ence for tQe. three carbenes and. triethylphoSphiue. AnalogbuS 

._ . ..‘_’ 



TABLE2 ‘, ., .:, ‘. :. 

M5TAGRROkINE STREi’CiHNCi VIBRATKONS IN THE SERIES iis- AND trrm-~Mi3r~ 

impound ~CM-I+,= Compound s(M-33~) = 

ixxxvn, 248 m (XXXVIII) 195 vs. 2033 

&XXIX) b <XL) 192 vs. 203 s’ 

(XLII) 197 9,187 s 

fXLW> & 

(XLV) .b WLJw 197.179 s 

* Samples ground wit& po&-the~~e, SUM spectra IUP OP p&thene&ased discs. bBands not sufficienth well 
resolved to makti reliable assignments. 

comparisons may be made for other groups of compounds, including the bromo 
and palladium complexes. 

Metal--phosphorus vibrations for the trans-compounds are not subject to 
the same difficu%ies, and are shown in Table 3, together with metal-arsenic 
data. However in this case coupling, of VIM-P) or v(M--As) with internal modes 
of the &and {e.g., S(PCC)] , is a serious drawback [8] _ 

In the present context assignment of the bands having largely v(M-P) 
character is relatively straightforward. Thus we have an extensive series of close- 
ly related derivatives, for which arsine analogues are available for comparison, 

TABLE 3 

METAL--PHOSPHORUS AND -ARSENIC VIBRATIONS IN THE SERIES cis- AND frans-L+~XZ (L = 
TERTIARY PHOSPHINE OR ARSmE, OR CARBENE; X = Cl or Br; M = Pd or Pt) 

tram-Series 

Compound v(M-P) or v(M--As) 4 

cis-series 

Canpound 

0) 
<Jm 
09 
<VIZ) 
t=Q 
(XI) 
(=fD 
<XV) 
(XVII) 
(XIX) 
(=I) 
GXHI) 
(XXV) 
<xxvrD 
(X=X) 
tXX=> 
(XXXIII) 
CXXXW 
(XXXVII) 
(XXXIX) 
cxw 
(XLIII) 
<X&V) 

422 xv 
455 w 
442m 

421 m 
443 m 
M5W 

436W 

435 s. 425 sh 
435 9 

415 w 

420 s 
432 m 
431 s 
412 w 
452 w 

(11) 439m 
<rw 415 w 
WI) 452 w 
(vrrr) 306 w 
<X.x) 435 m 
(XW kp-fs 

(XIV) 442 s 
(XVI) 437 s 
(XVIII, 440m 
(XX) 435 m. 430 sb 
<XXII> 480 s 
(xxIV) 437 w 
(XXV0 435 w 
(XXVIII) 472 w 
(XXX> 435 w, 425 w 
(XXXII) 440m 
<XXX_IV) 430 s 
<_XXXVI) 447s 
<XXXVIII) 438 w 
(XL> 447 s 
(XLIIZ. 437 m 
(XLIW 412 m 
(XLvu 468 w 

a Spectra - as nujol mulls between KBr d&s. 



-.~.&i~.&& i&&ix [7; $1 of the ipect&n for v(M-P j exhibits only asingle band, 
‘.It sho~d~be~pointed~outthat the free ligands. also exhibit a single weak band (un- 
.-_Ui&d j~ih t&region; howcyer, this band is not present in metal complexes -- 

: yhich ‘do-not e&t& phosphine&&d moreover the present complexes show:‘ 
but a single-absorption-within.the y(M4) tige. As a means of assessing @qzs- 
influence, v(M-P) data are clearly unreliable, but at least. do not conflict with 
0% general conclusion; note: (I) has y(Pt-P) at 422 cm-‘. , tins-PtC& (PEts )z, 
at 419 cm’ [93 _ 

v(M-C) has proved difficult to ass&& in coniplexes of the present type. 
b these compounds exhibit a medium-weak band in the region 5007550 cm-’ 
whi&may be associated with the M-Ccarb stretching mode, but the parent 

olefins ako show a band in the same region. Moreover, the PtIv complexes 
PtCI, (CHNMe, )PEtJ and PtCl, (CHNMe, )PBu3, show no absoiptions between 
480 and 600 cm-’ [lo]. Those in the present series at 510-540 cm-’ may 
therefore arise from internal modes of the carbene ligands. 

31P NMR spectra 

Data for the carbene complexes are presented in Table 4. The cis-complex- 
es invariably exhibit larger I ’ J l(31 P- lg5 Pt), which confirms other stereochemical 
assignments. Variations in J(P-Pt) in the trans-complexes can be interpreted in 
terms of the appropriate form of the Pople and Santry expression for coupling 
[ll] , and can be used as 2 measure of the tmns-influence of the ligand tmns 
to P. In this procedure a high J(31 P- lg5 Pt) implies a low trans-influence for the 
appropriate l&and. Once again we note the general similarity to tertiary phos- 
phines, [compare 11Ji(31P-1g5Pt) for (I), 2.44 kHZ, with that of tram-Pi%&- 
(PBu3 )2, 2.39 kHz] , but the method is sensitive enough to make distinctions 
possible between the different carbene ligands. We should thus have the trans- 
influence order: Etg P = 1,3dimethylimidazolidinylidene > N-methylbenzo- 
thiazolinylidene 2 1,3-dimethylimidazolidinylidene: 

Et;P: .= iJ--Me > QJSIMe > 77: 
NMe 

TABLE.4 

31P CHEMICAL SHIFTS AND IJ l(31P-1g5 Pt) FOR THE SERIES cis- AND tmrzs-L2MX2 (L = TERTIA- 
RY PHOSPHINE OR CARBENE: X = Cl or Br; M = Pd or Pt). 

tmns-Series 

Conipound QS~~P b l&31P-J95Pt) = 

CiS-Series 

Compound 531Pb lJ1(31P-l95e,)= 

(r) i-110.8 2.44 <II) d 

(Ix) +i10.0 2.35 (X) +136.2 .3.72 
(xl) +119.1, 2.34 (XII) +114.8 3.75 
(XH.0 -4.80.2 2.35 (XIV) + 46.3 3.26 
(XIX) -t107.2 ’ 2.44 <XX) 
(XXXVID -+114 _: 2.47 (XXXVIII) :: 
(XXXIX) il21. 2.36 <XL) +114 4.08 

0 Me&m&in chIorofon&solution. b h ppm horn external (Capi&ry).P406. c In kH2. d Ck-&OmX too 

insoluble for nieakremexits. 



.- Exper&&tal 

The preparations of ,the complexes have been previously &&xW 
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[2,31: 
XR spectra were recorded using a Perkin Elmer model 457 grating instrument, 
and 31 P NMR spectra were. o btaiued using a Perkin Elmer model R10 spectro- 
meter operating a 24.29 MHz, with a Northern Eleetiouicti C.A.T. Far iufrargd 
spectra were measured using an R.I.I.C. FS 620 Fourier trhnsform spectrometer, 
and samples were made up as polytheue discs. 
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