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CARBENE COMPLEXES

IV*, FAR INFRARED AND 3P NMR SPECI‘RA OF PALLADIUM AND
PLATINUM CARBENE COMPLEXES : :
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Summary‘

Infrared bands mainly associated with »(M—X; ) 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 |*J] (** 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-di-
methylimidazolidine-2-ylidene and related carbenes has been prepared. Prepara- -
tive details [2, 3], chemical properties [4, 5], IR, HNMR [5], and '*C NMR _
[1] spectra have been published. We now report other spectroscopic studies
(far IR and 3! P NMR) which in addition to providing structural information,
afford further data concerning the trans-influence of the new carbene ligands. .

-Infrared spectta

Carbene complexes of the series cis- or trans-L, MCl;, where L = tertlary
phosphine or arsine and M = Pd or Pt, show strong infrared absorptmns in the
range 270—350 cm™! (see Table 1). These bands are tentatively attributed to
v(M—Cl,) vibrational modes. In order to confirm this assignment a number of
analogous bromo complexes was prepared: these (cis-isomers) showed strong -
-absorptions at 175——205 cm™ [#(M—Br; )] and the bands previously assxgned
to metal—chlorine vibrations were absent (see Tables 1 and 2).-However, bands
assocmted w1th V(M_Brg ) were not sufﬁc1ently strong for most of the trans-

"% For phrt I'See réf. 3:part I!; ref. 5; part III._ref.'_l.-
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j;,;TABLEl o ‘ ; SRR ,
s ME‘.TAI:—-CHLORINE STRETCHING VIBRATIONS IN THE SERIES cis: AND tmns-l.r;MClz (L TER-‘ :

“TIARY PHOSPHINE OR ARSINE, OR CARBENE, M = Pd OR Pt)

) VVFotmuLa. : ; v . . Y trans-Series S i - cis-Series '
e ! ' Compound ﬁ(ﬁﬂ2)a< . Compound v(M—é]z) G
- PtCl; (CNPhCH, CHy NPR)(PELy) - M - ad1s « B¢ T 3085, 277s .
 PtCl;(CNPhCH, CHoNPhY(PBu3) (1D 337s S Q@v) ... 3055,275m
. PtCIz(CNPhCBgcﬂgNPh)(PMezPh) o) 340s o VD . 312,285
PtCI(CNPRGH,CHyNPh)(AsEt3) . (VID. -~ 340vs - . (V) - 3125 285s.
. PtCl(CNMeCH; CH2NMe)PEt3) - (X) aggvs TX) .. 312vs,288vs
"PtCl(CNMeCH; CHz NMe)(PPr3) XD 340 ws (XTI 359 vs, 286 &
PtCla(CNMeCH, CHpNMe)(PBuz) . . (XIID 340 vs . (XIV) 308 vs,285s
PLCl (CNMeCH; CHy NMe)(PMe; Ph) xvy . B &vD 311 s, (305 sh),
, T - 283s
" PtCly(CNMeCH, CH2 NMe)(AsEt3) (XVID) 338 vs (XVvIn 310 vs, 295 vs
PtCl; (CNMeCgH4S-0)(PEt3) (XIX) 347 5 (320 sh) XX) - - 310, (302sh),
: 281 s
fr—————y
PLClz(CNMeCgH4S-0 P Bu3) (XX 3485, 3255 € (XX 310 s, (302 sh),
. 2855 -
‘ [ .
PLCl3 (CNMeCgHyg S-0)(PMe3 Ph) (XXIIT) 5 (XXIV) 315 5, (310 sh),
" i . 2853
PACl; (CNPRCE, CH,NPh)(PEt3) - (XXV) 351 5 (318 m) ©(XXVI) 302s,272s
PACI;(CNPhCH, CH,NPh)(PBuz) = (XXVID  350s ’ (XXVII)  306s,275m
PACI; (CNMeGH, GH NMe ) (FEt3) (XXEX) b " (XXX) = 809s, (302sh),
- . 285 s
Spn—
PACI1 (CNMeCH; CHy NMe)(PBuj3) EXXD b (XXXII) 305s,292s
. GIMeCH, O , ,
PACI; (CNMeCgH45-0)(PEt3) (XXXnn b (XXXIV)  311s, (303 sh),
280 s
SN s |
PdCly (CNMeCgH4S-0)(PBu3) (XXXV) b (XXXVI) 3125, (307 sh),
- . 447 s

a Spectrﬁ run as Nujol mulls using KBr discs. ? Data not available; trons — cis isomerisation too facile. ¢ Also
shoulders in spectrum a¢ 330 and 320 em™1, All peaks in the appropriate region are quoted, but the shoul-
ders (in pa:entheses) are not necesmuy associated with v(M—-Clz).

isomers that any relmble assxgnments could be made and, for these, flgures have
~been omitted from Table 1. In common with most other square planar dihalides
' the trans-isomers in the present compounds show only one strong v(M—Cl, )
band whereas there are invariably "wo major absorptions associated with
r(M—X, ) in the cis-series.

- - Far infrared freq_uenmes, and especxally v(M—-Cl2 ) have also been useful in
assessment of ligand trans-influence [6]. In the present series we have already
" noted [2, 4], based on X-ray structural data, that the carbenes exert a trans-in-
- fluence for platinum(II) very close to that of ‘tertiary phosphines. Infrared spec-
- tra, however, are less simple to interpret for this series, in which the eis-com- = -
plexes are unsymmelrical. However, if instead of using mean v(Pt—X,; ) values”
(see e.g., ref. 6) we consider both frequenmes a trend is clearly discernible; e.g.,
- compare [(compound), p(Pt—Cl, ) cm™! } : (I) 308, 277; (IX) 312, 288; and (XIX)
-810, 281; with cis-PtCl, (PEL; ), 305, 283 [7]. The values clearly suggest a very
;sn:mlar trans-mﬂuence for the three carbenes and tnethylphosphme. Analogous
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“TABLE 2
METAL—BROMINE STRETCHING VIBRATIONS N THE SERIES cis- AN D trans-LgMBtz

Formula o IR trans-Series . ‘ i-Series

. Compound ;v(M-A-Biz)“— - Compound ‘u‘(M--Brz) a.

maz‘z’(curhcnzcngm' h)(PEt3) - (XXXVI) R 248m - (XXXVII) 195vs, 2035
PtBIp(CNMeCH, CH,NMe)(PEt3) (XXXIX) b (XL) 192 vs,203s
PtBrs (CNMeCgH,o$-0)(PEt3) : (XLI) b XLI)  197s,187s
PARr,; (CNPhCHa cx-r’,gmh)(rait;,) : - | (XLIT) » (XLIV) b
Pdmz(cNPncazcaz'm' h)(PBus3) g y - (XLV) B (XLVD) 197,179 s

@ Samples ground with polythene, and spectra run on polythene-based discs. 5Bands not sufficiently well
resolved to make 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 difficulties, and are shown in Table 3, together with metal—arsenic
data. However in this case coupling, of v(M——P) or v(M—As) with internal modes
of the ligand [e.g., §(PCC)], is a serious drawback [8].

- In the present context assignment of the bands having largely »(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 trans-LoMXs (L =
TERTIARY PHOSPHINE OR ARSINE, OR CARBENE; X = Cl ox Br; M = Pd or Pt)

trans-Series cis-Series

Compound r(M—P) or p(M—As) ¢ Compound v(M—P) or r(M—As) &
[¢3) 422 w an 439 m

[3143] 455 w av) 475 w

) 442 m (V1) 452 w

(ViI) (VIII) 306 w

(IX) 421 m (X) - 435 m

X1) 443 m (X11) 447 s

(XIID) 445w (X1v) 442 s

(Xv) [0, 44 ] 437s

(XVID) 436 w (Xvaiy 440 m
Caxy 435 s, 425 sh (0.9.9] 435 m, 430sh .
(XXI1) 435 s (XXIT1) 430 s .
(XXII1) ) : (XX1V) 437 w
(XXV) 415w (XXVI) 435 w

(XX VI XXV 472 w
(XXIX) - (XXX) 435w, 425 w
(XXXI) (XX XII) 440 m :
(XX XIIT) (XXXIV) 430 s
XXRV)Y (XXXVI) 447 s
(XNXVI) . . 420s (XXNVILY 438 w
(XXX1X) 432 m (XL) 847 s
(XLI) 431 s (XLI). 437 m
(XLIII) 412 w . (XLIV) } 412 m
(XLV) 452w - (XLVD) : ‘468 w

@ Spectra run as nujol mulls between KBr discs.



‘?-'j;and: the reglon [7 9] of the spectrum for v(M—P) exh1b1ts only a smgle band ,
It should be pomted out.that the free ligands also. exhibit a single weak band (un-
f,as51gned) in thxs reglon, however, th]S band is not present i in metal complexes e
- which do.not- contam phosphmes and moreover the present complexes show
but a single- absorptlon within the v(M—-P) range. As a means of assessing trans-
'mﬂuence v(M—P) data are clearly unreliable, but at least do not conflict with -
- our general conclusion; note: (I) has v(Pt—P) at- 422 cm trans-PtClz (P,Et~ )25
at 419 ecm™ [9]. _

' v(M——C) has proved dlfﬁcult to a551gn in complexes of the present type »
_All these compounds exhibit a medium-weak band in the region 500—550 cm™ .
which may be associated with the M—C,_, ., stretching mode but the parent
olefins also show a band in the same region. Moreover, the Pt'V complexes
PiCl, (CHNMe2 JPEt; and PtCl, (CHNMe, )PBu;, show no absorptions between
-480 and 600 cmi~! [10]. 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 | J |(3! P—'°° Pt), which confirms other stereochemical
assignments. Variations in J(P—Pt) in the frans-complexes can be interpreted in
terms of the appropnate form of the Pople and Santry expression for coupling
[111, and can be used as a measure of the trans-influence of the ligand trans
to P. In this procedure a high J(3! P—!%° Pt) implies a low trans-influence for the
appropriate ligand. Once again we note the general similarity to tertiary phos-
phines, [compare |'JI(3!P—'?5Pt) for (I), 2.44 kHZ, with that of trans-PtCl,-
(PBu; ), , 2.89 kHz], but the method is sensitive enough to make distinctions
possible between the different carbene ligands. We should thus have the trans-
influence order: Et; P = 1,3-dimethylimidazolidinylidene > N-methylbenzo-
thiazoh'nylidene = 1,3-dimethylimidazolidinylidene:

, | | Me
. = S - v N %
EtP: . ‘ NMe @Q\me > E—J\IMe

TABLE 4
31p cREMICAL SHIFTS AND 711 P—1?%Pt) FOR THE SERIES cis- AND trans-LaMX5 (L = TERTIA-
RY PHOSPHINE OR CARBENE: X = Cl or Br; M = Pd or Pt).

trans-Series . ‘ ’ cis-Series

Compound &31pb |7{(31p—195py) & Compound &3!p?Y WIGIp—195p3) ©
es) +110.8 2.44 o an a

ax) T #1100 - 2.35 @ +136.2 .8.72

xn +119.1 2.34 (XID) +114.8 3.75

aam 0 +.80.2 - 2.35 cav) | +.46.3 326

(XIX)- | +107.2 . ' 2.44 : (XX) da -

(xxxvu) 114 0 247 - XXXV d - - -

(XXXIX) -~ #1121 - 7~ '2.36 . XL) - +114 - - 4.08

a Measuxed in chloroform solutxon 5In ppm trom extemal (capnlary) P406 < In kHz a ' cis- Isomer too
msoluble for measurements . :



148 -
Experimental

: The preparations of the complexes have been previously reported [2, 3].
IR spectra were recorded using a Perkin Elmer model 457 grating instrument, .
and 3' P NMR spectra were obtained using a Perkin Elmer model R10 spectro-
meter operating a 24.29 MHz, with a Northern Electronics C.A.T. Far infrared
spectra were measured using an R.LI.C. FS 620 Fourier transform spectrometer,
and samples were made up as polythene discs. ' : . o
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