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Abstract

The diaminocarbene complexes cis-Cl,(PPh;)Pt{CN(Bu')CH,CH,NH] (1) and cis-Cl,Pt{CN(CsH,-p-
OMEe)CH,CH,NH], (2) have been prepared by reaction of the corresponding isocyanide derivatives
with aziridine/CICH,CH,NH,;*Cl~ and aziridine alone, respectively. The aminooxycarbene complex
cis-CL,Pt{CN(C¢H,-p-OMe)CH,CH,0]; (3) has been prepared by reaction of the bis-isocyanide derivative
with 2-chloroethanol/n-BuLi. The dimeric complexes {(PPh,)BrPd[u-CN(Me)CH,CH,N-C,N]}, (4),
{(PPh;)CIPd[p-CN(CH,-p-OMe)CH,CH,N-C,N]}, (5), {(PPh,)CIPt[u-CN(CsH,-p-OMe)CH,CH,N-
C, N1} (6) have been prepared by deprotonation reaction of the NH group of the corresponding
mononuclear derivatives with n-BuLi. The X-ray structure of {(PPh;)CIPt[p-COCH,CH,N-C, N1}, (7)
is reported. The structural model was refined to R=0.055 (R,,=0.061) for 7442 independent reflections.
Crystal data: triclinic, space group Pl, a=19.564(3), b=16.497(3), c=13.243(2) A, a=88.93(3),
B=97.88(3), y=91.97(3)°, Z=4. The crystal contains two crystallographically independent dimer units
and a disordered dichloroethane molecule. Each dimer is formed by two bridging carbene ligands
which are coordinated to one platinum on one side via a Pt-N bond and to the second platinum via
a Pt-C bond. The coordination geometry around each platinum atom is an irregular square with
deviations in the tetrahedral direction of the bonded atoms. The anodic behaviour of these and related
monocarbene, dicarbene or dinuclear dicarbene complexes has been studied by cyclic voltammetry and
controlled potential electrolysis in aprotic media and shown to present irreversible oxidation waves
commonly with a multi-electron character (up to four electrons) and involving liberation of protons
(in a number similar to that of the transfered electrons) conceivably resulting from anodically induced
N-H or C-H bond cleavage, the former at an amino group and the latter occurring at methylene

groups activated by adjacent amino- or oxy-carbene moieties.

Introduction

We have recently reported that one or even two
RNC ligands in Pt(IT) and Pd(II) complexes can be
converted in high yield to the corresponding five-
membered cyclic diaminocarbene derivatives [1]. The
N-H group in cationic complexes of the type
trans-{(PPhs),M[CN(C¢H,-p-X)CH,CH,NH]Br}*

*Authors to whom correspondence should be addressed.
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(M=Pd, Pt; X=Me, OMe) can be deprotonated by
n-BuLi to give the corresponding imino intermediate
which rapidly reacts with electrophiles R-X
(R=CH,CH=CH,, CH,~C=CH; X=Br) to give
new functionalized N-R carbenes [1]. Also amino-
oxy-carbene compounds like Cp(CO)zFe(é-ét
CHzCHzth‘I)-F [28, b] or Re(CO)4(Br)(COCHz-
CH,NH) [2c] were reported to react with strong
bases to yield the corresponding neutral imino com-
plexes. Generally, n-BuLi has been used as the base
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for the reported deprotonation reactions of the N-H
group, other bases like NEt,, LiAIH, or NaN(SiMe;),
having proved unsuccessfull [2, 3]. The present work
will focus on (i) synthetic investigation and structural
properties of dimeric Pt(II) and Pd(II) complexes
having bridging carbene ligands derived from de-
protonation reactions of neutral monomeric ami-
nocarbene complexes such as cis-Cl,(PPh;)M-
[EN(CeH,-p-OMe)CH,CH,NH] (M=
Pd, Pt) with n-BuLi and (ii) electrochemical anodic
behavior of neutral aminocarbene complexes. As for
the latter aspect, despite the extensive developed
chemistry of complexes with multiple metal-carbon
bonds [4-6], only a small number of electrochemical
studies of these species has been reported [7-14].
We have previously outlined [14] the redox behavior
of some rhenium phosphine complexes with a variety
of multiple metal carbon bonded ligands, particularly
amino-carbyne-type complexes derived from protic
attack at ligating isocyanides. The results were in-
terpreted in terms of anodically-induced B-dehy-
drogenation to give the corresponding parent un-
protonated complexes.

Experimental

General procedures

All reactions were carried out under a nitrogen
atmosphere. Tetrahydrofuran (THF) was distilled
from sodium/benzophenone. All other solvents were
of reagent grade and used without further purifi-
cation. IR spectra were taken on a Perkin-Elmer
983 spectrophotometer. '"H NMR spectra were re-
corded on a Bruker AM-400 spectrometer. 3P NMR
spectra at 32 MHz were recorded on a Varian FT
80A spectrometer. The fast atom bombardment
(FAB) mass spectra were obtained on a VG ZAB
2F instrument operating with a Xe-atom beam energy
of 8 keV. The elemental analyses were performed
by the Department of Inorganic, Organometallic and
Aumalytical Chemistry of the University of Padua.
The melting points were taken on a hot plate ap-
paratus and are uncorrected.

Electrochemistry

The electrochemical experiments were carried out
either on an EG&G PAR 173 potentiostat/galva-
nostat and an EG&G PARC 175 Universal pro-
grammer or on an HI-TEK DT 2101 potentiostat/
galvanostat and an HI-TEK PP RI waveform gen-
erator. Cyclic voltammetry was undertaken in a two-
compartment three-electrode cell, at a platinum-wire
working electrode, probed by a Luggin capillary
connected to a silver-wire pseudo-reference elec-

trode; a platinum or tungsten auxiliary electrode was
employed. Controlled-potential electrolyses were car-
ried out in a three-electrode H-type cell with a
platinum-gauze working and counter electrodes in
compartments separated by a glass frit; a Luggin
capillary, probing the working electrode, was con-
nected to a silver-wire pseudo-reference electrode.
The oxidation potentials of the complexes were mea-
sured by cyclic voltammetry in 0.2 mol dm™?
[NBu,][BF4]/NCMe (or CH,ClI, for 7) and the E,>
values are quoted relative to the SCE by using as
internal reference the [Fe(n*-CsH;),]”* couple
(E12"*=0.42 or 0.545 V versus SCE, in 0.2 mol dm ™3
[NBu,][BF,]/NCMe or CH,Cl,, respectively).

The acid-base titrations of the electrochemically
oxidized solutions were carried out as indicated in
the literature [15], by using a solution of NaOH in
CH;0H which was standardized by titration against
benzoic acid in NCMe (thymol blue was used as the
indicator). The results presented have been corrected
for background effects by performing also, in each
case, the titration of the blank solution of 0.2 mol
dm 3 [NBu,][BF,] which has been electrolyzed under
identical conditions to those used for the corre-
sponding complex solution.

Moreover, prior to the addition of the complex,
each electrolyte solution was pre-electrolyzed at the
appropriate potential until a constant and close to
zero current, thus conceivably eliminating the in-
terference of eventual traces of residual moisture
during the subsequent controlled-potential electrol-
ysis of the complex solution.

Starting complexes

The complexes cis-Cl,Pd(PPh;)[CN(R)CH,CH,-
NH] (R=Bu', CcH,p-OMe [16]); cis-Cl,(CN-
Bu')Pd[CN(BuY)CH,CH,NH] [16]; cis-Bry(PPh;)Pd-
[CN(Me)CH,CH,NH] [la]; cis-Cl,(PPh,)Pt{CN-
(CsH-p-OMe)CH,CH,NH] [16] were prepared ac-
cording to published procedures.

Synthesis of carbene complexes

Synthesis of cis-Cly(PPh;)Pt{CN(Bu')-

CH,CH,NH] (1)

A suspension of cis-Cl,(PPh,)Pt(CNBu*)* (0.263
g, 0.43 mmol) was treated with aziridine (0.086 ml,
1.72 mmol) and CICH,CH,NH;*Cl~ (0.060 g, 0.52
mmol) in THF (30 ml) at 0 °C. Then, the reaction
mixture was warmed to room temperature and stirred
for 48 h. The white precipitate formed was filtered

*cis-Cl,(PPh;)Pt(CNBu') was prepared as reported [16]
for the analogous Pd(II) compound. IR: {CN) 2230 s,
»(PtCl) 300 m, 333 m, cm™!; *H NMR (CD,Cl,): 8(Bu')
1.12 s; ¥P NMR (CD,Cl,): &(P) 8.17 s, J(Pt-P) 3406 Hz.



off, washed with MeOH (3 X 10 ml), n-hexane (3 X 10
ml) and dried under vacuum. Yield 0.200 g (71%);
m.p. 284-285 °C. Anal. Calc. for CsH,sN,CLPPt: C,
45.88; H, 4.46; N, 4.28. Found: C, 45.26; H, 4.50;
N, 4.15%.

Synthesis of cis-Cl,Pt{CN(C¢H,-p-OMe)-

CH,CH,;NH], (2)

A solution of cis-Cl,Pt(CNCsH,-p-OMe), [1b]
(0.513 g, 0.96 mmol) in THF (50 ml) at 0 °C was
treated with aziridine (0.15 ml, 3.00 mmol). After
1 h the reaction mixture was warmed to room tem-
perature. IR spectra of the solution taken periodically
showed the appearance of the C=N band at 1506
cm~! of the final product and the progressive dis-
appearance of the C=N band at 2191 cm™" of the
starting isocyanide complex. After 2 h a white pre-
cipitate was formed, but the reaction mixture was
stirred for an additional 24 h. Then the solid was
filtered, washed with n-hexane (310 ml) and dried
under vacuum. Yield 0.450 g (75%); m.p. 226-228
°C. Anal. Calc. for C,oH4N,CLO,Pt: C, 38.84; H,
3.91; N, 9.06. Found: C, 38.60; H, 4.07; N, 9.15%.
FAB mass spectrum: m/e, 618 [M]™*; 583, [M—Cl]*
548, [M=2Cl]*; 533, [M-2CI-CHj]*"; 502,
[M=2CI-CH,-CO]*".

Synthesis of cis-Cl,Pt{CN(CsH,-p-OMe)-

CH,CHO0]: (3)

To a solution of CICH,CH,OH (1 ml, 14.92 mmol)
in THF (50 ml) at 0 °C was added a 1.5 M solution
in n-hexane of n-BuLi (1.37 ml, 2.07 mmol). After
a few minutes cis-Cl,Pt(CNC¢H,-p-OMe), (0.50 g,
0.94 mmol) was added and the reaction mixture was
stirred at 0 °C for 15 min and then allowed to reach
room temperature. An IR spectrum of the reacting
solution showed the presence of the C=N band at
1512 em™! and did not reveal any C=N stretching
of the starting complex. After 1 h a white precipitate
was formed. The mixture was taken to dryness under
reduced pressure and the solid was washed with
MeOH (2x10 ml), CH,Cl, (2X10 ml) and Et,O
(2X10 ml) and dried under vacuum. Yield 0.48 g
(83%); m.p. 185-186 °C. Anal. Calc. for
QonzNzcl204Pt: C, 38.72; H, 3.57; N, 4.51. Found:
C, 39.09; H, 3.75; N, 4.62%. FAB mass spectrum:
mle: 620, [M]*; 585, [M—CI]*; 550, [M-2Cl]*; 373,
[PtCN(C,H,OCH,)CH,CH,0]*".

Reactions with n-BulLi

Synthesis of {(PPh;)BrPd[u-CN(Me)-

CH,CH,N-C,NJ]}, (4)

A suspension of cis-Br,(PPh;)Pd[CN(Me)-
CH,CH,NH] [1a] (0.152 g, 0.29 mmol) in THF (50
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ml) was treated with a 1.5 M n-hexane solution of
n-BuLi (0.19 ml, 0.29 mmol) at 0 °C. The reaction
mixture was stirred at 0 °C for 1 h and then at room
temperature for 4 h. The solution was taken to
dryness, treated with CH,Cl, (20 ml), filtered and
concentrated to small volume (3 ml). On addition
of n-hexane (10 ml) a white solid precipitated. The
precipitate was filtered, washed with n-hexane (3X 10
ml) and dried under vacuum. Yield 0.110 g (72%);
m.p. 210-212 °C. Anal. Calc. for C4sH4N,4Br,P,Pd,:
C, 49.70; H, 4.16; N, 5.27. Found: C, 49.20; H, 4.07;
N, 5.17%. FAB mass spectrum: m/e: 530,
[(PPh3)BrPd(CNMeCH,CH,N]*".

Synthesis of {(PPh;)CIPdfu-CN(CsH,-p-OMe)-

CH,CH,N-C,NJ}, (5)

A suspension of cis-Cl,(PPh,;)Pd[CN(CsH,-p-
OMe)CH,CH;NH] [16] (0.250 g, 0.41 mmol) in THF
(50 ml), was treated with n-BuLi (0.44 mmol, 0.28
ml of a 1.6 M n-hexane solution) at 0 °C. After 5
min the reaction mixture changed from white to
yellow and was stirred at 0 °C for 15 min and then
at room temperature for 1 h. The solution obtained
was taken to dryness, washed with MeOH (3X5
ml), n-hexane (2X5 ml) and dried under vacuum.
Yield 0.196 g (84%); m.p. 276-278 °C. Anal. Calc.
for Cs¢Hs,N,CLP,O,Pd,: C, 58.05; H, 4.52; N, 4.83.
Found: C, 57.93; H, 4.66; N, 4.76%. FAB mass
spectrum, m/e: 578, [(PPhy)CIPd(CN(CeH,p-
OMe)CH,CH,N)}*; 543, [M/2—Cl}*".

Synthesis of {(PPh;)CIPt{u-CN(CsH,-p-OMe)-

CH,CH,N-C,N}]}, (6)

The reaction was performed in a manner similar
to that reported for 4 starting from cis-
(0.246 g, 0.35 mmol) and n-BuLi (0.52 mmol, 0.33

TABLE 1. Crystallographic data

[CL,Pt,(PPh;),(COCH,CH,N),]-

Chemical formula

0.5CICH,CH,Cl
M, 1175.55
Space group Pi
Crystal system triclinic
a (A) 19.564(3)
b (A) 16.497(3)
c (A 13.243(2)
a (®) 88.93(3)
B () 97.88(3)
v 91.97(3)
Vv (A% 42309
zZ 4
R(F,) 0.055
R.(Fo) 0.061
Weighting scheme w=[0?(Fp) +0.002204(F,)*] !
GOF 1.36
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ml of a 1.6 M n-hexane solution) in THF (30 ml)
at 0 °C. The suspension was stirred at 0 °C for 30
min and then at room temperature for 3 days. After
this time, the reaction mixture was taken to dryness.
The white solid obtained was washed with MeOH
(35 ml), n-hexane (3X5 ml), Et,O (3 X5 ml) and
dried under vacuum. Yield 0.151 g (65%), m.p.
282-283 °C. Anal. Calc. for Cs¢Hs,N,CL,P,O,Pt,: C,
50.34; H, 3.92; N, 4.19; Cl, 5.30. Found: C, 49.90;
H, 4.01; N, 4.10; Cl, 5.12%.

X-ray structural determination

The crystal data are summarized in Table 1 together
with some experimental details. The atomic coor-
dinates are reported in Table 2 and relevant bond
distances and angles in Table 3. A colorless prismatic
crystal (0.36x0.30X0.18 mm) was lodged in a Lin-
demann glass capillary and centred on a four-circle
Philips PW 1100 diffractometer with graphite-mon-
ochromated (Mo Ke radiation, A=0.71069 A). The
orientation matrix and preliminary unit cell dimen-
sions were determined from 25 reflections found by
mounting the crystal at random and varying each of
the orientation angles 6, y and ¢ over a range of
120°, with 5 < 8<7°. For the determination of precise
lattice parameters, 25 strong reflections with
10 <0< 13° were considered. Integrated intensities
for hki reflections in the range h= 122, k= +18;
{=0 to 14 were measured and three standard re-
flections, —3,3,3; —2,3,2 and —1,3,1 were monitored
every 180 min. There were no significant fluctuations
of intensities other than those expected from Poisson
statistics. The intensity data were corrected for Lo-
rentz—polarization effects and for absorption, by fol-
lowing the method of North ez al. [17]; no correction
was made for extinction. The structure was solved
by using three-dimensional Patterson and Fourier
techniques and refined with a blocked matrix (two
blocks) because of the large number of variables,
with anisotropic thermal parameters assigned to all
the non-hydrogen atoms. All the hydrogen atoms
were introduced in calculated positions at 0.98 A
from the carbon atom with a fixed isotropic thermal
parameter.

The function minimized was 3IwA? with
A =(|Fo| - |F.|). The anomalous dispersion terms [18]
for Pt were taken into account in the refinement.
Atomic scattering factors were taken from ref. 18.
Data processing and computation were carried out
by using the SHELX 76 program package [19],
ORTEP for drawing [20] and PARST for geometrical
calculations [21].

TABLE 2. Fractional coordinates with equivalent isotropic
thermal parameters (A x10) with es.d.s in parentheses

Atom  x y z Uoieg"  pP°
Pi(1) 0.07744(4)  036287(4)  0.53043(5) 37.9(3)
P1(2) 0.08681(4)  030422(5)  028752(6) 43.9(3)
aQ) 0.0070(2)  0.1985(2)  02063(3)  37(1)
a1y 0.1763(2)  03535(2)  0.6638(2)  22.6(8)
PL(3) 0.56287(4)  030610(4)  0.75755(6)  39.8(3)
PL(4) 0.53586(4)  0.34841(4)  1.0005%(5)  40.5(3)
ag) 06795(2)  02998(2)  0.7118(3)  29(1)
Ci(8) 04637(2)  02621(2)  1.0990(3)  035(1)
P(1) 00125(3)  02861(3)  06233(4)  42(2)
PQ) 01789(3)  0.2341(3)  026104)  45(2)
c) 0.141(1) 0.397(1) 0346(2)  49(7)
NQ@) 0.00239)  03636(9)  03241)  55(7)
c) 0.00219)  0378(1) 04222)  43(7)
0@2)  -00579(7)  04143(7)  0440(1)  51(5)
o) 0.1864(7)  04379%(8)  0294(1)  60(6)
NQ) 0.1381(8)  0.4244(8)  0436(1)  S0(6)
(2 0.222(1) 0.500(1) 0363(2)  71(10)
c(3) 0.186(1) 0.495(1) 04571)  48(7)
) -0.103(1) 0.421(1) 0339%2)  6509)
)  ~0061(1) 0.385(1) 02652)  55(8)
o -0001(1) 0.330(1) 07421)  43(7)
c®)  -0032(1) 0.406(1) 0.742(2)  67(9)
C(9) ~0.043(1) 0.445(1) 0.827(2) 76(11)
c10)  —0.016(1) 0.410(1) 0918(2)  69(9)
can 0.017(1) 0.339(1) 09272) 71011
c12) 0.024(1) 0.301(1) 0833(2)  630)
c(13) 0.042(1) 0.186(1) 0656(1)  51(8)
c(14)  0.105(1) 0.159(1) 0625(2)  63(9)
c(1s)  0.124(2) 0.080(1) 0649(2)  82(12)
ca6)  0.089(2) 0.030(2) 06952)  98(14)
can 0.025(2) 0.053(2) 0730(2)  96(13)
cas)  0.002(1) 0.133(1) 07052)  73(9)
c19)  -0.074(1) 0.258(1) 05582)  55(8)
C(20)  -0.077(1) 0.219(1) 0.468(2)  53(8)
@) —0.140(1) 0.194(1) 0414(2)  6509)
c(22)  -0.198(1) 0.208(1) 0.4482)  72(10)
c@)  -0197(1) 0.247(1) 0.5422)  66(9)
C(24)  —0.136(1) 0.269(1) 0.5942)  55(9)
C(25) 0.189(1) 0.229(1) 0.125(1) 46(7)
c(26) 0.208(1) 0.297(1) 0074(2)  60(8)
cen 0.210(1) 0296(2)  -0028(2)  78(11)
C(28) 0.196(1) 0226(2)  ~0084(2)  72(10)
C(29) 0.180(1) 0.157(2) —0.031(2) 83(12)
C(30) 0.172¢1) 0.160(1) 0073(2)  67(9)
<) 0.181(1) 0.133(1) 0309(1)  4%(8)
Cc(32)  0.2382) 0.088(1) 02992)  102(13)
C(33) 0.242(2) 0.004(2) 03343)  139(18)
C(34) 0.186(3)  ~0.028(2) 0389(3)  147(21)
c(35) 0.136(2) 0.018(2) 0.400(2)  118(16)
C(36) 0.134(1) 0.096(1) 0361(2)  78(10)
cGn  0261(1) 0.273(1) 0325(2)  52(8)
c(38) 0.321(1) 0.285(1) 0276(2)  56(8)
c(39) 0.381(1) 0315(2) 03342)  95(13)
C(40) 0.386(1) 0.333(2) 0.440(2)  83(12)
c(a1) 0.326(1) 0.323(1) 0.4802)  73(10)
c(42) 0.264(1) 0.292(1) 0428(1)  56(9)
PE) 0.6299(3)  03421(3)  1.1160(4)  53(2)
P@) 0.5349(3)  0.1786(3)  0.7080(d)  45(2)
NG) 0.5886(8)  0.4160(9)  0822(1)  43(5)
N(4) 045718)  0.3463(9)  0.880(1)  45(6)
03) 06030(7)  0.4993(7)  09560(9)  53(5)

(continued)



TABLE 2 (continued)

Atom  x y z Uves"  pP°
o) 0.4150(7)  032878)  0.717(1)  55(5)
C()A  05793(9)  0427009)  0916(1)  40(6)
@A 0.626(1) 0.489(1) 0785(2)  66(10)
C)A  0636(1) 0.543(1) 0.8752)  80(11)
c@A  0470(1) 0.327(1) 0.7911)  48(8)
C()A  0.356(1) 0351(1) 07642)  TX10)
CEA  03818(9)  0361(1) 08732)  73(1D)
oNA  0.621(1) 0.379(1) 1242(2)  5%(8)
C®)A  0.568(1) 0.439(1) 1246(2)  66(10)
COA  0561(1) 0.472(2) 1339(2)  78(11)
C(I0)A  0.600(2) 0.446{2) 1427(2)  88(11)
CODA  0.648(2) 0381(2) 1423(2)  108(15)
CU12)A  0.659(1) 0.358(1) 1.330(2)  8(11)
CU3)A  0.706(1) 0.398(1) 1083(2)  60(8)
CU4A  0.742(1) 0.456(1) 11492)  62(9)
CU5)A  0.800(2) 0.497(1) 1L1133)  96(14)
cae)A  0822(1) 0.480(2) 1.021(3)  105(15)
cana  0.81(1) 0.421(2) 0.960(2)  8%11)
cOU)A  0.730(1) 0.378(1) 0993(2)  TI(11)
CU%A  0.662(1) 0.240(1) 11352)  7%9)
CEOA  0.733(2) 0.224(2) 1.169(2)  159(18)
CeDA  0.760(2) 0.151(2) 1179(3)  17a20)
CE2)A  0.708(4) 0.082(3) 11643)  231(34)
C@)A  0.640(3) 0.090(3) 1129(4)  193(28)
COMHA  06182) 0171(2) 1119(2)  115(16)
C25)A  0.444(1) 0.149(1) 0715(2)  5S)
C26)A  0.424(1) 0.148(1) 0.811(2)  74(10)
CENA  03542) 0.134(2) 0.826(2)  100(13)
C8)A  0.306(2) 0.123(2) 0.724(4)  158(23)
CENA  03272) 0.127(2) 0.6333)  112(16)
C(30)A  0394(1) 0.140(3) 0.6292)  71(10)
C(3nAa 0.580(1) 0.098(1) 0.786(2) 59(9)
CGDA  0.644(1) 0.113(2) 0835(2) 779
COMNA  0673(2) 0.043(2) 0.891(2)  116(16)
C(34)A  0649(2)  —0.025(2) 0.893(2)  94(12)
C3S)A  0584(2)  —0.038(2) 0.840(3)  120(16)
CB6A  0.550(2) 0021(1) 0.790(2)  102(14)
CGNA  0.548(1) 0.158(1) 0577(1) 547
C(38)A  0.540(2) 0.215(2) 0.508(2)  110(15)
C(39A  0.546(2) 0.200(2) 0.402(2)  101(14)
C@0)A  0.568(2) 0.124(2) 0385(3)  130(16)
CUDA  0.576(3) 0.070(2) 0.446(3)  184(23)
Cl@2A  0571(2) 0.083(2) 0.555(3)  162(21)
aIs) 0.8365(9)  0.207(1) 0.861(1)  114(5)* 0.5
Ci(6) 0.899(2) 0.041(2) 0968(2)  218(12)* OS5
C(a3) 0.885(3) 0.187(4) 0981(5)  102(18)* 05
C(44) 0.934(5) 0.134(5) 0.988(6)  154(30)* 0.5

*U., is defined as one third of the trace of the orthogonalized
U, tensor; Uy, are starred. °pp=parameters population.

Results and discussion

Synthesis of carbene complexes

One or both the RNC ligands in the complexes
cis-Cl,(PPh,;)Pt(CNBu') and cis-ClL,Pt{CNCgH,-p-
OMe), are converted to the cyclic diaminocarbenes
cxs—Clz(PPh3)Pt[CN(Bu )CI‘I;CH;E“}I] (1) and cis-
CLPt{CN(CH,-p-OMe)CH,CH,NH], (2), respec-
tively, according to Scheme 1.
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Similar reactions have been reported for the con-
version of isocyanide and carbonyl ligands in Pt(II)
complexes to cyclic aminocarbenes [1a, 6, 22]. It is
observed (Scheme 1) that for the sterically hindered
Bu' isocyanide the reaction proceeds to the final
complex 1 only in the presence of aziridine/Cl-
CH,CH,NH,*Cl~, while both the CNCsH,p-OMe
ligands react with aziridine alone to give 2.

There is no cis—trans isomerization during the
reactions as evidenced by the presence of two Pt—Cl
absorptions in the IR spectrum, indicating a cis
stereogeometry for 1 and 2 (Table 4) [16]. On the

TABLE 3. Selected bond angles (°) and distances (A) with
e.s.dss in parentheses

Dimer I Dimer II

Bond angles

C(4)-Pt(1)-N(1) 859(7) NQ3)-Pt(3)-C(4)A  84.4(7)
P(1)-Pt(1)-N(1) 174.5(4) P(4)-P1(3)-C(4)A 93.8(6)
P(1)-Pt(1)-C(4) 92.9(5) P(4)-Pt(3)-N(3) 172.2(4)
Cl(1)-Pt(1)-N(1)  90.6(5) CI(3)-Pt(3)-C(4)A 172.3(6)
CI(1)~-Pt(1)-C(4) 1758(6) ClI(3)-Pt(3)-N(3) 89.4(5)
CI(1)-Pt(1)-P(1)  90.8(2) CI(3)-Pt(3)-P(4) 93.0(2)
Pt(2)-Pt(1)-N(1)  57.2(5) Pt(4)-Pt(3)-C(4)A  58.5(6)
Pt(2)-Pt(1)-C(4)  S8.4(6) Pt(4)-Pt(3)-N(3) 57.6(4)
Pt(2)-Pt(1)-P(1) 117.7(1) Pt(4)-Pt(3)-P(4) 115.1(1)
Pt(2)-Pt(1)-Ci(1) 121.3(1) Pt(4)-Pt(3)-CI(3) 121.3(1)
Pt(1)-Pt(2)-N(2)  58.6(5) Pt(3)-Pt(4)-C(1)A  57.8(6)
Pt(1)-Pt(2)-C(1)  59.0(6) Pt(3)-Pt(4)-N(4) 57.8(4)
Pt(1)-Pt(2)-P(2) 117.4(1) Pt(3)-Pt(4)-P(3) 114.4(2)
Pt(1)}-Pt(2)-Ci(2) 120.7(1) Pt(3)-Pt(4)-Cl(4) 123.3(1)
C(1)-Pt(2)-N(2) 85.7(7) N(4)-Pt(4-C(1)A  84.1(7)
P(QRQ)-Pt(2)-N(2) 1750(5) P(3)-P1(4)-C(1D)A 93.0(6)
P(2)-Pt(2)-C(1) 94.5(6) P(3)-Pt(4)-N(4) 171.9(4)
CI(2)-Pt(2)-N(2) 885(5) Ci(4)-Pt(4)-C(1)A 170.5(5)
C1(2)-P1(2)-C(1) 173.1(6) Ci(4)-Pt(4)-N(4) 89.1(4)
Ci(2)-Pt(2)-P(2)  91.5(2) Ci(4)-Pt(4)-P(3) 94.7(2)

Pt(1)-P(1)-C(19) 114.8(7) Pt(4)-P(3)-C(19)A 113.1(8)
Pt(1)-P(1)-C(13) 116.2(7) Pt(4)-P(3)-C(13)A 115.6(7)
Pi(1)-P(1)-C(7) 1143(7) Pt(4)-P(3)-C(DHA 115.5(8)
Pt(2)-P(2)-C(37) 115.1(7) Pt(3)-P(4)-C(3NHA 114.3(7)
Pt(2)-P(2)-C(31) 116.0(7) Pt(3)-P(4)-C(31)A 115.9(7)
Pt(2)-P(2)-C(25) 112.5(6) Pt(3)-P(4)-C(25)A 113.4(7)
Pt(2)-C(1)-N(1) 124(1) Pt(3)-N(3)-C(2)A 132(1)
Pt(2)-C(1)-O(1) 121(1) Pi(3)-N(3)-C(1)A 119(1)
Pt(2)-N(2)-C(6) 132(1) Pt(4)-N(4)-C(6)A 132(1)
Pt(2)-N(2)-C(4) 116(1) Pt(4)-N(4)-C(4)A 120(1)
Pti(1)-C(4)-N(2) 127(1) C(1)A-N(3)Y-C(2)A 109(1)
Pt(1)-C(4)-O(2) 121(1) C(1)A-O(3)-C(3)A 106(1)
Pt(1)-N(1)-C(1) 120(1) C(4H)A-O(4)-C(S)A 107(1)
Pt(1)-N(1)~C(3) 130(1) C@)A-N(4)-C(6)A 108(1)
C(4)-N(2)-C(6) 111(1) N@3)-C(1)A-O(3) 116(1)
C(1)-0(1)-C(2) 106(1) Pt(4)-C(1)A-0O(3) 119(1)
CQ)-N(1)-C(3) 110(1) Py4)-C(1)A-N(@3) 125(1)
C(4)-0(Q)—C(5) 108(1) N(3)-C(2)A~C(3)A 104(1)
O(1)-C(1)-N(1) 115(1) O3)>-C(HA-C(2)A 106(1)
N(2)-C(4)-0(2) 112(1) N(4)-C(4HA-O4) 115(1)
O(1)-C(2)-C(3) 106(1) Pt(3)-C(H)A-0O(4) 121(1)
N(1)-C(3)-C(2) 102(1) Pu(3)~C(4)A-N(4) 124(1)
O(2)-C(5)-C(6) 104(1) O(4)-C(S)A-C(6)A 106(1)
NQ2)}C(6)-C(5) 106(1)  N(4)-C(6)A-C(5)A 104(1)
(continued)
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TABLE 3 (continued)

Dimer I Dimer 11

Bond distances

Pt(1)-Pt(2) 3.407(1) Pt(3)-Pt(4) 3.420(1)
Pt(1)~CI(1) 2.441(3) Pt(3)-CI(3) 2.447(4)
Pt(1)-P(1) 2.233(5) Pt(3)}-P(4) 2.243(5)
Pt(2)~CI(2) 2.462(4) Pt(4)-Cl(4) 2.452(4)
Pt(2)-P(2) 2.245(6) Pt(4)-P(3) 2.229(6)
Pt(1)-C(4) 1.93(2)  Pt(4)-N(4) 2.06(1)
Pt(1)-N(1) 2.07(2) Pt(3)-N(3) 2.04(1)
Pt(2)-C(1) 1.96(2) Pt(3)~C(4)A 1.98(2)
Pt(2)-N(2) 2.07(2) Pt(4)-C(1)A 1.95(2)
P(1)-C(7) 1.802) P@3)-C(DHA 1.83(2)
P(1)-C(13) 1.80(2) P(3)}-C(13)A 1.82(2)
P(1)-C(19) 1.852) P(3)-C(19A 1.83(2)
P(2)-C(25) 1.84(2) P(4)-C(25)A 1.85(2)
P(2)-C(31) 1.772) P(4)-C(3DA 1.83(2)
P(2)-C(37) 181(2) P@)C(3NA 1.82(2)
C(1)-0(1) 1.353) N@3)}-C()A 1.29(2)
C(1)-N(1) 1.28(3) N@)}-C()A 1.50(3)
N(2)-C(4) 1.33(3) N(4)-C(4)A 1.29(3)
N(2)-C(6) 143(2) N(4)-C(6)A 1.49(2)
C(4)-0(2) 1.38(2) O@3)»C()A 1.36(2)
0(2)-C(5) 1.50(2) O@3)C(3)A 1.49(3)
O(1)-C(2) 148(2) O(4)-C(H)A 1.34(2)
N(1)-C(3) 148(2) O@)-C(5)A 1.45(3)
C(2)-C(3) 151(3) C(@)A-C(3)A 1.49(3)
C(5)-C(6) 1.503) C(5)A-C(6)A 1.48(3)

HNj CICH,CHNHg * C1

(R =Bu)

N
THE 7
P-CEN-R —=P=C
0-25°C AN

)
HNj H

(R = CgHyg-p-OMe) R < By m

R= CgHyp OMe  (2)
Scheme 1.

other hand, the 'H NMR spectrum of 1 in CD,Cl,
shows the presence of two signals (3:1 ratio) due
to the Bu' group (see Table 4), which are likely to
arise from mutual different arrangements of the highly
hindered Bu' group of the carbene ligands with
respect to the phosphine. In the *P NMR spectrum
only the most abundant compound is observed prob-
ably due to the low solubility of compound 1. For
2, four isomers are observed in the 'H NMR spectrum,
which are likely to arise from mutual different ar-
rangements of the two carbene ligands: four singlets
of the OCH, group are observed in the ratio 1:1:0.1:0.1
the signals at 8 3.87 and 3.77 being the most intense.
Four signals of the NH proton are also observed in
the range & 8.99-10.00.

The  bis-aminooxycarbene  compound cis-
CLPt{CN(C¢H4-p-OMe)CH,CH,0], (3) was ob-
tained by reaction of 2.2 equiv. of “OCH,CH,Cl

(from HOCH,CH,Cl and n-BuLi) with the corre-
sponding bis-isocyanide complex, by a procedure
similar to that we have reported previously [1b]. The
presence in the IR spectrum of two absorptions at
318 and 296 cm™! indicates for compound 3 a cis
stereogeometry. '"H NMR data (Table 4) indicate
that 3 is present in only one isomeric form.

Reactions with n-BuLi

It has been reported that the aminooxy- [2] and
diaminocarbene [la] ligands are deprotonated by
bases to give imino derivatives whose nitrogen reacts
with electrophiles to regenerate carbene complexes.
We also described recently that the neutral aminooxy
carbene compound cis-Cl,(PPh,;)Pt{COCH,CH,NH]
[22] reacts with n-BuLi leading to the formation of
the dimer {(PPh;)CIPt[u-COCH,CH,N-C,NT}, (7),
whose X-ray structure is discussed below.

Analogous reactions occur by reacting neutral
diaminocarbene compounds cis-Br,(PPh,)Pd[CN-
(Me)CH,CH,NH] [1a], cis-Cl,(PPh;)Pd[CN(CH,-p-
OMe)CH,CH,NH] [16] and cis-Cl,(PPh,)Pt-
[CN(CsH,-p-OMe)CH,CH,NH] [16] with n-BuLi, the
dimeric compounds 4-6 being formed, respectively,
according to eqn. (1). As observed for similar re-
actions with neutral aminocarbenes [22], reactions
(1) also do not yield any N-R derivatives when
carried out in the presence of an excess of R-X
electrophiles (R=CH,CH=CH,, CH,—C=CH).
However, this behavior contrasts markedly with that
shown by cationic aminocarbene complexes [1a, 22].
Compounds 4-6 were characterized by elemental
analyses and spectroscopic data (Table 4) and, for
4 and 5, also by their FAB mass spectra. The *'P
NMR spectra of 46 show only one resonance in-
dicating the presence in solution of one isomer
probably being that having the PPh; ligand cis to
the carbene group as found for {(PPh;)CIPt[u-
COCH,CH,N-C,N1]}; (7) (see below). Furthermore,
the Pt complex 6 shows J(P-Pt)=3590 Hz which
agrees with a frans-P-M-N arrangement [22]. The
'H NMR spectra of 4-6 (Table 4) show four mul-
tiplets, one for each proton, for the —NCH,CH,N—
moiety of the carbene ligand as observed for similar
systems [16].

Description of the structure of {(PPh;)CIPt-
[n-COCH,;CH,N-C,N}}; (7)

The molecular structure of {(PPh;)CIPt[u-
COCH,CH;N-C,NJ}; (7) is shown in Fig. 1 together
with the atom labelling. The crystal contains two
crystallographically independent dimer units
{(PPh,)CIPt{u-COCH,CH,N-C,N]}, and a disor-
dered dichloroethane molecule. Each dimer is formed
by two bridging L (L=COCH,CH,N) which are



181

TABLE 4. Selected IR, 'H NMR and *'P NMR data of carbene complexes of Pd(II) and Pt(II)

Compound IR* '"HNMR® 3p NMR®
WC=N) »W(NH) wMCl) 8(NCH,) 8(NH) 8(other) 5(P) 1J(P-Pt)
1 1508 s 3295 s 306 m 348 m 6.64 br 1.63 s¢ 7.79 s 4105
281 w 3.06 m 1.54 ¢
2 1511 s 3141 m 310 br 3.88-3.78 m 9.62 3.87 s°
8.99 377 §°
10.00 3.85 s°
993 3.80 s°
3f 1513 s 318 w 4.04 t 3.81 s°
294 w ’J(HH,9.8 4.52 &
4 1509 s 388 m 2.58 s" 26.10 s
338 m
2.66 m
214 m
5 1503 s 273 m 410 m 3.79 s° 230 s
3.80 m
3.00 m
282 m
6 1501 s 294 m 424 m 3.79 s° 6.04 s 3590
3.65 m
316 m
2.99 m

*Spectra recorded as Nujol mulls; v in cm™!. Abbreviations: s=strong; m=medium; w=weak; br=broad. ®'H NMR
spectra recorded in CD,Cl; unless otherwise stated. Proton chemical shifts are referenced to Me,Si by taking the chemical
shift of dichloromethane-d, as +5.32 ppm; J in Hz; s=singlet; t=triplet; m =multiplet; br=broad. “Spectra recorded

in CD,Cl, unless otherwise stated, with H,PO, as external reference; J in Hz; s=singlet. “Bu'. °OCH,. ''H NMR
and *P NMR spectra recorded in DMSO-ds. SOCH,. "Me.
PPy of the L bridging ligand has in both dimers a boat

conformation (the apices are in both cases the metal
ions) and the two L ligands are oriented in opposite
directions with respect to the boat apices in order
to minimize molecular strains. The dihedral angles

| N
+2nBuL| M C

2 X—| M G
Cj ZBuH 2LC!

C— M X
PPh3 ' EN/

]

R ppha between the two L planes are 69.7(7) and 73.1(8)°

M=Pd X=Br R=Me @ for dimer I and dimer II, respectively. The two

M- Pd X=Cl R = CeHepOMe ® dimers differ slightly in the orientation of the L

ligands as well as for that of the phosphine phenyls

M=Pt X=G  R=GHpOMe € while analogous bond distances and angles are com-
Scheme 2.

parable in both.

The CI-Pt-C and P-Pt-N systems show slight
bending in all four coordination ‘planes’ with angular
values close on average to 175(1)° for dimer I and
to 172(1)° for dimer II. This could be related to
steric interaction between the bulky triphenylphos-
phine ligands and the bridging carbenoid systems.

The Pt-P distances (average 2.237(5) A) are com-
parable to the value of 2.235(2) A found in cis-
Br,(PPh,)Pt{CN(CH,-p-Me)CH,CH,NH] [la] and

coordinated to one platinum on one side via a Pt-N
bond and to the second platinum via a Pt-C bond.
The coordination geometry around each platinum
atom is an irregular square with deviations in the
tetrahedral direction of the bonded atoms (from
—0.15(2) to 0.16(2) A for the Pt(1)..Pt(2) dimer
and from —0.24(2) to 0.25(2) A for the Pt(3)...Pt(4)
dimer).

The two Pt coordination planes in each dimer are
roughly orthogonally oriented: 90.3(2) and 90.0(2)°
are the respective values of the angles between the
planes containing Pt(1) and Pt(2) and, in the second
dimer, Pt(3) and Pt(4). The hexaatomic ring formed
by two Pt atoms and the nitrogen and carbon atoms

2.220(2) A found in cis-Cl,(PPh,)Pt{CHN(Me),] [23]
where the triphenylphosphine ligand is trans to a
bromine or chlorine, while in the present deter-
mination is frans to nitrogen. This could suggest that
the Pt-P distances are mainly influenced by steric
factors (rather than by electronic factors) which
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) C(16)A
Fig. 1. Molecular structure of {(PPh;)CIPt[x-COCH,CH,N-C,N]},: (a) dimer I; (b) dimer IIL

hinder a closer coordination of a bulky ligand. The
Pt—Cl bond lengths (2.450(4) A on average) exceed
the values normally found in Pt(II) carbene complexes
as cis-Cl,(Et;P)Pt[C(OEt)NHPh] (Pt-Cl (frans to
carbene)=2.361(5) A) [23] but are comparable to
the values of 2.431(3) A found in frans-

(PPhs),Pt(Me)C] [24] where a strong o-donor methyl
group is trans to chloride. This lengthening in the
Pt—Cl distances agrees with the observation of the
good o-donor but poor macceptor properties of
carbenes in Pt(II) systems [25]. On the other hand
the short values for Pt-C distances (1.95(2) A on



average) should indicate the strong o-interaction and
weak frans influence of chlorine. In any case, these
values are in the range (1.82-2.01 A) of the values
found when chlorine is trans to the carbene ligand
[26]. The Pt-N bond distances (2.06(2) Aon average)
are between the value of 2.011(3)A found in cis-
CLPt{NC(Ph)OCH,CH,]; [27a] and the value of
2.10(1) A (N trans to C) found in (dad)PtOOCMe,C-
(=CH_)C(=CMe,)CH, (dad = diazadiene) [27b] but
is shorter with respect to the value of 2.156(5) A
for a Pt-N trans to a PPh; ligand in [(n*-Hcyclen-
P)Pt(Cl)(PPh,)]BF, [28].

The cyclic carbene ligands are planar as observed
in trans-{(PPh,),Pt{CN(CsH,-p-Me)CH,CH,OBr}*
[1b], where the Pt—C distance of 1.98(1) A is com-
parable to the value of 1.95(2) A found in the present
determination. The high standard deviations do not
allow a detailed discussion of bond distances within
the bridging ligand L. However, the values found
are comparable with those reported in aminooxy-
carbene compounds [1] and are indicative of sub-
stantial multiple bond character for the C-N bond,
with a significant #-bonding interaction which in-
volves not only the nitrogen and the carbene carbon
but also the oxygen atom.

Electrochemical studies

By cyclic voltammetry (CV), the monocarbene
complex (1) or the analogous cis-CL,PdL[CN-
(BuYYCH,CH,NH] (L=PPh; or CNBu') (Table 5),
in 0.2 mol dm™* [Bu,N][BF,}/NCMe and at a Pt
electrode, undergo an irreversible anodic process at
an oxidation potential (E;*=c. 1.8-1.9 V versus
SCE) which is only marginally affected by the metal
(Pd or Pt) or the ligand L. By controlled potential
electrolysis (CPE), this wave involves c. two electrons
(1.9-1.7 ¢7) with evolution of ¢. 2H*. The proton
emission has been measured by acid-base titration
[15] of each of the electrochemically oxidized complex
solutions and corrected for background effects by
considering also the titration of the corresponding
blank solution of the electrolyte following its elec-
trolysis under conditions which were identical to
those applied to the complex solution; the corrected
values were obtained by subtracting the background
values from those directly derived from the titration
of the electrolyzed solution of the complex.

The cyclic voltammograms of the dicarbenes 2 and
3 are more complex, mainly for the former compound,
with two secondary amino groups, which presents
four anodic waves (the central ones, at E,*=c. 1.4
V, overlap extensively and are denoted under the
common heading II in Table 5). The first wave (I)
for these species occurs at lower potentials
(E,>*=1.20 or 1.65 V, respectively) than those ob-
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served for the above-mentioned monocarbene com-
plexes, but proton evolution is also detected. In fact,
upon CPE at this wave, liberation of ¢. one proton
in a single-electron process or of ¢. two protons in
a two-electron transfer is observed for complex 2 or
3, respectively, whereas their second anodic waves
(at E;®=1.35 and 1.46 V for the former or 1.86 V
for the latter) involve multielectron (c. 4 electrons,
by exhaustive CPE) and multiproton loss processes
(c. 4H" as measured by acid-base titration).

In these complexes the aminocarbene ligands are
the only possible proton source and, therefore, the
oxidation processes involve anodically-induced de-
protonation of such ligands, conceivably resulting
from N-H and/or C-H bond cleavage, the former
at a secondary amino group and the latter at a
methylene group [29] activated by an adjacent amino
or oxy moiety. Such processes can lead to imine-
type species, as suggested by the known [30] stepwise
oxidative dehydrogenation of chelated amines. How-
ever, they appear to have been observed in this study
for the first time at amino- or aminooxy-carbene
ligands, although we have failed to isolate pure species
from the electrolyzed solutions.

It is also noteworthy that the oxycarbene 3 is much
harder to oxidize than the analogous carbene complex
2 with a secondary amino group (E,”=1.65 and
1.20 V, respectively), thus following the known [29]
higher resistance of ethers, compared to amines,
towards oxidation. A related trend is observed at
the dinuclear dicarbene complexes discussed below
and these observations suggest that the first anodic
process may be ligand centred.

However, this order for the values of the oxidation
potential also agrees with that predicted for metal-
centred processes (although possibly a less pro-
nounced difference in those values should be expected
— see below) since an oxycarbene shouid behave
as a weaker electron-donor than an aminocarbene
ligand, as known [7] to occur in [Cr(CO)s(carbene)]
(the oxycarbene species being oxidized at ¢. 0.12-0.16
V more anodic potentials than the aminocarbene
complexes).

Moreover, the electrochemical oxidation to Pt(IV)
of some neutral cis- or trans-dichloro complexes of
Pt(II) of the type [PtCl(PRs),] has been reported
[31] to occur in the c. 1.8-2.0 V range, i.e., similar
to that observed in the monocarbene complexes of
this study, but well above that presented by either
the mononuclear (see above) or the dinuclear (see
below) diaminocarbene species (0.8-1.2 V) which,
however, is close to that quoted [32] (1.0-1.3 V) for
the oxidation potential of free aliphatic secondary
amines in acetonitrile; these observations suggest
that the oxidation process for the monocarbene
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TABLE 5. Summary of electrochemical® and acid-base titration data for some carbene complexes of Pd(II) or Pt(II)

Complexes E™ (V)° CPE
I II I n(e”) n(H*)*
Monocarbenes
cis-CL,Pt(PPh;)[CN(Bu')CH,CH,NH] (1) 1.92 1.9 2.0
cis-C1,Pd(PPh;)[CN(Bu')CH,CH,NH]} 1.86 1.9 1.9
cis-CL,Pd(CNBu")[CN(Bu))CH,CH,NH] 1.78 1.7 1.9
Dicarbenes
cis-CL,Pt{CN(C¢H,-p-OMe)CH,CH,NH}, (2) 1.20 1.35, 1.46 2.0 0.9(I) 0.8()
3.9(11) 3.6(I1)
cis-CLLPt{{CN(C¢H,-p-OMe)CH,CH,0], (3) 1.65 1.86 2.3(1) 2.0(T)
4.0(1I1) 4(11)
Dinuclear dicarbenes
{(PPh;)CIPd[u-CN(CeH,-p-OMe)CH,CH,N-C,N}}, (5) 0.96, 1.10 1.58 1.8(I) 1.8(I)
4.1(1D) 3.4(ID)
{(PPh;)CIPd[u-CN(Me)CH,CH,N-C,N}}, 0.80, 1.12 1.44 1.80 1.9() 1.7(1)
{(PPh;)CIPt[u-CN(CH,-p-OMe)CH,CH,N-C,N}}, (6) 0.98, 1.13 1.60 1.88 2.0(I) 2.0(I)
O — 4.0(I1) 3.4(1I)
{(PPh;)CIPt{u-COCH,CH,N-C,N}}, (7) 1.67¢ 0.93¢ 1.1

"Overlapping waves at close potentials are indicated under a common heading (for waves I or II). Studies performed at
a Pt wire (CV) or gauze (CPE) electrode, in NCMe (unless stated otherwise)/0.2 mol dm™? [BuN][BF,]. °®Values in
V versus SCE, measured by CV at 100 mV s~!, by using as internal reference the couple [Fe(n’-CsHs),]%* (E,,*=0.42
or 0.54(5) V vs. SCE, in NCMe or CH,Cl,, respectively). “Values measured by acid-base titration of the electrolyzed
solution and corrected for background effects (see text). “In CH,Cl, due to insufficient solubility in NCMe. Value close
to the limit of the accessible range of potential. °In NCMe/CH;Cl, (4:1 volume ratio).

complexes can be initiated at the metal, whereas As observed for the monocarbene complexes, the
those for the dicarbenes and dinuclear dicarbenes metal (Pd or Pt) only hardly affects the oxidation
can be centred at the amino groups of the carbene potential (the Pd complexes appear to be oxidized
ligands. A MO theoretical study would probably help at very slightly less anodic potentials). However, this
to clarify this point. potential is clearly dependent on the composition
Nevertheless, either the anodic processes are in- of the carbene ligand, and the oxidation of complex
itiated at the metal or at the carbene ligand, the 5, with an arylamino group, occurs at a more anodic
expected resulting promotion of acidity of the amino potential (E;>*=0.96 V) than that (0.80 V) of the
or methylene groups agrees with the observed an- analogous complex with a methylamino group. More-
odically-induced ligand deprotonation. over, a dramatic variation of E,°* results from the
The dinuclear diaminocarbene complex (5) its replacement of an amino by an oxy group at the
methylamino analogue and 6 display an anodic be- carbene ligand, and the alkoxycarbene complex 7
haviour similar to that described for the mononuclear presents the first wave at a much higher potential
dicarbene species 2 and 3. Upon CV, under the (1.67 V) than those observed for the other dinuclear
above-mentioned experimental conditions, they dicarbenes (which do not exceed c. 1.1 V). This
undergo a sequence of irreversible anodic waves behaviour suggests again (see above) the occurrence
(three or four) with E° in the 0.8-1.9 V (versus of a ligand based oxidation process.
SCE) range. The first two waves, at £,°=0.80-1.13 The detection of other possible anodic waves at
V, overlap extensively and are indicated under a higher potentials for complex 7 was precluded by
common keading (I) in Table 5 (Fig. 2); upon lowering the close potential limit imposed by the discharge
the temperature, they appear to gain a modest degree of the solvent which, in this case, was CH,Cl; due
of reversibility. By CPE, they involve an overall to the insufficient solubility of the compound in
transfer of c. 2 electrons, whereas the following wave NCMe. That anodic wave involves, by CPE, a single-
(II), at E,*=1.4-1.6 V, corresponds to a four- electron and a single-proton loss process.
electron process, in every case with a concomitant Another example of an electrochemically induced
liberation of a similar number of protons (as measured deprotonation of a platinum(II) complex has been

by acid-base titrations — see above). recently reported [15] for trans-[PtHCI(PEt,),], but
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it involves a metal-hydrogen bond cleavage corre-
sponding to a formal overall oxidation of H™ to H™,
thus keeping the formal oxidation state of the metal;
a related, although more complex anodic process —
also with liberation, as a proton, of a hydride ligand
— has been described by us [33] for the oxidation
of trans-[FeH(CNMe)(dppe),]* to give frans-
[FeF(CNMe)(dppe),]™, in the presence of BF,~,
through an ECE process. Moreover, we have pre-
viously observed [14] anodically-induced single (S-
deprotonation processes of aminocarbyne (CNH,)
and n*-vinyl{*-C(CH,Ph)CH,]} ligands at the metal
site rrans{ReCl(Ph,PCH,CH,PPh,),}* to afford the
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Fig. 2. Cyclic voltammograms of complex § in 0.2 mol
dm~3 [Bu,/N][BF,]/NCMe, at a Pt electrode, at different
scan rates (v) and temperatures (T): (a) T=22 °C, »=100
mV s7% (b) T=22 °C, v=20 mV s7}; (¢) T=-20 °C,
»=100 mV s7% (d) 7= —20 °C, »=20 mV s~ ..

ligating isocyanide (CNH) and n*allene (n*-
CH,=C=CHPh) species.

However, in the current study, most of the above-
mentioned anodic processes appear to involve a
stepwise deprotonation [31] coupled to the electron-
transfer steps, rather than a single H* loss, as also
generally substantiated by the following effects on
the cyclic voltammograms:

(i) A decrease of the scan rate results in an increase
(Figs. 2 and 3) of the current-function for the waves
with a multi-electron transfer character (as indicated
by CPE), in agreement with an increase of the number
of electrons involved.
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Fig. 3. Effect of addition of pyridine on the current-function
for wave(II) of complex 6, at various scan rates. O Without
pyridine. @ In the presence of pyridine (1.5:1 molar ratio).
i,/v'? C in mA s'? mol™! dm® mV~'2 7 in mV*? 5712,

(ii) Both a decrease of scan rate (compare Fig.
2(a) with (b) or (c) with (d)) and an increase of
temperature (compare Fig. 2(c) with (a) or (d) with
(b)) tend to enhance the current-function of wave(s)
(I1) (with multielectron and associated chemical
steps) relative to that of the wave(s) (I) (with a
lower number of electrons and protons, not exceeding
two), in accord with a promoting effect on the
sequence of the chemical steps involved.

(iii) Addition of a base (pyridine) leads to an
increase of the current-function for the wave(s) (IT)
(Fig. 3) by favouring proton extrusion.

Supplementary material

Atomic coordinates, thermal parameters, bond
lengths and angles, least-squares planes equations
and tables of observed and calculated structure fac-
tors are available from author F.B. on request.
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