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Summary

Protonation of irans-PtCI(CHNR)(PEt;), occurs reversibly to give the cation
trans-[| PtCI(CHNHR)(PEt;),]" while methylation gives trans-[ PtCI(CHNMeR)-
(PEt;),1". The further secondary carbene complexes trans-[PtL(CHNMeR)(PEt3).1**
(L. = PPh;, CNR) and trans-[Pt(CNR)(CHNHR)(PEt;),]?" were prepared from
these and the complex trans-{Pt(CNR)(CHNHR )(PMe,Ph),]*" by a similar route.
The latter compound reacts with p-toluidine to give trans-[Pt{C(NHR),}(CHNHR)-
(PMe,Ph),}*" which may be deprotonated by the stronger base triethylamine to
the formimidoyl-carbene complex trans-[Pt{C(NHR). }(CHNR)(PMe,Ph),1". trans-
[Pt(CNR)(CHNHR)(PEt3),]1*" does not react with p-toluidine but gives the bis-
imidoyl complex trans-Pt{C(OMe)NR }(CHNR)(PEt3), on reaction with methoxide
won.

The platinum secondary carbene complexes are characterized by a broad
low-field C(carbene)—H signal in their 'H NMR spectra and a strong absorption
due to v(C(carbene)—N) in the 1500—1600 cm™ region of their infrared spectra.
The infrared spectra of the p-tolylaminocarbene complexes indicate some hydro-
gen bonding interaction with the counteranion. The 'H NMR spectra of the car-
bene complexes provide evidence for restricted rotation about the C—N bond,
the ratio of the isomers varying with solvent. NH signals at very low field coupled
to the C(carbene)—H signals were visible for trans-[{PtC1(CHNHR)(PMe,Ph),]Cl
and trans-[Pt(CNR)(CHNHR)L. X, (L = PEt;, X = ClO,; L = PMe,Ph, X = PF)
when recorded in chloroform-d. For trans-[Pt(CNR)(CHNHR)(PEt;), J(ClO4), in
acetonitrile-d;, however, the NH signal and the coupling were lost due to rapid
NH exchange. Addition of acid, or cooling, always resulted in the appearance of
the NH signals and the CH=NH coupling. The magnitude of this coupling (=10
or =18 Hz) identified the signals for each isomer.

* For part XVII see ref. 10.
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Introduction

Numerous transition metal carbene complexes have been synthesized in re-
cent years but reports of carbene complexes with a hydrogen bound to the car-
bene carbon, called secondary, are still relatively. uncommon. A series of
rhodium(III) secondary carbene complexes [1] has been characterized by Lap-
pert and coworkers (as well as some compounds [2] of iron, chromium, iridium
and platinum) and several divalent ruthenium complexes [ 3] reported by Roper.
The only other well-documented examples are some unusual boron heterocyclic
chelate complexes [4] of molybdenum(II), manganese(II) and iron(I1I). Just as
for the ruthenium system, the synthetic route to the platinum secondary car-
bene complexes reported here relies on the susceptibility to electrophilic attack
of the coordinated imidoyl group, (M—C=NR). Methylation at nitrogen leads to
stable carbene complexes which can be subseguently converted to doubly-
charged carbene products, while protonation, being reversible, affords a system
of additional versatility.

Therte is a striking correlation of chemical and physical properties between the
rhodium and ruthenium systems, e.g. the structural data for the complexes
RhCl1;(CHNMe,)(PEt;). [1] and Rul,(CHNMe-p-tol)(CO){(CN-p-tol)(PPh,) [5]
are in close accord, demonstrating a large trans-influence for the secondary car-
bene ligand, a high bond order for the carbon(carbene)—nitrogen bond and a
marked deviation in the M—C—N bond angle from the idealized value of 120°
for trigonal carbon. The generality of these observations finds additional sup-
port in the resuits obtained with the new platinum secondary carbene complexes.

A. Syntheses *

The complex PtCI(CHNR)(PEt;), reacts readily with hydrochloric, or per-
chloric acid and with dimetnylsulphate (in the presence of sodium perchlorate
or ammonium hexafluorophosphate) to give cationic secondary carbene prod-
ucts.

P
PEt, Ety
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Cl—Pt—C_ S CL— Pt —CZ_
NR NEt, “SNHR
PEt, PEt,
Me,SO,
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* All complexes reported in this paper have trans-phosphine groups. R = p-toly!
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Protonation could be reversed with triethylamine which provided a means of
isolating formimidoyl compounds particularly susceptible to protonation in
their preparation or work-up. In particular, the formimidoyl complex, PtCl-
(CHNR)(PMe,Ph),, could be separated from the red byproduct that persisted in
its preparation by protonation to give the nicely crystalline colourless carbene
complex [PtCl1(CHNHR)(PMe,Ph),]". A lengthy reaction sequence to the inter-
esting tertiary carbene formimidoyl comp ex [Pt {C(NHR),}(CHNR)(PMe.Ph).]Cl
incorporated such a protonation—deprotonation cycle. The presence of carbene
complexes as intermediates ensured a clean experimental route and the strong
trans-influence of the secondary carbene group both allowed facile displacement
of chloride by isocyanide and subsequently activated the latter group to nucleo-
philic attack by the amine.

PtC1(CHNR)(PMe,Ph), =3 [PtCI(CHNHR)(PMe,Ph),]Cl &%
[Pt(CNR)(CHNHR)(PMe,Ph),]CL, ———% [Pt{C(NHR, } (CHNHR)(PMe.Ph),|Cl
2 [Pt{C(NHR), } (CHNR)(PMe,Ph),]CI

Displacement of the chloride group in [PtCI(CHNMeR)(PEt;),]ClO, by silver
perchlorate followed by reaction with isocyanide or triphenylphosphine led to
the formation of doubly-charged carbene complexes [PtL(CHNMeR )(PEt;),]-
(C10s). (L. = CNR, PPh;). The protonated carbene complexes [Pt(CNR)(CHNHR)-
(PEt;3),;1(Cl0O,), and [Pt(CNR)(CHNHR)(PMe,Ph),](PF;). were prepared by a
similar method. Although the dimethylphenylphosphine complex underwent
p-toluidine addition to the coordinated isocyanide no reaction was observed
with the triethylphosphine complex. However, reaction of the latter with meth-
oxide ion gave Pt {C(OMe)NR } (CHNR)(PEt;), as described in the previous paper.

Such amine addition reactions appear to be taking place competitively with
isocyanide insertion in the reactions of the well-known complexes trans-PtHCIL,
(L = PEt3;, PMe,Ph) with isocyanide and p-toluidine in benzene. Whereas the
complex [PtH(CNR)(PEt;);]Cl undergoes instantaneous isocyanide insertion on
dissolution with heating in benzene, the presence of p-toluidine in the reaction
of trans-PtHCI(PEt;), with isocyanide gives a 35% yield of the carbene com-
pound [PtH{C(NHR), } (PEt,;),]Cl as well as the expected product. The only other
cationic hydrido-carbene complexes reported [6] trans-[PtH(CNMeCH,CH,NMe)-
(PEt;3),1X (X = Cl, v(PtH) 2025 cm™, 7(PtH) 17.2 ppm; X = BF,, v(PtH) 2040
cm™, 7(PtH) 16.9 ppm) have similar spectral parameters for the hydride ligand.
It is interesting to note that although the complex [PtH{C(NHR), } (PEt;).]Cl
was air stable the complex [PtH(CNMeCH,CH,NMe)(PEt,),1Cl is reported to be
very hygroscopic just like the isocyanide complexes [PtH(CNR)L,]Cl (L =PEt;,
PMe,Ph) employed in this study.

PtCl(CHNR)(PEt;).
CeHg
PtHCI(PEt3)2 + CNR + p'Me05H4NH2 ©5%)
[PtH{C(NHR), } (PEt3).]1C1

(35%)
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The reaction of trans-PtHCl(PMe,Ph), with isocyanide and p-toluidine in ben-
zene also gave the insertion product in major yield but, in addition, a small
amount of the form1m1doyl carbene complex Pt{C(NHR)z}(CHN R)(PMe,Ph),
was isolated. :

B. Proberties

The platinum secondary carbene complexes are characterized by a broad
C(carbene)—H signal in the low field of their 'H NMR spectra (r —1.9 to —0.6 -
ppm) and by a strong absorption (1535 to 1575 cm™) in their IR spectra due
to the C(carbene)—N stretching mode (see Table 1). This is totally analogous to
theruthenium (v(C=N)1500to 1560 cm™"; 7 —1.21t0 0. 15 ppm) and rhodium
(v(C=N) 1580 to 1630 cm™; 7 —1.5 to 1 ppm) systems and supports the previ-
ous conclusions that these secondary carbene ligands are characterized by a high
C—N bond order. The solid state IR spectra of the platinum p-tolylaminocarbene
complexes was of additional interest. Both the complexes [PtCI(CHNHR)L,]Cl
(L = PEt3, PMe,Ph) exhibited very broad and low N—H stretching frequencies
around 2600 cm™ while the complexes [PtCI(CHNHR)(PEt;),1C10,; and [Pt(CNR)-
(CHNHR)(PEt,),](C10,), had four absorptions between 3100 and 3250 cm™. In
addition, the Cl—O stretching frequency of the perchlorate ions was split (7;
splitting 60 cm™ for singly-charged and 45 cm™ for doubly-charged cationic
complex) for these p-tolylaminocarbene complexes but not in the corresponding
p-tolylmethylaminocarbene complexes. Similar behaviour had been observed for
some perchlorate complexes of ruthenium. Following D,0O exchange, v(ND) for
[PtC1(CHNDR)(PEt;).]Cl occurred at 2010 s (br) (#(NH)/v(ND) = 1.28) and for
[PtCI{CHNDR)(PEt;),]Cl0O,, »(ND) occurred at 2335 ecm™. As expected, the
two NH bending frequencies which had appeared near 1620 cm™ were now ab-
sent but perchlorate association in the latter complex was still evident. There
must be substantial hydrogen bonding in the solid state to account for these ob-
servations, particularly in the chlorides. The evidence of perchlorate association
strongly suggests that this H-bonding is taking place with the anion. It was sig-

nificant that the p-tolylaminocarbene complex with the most weakly coordina-

[ H
—Pt—C/
o 5 5
N—--H———X
R/

ting anion, [Pt(CNR)(CHNHR)(PMe,Ph),1(PF¢),, did not show evidence of this
interaction since its infrared spectrum had a single strong NH stretching absorp-
tion at higher frequency (viz., 3290 cm™).

The C(carbene)—H signal in the 'H NMR spectra of [ PtCl(CHNMeR) (PEL;). ]
ClO, and [Pt(CNR)(CHNMeR)(PEt;),(ClO,),, recorded in chloroform-d, appears
as a broad triplet of triplets due to coupling of the hydrogen with the spins of
the two mutually trans-phosphorus and platinum nuclei. Both coupling con-
stants, 2J(PtCH) and 3J(PPtCH), for these and other platinum complexes studied,
were proportionally smaller than in the parent formimidoyl complexes perhaps
reflecting the increased w-character of the metal—carbon(carbene) bond [7].

A
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For the complex [Pt{(CNR)(CHNMeR )(PEt;),1(Cl0,), the NMe signal isa
broad singlet at 7 5.62 ppm while for [PtCI{CHNMeR)PEt;),1(C10,), two NMe
signals were located at 7 5.72 ppm (intensity 1) and 7 5.81 ppm (intensity 4).
The appearance of the aromatic region confirmed the presence of more than
one isomer in the latter case demonstrating restricted rotation about the C(cax-
bene)—N bond. For reasons to be discussed subsequently the isomer of [PtCl-
(CHNMeR)(PEt;3),1(Cl0O,), in 80% abundance is designated the one with the
methyl group cis to the hydrogen whereas the complex [Pt(CNR)(CHNMeR)-
(PEt3),1(C10,), is almost completely the trans isomer.

B qt — 2+
PEt3 PEt,
l /H H
Cl—Pt—C\\ RNC —— Pt ——C\
PEt N—me l >N_R
3 PEt
B d | B > Me _
cis trans

Two NMe signals, presumably of the same magnitude, were reported for the
dimethylaminocarbenerhodium complexes and in a variable temperature study
on one of them, in a-bromonaphthalene, no coalescence was observed up to
150°C. The complex [Pt(PPh;)(CHNMeR)(PE{;3),1(Cl0,4), had two NMe signals
of similar intensity and two CH signals. The observations that the CH signals of
the two isomers are not averaged on the 'H NMR time scale in this case, and that
the isomer ratio was substantially different for the three p-tolylmethylamino
complexes studied, led to a more detailed investigation on the many p-tolyl-
aminocarbene complexes prepared.

The 'H NMR spectrum of [PtCI{(CHNHR)(PEt;).]Cl, recorded in chlorofrom-d
at 32°C, also exhibited a broad triplet of triplets for the C(carbene)—H signal.
The aromatic region which consisted of an AB and an AX quartet of equal in-
tensity indicated that both eis and #frans (hydrogen to hydrogen) isomers were
present in equal amounts. The signal for the ortho protons of the complex
PtCl,(MeN=CH-p-tol)(AsEt;) [8] is considerably displaced downfield (ca. 1.2

ppm) with respect to the free ligand and this has been attributed to the inter-
action of the ortho protons of the p-tolyl group with the platinum as a result of
the complex having the structure shown.

ct
EtyAs—Pt —N

Ct

Such behaviour was also observed by us in the platinum formimidoyl com-
plexes described in the preceding paper of this series {10] and made possible the
assignment of syn and anti isomers in those systems. The effect is even more
pronounced for the secondary carbene complexes where, for example, the cen-
tre of the ortho signal for the cis isomer of [PtCI(CHNHR )(PEt;),]Cl is as low

{continued on p. 234)
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TABLE 2

IR AND ! H NMR DATA FOR p-TOLYLMETHYLAMINO AND -(Di-p-TOLYLAMIN O)CARBENE

COMPLEXESA

Complex b

Infrared
frequencies €

111 NMI signals d

{PtCI(CHNMeR)(PEt3),1C104

H

[PtCI{CHNMeR)(PEt3), JPFg

[Pt(CNR)}CHNMeR)}PEt3)21(C104)2

[Pt(PPh3)(CHNMeR)(PEt3)2 (Cl04)2

[PtH {C(NHR); KPEt3);1C1

[Pt(CHNR){C(NHR); {PMe,Ph),]C1

[Pt(CHNR)Y(C(NHR)2)(PMe, Ph), IPFg

v(C=:N) 1545s
v(C10) 1095vs

v(C=:N) 1538s
V(PF) 840vs

v(C=N) 2205vs
v(C==N) 1560m (br)

v(C=N) 1538s

v(PtH) 2045s
v(C==N) 1550s

v(CH) 2730m
v(C=-N) 1540s (br)
v(NH) 3265s (v.br)
5(NH) 1610, 1590s

v(C=N) 1540s

v(NH) 3370, 3300s {br)
'8(NH) 1600s (br)

v(PF) 835vs

T(PtCH)—1.59 ppm

2J(PtCH) 36 Hz

3J(PPtCH) 2.5 Hz
J(CHNCH) 0.88 Hz

T(NMe) 5.81, 5.72 ppm
T(Me(p-tolyl) 7.58

T(PtCH) —1.72

2J(PtCH) 37 Hz

3J(PPtCH) 2 Hz

r(NMe) 5.87 ppm
7(Me(p-tolyl)) 7.59 ppm
T(PtCH) —1.36 ppm
2J(PtCH) 25 Hz

3J(PPtCH) 2.3 Hz

T(NMe) 5.62 ppm
7(Me(p-tolyl)) 7.58, 7.50 ppm
7(PtCH) —1.4, —1.6 ppm
2J(PtCH) 42 Hz

r(NMe) 5.88, 5.93 ppm
T(Me(p-tolyl)) 7.63, 7.66 ppm
T7(NH) —2.0 ppm

3J(PtCNH) 55 Hz
T(Me(p-tolyl)) 7.70 ppm
7(PtCH) —0.21 ppm
2J(PtCH) 32 Hz

3J(PPtCH) 6.5 Hz

T(NH) —2.17 ppm
3J(PtCNH) 46 Hz
T(Me(p-tolyl)) 7.70,7.77 ppm

@ These data replace those represented in the preliminary communication in which a compound was
omitted by mistake and the 3J(PPtCH) values were incorrect. ¥ R = p-tolyl. Phosphine groups are trans in
all cases. € IR spectra recorded as Nujol mulls. ¢ NMR spectra recorded in CDCl13.

as 7 1.40 ppm while the ortho signal for the trans isomer is located at 7 2.44

ppm.
PEts 1*
H
S
L —Pt—C7
Nyn
PEt3 yd
R
cis

PEts

S
a —pt —C¢]

PEt5 S

o}

trans

+

(R =p — tolyl)

Thus the complex [PtCI(CHNMeR)(PEt,),1ClO, is predominantly cis since the
major ortho signal is at 7 1.78 ppm and its separation from the mete signal 0.72
ppm, while the complex [Pt{CNR)(CHNMeR)(PEt;),](Cl0;), is mainly trans, the
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TABLE 3 .
PHYSICAL AND ANALYTICAL DATA FOR NEW PLATINUM COMPLEXES ¢

Complex Analysis found Melting
(caled.) (%) point ¥ (°C)
C H N
[PtCI(CHNHR)(PEt3),21C1 € 38.77 6.54 2.15 227—230
(38.65) (6.33) (2.25)
{PtCI{CHNHR)(PEt3)21Cl04 35.05 5.84 1.85 235—237
(35.04) (5.73) (2.04)
[PtCI(CHNHR)(PMe; Ph); ]PFg 37.34 3.98 2.02 198—199
(37.39) (4.05) (1.82) N
[Pt(CNR) CHNHRXPEt3); KC104), 38.53 5.23 3.20 295227
(38.81) (5.39) (3.23)
[Pt(CNR)(CHNHR)(PMe; Ph); I(PFg)2 38.52 3.87 2.82 171—172
(38.50) (3.84) (2.81)
[PtCI(CHNMeR)(PEt3)21C104 36.10 5.82 1.80 198
(36.06) (5.91) (2.00)
[PtCI(CHNMeR)(PEt3)2]PFg 33.71 5.39 1.89 1556—15%
(33.86) (5.55) (1.88)
[Pt(CNR)(CHNMeR)(PEt3)31(Cl04)2 39.64 5.72 3.71 226—227
(39.55) (5.49) 3.18)
[Pt(PPh3)(CHNMeR)(PEt3)2 KC104)2 * 1/2CH;Cl;  43.99 5.67 1.26 185—186
(44.13) (5.41) 1.32)
{PtH {C(NHR)Z }eEL3): 101 47.03 6.93 3.66
(46.92) {6.85) (4.05)
[Pt(CHNR) {C(NHR)z }(PMezPh)z 1C1* CH5Cla> 51.68 5.11 4.46 170172
(51.43) (5.18) (4.50)
[Pt(CHNR) {C(NHR); }(PMe;Ph),1PFg 48.27 4.73 196—197
(48.85) (4.84)

a All compounds were colourless and had trans-phosphine groups. R = p-tolyl. ? Meltifig points are uncor-
rected. € Found: Cl, 11.59. Calcd. 11.41%.

ortho signal occurring at 7 2.23 ppm and the ortho—metla signal separation being
less than 0.3 ppm. These assignments, though based on analogy with the imine
complex PtCl,(MeN=CH-p-tol)(AsEt,), are strongly supported by the size of the
CH=NH coupling constants (J(H—H)) ir: the p-tolylaminocarbene complexes
when this coupling occurs. The C(carbenc)—H signal was no longer averaged on
going from chloroform-d to a more polar solvent. Thus the broad C(carbene)—H
signal of [PtCI(CHNHR)(PEt;),]Cl at 7 —1.45 ppm in chloroform-d (*J(PtCH)
42 Hz) appears as two (triplet of triplet) signals at 7 —1.89 ppm (?J(PtCH) 50
Hz) and 7 —1.60 ppm (J(PtCH) 38 Hz) in methanol, the ratio of isomers re-
maining nearly 1 : 1. The aromatic region indicated that the isomer with the
smaller platinum—hydrogen coupling constant had cis geometry and the other
trans geometry, and this was found to be general for all the secondary carbene
complexes studied. This trend parallels that for the formimidoyl complexes
where the anti isomer (lone pair cis to hydrogen) always had the smaller pla-
tinum—hydrogen coupling constant. The other p-tolylaminocarbene complexes
[PtCI{CHNHR)(PEt;),]ClO, (7(PtCH) —1.70 CDCl;; —2.15, —1.88 HCONMe,)
and [Pt(CNR)(CHNHR)(PEt;).1(ClO,), (7(PtCH) —1.78 CDCl;; —1.53, —1.18
CD;CN) were similarly affected by change in solvent. The reason for this may
lie in the smaller difference in chemical shift of the two CH signals in chloro-
form-d as opposed to more polar solvents which would favour coalescence at a
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lower temperature, or the presence of hydrogen bonding in more polar solvents
siowing the rate of interconversion. The former argument finds support in the
NMR data for the parent formimidoyl complex where the separation of the two
CH signals is 0.05 ppm in chloroform-d but as high as 0.27 ppm in methanol.
For several p-tolylaminocarbene complexes examined, no coalescence of the two
sets of CH signals occurred on heating to 90°C which is in agreement with the find-
ings from the high temperature study on the rhodium system, but nevertheless, sur-
prising, in the light of the fact that coalescence of the CH signals in the formi-
midoy! complex, PtCl(CHNR)(PEt;)., which has a higher bond order (see [10]),
occurs at this temperature. Again, the explanation must be that the difference
in separation of CH signals between isomers of the carbene complexes (ca. 0.8
ppm) and formimidoyl system (0.06 ppm in dimethylsulphoxide-d¢ used) is suf-
ficiently great to more than compensate for the lower rotation barrier due to re-
duction in bond order. The hydrogen bonding argument is further weakened by
the fact that this would not be expected to have equal influence in both the p-
tolylamino- and p-tolylmethylamino-carbene systems, as was observed. Although
restricted rotation was also encountered for the rhodium secondary carbene
complexes no mention was made of two sets of C(carbene)—H signals due to
cis/trans isomerization. Presumably, the spectra were recorded in chloroform-d
and the C(carbene)—H signals were averaged in all cases.

On heating [PtCI(CHNHR)(PEt;),]Cl to 50°C in chloroform-d the C(carbene)—
H signal sharpened while on cooling to —20°C it broadened and a broad NH sig-
nal became visible at 7 —5.72 ppm (see Fig. 1). At —50°C, the NH signal had
sharpened and CI/NH coupling was apparent, confirmed by decoupling experi-

!
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-20°C _ 1024ppm

Fig. 1. Downfield region of the 1 H NMR spectrum of trans-[PtCI{CHENH-p-tol)(PEt3)32 JCl at —20°C and
—50° C. 1000 Hz sweep width. 1 bold division = 2 ppm.
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ments and D,0 exchange. The aromatic region indicated that the ratio of iso-
mers had changed from 1 : 1 to 4 : 1 in favour of the ¢is form. The CH~=
coupling constant (J(H—H) 10 Hz) supported the cis geometry, being of similar
magnitude to cis coupling in a vinylic system. This contrasted with a similar low
temperature study in methanol which, although less clearcut, showed no signifi-
cant change in isomer ratio. The majority of the ruthenium secondary carbene
complexes [3] exhibited both C(carbene)—H and NH signals coupling to one an-
other in their '"H NMR spectra recorded in chloroform-d and the larger CH=NH
coupling constants (J(H—H) 17 to 21 Hz) in these cases suggested a trans geom-
etry about the C-=N bond. (trans vinylic coupling is about 18 Hz). However, a
few of them had a broad C(carbene)—H and no NH visible just like the original
spectrum for the platinum complex. The absence of an NH signal and lack of
coupling in certain cases must be due to fast exchange of the hydrogen on ni-
trogen with the solution. This interpretation is supported by the fact that the
addition of acid to various p-tolylaminocarbene complexes that showed a broad
C(carbene)—H and no NH in a particular solvent ([PtCl(CHNHR)(PEt;),]X (X
= Cl, C1O,) in CDCl;, [PtCI(CHNHR)(PEt;),]ClO, in N,N'-dimethylformamide
and [Pt(CNR)(CHNHR)(PEt3),1(ClO,), in CD;CN) always resulted in the ap-
pearance of the NH signal and CH/NH coupling. However, the NH signal was
substantialiy broadened again when the solution was heated to 80°C.

H H
| |
—Pt—C —Pt—C  +H
! “NHR. I TNR
-

H' or cooling

The position of the equilibrium above is dependent on the polarity of the sol-
vent and is characteristic of the particular complex, e.g., in chloroform-d, the
spectrum of the complex [Pt(CNR)(CHNHR)(PEt;),}(ClO;), had both C(car-
bene)—H and NH signals and coupling was occurring (J(H—H) 18.5 Hz implies
trans) but in acetonitrile-d,, a more polar solvent, although the ratio of isomers
in the complex remained about the same (approx. 10 : 1, trans : cis) coupling
was lost and no NH was visible. As expected, NH exchange is promoted by a
more polar solvent.

No obvious reactions were apparent for the shift in the cis/frans isomer equi-
librium throughout these studies and therefore the results will be presented with-
out further comment. As for the formimidoyl complexes, the ratio of isomers
changed from solvent to solvent. By comparison of NMR spectra, in the same
solvent, it was found that the ratio of the cis isomer increased on going from the
formimidoyl to the carbene system. Addition of acid to the complex [PtCl-
(CHNHR)(PEt;),]Cl in chloroform-d and methanol increased the amount of the
cis isomer (4X and 1.5X resp.) but increased the amount of the frans isomer for
[PtCI(CHNHR) (PEt;),]ClO, in chloroform-d, while having little effect on the
latter in N,N'-dimethylformamide. The effect of cooling on the isomer ratio of
[PtCI(CHNHR)(PEt;),]Cl in chloroform-d has already been discussed.

Unlike the formimidoyl complex, PtCI(CHNR)(PEt;),, which was very solu-
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ble and difficult to crystallize, a marked difference in solubility made possible
the separation of isomers in the p-tolylaminocarbene derivative [PtCI(CHNHR)-
(PEL;),}(ClO;). As for the other carbene complexes, a nicely crystalline product
was obtained on the addition of diethyl ether to the acetone reaction medium
employed but, on this occasion, the yield was particularly iow (50 to 65%). The
'H NMR spe>trum of this precipitate, showed it to be mainly the trans isomer
while the spectrum of the reaction residue was characteristic of the cis form. It
seems likely that other isomeric mixtures of the secondary carbene complexes
may be separable by careful fractional crystallization or chromatography.

Conclusion

The susceptibility to electrophilic attack of the nitrogen in the coordinated
imidoyl group has again afforded a straightforward route to complexes con-
taining the stcondary carbene ligand. These secondary carbeneplatinum com-
plexes, like those of rhodium and ruthenium, are characterized by a high C—N
bond order. Thus the C—N strelching frequency underwent only a small de-
crease on proconation or methylation of the parent formimidoyl complexes at
nitrogen. In addition, restricted rotation about the C(carbene)—N bond was ob-
served and the C(carbene)—H signal appeared at very low field in the 'HNMR
spectrum. The strong trans influence of the carbene ligand was again evidenced
by facile substitution reactions in this study.

The relative abundance of the carbene isomers, apparently characteristic of
the particular complex, could be estimated from the aromatic and downfield
regions of the 'H NMR spectrum. The C(carbene)—H signal and its associated
coupling constants were often averaged in chloroform-d but, in more polar sol-
vents, both sets of signals were apparent and the relative magnitude of the pla-
tinum—hydrogen coupling constants was the same as for the formimidoyl com-
plexes, viz., J(PtCH);1uns > J(PtCH). ;. The smaller size of J(PtCH), itself, rela-
tive to the formimidoyl complexes possibly reflects the increased w-character of
the platinum—carbon bond.

The properties of the p-tolylaminocarbene complexes were especially inter-
esting since the solid state infrared spectra suggested that hydrogen bonding
was taking place with the counteranion while the appearance of NH signals in
their '"H NMR spectra was dependent on the polarity of the solvent, the tem-
perature and the pH.

Experimental

Infrared spectra in the range 4000 to 400 cm™ were recorded on a Perkin—
Elmer 621 Grating Spectrophotometer. Absorptions. are quoted relative to the
polystyrene band at 1601.4 em™. The 'H NMR spectra were recorded on a
Varian HA 100 spectrometer. Analyses were obtained from Chemalytics, Inc.,
Tempe, Arizona. All reactions were performed with “spectro-analyzed’ solvents
without further purification. p-Tolylisocyanide was prepared by dehydration of
the corresponding N-monosubstituted formamide [9]1.
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(1) trans-Chloro(p-tolylaminocarbene )bis(triethylphosphine)platinum(II) chlo-
ride, trans-[PtCl(CHNH-p-tol)(PEt;).,]C!

To trans-PtCl(CHN-p-tol){PEt;), (0.4 g) in acetone (15 ml) was added conc.
HCIl (2 equiv.). The colourless product was obtained on reducing the solution to
a small volume and addition of diethyl ether. Recrystallization was from dichloro-
methane diethyl ether (0.42 g, 95%).

(2) trans-Chloro(p-tolylaminocarbene)bis(triethylph ssphine)platinum/(I1) per-
chlorate, trans-[PtClI(CHNH-p-tol)(PEt;),]CIO,

To trans-PtCl(CHN-p-tol)(PEt;3), (0.4 g) in acetone (20 ml) was added per-
chloric acid (2 equiv.). The solution was evaporated to an oil and the colourless
product obtained on the addition of diethyl ether. Recrystallization was from
dichloromethane/diethyl ether (0.30 g, 65%).

(8) trans-Chloro(p-tolylaminocarbene)bis(dimethylphenylphosphine)platinum-
(II) chloride, trans-[{PtCl(CHNH-p-tol)(PMe,Ph),]Cl ’

The colourless product was prepared by a method similar to (1) in 90% yield.
Elemental analyses were obtained for the hexafluorophosphate salt prepared by
anion exchange using silver hexafluorophosphate.

(4) trans-(p-Tolylaminocarbene)(p-tolyiisocyanide)bis(triethylphosphine)pla-
tinum(II) diperchlorate, trans-[Pt(CN-p-tol)(CHNH-p-tol)(PEt5),](ClOs),

To trans-PtCl(CHN-p-tol)(PEt3), (0.3 g) and sodium perchlorate (1 equiv.) in
acetone (50 ml) was added a solution of p-tolylisocyanide (1 equiv.) in acetone
(10 ml). The solution was centrifuged and perchloric acid (2 equiv.). was added
to the filtrate. Colourless crystals of the product precipitated immediately (0.3 g,
70%).

(5) trans-(p-Tolylaminocarbene)(p-tolylisocyanide)bis(dimethylphenyiphos-
phine)plctinum(II) bishexafluorophosphate, trans-[Pt(CN-p-tol ) CHNH-p-tol)-
(PMesPh )2 J(PFs)a

To trans-[PtCl(CHNH-p-tol)(PMe,Ph),]Cl (0.3 g) in dichloromethane (50 ml)
was added dropwise over 30 min a solution of p-tolylisocyanide (1 equiv.) in
dichloromethane (20 ml). Stirring was continued until the smell of isocyanide
had dissipated (15 min) after which silver hexafluorophosphate (2 equiv.) in
acetone (10 ml) was added. After filtration, the product was obtained as a col-
ourless precipitate on the addition of diethyl ether to a small volume of the fil-
trate (0.37, 85%).

(6) trans-Chloro(p-tolylmethylaminocarbene)bis(triethylphosphine)platinum(II)
perchlorate, trans-[PtCl(CHNMe-p-tol)(PEt;),]ClO.,

A solution of trans-[PtCI(CHN-p-tol)(PEt;], (0.50 g) and dimethylsulphate (1
equiv.) in acetone (20 ml) was heated under reflux for 5 min. Sodium perchlo-
rate (1 equiv.) was then added, the solution evaporated to an oil and the prod-
uct extracted into dichloromethane. The colourless product was obtained on
addition of diethyl ether and n-pentane (0.50 g, 85%).
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o{ 7 ) trans-Chloro(p-tolylmethylammocarbene )bzs( trze thylphosphzne)platznum(II ) :
hexafluorophosphate, trans-[PtCIl( CHNMe-p-tol)(PEt;),]JPFs

The title complex was prepared by the same method as for (6) but m the pres-
ence of ammomum hexaﬂuorophosphate (80%). . = .

( 8) trans-( p-Tolylisocyanide )( p-rolylmethylammocarbene )bis( trzethylphosphme )
platinum(II) diperchlorate, trans-[Pt(CN-p-tol )(CHNMe-p-tol)(PEt;).] (CiO,),

. A solution of trans-[ PtCl(CHNMe-p-tol)(PEt;),]JClO, (0. 25 g) and silver per-
chlorate (1 equiv.) in acetone (25 ml) was heated at 40°C for 10 min. To this
solution was then added a solution of p-tolyhsocyamde (1 equiv.) in acetone
(15 ml) and stirring continued for a further 10 min. The solution was evapo-
rated to dryness and the product extracted into dichloromethane. The title com-
plex was obtained as a colourless precipitate on the addition of diethyl ether

(0.25 g, 30%).

(9) trans-(p-Tolylmethylaminocarbene)(triphenylphosphine)bis(iriethylphos-
phine) platinum(II) diperchlorate, trans-[Pt(PPh;)(CHNMe-p-tol)(PEt;),](ClO.).
A solution of trans-[PtCl(CHNMe-p-tol)(PEt;3),]C104 (0.15 g) and silver per-

chlorate (1 equiv.) in acetone (25 ml) was heated under reflux for 5 min. The
solution was evaporated to dryness and the product extracted into dichloro-
methane. To this solution was added triphenylphosphine (1 equiv.) and the so-
lution heated under reflux for 15 min. The solution was again evaporated to
dryness and the product digested in hot n-pentane. The title complex was recrys-
tallized from dichloromethane, ethanol and n-pentane (0.16 g, 75%).

(10) trans-Hydrido {di(p-tolylamino Jcarbene } bis(triethylphosphine)platinum(II)
chloride, trans-[PtH{C(NH-p-tol), }(PEt;),]JCl

A solution of trans-PtHCI(PEt,), (0.3 g), p-tolylisocyanide (1 equiv.) and D-
toluidine (2 equiv.) in benzene (10 ml) was stirred overnight. The colourless
product was obtained on the addition of diethyl ether. Recrystallization was
from dichloromethane/diethyl ether (0.15 g, 35%).

(11) trans-{N-(p-Tolyl)formimidoy!} {di(p-tolylamino)carbene } bis(dimethyI-
phenylphosphme)platmum(II ) chloride, trans-[Pt{C(NH-p-tol), }(CHN-p-tol)-
(PMe,Ph),]Cl

To trens-[PtCl{CHNH-p-tol)(PMe,Ph),]Cl (0.3 g) in dichloromethane (50 ml)
was added dropwise over 30 min a solution of p-tolylisocyanide (1 equiv.) in
dichloromethane (20 ml). Stirring was continued until the smell of isocyanide
dissipated and then p-toluidine was added (4 equiv.) and the reaction continued
overnight. The solution was evaporated to dryness and the excess p-toluidine
removed by washing with diethyl ether. The product was redissolved in the mini-
mum amount of dichloromethane, triethylamine (2 equiv.) added and the title
complex obtained as a colourless precipitate on the addition of n-pentane. Re-
crystallization from dichloromethane/diethyl ether returned the complex as a
dichloromethane solvate (0.3 g, 80%). Elemental analyses were also obtained on
the hexafluorophosphate salt obtained by anion exchange using silver hexa- -
flucrophosphate. Successfull recrystallization could also be effected from pyri-
dine/diethyl ether. ' _
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