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Summary: The isomerization of trans -Pt(COCOPhXCON- 
Et,XPPh3), (1) takes place in chloroform in the presence 
of CO at 1 atm, yielding the novel cis-R(COCOPhXC0N- 
Et,)(PPh3), (2) in over 80% yield. The addition of excess 
Et,NH facilitates such isomerization and resutts in biphasic 
kinetics. The kinetics and the detection of an interme- 
diate, Pt(COCOPh)(CONEt,)(COXPPh,) (4), are consistent 
with a consecutive mechanism. The reaction of cis -Pt- 
(COCOPh)(CONEt,)(PPh,), with iodine leads to the forma- 
tion of several amino(acy1oxy)carbenoid complexes, 
trans -Pt (C(NEt,)(OC(O)Ph))(PPh,)I, @a), cis -Pt(C(NEt,)- 
(OC(O]Ph))(PPh,)I, (5b), and cis-[Pt(C(NEt,)(OC(O]Ph))- 
( I)(PPh,),]( I )  (e), presumably via oxidation-promoted in- 
tramolecular acyl-carbamoyl coupling. 

A well-established synthetic route for the preparation 
of carbenoid complexes of the Fischer type is via electro- 
philic addition of a carbocation to the oxygen atom of an 
"acyl-type" ligand (eq 0 . l  Although acylation to metal- 

acyl species and the relevant mechanisms have been widely 
proposed in various reactions of carbene formation: the 
well-characterized (acy1oxy)carbenoid complexes ( M e -  
(OC(0)R)X) are still relatively rare.3 We report here the 
formation of the first examples of amino(acy1oxy)carbenoid 
complexes of platinum via an unprecedented intramolec- 
ular acyl-carbamoyl coupling in a novel cis a-ketoacyl 
carbamoyl complex of platinum(I1). 

We have previously reported the synthesis of trans- 
Pt(COCOPh)(CONEt2)(PPh3)2 (1) from the reaction of 
~~u~-[P~(COCOP~)(CO)(PP~~)~](BF$ with EgNH.4 In 
CHC1, a t  20 "C, complex 1 tends to decompose to trans- 
Pt(COCOPh)(C1)(PPh3), and Et2NH along with a few 
decarbonylated organometallic species, presumably by 
reaction with HC1 in the solvent. In the presence of CO 
at 1 atm, in contrast, a solution of complex 1 (0.03 M) in 
chloroform or benzene a t  -20 "C isomerized to cis-Pt- 
(COCOPh)(CONEh)(PPh3), (2) to an extent of 1:4.5 and 
1:3.3 trans/& ratios, respectively, within a few days. This 
equilibrium ratio was also achieved by starting with the 
pure cis isomer. Complex 2 has been isolated from the 
trans-cis mixture by repeated recrystallization from EhO 
and characterized spectros~opically.~ 
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Figure 1. ORTEP drawing of complex 5a. Seleded bond distances 
(A) and angles (deg): Pt-P = 2.297 (2), Pt-Il= 2.612 (l), Pt-I2 
= 2.617 (l), Pt-Cl = 1.969 (7), C1-02 = 1.403 (8), Cl-N4 = 1.324 
(8), 02-C3 = 1.372 (7), C3-03 = 1.195 (9), (23441 = 1.45 (l), 
N 4 4 5  = 1.460 (8), N4-C7 = 1.48 (1); 11-Pt-I2 = 173.26 (2), 
11-Pt-P = 95.7 (6), 11-Pt-C1 = 86.2 (2), 12-Pt-P = 89.5 (5), 
11-Pt-Cl = 88.5 (2), P-Pt-Cl = 176.7 (2), Pt-Cl-02 125.4 (4), 
Pt-Cl-N4 = 128.3 (5),02-Cl-N4 = 106.3 (6), (3-02423 = 123.0 
(5), 02C3-03 = 121.8 (6), 02434341  = 112.7 (6), 03-C3-C41 
= 125.5 (6), Cl-N4-C5 = 119.1 (61, C1-N4-C7 = 125.8 (51, C5- 
N4-C7 = 115.1 (5). All H atoms are omitted. 

The addition of EgNH remarkably enhanced the rates 
of isomerization, whereas it did not change the relative 
abundance of the two isomers in solution. The preliminary 
kinetic runs having [EhNH], 1 20[1], with CO at  1 atm 
in CH2C1, (saturated with CO) at  20 "C exhibit the bi- 
phasic plots of In (Dt-D,) versus time, and the apparent 
rate constanb of both stages are first order in [EhNH].6 

(5) Selected spectral data for 2: UV-vis (CDC13) A, = 474 nm, e = 
114 k 5 M" cm-'; IR (KBr) vc0 = 1672, 1611, 1535 cm-l; 31P NMR 

= 18.3 Hz); 'H NMR (CDC13) 6 0.29, 1.01 (3 H, t, 7.0 Hz), 2.12,2.61,3.15, 
4.49 (1 H, sex, 13.7, 7.0 Hz). Anal. Calcd for C4sH4,N03P2Pt: C, 61.76; 
H, 4.76; N, 1.47. Found: C, 60.99; H, 4.83; N, 1.47. 

(6) Reaction run8 with [ l lO = 5.2 X M: and 
[EhNH],, = (20-100)[1]0 at 25 OC were done by monitoring the decreasing 
absorbance at 578 nm. Biphasic plots of In (Dt - D,) ver8ua time lasting 
at least 4 half-live8 were obtained? Thus, kf = k,[CO] + k,[EhNH] 

x s-l, k, = 3.90 x 10-3 s-l) were determined, respectively. Detailed 
results and the experimental procedure are given in the supplementary 
material. 
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(CDC13) 6 16.14 (Jp-pt = 1920, Jp-p = 18.3 Hz), 13.65 (Jp-pt = 1716, Jp-p 

M, [CO], = 8.5 X 

(ks[CO] = 0.0202 s-', kl = 0.0344 8-l) and k, = k4 + k,[EhNH] (k4 3.90 
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the 02-C3-03 planes is 21.4 (4)". 
The ready replacement of an iodide ligand in 5a by PPh3 

leads to C~S-[P~(C(NE~&OC(O]P~))(I)(PP~~)~](I) (6), in 
which the amino methylene protons are diastereotopic, 
appearing at  6 3.48, 3.64,4.33, and 5.05 as sextets in the 
'H NMR spectrum. The two phosphorus atoms have 
distinct P-Pt couplings of 2355 and 3664 Hz, which were 
observed at 6 3.85 and 7.52, respectively, in the 31P NMR 
~pectrum.'~ Heterogeneously mixing equimolar amounts 
of complex 2 and iodine in acetonitrile at 25 "C causes the 
instantaneous evolution of gas and a color change from 
orange to light yellow, indicating the decarbonylation of 
the benzoylformyl ligand. The 31P NMR data showed that 
5a and 6 were formed in a 1:2 ratio (60% total yield). 
Meanwhile, trans-Pt(COC0Ph) (I) (PPh3)2 (20 % ) and 
trclr~-Pt(COPh)(I)(PPh~)~ (18%) were also produced, 
along with a trace of PhCONEt2 and PhCOCONEh.16J7 
When I2 in more than double molar proportion was em- 
ployed, another carbene complex, 5b (cis isomer of 5a), was 
also observed in <lo% yield in addition to 5a and 6 on 
the basis of the NMR data (Scheme 1I).l8 No similar 
transformation was found for the trans complex 1. 

The platinum carbene complexes are likely formed from 
an iodine-promoted intramolecular coupling between the 
carbamoyl and the benzoylformyl ligands through the 
formation of a C-O bond with concomitant loss of CO from 
the latter ligand. An alternative mechanism involving 
coupling between the carbamoyl ligand and a benzoyl 
group that results from the decarbonylation of the ben- 
zoylformyl ligand cannot be totally excluded, because 
treatment of cis-Pt(COPh)(CONEh)(PPh,), with I2 also 
provides carbenoid complex 5a as a minor product. The 
oxidative addition of I2 to 2 apparently facilitates the 
carbenoid formation. It is not immediately clear whether 
I2 was incorporated before or after the acyl-carbamoyl 
coupling. Further mechanistic investigation of these re- 
mote couplings is in progress. 

Acknowledgment is made to the National Science 
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Supplementary Material Available: Kinetic data and plots 
for the isomerization between 1 and 2 and tables of complete 
crystal data, complete bond lengths and angles, atomic coordinates, 
and thermal parameters and a figure with complete atomic labeling 
for 5a (10 pages); a listing of structure factors for 5a (15 pages). 
Ordering information is given on any current masthead page. 
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When PPh3 was added in a 9-fold excess, only the slower 
stage in fmt-order kinetics was observed. An intermediate 
(with its maximum proportion ca. 15% of [lI0) was de- 
tected spectroscopically in this reaction and has been as- 
signed as Pt(COCOPh)(CONEt)(CO)(PPh3) (4) accord- 
i n g l ~ . ~  Such results are consistent with a consecutive 
mechanism as written in Scheme I.'O 

The addition of 2 equiv of iodine to complex 2 in 
benzene-& at  21 "C results in instantaneous formation of 
an (acy1oxy)carbenoid complex, trans-Pt(C(NEt,)(OC- 
(OJPh))(PPh3)12 (5a), in over 90% yield. The infrared 
spectrum of 5a showed the stretching absorption of the 
benzoyl carbonyl a t  1754 cm-' and the carbene carbonyl 
a t  1559 cm-'. Its NMR resonance appeared at  6 8.38 
with JP+ = 2490 Hz. The 'H NMR spectrum of 5a com- 
prises the amino methylene protons at  6 3.79 and 4.53 and 
the amino methyl protons at  6 1.36 and 1.52." The 
structure of 5a has been confirmed by X-ray crystallog- 
raphy.12 According to ita ORTEP drawing, shown in Figure 
1, the amino(acy1oxy)carbenoid ligand is disposed trans 
to the phosphine in a square-planar geometry. The car- 
benoid features of 5a are comparable with those of an 
anilinoethoxycarbenoid c0mp1ex.l~ The carbenoid plane 
N4-C1-02 is nearly perpendicular to the coordination 
plane of the Pt, C1-11-P-12, with the dihedral angle being 
101.1 (2)". The dihedral angle between the N4-Cl-02 and 
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(11) Selected spectral data for 5a: IR (KBr) YCO = 1754, 1559 cm-'; 
= 2490 Hzk 'H NMR (CDCl,) 6 1.36. 1.52 

of Transition Metal Complexes; Allyn & Bacon: Boston, 1974. 

31P NMR (CDClJ 8 16.18 (Jp-pt = 1921 Hz). 

2612. 

31P NMR ICDCLI d 8.38 
I~ 

(3 H, t, 7.2 Hz)  k d  6-3.79: i.k3 (2 H, q,'7.2 Hz). 

b 
(12) Crystal data for 5a: CdmO2NPI2Pt,  P212121, a = 12.752 (6) A, 

14.994 (6) A, c = 16.381 (7) A, CY = B = y = SOo, V = 3132 (2) A3, 2 
= 4, p = 5.58 mm-', determined on a CAD-4 diffractometer at T = 298 
K, X(Mo Ka) = 0.7107 A, 0, = 45O, 4101 total reflections, 3712 observed 
reflections (I > 2.0u(n), R = 0.023, R, = 0.017 obtained by least-squares 
refinement. The computing program is the NRCC SDP VAX package.13 
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(15) Selected spectral data for 6 IR (NaC1) YCO = 1752,1566 cm-'; 31P 

Jp-p = 21.5 Hz); 'H NMR (CDClJ 6 1.12, 1.65 (3 H, t, 7.0 Hz), 3.46, 3.64, 
NMR (CDC18) 8 3.85 (Jp-pt = 3664, Jp-p = 21.5 Hz), 7.52 (Jp-pt 2355, 

4.33, 5.05 (1 H, m). 
(16) Selected spectral data for ~~U~~-P~(COCOP~)(I)(PP~~)~: IR 

(KBr) uc0 = 1663,1644 cm-'; 31P NMR (CDClJ d 15.21 (Jp-R = 3223 Hz). 
Selected spectral data for trans-Pt(COPh)(I)(PPh3)2: YCO = 1623 cm-'; 
31P NMR (CDC1,) S 16.94 (Jp-pt = 3316 Hz). Selected spectral data for 
PhCOCONEb: vCo = 1676,1635 cm-l; 'H NMR (CDClJ 6 1.13,1.26 (3 
H, t, 7.1 Hz), 3.22, 3.54 (2 H, q, 7.1 Hz)." 
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(18) Selected spectral data for 5 b  IR (KBr) YCO = 1763, 1545 cm-l; 

(3 H, t, 7.2 Hz), 3.14, 3.31, 3.81, 4.83 (1 H, sex, 14.1, 7.2 Hz). 
31P NMR (CDCl,) 6 6.03 (Jp-pt = 3821 Hz); 'H NMR (CDC13) 8 1.08, 1.32 


