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Summe&g The structure of o-(diphenylphosphino)phenyl-cis-
l1,2-dicarbomethoxyethenyltriphenylphosphineplatinum, (Ph3P)—
[thP(CGH4)]Pt-cis-(COzMeC=CHC02He), has been determined by
single crystal X-ray diffraction methods. The crystals are

triclinic, space group P1l, two molecules per umnit cell with

dimensions @ = 12.560(1), b = 13.600(1), c = 11.452(1) g, c =
110.01(1), B = 97.58{1), and vy = 91.03(1)°. A calculated
density of 1.57 g cm_3 for two formula units per cell 1is
consistent with the measured value of 1.56(2) g cm—3. The
coordination about the platinum atom is square-planar with

the two phosphine ligands oriented cis with respect to one
another. The o-bonded vinyl group aliso possesses cis stereo-
chemistry. The geometry of the four-atom metallocyclic ring
in this compound is compared to those of metallocyclobutene
and platinacyclobutane complexes. The average Pt-P bond length
is 2.330(2) A and the observed Pt—C bond lengths are 2.059(8)
and 2.026(8) Z. These bond lengths are discussed in terms of
the trans—-influence. PFull-matrix least-squares refinement has
yielded R = 0.047 (0.048 for weighted R) based on the 5208 re-
flections whose intensities are significantly above background

(T > 10 counts s-l).

net




stability of di-

s<acI 1T

égrﬁome:hoxyacetylehebis(triphenylphosphiﬁe)platinum;vClark

and‘Hine_[I] isoléied a preduct formulated as

resulting from internal metalation. The detailed stereo-
chemical assignment for I was based upon the observed IR and
NMR spectra.

Although metalation reactions of transition metal complexes
have been known for some time [2-4], the mechanism of the re-
action yielding I 1is unusual. These reactions normally proceed
via oxidative-~addition of an aryl C-H bond torthe metal atom
followed by elimination of the resultant hydride in the form of
Hz, as part of an alkane, or as part of a more complex species.
In the reaction forming I, insertion of the alkyne ligand into
:ﬁe Pt—-H bond subsequent to the oxidative-addition step 1is
required.

Molecular structure studies of orthometalation products
have predominantly involved complexes containing five- or six-
atom chelate rings. Perego and coworkers {5,6] have reported
structurés of two iridium complexes containing four-atom
tiugsyéhélogous to that propésed for I. InAorder to confirm

the identity of I and to allow an unambiguous assignment of
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the stereochemistry of the molecule, a single crystal X-ray

diffraction investigation was initiated.
Experimental
ANANNAAA NN

A sample of the title compound was kindly supplied by
Professor H. C. Clark and was recrystallized from a 2:1 mixture
of ethanol and methylene chloride before use. The colorless
data crystal was mounted with [121] parallel to the phi axis
of the goniometer. X-ray studies were performed using a
Diano-XRD 700 diffraﬁtometer equipped with a single crystal
orienter using Cu Ka radiation at ambient room temperature
(v21°C).

Intensity weighted plots of the reciprocal lattice re-
vealed only triclinic diffraction symmetry (1). No higher
symmetry was revealed by a reduced cell calculation. Lattice
parameters listed in Table 1 were obtained by least-squares
refinement of 66 independent.reflections with Kul and Kaz
well resolved.

The mosaic character of the crystal was determined by
inspectioA of w scans (5° take off angle and 0.05° receiving
slit) for several reflections. The scans revealed peaks that
were single, narrow {< .5° wide), and symmetrical, indicating
suitable quality for the statiomary-crystal, stationary-counter
technique of data collection (5° take off angle and 1° receiving
slit) using ﬁalanced Ross filters. During data collection the
crystal was frequently aligned and the intensities of 6 standard
reflections were monitored. Only random variatiomns in inten-
gitieg were noted thus no correctior for crystal decomposition
was required.

The Intensitles were corrected for absorption as a function
of crystal shape [7] with correction factors ranging from 2.86

to 4.97. Additional corrections for Lorentz and polarization



Tabie 1. Experimental Summary S
i e R

' C,.H..0.B.Pt i
Crystal Data for 52836%F 2

Fornula Weight 8e1.79 A '“'Tric;1n1;

é_; 12 560(1) Ru ST - . ..Systematie‘absences:Anoneh
£.=713;§00(1) Z :SnacekgrounvPl -(ﬁo.Aé)

c = 11.£52(1) A o z=2

@ = 110.01(1)° a " F(c00) = 856 e

B = §7l58£1)°A-7- R xCu{ Kalﬂ 1.54051 A?'

Y = 91.03(1)° Re,. 1.54433 i
dcalcd = 1.57 g cm-3

d = 1.56(2) g cm >

measd - .7 L2 i

(flotation, agueous Agﬁq3)

. . Data Collection

Crystal Dimensions: «0.09 x 0.10 x 0.14 mnm
u(CuKa) = 85:33 c¢m 1
5390 symmétry independent reflections for 6° <28 < 120°.

(5208 refléctions with I _, > 10 counts s™1y

effetts, ana for a1¥a2 splitting (8] were applled. _Standsrd
deviations in the observed structure factor amplitudes; U(IF I),
were calculated on the basis of counting statistics [9].

The positions of therplatinum and the two phospnorus atoms
vere-ueternine& t§ interpretation of a three—dimensional Patterson
map. .A subsequent electron density calculation revealed the
positions.of all remaining.nonhydrogen etoms of the structure.

The five nonnetalated phenyl rings were treated as rigid groups
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with i§ea{izgd geometry (120° bond angles, C~C distances 1.397 Z,
C-ﬁ}diétaﬂcesj0.95 ;) in the least-squares calculations, with
each earbbn éfom"assigned—é variable isotropic temperatu?e
factor. The isotropic temperature factor of each hydrogen
‘atom wgs éonétrained t$,6.0 22. Least—-squares refinement
employing:isofropic‘temﬁerature factors for the non—gfoup

atoms converged at

elIF_|-lF 11/zlF | = .057  and

Ry =
R, = [2Cllr [-1¥ [ /zaclr D21% = o096,
where @ ='0—2([F;[). The funcfion minimizeé in the least-
‘squares calculationiﬁas Zw(lFol—[Fcl)z. A difference electrorn

density ﬁap caleculated at this point contained peaks in rea-
‘'sonablé positions for the remaining eleven hydrogen atoms of
‘the structure. These hydrogen atoms were included in all

subsequent least-squares calculatjions at their idealized

positions with B = 6.0 22.‘ Additional least—squares refine-

ment of this model varying the overall scale factor, an

6

isotropic extinction parameter (6.1(5) x 10 e_z)[10], the

Vpositiénal and anisotropiec thermal parameters of the nineteen
nonhydrogen, nongroup atoms, six orientational and positional
parameteré for each of the rigid groups, and the isotropic

thermal parameters of the nonhydrogen atoms of the phenyl
‘rings served fo complete refinement at R1 = 0.047 and R2 =
0.048.# A:final difference electron density map contained

3

‘a number of peaks in the order of 1.0 e . in the vicinity

”#The table of .structure factors has been deposited as NAPS

_Document No. 03157 (26 pages). Order from ASIS/NAPS, c/o
Microfiche Publications, P.0. Box 3513, Grand Central Station,
New York, N.¥Y. 10017. A copy may be secured by citing the
document number, remitting $6.50 for photocopies or $3.00 for
microfiche. Advance payment is required. Make checks payable
to Microfiche Publications.
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t.of tne platinum and the phosphotus atoms-_,

31(6 3 to 0 8 e A ) were 1ocated near the five rigid phenyl
‘groups or near the methyl substituents. B

Scattering factors for the platinum, phosphorus, carbon!“
5and oxygen atoms vere taken from Cromer and Waber [1;]. The
"anomalous. dispersion corrections for the platinum and the
phosnhorus atoms wvere included. [127. Scattering factors for
~the hydnogen,atoms ‘were taken fron Stewart, Davidson, and

jSimpsnn [13].
Discussion

The'final atomic parameters of I are given in Table 2.
The patameters associated with the five phenyl rings treated
as rigid_groups are given in Table 3. Table 4 contains
equations for selected least-squares planes. Figure 1 presents
a stereoscopic view of the molecule and indicates the atom
labeling scheme used. Each hydrogen atom is numbered according
to the carbon atom to which it is bonded. The methyl hydrogen
atoma attached to C(i) are labeled H(iA), H(iB), and H(iC).
Bond lengths and—bond angles are displayed in Figures 2 and
3 respectively. Figure 4 presents a stereoscopic view of
the molecular packing.

The structure is monomeric and reveals a slightly dis-
torted squara-planar geometry about the platinum atom. Plane
A, defined by Pt, C(l), and C(4), 2nd the plane containing Pt,
P(1), and P(2), plane B, intersect to form an angle of 80.51°,
_which is comparable to the angle between the Pth and Etvco2
planes in :zans-?t(COOEt)2(PPh3)2, 80.8° [15]. The P(1)-Pt-
P(2) angle in this structure agrees favorably with the values
observed in other cis-triphenylphosphine complexes. Plamne C,

the plane of the four-atom metalated ring, and the plane of
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_ Figure 1. A stereoscopic view of the ‘molecule il¥ustrating

the atom—numbering.sche@e employed. Ellipsoids

1

of 30Z probability are shoén.A- o i

2.05_6(8)’

< ;ogéca) :

- less - -

- . ¢ .- ) 2

Figure 2. Bond distanﬁes.r The estimated standard .deviation

given in parentheses refers to the last decimal

place.
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_ ANGLES NOT SHOWN

S el
c?
PHI
PH2
PH4
- PHS

[
Pt
Pt
P1

rd

P2 . .

P2
14

ce
Pt

162.2(2)°
173.7(2)

104.3(3)

na.12)
107.3(3)

121.3(2) .

126 49

Figure 3. Bond angles. The_ estimated standard deviation

.place.

2

.Figuré-ﬂ.“

r . - T

'wifﬁﬁtﬂé>udff éel

A Etéfééécdpié view of the

1 outlined:

ﬁoiecdiir bahking

given in parentheses refers to the.last decimal

Coa. >

L. - T vane T T

The b axis is

horizontal, the ¢ axis is vertical, and the

a axis points toward the reader.
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"The geometry of fhe_monohapto t?iﬁhénylrphosphinérligand
is ﬂbrﬁél. The'ft-?(2)—g(8) angle vithi# the orthometalated
ring compétes to an;eipécfed C#F-Ptlanglerof 116° {161 in a
'nbtﬁai, monéhapto tribheﬁylphdéphiné ligand and is indicative
of tﬁe éxtenaive ring strain-within the metéilocyclic ring.
The "égg-?eaﬁer" arrangement of the triphenylphosphine ligands
char#c:eristic of other cis-bistriphenylphosphine substituted
compleﬁes is not observed in I. Rather, the P-C bonds approxi-
mately eclipse one another when viewed along the P(1)-P(2)
direction. This geometry is also reflected in the distances
of the carbon atoms (bonded to the phosphorus atoms) from the
PtPé'plane, plane B. Pertinent out;of—plane displacements for
the groups PE(1l), PH(5), PH(2), éE(4), and PH(3) are +1.53,
+1.42, -1.42, -1.44 and -0.13 X, respectively; C(8) is +0.19 i
out of plane B.

The stereochemistry of the o-bonded vinyl group was un-
expected in that the observed cis stereochemistry 1is the exact
opposite of that predicted by Clark and Hine [1]. The distinect
lack of planarity of this ligand is also unusual. Simple
valence-bond arguments would require that the entire ligand
be planar in order to maximize the delccalization of the six
7-electrons and thereby minimize the electronic energy. The
large out-of—plane.distortion of this moiety is clearly re— .
veaied in Figure 1 and may be described as a torsion of 75.72°
about the c(i)éccz) bond. This conformation effectivély nini-
mizesithe electrcnic interaction between one carbomethoxy group
and- the other portion of the w—gystem. A remarkably similar

lack of planarity for a trams-1l,2-dicarbomethoxyethenyl ligaﬁd
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[£7] has been observed as a consequence of amn intramolecular
:hydrogen bond involving the keteonic oxygen atom of one ester
group. Presumably, this lack of planarity of the vinyl ligand
in I produces spectroscopic features which lead to the erroneocus
asSignment of its stereochemistry.

A comparison of the geometry of the four—atom ring in I
to the geometries of the metallocyclobutene rings in IrHP(Ph)2~

(CEH4)2P(Ph)3(II) [51, Ir(C2H4)2P(Ph)Z(CGHA)P(Ph)j-l.S cﬁnscn3~

(Ir1a) {861, Ir(CO)ZP(Ph)chﬁaP(Ph)B'THF(IIIb) [61, PtC(Ph)=C(Ph)C=

is

O[P(Ph) (IVv) [18]1, and Fe3(CO)B(Ph)zPC4(CF3)2P(Ph)2(V) [191

3]2
presented in Table 5. As a result of the differences in covalent
radii the M-X and C~X distances are consistently longer and the
angle 8, centering on atom X, is smaller when atom X is phosphorus
The geometry of I is strikingly similar to that of the bis{(ortho-
metalated) iridium complex (II).

Detailed tabulations of the representative-geometries of
products from insertion of platinum into cyclopropane rings
have appeared [20]. ﬁhereas the. four~atom rings within the
platinacyclobutane complexes-are puckered, the metallocyclo-
butene rings described in Table 5 are virtually flat. The
€(7)-C(8) aromatic bond length in I is 0.17 & shorter than
the average carbon-carbon single-bond length of the platinacycle-
butane complexes. The X-Pt~C and X~C~C angles for I and those
for the platinacycliobutane rings are similar however the remain-
ing twe angles within the four-atom rings are drastically dif-
ferent. The Pt-X~C angle within I is approximately 18° larger
and the Pt—-C-C angle is approximately 14° smaller than the
relared angles within the platinacyclobutane complexes.

The aversage Pt-P bond length, 2.330(2) X, observed in I
is 0.082 3 longer than the average Pt-—P bond length in Pr{P~
(CH3)3]2C12 [21] where each phosphine ligand is opposite a

weakly traps—labelizing ligand. Based on the Cruickshank



‘OmX ‘BinK

HZ D ¢ ol $quy * = t de e . HE ‘ ‘
| 3 Ju X ‘3a=H, d=X ‘1X=H, dmX “3TER_ amx ‘3dwHg
.
,. omnll..wz
_ ot By
: towayos BurTeqet mcﬂxu
101 (§)T°LOT ‘(9)9'80T  (9)9°90T - ¢
00T 6°T0T *2°T0T (£)0°T0T *(L)E00T  (9)0°T0T A
L6 {2)tewe ‘(e)e'es  (e)z*vg g
, 29 (0)8°L9 “(E)T°L9 (2)2'8Y o
o (3) ©378uY Puoq
Sooomehe o (9)sote (€)eoetz ‘(n96e e (2)6ze’e . ¥-R
au‘g_.hmynw.ﬂ BERCATL AR (0T)918°T *(91)£08°T (6)v6L°T x-%o
CA(meRT (B)TE'T (eet “(ov't  (mesert  Co-To
SN GITR (7)60°2 (112 ‘(1)00°2 (01)680'2 ‘(T1)€90°Z  (8)950'%2 To-H
o (V) To5uvis]p IUINOITOUTIIO]
B ] !
Y T Y pravaHH oIl ¢!

© pyara mamﬂmc< puog puv spouvistqg

roxayduoy u:aasaOHowuoaHmue:
NN ey

ipguoarourajuyl jo ucetawvduwo)y ¢ ITYw]



137

criteriar[zz]-this difference, A%/o%i = 11.7, is highly sig-
ﬁif;éént. The Pt-C(1l) bond length in I is virtually identical
to the Pt-C (styryl) bond length, 2.022(8) R. in trans-bromo
(trans-styryl) bis(triphenylphosphine)platinum(II) [23]. The
lengthening of the Pt-C(7) bond results from the strain within
the metallocyclic ring. Thus the Pt-P and Pt-C bond lengths in
I aro cousdatent bl Che J-Humded, sp? ybridrzed cavbomr atoms!
exerting a stronger trans—influence than the triphenylphosphine
ligands, as predicted by Appleton, Clark and Manzer [24].

The shortest non bonded contact distance, H(27)-+-H(11),
is 2.26(1) 2. The shortest non-bonded contact distance involving
two non@ydrogen atoms, 0(3)++«-C(41) is 3.41(1) R. Thus no inter-
molecular contact distances significantly shorter than the sum

of the respective van der Waals radii are observed.

é&&ggyledgmqu. The authors gratefully acknowledge the support
of this work by The Robert A. Welch Foundation through Grant
AE-544.
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