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Insertion Reactions of Square-Planar Diorganoplatinum. 2.! Stereoselective
Carbonylation of trans-Pt{R}R')(PPhz). Leading to cis-Pt(R)(COR’)(PPhz3)z
and Isomers of Pt(PPh3)(CO)COR')R)"
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Synthesis of square-planar trans dialkyl and alkyl aryl complexes of platinom(ll}, trans-
PHRI(RMPPh,), (R = Me R’ = Fit (2a); R = Me R’ = Ph (2b); R =R’ = Ft (2c); R = Et R’ = Ph (2d)) was es-
lablished employing transmetalation of trans-PURMI)(PPh,), with Grignard reagents R'MgX. Complexes
2a-2c underwent stereoselective carbonylation to produce cis-PURNCORWPPh;), (R = Me R"=Et (3a), R
=Me R’ =Ph (3b); R =R"=Ft (3¢)). These facile ranstormations were exclusive and quantitative. The re-
activity of carbonylation followed the order Et > Ph > Me. A similar reaction of 2d with CO yielded
EtC(O)Ph instead. The cis acyl alkyl or acy! aryl complexes 3a-3c suffered substitution of CO for a PPh;,
leading to two isomers SP-4-3- and SP-4-4-Pt{PPh;)(CO)YCOR)(R) (R = Me R’ =Et (4a,4a”); R=MeR’=
Pli (4b, 4b"); R =R’ = Et (4c, 4c”)), respectively. The reverse reactions of 4 to 3 readily occurred when ex-
ternal PPh, was provided. The stereoselectivity of carbonylation of trans-PyRYRDH{PPh,), is explained by
a mechanism in which reversible displacement of a PPh, by CO in the reactant precedes to form a four-co-
ordinate dialkyl carbony! intermediate P(PPh; XCOXR)(R'). The ensuing alkyi (or aryl) migration from
metal to the carbonyl carbon achieves the cis acyl alkyl (or aryl) configuration. Recoordination of a PPh,

completes the reaction. X-ray structures of 2b, 2¢, 3b and 4b as single crystals are provided.

INTRODUCTION

Despite much research on CO insertion of organoplat-
inom complexes, the chemistry of carbonylation of square-
planar diorganoplatinum(Il) species is litdle explored.”
Chatt and Shaw reported the first synthesis of cis-PiR,L, (R
= alkyl or aryl; L = monodentate phosphines) in 1959
Such cis diorgano complexes were found to react with CQ to
cause displacement of a phosphine by CO {eq 1), but no car-
bony! insertion.

CI’&'MRng + CO CfS-MRz(GO)L + L {1
{M=Pd, Pt; R = Ma, Ph; L = PPhj, PMePhy, PEL)

Yamamoto et al. reported that irans-PdMe.l.: underwent
carbonylation to generate ketone and diketone producis. A
mechanism that comprises a four-coordinate dialkyl car-
bonyl intermediate (1) transforming to a cis acyl alkyl com-
position (1) via migratory CO ingertion, was proposed
{Scheme I). However, no direct evidence for iniermediates
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was pmvided..5 We successfully synthesized diorganoplat-
inum complexes trans-PUCOR)(R')}PPhs}. and trans-
PH(COCORXR)(PPhs); (R, R’ = alkyl, aryl). Such trans
species undergo facile stereoselective carbonylation (o give
well charactertzed new cis diorganoplatinum derivatives
cis-P{COR}COR’)PPh;}, and cis-P{COCOR)COR’)-
(PPhs),, respectively, which also lead to formation of ke-
wones and diketones in the presence of CO." Our results thus
afford a perfect model for carbonylation of the trans dior-
ganopalladinm system. The trans dialkylplatinum deriva-
tives trans-PIRR'L; are well known,” but carbonylation
chemistry of these complexes is not yet documenied.
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During our preeliminary work on nucleophilic addition
of MeLi to cis-PtHCOPhYCONPPha),", cis-Pt{MeXCOPh)-
(PPhy), and SP-4-3-Py(PPhs)(CO)COPh)(Me) resulted.'”
The cis acyl alkyl species are just the legitimate producis of
carbonylation of trans dialkylplatinum complexes. In this
article, we present our extended work on carbonylation of
trans diorganoplatinum(Il), specifically trans-PLR)(R")-
{PPhs); (R, R" = alkyl or aryl). These reactions lead to cis-
Pi(R)(COR")(PPhs); and isomers of Pt{PPh:)(CO)}(COR')-
(R). Relevant reaction mechanisms are discussed. The X-
ray struciures of single-crystals of the title complexes are
provided.

RESULTS AND DISCUSSION

Synthesis and Characterization of trans-
Pt(R)(R")(PPh3)2

Treatment of irans-Pt(Me)(IXFPha). (la) with
EtMgBr or PhMgCl in benzene at 25 °C under dry nitrogen
resulted in trans-PR)(RWPPhs); (R = Me R"=Ft (Za); R =
Me R’ = Ph (2b)) (eq 2). Analogous reaction of trans-
PUEQ(I){PPhs), (1b) and EtMgBr at 45 °C afforded trans-
Pt(Et)2(PPhs)s (2¢) (eq 3). trans-PUED(Ph)(PPhs); (2d) was
obtained from the reaction of 1b with PhiMgCl in benzene
under refluxing conditions (eq 4). The products generally
contain crossed organohalo complexes trans-PiR)(X)-
(PPhs)> (in which R and X may originate from cither the
starting complex or the Grignard reagent), which may cause
unsatisfactory purification of the desired derivatives. Vigot-
ous stirring typically led to less desired crossed products of
trans-PR)(X)(PPhs3),. For instance, instead of 2d, the
heavily stirred reaction of Eq 4 gave rrans-Pt(Phj}{1(PPhs);

benzene
trans-PH{MapI}{PPhg); + RMgX ——
25°C

trans-Pt{(Me)(R)(PPha), + Mg(X){l) 2
R=Et 2a Ph 2b

benzane
trans-PHED(NPPhg), + EtMgBr ———=
45 °C
trans-PH{E)(PPhs), + Mg(Bri{l) (3)
2¢
benzene
trans-PHEH{IHPPh,); + PhMgCl ————»
rafiux
trans-PHENPh) (PPhg)a + Mg(CiKD) {4}
249
EtsNH

trans-P{Me)}(}(PPh,), + PhC=CH

80°C
trans-Pt{Me)(C=CPh)}{PPhs), + Et;NHy{l} (5}
20
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{1c). The acetylide derivative trans-Pt{Me)(C=CPh)(PPh;).
{2e) was prepared by reaction of 1a and phenylacetylene at
60 °C with the assistance of excess Et.NH (eq 5 )."I

When organolithium RILi (R = Me or Ph) was used as
alkylating reagents to react with 1a-c, cis dialkyl complexes
cis-Pt{R):(PPhs); were obtained. The reaction of 1a with
equimolar proportions of ELZn yielded the cis diethyl prod-
uct ¢is-PH{ED(PPh;).. Our attempts to prepare the trans di-
methyl complex according to a similar procedure were un-
successful, Treatment of 1a or frans-Pt(Me){QSO,CF;)-
(PPh3), with MeMgCl resulted only cis-Pt{Me);(PPhs)..

Trans diorgano complexes 2a-d generally show char-
acteristic 2Jp.u in the range 45-50 Hz. The structure of 2b
and 2c as single-crystals were determined by X-ray diffrac-
tion. Their ORTEP drawings appear in Fig. 1. Both com-
plexes were in trans square-planar geometry. In the crystal
of 2b, solvent molecules of CH.ClL are disordered. The
plane of the phenyl ligand and the molecular plane consti-
tute a dihedral angle 98.3 (5)°. Complex 2¢ has C; symme-

Fig. 1. ORTER drawings of (a) trans-Pt{Me)(Ph)(FPhs),
{2b) (b) trans-PY{Et)(PPhs): (2¢) (all hydrogen
atoms are ommitted for clarity.)
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{ry with the rotational axis passing through the me(al center
and being perpendicular to the molecular plane. The tor-
sional angle between the two ethyl ligands is 35.4°. The di-
hedral angle between the Pt-C1-C2 plane and the molecular
plane is 72.32 (5)".

Formation of cis-Pt{R)(COR")(PPh3)z via Stereoselec-
tive Carbonylation of trans-Pt(R)(R)(PPh3)2

The reaction of trans-P(E)(PPhs); (2¢)} and COin ds-
benzene at 25 °C generated a single product (designated 3c)
in quantitative yield within the first NMR measurement.
The *'P NMR spectrum of this new compound 3¢ exhibits a
doublet of doublets with chemical shifts and coupling con-
stants § 18.9 (o = 1253 Hz) and 22.0 (' Jpn = 2035 Hz),
indicating that such a compound contains two magnetically
inequivalent phosphorus atoms. These data may be ex-
plained according to a cis square-planar structure with (wo
phosphines trans to an acyl and an alkyl ligand, respec-
tively.! The "H NMR spectrum shows two sets of ethyl sig-
nals (each consisting of a triplet and a quartet) at & 0.97,
1.35 and 1.66, 2.61, respectively, with the one at & 1.35 hav-
ing the large value of *Jip = 78 Hz, supporting the existence
of an ethyl ligand and a propanoy! ligand in 3c. The
propanoyl C=0 line in the infrared spectrum was observed
at 1623 cm™. Complex 3c is thus identified as cis-Pu(EL)-
(COED(PPhs),. Treatment of 2¢ with 3 equiv. of P(QPh)s re-
sulted in phosphite derivative trans-PYE):{P(OPI)a]. {2¢)
which underwent analogous carbonylation to form cis-
PYEQ{COED{P{OPh);:]: (3¢”) (Scheme II).

Scheme H
PPhy 0
co C-Et
BH—Pt—FE —— & ™~ P‘l, E
25°C PN
FPhy PhyP PPh,
2 3c
P(OPh)3
PO 0
cO Et c-
El—Pt—F —— N/ Bt
25°C PN
P(CPh), (PhQ).P P{OPh}y
2¢' ac

As for the reactivity of carbonylation of the asymmet-
ric dialky! derivatives, the reaction of frans-Pt(Me}E)-
{(PPhs), (2a) with CO in de-benzene at 25 °C was found to re-
sult first in a cis derivative (3a) as the only product. Its *'P
NMR signals were located at 8 18.0 (Jer = 11.5 Hz, Jom =
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1220 Hz) and 23.4 (Jop = 11.5 Hz, Jop = 2288 Hz). Accord-
ingly, the former is assigned to PPh; trans to the acyl ligand
and the [atter to PPhs trans (o the alkyl ligand. The 'H NMR
spectrum of 3a comprises a signal at & 1.01 due to thret pro-
tons in a patiern of a doublet of doublets with ‘H-'*Pt satel-
lites, and a set of ethyl signals at § 0.96 (triplet) and 2.53
(quartet) in ratio 3:2. The coupling constants of the former
signal (8 1.01) are resolved as Japuums = 6.2, Jnrin = 9.7
Hz and “fiyn = 70 Hz. Such data unequivocally indicated
that 3a consists of a methyl and a propanoyl ligands. Com-
plex 3a is identified as cis-PtMe)(COE)(PPhs),. Another
possible product of carbonylation of 2a cis-PHEN(COMe)-
(PPhs);, was never attained. In conirast to the foremen-
tioned two ethy) derivatives, trans-PUEPh){PPh;), (2d)
and CO rapidly resulted in PhC(O)Et under the same condi-
tions, presumably via reductive elimination of a phenyl
propanoy! intermediate 11 as shown in Scheme I1L. The re-
action of frans-PMe)(Ph)(PPhs); (2b) with CO analo-
gously provided only one product cis-Pi(Me)(COPh){(PPhs).
(3b) in which CO was incorporated on the phenyl ligand.
The overall reaction was much slower than carbonylation of
the ethyl derivatives. The acetylide methyl compiex 2e
failed to react with CO under the same conditions.

Scheme I1I

PPh, o
0 i
phept—gt — 20 | Ph_ c-m| dem °
! 25 °C P PN
PPhy PhyP P’ Tt
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For the products from carbonylation reactions of
trans-PHR)(R")(PPhs),, the reactivity of carbonylation fol-
lowed the order Bt > Ph > Me. Such a series of reaction rate
and stereoselectivity of trans-to-cis transformation are the
same as those found in carbonylation reactions of frans-
PUCOR)R)(PPhs): and trans-PCOCOR)(R'NPPhs),.
The same order of reactivity was previously abserved in the
carbonylation reactions of other metal systems.m A mecha-
nism as depicted in Scheme IV provides plausible expiana-
tions. Leading displacement of a PPhs ligand in trans-
Pt(R)(R")(PPhs); by CO first causes a four-coordinate inter-
mediate IV in which the entering carbony! ligand is cis 10

Scheme IV
PPh, co 9 o
1]}
H-—FL—H' E"‘ R—f"l-——ﬁ' = H\ ,CR' ——'-PPha R\ /CR.
e T T
PPhy PPhy PryP PhP” TPPh,
W v
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both alkyl ligands. An ensuing alkyl migration from metal
to the carbony] carbon results in the cis acyl alkyl configura-
tion (intermediate V). Coordination of & PPh, to the three-
coordinate V then achieves <is-PLRYCOR"PPhs);. The
reaction steps of ligand substitution and alky) migration are
both likely reversible. Deliberately added PPhs (o the 5ys-
tem inhibited the carbonylation. The exceptional reactivity
of carbonylation is ascribed to the decarbonylation of the
acyl group in V, reverting to IV, tollowing the order
C(O)Me > C(O)Pa > C(O)EL.' The mechanism in Schemc
[l is consistent with Yamamoto’s rationale about the car-
bonylation of trans dialkylpalladiym, Furthermore, the
platinum system provides mechanistic evidence and serves
as an excellent model for the palladium system. An alterna-
tive mechanism involving five-coordinate intermediates
such as VI and VII etc. shown in Scheme V perhaps should
not be arbitrarily excluded, although the necessary mufti-
step ligand rearrangement wounld account for the exclusive
product and its stereoselectivity with difficuity.

Scheme V
L o - o
| R S, R co i
R-m—p SO A T N R eR
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Reactions of cis-PURICOR')YPPh3); with CO

When cis-Pt(Me)(COEL)(PPhs), (3a) and CO were
allowed to stand for 10 min in CDC), at 25 °C, the *'P NMR
spectrum indicated that the system generated two new inor-
ganic species and two known acylchloro complexes trans-
P{COEQ(CINPPhs),  and trans-PHCOMe)(CD(¥PPhs)..
Each of the two new compounds may contain a phosphine
trans to an acyl ligand (6 17.0, Jp.p, = 1285 Hz, designated as
4a) or to an alkyl ligand (8 20.7, Jp.p = 2021 Hz, designated
as 4a"), respectively. The relative abundance of 4a and 4a’
was about 2:1. The 'H NMR spectrum of the mixture of 42
and 4a’ indicated that each of the two complexes likely com-
prises a methyl Jigand (8 0.43, *Jipeny = 10.4 Hz: 2Jyp =
71.1 Hz; 8 0.88, “Jiusgoans = 6.1 Hz, Yy = 74.3 Hz) and a
propanoyl ligand (8 1.23 (1), 2.68 (@) 6 0.67 (1), 1.97 (g)).
Two terminal carbonyls show their independent stretching
absorption lines at 2041 and 2075 cm™' in the infrared spec-
trum. Accordingly, complexes 4a and 4a’ are identified us
§P-4-3- and SP-4-4-P(PPhs CONCOEL(Me). The total
conversion was 25% and the relative abundance of each spe-
cies have-been shown in Scheme VI. When the mixtures
were left fong in solotion, 2-butanione and the two acylhalo
species increased at the expense of 3a, 4a and da’.

Shu et al.
Scheme VI
2 a Me o Me o PPhy o PPhy
Ma  CEl CO/COCIy n o i ] 1
oy’ -—°f—-—Elc~T~PPh, + ELC-F;t—CD + EC-Pt-Gi +u.,c-:;|-c|
10 min
Prp” “ppn co PPh, PPh, PPh,

3a 7E5% 4 14% 4a' 6% 2% %

Reaction of 2b with CO in ds-benzene at 25 °C for 2 h
resulted in three major inorganic species identified as cis-
PCOPhKMe)(PPhs), (3b), SP-4-3- and SP-4-4-Pi(PPh;)-
(COYCOPhYMe) (4b and 4b” respectively). 47% of start-
ing 2b was left unreacted; the relative yields of the carbony-
lated complexes 3b, 4b, and 4b” were 0.31 : 0.04 - < 0.0].
No acylhalo complex was ever observed in such a case, how-
cver, substantial acetophenone (18% based on 'H NMR inte-
gration} was detected then. In the reaction of 2c with CO,
the relative yields of cis-P{COEL)(Et)(PPhs), (3¢c), SP-4-3-
and SP-4-4-Pu(PPhs)(COYCOE(EY) (4c and 4c’ respec-
tively), cis-Pt(COEt)APPhs); (3¢), and EtC(O)Et reached
0.22:0.06:0.07:0.37:0.14 after reaction in ds-benzene at 25
°C for 12 1 (Scheme VII).

Scheme VII

2 e 2% A 6% o' 7% Be IT% 4%

Complexes 3b and 4b were previously obtained from
nucleophilic addition of MeLi to cis-P{COPh)YCO)PPh;)."
ion and exhibited consistent spectral data. In addition, their
molecular structures have been desermined by X-ray diffrac-
tion of single-crystals, which unequivocally confirm our
identifications. Fig. 2 and 3 display ORTEP drawings of 3b
and 4b respectively. The four ligands of 3b constitute a dis-
torted square-planar geometry. The benzoy! and methyl li-
gands are in cis positions with ZC-Pt-C1 being 80.9 (4)";
ZP1-Pi-P2 thus is widened t0 99.5 (1)°. In the cis square-
planar configuration of 3b, the Pt-P1 bond of the phosphine
trans to the methyl group is 0.059 (6) A shorter than the Pt-
P2 bond trans to the benzoyl group. This result agrees with
our previous assertion that the trans influence of -C(OQ)Ph is
larger than that of -CHs."” Complex 4b consists of terminal
carbonyl, methyl, benzoyl, and riphenyiphosphine iigands
that are arranged in a square plane. The nt-acid carbonyl and
the electron withdrawing benzoyl group are respectively lo-
cated at the trans positions to the electron-releasing methyl
and phosphine. Such a feature explains the greater stability
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of 4b than of 4. 4b contains metal-carbon single bonds of
three types on the same metal, which show increasing order
of Pt-C(sp) = 1.897 (7) < Pt-C{sp”) = 2.064 (6) < Pi-C(sp") =
2.108 (7).

The formation of 4¢ and 4¢” was also examined by a di-
rect approach from the reaction of 3¢ and CO, which has
provided a more explicit picture. A sample of isolated 3¢
was dissolved in CO-saturated ds-benzene at 5 "C. Com-
plexes 4¢ and 4¢” were formed immediately. Their total
amount first increased at the expense of 3c to about 40% to-
tal conversion, but decreased later. Then cis-Pt{COEL);-
(PPhs): (5¢) and EtC({O)EL were observed and coniinued to
increase thereafter. A two-dimensional H-H COSY spec-
trum of such a mixture appears in Fig. 4. When the reaction
was undertaken in the presence of sulfur (serving as
phosphine scavenges), the conversion of 3¢ to 4c and 4c’
was nearly compiete within the first NMR measurement.
Meanwhile, stoichiometric Ph.PS was tormed. In general,
displacement of PPhs which is trans to the acyl ligand in 3
could be kinetically preferred, as acyl has a larger trans in-
fluence than alkyl. However, the resulting 47 (in which acyl
and carbonyl are trans to each other) eventually transforms
1o the thermodynamically more stable species 4 (in which
the m-acid carbonyl is trans to the electron-donating atkyl)
via 3 by reveriing substitution (Scheme VIII). The
phosphite derivative cis-PUE{(COEQ[P(OPh):]. (3¢) was

Fig. 2. ORTEP drawing of cis-PH{COPh)(Me} PPhi)z
{3b) (all hydrogen atoms are ommitted for clar-

ity.)

J. Chin. Chem. Soc., Vol. 41, No. 6, 1994 767

found unreactive to CO under the same conditions. The in-
ertness of 3¢” to CO is ascribed to that the more electron-
withdrawing phosphite would disfavor the coordination of
n-acid ligand like CO. The exact mechanistic route for the
occurrence of 5e is unclear. In view of the lack of other in-
organic products at the final stage, formation of Sc may be a
thermodynamic outcome of complicated ransformations.

Fig. 2. ORTEP drawing of SP-4-3-Pi(PPh; (CO)-
(COPh){Me) (4b} (all hydrogen atoms are om-
mitted for clarity.)

9

%
eyt

T T PRM
2

Fig. 4. 2D H-H COSY NMR spectrum for reaction of
cis-PUCOE(ED(PPha); (3¢) with CO, yielding
SP-4-3-, SP-4-4-Pt(PPha}(COYCOE(EY) (de
and 4¢"), and ¢is-P{COEDAPPhs)z (5¢).
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Scheme VI
R b R
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4 3 4
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therrmedynamically tharmodynamically
more stabie iess stable
CONCLUSIONS

Like other trans square-planar diorganoplatinum(II)
species such as trans-PUCORYR W PPhs), and trans-Pt(CO-
CORMR"YPPhs);, trans-Pt(R){RWPPhs); are subject to car-
bonylation io form cis detivatives cis-Pt(COR")(R)-(PPh;)s;
the reactions are quantitative. The reactivity of carbonyla-
tion follows the order Et >> Ph >> Me, so that has been only
a single product from each reaction. Such carbonylations
appear to proceed via a four-coordinate dialkyl carbonyl in-
termediate, and provide a stoichiometric model for carbony-
[ation of trans square-planar diorganopalladium(Il) sys-
tems. In the presence of CO (1 atm), complexes cis-
Pt(COR"WR)PPhs), are transformed to SP-4-3- and SP-4-4-
PuPPh X COXCOR)R) by substitution of CO for a PPhs.
The former are thermodynamically favored, in which both
w-acid lgands, acyl and CO, are trans to electron-donating
groups, PPh; and alkyl, respectively. Cis acyl alkyl species
may decompose to organic ketone products via reductive
coupling processes.,

EXPERIMENTAL SECTION

General

Starting complexes trans-Pt{R)}{I)}PPhs); (R = Me, Et)
were prepared according (o literature methods.! Commer-
cially available reagents were used without further purifica-
tion unless otherwise indicated. Benzene, toluene, hexane,
diethyl ether and tetrahydrofuran were distilled from purple
solutions of benzophenone ketyl under nitrogen, and
methylene dichloride, chloroform and acetonitrile were
dried with P,0s and distilled immediately before use. Air-
sensitive material was manipulated in a nitrogen atmosphere
by glove box or standard Schlenk techniques. Charac-
terizations mainly relied on spectral methods. IR spectra
were recorded on a Perkin-Elmer 983G or a Bio-Rad FT'S-
40 spectrophotometer. NMR spectra were measured on
cither a Bruker ACE-200 or a Bruker ACE-300 spectrome-
ter. For 3“13 NMR spectra, the spectrometer frequency
81.015 MHz or 121.49 MHz was employed respectively; the
corresponding frequencies for °C NMR spectra were
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50.324 MHz or 75.469 MHz respectively. The chemical
shifts of ' P data are given in ppm (8) relative to 85% HsPO:
either in CDCl: or in ds-benzene. Values of decreased
chemical shift relative to the standard are defined as nega-
tive. Data of elemental analysis are unavailable, generally
because of mixed products and unsatisfactory purification.

Synthesis and Characterization
trans-Pt(Me)}Et)(PPh3); (2a)

Into a round bottom flask (25 mL) was placed trans-
Pt{Me)(D(PPhs); (100 mg, 0.12 mmol). The flask was first
charged with N:-degassed benzene (20 mL), followed with
EtMgBr solution (0.24 mL, 1 M in THF). The solutiop was
mildly stirred at 25 °C, then dried in vacuum. Introduction
of hexane (o the solution caused precipitation of white sol-
ids (46 mg) that comprised the desired product (85%} and
starting material trans-PyEt)(I}(PPhs). (15%) and diethyl
derivative in a small proportion. The relative yields were
based on NMR integration, Further purification for 2a by
recrystallization was unsatisfactory. *'P NMR (CsDs) § 35.0
(Jepe = 3364 Hz); "H NMR (CsDe) 8 0.14 (3H, t, fur= 5.9
Hz, Jwpe= 462 Hz, CH; {Me)), 0.87 (3H, t, lun=7.0 Hz,
Jup = 30.5 Hz, CH:CH3), 8 0.97 (2H, q. Jux = 7.0 Hg,
CH,CHs), Uncharacteristic phenyl resonances (which are
two broad bands in the region of & 7.2-7.8) are omitted, so
are other complexes.
trans-Pt(VMe)(Ph)Y(PPhs); (2b)

Into a round bottom flask, was placed trans-
Pt(Me)}(1)(PPhs), (200 mg, 0.23 mmol). The flask was first
charged with Np-degassed benzene (20 mL}), followed by
PhMg(l solution (0.23 mL, 0.46 mimol}. The solution was
mildly stirred at 25 “C, then stood for 2 h to allow complete
precipitation of Mg(C1)(1). The solution was filterted into
methanol/hexane resuit in white solids. The product was
collected and washed with ethanol. The yield was 69% (130
mg). Single crystals suitable for X-ray diffraction were
grown from CH,Cly/E;0. *'P NMR (CsDs) 8 28.2 (Jp: =
3224 Hz); 'H NMR (CsDe) 6 0.21 (3H, t, Jup = 6.1 Hz, Jum
=454 Hz, CH), 6.64 (3H, m, m,p-phenyl), 7.26 (2H, m,
Jupe ~ 40 Hz, o-phenyl).
trans-PHEt)(PPhs); (2¢)

A benzene solution (20 mL) containing 1b (100 mg,
0.12 mmoi) and EtMgBr solution {0.36 mL, 0.36 mmol) was
mildly stirred at 45 °C for 15 min, then stood at 25 *C for 2
h. The solution was concentrated in vacuo. Addition of
hexane resulted in white solids. The product was washed
with ethano! and collected in 58% (50 mg) yields. Single
crystals suitable for X-ray diffraction were grown from
CHCL/EQ. *'P NMR (CeDe) 834.6 (Jpr = 3472 Hz); 'H
NMR (CeDg) & 0.85 (6H, t, Jun =72 Hz, CH,CH3), 1.0 (4H,
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4, JH.H =7.2 Hz, CHzCH3).
trans-Pt{Et);[P(OPh)3 ) (2¢))

Into a de-benzene solution containing Ze was added 3
equiv of B{OP)s at 25 *C. Complex 2¢ was identified from
NMR spectra. *'P NMR (CeDs) 8 109.6 (Jo.n = 5691 Hz); 'H
NMR. (CsDe) & 1.59 (6H, unresolved, CH.CH,), 1.50 (4H,
unresolved, CH.CHj).
trans-PHED)(Ph)YPPh,), (2d)

A benzene solution (20 mL) containing 1b (80 mg,
0.09 mmol) was heated to boil. Slowly injected PAMgCl so-
lution (1.0 M, 0.09 mL, 0.18 mmol). Vigorous stirring was
avoid, lest undesired trans-PUPh)I)YPPh;); should be
formed. The solution was kept boiled for 1 h and cooled io
25 °C. It was then concenirated in vacuo. Addition of hex-
ane resulted in white solids, The product was washed with
ethanol and collected in 56% (40 mg) yields. P NMR
(Celde) 8 28.0 (Jp.p = 3324 Hz); 'H NMR (CeDe) 8 0.85 (3H,
{ Juu = 7.0 Hz, Jur = 47.1 Hz, CH.CH:), 1.0 (2H, q, Jun =
7.0 Hz, CH,CHa).
trans-PtiMe){C=CPh)(PPha); (2¢)

Complex 2e was prepared according to a literature
procedure.! 1a and phenylacetylene in equimolar propor-
tions and excess ELNH were mixed and allowed to react at
60 °C under nitrogen. IR (KBr pellet) vee 2108 cm’; *'P
NMR (CDCL) & 27.0 (Jp.p = 2991 Hz). "1 NMR (CDCis) &
-0.42 (3H, t; Jur = 6.4 Hz, Jup = 53.6 Hz, CHa), 6.37, 6.87
(3H, m, m,p-phenyl), 7.26 (2H, m, o-phenyl}.
cis-PeMe){COEt{PTh3); (3a)

Into a solution of CO-saturated benzene (2 mL), was
dissolved 2a (40 mg); the sample contained trans-
PYEOD{PPhs).. The solution was cooled to crystallize the
white product. A final yield of 3a (of 14 mg) was tecovered
after recrysallization from CH.ClL/EtO. IR {KDBr pellet)
Voo 1627 em’; *'P NMR (CDCL) § 19.4 (d, Jop = 147 Hz,
Jow = 1273 1z), 24.6 (d, Jor = 14.7 Hz, Jor = 2261 Hz); 'H
NMR (CDCl;) § 0.46 (3H, dd, Jup = 6.1, 9.4 Hz, Jur = 69.6
Hz, CHs), 0.77 (3H, ¢, Jau = 7.3 Hz, CH:CH;), 2.23 (2H, q,
JH-H = 73 HZ, CHzCH}}
cis-PMe}{ COPhYPPhs), ()

Into a CO-saturated benzene (5 mL) was dissolved 2c
(200 mg); the sample contained impurity of trans-
PuEMD{PPhs).. Addition of hexane to the reaction solution
gave white solids. Alternatively, cis-[PCOPhKCQO)-
{PPhs);)(BF.) was first prepared in sita by ureating irans-
P{COCOPh)(C)(PPhy); (200 mg, 0.23 mmol) with AgBF,
in equimolar proportions in CHyCl; at -29 °C. Careful con-
trol of temperature was necessary to avoid facile isomeriza-
tion of cis-[PH{COPhYCO)(PPh;):](BF:) to its thermody-
namically stable trans isomer. After removal of AgCl pre-
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cipitate by tiltration, the temperature of the solution was de-
creased to -63 “C. To the solution, was added 1.1 equiv of
MelLi (as solution in CsH,2/Etz0) and 1.1 equiv of PPhs.
The reaction solution was concentrated. F;O was then in-
troduced to the solution to precipitate yellow solids. Single
crystals of 3b suitable for X-ray diffraction were grown
from Coll/EL0. IR (KBr pellet) veo 1604 em™; *'P NMR
(CDCLy) §20.04 (d, Jor = 14.2 Hz, Jp.m= 1423 Hz), 244 (d,
Jop = 14.2 Hz, Jpp = 2196 Hz); 'H NMR (CDCls) § 0.33
(3H, dd, Jup= 6.1, 9.3 Hz, Jur = 68.4 Hz, CH3).
cis-PH{EO(COEH(PPh3); (3c)

Into a CO-saturated beazene (5 mL) was dissolved 2¢
(200 mg); the sample contained impurity of frans-
PWEN)(PPhs):. Addition of hexane to the reaction solution
resulted in a white precipitate; the yield was 53% (110 mg).
IR (KBr pellet) vee 1623 cm™; P NMR (CsD¢) 6 18.9 (d,
Jp.p =114 HZ, Jp,pt = 1253 HZ), 22.¢ (Cl, Jp.p =114 HZ, Jrpt
= 2035 Hz); 'H NMR (CsDe) 8 0.97 3H, t, Jun = 7.2 Hz,
COCH.CHj3), 1.35 (BH, t, Juu= 74 Hz, Jyr= 7.3 Hz, Jup=
78 Hz, CHCH,), 1.66 (2H, m, unresolved CH.CHs), 2.61
(2H, q, Jan=7.2 Hz, Jurn =33 Hz, COCH,CHs).
cis-PE)(COED[P(OPh)s L, (3c)

Bubbling CO through a de-benzene solution of 2¢" im-
mediately resulted in formation of 3¢”. Complex 3¢’ in solu-
tion was characterized by IR and NMR spectra; isolation of
3¢’ was not atempted. IR (CsDs) Veo 1635 cm™; P NMR
(CeDe) & 115.6 (d, JP-P= 27 Hz, Jp.p = 2317 Hz), 121.3 (4,
Jop =27 Hz, Jo.p.= 3218 Hz); 'H NMR (CsD¢} 6 0.88 (2H, t,
JH-H =786 HZ, I}i.p =124 HZ, J'H.p. =90.7 HZ, CH;CH;;), 1.27
(2H, unresolved CH,CHs), 1.28 (3H, dt, Juu = 7.3 Hz,
COCH,CH>), 2.72 (2H, q, Juu = 7.3 Hz, COCHCHs).
SP-4-3-PY{PPh;}{COXCOE)(Me) {4a) and SP-4-4-
PH(PPh3)(CO)COEH)(Me) (4a’)

Complexes 4a and 4a’ resulied from reaction of 3a and
CO and were identified by NMR techniques. For d4a: IR
(CDCls) Veo 1624, 2041 cm™: *'P NMR (CDCh) 8 17.0 (Je.n.
= 1285 Hz); "H NMR (CDCls) § 0.43 (3H, 4, Jur= 104 Hz,
Juwm =711 Hz, CH3), 1.23 (3H, t, Juu = 7.5 Hz, CH:CH3),
2.68 (2H, q, Ju.u = 7.5 Hz, CH,CHs). For 4a”; IR (CDCl)
veo 1624, 2075 em™'; *'P NMR (CDCly) 8 20.7 (Jon = 2021
Hz); 'H NMR (CDCls) & 0.67 (3H, t, Jan = 7.2 Hz,
CH,CHy), 0.88 (3H, d, Jue = 6.1 Hz, Jup ~ 74 Hz, CHy),
1.97 (2H, q, Jo.y = 7.2 He, CH:CHy).
$P-4-3-Pt(PPh3)(CO)(COPh)(Me) (4b) and SP-4-4-
PHPPh)}(COYCOPhYMe) (4b")

Complexes 4b and 4b’ resulted from reaction of 3b
and CO and were characterized by NMR techniques. Alter-
natively, the reaction of cis-[PCOPh)(CO)PPhy):1(BF,)
(see procedure of 3b) with Mel.i in equimolar proportions




770 J Chin. Ckem. Soc., Vol. 41, No. 6, 1994

(as solution in C¢12/Ety0) in CH:CLy at -60 °C led to mixed
products 3b, 4b and cis-PUCOPhYCOMe)(PPhs),.! Single
crystals of 4b suitable for X-ray diffraction were grown
from CeH¢/Et;O. For 4b: IR (CDCls) veo 2034, 1622 cm’™;
*P NMR (CDCl) 8 17.6 (Jox = 1414 Hz); ‘H NMR
(CDCl:) 8 0.38 (UH, &, Jur = 10.2 Hz, Jup =70.3 Hz, CH3).
For 4b”: "'PNMR (CDCls) $21.7 (Jo.r, = 1963 Hz); 'H NMR
(CDCh) 8 0.95 (31, d, Jup = 6.2 Hz, Jup ~ 74 Hz, CHy).
SP-4-3-Pt(PPh;)(CO}COE(EL) (4¢) and SP-4-4-
PtPPh;}COYCOEEL) (4c)

Complexes 4c and 4¢” resulted from reaction of 3¢ and
CO in ds-benzene and were identified by NMR techniques.
For 4c: IR (CsD)g) Voo 2050 e’ *'P NMR (CeDe) § 16.2
{(Jep = 1257 Hz); '"H NMR (CsDe) 8 1.18 (3H, t, Junu=7.4
Hz, CH;CHs), 133 (3H, t, Jun = 7.4 Hz, COCH,CH5), 1.55
(ZH, q. JH.]: =125 HZ, CHzCHa), 2.83 (ZH, 9, JH.H =74 HZ.,
COCH,CHs). For 4¢”: IR (CsD¢) Veo 2075 em™; *'P NMR
(CsD¢) 3 18.2 (Jrp = 1762 Hz); 'H NMR (CsDe) & 0.89 (3H,
t, Juu = 7.3 Hz, COCH.,CHs), 1.86 (3H, q, Jur ~ & Hz,
CH,CH»), 2.12 (2H, q, Ju» ~ 9 Hz, CH.CH), 6 2.19 (2], q,
JH-H = 73 HZ, COCHzCHs)

Shu et al.

cis-Pt{COEt),(PPh;); (5¢)

“P NMR (Ces) 8 14.01 (Je.ri = 1540 Hz); 'H NMR
(CeDs) 6 0.78 (6H, t, Jun=7.2 Hz, CH3), 255 @H, t, Jun =
7.2Hz, CH3).

X-ray Crystallographic Analysis

Diffraction data were measured at on a Nonius CAD-4
diffractometer. Cell parameters were determined by a least-
squares fit on 25 reflections. Intensity data were corrected
for absorption on the basis of an experimental y rotation
curve. The refinement proceeded was by a full-matrix least-
squares method including all non-hydrogenic atomns anisot-
ropically. Hydrogen atoms were tixed at the ideal geomeiry
and the C-H distance 1.0 A; their isotopic thermal parame-
ters were fixed to values of attached carbon atoms at conver-
gence of the isotropic refinement. Atomic scattering factors
were taken from the International Tables of Crystal-
lIographic Data, Vol. IV, Computing programs were from
the NRC VAX package.” Crystallographic data and se-
lected bond parameters of 2b, 2¢, 3b and 4b are listed in Ta-
bles 1, 2 and 3.

Table 1. X-ray Crystal Parameters und Data Collection for 2b, 2¢, 3b and 4b

Compound 2b* 2c 3h 4b
formula CassHasPoPtC1 CaoHaoP:Pt CasHagOBPt CyHyp 0Pt
formula mass/g 85326 777.79 839.83 605.55

cryst dimns/mm 0.2x0.5%0.6 0.30x035x045 04x05%0.06 0.15%x 0.4 % 0.6
space group Cor Care P2/ Pl

alA 32.982 (5) 12.115 (3 11.250(2) 9.178 (1)
blA 10.727 (3) 17.294 (6) 17.857 (4) 10.305 (3)
/A 22424 (4) 16.693 (6) 18.306 (4} 13.425 (3)
o/deg 90 50 a0 106.91 (2)
Brdeg 109.68 (2) 93.18 (3) 9874 (2) 104.82 (3)
videg 90 90 90 91.14 (2)
VIA? 7470 3420 3648 1146

Z 3 4 4 2

p,(caled)/g cm™ 1.517 1.480 1.529 1.697

F(000) 3399 1552 1728 840

Mo Kot /A 0.7107 0.7107 0.7107 0.7107

T K 300 300 300 300

wmm™ 3.98 3.97 4.01 6.38
transmission 0.45-1.0 0.65-1.0 0.80-1.0 0.56-1.0

26 (max)/deg 50 50 45 50

h k) (-39;36), 12,26 x14,20,19 +12,19, 19 +10,12,£15
No of reflns measd 6571 3077 5031 4290

No of reflns obsd 4109 (> 2.00) 2750 (> 2.00) 3032 (> 1.50} 3444 (> 1.50)
No of variables 435 457 434 280

R(F} 0.055 0.022 0.048 0.030

R«(E) 0.070 (0.019 0.033 0.023

S 1.86 1.66 1.351 1.304
(ASG)max 0.0722 0.0418 0.175 0.028

* disordered solvent packing
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Table 2. Selected Bond Distances/A and Angles/deg Table 3. Non-hydrogen Atomic Coordinates and Beg
trans-Pt{Me)(Ph)(PPhs}, (2b) trans-Pt{Me)(Ph}(PPhs): (2b)
PrP1 2271 (4) C2-C7 142 (2) x y z Beg
PLP2 2.300 {4) C3-C4 139(2)
PC1 2.13 (2) C4-C5 1.40 (3) PL 0382933(16) 0D.24577(6)  0.232774(25) 2.665(23)
PL-C2 210(2) C5-C6 139 (3) Pl 040366(12) 0.1229¢4)  032036(19) 3.03(17)
C2-C3 135(2) C6-C7 136 (3) P2 036277(12) 03827(4)  0.14896(18)  2.70(16)
Cl 04280(5)  03771(16)  02876(@R)  4.0(8)
Pi-Pe-P2 1758(2) P27 121 (1) 2 0.3361(5) 0.1176(15)  0.1808(%) 3.6(7)
DLPLCTL 863 (S) C3-C2.C7 118 (2) C3  03462(6)  00199(16) 01507(9)  4.4(9)
P1-P-C2 929 (5) C2-C3-C4 121 (2} C4  03151(5)  -00649(16) 0.1168(9)  45(9)
P2-P-Cl 90.2(5) C3-C4-C5 120 (2) 5 027236)  -0.0488(18) 011299  3.3(9)
P2-PLC2 90.5 (3) C4-C5-C6 120 ) C6  02607(6)  00519(21)  0.1430(11)  6.1(11)
ClLpeC2 1778 (6) C5-C6-C7 118 (2) C7 029244)  0.1323(15) 01759 33(D)
PeC2C3 - 12@) C2-C7-C6 123 CIA 04620(5)  01173(15) 035898)  33(7)
srans-P{ED(PPhs ) (2¢) C2A  0487K(T)  G.LI5(3) 03226(12) 9007
C3A  05324(6)  0.105(3) 03510(11)  7.7(15)
PP 2257 (1) P-Cl’ 2185 (3) C4A  05522(6) 0.0092(25)  0.4124(11)  6.8(13)
PP 2257{1) cl-cz 1420 (6) C5A  05258(7)  0.112(3) 04495(12)  8.3(16)
Pt-Cl 2.185(3) cr-c2 1420 (6) C6A  04830(6)  0.120(3) 04252(10)  8.1(15)
N CIB  03820(5)  0.1752(15) 038147  34()
s sonr LBl o) CB  03672(5)  0300X16) 0379%8)  38®)
PPLOY” 0464 9) L2 1152 (3) CIB 03524(7) 0345319y  0425210)  5.5(10)
PPCl 04.64 (0) oy 1152 (3) C4B 03530(6)  0.269(3) 04757(5)  6.4(12)
' CSB 03671(6) 0.1456(2%)  0.4780(9) 5.6(11)
cis-PH{COPh)(Me)(PPhs) (3b) C6B  073B13(5)  0.1025(16)  04308(8)  3.8(8)
CIC  03007(5)  -00426(14) 03138(7)  3.0(7)
Pt-Pl 2297(3) C71-C72 138 (2) 20 0.3465(6)  -00736(16) 0294009 4609
Pt-p2 2338(3) C71-C76 1.3942) C3C  03338(5) 02000017}  02865(9)  43(8)
PeC 2.179.1) C72-C73 L3700 C4C  03646(0)  -02003(21)  0299312)  BA(I6)
léticoli %‘?;9 él) g:’}ig‘; igg (g) CSC  04066(8)  -02562(24)  03166(16)  10.5(20)
C1-C71 L5300 C75-CT6 1260 e o) ) 0'3222)2) gg:g)
’ C1D 040074 0.5009(14) 0.1 .
PLILEL 995 (1) 00107 LB () 3D 0.3886(5)  0.6346(14)  0.1544(8)  3.9(8)
PLPeC 1739 (3) C1-C71-C72 122 (1) C3D  0.4216(7) 0.7224(18) .1591(12) 6.8(13)
P1-Rt-C1 92.1 () C72-C71-C76 117 () caD  0.4627(6) 0.6953(19) 0.1642(10) 5.7(10)
m-rC 87.5(3) C71-C72-CT3 121 (1) C5D  04727(6) 05721(19)  0.162%9) 5.0(10)
pP2-Pt-Ct 168.4 (4) C72-C73-C74 119 (2) CeD  0.4430(5) 04795(16)  (11592(8) 3.98)
C-Pt-Cl1 80.9 (4) C73-C74-C75 123 (1) CIE 035024y  ©03238(14)  0.0680(6) 2.8(6)
Pt-C1-01 125.0 (9) CH-CT5CI6  118(2) CIE 03751(6)  03479(19) 002978  4.9(10)
PCI-CTT 1174(8) CT-CT6-CTS 1222 C3E  03637(7)  0205623) -0.0291(8)  65(12)
CAE  0328K7)  02190(18) -0.0527%8)  58(11)
SP-4-3 PUPPh;)(COY(COPL)(Me) (4b) CSE  03041(7)  0.1933(24) -00161(10)  69(12)
PP 2350 (2) C1-Cat 1.504 9) C6E  03150(5)  02431(19) 00441  4.1(8)
PLCl 2064 (6) C41-C42 1389 (9) CIF  03125(4)  04639(14) O.1448(D  2.7(6)
PL-C2 1.897 (7) C42-C43 1.37 (1) C2F  02887(6)  05280(17) 00BON(®) 459
PrC3 2.108 (7} C43-C44 1.37(1) C3F 025376 0.5958(18)  0.0892(9) 4.9(9)
C1-01 1.221 (8) C44-C45 136 (1) C4F  0.239203) 0.5991(19)  0.139%(9) 5.1{10)
202 1118 (8) C45-Cd6 140(1) C5F  02631(6)  0537(21)  0.1948(10)  S.%(11)
C6F  02978(5)  04646(15)  0.1967(8) 34T
P-PCl 1718 (2) PeC1-CAl 119.4 (&) c 1 i 0 72.2031)
P-p1-C2 97.1(2) C1-C41-C42 120.3¢6) Cll 053210)  040B(4) 0.0014(15)  25.1031)
PpeC3 90.1 () Ci-CA1-C46 121.006) Cl2  054136)  0.556(4) 0.0435(11) 26127
C1-PLC2 90.6 (3) C42.C41-Ca6 1187 (6) : : :
C1-PLC3 82.4(2) C41-C42-C43  1197(D) trans-PUE(PPha), (2c)
C2-PC3 1717 (%) C42-C43-C44  1212(7)
PLC1-O1 122.4 (5) C43-C44-C45  120.6(T) X y z Beq
PLC2-02 174.9 (6) C44-C45-C46  119.1(T)
01-C1-C41 1182 §5) C41.C46.C45 1206 (6) L 0.340142(13) 174 2261(8)

P OI8365(7)  034222(6)  023366(5)  2.5%4)
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C1 0.0171(3) 0.34550(23)  0.1191120)  3.10(17) C61  04166(10)  0.2563(T) 0.1415(7) 3.5(6)
C2 -0.0536(3) 0.4177(3) 0.0B699(22)  4.34(22) Ce2  05322(11) 025149} 0.1259(7 5.4(9)
ClA  0.2169(3) (.42815(19) G.17720(21)  2.67(16) Ce3  0.6267(12)  0.2839(11)  0.1743(9) 8.2(11)
C2A  0.1840(3) 0.49851(21) 0.20878(23)  3.86(20) Ced  0.6039(13)  0.3198(9) 0.2361(7) 6.5(9)
A 0.2029(4) 0.56719(21) 0.17024(25)  4.54(23) C65 04933013y  0.3240(9) 0.2509(N 6.2(9)
C4A  0.2532(4) 0.56611(21) 0.09833(25) 4.36(22) Ceo 0.3994(12) 0.2929(9) 0.2033(7) 3.3(%)
C5A  0.2840(3) 049691(23) 0.06531(23) 4.27(21) C11 01720(12)  0.0770(7) 0.3214(7T) 41N
C6A  0.2656(3) 0.42783{21) 0.10441(22) 3.39(18) C72  02183(13)  0.1433(8) 0.3473(7) 5.9(%}
CiB  0.2847(3 0.34564(21)  0.31921(20) 2.71(16) C73  02061(16)  G.1696(10)  0.4166(8) R.6(11)
C2B 035953 0.40458(22) 0.33387(24) 3.73(20) C74  0.1478(15)  0.1273(13)  0.4591(3) 10.8(13)
C3iB  0.4344(% 0.4010(3) 0.3995(3) 4.98(22) C75 01014017y 0.0607(12)  G4379(8) 10.4(14)
C4B  (.43506(3) 0.3393(3) 04502924y  5.36(23) C76  01127(14)  0.0356(10)  (.368%(7) 74011
C5B 0.3622(3; 0.27965(24) 043699(24)  4.49(21) CHA 0404 0.059 0.245 44

CéB  0.2870(3) 0.28285(21) 037191(22) 343(18) CHB 0453 0.121 G.192 44
C1C  0.2367(3) 0.25854(20) 0.18077(21) 2.92(18) CHC 0.392 6.042 0.154 44

C2C 0.3482(3) 0.25031(22) 0.1682(3) 4.10(20)

C3C  03865(4)  0.8481(23) 0.1309(3)  525(23) SP-4-3-P(PPhy (COXCOP)(Me) (4b)

C4C  0.3139(4) 0.12750(23) 0.1069(3) 5.40(25) x y z Biso
C5C 0.2030(4) 0.13413(22)  0.119%3) 5.10(23)
C6C 0.1642(%) 0.20011(21)  0.15694(23)  3.80(19) PT 0.07441(3) 0.462253(24) 0.242884(20) 2.455(11)
P 0.05123(18)  0.68038(15) 03512413  2.44(T7)
cis-Pr{COPh)Me)(PPhs), (3b) 11 -0.1470(h 0.7156(6) 0.3328(5) 2.7(3)

C12  -0.2473(h) 0.6154(6) 0.3391(5) 344
C13  -0.3995(8) 0.6397(8) 0.3300(6} 4.6(4)
PT 0.21140(4)  0.12743(3)  0.16751(3) 2.740(23) Ci4  -Q4506(8) 0.7588(8) 0.3143(6) 4.7(4)

x y z Biso

Pl 0.0146(3)  0.16501(19)  0.14805(16) 2.82(15) C15  -03523(8)  0.8541(7) 0.3077(6) 4.4(4)
P2 02887(3)  0.20941{20) 0.08702(19) 331(16) Cl6  -02000(7)  0.8336(6) 0.3178(5) 34(3)
C 0.3914¢10)  0.0814(8)  0.1949(7) 5007 C21 0.1386(7) 0.7233(5) 0.5011(5) 2.6(3)
Cl  0179%11)  00496(7)  02432(6) 3.6(6) 22 005718)  0.7682(6) 0.5720(5) 3.6(3)
01 016409  -0.0141(5)  02311(5) 5.8(6) 23 G1251(9)  0.7964(7) 0.6844(6) 4.6(4)
Cl1 -00714(10)  0.1374(7) 0.0611(6) 3.3(6) €24 02773%10)  0.7788(7) 0.7259(5) 4.7(5)
Cl12  -0.1949(11)  0.1469(7) 0.0470(7) 43(7) C25  03626(8)  0.7362(6) 0.6569(6) 4.4(4)
C13  -02616(11) 0.1242(9) 0018 53(7) C26  029538)  0.7074(6) 0.5446(5) 3.4(3)
Cl4  -02037{14) 00914(8)  -0072XT)  6.6(9) C31  0.1385(7)  08159() 0.3189(5) 2.6(3)
Cl5  -00840(14)  00792(7)  -0.0589(6)  5.3(9) 32 0.1233%8)  Q79776)  0.2088(5) 3.9(4)
Cl6 -00171(12) 010227y  0.0082(6) 4.0(7) €33 0.1866(9)  0.9003(7) 0.1812(5) 4.6(4)
C21  -0.0003(10)  0.2662(6) 0.1563(6) 2.8(6) C34  0.2674(8) 1.0166(7) 0.2614(6) 4.5(4)
C22 -0.077200)  0.3087(7) 0.1064(6) 3.5(6) €35 0.283909) 1.0327(6) 0.3695(6) 4.6(4)
23 -00827(11)  03864(7)  0.1190(6) 4.4(7) C36  021978)  0.9342(6) 0.3985(5) 3.8(4)
C24 -00143(13) 041977  0.1765(7) 4.5(7) Cl  OO0788(7)  02797(6)  D.1285(5) 3.2(3)
C25  00638(11)  0.3769(8) 0.2244(6) 4.0(7) 01  00179(6)  0.1812(4) 0.0999(4) 4.5(3)
€26 0.0706(11)  0.3020(7) 0.2150(6) 1.5(6) C41  02068(7)  0.2653(6) 0.0798(5) 29(3)
C31  -0.0814(10)  0.1293(7) 0.2134{6) 3.3(6) 42 022038)  0.1397(D 0.0108(5) 4.2(4)
C32  0.1144(13)  00553(8)  0.2088(7) 5.0(8) CA3  0.3396(10)  0.1271(8)  -00309(6)  5.7(5)
€33 -0.1911(13)  00239(9)  0.2548(8) 6.7(9) Ca4  04455(10) 02367310  -0.0070(6)  5.9(6)
C34  -0227114)  0.0711(9) 0.3073(8) 7.009) C45 043418y  0.3614(8) 0,0583(6) 5.0(5)
C35  -01931(14)  0.142009) 0.3136(8) 6.5(9} Ca6  03142(8)  0.3763(6) 0.1030(5) 34(4)
C36 01225137  0.1716(7)  0.2661(7) 5.1(8) €2 02355(8)  0.4205(6) 0.3534(5) 3.8(4)
C41  02055(11)  02847(7)  0.038%(7) 3R(7) 02  03257(6)  0.3863(5) 0A4151(4) 6.3(3)
C42  0215%(11)  03600(8)  0.0569(7) 49(8) C3  -0.1I51(8)  04778(7) 0.1109(5) 4.4(4)

C43 0.1494(14) 04151(8) 0.0151(8) 6.7(10)
C44  0.0664(13)  0.3049(8)  -0.0454(8) 6.6(9)
C45  0.0547(12) 032259  -0.0688(7)  357(8)

C46  0.1218012)  02682(7) 0025247 45D ACKNOWLEDGMENT
C51  03449(10)  0.1622(7)  00094(6)  3.1(6)
C52  03957(11)  0.2025(T) 0.042%7) 4.1(7) We thank the National Science Council, Taipei, Tai-

€53 04307(11)  0.1642(8)  -0.103%6) 4.5(8)
C54 0.4154(12) (0.088%(8) -01102(7) 5.3(8)
C55  03661(13)  0.0494(8)  -0.0603(8) 6.1(9)
C56  03315(12)  0.0848(7) 0.0022(7) 4.6(T)

wan, ROC ftor financial support.
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