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Abstract

Reaction of the ferrocenylplatinum complexes frans-FcP(PEt,), X (1) (Fc = ferrocenyl, X = Cl, Br, NCS) with 30 kg cm ~2 of CO at
room temperature leads to the insertion of CO into the Pt—C bond of 1 to give frans-FcC(O)Pt(PELt,), X (2) (X = Cl, Br, NCS) in good
yield. Reactions of 1la (X =Cl) with an equimolar amount of aryl isocyanides produce the isocyanide insertion products trans-
FeC(=NCANP{PEL,),Cl (5) (Ar = p-MeC,H,, p-MeOCcH,, 2,6-Me,C¢H,). In the reaction of 1a with p-nitrophenyl isocyanide, a
mixture of cis and trans isomers was obtained in a 4: 1 ratio, while treatment with the other isocyanides gave only trans isomers. The
structures of the insertion products were characterized by means of spectroscopic analyses and X-ray crystallography.
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1. Introduction

Insertion of small molecules into the M—C bond of a
variety of transition metal complexes has received much
attention for a long time, since it is one of the funda-
mental reactions in organometallic chemistry [1]. In
particular, insertion of carbon monoxide, which is a key
step in carbonylation using a homogeneous catalyst, has
been widely investigated [2]. Isocyanides having a struc-
ture which is isoelectronic with carbon monoxide are
well known as undergoing a similar insertion into the
M-C bond [3].

We have been studying the chemistry of o-ferro-
cenyl transition metal complexes [4] and recently found
that carbon monoxide inserts into the Pt—C bond of the
( u-hydroxo)-1,1'-ferrocenediyldiplatinum complex ( w-
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OH){n’-C;H ,Pt(PPh;)Cl},Fe under mild conditions
(room temperature, CO at 30 kg cm ™~ ?) [5]. Hence, we
are interested in the high reactivity of the o-ferro-
cenylplatinum complex toward carbon monoxide. In
this paper we wish to describe the reactions of rans-
FcP(PEt,), X (Fc = ferrocenyl, X = CI, Br, NCS) with
CO as well as aryl isocyanide, and X-ray crystallo-
graphic studies of the resulting insertion products.

2. Results and discussion

2.1. Reaction of trans-FcPHPE?L, ), X with CO

PEt; PEt,

Fe iy < Fe . (eq. D
PEY, 1. 0, O PEty

la: X =Cl LY =

1b: X = Br iﬁ i:%‘,

Ie: X =NCS I NEs

When rrans-FcP(PEt,),Cl (1a), which was prepared
by the ligand-exchange reaction of FcPt(cod)Cl with 2
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Fig. 1. Molecular structure of trans-FcC(O)P(PEt,),Cl (2a). Hydrogen atoms have been omitted for clarity.

equiv. of triethylphosphine, was treated with 30 kg
cm™~? of CO in CH,Cl, at room temperature for 24 h,
insertion into the Pt—C bond of la occurred to give
trans-FcC(O)PH(PEt,),Cl (2a) as red—orange crystals in
almost quantitative yield [Eq. (1)]. Complex 2a is air-

and moisture-stable at room temperature, both in the
solid state and in solution. Characterization of 2a was
achieved by IR, 'H, °C and *'P NMR spectroscopy as
well as by elemental analysis. The IR spectrum of 2a
showed a strong absorption at 1590 cm™' due to the

Table 1
Crystallographic data for 2a and cis-5d - C4H,

2a cis-5d - C¢Hg
Empirical formula Cy3H 3,CIOP, FePt C35H ,CIN, O, P, FePt
Formula weight 679.90 878.12

red—orange, prismatic
0.25 x 0.20 X 0.20 mm
orthorhombic

a=1313333) A
b=7.60%2) A
c=10.766(1) A

Crystal color, habit
Crystal dimensions
Crystal system

Lattice parameters

V =2567(1) A?

Space group Pna2,; (No. 33)
Z Value 4

D 1.759 g cm ™}
F(000) 1344

w(Mo K o) 63.07 cm™!

20 range 6° < 260<55.1°
No. of unique reflections 3411

red, prismatic

0.35 X 0.25 X 0.10 mm
triclinic

a=11.77301) &
b=14.62902) A
c=11.643(1) A
a=100.65(1)°

B = 96.986(9)°
y=105.43(1)

V = 1868.5(4) A’

P1 (No. 2)
2

1.561 gcm™
880
43.54cm™!
6°< 26<50.1°
6615

3

No. of observations
No. of variables

2277 (1> 3.00(1)
261

5668 (I > 3.0a (1))
397

Residuals: R; R, ? 0.031; 0.024 0.022; 0.019

Goodness-of-fit indicator ° 1.31 1.38

Max. peak in final diff. map 0.87e¢ A3 0.29e A3

Min. peak in final diff. map ~1.44e A3 —047e A}

"R=ZIF,I-IFI/ZIF,; R,=[Zw(F,|=|F.D*/ZwF2]'/% w=4F}/c*(F,)*

® Goodness-of-fit indicator: standard deviation of an observation of unit weight [ Sw(] F, | — | F.|)?/(N, — N,)]'/*; N, = No. of observations,

N, = No. of variables.
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Table 2

Positional parameters and B,, for complex 2a

Atom X y Z ch
Pi(1) 0.15363(1) 0.02978(4) 0.0002 2.70(1)
Fe(1) 0.02056(5) 0.2592(2) 0.1165(1) 2.89(6)
CI(1) 0.22924(8) 0.1002(4) -0.0224(3) 4.8(2)
P(1) 0.14517(8) 0.1356(4) —0.1984(3) 301
P(Q2) 0.1692(1) —0.1060(4) 0.1871(3) 3.8(1)
o(1) 0.0726(2) —0.135(1) —0.038%6) 3.4
c(n 0.0681(3) 0.074(1) 0.1208(9) 2.8(4)
Cc(2) 0.080%(3) 0.22%1) 0.183(1) 3.4(5)
c(3) 0.0516(3) 0.258(2) 0.282(1) 4.1(6)
C(4) 0.0209(3) 0.128(2) 0.281(1) 4.0(6)
Cc(s) 0.0305(3) 0.012(1) 0.182(1) 3.4(5)
C(6) —0.0296(3) 0.253(1) —-0.001(2) 5.3(6)
cn 0.0052(5) 0.328(2) —0.05%1) 4.9(7N
C(®) 0.0165(3) 0.479(1) 0.005(2) 5.2(6)
(9 —0.0113(4) 0.491(2) 0.110(1) 4.3(7)
c(10) —0.0402(4) 0.350(2) 0.102(1) 4.7(6)
c(1n 0.0914(3) -0.021(1) 0.021(1) 2.6(4)
c(12) 0.1823(4) 0.036(2) —0.305(1) 4.(7)
c(13) 0.1802(4) -0.161(2) -0.315(1) 5.6(7)
c14) 0.1558(4) 0.371(1) —0.211(1) 4.7(6)
Cc(15) 0.1203(4) 0.479(2) —0.143(1) 5.8(7)
C(16) 0.0934(3) 0.099(2) —0.273(1) 3.8(5)
camn 0.0899%(4) 0.161(2) - 0.406(1) 5.3(6)
Cc(18) 0.187(1) 0.034(4) 0.311(2) 15(2)
c(19) 0.2041(8) 0.179(3) 0.310(2) 12(2)
C(20) 0.2122(4) —0.258(2) 0.169(1) 5.6(7)
cQ1) 0.2054(5) —0.393(2) 0.070(1) 7.5(9}
Cc(22) 0.125%(4) -0.23%2) 0.258(1) 8(1)
Cc(23) 0.1372(4) —0.355(2) 0.364(1) 8(1)

C=0 stretching vibration. The 'H NMR spectrum of 2a
exhibited resonances at & 4.68 and 4.27 ppm assigned
to the protons of the substituted cyclopentadienyl group,
and at 8 4.15 ppm atiributed to the protons of non-sub-
stituted cyclopentadienyl ring. In the ' ’C NMR spec-
trum of 2a, a resonance characteristic to the carbonyl
carbon was observed at § 213.7 ppm. The ’'p NMR
spectrum showed a singlet peak at 6 19.04 ppm accom-
panied by '’Pt satellite signals (Jp_p=3070 Hz),
indicating the trans configuration of two triethylphos-
phine ligands around a platinum atom. These data are
consistent with the structure of 2a, which was con-
firmed by an X-ray diffraction analysis.

The molecular structure of 2a is shown in Fig. 1. The
crystallographic data and positional parameters are listed
in Tables 1 and 2, and selected bond lengths and angles
are listed in Table 3, respectively. The platinum atom
has a square-planar coordination geometry, in which the
two triethylphosphines are in the trans positions relative
to each other as expected from the *'P NMR analys1s
The Pt(1)-C(11) bond length of 2.001(8) Ais in agree-
ment with an average value (1.991 A) observed in the
other acyl-platinum complexes [6]. The significantly
long Pt(1)-CI(1) bond length of 2.441(2) A is affected
by the strong trans influence of the acyl group. The
dihedral angle between the Pt coordination plane and

Table 3 .

Selected bond lengths (A) and angles (°) for 2a

P(1)-CI(1) 2.441(2) P{1)-C(11) 2.001(8)
Pt(1)-P(1) 2.300(3) c(n)-can 1.49(1)
Pi(1)-P(2) 2.315(3) o(1)-C(11) 1.23(1)
CKD-PH{1)-P(1) 86.7(1) P(2)-PH{1)-C(11) 91.3(4)
CI(1)-Pi(1)-P(2) 88.8(1) PH{(1)-C(11)-C(1) 117.6(7)
CI(D)-PH{1)-C(1 1) 178.4(3) PH(1)-C(11)-0(1) 123.0(8)
P(1)-P{1)-P(2) 171.5(1) o()-C(11)-C(1) 119.1(8)

P(1)-P(1)-C(11) 93.3(4)
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the plane of the carbonyl group defined by Pt(1), C(11),
O(1) and C(1) is 67.3° and that between the carbonyl
plane and the cyclopentadienyl ring C(1)-C(5) is 21.4°.
The ferrocenyl group has an eclipsed conformation with
the tilt angle of 4.8° between the two cyclopentadienyl
rings.

Similar treatment of 1b and l¢ with CO also gave
insertion products, trans-FcC(O)P(PEt;),Br (2 b) and
trans-FcC(O)PH(PEt, ), NCS (2¢), respectively. When the
1,1'-ferrocenediyldiplatinum complex {zrans-(n°-C,-
H,)P(PEt,),Cl},Fe (3) was treated with CO, insertion

into both Pt—C bonds occurred to give orange crystals
of {trans-(n’-CH )C(O)PHPEL,),Cl},Fe (4) in 84%
yield [Eq. (2)]. It should be noted that the insertion was
observed in the reaction of 1 under atmospheric pres-
sure of CO at room temperature. The formation of a
quantitative amount of 2a was confirmed by *'P NMR
spectroscopy in the reaction of 1a with 1 atm of CO for
69 h. Similarly, the reaction of 1b and l¢ under atmo-
spheric pressure of CO also afforded 2b and 2¢ respec-
tively, in quantitative yield.

PEts PEts

@—Pt Cl @—C Pt Cl
EtP F co ~ EP O I

, e PEt3 > = o) PEt3 (eq. 2)
Gi—Pt r. 1, CHCl Cl-Pt-C
i
EtsP Et,P
3 4

Previously it was reported that the carbonylation of
trans-RPW(PR’;), X was not achieved at room tempera-
ture under CO pressure, but at 90°C [7], which is more
severe than that of our system, suggesting that the Pt—C
bond of 1 is more reactive than that of the other
organoplatinum complexes toward CO insertion. The
mechanism of CO insertion has been investigated in
depth for the complexes trans-RPH{PR’;), X, and it has
been shown that electron-donating substituents of the
organic group enhance the insertion of CO into the
Pt—C bond [8]. The easy carbonylation of 1 at room
temperature may occur due to the high electron density
of the cyclopentadienyl ring in comparison with phenyl
group, as supported by the following result. In the
reaction of trans-{(n°-C5H,)Mn(CO),}Pt(PELt,),Cl
having a cyclopentadienyl group which was more elec-
tron poor than that of 1[9], heating at 100°C is required
for insertion of CO into the Pt—C bond [10].

2.2. Reaction of 1 with aryl isocyanide

Complex 1a was treated with an equimolar amount
of p-tolyl isocyanide in refluxing 1,2-dichloroethane for
6 h to give red crystals of trans-FcC(=NC H Me-

p)PU(PEt;),Cl (5a) in 48% yield [Eq. (3)]. The observa-
tion of a ¥»(C=N) absorption at 1550 cm~' in the IR
spectrum and a resonance assigned to the imino carbon
at & 173.8 ppm in the °C NMR spectrum indicates that
Sa was produced by the insertion of isocyanide into the
Pt—C bond of 1a. The *'P NMR spectrum of 5a showed
a singlet peak at 8 14.90 ppm along with the satellite
signal (Jp,_p = 2904 Hz), suggesting the trans configu-
ration around the Pt atom. The treatment of la with
p-methoxyphenyl isocyanide or 2,6-xylyl isocyanide in
a similar fashion afforded the insertion products trans-
FcC(=NC4H ,OMe-p)P(PEt,),Cl (5b) and trans-
FcC(=NCg¢H;Me,-2,6)Pt(PEt;),Cl (5¢) in 60% and
30% yield, respectively. The similar reaction of the
diplatinum complex 3 with 2 equiv. of p-tolyl iso-
cyanide red crystals gave {trans-(n°-CsH,)JC(=NCH,-
Me-p)Pt(PEt,),Cl}, Fe (6) in 38% yield [Eq. (4)]. When
complex la was treated with p-nitropheny! isocyanide,
the insertion product of FcC(=NC H,NO,-
p)Pt(PELt,),Cl (5d) was obtained as a mixture of cis and
trans isomers in a 4:1 ratio, which was confirmed by

’'P NMR spectroscopy. Fractional recrystallization from
toluene /hexane afforded the pure cis isomer of 5d as
red crystals in 70% yield. The structure of cis-5d was
determined by an X-ray diffraction study.
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F'>Et3 F:Et3
+ .
Fo pEi, *ONA oo A N PEW (eq. 3)
Ar
1a trans-5a: Ar = C¢HyCH5-p
trans-5b: Ar= C¢gH4,OCH;-p
trans-S5c¢: Ar = C6H4(CH3):'2‘6
trans-5d: Ar = CgH4NO,-p
PEty
&7~ G —Pt-PEY
Fe N I
Ar
cis-Sa: Ar = C¢H,CH;-p
cis-Sb: Ar = C¢H4OCH;5-p
cis-5¢: Ar= C6H4(CH3)2-2,6
cis-5d: Ar = CgHyNO,-p
<="-C
EP Fe  pRy, + 2 CN@-CHs
CI—Pt >
3 CH,
reflux EtP N ?"9'5’"0'
CICHCHC o ph.b_ce ) PE6 (eq-4)
i
Et,P
CH;

The molecular structure of cis-5d is shown in Fig. 2.
The positional parameters and selected bond lengths and
angles are listed in Tables 4 and 5, respectively. The
coordination around the platinum atom is essentially
square-planar, with the two trlethylphosphmes being cis
to each other as suggested by 'P NMR spectroscopy.
The Pt(1)-C(11) bond length of 2.050(4) A is slightly
longer than those observed in other imino—platinum(II)

complexes, trans-MeC(=NC¢H ,Ci-p)Pt(PEt, ), 1
[2.027(11) Al [11] and 2 5-C,H, S{trans-
O(=NC-H OMe—p)Pt(PEt3) cn, 1. 99(2) and 2.01(2)
Al112), Wthh is probably due to the trans influence of
the PEt, ligand. The bond length of Py(1)-P(2) [2.354(1)
Alis longer than that of Pt(1)-P(1) [2.225(1) Al owing
to the greater trans influence of the imino group than
that of the Cl ligand. The plane defined by Pt(1), C(11),
C(1), N(1) and C(12) makes dihedral angles with the Pt
coordination plane and the cyclopentadienyl ring C(1)-
C(5) of 92.3° and 21.7°, respectively. The former is
larger than the dihedral angle between the Pt coordina-
tion plane and the plane of the carbonyl group in 2a,

while the latter is similar to the dihedral angle between
the cyclopentandienyl ring and the plane of carbonyl
group in 2a (see above). The tilt angle between two
cyclopentadienyl rings of ferrocene is 0.9°.

Although isomerization between cis- and trans-5d
was not detected even at 80°C in 1,2-dichloroethane,
cis-5d was converted to trans-5d by the treatment with
a catalytic amount of p-nitrophenyl isocyanide. How-
ever, the treatment of trans-5d with p-nitrophenyl iso-
cyanide did not cause isomerization to cis-5d. Thus, we
carried out experiments to examine the effect of the
amount of isocyanide on the ratio of the cis— trans
isomers in the reaction of 1a with isocyanide using *'P
NMR spectroscopy. The results are summarized in Table
6 showing that treatment with a small excess of iso-
cyanide leads to the preferential formation of the trans
isomer while reaction with an insufficient amount of
isocyanide gives the cis-rich isometric mixture, except
for the case of 2,6-xylyl isocyanide. The results indicate
that the reaction of 1 with isocyanide leads to the
formation of a cis-iminoacyl complex, which is smoothly
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Table 4

Positional parameters and B, for complex cis-5d - CoHg

Atom X y z B,
P(1) 0.42700(1) 0.20438(1) 0.17393(1) 2.738(5)
Fe(1) 0.82331(4) 0.39859%(4) 0.27705(5) 3.86(2)
CI(1) 0.56783(9) 0.11441(8) 0.158%(1) 4.6%(4)
P(1) 0.31256(8) 0.302747) 0.2007(1) 3.74(4)
P(2) 0.3005(1) 0.06433(7) 0.21442(9) 3.72(9
o) 0.1797(3) 0.1723(4) —0.4344(3) 9.9(2)
o) 0.2021(4) 0.0362(4) —0.4047(3) 10.0(2)
N(1) 0.5662(3) 0.3324(2) 0.0307(3) 3.9(1)
N(2) 0.2267(4) 0.1244(5) —0.3781(4) 7.3(2)
(1) 0.6444(3) 0.379%3) 0.2349(3) 3.5(1)
a2) 0.7125(3) 0.4773(3) 0.2390(4) 4.5(2)
c®3) 0.7810(4) 0.5179(3) 0.3555(4) 5.3(2)
Cc(4 0.7579(4) 0.4478(4) 0.4226(4) 5.2(2)
(5 0.6732(3) 0.3616(3) 0.3491(3) 4.1(2)
Cc(6) 0.8646(4) 0.3058(4) 0.1486(4) 5.3(2)
o 0.9317(4) 0.4023(4) 0.1548(4) 5.5(2)
a®) 1.0006(3) 0.4408(3) 0.2701(5) 5.5(2)
(¢()] 0.9757(4) 0.3677(4) 0.3349(4) 5.8(2)
c(10) 0.8919(4) 0.2841(3) 0.2594(5) 5.7(2)
can 0.5556(3) 0.3128(3) 0.1334(3) 3.3(D
c(12) 0.4844(3) 0.2768(3) ~0.0713(3) 3.8(1)
c(13) 0.4319(4) 0.3270(3) —0.1431(4) 4.8(2)
c(14) 0.3491(4) 0.2771(4 —0.243%4) 5.5(2)
c(15) 0.3202(4) 0.1782(4) —0.273%(4) 5.2(2)
c(16) 0.3737(4) 0.125%3) —0.2093(4) 5.0(2)
ca7n 0.4567(3) 0.1767(3) —0.1073(3) 4.3(2)
C(18) 0.1624(3) 0.2604(3) 0.1110(4) 5.102)
c(19) 0.1601(4) 0.2464(4) —0.0211(5) 7.8(3)
CcQ20) 0.2851(4) 0.3291(3) 0.3518(4) 5.2(2)
c@1) 0.3973(4) 0.3691(4) 0.445%(4) 7.6(2)
Cc(22) 0.3744(4) 0.4231(3) 0.1729(4) 5.7(2)
c(23) 0.3005(5) 0.4933(4) 0.1931(7) 11.6(4)
c(24) 0.1575(4) 0.0628(3) 0.2622(4) 5.1(2)
Cc(25) 0.0811(4) —~0.0327(4) 0.2786(4) 7.3(2)
Cc(26) 0.3777(4) 0.0204(3) 0.3286(4) 5.8(2)
c@n 0.4394(5) 0.1003(4) 0.4380(4) 8.0(3)
C(28) 0.2614(4) —0.0370(3) 0.0863(4) 5.5(2)
Cc(29) 0.1807(5) —0.0247(4) —0.0181(4) 7.1(2)
c@31) 0.9647(6) 0.2851(5) 0.7181(8) 8.7(3)
c(32) 0.9047(7) 0.3068(4) 0.8061(6) 8.6(3)
Cc(33) 0.7846(8) 0.2912(5) 0.780%(8) 9.1(4)
C(34) 0.7248(6) 0.2537(5) 0.667(1) 10.3(4)
C(35) 0.785(1) 0.229%6) 0.5790(7) 10.4(4)
Cc(36) 0.9064(8) 0.2460(5) 0.6045(7) 9.8(4)
Table 5

Selected bond lengths (A) and angles (°) for complex cis-5d - CgHg

P(1)-CK1) a)-c(n 1.476(5)
P 1)-P(1) N(1)-C(11) 1.293(4)
P(1)-P(2) N(1-C(12) 1.396(4)
P(1)-C(11)

CI(1)-P«(1)-P(1) P(2)-Pt(1)-C(11) 170.65(9)
CI(1)-P(1)-P(2) PH(1)-C(11)-C(1) 116.0(3)
C1D)-PH(D-C(11) Pi(1)-C(11)-N(1) 128.3(3)
P(1)-PH(1)-P(2) N(1)-C(11)-C(1) 115.6(3)

P(1)-Pt(1)-C(11)

C(1D-N(1)-C(12)

120.9(3)
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O(1)

Fig. 2. Molecular structure of c¢is-FcC(=NC¢H,NO, p)-
P(PEt,),CI(5d)-C H,. The solvent molecule and hydrogen atoms
have been omitted for clarity.

isomerized to a trans complex by free isocyanide through
five-coordinate intermediates. Although some studies
have been made on the insertion of isocyanide into the
M-C bonds of trans-RM(PR’;),X (M = Pt, Pd), only
trans-iminoacyl complexes were obtained as a resulting
insertion product in all reactions [13]). This is the first
example of the isolation of a cis-iminoacyl complex as
an intermediate in the reaction of rrans-RP(PR’;),X
giving a trans-iminoacyl complex. Since studies of the
mechanism of the insertion of isocyanide into the M—C
bond are sparse relative to those for CO, the result
described here may provide useful information for un-
derstanding the mechanism of isocyanide insertion.

3. Experimental details

All reactions, except for those with carbon monox-
ide, were performed under an argon atmosphere, and the
work-up was carried out in air. '"H and "C NMR
spectra were measured on a JEOL GX400 spectrometer
using SiMe, as an internal standard and *'P NMR
spectra on a JEOL JMN-A400 spectrometer referred to
PPh, as an external standard. IR spectra were recorded
on a JASCO A-202 spectrometer. The o-ferrocenyl-
platinum complexes FcPi(cod)Cl (cod = 1,5-cycloocta-
diene) and {n’-C H ,Pt(cod)Cl},Fe [14], and aryl iso-
cyanides [15] were prepared according to literature
methods.

3.1. Preparation of rans-FcPH{PEt, ),Cl (1a)
To a solution of FcP(cod)Cl (810 mg, 1.54 mmol) in

dichloromethane (100 ml) was added PEt, (0.46 ml,
3.11 mmol). After stirring for 2 h at room temperature,

the solvent was removed under reduced pressure and the
residue purified by chromatography on alumina using
hexane /benzene = 1:2 (v/v) as an eluent. Recrystal-
lization from hexane gave red crystals of 1a (726 mg,
yield 72%); m.p. 86-87°C. '"H NMR (CDCl,) 8: 4.25
(s, 2H, C4H,): 3.97 (s, 5H, C4H,); 3.76 (s, 2H, C,H,);
1.95-1.91 (m, 12H, CH,); 1.11 (quintet, J =38 Hz,
18H, CH,) ppm. "C NMR (C,D,) 6: 80.7 (t, *Jp_ = 9
Hz, C;H, ipso); 75.5 (s, Jp_c =66 Hz, C;H,); 69.0
(s, C;Hy); 66.4 (s, Jp_o=60 Hz, C;H,); 138 (,
J=16Hz, CH,); 8.1 (s, CH,) ppm. *'P NMR (CDCl,)
8: 21.82 (s, 'Jp_p=12761 Hz) ppm. Anal. Found: C,
40.38; H, 6.04; Cl, 5.43; P, 9.59%. Calc. for
C,, H;,ClFeP,Pt: C, 40.53; H. 6.03; Cl, 5.44; P, 9.50%.

3.2. Preparation of trans-FcP{PEt, ), Br (1b)

To a solution of 1a (166 mg, 0.254 mmol) in methanol
(20 ml) was added a solution of NaBr (219 mg, 2.13
mmol) in 30 ml of methanol and the mixture stirred for
3 h at room temperature. After removal of the solvent in
vacuo, the residue was dissolved in 50 ml of benzene
and washed with 250 ml of water three times. The
organic layer was dried over Na,SO, and benzene was
evaporated once more under vacuum. Recrystallization
from hexane gave red crystals of 1b (136 mg, yield
77%); m.p. 97-100°C '"H NMR (CDCl,) &: 4.26 (s,
2H, C,H,); 3.96 (s, 5H, CHy); 3.75 (s, 2H, J,,_,, = 31
Hz, C;H,); 2.01-1.93 (m, 12H, CH,); 1.10 (quintet,
J =7Hz, 18H, CH,) ppm. "C NMR (C,D,) 8: 84.3 (1,
*J_c=8 Hz, C;H, ipso); 752 (s, Jp_. =68 Hz,
CsH,); 69.2 (s, CsHy); 66.3 (s, J,,_ = 63 Hz, C5H,);
14.4 (t, J=17 Hz, CH,); 8.2 (s, CH,) ppm. 'P NMR
(CDCl1,) 8: 19.52 (s, Jp,_p=2738 Hz) ppm. Anal.
Found: C, 37.72; H, 5.56; Br, 11.36; P, 8.70%. Calc. for
C,,H o BrFeP,Pt: C, 37.95; H, 5.64; Br, 11.47; P,
8.90%.

3.3. Preparation of trans-FcPH{PE1; ), NCS (Ic)

As described in the preparation of 1b, treatment of
la (365 mg, 0.560 mmol) with NaSCN (363 mg, 4.47
mmol) in 100 ml of acetone gave red crystals of 1¢ (303
mg, yield 80%); m.p. 121-122°C. IR (KBr) (cm™'):
2100 »(C=N). 'H NMR (CDCl,) &: 4.26 (s, 2H,
C,H,); 3.97 (s, 5H, C4Hy); 3.68 (s, 2H, CH,); 1.89-
1.86 (m, 12H, CH,); 1.13 (quintet, J =8 Hz, 18H,
CH,) ppm. "C NMR (CDCl,) §: 134.2 (s, SCN); 74.6
(s, Jp_c=59 Hz, C;H,); 68.6 (s, C;H,); 665
(s, Jo_c =154 Hz, C;H,); 138 (t, J=16 Hz, CH,);
7.1 (s, CH;) ppm; the resonance attributed to the ipso
carbon of C;H, was not detected. "P NMR (CDCI,)
8: 23.43 (s, 'Jp_p=2696 Hz) ppm. Anal. Found: C,
41.16; H, 5.61; N, 2.27; P, 9.00; S, 4.66%. Calc. for
C,,H,,FeNP,PtS: C, 40.96; H, 5.83; N, 2.08; P, 9.18;
S, 4.75%.



54 T. Yoshida et al. / Journal of Organometallic Chemistry 511 (1996) 47-57

Table 6

The effect of the amount of isocyanide on the cis- and rrans-isomer ratio of iminoacyl complexes 5

CNAr

—_—
CICH,CH,Cl
reflux

trans-FcePt(PEt; ),Cl

cis,trans-FeC(=NAr)Pt(PEt;),Cl

(1a) (3
Fe = (CsH,4)Fe(CsHy)
Entry Ar CNAr/1a Yield (%) *® cis/trans °
1 C,H,CH,p 0.7 64 77:23
2 C H,CH,p 11 90 0:100
3 CH,NO,p 0.7 96 84:16
4 C H,NO,p 11 100 19:81
5¢ CoH,(CH,),-2,6 0.7 57 34:66
6° C4H,(CH,),-2,6 11 61 35:65

? Determined by 3'p NMR spectroscopy. b Entry Nos. 1, 3 and 5: based on CNAr; Entry Nos. 2, 4 and 6: Based on 1a.

¢ *'p NMR spectra were

measured after Al,0; column chromatography since the signals were broad.

3.4. Preparation of (trans-{n’-CsH,)P{(PEt,),Cl},Fe
(3)

Treatment of {n°-CsH ,Pt(cod)Cl}, Fe (307 mg, 0.356
mmol) with PEt, (0.22 ml, 1.49 mmol) similar to that of
la gave red crystals of 3 (292 mg, yield 73%); m.p.
119-120°C. "H NMR (CDCl;) 8: 4.06 (s, 4H, C;H,);
3.46 (s, 4H, Jp_y =29 Hz CsH,); 1.96- 191 (m
24H, CH,); 1.12 (quintet, J = 8 Hz, 36H, CH;) ppm.
e NMR(CDCI ) 8:76.2 (s, CsH,); 66.7 (s, C H,);
13.6 (t, J=16 Hz CH,); 80 (s CH,) ppm; the
resonance attributed to the ipso carbon of CSlH 4 Was
not detected. *'P NMR (CDCl,) 8: 20.98 (s, 'Jp_p
2803 Hz) ppm. Anal. Found: C, 36.83; H, 5.93; Cl,
6.54; P, 11.00%. Calc. for C,,HCl,FeP,Pt,: C, 36.54;
H, 6.13; Cl, 6.06; P, 11.08%.

3.5. Reaction of trans-FcP(PEt, ),Cl (1a) with CO

A dichloromethane solution of 1a (79 mg, 0.121
mmol) was placed in an autoclave of 100 ml volume
and the reaction system charged with CO (30 kg cm™?).
After standing for 24 h at room temperature, the solvent
was removed under vacuum. Red—orange crystals of 2a
(74 mg, yield 90%) were obtained by recrystallization
from toluene /hexane; m.p. 154-155°C. IR (KBr)
(em™'): 1590 »(C=0). 'H NMR (CDCl,) &: 4.69
(t, 2H, J=2 Hz, C;H,); 4.27 (s, 2H, C;H); 4.16 (s,
5H, CsH,); 1.90- 174 (m 12H CH,); 1.14 (quintet,
J= 8Hz 18H CH )ppm ’C NMR (CDCI ) 8:213.7
(s, CO); 97.2 (t, °Jp_.=4 Hz, C;H, tpso) 69.2
(s, CsHy); 69.0 (s, CsH,); 685(S,CH) 14.4 (t,
J =17 Hz, CH ); 79(s CH;) ppm. ’'P NMR (CDClL,)
8: 19.04 (s, 'Jy_p=3070 Hz) ppm. Anal. Found: C,
4090; H, 5.82; Cl, S5.11; P, 9.00%. Calc. for
C,;H,,CIFeOP,Pt: C, 40.63; H, 5.78; Cl, 5.21; P,
9.11%.

3.6. Reactions of trans-FcP{PEt,),Br (1b), trans-
FcPH(PEt,),NCS (1c) or {trans-(n’-C;H,)PH{PEt,),-
Cl},Fe (3) with CO

These reactions were carried out by a procedure
similar to that of 1a.

Compound 2b: Red-orange crystals, yield 89%, m.p.
161-162°C. IR (KBr) (cm~"): 1590 »(C=0). '"H NMR
(CDCl,) 8: 4.69 (s, 2H, CsH,); 4.27 (s, 2H, C;H,);
416(s 5H, C,Hj;); 2.00- 176(m 12H, CH,); 1.13
(quintet, J =8 Hz, 18H, CH )ppm C NMR (CDCl )
8: 214.3 (s, CO); 96.7 (¢, ° c=5Hz, C;H, tpso)
69.2 (s, C5Hy); 69.2 (s, CH) 68.6 (s, CH) 15.0
t, 7=17 Hz CH,); 7.9 (s, CH,) ppm. *'P NMR
(CDCl,) 6: 18.75 (s Vop = 3058 Hz) ppm. Anal.
Found: C, 38.13; H, 5.25; Br, 11.04; P, 8.78%. Calc. for
C,;H,,BrFeOP,Pt: C, 38.14; H, 5.43; Br, 11.03; P,
8.55%.

Compound 2¢: Red crystals, yield 93%; m.p. 146—
147°C. IR (KBr) (cm™"): 2120 »(C=N); 1595 »(C=0).
'H NMR (CDCl,) &: 4.61 (1, J =2 Hz, 2H, C,H,);
4.29 (t, J=2 Hz, 2H, CsH,); 4.14 (s, 5H, CsH,);
1.82-1.65 (m, 12H CH ) 1.16 (quintet, J= 8 Hz
18H, CH,) ppm. °C NMR (CDCl,) 8: 216.3 (s, CO);
137.6 (s, SCN); 97.0 (t, *Jp_¢ —4 Hz, C;H, ipso);
69.2 (s, CsHy); 68.9 (s, C;H ) 68.8 (s, C H4) 15.0
(t, J ~16 Hz, CH,); 7.9 (s CH,) ppm. *'P NMR
(CDCl,) 6: 19.81 (s 'Jp_p=2993 Hz) ppm. Anal.
Found: C, 41.25; H, 5.47; N 2.14; P, 8.80; S, 4.56%.
Calc. for C,,H;;FeONP,PtS: C, 41.03; H, 5.60; N,
1.99; P, 8.82; S, 4.56%.

Compound 4: This compound was purified by chro-
matography on silica gel using chloroform as an eluent.
Orange crystals, yield 84%; m.p. 147-148°C. IR (KBr)
(em™1'): 1590 »(C=0). 'H NMR (CDCl,) §: 4.63
(t, J =2 Hz, 4H, C;H,); 4.26 (t, J = 2 Hz, 4H, C;H );
1.90-1.72 (m, 24H CH,); 1.13 (quintet, J= 8 Hz
36H, CH,) ppm. ' C NMR (CDCl,) 6: 213.4 (s, CO);
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97.8 (t, 'Jp_c =5 Hz, CsH, ipso); 70.4 (s, CsH,); 69.6
(s.CsH,); 144 (1, J = 6 Hz, CH ,); 7.9 (s, CH,) ppm.

P NMR (CDCl,) 8: 19.33 (s, J,,l » = 3046 Hz) ppm.
Anal. Found: C, 36.67; H, 5.81; Cl. 6.27; P, 10.77%.
Calc. for C, H,Cl,FeO,P,Pt,: C, 36.84; H, 5.84; Cl,
6.04; P, 10.56%.

3.7. Reaction of trans-FcPH{PEL,),Cl (la) with an
equimolar amount of p-tolyl isocyanide

To a solution of 1a (158 mg, 0.242 mmol) in 20 ml
of 1,2-dichloroethane was added p-tolyl isocyanide (32
mg, 0.273 mmol) and the mixture stirred under reflux
for 6 h. After removal of the solvent, the residue was
chromatographed on an alumina column with chloro-
form. Recrystallization from toluene /hexane gave red
crystals of rrans-5a (89 mg, yield 48%); m.p. 195—
197°C. IR (KBr) (cm™'): 1550 »(C=N). 'H NMR
(CDCl,) 6: 7.66 (d, J =9 Hz, 2H, Ar); 7.09(d, J=9
Hz, 2H, Ar); 4.75 (s, 2H, CsH,); 4.21 (s, 5H, C4Hy);
4.20 (s, 2H. CH,); 2.30 (s, 3H, ArCH,); 1.77-1.57
(m, 12H, CH ) 1.02 (quintet, J =8 Hz, 18H,
PCH,CH )ppm *C NMR (CDCl,) 8:173.8 (s, C=N);
151.5 (s. ipso C of Ar bound to —~N=C); 133.2 (s, ipso
C of Ar bound to CH,); 128.6 (s, Ar); 121.2 (s, Ar);
97.5 (s, ipso C of CsH,); 70.8 (s, CsH,); 69.4
(s, CsHy); 67.3 (s, CH) 20.9 (s, ArCH) 15.1
(t, /=17 Hz, CH,); 80(s PCH,CH,) ppm. *'P NMR
(CDCly) 8: 14. 90 (s, 'Jp_ p—2904 Hz) ppm. Anal.
Found: C, 46.56; H, 6.02; Cl, 4.54; N, 1.73; P, 8.01%.
Calc. for C, H,,CIFeNP,Pt:: C, 46.85; H, 6.03; Cl,
4.61; N, 1.82: P, 8.06%.

3.8. Reaction of trans-FcP{PEt;),Cl (la) with an
equimolar amount of p-methoxyphenyl, 2,6-xylyl or p-
nitrophenyl isocyanide

These reactions were carried out by a procedure
similar to that with p-tolyl isocyanide.

trans-5b: Red—orange crystals, yield 60%; m.p. 167-
168°C. IR (KBr) (cm™'): 1550 »(C=N). 'H NMR
(CDCl,) 8: 7.78 (d, J =9 Hz, 2H, Ar); 6.85(d, /=9
Hz, 2H. Ar); 473 (t, J = 2 Hz, 2H, C4H,); 4.21 (s, 5H,
C;Hs); 4.20 (s, 2H, CsH,); 3.80 (s, 3H, OCH,);
1.78-1.58 (m, 12H, CH ); 1.03 (quintet, J =8 Hz,
18H, CH,CH,) ppm. C NMR (CDCl,) 8: 172.8
(s, C= N) 156.7 (s, ipso C of Ar bound to OCH,);
147.6 (s. "Jy_¢ = 73 Hz, ipso C of Ar bound to ~N= C)
122.4 (s, Ar); 113.5 (s, Ar); 97.5 (s, ipso C of C;H));
70.8 (s, C;H,); 69.4 (s, C;Hy); 67.4 (s, C;H,); 55.6
(s, OCH,); 15.0 (t, J = 16 Hz, CH,); 8.1 (s, CH,CH,)
ppm. I NMR (CDCl,) §: 14.87 G, Ui P_2904 Hz)
Anal. Found: C, 46.10; H, 5.92; CI, 459; N, 1.77; P,
8.03%. Calc. for C, H,,CiFeNOP,Pt: C, 45.9(); H,
5.91; Cl, 4.52; N, 1.78; P, 7.89%.

trans-5¢: Red-orange crystals, yield 30%; m.p. 203~
205°C. IR (KBr) (ecm™'): 1555 »(C=N). 'H NMR
(CDCl,) &: 6.98 (d, J =8 Hz, 2H, Ar); 6.85 (t, /=28
Hz, 1H, Ar); 4.87 (t, J=2 Hz, 2H, C,H,); 4.26
(t, J=2 Hz, C{H,); 4.20 (s, SH, C4Hs); 2.58 (s, 6H,
ArCH,); 1.67~ l62(m 12H, CH,); 1.01 (quintet, J = 8
Hz, 18H, CH,CH,) ppm. e NMR (CDCI,) 6: 170.3
(s, C=N); 150.1 (s ipso C of Ar bound to ~N=C);
128.6 (s, Ar); 128.3 (s, ipso C of Ar bound to CH,);
122.4 (s, Ar); 1005 (s, ipso C of C,H,); 71()
(s, CsH,), 69.0 (s, CsHy); 67.0 (s, CH) 219
(s, ArCH;); 155 (¢, J= 16 Hz, CH, ) 84(8 CH,CH;)
ppm. "'P 1 NMR (CDCL,) 6: 13.95 s, Jor_p = 3004 Ha)
ppm. Anal. Found: C, 47.52: H. 6.12; CI, 4.33; N, 1.66:
P, 7.86%. Calc. for C,H 4CIFeNP,Pt: C. 47.55; H
6.18; Cl, 4.53; N, 1.79; P, 7.91%.

cis-5d: Red crystals, yield 70%; m.p. 192-193°C. IR
(KBr) (cm™"): 1550 »(C=N). 'H NMR (CDCI,) é:
8.18 (d, J =9 Hz, 2H, Ar); 7.76 (d, J =9 Hz, 2H, Ar):
497 (s, 1H, C5H,); 4.90 (s, 1H, C;H,); 4.35 (s. IH,
CsH,); 4.34 (s, 5H, CHy); 428 (s, 1H, CsH,); 1.99-
1.92 (m 6H, CH,); 161 (quintet, J =8 Hz, 6H, CH,);
115 (dt, Jy_,, = 8 Hz, JP . = 16 Hz, 9H, CH.): 0.68
(dt, J,,_,, = 8 Hz, JP w= 17 Hz. 9H. CH CH)ppm
“C NMR (CDC1,) 8:200.4 (dd, *Jp_c =106, 5 Hz,
C=N); 161.7 (d, "J,_ = 8 Hz, ipso C of Ar bound to
~N=C); 142.4 (s, ipso C of Ar bound to NO,); 124.1
(s, Ar); 122.1 (s, Ar); 93.7(d, *J,_ = 15 Hz, tpsoCof
CsH,); 72.7 (s, C;H,); 70.4 (s, CH andCH 4); 69.0
(s CH) 683(5 CH) l73(dd JP C~38 Hz,

Jp_c =3 Hz,CH,), 141((1 Jl, ~—27HZ CH,); 7.9
(s, CH,): 7.4 (s. CH,) ppm. P NMR (CDCI,)
8: 13.90 (d, 'y _p= 1588 Hz, *Jp_, = 18 Hz); 9.54
(d,'Jy_p=4219Hz,"J,_, = 18 Hz) ppm. Anal. Found:
C, 43.64; H, 5.49; Cl, 4.45; N, 3.32; P, 7.76%. Calc. for
CH ;CIFeN,0,P,Pt: C, 43.54; H. 5.42; Cl. 4.43; N,
3.50; P, 7.74%.

3.9. Reaction of {trans-(m’-CH,)PPELt,),Cl},Fe (3)
with 2 equiv. of p-tolyl isocyanide

Treatment of 3 similar to that of 1a afforded 6 as red
crystals in 38% yield; m.p. 217-218°C. IR (KBr)
(em™"): 1545 »(C=N). 'H NMR (CDCl,) &: 7.69
(d, =9 Hz. 4H, Ar); 7.09 (d, / =9 Hz, 4H, Ar); 4.78
(s, 4H,C H,); 4.29 (s, 4H, C5H,); 2.30 (s, 6H, ArCH,);
1.75-1.59 (m, 24H, CH,); 1.03 (quintet, J =8 Hz,
36H, PCH,CH,) ppm. "C NMR (CDCl,) &: 173.8
(s, C=N); 151.3 (s, ipso C of Ar bound to —N=C);
133.4 (s, ipso C of Ar bound to CH,); 128.7 (s, Ar);
121.2 (s, Ar): 97.1 (s, ipso C of C;H,); 71.3 (s, CsH, ),
71.2
(s, C4H,); 209 (s, ArCH,); 15.1 (t, J =16 Hz, CH,);
8.1 (s, PCH,CH,) ppm. 'P NMR (CDCI,) 8: 14.04
(s, Jp_p=2904 Hz) ppm. Anal. Found: C 44.68; H,
596; Cl, 497, N, 1.83; P, 9.13%. Calc. for
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CyoHy,Cl,FeN,P,Pt,: C, 44.42; H, 6.11; CI, 5.24; N,
2.07; P, 9.16%.

3.10. Reaction of trans-FcP{PEt;),Cl (1a) with 0.7
equiv. of p-tolyl isocyanide

Complex 1a (241 mg, 0.369 mmol) was treated with
p-tolyl isocyanide (34 mg, 0.290 mmol) under reflux in
20 ml of 1,2-dichloroethane for 6 h. The solvent was
evaporated under reduced pressure and the residue puri-
fied by column chromatography on alumina using chlo-
roform as an eluent. Recrystallization from toluene /
hexane gave red crystals of cis-5a (86 mg, yield 39%)
m.p. 167-168°C. IR (KBr) (cm™'): 1550 »(C=N). 'H
NMR (CDCl,) §8: 7.56 (d, J = 8 Hz, 2H, Ar); 7.02 (d,
J =8 Hz, 2H, Ar); 493 (t, J =1 Hz, 1H, C,H,); 4.85
(s, 1H, C4H,); 4.28 (s, 5H, C,H,); 421-4.19 (m, 1H,
C,H,); 4.15 (s, 1H, CsH,); 2.26 (s, 3H, ArCH,);
1.93-1.86 (m, 6H, CH) 1.59-1.46 (m, 6H, CH,);
1.12 (dt, Jy_y = 8 Hz, J,_y = 16 Hz, 9H, PCH CHj)
0.57 (dt, J;_y =8 Hz, JP u =17 Hz, 9H, PCH ,CH,)
ppm BC NMR (CDC1,) 8: 1942 (4, o o= — 106 Hz,

=N); 153.3 (d, “J,_ = 10 Hz, ipso C of Ar bound to
—N C); 131.7 (s, ipso C of Ar bound to CH,); 128.5
(s, Ar); 1222 (s, Ar); 94.4 (d, *J,_c = 17 Hz, ipso C of
CH,); 72.7 (s, CsH,); 70.3 (s, CsH,); 69.8 (s, CsH,);
68.2(s CsH,); 676(s C;H,); 20.9 (5, ArCH 3); 17.4
(dd, 'J,_ C—-38 Hz, °J Jo_c=3 Hz, CH) 14.1
d, Jp_c=25 Hz, CH,); 7.9 (s, CH CH) 7.1 G,
CH,CH )pg)m 'P NMR (CDCl,) 3: 14.53 d, Jp_p

1559 Hz, “J,_, = 18 Hz); 9.46 (d 'Jo_p = 4337 Hz,
®Jo_p =18 Hz) ppm. Anal. Found: C, 46.66; H, 6.04;
Cl, 4.55; N, 1.72; P, 8.03%. Calc. for
C,,H CIFeNP,Pt: C, 46.85; H, 6.03; CI, 4.61; N, 1.82;
P, 8.06%.

3.11. Reaction of mans-FcP{PEt;),Cl (1a) with 1.1
equiv. of p-nitrophenyl isocyanide

Similar treatment of la (42 mg, 0.64 mmol) with
p-nitrophenyl isocyanide (11 mg, 0.074 mmol) afforded
trans-5d (40 mg, yield 78%); m.p. 200-201°C. IR
(KBr) (cm™'): 1540 »(C=N). '"H NMR (CDClL,) 6:
8.19(d, J=9 Hz, 2H, Ar); 7.76 (d, J =9 Hz, 2H, Ar);
4.78 (s, 2H, C;H,); 4.29 (s, 2H, C H,); 4.21 (s, 5H,
C,Hy); 230 (s, 3H, ArCH;); 1.76-1.64 (m, 12H,
CH, ) 1.02 (quintet, J = 8 Hz, 18H, PCH,CH,) ppm.
Pc NMR(CDCI ) 8:183.1 (s, C=N), 1594(s ipso C
of Ar bound to N C); 143.3 (s, ipso C of Ar bound to
NO,); 124.2 (s, Ar); 121.0 (s, Ar); 96.7 (s, ipso C of
CH)710(SCH)696(SCH)682(SCH)
150(t J=17 Hz, CH%) 8.0 (s, CH )ppm 'P NMR
(CDCl,) 6: 1593 (s, 'Jp,_p=2821 Hz) ppm. Anal
Found: C, 43.60; H, 5.41; Cl, 4.55; N, 3.69; P, 7.71%.
Calc. for CyH ;,CIFeN,O,P,Pt: C, 43.54; H, 5.42; Cl,
4.43; N, 3.50; P, 7.74%.

3.12. Reaction of trans-FcP{PEt;),Cl (1a) with 0.7
equiv. of 2,6-xylyl isocyanide

Similar treatment of 1a (206 mg, 0.316 mmol) with
2,6-xylyl isocyanide (30 mg, 0.228 mmol) afforded a
mixture of trans- and cis-5c. Although cis-5¢ was not
isolated due to the low yleld its existence was detected
by the appearance m the >'P NMR spectrum of the
signal at & 12. 73 d, Jop= 508 Hz, Jp p = 17 Hz);
and 17.11 (d, 'Jp,_p = 4356 Hz, =17 Hz) ppm.

3.13. X-ray crystallographic studies of 2a and cis-5d

Single crystals of 2a and Sd suitable for an X-ray
diffraction analysis were obtained by slow evaporation
of benzene solutions, and mounted on glass fibers with
epoxy resin. Diffraction measurements were made on a
Rigaku AFC5R diffractometer with graphite monochro-
mated Mo K a radiation (A =0.71069 A) using an
w-26 scan technique with a scan rate of 8 deg min™".
Unit cells were determined and refined by a least-square
method using 24 reflections in the range 18° < 26 < 25°
for 2a and 25 reflections in the range 34° <26 < 35°
for 5d. The data for weak reflections [7 < 100 (1)] were
measured three times and averaged. Three standard
reflections were monitored at every 150 measurements
and no damage was observed. Intensities were corrected
for Lorentz and polarization effects and an empirical
absorption correction was made using the y-scan tech-
nique.

Complexes 2a and 5d crystallized in the orthorhom-
bic and triclinic systems, respectively. The positions of
the metal atoms were located by the Patterson method.
Subsequent difference Fourier maps revealed the posi-
tions of all the non-hydrogen atoms. All non-hydrogen
atoms were refined anisotropically and all hydrogen
atoms were included at the calculated positions using
isotropic thermal parameters. The final cycles of full-
matrix least-squares refinement were converged, and
the largest parameter shifts against errors were 0.27 for
2a and 0.63 for 5d, respectively. The unweighted
and weighted agreement factors were R =
SIWFI-IF.11/X|F/| =0031 and R, =
[Sw(|F,|—|F,1)*/owF2]'/* = 0.024 for 2a, and R
=0.022 and R, = 0.019 for 5d, respectively. All calcu-
lations were performed on a VAX 3100 station using
the TEXSAN crystallographic software package.

Acknowledgments

We are grateful for support of this work by the
Grant-in-Aid for Scientific Research on Priority Area of
Reactive Organometallics No. 05236106 from the Min-
istry of Education, Science and Culture, Japan.



T. Yoshidu et al. / Journal of Organometallic Chemistry 511 (1996) 4757 57

References

[1] LP. Collman, L.S. Hegedus, J.R. Norton and R.G. Finke, Prin-
ciples and Applications of Organotransition Metal Chemistry,
University Science Books Mill Valley, CA, 1987.

[2] A.A. Wojcicki, Adv. Organomet. Chem. 11 (1973) 87; F.
Calderazzo, Angew. Chem., Int. Ed. Engl., 16 (1977) 299; E.J.
Kuhlmann and J.I. Alexander, Coord. Chem. Rev., 33 (1980)
195.

[3] P.M. Treichel, Adv. Organomet. Chem., 11 (1973) 21; Y.
Yamamoto and H. Yamazaki, Coord. Chem. Rev., 8 (1971) 225;
E. Singleton and H.E. Oosthuizen, Adv. Organomet. Chem., 22
(1983) 209.

[4] S. Tanaka, T. Yoshida, T. Adachi, T. Yoshida, K. Onitsuka and
K. Sonogashira, Chem. Let., (1994) 877; K. Onitsuka, T.
Yoshida and K. Sonogashira, Chem. Lett., (1995) 233,

[5] T. Yoshida, T. Tanaka, T. Adachi, T. Yoshida, K. Onitsuka and
K. Sonogashira, Angew. Chem., Int. Ed. Engl., 34 (1995) 319.

[6] A.G. Orpen, L. Brammer, F.H. Allen, O. Kennard, D.G. Watson
and R. Taylor, J. Chem. Soc., Dalton Trans., (1989) S1.

[7] G. Booth and J. Chatt, J. Chem. Soc. A, (1966) 634.

[8] G.K. Anderson and R.J. Cross, Acc. Chem. Res., 17 (1984) 67.

[9] E.O. Fischer, M. von Foerster, C.G. Kreiter and K.E.
Schwarzhaus, J. Organomet. Chem., 7 (1967) 113.

[10] K. Onitsuka, N. Hosokawa, T. Adachi. T. Yoshida and K.
Sonogashira, Chem. Lett., (1994) 2067.

[11] K.P. Wagner, P.M. Treichel and J.C. Calabrese, J. Orgunomet.
Chem., 71 (1974) 299.

[12] K. Onitsuka, K. Murakami, K. Matsukawa and K. Sonogashira,
J. Organometr. Chem., 490 (1995) 117.

{13} Y. Yamamoto and H. Yamazaki, Bull. Chem. Soc. Jpn., 43
(1970) 2653; Y. Yamamoto and H. Yamazaki, Bull. Chem. Soc.
Jpn., 44 (1971) 1873; P.M. Treichel, K.P. Wagner and R'W.
Hess, Inorg. Chem., 12 (1973) 1471,

[14] Z. Dawoodi, C. Eaborn and A. Pidcock, J. Organomet. Chem.,
170 (1979) 95.

[15] W.P. Weber and G.W. Gokel, Tetrahedron Lett., (1972) 1637.



