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The complexes [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)PdR] (R = alkyl, aryl) have been obtained either by treatment

of [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)PdCl] 1a with organolithium or Grignard reagents or, in the case where

R = Me, by reaction of [PdCl(Me)(COD)] (COD = 1,5-cyclooctadiene) with the metallate K[Fe{Si(OMe)3}(CO)3-
(dppm-P)] 2a. When dppa was used as an assembling ligand, reaction of the hydrido complex mer-[HFe-
{Si(OMe)3}(CO)3(dppa-P)] 7b with [PdCl(Me)(COD)] or [Pd(η3-allyl)(µ-Cl)]2 proceeded via elimination of

methane or propene, respectively, to afford [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdCl] 1b and not via HCl

elimination which would have resulted in hydrocarbyl complexes. However, reaction of 7b with [PdX(R)(TMEDA)]
(X = Cl, R = Me; X = I, R = Ph; TMEDA = Me2NCH2CH2NMe2) afforded the hydrocarbyl complexes

[(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdMe] 3b or [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdPh] 5b. The

latter and [(OC)3{(MeO)3Si}Fe(µ-dppa)Pd(η3-allyl)] 8b were obtained by reaction of the carbonylmetallate 
2b with [PdCl(Me)(COD)], [PdI(Ph)(TMEDA)] or [Pd(η3-allyl)(µ-Cl)]2, respectively. The stabilizing but labile four-
membered µ-η2-SiO→Pd bridging interaction facilitates CO insertion into the Pd–Me bond of 3a or 3b to afford the

corresponding acetyl complexes. For comparison, [(OC)3{(MeO)3Si}Fe(µ-dppm)Pd(8-mq)] 6a which contains a
stable five-membered (C,N) chelate at Pd did not insert CO under similar conditions. The reaction of CO with the
benzyl derivative [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)Pd(CH2Ph)] 4a was more complex since the resulting acyl

[(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)Pd{C(O)CH2Ph}] 11a rearranged into the µ-siloxycarbene complex

[(OC)3Fe{µ-C(CH2Ph)OSi(OMe)3}(µ-dppm)Pd(CO)] 12a. Comparisons are made between complexes containing
dppm or dppa and different R groups. The structures of complexes 1b, 5b�THF and 6a�hexane have been determined
by X-ray diffraction.

Introduction
Insertion reactions of small molecules into metal–carbon
bonds represent elementary steps of considerable importance
in organometallic chemistry and homogeneous catalysis.1

Palladium complexes in particular have been widely studied
from both a mechanistic and synthetic point of view.2 These
steps are involved in numerous stoichiometric and catalytic
reactions, such as the Heck reaction,3 carbonylation,4 alternat-
ing polyketone synthesis (with the commercial developments of
Carilon by Shell and Ketonex by BP Chemicals) 5 or olefin
(co)-oligo- or -polymerization.6 Whereas mononuclear pal-

† Supplementary data available: rotatable 3-D crystal structure diagram
in CHIME format. See http://www.rsc.org/suppdata/dt/1999/4175/

ladium derivatives are attracting considerable attention,
investigations on palladium-containing heterometallic com-
plexes are scarce although they would provide interesting
comparisons with the former. As part of our interest in the
chemistry of heterobimetallic silyl complexes,7 we have studied
the insertion of small molecules such as CO, isocyanides or
olefins into the palladium–alkyl bond of Fe–Pd complexes
(Scheme 1) and of alkenes into the corresponding palladium–
acyl bond, as well as alkynes into the platinum–acyl bond of
related Fe–Pt complexes.8

These reactions proceed under mild conditions, via a mechan-
ism which involves the hemilability of the alkoxysilyl ligand
bound to the iron centre: opening of the SiO→Pd interaction
releases a vacant coordination site at the palladium centre that
becomes available to an incoming substrate (A) whereas, after
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insertion has occurred, the Fe–Si–O→Pd four membered ring
is restored, thus stabilizing the product (B, Scheme 1). In this
manner, polyketones and poly(iminomethylenes) have been
prepared from CO/olefins and from isocyanides, respectively.8a A
reaction mechanism also based on the hemilability of the
–Si(OMe)3 ligand has been proposed for the dehydrogenative
coupling of tin hydrides catalyzed by heterobimetallic alkoxy-
silyl and siloxy Fe–Pd complexes, for which the predominant
influence of the nature of the silyl ligand has been established.9

In order to develop further this insertion chemistry, a general
access to “Fe–Pd–C” systems appeared desirable. We report
here such investigations, with an emphasis on the use of the
assembling ligands bis(diphenylphosphino)methane (dppm)
and bis(diphenylphosphino)amine (dppa) in order to prevent
(or retard) fragmentation during reaction into mononuclear
complexes—a process well known to occur readily during
reactivity studies with unsupported bimetallic complexes10—
and to evaluate the influence of the assembling ligand on the
synthesis and reactivity of the complexes. Some of the synthetic
methods efficiently used in the case of Fe–Pd dppm complexes
could not be applied to their dppa counterparts, owing to the
relative acidity of the N–H function. Thus, an alternative
approach had to be considered. In the numbering of the
complexes, the letters a and b will refer to the dppm and
dppa series, respectively.

Results and discussion
Dppm-bridged Fe–Pd–alkyl and –aryl complexes

The complexes [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)PdR] (R =

alkyl, aryl) have been prepared either by treatment of the known

chloro complex [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)PdCl]

1a 11 with organolithium or Grignard reagents or in the case
where R = Me by reaction of [PdCl(Me)(COD)] (COD = 1,5-
cyclooctadiene) with the metallate K[Fe{Si(OMe)3}(CO)3-
(dppm-P)] 2a (Scheme 2).

Thus, reaction of 1a with MeLi, in THF at 253 K,
led to the bright yellow methyl complex [(OC)3-

Fe{µ-Si(OMe)2(OMe)}(µ-dppm)PdMe] 3a which has a moder-

ate solubility in Et2O but is very soluble in THF, CH2Cl2 or
toluene. The yield of this reaction did not exceed 25% and we
assume that this is in part due to competing side-reactions, such
as nucleophilic attack of MeLi on the iron carbonyl ligands.
In order to circumvent this problem, we reacted 2a with
[PdCl(Me)(COD)] (Scheme 2). IR monitoring of this reaction
revealed the rapid and almost quantitative formation of 3a

Scheme 1

within 10 min. After workup, the latter was obtained in ca. 75%
yield. Note that contrary to the very stable Pt ethyl derivative

[(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)PtEt],12 the Fe–Pd–Et

analogue of 3a could not be obtained by treatment of 1a with
EtMgBr. Instead, rapid decomposition to unidentified products
and black insoluble materials (Pd0) was observed, probably
owing to facile β-elimination. However when benzyl mag-
nesium chloride was employed (THF, 253 K), yellow-orange

[(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)Pd(CH2Ph)] 4a was

obtained in 68% yield. The heterobimetallic complexes 3a and
4a are stable and may be kept as solids in the air or in solution
under nitrogen for several hours without significant decom-
position. This behaviour contrasts with that of numerous
mononuclar Pd–alkyl complexes which tend to rapidly
decompose under similar conditions. When 3a was treated with
small amounts of MeOH or water, no elimination of methane
was observed. Slow cleavage of the Pd–alkyl bond was however
observed after several days in CDCl3 on exposure to light, with
formation of 1a. Surprisingly, attempts to prepare the aryl

complex [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)PdPh] 5a by

treatment of 1a with PhLi or PhMgX were unsuccessful. How-
ever, slow formation of 5a was observed (31P{1H} NMR moni-
toring and comparison with an authentic sample, see below)
when 1a was reacted with NaBPh4 in THF but decomposition
products appeared before completion of the reaction. Selected
spectroscopic data for the new complexes are given in Table 1.

The presence of a µ-η2-Si–O interaction with the Pd centre in
3a was indicated by the very broad 1H NMR resonance at δ 3.91
for the nine methoxy protons in C6D6 at 298 K. Although this
signal sharpens when raising the temperature, it remains broad
even at 333 K, indicating a slow exchange of the methoxy
groups on the NMR time scale. The singlet at δ 0.82 was
assigned to the Pd-methyl protons and the triplet at δ 3.49 to
the dppm methylenic protons. The resonance of the methoxy

Scheme 2
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Table 1 Selected 31P{1H} NMR (ppm, Hz) and IR data (cm�1)

Complex δ PFe δ P a 2 � 3J(PP) ν(CO)

2a b

2b b

3a
3b
4a
5a
5b
6a
7a
7b
8a
8b
9

10a
10b
11a
16a

74.2
123.9
63.5

113.9
60.7
61.7

114.5
63.0
52.1

103.1
67.1

119.1
113.9
65.2

115.5
63.4
66.0

�23.8
27.6
42.2
84.0
36.3
33.9
79.3
32.7

�24.7
33.0
27.7
79.4

101.1
26.7
69.6
25.5
18.7

79
31
51 d

53 e

53 e

51 f

52 f

72 g

104 f

58 d

106 g

116 f

61 d

55 e

59 e

56 e

89 e,k

1919w, 1824vs c

1928w, 1840vs c

1956m, 1892s, 1862vs c

1963m, 1899s, 1877s c

1955s, 1893s, 1864vs c

1959s, 1894s, 1866vs c

1965s, 1925m, 1893s c

1945s, 1870vs, 1838vs c

2042w, 1982s, 1975vs h

2054w, 1990sh, 1981vs i

1956s, 1889m, 1861vs j

1960m, 1885s, 1874s c

2006s, 1964s, 1925w c

1958s, 1893vs, 1864vs, 1678m c

1965s, 1901vs, 1878vs, 1676m c

1958m, 1895s, 1865vs, 1678m, br c

2176m, 1949m, 1877s, 1850vs, 1690m c

a P atom of the dppm or dppa ligand coordinated to Pd except in 2a,b and 7a,b (dangling); b as the [HNEt3]
� salt; c in CH2Cl2; 

d in CH2Cl2/C6D6;
e in CDCl3; 

f in acetone-d6; 
g in CH2Cl2/acetone-d6; 

h in Et2O; i in hexane; j in THF; k recorded at 243 K.

protons began to split below the coalescence temperature (ca.
273 K in CDCl3) and at 233 K, two distinct singlets were
observed at δ 3.77 and 3.68 in a 2 :1 ratio. The narrow singlet at
δ 3.76 for the Si(OMe)3 resonance of the benzyl derivative 4a in
CDCl3 at 298 K indicates a fast exchange regime. A significant
broadening of the Si(OMe)3 resonance was also observed in the
13C{1H} NMR spectrum of 3a, where the signal appeared at
δ 50.7. In contrast, the singlet assigned to the Pd-bound methyl
group at δ 15.7, the doublet of doublets of the dppm-methylene
carbon at δ 47.3, and the two doublets of the iron carbonyls at
δ 215.9 and 213.4 (in a 2 :1 ratio) were all well resolved. The
methoxy 13C{1H} resonance of the benzyl derivative 4a
appeared however as a narrow singlet at δ 50.8. As expected, the
31P{1H} NMR resonances for 3a and 4a show an AX pattern
for the phosphorus nuclei bound to Fe (δ 63.5 and 60.7) and Pd
(δ 42.2 and 36.3), respectively. They display a typical 2 � 3J(PP)
coupling of ca. 52 Hz generally observed in Fe–Pd bimetallics
showing this type of µ-η2-Si–O interaction 7,12 (see below).

An interesting comparison between the competing coordin-
ation properties of an oxygen atom and a nitrogen donor was
provided by the reaction of 2a with the dimeric, halide-bridged
cyclopalladated complex [Pd(8-mq)(µ-Cl)]2 which contains a
chelating 8-methylquinoline ligand (8-mq). Addition of 2
equivalents of 2a to a slurry of [Pd(8-mq)(µ-Cl)]2 in THF led to
rapid formation of the very stable, bright yellow compound

[(OC)3{(MeO)3Si}Fe(µ-dppm)Pd(8-mq)] 6a in 92% yield
(eqn. (1)).

The 31P{1H} NMR spectrum of 6a differed markedly from
those of the methyl and benzyl derivatives 3a and 4a
(2 � 3J(PP) = 51 and 53 Hz respectively) by its large 2 � 3J(PP)
coupling of 72 Hz. Coordination of the nitrogen was evidenced
in the 1H NMR spectrum in CDCl3 by a broadened triplet at δ
9.96 for the ortho proton of the pyridine ring, which shows a
coupling of 3.9 Hz with the P nucleus on Pd. The CH2 protons
of the dppm ligand appear as a doublet of doublets at δ 3.83
and the equivalent CH2 protons of the quinoline ring give rise

to a doublet at δ 2.93 owing to a cis-coupling of 3J(PH) = 4.2
Hz. The sharp Si(OMe)3 resonance at δ 3.55 did not broaden
upon cooling to 253 K, in agreement with the absence of any
significant SiO→Pd interaction in solution. Formation of a

five-membered chelate ring Pd–C–C–C–N is obviously prefered

here over that of a four-membred ring Fe–Si–O→Pd although
we have noted previously that the latter interaction is able to
displace a pyridine-type ligand.12b The relatively low values
found for the ν(CO) vibrations at 1945, 1870 and 1838 cm�1 in
CH2Cl2 reflect the donor properties of the C,N chelate and are
indicative of semi-bridging carbonyl interaction(s) with the
Pd centre. The structure of 6a�hexane has been determined
by X-ray diffraction. A view of the structure is depicted in
Fig. 1 and selected interatomic distances and angles are given in
Table 2.

Both the geometries at the metal centres, square planar at Pd
and octahedral at Fe, are severely distorted. The coordination
around the Pd atom involves the Fe atom, the P(1) atom from
the dppm bridging ligand and, as expected, the N and C(32)
atoms from the metallated 8-methylquinoline which acts as a
chelating ligand. Both the bite angle N–Pd–C(32) of the che-
late, 81.8(5)�, and the P(1)–Pd–C(32) angle, 82.8(5)�, are very
acute, whereas the Fe–Pd–N angle is very large, 105.5(3)�. The
quinoline moiety and the chelate ring are perfectly coplanar.

Fig. 1 ORTEP 34 view of the structure of the complex 6a in 6a�hexane
together with the atomic numbering scheme. The ellipsoids for the
atoms are drawn at the 30% probability level.
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The Fe–Pd bond length, 2.850(2) Å, is significantly longer than
in related structures containing a (OC)3(Si)Fe(P)–PdP fragment
(cf. 2.582(1) Å in 1a).8b,11,13 There are no bonding interactions
between the Pd atom and the Si(OMe)3 group. The short
Pd � � � C(6) contact, 2.569(14) Å, more than the value of the
Pd–C(6)–O(6) angle, 107.2(9)�, may be indicative of a semi-
bridging character of a carbonyl ligand.

Dppa-bridged Fe–Pd–alkyl and –aryl complexes

For comparative purposes, we set out to prepare dppa-
bridged Fe–Pd–alkyl and –aryl alkoxysilyl complexes by
using the methodology described above for their dppm
analogues. This required the use of the chloro complex

[(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdCl] 1b as precursor.

This complex has been previously prepared from [PdCl2(COD)]
and the carbonylmetallate [HNEt3][Fe{Si(OMe)3}(CO)3-
(dppa-P)] 2b (Scheme 3),14 itself obtained by deprotonation
of mer-[HFe{Si(OMe)3}(CO)3(dppa-P)] 7b with NEt3. Use of
stronger bases, such as KH, led to concomitant deprotonation
of the amine function of the dppa ligand. Note that 7b, which
is a highly air- and moisture-sensitive oil, tends to decompose
upon loss of CO to give the hydrido, chelated complex
[HFe{Si(OMe)3}(CO)2(dppa-P,P�)]. This behaviour contrasts
with that of its dppm analogue for which reductive elimination
of HSi(OMe)3 and formation of [Fe(CO)3(dppm-P,P�)] were
observed instead.

Direct treatment of the hydrido complex 7b with [PdCl(Me)-
(COD)] or [Pd(η3-allyl)(µ-Cl)]2 selectively led to 1b in higher
yields than the anionic route (Scheme 3). These reactions pro-
ceed via clean elimination of methane or propene, respectively,
and avoid previous deprotonation of 7b. It is interesting that an
alternative reaction pathway consisting of HCl elimination and
formation of the hydrocarbyl complexes 3b or 8b was not
observed (Scheme 3). The alkoxysilyl ligand in 1b adopts a µ-η2-
Si–O coordination mode as in 1a and exhibits a hemilabile
behaviour at room temperature, as shown in the 1H NMR spec-
trum by the broad signal at δ 3.70 due to the equivalence of the
three methoxy groups. This resonance shifted slightly upfield
and broadened upon progressive cooling until coalescence was
reached (Tc = 262 K, ∆G‡ = 54.15 ± 0.7 kJ mol�1).15 Below

Table 2 Selected bond lengths (Å) and angles (�) for [(OC)3{(MeO)3Si}-

Fe(µ-dppm)Pd(8-mq)] 6a�hexane

Pd–Fe
Pd–N
Fe–P(2)
Fe–C(4)
Fe–C(6)
P(2)–C(19)
Si–O(2)
O(1)–C(1)
O(3)–C(3)
O(5)–C(5)
N–C(38)

N–Pd–C(32)
P(1)–Pd–N
Fe–Pd–N
Pd–Fe–C(6)
Pd–Fe–C(4)
Pd–Fe–P(2)
C(4)–Fe–C(6)
Si–Fe–C(6)
Si–Fe–C(4)
P(2)–Fe–C(5)
P(2)–Fe–Si
Fe–P(2)–C(19)
C(38)–N–C(39)
Fe–C(5)–O(5)
Pd–C(6)–O(6)
Pd–C(32)–C(33)

2.850(2)
2.15(1)
2.206(4)
1.735(15)
1.767(15)
1.82(1)
1.67(1)
1.33(2)
1.40(2)
1.19(2)
1.39(2)

81.8(5)
161.0(3)
105.5(3)
62.5(5)

172.4(5)
92.3(1)

109.9(7)
93.4(5)
78.5(5)
95.3(4)

164.8(2)
112.5(5)
118.3(12)
178.3(13)
107.2(9)
109.6(9)

Pd–P(1)
Pd–C(32)
Fe–Si
Fe–C(5)
P(1)–C(19)
Si–O(1)
Si–O(3)
O(2)–C(2)
O(4)–C(4)
O(6)–C(6)
N–C(39)

P(1)–Pd–C(32)
Fe–Pd–C(32)
Fe–Pd–P(1)
Pd–Fe–C(5)
Pd–Fe–Si
C(5)–Fe–C(6)
C(4)–Fe–C(5)
Si–Fe–C(5)
P(2)–Fe–C(6)
P(2)–Fe–C(4)
Pd–P(1)–C(19)
Pd–N–C(39)
Fe–C(4)–O(4)
Fe–C(6)–O(6)
Pd–C(6)–Fe

2.227(4)
2.061(14)
2.279(4)
1.763(16)
1.83(1)
1.66(1)
1.65(1)
1.43(2)
1.16(2)
1.17(2)
1.28(2)

82.8(5)
167.9(4)
91.6(1)
71.3(5)

101.8(1)
132.2(7)
116.2(7)
83.8(5)
98.4(5)
88.4(5)

116.2(4)
129.4(11)
176.6(14)
172.5(13)
79.9(5)

coalescence temperature, two signals were observed at δ 3.62
and 3.49 in a 2 :1 ratio. This contrasts with 1a for which coales-
cence was still not reached at 178 K. Comparison between the
31P{1H} NMR and IR data of 1a and 1b shows smaller down-
field shifts between coordinated and free phosphines for the
dppa than for the dppm derivatives and ν(CO) vibrations at
higher wavenumbers in 1b than in 1a (Table 3). These two
features are explained by dppa being a weaker electron donor
than dppm. Interestingly, the ν(Pd–Cl) vibration was observed
at 290 cm�1 for 1b instead of 270 cm�1 for 1a whereas [Pd2Cl2-
(µ-dppm)2]

16 and [Pd2Cl2(µ-dppa)2]
17 have similar ν(Pd–Cl)

vibrations (249 and 255 cm�1 respectively).
The structure of 1b was confirmed by an X-ray diffraction

study. A view of the structure is depicted in Fig. 2 and selected
interatomic distances and angles are given in Table 4. The Fe–
Pd bond distance, 2.554(4) Å, is slightly shorter than in the
dppm analogue 1a, 2.582(1) Å.11 The square-planar geometry
about the Pd centre is achieved by coordination of the O(4)
atom of the silyl moiety. The Pd–O(4) bond distance of
2.178(19) Å is longer than in 1a, 2.100(4) Å,11 but close to that

found in [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)Pd(SnPh3)],

2.165(2) Å.13 The Si–O(4) bond, 1.66(2) Å, is only slightly
elongated, compared to the other two Si–O bonds in the mole-
cule, 1.595(15) and 1.63(3) Å. This is a consequence of the
O(4)→Pd interaction. The Pd–Cl bond, 2.385(8) Å, is longer
than in 1a, 2.303(2) Å.11 The Fe centre has a distorted octa-
hedral environment with a trans-P–Fe–Si arrangement, P(1)–
Fe–Si 174.0(2)�. The distortion of the geometry at the iron
centre is reflected in the Si–Fe–Pd angle of 75.8(3)�, that is more
acute than in related complexes in which there is no SiO bridge,

such as 6a, 101.8(1)� or [(OC)3{(MeO)3Si}Fe(µ-dppm)Pd(η3-
allyl)] 8a, 93.38(4)�.13

Scheme 3
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Table 3 Comparison between selected 31P{1H} NMR (in CH2Cl2, ppm, Hz) and IR data (in CH2Cl2, cm�1) for 1a and 1b

Complex δ PFe ∆δ a δ PPd ∆δ a 2 � 3J(PP) ν(CO)

1a
1b

48.0 (d)
100.8 (d)

�70.0
�58.8

34.9 (d)
85.8 (d)

�56.9
�43.8

55
51

1995s, 1940vs, 1923s
2002s, 1946vs, 1935sh

a Coordination chemical shift (δcomplex � δfree ligand); dppm = �22 and dppa = 42 ppm.

Treatment of 1b with alkylating reagents (RLi, RMgX, SnR4,
etc.) did not afford the desired Pd–alkyl derivatives (Scheme 4).
Instead, either decomposition was observed or 1b was
recovered. The former may result from side reactions involving
the relatively acidic NH proton of dppa and/or the carbonyl

Fig. 2 ORTEP view of the structure of the complex 1b together with
the atomic numbering scheme. The ellipsoids for the atoms are drawn at
the 30% probability level.

Table 4 Selected bond lengths (Å) and angles (�) for [(OC)3-

Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdCl] 1b

Pd–Fe
Pd–Cl
Pd–O(4)
Fe–P(1)
Fe–C(1)
Fe–C(3)
P(1)–C(4)
P(2)–C(22)
Si–O(4)
Si–O(6)
O(2)–C(2)
O(4)–C(28)
O(6)–C(30)

Fe–Pd–C(l)
P(2)–Pd–Cl
Cl–Pd–O(4)
Fe–Pd–P(2)
Pd–Fe–Si
Pd–Fe–C(2)
P(1)–Fe–Si
P(1)–Fe–C(2)
Si–Fe–C(1)
Si–Fe–C(3)
C(1)–Fe–C(3)
Fe–P(1)–N
Fe–Si–O(4)
Pd–O(4)–C(28)

2.554(4)
2.385(8)
2.178(19)
2.210(7)
1.768(17)
1.78(2)
1.84(2)
1.806(12)
1.66(2)
1.63(3)
1.13(4)
1.44(4)
1.32(7)

173.7(2)
94.4(2)
93.1(6)
91.8(2)
75.8(3)

163.0(9)
174.0(2)
97.9(5)
86.2(6)
87.6(5)

152.0(6)
109.7(4)
101.2(5)
131.1(8)

Pd–P(2)
Pd–C(3)
Fe–Si
Fe–C(2)
P(1)–N
P(1)–C(10)
P(2)–C(16)
P(2)–N
Si–O(5)
O(1)–C(1)
O(3)–C(3)
O(5)–C(29)

Fe–Pd–O(4)
P(2)–Pd–O(4)
Pd–Fe–P(1)
Pd–Fe–C(1)
Pd–Fe–C(3)
P(1)–Fe–C(1)
P(1)–Fe–C(3)
Si–Fe–C(2)
C(1)–Fe–C(2)
C(2)–Fe–C(3)
Pd–P(2)–N
Pd–O(4)–Si
Si–O(4)–C(28)
P(1)–N–P(2)

2.188(7)
2.52(3)
2.291(9)
1.77(3)
1.69(2)
1.820(14)
1.81(3)
1.68(2)
1.595(15)
1.15(2)
1.16(2)
1.33(3)

80.7(5)
172.5(3)
98.2(2)
83.6(10)
68.4(10)
92.3(5)
91.0(5)
88.1(5)

101.1(8)
106.0(11)
115.6(4)
101.3(6)
127.3(17)
121.8(12)

ligands of the iron centre, whereas the latter may be due to
absence of reaction (SnR4) or to deprotonation of the amino
function by RLi or RMgX rapidly followed by adventitious
reprotonation.

In the presence of a base like NEt3 or DBU, N-deprotonation
of 1b occurred under mild conditions (below �30 �C) and
chemical trapping of the transient bimetallic amide complex C
by addition of a large excess of MeI gave the N-methyl

derivative [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppaMe)PdCl] 9

(Scheme 4, Table 1). However, in the absence of alkyl halide,

reprotonation to 1b was observed. The N-substitution could
not be extended to other alkyl or functional groups, as recently
reported for heterometallic clusters containing dppa.18 Like in
1b, the –Si(OMe)3 group in 9 adopts a µ-η2-Si–O coordination
mode. A broad signal at δ 3.72 was observed for the methoxy
protons in the room temperature 1H NMR spectrum which
again indicated a hemilabile behaviour of this ligand. Coales-
cence was reached at 271 K, giving a ∆G‡ = 55.62 ± 0.7 kJ
mol�1,15 which is similar to that determined for 1b (vide supra).
Two signals at δ 3.66 and 3.82 in a 1 :2 ratio are observed below
the coalescence temperature.

Since clean formation of a Pd–C bond could not be achieved
with 1b owing to the occurence of side reactions, we
used mononuclear Pd derivatives containing a Pd–C bond as
precursors for the synthesis of the desired dppa-bridged
Fe–Pd heterobimetallic complexes. This approach, shown
in Scheme 5, was successful and complexes [(OC)3-

Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdMe] 3b, [(OC)3-

Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdPh] 5b and [(OC)3{(MeO)3-

Si}Fe(µ-dppa)Pd(η3-allyl)] 8b were obtained by reaction of the
carbonylmetallate 2b with [PdCl(Me)(COD)], [PdI(Ph)-
(TMEDA)] (TMEDA = Me2NCH2CH2NMe2) and [Pd(η3-
allyl)(µ-Cl)]2, respectively (Scheme 5, Table 1). In 8b the 16
electron configuration of the Pd center is achieved by the
η3 coordination mode of the allyl ligand which explains the

Scheme 4
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absence of a µ-η2-SiO→Pd bridging interaction, reflected in
the large 2 � 3J(PP) value of 116 Hz (Table 2).

Contrary to 3b and 8b, the aryl complex 5b was obtained
in low yield (<30%) and decomposition products such as
[Fe(CO)3(dppa-P,P�)] were observed. However, when [PdI(Ph)-
(TMEDA)] was reacted with the hydrido complex 7b, complex
5b was selectively formed and isolated in 65% yield. Improved

Scheme 5

Fig. 3 ORTEP view of the structure of the complex 5b�THF together
with the atomic numbering scheme. The ellipsoids for the atoms are
drawn at the 30% probability level.

yield and selectivity were also observed when 3b was pre-
pared following this approach (Scheme 5). The presence of
[(TMEDA)H]X indicated that formation of the metal–metal
bond resulted from a dehydrohalogenation reaction induced by
the release of TMEDA. The methyl (3a) and phenyl (5a) dppm
analogues of 3b and 5b were obtained similarly. Recall that 5a
could not be prepared by reaction of 1a with arylating reagents
(vide supra).

The solid-state structure of 5b�THF was confirmed by an
X-ray diffraction study. A view is shown in Fig. 3 and
selected interatomic distances and angles are given in Table 5.
The coordination geometries at the metal centres, square-
planar at Pd and distorted octahedral at Fe, and the structural
features resemble those found in 1b. Compared to the latter,
the more elongated Fe–Pd bond, 2.654(1) Å, of 5b�THF
becomes similar to that found in the dppm complex

[(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)Pd(SnPh3)], 2.6655(5)

Å.13 As a result, the P(1)–N–P(2) angle is more obtuse in
5b�THF, 126.5(3)�, than in 1b, 121.8(12)�. The Pd–O(1) bond
distance in 5b�THF, 2.170(4) Å, is comparable to the corre-
sponding one in 1b, 2.178(19) Å. As in 1b, the presence of a
O(1)→Pd interaction leads to an elongation of the Si–O(1)
bond, 1.665(4) Å, by comparison with the other Si–O bonds,
1.638(5) and 1.626(5) Å. The P(1)–Fe–Si angle, 168.51(6)�,
is more acute than in 1b, showing a slightly more distorted
octahedral geometry at the iron centre. The phenyl ring
attached to Pd is almost orthogonal to the mean palladium
coordination plane (C(301)–C(300)–Pd–P(2) = 101.5�). In the
crystals of 5b�THF a molecule of tetrahydrofuran was found
forming a hydrogen bridge with the amine H atom in the ligand
with an O � � � H distance of 2.210 Å.

Reactivity studies

CO migratory insertion. When a slow stream of CO was
passed through a CH2Cl2 solution of 3a or 3b, the acyl com-
plexes 10a and 10b were formed quantitatively. Both com-
pounds were isolated and could be stored for prolonged periods

Table 5 Selected bond lengths (Å) and angles (�) for [(OC)3-

Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdPh]�THF (5b�THF)

Pd–Fe
Pd–O(1)
Pd–P(2)
Pd–C(300)
Fe–C(10)
Fe–C(11)
Fe–C(12)
C(10)–O(10)
C(11)–O(11)
C(12)–O(12)
Fe–Si
Si–O(1)

C(300)–Pd–O(1)
C(300)–Pd–P(2)
O(1)–Pd–P(2)
C(300)–Pd–Fe
O(1)–Pd–Fe
P(2)–Pd–Fe
C(300)–Pd–Si
O(1)–Pd–Si
P(2)–Pd–Si
Fe–Pd–Si
C(10)–Fe–C(11)
C(10)–Fe–C(12)
C(11)–Fe–C(12)
C(10)–Fe–P(1)
C(11)–Fe–P(1)
C(12)–Fe–P(1)
C(10)–Fe–Si
C(11)–Fe–Si

2.654(1)
2.170(4)
2.179(1)
2.054(5)
1.772(6)
1.754(5)
1.767(5)
1.162(6)
1.163(6)
1.164(6)
2.273(2)
1.665(4)

93.8(2)
91.25(14)

174.23(11)
173.54(14)
80.19(10)
94.62(4)

126.75(14)
33.18(11)

141.42(5)
47.12(4)

107.7(2)
143.9(2)
107.3(2)
90.8(2)
99.5(2)
92.3(2)
85.5(2)
92.0(2)

Si–O(2)
Si–O(3)
O(1)–C(1)
O(2)–C(2)
O(3)–C(3)
Fe–P(1)
P(1)–C(100)
P(1)–C(110)
P(2)–C(200)
P(2)–C(210)
N(1)–P(1)
N(1)–P(2)

C(12)–Fe–Si
P(1)–Fe–Si
C(10)–Fe–Pd
C(11)–Fe–Pd
C(12)–Fe–Pd
P(1)–Fe–Pd
Si–Fe–Pd
O(1)–Si–Fe
O(2)–Si–Fe
O(3)–Si–Fe
P(1)–N(1)–P(2)
Si–O(1)–Pd
N(1)–P(1)–Fe
N(1)–P(2)–Pd
O(10)–C(10)–Fe
O(11)–C(11)–Fe
O(12)–C(12)–Fe

1.638(5)
1.626(5)
1.439(6)
1.304(8)
1.293(8)
2.1965(14)
1.833(5)
1.829(4)
1.806(5)
1.820(5)
1.689(4)
1.678(4)

84.4(2)
168.51(6)
70.5(2)

166.0(2)
73.4(2)
94.44(4)
74.08(5)

104.15(14)
118.9(2)
120.5(2)
126.5(3)
101.3(2)
111.7(2)
112.2(2)
176.8(5)
179.0(5)
176.5(5)
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of time without any observable de-insertion of CO. A CDCl3

solution of 10a stored at 253 K for 4 weeks contained only ca.
10% of 1a as decomposition product. It appears that in the case
of 3b the lower electron donor properties of dppa, compared to
dppm, enhance the rate of CO insertion, since only 30 min were
required for complete conversion to 10b against ca. 60 min for
that of 3a to 10a. The probable mechanism of this reaction is
pictured in Scheme 6. Although the proposed intermediate D

was not detected by spectroscopic methods, its transient form-
ation appears reasonable and its platinum analogue has been
characterized by IR and 31P NMR techniques.8a

The IR spectrum of 10a showed a CO stretch of medium
intensity at 1678 cm�1 for the acyl group, in addition to the
three carbonyl vibrations at 1958, 1893 and 1864 cm�1 (Table 1).
In the 1H NMR spectrum (298 K, CDCl3) the methoxy groups
gave rise to a narrow singlet at δ 3.71, whereas a doublet at
δ 1.82 was ascribed to the methyl protons of the acyl group
(4J(PH) = 1.2 Hz). In the 13C{1H} NMR spectrum, the carbon
atoms of the acyl group were found at δ 35.7 (Me, doublet,
3J(PC) = 33 Hz) and δ 238.5 (C��O). The Fe(CO)3 carbon atoms
gave two doublets at δ 215.1 and 213.4 in a 2 :1 ratio and a very
broad “hump” at δ 52.3 was observed for the methoxy groups,
due to slow rotation on the 13C NMR time scale of the
–Si(OMe)3 ligand about the Fe–Si axis. No CO insertion was
observed under similar conditions when a solution of 6a was
purged with CO. This is consistent with the absence in this
complex of a fourth, labile coordination site on Pd, as in 3a. It
also indicates that carbonylation of 3a,b occurs via an inter-
mediate of type D rather than through a pentacoordinated
intermediate that would have been also available in the case of
6a.

A more complex reaction occurred when CO was bubbled
through a solution of the benzyl derivative 4a in THF (eqn.
(2)). IR and 31P{1H} NMR monitoring indicated slow formation

of the acyl complex [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)Pd-

{C(O)CH2Ph}] 11a (Table 1). The insertion rate was lower than
in the case of 3a, since after 3 h ca. 60% of 4a was still present.
This observation should be related to the reversibility of this
carbonylation reaction since we observed that when a solution
of 11a was placed under reduced pressure, complete CO de-
insertion from the acyl ligand regenerated 4a. The acyl complex
11a could hence only be characterized in solution by its AX
pattern in the 31P{1H} NMR spectrum centered at δ 63.4
(P(Fe)) and 25.5 (P(Pd)) with a 2 � 3J(PP) coupling of 56 Hz
and the appearance of a broad ν(CO) band at 1678 cm�1. This
reaction was further complicated by the slow transformation of
the acyl complex 11a. Thus, after prolonged purging of a THF

Scheme 6

or CH2Cl2 solution with CO, the µ-siloxycarbene complex

[(OC)3Fe{µ-C(CH2Ph)OSi(OMe)3}(µ-dppm)Pd(CO)] 12a was
formed and unambiguously identified in situ by comparison
of its spectroscopic data with those of the related complex

[(OC)3Fe{µ-C(Me)OSi(OSiMe3)3}(µ-dppm)Pd(CO)] (Table
6).19a After 7 h reaction time, the 31P{1H} NMR spectrum
revealed the presence of 11a and 12a in a 1 :9 ratio. This new
complex is stable in THF for several hours under CO atmos-
phere, but decomposes during attempts at purification. Its IR
spectrum exhibits three ν(CO) vibrations of the iron carbonyls
at 2004 (m), 1948 (s) and 1925 (m) cm�1 and a band of medium
intensity at 2032 cm�1 due to the Pd-bound carbonyl ligand.
The large 2 � 3J(PP) coupling of 137 Hz in the 31P{1H} NMR
spectrum is also characteristic for this type of µ-siloxycarbene
complexes.7,19

The proposed reaction mechanism for the formation
of 12a, shown in Scheme 7, is based on that previously

established for the first examples of phosphine- or CO-
induced migration of the siloxane unit in [(OC)3-

Fe{µ-Si(OSiMe3)2(OSiMe3)}(µ-dppm)PdMe] to yield such µ-

siloxycarbene heterometallic complexes.19a Labeling experi-
ments with 13CO showed that the bridging carbene ligand
originated from the acyl group. This reaction was quantitative
within 5 min (without the formation of any detectable acyl
intermediate) owing to the more electropositive character of
the central Si atom of the Si(OSiMe)3 ligand compared to
Si(OMe)3, which facilitates formation of the new Si–O bond. At
present, we have no satisfactory explanation for the differing
behaviour between the methyl and the benzyl ligands. It is
well known that electron-withdrawing substituents on the
α-carbon generally stabilize a metal–carbon bond and render
migratory insertion reactions more difficult. Note that Ander-
son et al. have recently studied CO insertion into the Pd–Me
bond of [PdCl(Me)(COD)], but observed decomposition on
attempts to insert CO into [PdCl(CH2C6H4)(COD)].20a We
found no spectroscopic evidence for an equilibrium between
the benzyl complex 4a and a conceivable η3-benzyl isomer
(eqn. (2)) that could have been related to the facile decarbon-
ylation of 11a. Such a situation was recently described by
Lin and Yamamoto who observed that rapid decarbonylation

Scheme 7
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Table 6 31P{1H} NMR (ppm, Hz) and IR data (cm�1) of the µ-siloxycarbene complexes

Complex δ PFe δ PPd
a δ PPd

b 2 � 3J(PP a), 2J(P aP b) ν(CO) d

12a
13a
14a
14b
15a

62.0 (d)
68.5 (d)
65.4 (dd)

104.7 (d)
66.8

13.9 (d)
15.6 (dd)
14.9 (dd)
67.7 (dd)
15.6

—
8.8 (d)

18.6 (t)
18.1 (d)

141.1

137 c

135, 7 e

131, 4 e

150, 8 e

e, f

2032m, 2004m, 1948s, 1925m
1974m, 1904vs, 1895(sh)
1980m, 1915vs, 1898s (sh)
1990m, 1923vs
1984m, 1916vs

a P atom from the dppm or dppa ligand; b P atom from the monodentate ligand; c in THF–CDCl3; 
d in CH2Cl2; 

e in CDCl3; 
f 2 � 3J(PP) = 135,

2J(PP) = 9, 3�4J(PP) = 6 Hz.

of the stable phenylacetyl complex trans-[Pd{C(=O)CH2-
C6H4}Cl(PPh3)2] was induced by halide abstraction and yielded
the cationic η3-benzylpalladium complex [Pd(η3-CH2C6H4)-
(PPh3)2][PF6].

20b

A silyl migration reaction also took place when 10a was
reacted with an equimolar amount of PEt3. This led within
20 min to the quantitative formation of the µ-siloxycarbene

complex [(OC)3Fe{µ-C(Me)OSi(OMe)3}(µ-dppm)Pd(PEt3)]
13a (Scheme 8, Table 6).

As noted for the phosphine-induced rearrangement of the
corresponding Fe–Pt acyl complexes leading to the µ-siloxy-

carbene complexes [(OC)3Fe{µ-C(Me)OSi(OMe)3}(µ-dppm)Pt-
(PR3)],

19b the basicity of the PR3 ligand appears to play a more
important role than its cone angle on the rate of this interesting
rearrangement. This appears very clearly from Table 7.

IR monitoring of the reaction with PPh3 revealed completion
within ca. 1 h (disappearance of the acyl stretch at 1678 cm�1),
whereas in the case of P(OMe)3 more than 2 h were needed,
even in the presence of two equivalents of phosphite. Com-
pared to their Fe–Pt counterparts, the stability of 13a–15a in
solution is markedly reduced, so that suitable crystals for an
X-ray diffraction study could not be obtained. The proposed
formulation of 13a–15a could however unambiguously be con-

Scheme 8

Table 7 Correlation between ligand cone angle and pKa for the
PR3-induced silyl migration

Complex Cone angle/� pKa Ligand

13a
14a
14b
15a

132
145
145
100.7

8.69
2.73
2.73
2.60

PEt3

PPh3

PPh3

P(OMe)3

firmed by elemental analysis and spectroscopic data in the case
of 13a and 14a, the more labile derivative 15a was only charac-
terized in solution (Table 6). The 13C{1H} NMR spectrum of
13a recorded at 253 K contains a doublet of doublets
(2J(PC) = 14 and 77 Hz), diagnostic for a bridging carbene
ligand, and three distinct doublets at δ 218.2, 219.2 and 220.6
for the carbonyl ligands. The 31P{1H} NMR spectrum consists
of three resonances: the iron-bound phosphorus gives rise to a
doublet at δ 68.5 with a 2 � 3J(PP) coupling of 135 Hz. The
resonance at δ 15.6 for the dppm phosphorus on Pd shows a
further cis-coupling of 7 Hz with the PEt3 ligand, which reson-
ates at δ 8.8.

For comparison, reaction of 10b with PPh3 was carried out
in CH2Cl2. Formation of the bridging siloxycarbene complex

[(OC)3Fe{µ-C(Me)OSi(OMe)3}(µ-dppa)Pd(PPh3)] 14b was
observed, but the reaction took 5 h even in the presence of
2 equivalents of PPh3. This may be explained by the weaker
electron donating properties of dppa compared to dppm which
results in a lowering of the electron density on the acyl oxygen
and therefore to a decreased propensity for Si–O(acyl) coupling
and siloxycarbene rearrangement (Scheme 9). Complex 14b was

obtained as a red powder, which is labile in chlorinated solvents.
The spectroscopic data and the FAB� spectrum are in full
agreement with the proposed structure (see Experimental
section).

Addition of 2,6-xylyl isocyanide to 10a instantaneously
opened the dative O→Pd bond and the isocyanide adduct 16a
could be isolated (Scheme 8, Table 1). Even after 12 h in
solution neither isocyanide insertion into the Pd–acyl bond
nor a silyl migration reaction occurred. The 31P{1H} NMR
spectrum recorded at 298 K contains a broad “hump” at δ 18.9
for the Pd-bound dppm-phosphorus, whereas the Fe-bound
phosphorus gave rise to a sharp doublet centered at δ 66.0
with a 2 � 3J(PP) coupling of 87 Hz. Progressive cooling of the
solution induced a sharpening of the high field signal, which
was finally resolved as a distinct doublet at 243 K. These
observations could be explained by a partial, reversible dissoci-
ation of the isocyanide ligand.

Conclusion
In order to investigate further the insertion chemistry into the
metal–carbon bond of heterobimetallic complexes, we have
prepared diphosphine-bridged Fe–Pd methyl, benzyl, phenyl

Scheme 9
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and allyl complexes. It is interesting to contrast the reactivity
of the hydride mer-[HFe{Si(OMe)3}(CO)3(dppa-P)] 7b with
[PdCl(Me)(COD)], which gives the chloro complex [(OC)3-

Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdCl] 1b, and with [PdX(R)-

(TMEDA)] (X = Cl, R = Me; X = I, R = Ph), which afford the
corresponding Fe–Pd–R hydrocarbyl complexes [(OC)3-

Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdMe] 3b or [(OC)3-

Fe{µ-Si(OMe)2(OMe)}(µ-dppa)PdPh] 5b, respectively. The dif-

ferent mechanism is due to the release in the latter case of the
basic ligand TMEDA which deprotonates 7b. CO insertion was
observed under mild conditions in the complexes that contain
a stabilizing but labile µ-η2-SiO→Pd bridging interaction
between the two metals. Opening of this dative interaction
readily provides a coordination site for an entering substrate.
For comparison, this interaction is lacking in complex

[(OC)3{(MeO)3Si}Fe(µ-dppm)Pd(8-mq)] 6a and is replaced by

a stable Pd–C–C–C–N chelate which does not lead to CO
insertion under similar conditions. The reaction of CO with

the benzyl complex [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)Pd-

CH2(Ph)] 4a was reversible and more complex since the result-

ing acyl product [(OC)3Fe{µ-Si(OMe)2(OMe)}(µ-dppm)Pd-

{C(O)CH2Ph}] 11a rearranged into the µ-siloxycarbene

complex [(OC)3Fe{µ-C(CH2Ph)OSi(OMe)3}(µ-dppm)Pd(CO)]
12a. Reaction of the acetyl complex [(OC)3-

Fe{µ-Si(OMe)2(OMe)}(µ-dppa)Pd{C(O)Me}] 10a with PR3

also resulted in silyl migration from iron to carbon and form-
ation of similar µ-siloxycarbene complexes. In contrast, reac-
tion with 2,6-xylyl isocyanide opened the µ-η2-SiO→Pd bridge

to give the stable complex [(OC)3{(MeO)3Si}Fe(µ-dppm)Pd-
(CN-2,6-xylyl){C(O)Me}] 16a. Comparisons could be made
between related dppm and dppa complexes and between com-
plexes containing different R groups.

Experimental
All reactions were performed using Schlenk tube techniques
under an atmosphere of purified nitrogen. Solvents were
freshly distilled under nitrogen from the usual drying agent
prior to use. Nitrogen was passed through BASF R3-11 cata-
lyst and molecular sieve columns to remove residual oxygen
and water. The 1H, 31P{1H} and 13C{1H} NMR spectra were
recorded at 300.13, 121.5 and 75 MHz respectively on a FT
Bruker AC 300 instrument. The 29Si-INEPT spectrum was
recorded at 77.78 MHz (TMS standard) on a Bruker ACP
200 spectrometer. Infrared spectra were recorded in the 4000–
400 cm�1 range on a IFS-66 Bruker FTIR spectrometer
and in the 400–90 cm�1 range on a IFS-113 Bruker FTIR
spectrometer. Mass spectra were measured on a Fisons
ZAB-HF spectrometer (Université Louis Pasteur, R. Hubert).
Elemental C, H and N analyses were performed by the Service
de microanalyse (Université Louis Pasteur, Strasbourg).

Preparations

The ligands Ph2PCH2PPh2 (dppm) 21 and Ph2PNHPPh2

(dppa) 22 and the complexes [PdCl(Me)(COD)],23 [PdI(Ph)(T-
MEDA)],24 [Pd(8-mq)(µ-Cl)]2,

25 [Pd(η3-allyl)(µ-Cl)]2
26 were

prepared according to published procedures. Complexes
K[Fe{Si(OMe3)}(CO)3(dppm-P)] 2a, [HFe{Si(OMe3)}(CO)3-

(dppm-P)] 7a and [(OC)3-Fe{µ-Si(OMe)2(OMe)}(µ-dppm)Pd-

Cl] 1a were prepared as previously described.11,27 An improved
synthetic method is described below for [(OC)3-

Fe{µ-Si(OMe)2OMe}(µ-dppa)PdCl] 1b.14

[PdCl(Me)(TMEDA)]. A mixture of [PdCl(Me)(COD)]
(0.610 g, 2.30 mmol) and TMEDA (0.35 mL, 2.30 mmol) in
CH2Cl2 was stirred for 2 h. The volatiles were then removed
under reduced pressure. The residue was washed with pentane
and dried under reduced pressure. The desired product was
obtained as a white powder. 1H NMR (CDC13): δ 0.50 (3 H, s,
PdCH3), 2.50 (2 H, m, CH2), 2.56 (6 H, s, NCH3), 2.65 (6 H, s,
NCH3), 2.70 (2 H, m, CH2). These data are in accordance with
those given in the literature.28

[(OC)3Fe{�-Si(OMe)2OMe}(�-dppa)PdCl] 1b. To a solution

of 7b (see below) (0.510 g, 0.78 mmol) in CH2Cl2 (20 mL) at 273
K was added solid [Pd(η3-allyl)(µ-Cl)]2 (0.142 g, 0.39 mmol) or
[PdCl(Me)(COD)] (0.206 g, 0.78 mmol). After it had been
stirred at ambient temperature for 1 h, the solution was filtered
through a pad of silica and Celite. The solvent was then
removed under reduced pressure and 1b was obtained as a
yellow powder (0.492 g, 80% yield) (Found: C 45.48; H 4.07; N
1.80%. C30H30ClFeNO6P2PdSi requires C 45.71; H 3.84; N
1.78%); νmax/cm�1 (Pd–Cl) 290m (polyethylene); 1H NMR
(CD2Cl2, 298 K): δ 3.70 [br, 9 H, Si(OMe)3], 4.38 (br, 1 H, NH),
7.28–7.85 (m, 20 H, aromatics); 1H NMR (CD2Cl2, 243 K):
δ 3.49 [s, 3 H, Si(µ-OMe)Pd], 3.62 [s, 6 H, Si(OMe)2], 4.50 (br,
1 H, NH), 7.28–7.85 (m, 20 H, aromatics).

[(OC)3Fe{�-Si(OMe)2(OMe)}(�-dppm)PdMe] 3a. Method A.

Solid [PdCl(Me)(COD)] (0.264 g, 1.0 mmol) was added to a
solution of K[Fe{Si(OMe3)}(CO)3(dppm-P)] 2a (0.685 g, 1.0
mmol) in THF (25 mL) cooled to 273 K. Upon warming to
ambient temperature, the solution turned dark green. It was
then filtered through a Celite pad and concentrated to ca. 5 mL.
After addition of hexane and stirring at 248 K, a green yellow
solid was precipitated which was sufficiently pure for further
reactions (NMR control) (0.574 g, 75% yield). An analytically
pure sample of 3a was obtained by extraction with warm Et2O
and subsequent evaporation of the solvent under reduced pres-
sure. The desired complex was obtained as a bright yellow
solid.

Method B. To a solution of [PdCl(Me)(TMEDA)] (0.080 g,
0.326 mmol) in toluene was added [HFe{Si(OMe3)}-
(CO)3(dppm-P)] 7a (0.212 g, 0.327 mmol). After the solution
had been stirred for 4 h, it was filtered and the volatiles were
evaporated under reduced pressure. The residue was then
washed with pentane, dried under reduced pressure and 3a
was obtained as a bright yellow powder (0.180 g, 72% yield)
(Found: C 50.19; H 4.36%. C32H34FeO6P2PdSi requires
C 50.14; H 4.47%); 1H NMR (benzene-d6, 298 K): δ 0.82 (s,
3 H, PdMe), 3.49 [t, 2 H, PCH2P, 2J(PH) 10.1 Hz], 3.91 [s, br,
9 H, Si(OMe)3], 6.92–7.65 (m, 20 H, aromatics); 13C{1H}
NMR (CDCl3, 298 K): δ 215.9 (d, 2 FeCO, 2J(PC) 18 Hz), 213.4
(br, 1 FeCO), 123.5–146.2 (m, aromatics), 50.7 (s, br, SiOCH3),
47.3 [dd, PCH2P, 1J(PC) 30 and 20 Hz], 15.7 (s, PdCH3);
29Si-INEPT (CDCl3, 298 K): δ 17.6 (dd, 2J(PSi) 32 Hz, 3J(PSi)
5 Hz).

[(OC)3Fe{�-Si(OMe)2(OMe)}(�-dppa)PdMe] 3b. A few

drops of NEt3 and solid [PdCl(Me)(COD)] (1.33 g, 5.04 mmol)
were added to a solution of 7b (3.77 g, 5.04 mmol) in CH2Cl2

(15 mL) at 253 K. After being stirred at room temperature for 15
min, the solution turned green. It was then filtered. Addition of
hexane caused precipitation of 3b as a yellow powder which was
collected by decantation and dried under reduced pressure (2.94
g, 76% yield) (Found: C 48.75; H 4.35; N 1.85%. C31H33FeO6-
NP2PdSi requires C 48.49; H 4.33; N 1.82%); 1H NMR
(acetone-d6, 298 K): δ �0.66 (s, 3 H, PdMe), 3.71 [s, 9 H,
Si(OMe)3], 3.98 [t, 1 H, NH, 2J(PH) 5.2 Hz], 7.26–7.68 (m,
aromatics).
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[(OC)3Fe{�-Si(OMe)2(OMe)}(�-dppm)Pd(CH2Ph)] 4a. To a

stirred solution of 1a (0.787 g, 1.0 mmol) in THF (15 mL) at
253 K was added 0.6 mL of a 2 M solution of benzyl mag-
nesium chloride in THF (commercial from Aldrich). Upon
warming to ambient temperature, the colour changed from
dark red to orange brown. After addition of a few drops of
MeOH to quench excess (PhCH2)MgCl, the volatiles were
removed under reduced pressure and the residue was washed
with 5 mL of pentane. Complex 4a was then obtained after
extraction with warm diethyl ether (3 × 40 mL) and elimination
of the solvent under reduced pressure (0.573 g, 68% yield). An
analytically pure sample was obtained by recrystallization from
toluene–hexane as orange-brown microcrystals (Found: C
54.30; H 4.59%. C38H38FeO6P2PdSi requires C 54.14; H 4.54%);
1H NMR (CDCl3, 298 K): δ 2.77 (s, 2 H, PdCH2), 3.76 [s, 9 H,
Si(OMe)3], 3.65 [dd, 2 H, PCH2P, 2J(PH) 9.7 and 12.0 Hz],
6.77–7.53 (m, 25 H, aromatics); 13C{1H} NMR (CDCl3, 298 K):
δ 215.9 [d, 2 FeCO, 2J(PC) 18 Hz], 213.0 (br, 1 FeCO), 123.5–
146.2 (m, phenyl), 50.8 (s, SiOCH3), 47.6 [dd, PCP, 1J(PC) 30
and 20 Hz], 41.5 [d, PdCH2, 

2J(PC) 6 Hz].

[(OC)3Fe{�-Si(OMe)2(OMe)}(�-dppm)PdPh] 5a. Method A.

To a stirred solution of [PdI(Ph)(TMEDA)] (0.045 g, 0.106
mmol) in toluene at 243 K was added solid [HFe{Si(OMe3)}-
(CO)3(dppm-P)] 7a (0.070 g, 0.108 mmol). Upon warming
to ambient temperature the solution turned red. After fil-
tration, the volatiles were removed under reduced pressure
and the residue was washed with pentane. Complex 5a was
obtained as a brown solid by extraction with Et2O (0.034 g, 39%
yield).

Method B. A large excess of KH was added at ambient
temperature to a stirred solution of [HFe{Si(OMe3)}(CO)3-
(dppm-P)] 7a (0.130 g, 0.201 mmol) in THF. This resulted in a
vigorous gas evolution (H2). After it had stopped, the solution
was filtered and added to a stirred solution of [PdI(Ph)-
(TMEDA)] (0.085 g, 0.200 mmol) in THF (20 mL) at 253 K.
The solution was allowed to warm to room temperature and
was filtered. The volatiles were then removed under reduced
pressure. Complex 5a was extracted with Et2O (0.055 g, 33%
yield) (Found: C 53.81; H 4.45%. C37H36FeO6P2PdSi requires C
53.61; H 4.38%); 1H NMR (acetone-d6, 298 K): δ 3.78 [s, 9 H,
Si(OMe)3], 4.1 [dd, 2 H, CH2, 

2J(PH) 10.1 and 11.7 Hz], 6.68–
7.72 (m, 25 H, aromatics).

[(OC)3Fe{�-Si(OMe)2(OMe)}(�-dppa)PdPh] 5b. Method A.

Solid [PdI(Ph)(TMEDA)] (0.470 g, 1.10 mmol) was added to a
stirred solution of 7b (see below) (0.710 g, 1.10 mmol) in tolu-
ene at 253 K. The solution was stirred for 30 min at ambient
temperature and was filtered. Addition of pentane caused the
precipitation of 5b as a yellow powder. The solvent was then
decanted and the residue dried under reduced pressure (0.593 g,
65% yield).

Method B. Solid [PdI(Ph)(TMEDA)] (0.500 g, 1.17 mmol)
was added to a stirred solution of 2b (0.876 g, 1.17 mmol) in
THF at 253 K. The solution was stirred for 3 h at ambient
temperature and the volatiles were evaporated under reduced
pressure. Complex 5b was extracted with Et2O and addition of
hexane induced the precipitation of a yellow powder which was
collected by decantation and dried under reduced pressure
(0.428 g, 30% yield) (Found: C 51.88; H 4.17; N 1.72%.
C36H35FeNO6P2PdSi requires C 52.10; H 4.25; N 1.69%); 1H
NMR (toluene-d8, 298 K): δ 3.75 [br, s, 10 H, Si(OMe)3 and
NH], 6.7–7.5 (m, aromatics).

[(OC)3{(MeO)3Si}Fe(�-dppm)Pd(8-mq)] 6a. A solution of 2a
(0.685 g, 1.0 mmol) in THF (25 mL) was added to a stirred
slurry of [Pd(8-mq)(µ-Cl)]2 (0.285 g, 0.5 mmol) in THF (10 mL)
at 253 K. After warming to ambient temperature, the yellow

solution was filtered and hexane was added. Upon slow concen-
tration under reduced pressure, 6a precipitated as a yellow, air
stable powder (0.872 g, 92% yield). Suitable crystals for X-ray
diffraction were obtained by layering a CH2Cl2 solution with
hexane (Found: C 53.11; H 4.12; N 1.28%. C41H39FeNO6P2-
PdSi�CH2Cl2 requires C 53.21; H 4.36; N 1.48%); 1H NMR
(CDCl3, 298 K): δ 2.93 [d, 2 H, PdCH2, 

3J(PH) 4.2 Hz], 3.55 [s, 9
H, Si(OMe)3], 3.83 [dd, 2 H, PCH2P, 2J(PH) 9.5 and 11.1 Hz],
7.11–9.96 (m, 26 H, aromatics).

mer-[HFe{Si(OMe)3}(CO)3(dppa-P)] 7b. A magnetically
stirred solution of [Fe(CO)5] (1.6 mL, 12.17 mmol) and HSi-
(OMe)3 (4.6 mL, 36.51 mmol) in hexane was irradiated for 4 h
at 283 K using a mercury lamp (180 W, TQ 150, Hereaus). The
solution was allowed to warm to room temperature and was
added in two portions to a solution of dppa (4.00 g, 10.4 mmol)
in toluene. After each addition, the CO evolved was removed
under reduced pressure for 1 min. After keeping the mixture at
253 K for 12 h, the solution was filtered and the solvent was
evaporated under reduced pressure to afford 7b as a brown, air
sensitive oil. 1H NMR (CD2Cl2, 298 K): δ �9.2 [d, FeH, 2J(PH)
23 Hz], 3.4 (br s, NH), 3.6 [s, 9 H, Si(OMe)3], 7.00–7.91 (m, 20
H aromatics).

[(OC)3Fe{Si(OMe)3}(�-dppa)Pd(�3-C3H5)] 8b. To a stirred
solution of 2b (1.245 g, 1.66 mmol) at 253 K was added [Pd(η3-
allyl)(µ-Cl)]2 (0.305 g, 0.83 mmol). The solution was allowed to
warm to room temperature and was filtered. After concen-
tration, addition of hexane caused the precipitation of 8b as a
yellow powder. After decantation, the residue was washed with
pentane and dried under reduced pressure (1.08 g, 82% yield)
(Found: C 49.40; H 3.92; N 1.84%. C33H35FeNO6P2PdSi requires
C 49.92; H 4.44; N 1.76%); 1H NMR (acetone-d6, 298 K): δ 2.56
(m, 2 H, allyl), 2.90 (br, 1 H, NH), 3.53 [s, 9 H, Si(OMe)3], 3.77
(m, 1 H, allyl), 5.01 (m, 1 H, allyl), 5.45 (m, 1 H, allyl), 7.2–7.6
(m, 20 H, aromatics).

[(OC)3Fe{�-Si(OMe)2(OMe)}(�-dppaMe)PdCl] 9. Complex

1b (0.120 g, 0.15 mmol) was treated with excess KH (ca. 0.030
g) in THF at 233 K. After gas evolution (H2) had ceased, excess
MeI (0.46 mL, 1.06 g, 7.5 mmol) was added. The solution was
stirred for 2 h at ambient temperature and filtered. The volatiles
were then evaporated under reduced pressure and 9 was
obtained as a red powder, which was washed with cold Et2O (10
mL, 273 K) and pentane (2 × 10 mL) (0.081 g, 68% yield)
(Found: C 46.45; H 4.12; N 1.81%. C31H32ClFeNO6P2PdSi
requires C 46.41; H 4.02; N 1.75%); νmax/cm�1 (Pd–Cl) 241m
(polyethylene); 1H NMR (CD2Cl2, 298 K): δ 2.26 [dd, 3 H,
NMe, 3J(PH) 6.5 and 8.6 Hz], 3.72 [br, 9 H, Si(OMe)3], 7.10–
7.89 (m, 20 H, aromatics); 1H NMR (CD2Cl2, 253 K): δ 2.26
[dd, 3 H, NMe, 3J(PH) 6.5 and 8.6 Hz], 3.66 [s, 3 H, Si(µ-OMe)-
Pd], 3.82 [s, 6 H, Si(OMe)2], 7.10–7.89 (m, 20 H, aromatics).

[(OC)3Fe{�-Si(OMe)2(OMe)}(�-dppm)Pd{C(O)Me}] 10a.

Carbon monoxide was bubbled through a solution of 3a (0.766
g, 1.0 mmol) in CH2Cl2 (20 mL) at ambient temperature for 1 h.
After the solution was stirred for a further 30 min under an
atmosphere of CO, the red-brown solution was concentrated to
ca. 5 mL. After layering with Et2O, orange microcrystals of 10a
were formed after 2 days at 278 K (0.548 g, 69% yield) (Found:
C 49.61; H 4.23%. C33H34FeO7P2PdSi requires C 49.86; H
4.31%); 1H NMR (CDCl3, 298 K): δ 1.82 [d, 3 H, C(O)CH3,
4J(PH) 1.2 Hz], 3.66 [dd, 2 H, PCH2P, 2J(PH) 9.9 and 11.4 Hz],
3.71 [s, 9 H, Si(OMe)3)], 7.15–7.79 (m, 20 H, aromatics);
13C{1H} NMR (CDCl3, 298 K): δ 238.5 [d, C(��O)CH3, 

2J(PC)
19 Hz], 215.1 [d, 2 FeCO, 2J(PC) 19 Hz], 213.4 [d, 1 FeCO,
2J(PC) 12 Hz], 136.5–128.2 (m, aromatics), 52.3 [vbr,
Si(OCH3)3], 45.1 [dd, PCP, 1J(PC) 20 and 31 Hz], 35.7 [d,
C(O)CH3, 

3J(PC) 33 Hz].
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Table 8 Summary of crystal data, data collection and structure analysis

1b 5b�THF 6a�hexane

Empirical formula
Formula weight
Crystal size/mm
Crystal system
Space group
a/Å
b/Å
c/Å
α/�
β/�
γ/�
Volume 106/Å3

Dcalc/g cm�3

Z
µ(Mo-Kα)/mm�1

2θ range/�
Reflections collected
Independent reflections
Data/parameters
Final R indices
[I > 2σ(I)]
Largest diff. peak/e Å�3

Weighting scheme

C30H30ClFeNO6P2PdSi
788.30
0.60 × 0.30 × 0.30
Trigonal
R3̄
25.113(2)
25.113(2)
25.113(2)
118.39(2)
118.39(2)
118.39(2)
5176(18)
1.519
6
0.3955
6–52
21577
6781 [R(int) = 0.035]
6781/395
R1 = 0.032
wR2 = 0.127
1.02
w = 1/[σ2(Fo

2) � (0.0314P)2 � 30.07P]

C40H43FeNO7P2PdSi
902.03
0.24 × 0.24 × 0.14
Orthorhombic
Pbca
19.6245(3)
13.9778(1)
29.5777(6)

8113.4(2)
1.477
8
0.958
2.76–50.0
43249
7150 [R(int) = 0.065]
6879/473
R1 = 0.051
wR2 = 0.101
0.462
w = 1/[σ2(Fo

2) � (0.0343P)2 � 12.76P]

C47H53FeNO6P2PdSi
980.21
0.18 × 0.24 × 0.23
Monoclinic
P21/n
11.562(2)
21.028(3)
18.837(3)

97.00(2)

4546(1)
1.432
4
0.8504
6–50
8470
2910 [R(int) = 0.033]
3029/535
R = 0.055
RW = 0.075
1.08
w = 1/[σ2Fo � 0.004 Fo

2]

[(OC)3Fe{�-Si(OMe)2(OMe)}(�-dppa)Pd{C(O)Me}] 10b.

Carbon monoxide was bubbled through a solution of 3b (0.767
g, 1 mmol) in CH2Cl2 (10 mL) at 293 K. After 30 min, the
volatiles were removed under reduced pressure and the resi-
due was washed with pentane affording 10b as an orange
powder (0.740 g, 92% yield) (Found: C, 48.69; H, 4.15; N,
1.51%. C32H33FeNO7P2PdSi requires C 48.29; H 4.18; N
1.76%); 1H NMR (CDCl3, 298 K): δ 1.91 [s, 3 H, C(O)CH3],
3.68 [s, 9 H, Si(OMe)3)], 4.02 (br, 1 H, NH), 7.21–7.80 (m, 20 H,
aromatics).

Complexes 11a and 12a. These were characterized in situ, see
main text.

Carbene complexes [(OC)3Fe{�-C(Me)OSi(OMe)3}(�-dppx)Pd-
(PR3)] 13a, 14a,b and 15a. General procedure. To a solution of
10a or 10b (0.2 mmol) in CH2Cl2 (5 mL) was added excess PR3

(see below). After the reaction mixture was stirred at ambient
temperature, the volatiles were removed under reduced pres-
sure, the residue was triturated with hexane (3 mL) and then
dried to give the desired product as a powder.

Complex 13a (dppx = dppm; PR3 = PEt3). Reaction condi-
tions: PEt3 (0.22 mmol), reaction time: 30 min (0.173 g, 95%
yield) (Found: C, 51.52; H, 5.63%; C39H49FeO7P3PdSi requires
C 51.30; H 5.41%); 1H NMR (CDCl3, 298 K): δ 0.89 (m, 9 H,
CH2CH3), 1.20 (m, 3 H, PCHAHB), 1.44 (m, 3 H, PCHAHB),
2.84 [dt, 3 H, CH3, 

4J(PH) 12.1 and 4.1 Hz], 3.38 [t, 2 H,
PCH2P, 2J(PH) 9.6 Hz], 3.66 (s, 9 H, OCH3), 7.04–7.85 (m, 20
H, aromatics); 13C{1H} NMR (CDCl3, 253 K): δ 220.6 [d,
FeCO, 2J(PC) 25 Hz], 219.2 [d, FeCO, 2J(PC) 6 Hz], 218.2 [d,
FeCO, 2J(PC) 25 Hz], 199.4 [dd, µ-C, 2J(PC) 14 and 77 Hz], 51.6
(s, OCH3), 45.0 (s, C-CH3), 42.4 (m, PCP), 16.8 [dd, PCH2CH3,
1J(PC) 18 Hz, 3J(PC) 4 Hz], 8.4 [t, PCH2CH3, 

2J(PC) = 4J(PC)
12 Hz].

Complex 14a (dppx = dppm; PR3 = PPh3). Reaction condi-
tions: PPh3 (0.22 mmol), reaction time: 60 min (0.178 g, 85%
yield) (Found: C 58.24; H 4.69%. C51H49FeO7P3PdSi requires C
57.94; H 4.67%); 1H NMR (CDCl3, 298 K): δ 2.29 [dt, 3 H,
CH3, 

4J(PH) 10.2 and 2.9 Hz], 3.51 (s, 9 H, OCH3), 3.30–3.65
[m, partially obscured by the Si(OMe)3 resonance, 2 H,
PCH2P], 6.85–7.85 (m, 35 H, aromatics); 13C{1H} NMR
(CDCl3, 253 K): δ 220.6 [d, FeCO, 2J(PC) 25 Hz], 219.2 [d,
FeCO, 2J(PC) 6 Hz], 218.2 [d, FeCO, 2J(PC) 25 Hz], 199.4 [dd,
µ-C, 2J(PC) 14 and 77 Hz], 51.6 (s, OCH3), 45.0 (s, C-CH3), 42.4

(m, PCP), 16.8 [dd, PCH2CH3, 
1J(PC) 18, 3J(PC) 4 Hz], 8.4 [t,

PCH2CH3, 
2J(PC) = 4J(PC) 12 Hz].

Complex 14b (dppx = dppa; PR3 = PPh3). Reaction condi-
tions: PPh3 (0.4 mmol), reaction time: 4 h (0.109 g, 53% yield).
A correct elemental analysis could not be obtained for this
complex. 1H NMR (CDCl3, 298 K): δ 2.32 [dt, 3 H, CH3,
4J(PH) 12.9 and 4.6 Hz], 3.48 (s, 9 H, OCH3), 4.26 (m, not
resolved, 1 H, NH), 6.99–7.91 (m, 35 H, aromatics); mass spec-
trum (FAB�, NBA matrix): 1056 (M�, 3%), 973 (M� � 3 CO,
79%). The simulated isotopic distribution pattern was in
agreement with the experimental spectrum.

Complex 15a (dppx = dppm; PR3 = P(OMe)3). Reaction con-
ditions: P(OMe)3 (0.4 mmol), reaction time: 3 h. A correct
elemental analysis could not be obtained for this complex. 1H
NMR (CDCl3): δ 2.91 [ddd, 3 H, CH3, 

4J(PH) 11.1, 5.2 and 3.5
Hz], 3.40 [d, 9 H, POCH3, 

3J(PH) 13.0 Hz], 3.64 (s, 9 H,
SiOCH3), 3.35–3.70 [m, partially overlapped by the P(OMe)3

and the Si(OMe)3 resonance, 2 H, PCH2P], 7.15–7.85 (m, 35 H,
aromatics).

[(OC)3{(MeO)3Si}Fe(�-dppm)Pd(CN-2,6-xylyl){C(O)Me}]
16a. Xylyl isocyanide (0.0262 g, 0.2 mmol) was added to a solu-
tion of 10a (0.159 g, 0.2 mmol) in CH2Cl2 (5 mL) at ambient
temperature. After the brown-yellow solution was stirred for 10
min, it was concentrated under reduced pressure to 2 mL. After
addition of hexane, 16a precipitated as a yellow powder, which
was dried under reduced pressure (0.167 g, 90% yield) (Found:
C, 54.11; H, 4.32; N 1.38%. C42H43FeNeO7P2PdSi requires C,
54.47; H, 4.68; N 1.51%); 1H NMR (CDCl3, 248 K): δ 1.84 [s, 3
H, C(��O)CH3], 2.47 (s, 6 H, xylyl-CH3), 3.51 (s, 9 H, Si(OMe)3),
3.69 [t, 2 H, PCH2P, 2J(PH) 7.1 Hz], 7.05–7.71 (m, 23 H,
aromatics).

X-Ray structure determinations of [(OC)3{(MeO)3Si}-

Fe(�-dppm)Pd(8-mq) 6a�hexane, [(OC)3-

Fe{�-Si(OMe)2OMe}(�-dppa)PdCl] 1b and [(OC)3-

Fe{�-Si(OMe)2(OMe)}(�-dppa)PdPh] 5b�THF

Crystal data and experimental details are given in Table 8. The
X-ray data were collected at room temperature on a Siemens
SMART CCD area detector diffractometer (5b�THF) with a
crystal-to-detector distance of 3.85 cm, on an Enraf Nonius
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CAD4 (6a�hexane) and on a Philips PW 1100 diffractometer
(1b) using graphite monochromated Mo-Kα radiation
(λ = 0.71073 Å). The collected data were corrected for Lorentz
and polarization effects. An empirical absorption correction
with the program SADABS was applied to 5b�THF.29 The
structures were solved by Patterson methods using
SHELXS86 30 (1b or 6a�hexane) or direct methods (5b�THF)
using SIR92 31 and refined by the full-matrix least-squares
based on Fo

2 (SHELXL93, SHELX96 32 for 1b and 5b�THF) or
Fo (6a�hexane).33 In the crystals of 6a disordered molecules of
hexane were also found. All non-hydrogen atoms were refined
anisotropically (excepting the carbon atoms of the phenyl
groups in 6a�hexane which were refined isotropically) and the
hydrogens were included in idealized positions. All calculations
for 6a�hexane and 1b were carried out on the DIGITAL
ALPHA255 of the Centro di Studio per la Strutturistica
Diffrattometrica of C.N.R., Parma.

CCDC reference number 186/1690.
See http://www.rsc.org/suppdata/dt/1999/4175/ for crystallo-

graphic files in .cif format.
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