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Abstract

The reaction of [Sm(Tp™M*>

)2] with Mn,CO results in the reductive cleavage of the Mn—Mn bond and the formation of the salt

[Sm(Tp™<2),]Mn(CO)s which has been characterized by X-ray diffraction (Tp™** = HB(3,5-dimethylpyrazolyl);). In addition a
second product, [(Tp™®?),Sm(u-0,CH)Sm(Tp™M®2),]Mn(CO)s, was isolated and characterized crystallographically. Two mechanisms

for the formation of this complex are proposed.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

As efforts to diversify the range of ancillary ligands
available for the functionalization of lanthanide metal
centres have intensified [1,2], polypyrazolylborate li-
gands have met with considerable success [3,4]. A range
of homo and heteroleptic complexes of both the 2+ and
3+ oxidation states have been isolated. The divalent
complexes in particular have been shown to have a
diverse reactivity albeit somewhat suppressed relative to
their metallocene analogues [5]. Steric effects have been
found to be quite important. In the case of the simple Tp
ligand (Tp = HB(C3H3N,);), divalent complexes have
been isolated as solvates [6]. The Tp™* analogues
(TpMe? = HB(CsH;N»);), with methyl substituents in
the sterically critical three-position on the other hand
are isolated solvent free [5,7,8], and have been shown to
show suppressed, though complementary reactivity
compared to their metallocene analogues. The redox

chemistry of [SmTp>™?], 1, with oxidizable substrates
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has led to the isolation of complexes with a wide range
of ligands including superoxide [9], chalcogenolate
[10,11], reduced quinones [12] and acetylide [13].

We have shown previously that reaction of binuclear
transition metal carbonyls with 1 results in the cleavage
of metal-metal bonds. In the case of [CpM(CO);),
(M =Cr, Mo, W) an isocarbonyl is isolated. When the
negative charge is not as strongly delocalized onto the
carbonyl groups, as with [Co(CO)4] ", salts are ob-
tained, e.g. [Sm(Tp™?),][Co(CO),] [14]. The reducing
nature of the lanthanide also provides mild routes to
larger clusters as in the preparation of [Re4(CO);H]™
[15]. In this manuscript we report the reaction of 1 with
Mn,(CO);o and the isolation of an unexpected product
resulting from adventitious hydrolysis.

2. Synthesis of [Sm(Tp™%),][Mn(CO)s] (2)

Stirring a purple suspension of 1 with freshly recrys-
tallized [Mn»(CO);(] in toluene at —80 °C and allowing
the reaction mixture to warm to room temperature
overnight yielded a yellow/orange solution from which
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yellow crystals, 2-C;Hg, were isolated by cooling to low
temperature. Small, variable amounts of a dark red
material also formed. Elemental analysis of the yellow
product, 2, was consistent with the fomulation
[Sm(Tp™*2),][Mn(CO)s]. The solid state infrared spec-
trum displayed the expected vgy at 2564 cm ~ ! together
with veo at 1911, 1887 and 1854 cm ~ !, consistent with
terminal carbonyl groups on an anionic metal as
opposed to the isocarbonyls seen previously for
[(CsMes), YbMn(CO)s] [16]. Spectra run in solution
showed bands corresponding to the free Mn(CO)s
anion, as well as a number of other bands which have
been variously assigned to contact ion pairs and solvent-
separated ions [17]. Analogous behaviour was observed
for the more soluble samarium complex [Sm(TpMe-Me4-
Et),].[5] Finally it should be noted that the spectra of the
material changed with time and aged samples gave
evidence for the formation of an isocarbonyl (as
evidenced by a band at 1736 cm ~ ') and for decomposi-
tion (including formation of Mn,(CO);y). These pro-
cesses were not explored further.

3. X-ray structure of 2-C,Hg

Compound 2-C;Hg crystallized from toluene at low
temperature in the space group P1 as yellow blocks. The
asymetric unit comprises two half cations, one anion
and one molecule of toluene. Although the crystals did
not diffract strongly the resulting structure clearly
showed the connectivity of the compound and con-
firmed it to be salt-like, [Sm(Tp™*?),][Mn(CO)s]. The
molecular structure is shown in Fig. 1. The cation is
essentially identical to those observed by us and by
others in [Sm(TpM*),JI, [Sm(TpM?),]BPh, [5],
[Sm(Tp™<?),](TePh); [18], with average Sm—N distance
of 2.421 A (range 2.406(9)—2.430(9) A). The counterion
is trigonal bipyramidal as expected [19,20]. No signifi-
cant interionic interactions were observed. In this
respect therefore the reaction proceeds analogously to
the reaction with Co,(CO)g which yields the salt-like
[Sm(Tp™*),][Co(CO)4] [21].

4. Isolation and X-ray structure of [(Sm(Tp™%),),(n-
0,CH)I[Mn(CO)s|-4(C;Hs) (3-4(C;Hy))

During one synthesis of 2 yellow crystals were
obtained which exhibited both BH and CO peaks in
the infrared spectrum but which differed significantly
from those of 2. A yellow crystal of 3-4(C,;Hg) crystal-
lized in the orthorhombic space group Pna2; with four
molecules of toluene included in the lattice. As for 2, the
structure is essentially salt-like with the surprising
bimetallic cation, [(Tp™¢%),Sm(u-0,CH)Sm(Tp™?),]",

Fig. 1. The molecular structure of 2 (hydrogen atoms and toluene of
crystallization omitted for clarity). Selected distances: Sm(1)-N(1)
2.406(9) A, Sm(1)-N(3) 2.430(9) A, Sm(1)~N(5) 2.427(7) A, Mn(1)—
C(31) 1.81(1), Mn(1)-C(32) 1.83(1) A, Mn(1)-C(33) 1.79(1) A,
Mn(1)-C(34) 1.79(1) A, Mn(1)-C(35) 1.80(1).

together with [Mn(CO)s]~ as counterion (Fig. 2). No
significant interionic contacts were present.

The cation consists of two essentially normal
[Sm(Tp™©?),] " units linked by a single central formate
group. Such an arrangment is rare in lanthanide
chemistry. We are only aware of a single other example
of a lanthanide complex with a single formate bridge
[22] and a search in the Cambridge Databases indicates
that analogous transition metal complexes are not
common. This points towards an unusual formation
mechanism for 3.

The formate ligand lies directly between the two metal
centres such that the samarium and oxygen atoms are
approximately colinear. As a result the separation of the
samarium atoms is unusually long, 6.888 A, far greater
than the 5.42 A for the doubly bridged dimer [SmTpa(p-
O,CPh)], prepared previously by salt metathesis [23].
The Sm—O distances, on the other hand, (2.344(3) and
2.345(2) A) are comparable to the average 2.33(4) A
observed in the dimeric samarium benzoate complex
[Sm(Tp),(n-O,CPh)], [23], but shorter than those in
other eight-coordinate trivalent samarium carboxylates,
for example [Sm(O,CMe)4(H-O),], [24], (average Sm—O
2.43 A) and [Sm(O,C-3-pyr),(1-O,C-pyr),]» [25] (aver-
age Sm 2.38 A).

With C-O distances of 1.230(5) and 1.250(5) A, the
formate group deviates only very slightly from
ideality— this is presumed to be a crystal packing
effect. The distances are slightly longer than those in
[SmTp,(n-O,CPh)]», 1.208 and 1.227 A in one benzoate
moiety and 1.218 and 1.261 A in the second [23]. The
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Fig. 2. The molecular structure of the cation in 3-4(C;Hg) (hydrogen atoms on the Tp ligands and the toluene molecules of crystallization omitted
for clarity). Selected distances and angles: Sm(1)~O(1) 2.344(3) A, Sm(2)-0(2) 2.345(2) A, Sm(1)-N(1) 2.570(4) A, Sm(1)-N(3) 2.493(4) A, Sm(1)—
N(5) 2.492(4) A, Sm(1)-N(7) 2.601(3) A, Sm(1)-N(9) 2.504(4) A, Sm(1)-N(11) 2.435(3) A, Sm(2)-N(15) 2.591(3) A, Sm(2)-N(17) 2.441(3) A,
Sm(2)-N(19) 2.577(3) A, Sm(2)—N(21) 2.486(3) A, Sm(2)—N(23) 2.518(3) A, O(1)~C(61) 1.230(5) A, O(2)—C(61) 1.250(5) A, Mn(1)—C(62) 1.823(5),
Mn(1)-C(63) 1.804(6) A, Mn(1)—C(64) 1.805(6) A, Mn(1)—C(65) 1.808(6) A, Mn(1)-C(66) 1.818(7) A, Sm(1)—O(1)~C(61) 148.1(3)°, Sm(2)-O(2)—

C(61) 150.03)°, O(1)-C(61)-0(2) 126.3(4).

O-C-0O angle of 126.3(4)° is comparable to those
observed in [SmTp,(u-O>CPh)],, 124(2) and 121(2)°
and to the angles of 124 and 127° in [Sm(O,C-3-
pyr)2(p-0,C-3-pyr)o)» [25].

The Tp™*? ligands on each samarium are mutually
staggered to minimize interligand interactions. The Sm—
N distances are in the range 2.435(3) to 2.601(3)A
{Sm(1), average 2.516 A} and 2.441(3) to 2.591(3) A
{Sm(2), average 2.522 A), slightly shorter than those
observed for [(Sm(Tp™*?),)»(u-C14H50,)] [12,26] and
[Sm(Tp™*?),(0-C¢H4-4-'Bu)] [10] (average Sm—N 2.572
A) but comparable to those observed for the dimeric
benzoate bridged complex [SmTp,(p-O,CPh)], (2.527
and 2.523 A) [23].

The pyrazolylborate groups on each samarium atom
are bent away from the bridging formate group, as
measured by the B—Sm—B angles of 147.4 and 149.3° for
Sm(1) and Sm(2), respectively. The plane of the formate
moiety is almost coplanar with the B-Sm—B planes, at
3.7° to the B-Sm(1)-B plane and at 6.3° to the B—
Sm(2)-B plane, nestling between pyrazolyl groups 5
(N(O)N(10)) and 6 (N(11)N(12)) on Sm(1) and 7
(N(13)N(14)) and 9 (N(17)N(18)) on Sm(2). Four of
the pyrazolyl rings are somewhat twisted relative to the
ideal C; axis of the ligand, with torsion angles of 22.4,
20.4, 18.3 and 18.2°, respectively, presumably to accom-
modate the formate anion and to minimise interactions

between the two halves of the dimer. The larger torsion
angles for the pyrazolylborates attached to Sm(l)
correlate with the shorter C(61)-O(1) and Sm(1)-N
distances. Such twisting is quite common in lanthanide
TpMe? systems [10,27].

The coordination geometry at each samarium atom is
best described as distorted pentagonal bipyramidal, as
has been found in related seven-coordinate systems
[10,13,28]. N(5) and N(11) on Sm(1) and N(21) and
N(17) on Sm(2) adopt axial positions, with the equator-
ial planes defined by O(1), N(1), N(3), N(7) and N(9), or
0O(2), N(13), N(15), N(23) and N(19), respectively. The
arrangement of the ligands around Sm(1) is such that
the axial nitrogens are bent away from linearity, with
N()-Sm(1)-N(11) angle of 155.8° and the mean
deviation from the equatorial plane is 0.3009 A. The
equivalent data at Sm(2) are closely similar, N(21)-
Sm(2)—N(17) (155.3°) and mean deviation from equa-
torial plane (0.2701 A).

5. Mechanism of formation of [{Sm(Tp™*?),},(n-
0:CH)|[Mn(CO)s]

The formation of the carboxylate group in this
reaction is rather unexpected. Formates are convention-
ally observed as a consequence of CO, reduction
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mediated by metal hydride complexes. Such reactions
have been carried out both stoicheiometrically [29,30]
and catalytically [31-34] by transition metal systems. In
supercritical CO, spectacular conversions can be
achieved in the presence of hydrogen [35].

In the present case, we believe that a mechanism
based on activation of CO,, may be excluded on the
basis of several observations. Lanthanide systems have
previously been shown to reductively couple CO, to
oxalate. Thus, exposing [Sm(CsMes),(THF),] at room
temperature results in the formation of the oxalate-
bridged complex {[Sm(CsMes)>]r(1-n*n*0,CCO,)}
[36] while atmospheric CO, has been coupled by the
complex [Yb(N(SiMejs);] in the presence of tetraphenyl-
porphyrin [37]. Since in the present case reactions were
carried out with fairly rigorous exclusion of air, the
concentration of CO, should be extremely low. Never-
theless, accidental admission of air into the reaction
flask might still seem a plausible means of introducing
CO, into the system. We note, however, that Takats has
shown that 1 reacts rapidly with O, at —78 °C to give
side-bound superoxide [9]. On the other hand, exposure
of 1 to an atmosphere of pure CO, resulted in very slow
reactions at room temperature and mixtures of products
were isolated [26]. Hence, we would expect products
resulting from reaction with O, rather than with CO,
had air been involved.

It seems more reasonable to invoke a pathway
involving the reaction of a carbonyl with adventitious
water. The direct reaction of CO and water to give
formic acid is thermodynamically feasible but slow at
room temperature (AH = —28 kJ mol ~'). Only under
forcing conditions, in the presence of a catalyst do
appreciable conversions occur, though this process is
not used industrially [38,39]. The dominant commercial
method for the production of formic acid involves the
carbonylation of methanol under basic conditions
followed by hydrolysis [40]. The formation of the
formate anion occurs with water gas shift (WGS)
catalysts. In particular, reactions of hydroxides with
metal carbonyls, the so-called oxidative hydrolysis step
of the WGS reaction, gives formate in addition to
carbonate and CO, [41,42]. The mechanism of this
process is poorly understood. Nucleophilic attack by
hydroxide on a metal carbonyl gives metallacarboxy-
lates (hydroxycarbonyls) [43,44] which either decarbox-
ylate giving CO, or can rearrange to give formate
[41,45]. Such rearrangements have been postulated by
a number of authors, for example by Darensbourg in
phase-transfer-catalysed reactions of hydroxide with
metal-bound carbon monoxide, which afford metal
hydride as final organometallic product [46] and by
Laine and coworkers in the homogeneously catalysed
WGS reaction utilising Ruz(CO);,/KOH as catalyst [47].
It is interesting to note that although formates have been
observed directly in heterogeneous systems, formates

have very seldom been isolated from metal carbonyl
reactions. Malatesta and coworkers reported that so-
dium reduction of Iry(CO);, in THF gave formates
which the authors attributed to the presence of adven-
titious hydroxide [48].

To our knowledge, neither Mn,(CO);o nor Mn(CO)5
react directly with water to give formates. Hence we
believe that the samarium ion plays a key role in driving
the reaction. A mechanism may therefore be proposed
for the formation of 3, which requires combined
interaction of the two metals to generate the product.
Mechanism o is shown in Scheme 1. Initial reduction of
Mn,(CO);o by Sm** cleaves the Mn—Mn bond and
affords the anion Mn(CO)s . Under rigorously anhy-
drous conditions the expected salt 2 is obtained.
However, the presence of adventitious moisture results
in protonation of Mn(CO)s to give HMn(CO)s. This is
not unreasonable since the pK, of HMn(CO)s is 15.1
compared to 15.7 for water [49]. Migratory insertion of
the carbonyl into the Mn—H bond generates a manga-
nese-bound formyl group, A. Whilst insertions of CO
into metal—alkyl bonds are very common [50-52], the
formation of formyls by this ‘direct’” method is rarely
observed. External nucleophilic attack by reducing
hydrides of, for example, Ti, Zr, B or Al is well-
precedented [51]. If, on the other hand, the metal
involved is sufficiently oxophilic to bind the formyl in
the n? form, additional driving force for the reaction is
provided. This has been found to be the case for the
early d- [53] and the f-block [54] metals. The mechanism
of the reaction of decamethyl zirconocene dihydride
with CO is believed to involve initial insertion of CO
into a Zr—H bond to afford an m*formyl. Related,
intermolecular, conversions of coordinated CO to
formyl have been reported [55,56]. A single example
exists of such an insertion for a late transition metal [57].

The presence of an external Lewis acid is also known
to facilitate CO insertion into metal alkyl bonds,
presumably via a similar mechanism [58]. A number of
steps in the homogeneously catalysed hydrogenation of
CO to formaldehyde are believed to be facilitated by
coordination of a metal carbonyl with Lewis acids
through the oxygen [51,58]. Hence, if HMn(CO)s is
indeed in equilibrium with the corresponding formyl,
albeit with the equilibrium lying strongly to the left
under normal conditions, binding the formyl to the
Lewis acidic samarium centre (intermediate B) would
drive the equilibrium toward the right.

The bridging formyl group in B can be expected to be
activated towards nucleophilic attack by further water
or hydroxide. B-Elimination from the resulting inter-
mediate, C, releases the coordinatively unsaturated
[HMn(CO),] fragment, which would be expected to
oligomerise and form hydrido-bridged carbonyl clusters
such as [H3Mn3(CO);,] [59,60]. Small amounts of a red
material were always obtained alongside the yellow
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Scheme 1. Mechanism o for the formation of 2 and 3 (methyl groups Tp™*®: ligands omitted for clarity).

product in the reaction of [SmTpY'**] with [Mny(CO),0].
Unfortunately, it was not possible to isolate the red
material in sufficient quantity or purity to make any
claims. Mass spectrometry material enriched in the red
materials showed only the parent ion, [SmTpY**]* and
infrared data were also unhelpful.

In the final step, the mononuclear samarium formate
intermediate, D, reacts with a further equivalent of 2 to
give the less soluble [(SmTp>*%)(1-0,CH)[Mn(CO)s].

An alternative mechanism, mechanism  (Scheme 2),
may also be envisaged. We have recently reported
evidence that adventitious hydrolysis of a wide range
of complexes of the type [Sm(Tp™?),X] results in the
formation of the unpredented terminal hydroxo species
[Sm(Tp™*?),(OH)]. Although this complex is rather
unstable, decomposing to the highly insoluble bori-
nate-bridged species [Lo(TpMe?)(n-BOp™Me?)],
{BOpM*? = (HBO(dmpz),)* ~} [61], Takats and Fer-
rence have successfully intercepted this species using a
basic divalent hydride [62]. It is therefore possible that
hydrolysis of [Sm(Tp™M¢?),][Mn(CO)s] results in the
formation of [Sm(Tp™?),(OH)] and [HMn(CO)s]. Gi-
ven that the latter is in equilibrium with the correspond-
ing formyl species, protonation of the formyl group by
[Sm(Tp™<?),(OH)] would lead to an anionic species
[Sm(TpM©?),(0)]~ capable of attacking the protonated
formyl to give C.

Attempts to test these mechanistic proposals have
been stymied by our failure to reproduce the reaction,
an observation which lends further credence to the
involvement of adventitious water. Attempts to identify

formate C—H stretching bands in the IR by carrying out
the reaction in glassware pretreated with D,O showed
no evidence for appropriate shifted bands. A key
problem in this system is the moisture sensitivity of
the ancillary Tp™*? ligands themselves which are prone
to hydrolysis giving borinate-bridged dimers [61]. At-
tempts to prepare the formate complex by metathesis
resulted in decomposition to the borinate-bridged dimer
[Sm(Tp™*?)((dmpz),BH(p-0))], [61] owing to the diffi-
culty of obtaining rigorously anhydrous sodium for-
mate. In view of the ease of formation of such dimers,
the isolation of 3 is even more surprising.

6. Conclusions

We have shown that a samarium(II) pyrazolylborate
complex reductively cleaves Mn,(CO);, in the expected
manner. In contrast to the corresponding metallocene
systems, the major product appears to be the salt-like
compound 2 rather than an isocarbonyl-bridged analo-
gue. This is consistent with the relatively low negative
charge delocalized onto the carbonyls (as has been
observed for Co(CO)4 ) and to the much greater steric
hindrance associated with the TpM®? ligands. The
isolation of a bridging formate complex is intriguing
and suggests that the samarium centre can significantly
alter the reactivity of the Mn(CO)s anion towards
water. This observation suggests that the addition of
Lewis acids to WGS systems may result in significant
changes in product distribution.
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7. Experimental
7.1. General procedures

All operations were performed using standard
Schlenk line and dry box techniques under an inert
atmosphere of nitrogen. THF, toluene and n-hexane
were dried by standard methods and degassed prior to
use. Deuterated solvents, benzene-ds and toluene-dg,
were dried over Na or Na/K alloy and distilled.
[SmTpYe?] and [Sm(Tp™eMe4EY,] were synthesized by
published methods.[5,7,63] Mn,(CO),, was purchased
from Aldrich and was recrystallised from petrol (boiling
range 30—40 °C). '"H-NMR spectra were recorded on a
Bruker AMX 400 spectrometer and referenced intern-
ally using the residual solvent resonances relative to
tetramethylsilane. IR spectra were recorded in toluene
solution or as KBr pellets on a Nicolet 205 FTIR
spectrometer. Elemental analyses were determined by
Alan Stones of the UCL Analytical Services using
Perkin—Elmer automatic analysers.

7.2. Preparation of [Sm(Tp™%),][Mn(CO)s] (2)

[Sm(Tp™<?),] (103 mg, 0.138 mmol) and Mn,(CO);,
(26 mg, 0.067 mmol) were mixed in a Schlenk tube,
cooled to —78 °C and toluene (50 ml) added with
stirring. The purple mixture was stirred for 2 h at
—78 °C, then slowly warmed to room temperature (r.t.),
during which time it turned red, then orange and finally

yellow. The solution was filtered and the volume of
solvent reduced in vacuo to 15 ml. Slow cooling to
—25 °C gave 42 mg (0.045 mmol, 32%) of orange/yellow
crystals which readily desolvated on removal from the
mother liquor.

Elemental Anal. Calc. for Sm(TpY*?)Mn(CO)s-tolu-
ene C4HsoN,0sB,MnSm: C, 48.89; H, 5.08; N, 16.29.
Found: C, 48.96; H, 497; N, 17.06%. IR (toluene
solution, cm ~'): 2563 (B—H); 1897, 1853 cm ' (CO).
IR (KBr pellet): 2564 (B—H); 1911, 1887 and 1854 cm
(CO).

7.3. Preparation of [Sm(Tp™*™M<*E ), 1[Mn(CO)s]
(2a)

This reaction was carried out in an analogous fashion
to the preparation of 3-3. The reaction of [Sm(TpMe-Me
+EH)] (100 mg, 0.11 mmol) and Mny(CO),, (21 mg,
0.055 mmol) afforded 50 mg (0.045 mmol, 41%) of
yellow crystals which crumbled when removed from the
mother liquor.

Elemental Anal. Calc. for C4;HggN;,OsB,SmMn: C,
50.95; H, 6.18; N, 15.17. Found: C, 48.94; H, 6.14; N,
14.99%. IR (toluene solution, cm ~'): 2554 (BH); 1632,
1828, 1918 (CO). IR (KBr pellet, cm~!): 2563 (BH);
1642-1653, 1814, 1910 (CO).

"H-NMR (C¢Dg): —1.39 (s, 18H, 3Me), 0.81 (t, 18H,
CH3), 2.04 (q, 12H, CH,), 3.17 (d, 18H, 5Me).
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7.4. X-ray crystallography for 2-C;Hg and 3-4(C,Hg)

Data were collected on a Bruker SMART 1K CCD
diffractometer at 160 K using narrow frames and -
rotation. The data were corrected for absorption semi-
empirically.

7.5. Crystal data for 2-C,Hyg

C35H44B2MHN1205SIT1'C7H8, M= 103187, tI'iClil’liC,
space group P1, a=10.6613(16), b =11.5186(17), c =
20.715(3) A, «2=97.437(4), p=98.612(3), y=
105.281(4)°, U=2387.9(6) A3 Z=2, u(Mo-K,)=
1.537 mm~!, 14347 data measured, of which 8309
unique with R;,, =0.0623, R=0.0881 {for 5010 data
with I > 20 (1)}, wR, =0.2401 {for all unique data}. The
structure was solved by placing atom Sm(1) at 0.5 0.5
0.5 and refined on F* values. The structure comprises
two half-cations, (each on a centre of symmetry, one
being disordered), one anion and one toluene molecule
of crystallisation.

7.6. Crystal data for 3-4(C,Hyg)

C66H89B4MHN24O7SIH2'4C7H8, M= 209803, orthor-
hombic, space group Pna2;, a=21.1214(12), b=
17.4688(9), ¢=27.3426(15) A, U=10088.5(10) A3
Z =4, t(Mo-K,) =1.336 mm !, 61153 data measured,
of which 20411 unique with R, =0.0413, R=0.0361
{for 17043 data with I >2a(I)}, wR, =0.0781 {for all
unique data}. The structure was solved by Patterson
synthesis and refined on F* values. The structure
comprises one cation one anion and four toluene
molecules of crystallisation.

8. Supplementary material

Crystallographic data for the structural analysis have
been deposited with the Cambridge Crystallographic
Data Centre, CCDC nos. 192154 and 192155 for
compounds 2-C;Hg and 3-4C;Hg, respectively. Copies
of this information may be obtained free of charge from
The Director, CCDC, 12 Union Road, Cambridge CB2
1EZ, UK (Fax: +44-1223-336033; e-mail: depos-
it@ccdc.cam.ac.uk or www: http://www.ccdc.cam.a-
c.uk).
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