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1 Deceased.
a b s t r a c t

Acetato-bis(pyrazole) complexes [Mo(g3-methallyl)(O2CMe)(CO)2(pz*H)2], (methallyl = CH2C(CH3)CH2)
and fac-[M(O2CMe)(CO)3(pz*H)2], (pz*H = pyrazole or 3,5-dimethylpyrazole, dmpzH; M = Mn, Re) are
obtained from [Mo(g3-methallyl)Cl(CO)2(NCMe)2] or fac-[MBr(CO)3(NCMe)2] [M = Mn (synthesized
in situ), Re], 2 equiv. of pyrazole, and 1 equiv. of sodium acetate for Mo complexes, or silver acetate for
Mn or Re complexes. The chlorido-complexes [Mo(g3-methallyl)Cl(CO)2L2] (L = pzH, dmpzH), obtained
from the same starting material by substitution of MeCN by pzH or dmpzH, are also described. The crystal
structures of the fac-acetato-bis(dimethylpyrazole) complexes present the same pattern of intramolecu-
lar hydrogen bonds between the acetate and the dimetylpyrazole ligands, whereas the crystal structures
of the fac-acetato-bis(pyrazole) complexes show different hydrogen bonds patterns, with intermolecular
interactions. NMR data indicate that these interactions are not maintained in solution.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

One of the main features of pyrazole complexes is the involve-
ment of the N-bound hydrogen of pyrazole in intra- or intermolec-
ular hydrogen bonds. Their crystal structures rarely show
intermolecular hydrogen-bonded chains or oligomers [1,2], and
frequently exhibit intramolecular hydrogen-bonds, or hydrogen-
bonding to solvent molecules or counterions. In fact, cationic
pyrazole complexes have been recently used as anion receptors
in solution [3].

The presence in the same complex of pyrazoles and other
ligands able to behave as hydrogen bond acceptor allows a system-
atic study of which factors determine the formation of inter-
and/or intramolecular interactions. This is one of the big challenges
of chemistry, that is, the understanding and control of the organi-
zation of molecules [4]. Hydrogen bonded organic aggregates have
so far been object of main attention, but the presence of metals in
supramolecular systems is attracting increasing interest, as they
may show redox [5], optical [6], magnetic [7], adsorption [8], or
catalytical [9] properties. We considered that complexes contain-
ing the fac-‘‘MX(pz*H)2” (X = halogen, pz*H = any pyrazole) moiety
[10] could be good precursors to start this study, if the halogen is
replaced by another ligand able to establish hydrogen bonding
All rights reserved.

+34 983 323013.
interactions with the hydrogens of pyrazoles. The fac geometry of
these complexes, caused by the relative donor-accepting proper-
ties of the ligands, allows this study, as no other geometric factors
are involved. The acetate was chosen to play this role, since the
oxygens may act as hydrogen acceptors, and this interaction may
determine the coordination behavior of the acetate, as has been re-
cently demonstrated [11].
2. Results and discussion

2.1. Synthesis of the complexes

The complexes herein described were obtained by the reactions
depicted in Scheme 1.

Chlorido-bis(pyrazole) complexes [Mo(g3-methallyl)Cl(CO)2-
(pzH)2] (1a) and [Mo(g3-methallyl)Cl(CO)2(dmpzH)2] (1b) were
obtained by treating [Mo(g3-methallyl)Cl(CO)2(NCMe)2] with
2 equiv. of pzH or dmpzH in CH2Cl2 at room temperature (Scheme
1) [12].

The molybdenum complexes [Mo(g3-methallyl)(O2CMe)(CO)2-
(pzH)2] (2a) and [Mo(g3-methallyl)(O2CMe)(CO)2(dmpzH)2] (2b)
were obtained from [Mo(g3-methallyl)Cl(CO)2(NCMe)2], 2 equiv.
of the pyrazole and sodium acetate (Scheme 1). The reactions occur
readily at room temperature in THF. Obviously, 1a or 1b may be con-
sidered as intermediates in the self-assembly method, as has been
demonstrated in a separated experiment for 1a, which was also ob-
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Scheme 1. Syntheses of chlorido and acetato complexes.

Fig. 1. Perspective views of [Mo(g3-methallyl)Cl(CO)2(pzH)2], 1a (above), and
[Mo(g3-methallyl)Cl(CO)2(dmpzH)2], 1b (below), showing the atom numbering.

Table 1
Selected distances (Å) and angles (deg.) for [Mo(g3-methallyl)Cl(CO)2(pzH)2], 1a, and
[Mo(g3-methallyl)Cl(CO)2(dmpzH)2], 1b.

1a 1b

Mo(1)–C(1) 1.943(3) 1.93(2)
Mo(1)–C(2) 1.943(3) 1.943(19)
Mo(1)–N(1) 2.254(2) 2.281(13)
Mo(1)–N(3) 2.246(2) 2.232(12)
Mo(1)–Cl(1) 2.5788(8) 2.156(8)
Mo(1)–C(4) 2.237(3) 2.220(16)
Mo(1)–C(3) 2.345(3) 2.326(18)
Mo(1)–C(5) 2.311(3) 2.303(16)
C(2)–Mo(1)–C(1) 81.99(12) 77.4(7)
C(2)–Mo(1)–N(1) 168.36(11) 166.6(6)
C(1)–Mo(1)–N(1) 94.54(10) 99.0(7)
C(2)–Mo(1)–N(3) 88.66(11) 86.8(6)
C(1)–Mo(1)–N(3) 86.68(10) 95.2(7)
N(1)–Mo(1)–N(3) 80.03(8) 80.6(4)
C(2)–Mo(1)–Cl(1) 97.03(9) 102.9(5)
C(1)–Mo(1)–Cl(1) 167.98(9) 173.3(6)
N(1)–Mo(1)–Cl(1) 84.05(6) 79.1(4)
N(3)–Mo(1)–Cl(1) 81.31(6) 78.2(4)
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tained from the addition of 2 equiv. of pyrazole to [Mo(g3-methal-
lyl)Cl(CO)2(NCMe)2] (Scheme 1).

The manganese and rhenium complexes fac-[M(O2CCH3)-
(CO)3(pzH)2] (M = Mn, 3a; M = Re, 4a) and fac-[M(O2CCH3)-
(CO)3(dmpzH)2] (M = Mn, 3b; M = Re, 4b) were obtained by a
similar method but using AgOAc instead of NaOAc as halogen
extractor.

2.2. Solid-state structural characterization

The structures of 1a and 1b [13] are shown in Fig. 1, and Table 1
collects relevant distances and angles.

The molybdenum atoms are pseudo-octahedrally coordinated,
assuming that the methallyl group occupies one site. The terminal
carbon atoms of the methallyl groups point towards the carbonyl
groups, as has been demonstrated to be the most energetically
favorable arrangement [14]. The distances and angles are very sim-
ilar to those found in the previously reported structures of pyrazol-
emolybdenum(II) complexes with different halogen or allyl groups
[10b,15]. One of the pyrazole ligands is coordinated trans to the
methallyl group in all these structures, as opposite to what is usu-
ally found in complexes of the type [MoX(g3-allyl)(CO)2L2] (X = ha-
lide or pseudo halide, L2 = nitrogen donor ligand), where the
nitrogen donor ligands are trans to the carbonyls [16].

The N-bound hydrogens are involved in intramolecular hydro-
gen bonds with the chlorine atom [H(2)� � �Cl(1) 2.351 Å and
H(4)� � �Cl(1) 2.257 Å for 1a and 2.034 and 2.018 for 1b]. These,
and the corresponding N� � �Cl distances [3.119 Å and 3.041 Å for
1a, and 2.681 and 2.649, respectively, for 1b], and N–H� � �Cl angles
[130� and 132� for 1a, 118� and 117� for 1b] confirm the presence
of a hydrogen bond which may be considered between ‘‘weak” and
‘‘moderate” for 1a, or ‘‘moderate” for 1b [17,18]. The structures of
2a and 2b are shown, respectively, in Figs. 2 and 3, whereas rele-
vant distances and angles are collected in Table 2 [19]. Both
structures present the usual pseudooctahedral geometry of
(g3-methallyl)molybdenum complexes, with the open face of the
allyl moiety oriented over the carbonyls. As evidenced by Table
2, the distances and angles are very similar in both complexes, and



Fig. 2. Perspective view showing the atom numbering (above), and intermolecular
hydrogen bonds (below) of [Mo(g3-methallyl)(O2CMe)(CO)2(pzH)2], 2a (below),
showing the atom numbering.

Fig. 3. Perspective view of [Mo(g3-methallyl)(O2CMe)(CO)2(dmpzH)2], 2b, showing
the atom numbering.

Table 2
Selected distances (Å) and angles (deg.) for [Mo(g3-methallyl)(O2CMe)(CO)2(pzH)2],
2a, and [Mo(g3-methallyl)(O2CMe)(CO)2(dmpzH)2], 2b.

2a 2b

Mo(1)–C(1) 1.924(4) 1.937(4)
Mo(1)–C(2) 1.946(4) 1.953(4)
Mo(1)–N(1) 2.271(3) 2.283(3)
Mo(1)–N(3) 2.229(3) 2.259(3)
Mo(1)–O(4) 2.175(3) 2.223(3)
Mo(1)–C(4) 2.239(4) 2.232(3)
Mo(1)–C(3) 2.313(4) 2.331(3)
Mo(1)–C(5) 2.327(4) 2.317(4)
C(2)–Mo(1)–C(1) 79.51(18) 78.24(16)
C(2)–Mo(1)–N(1) 166.29(15) 169.14(12)
C(1)–Mo(1)–N(1) 98.20(15) 98.85(13)
C(2)–Mo(1)–N(3) 86.52(15) 87.02(13)
C(1)–Mo(1)–N(3) 89.10(15) 89.96(13)
N(1)–Mo(1)–N(3) 79.90(11) 82.49(11)
C(2)–Mo(1)–O(4) 103.24(15) 101.29(12)
C(1)–Mo(1)–O(4) 171.79(15) 170.03(12)
N(1)–Mo(1)–O(4) 77.27(11) 79.74(9)
N(3)–Mo(1)–O(4) 83.39(11) 80.06(9)
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similar to those described above for 1a and 1b or for the previously
reported structures of bis(pyrazole)halodicarbonylmolybdenum(II)
complexes [10b,15]. As occur in these structures, one of the pyra-
zole ligands is coordinated trans to the allyl group.

Two intramolecular hydrogen bonds are detected in 2b (Fig. 3):
between the coordinated oxygen of the acetate and the N-bound
hydrogen of one of the dmpzH ligands [H(2)� � �O(4) 1.961 ÅA

0

], and
between the uncoordinated oxygen of the acetate and the N-bound
hydrogen of the second dmpzH [H(4)� � �O(5) 1.787 ÅA

0

]. These and
the corresponding N� � �O distances (2.696 and 2.789 ÅA

0

, respec-
tively) and N–H� � �O angles (126� and 163�, respectively) confirm
the presence of a hydrogen bond which may be considered as
‘‘moderate” [17]. This pattern (Fig. 4) is observed in all the com-
plexes containing dmpzH and acetate described herein. However,
only one intramolecular hydrogen bond is detected for 2a (Fig. 2
above): that between the coordinated oxygen of the acetate and
the N-bound hydrogen of one of the pzH ligands [H(2)� � �O(4)
1.908, with distances N(2)� � �O(4) 2.670, and N–H� � �O angle
128�]. The N-bound hydrogen of the second pzH is involved in a
moderate intermolecular hydrogen bond with the uncoordinated
oxygen of the acetate of a second molecule, giving rise to the dimer
depicted in Fig. 2 (below) [H(4)� � �O(55) 1.750, H(54)� � �O(5)
1.806 Å, with distances N(4)� � �O(55) 2.745, N(54)� � �O(5) 2.793 Å,
and N–H� � �O angles 161� and 159�, respectively]. Both intra- and
intermolecular values correspond again to ‘‘moderate” hydrogen
bonds [17].

The relative orientation of the pyrazole ligands differs in each
complex: dmpzH ligands are tilted in the same direction in 2b
(46(1)� for the dmpzH involved in the intramolecular bond with
the uncoordinated oxygen of the acetate, and 12(1)� for the other
M
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Fig. 4. Hydrogen bond pattern observed in the crystal structures of the complexes
containing dmpzH and acetate [L = (g3-methallyl), M = Mo (2b); L = CO, M = Mn
(3b), Re (4b)].
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dmpzH), whereas pzH ligands in 2a are symmetrically tilted re-
spect to the plane perpendicular to that containing the metal and
the nitrogen donor atoms (�14(1)� and 7(1)�, respectively). There-
fore, the intra- or intermolecular nature of the hydrogen bond
seems to determine the orientation of the pyrazole ligand involved
in it. Steric factors might also influentiate this feature, as the struc-
tures of complexes containing two dmpzH coordinated cis usually
show higher distortions than those with pzH [10]. In fact, the devi-
ations shown by the pzH ligands in the chlorido-complexes are
clearly lower: 10(1)� and �1(1)� for 1a, and 10(1)� and �5(1)� for
1b. The structures of the manganese and rhenium complexes 3a,
3b, 4a, and 4b were also determined by X-ray diffraction, and the
results are shown in Figs. 5 (3a), 6 (4a), and 7 (3b and 4b). Dis-
tances and angles in these structures (those relevant are collected
in Table 3) are similar to those found in previously reported struc-
tures of pyrazolemanganese(I) and -rhenium(I) complexes, which
are scarce, and show a slightly distorted octahedral geometry
[10a,10c,20]. These distortions are evidenced by the slight devia-
tion from the ideal angles shown by the ligands coordinated trans
or cis (see Table 3).

The intramolecular hydrogen bonds detected the complexes
with dmpzH 3b and 4b (Fig. 7) follow the same pattern than those
described above for 2b (depicted in Fig. 4): the coordinated oxygen
of the acetate is hydrogen-bonded to the N-bound hydrogen of one
of the dmpzH ligands [H(2)� � �O(4) 2.381 ÅA

0

for 3b and 2.334 ÅA
0

for
4b, with N� � �O distances 2.794 ÅA

0

and 2.803 ÅA
0

, and N–H� � �O angles
103� and 106�, respectively], and the uncoordinated oxygen of the
acetate is hydrogen-bonded the N-bound hydrogen of the second
dmpzH [H(4)� � �O(5) 1.925 ÅA

0

for 3b and 1.796 ÅA
0

for 4b, with
N� � �O distances 2.716 ÅA

0

and 2.717, and N–H� � �O angles 164� and
Fig. 5. Perspective view showing the atom numbering (above), and
147�, respectively]. These distances confirm the presence of a
hydrogen bond which may be considered between ‘‘weak” and
‘‘moderate” [17].

Whereas one intra- and other intermolecular hydrogen bond
were detected for 2a (Fig. 2), only intermolecular bonds are found
in 3a: both N-bound hydrogens of each molecule are hydrogen-
bonded to the uncoordinated oxygen of an adjacent molecule,
forming a chain structure (Fig. 5). The distances indicate that these
hydrogen bonds may be considered as ‘‘moderate” [17]: 2.095 Å for
H(2)� � �O(5) and 1.953 Å for H(4)� � �O(5), being 3.055 Å for
N(2)� � �O(5) and 2.910 Å for N(4)� � �O(5), with N–H� � �O angles
154� and 153�, respectively.

A different pattern from those found in the structures of 2a and
3a is detected in 4a: in this case, the uncoordinated oxygen of the
acetate is involved in two hydrogen bonds, one intramolecular
with one of the pyrazoles [H(4)� � �O(5) 1.880 Å, N(4)� � �O(5)
2.765 Å, and N–H� � �O 142�], and another intermolecular with the
pyrazole of other molecule not involved in intramolecular hydro-
gen bonding [H(2)� � �O(5) 1.702 Å, and N(2)� � �O(5) 2.720 Å, and
N–H� � �O 169�] (Fig. 6). These distances point to hydrogen bonds
which may be considered as ‘‘moderate” [17].

The pyrazole ligands in the structures of 3a, 3b, 4a, and 4b are
tilted around the Mo–N bonds. In these structures each pair of pyr-
azole ligands is orientated in the same direction respect to the
plane perpendicular to that containing the metal and the nitrogen
donor atoms, being the averaged angles 25(1)� and 23(1)� for 3a,
43(1)� and 38(1)� for 3b, 50(1)� and 44(1)� for 4a, and 31(1)� and
50(1)� for 4b. It should be noted that these angles are rather similar
in the three structures, as opposite to what is observed in those of
2a and 2b (see above).
hydrogen bonds (below) of fac-[Mn(O2CMe)(CO)3(pzH)2], 3a.



Fig. 6. Perspective view showing the atom numbering (above), and hydrogen bonds (below) of fac-[Re(O2CMe)(CO)3(pzH)2], 4a.
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2.3. Characterization in solution

The IR spectra of all the complexes show two bands in the C–O
stretching region in solution for the molybdenum complexes and
three for the manganese and rhenium complexes, as expected for
their respective cis-dicarbonyl and fac-tricarbonyl geometries.
The frequencies are higher for complexes with pzH than those with
dmpzH, and for manganese than for rhenium complexes. Both fea-
tures are to be expected considering the higher electronic density
of the third row vs. first row transition metal series, and the better
donor properties of dmpzH compared to pzH [21].

As indicated above, complexes of the type [Mo(g3-
CH2C(R)HCH2)X(CO)2L2] [R = H (allyl), Me (methallyl); X = halide
or pseudo halide; L2 = two monodentate ligands or a bidentate li-
gand] may be considered as pseudo-octahedral if the g3-allyl li-
gand is considered as occupying one coordination position.
Considering only the most favorable arrangement, where the ter-
minal atoms of the allyl group are oriented over the carbonyl
groups [14], there are two possible geometries for these com-
plexes: S or symmetric, where the pyrazoles are coordinated in
the equatorial positions, trans to the carbonyls; and A or asymmet-
ric, where one of the pyrazoles is coordinated trans to the allyl
group, in the axial position (Fig. 8).

Molybdenum complexes 1a, 1b, 2a, and 2b show a dymanic
behavior in solution similar to that observed for similar bromido-
complexes with allyl instead of methallyl, which has been previ-
ously detailed [10b]. Although they crystallize as the asymmetric
isomer A (Figs. 1 and 8), their 1H and 13C NMR spectra at room tem-
perature show the equivalence of both methylenes of the methallyl
group, and both pyrazoles, what points to the symmetric isomer S.
The broadness of some signals suggests a slow exchange process in
solution below the coalescence. Complexes [Mo(g3-
CH2C(R)HCH2)X(CO)2L2] usually display a non-dissociative trigonal
twist process in which there is an intramolecular rotation of the
XL2 triangular face [22], which would lead to the equilibrium be-
tween the symmetric S and both enantiomers of the asymmetric
A. Therefore, if this exchange process is fast enough, a symmetric
average spectrum should be observed. As previously described
[10b], other dynamic processes in solution detected for this type
of complexes, such as the g3–g1–g3 rearrangement of the allyl
[23], or the ‘‘pivoted double switch” process [24], may be
discarded.

The trigonal twist process observed for 1a and 1b is faster than
those observed for the similar complexes [Mo(g3-allyl)Br(CO)2L2]
(L = pzH, dmpzH), which 1H NMR spectra at the same field show
averaged symmetric only at higher temperatures [10b]. The lower
activation energy of methallyl respect to allyl complexes in the sys-
tem [Mo(g3-CH2C(R)HCH2)X(CO)2L2] has been already reported
[25].

The broadness observed at room temperature for the NH pro-
tons might be due to a rapid prototropic exchange involving the
pyrrolic proton, which is common in pyrazole complexes [26].
The assignment of the hydrogens or methyl groups in positions 3
and 5 is difficult when they display singlets, since their chemical
shift seems to be affected by different factors, which are difficult
to evaluate: whether the hydrogen (or methyl) group at position
3 resonates at higher field than 5 or viceversa may vary in the same
family of complexes [27], or even depending on the solvent used
[28]. When the complexes are fluxional the broader signals (those
coalescing at higher temperatures) have been assigned to the



Fig. 7. Perspective views of fac-[Mn(O2CMe)(CO)3(dmpzH)2], 3b (above), and fac-
[Re(O2CMe)(CO)3(dmpzH)2], 4b (below), showing the atom numbering.

Table 3
Selected distances (Å) and angles (�) for fac-[Mn(O2CMe)(CO)3(pzH)2], 3a, fac-
[Mn(O2CMe)(CO)3(dmpzH)2], 3b, fac-[Re(O2CMe)(CO)3(pzH)2], 4a, and fac-[Re(O2C-
Me)(CO)3(dmpzH)2], 4b.

3a (M = Mn) 3b (M = Mn) 4a (M = Re) 4b (M = Re)

M(1)–C(1) 1.781(5) 1.786(3) 1.894(5) 1.878(9)
M(1)–C(2) 1.796(6) 1.792(3) 1.908(5) 1.918(9)
M(1)–C(3) 1.793(5) 1.802(3) 1.926(5) 1.917(8)
M(1)–N(1) 2.069(4) 2.070(2) 2.178(3) 2.182(6)
M(1)–N(3) 2.069(4) 2.0792(19) 2.189(4) 2.195(6)
M(1)–O(4) 2.024(3) 2.0530(16) 2.156(3) 2.164(5)
C(1)–M(1)–C(2) 87.4(2) 89.30(12) 87.4(2) 87.6(4)
C(1)–M(1)–C(3) 89.3(2) 87.02(12) 88.1(2) 86.7(3)
C(2)–M(1)–C(3) 91.1(2) 89.10(11) 87.0(2) 89.5(4)
C(1)–M(1)–O(4) 177.05(17) 175.35(10) 174.95(17 177.3(3)
C(2)–M(1)–O(4) 94.68(19) 86.66(10) 94.95(16) 91.5(3)
C(3)–M(1)–O(4) 92.75(17) 95.22(9) 96.47(18) 95.9(3)
N(1)–M(1)–O(4) 84.42(15) 82.13(7) 78.88(12) 80.0(2)
N(3)–M(1)–O(4) 82.40(14) 89.07(7) 86.02(13) 84.5(2)
C(1)–M(1)–N(1) 93.50(18) 95.77(10) 96.44(17) 97.5(3)
C(2)–M(1)–N(1) 90.18(19) 92.82(10) 95.46(16) 93.4(3)
C(3)–M(1)–N(1) 176.97(19) 176.63(10) 174.91(18) 175.0(3)
O(4)–M(1)–N(1) 84.42(15) 82.13(7) 78.88(12) 80.0(2)
C(2)–M(1)–N(3) 176.15(18) 175.65(10) 177.81(16) 175.6(3)
C(1)–M(1)–N(3) 95.43(18) 94.93(10) 91.52(19) 96.3(3)
C(3)–M(1)–N(3) 91.52(19) 92.08(10) 94.89(18) 92.9(3)
O(4)–M(1)–N(3) 82.40(14) 89.07(7) 86.02(13) 84.5(2)
N(1)–M(1)–N(3) 87.05(13) 85.81(7) 82.79(13) 84.0(2)

Mo
OC CO

L
Mo

L
OC CO

X
L

L
X
S A

Fig. 8. Two possible geometries for complexes [Mo(g3-CH2C(R)HCH2)X(CO)2L2].
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group (H or Me) at position 3, as they are closer to the unequiva-
lence source than those at position 5, which point to the outside
of the complex. However, the assignment proposed for the rest of
complexes in Section 4 may be considered as tentative.

The 1H NMR spectrum of 3a displays broad signals for the
methyl of the acetate and for some pyrazole signals. When the
spectrum is carried out at 223 K, no substantial sharpening is de-
tected, probably because of the nuclear quadrupole moment of
manganese. The 1H NMR spectrum of 3a at room temperature with
an excess of sodium acetate shows only one singlet for the methyl
groups of coordinated and free acetate, suggesting a process
involving dissociation of the acetate ligand. The electrical conduc-
tivities of the acetato complexes in acetone solution are typical of
non-electrolyte complexes, what point to very low dissociation
degree.

The NH protons of the acetate complexes resonate at lower field
(ca. 1 ppm) than those of similar halocomplexes [Mo(g3-methal-
lyl)Cl(CO)2L2] (2), fac-[MnBr(CO)3L2] [10a], or fac-[ReBr(CO)3L2]
[10c]; (L = pzH. dmpzH), and this chemical shift is independent
from the concentration. The last feature may be interpreted con-
sidering either (a) all the hydrogen bond interactions detected in
the solid state structures are not maintained in solution, or (b)
all the hydrogen bond interactions are intramolecular. As the solid
state structures of the acetato-bis(pyrazole) complexes show inter-
molecular interactions, option (b) should be discarded.
3. Conclusions

The crystal structures of the complexes herein described con-
taining one acetato and two dimetylpyrazole ligands in a fac geom-
etry show the same pattern: intramolecular hydrogen bonds are
detected between the N-bound hydrogen of one of the dmpzH li-
gands with the coordinated oxygen of the acetate, and between
the N-bound hydrogen of the second dmpzH with the uncoordi-
nated oxygen of the acetate. When similar complexes with pzH
are obtained, their crystal structures do not show the same pattern,
since intermolecular hydrogen bonds are detected. These arrange-
ments of the three monodentate ligands observed in the solid state
do not persist in solution, as indicate NMR data.
4. Experimental

4.1. General Remarks

All manipulations were performed under N2 atmosphere fol-
lowing conventional Schlenk techniques. Filtrations were carried
out on dry Celite under N2. Solvents were purified according to
standard procedures [29]. [Mo(g3-methallyl)Cl(CO)2(NCMe)2]
[30], fac-[MnBr(CO)3(NCMe)2] [10a], and fac-[ReBr(CO)3(NCMe)2]
[31] were obtained as previously described. All other reagents
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were obtained from the usual commercial suppliers, and used as
received. Infrared spectra were recorded in a Perkin–Elmer RX I
FT-IR apparatus using 0.2 mm CaF2 cells for solutions or on KBr pel-
lets for solid samples. NMR spectra were recorded in Bruker AC-
300 or ARX-300 instruments in CDCl3 at room temperature unless
otherwise stated. NMR spectra are referred to the internal residual
solvent peak for 1H and 13C{1H} NMR. Assignment of the 13C{1H}
NMR data was supported by DEPT experiments and relative inten-
sities of the resonance signals. Electrical conductivity measure-
ments were carried out at r.t. with a Crison 522 conductivimeter
on ca. 5 � 10�4 M solutions; the range of molar conductivity for
1/1 electrolytes is 100–160 S cm2 mol�1 in acetone solutions [32].
Elemental analyses were performed on a Perkin–Elmer 2400B
microanalyzer.

4.2. [Mo(g3-methallyl)Cl(CO)2(pzH)2] (1a)

[Mo(g3-methallyl)Cl(CO)2(NCMe)2] (0.160 g, 0.5 mmol) was
added to a solution of pzH (0.068 g, 1.0 mmol) in CH2Cl2 (20 mL).
The solution was stirred at r.t. for 5 min and hexane was added
(ca. 20 mL). Concentration of the solution in vacuo and cooling to
�20 �C gave a yellow microcrystalline solid, which was decanted,
washed with hexane (3 � 3 mL approximately), and dried in vacuo,
yielding 0.172 g (91%). IR (THF, cm�1): 1942 vs, 1845 s. IR (KBr,
cm�1): 3311 s, 3269 s, 3115 w, 1925 s, 1815 s, 1473 m, 1404 w,
1350 m, 1260 w, 1130 m, 1049 s, 1030 m, 788 m, 764 s, 734 w,
606 w. 1H NMR (r.t.): 1.37 (s, Hanti methallyl, 2H), 1.92 (s, CH3

methallyl, 3H), 3.25 (br, Hsyn methallyl, 2H), 6.32 (br, H4 pzH,
2H), 7.40 (s, H5 pzH, 2H), 7.92 (br, H3 pzH, 2H), 11.86 (br, NH,
2H). 1H NMR (223 K): 1.27 (s, Hanti methallyl, 1H), 1.39 (s, Hanti

methallyl, 1H), 1.86 (s, CH3 methallyl, 3H), 3.00 (s, Hsyn methallyl,
1H), 3.43 (s, Hsyn methallyl, 1H), 6.25 (s, H4 pzH, 1H), 6.40 (s, H4

pzH, 1H), 7.40 (s, H5 pzH, 2H), 7.56 (s, H3 pzH, 1H), 8.26 (s, H3

pzH, 1H), 11.78 (s, NH, 2H). 13C{1H} NMR: 20.0 (s, CH3 methallyl),
58.8 (s, CH2 methallyl), 83.0 (s, CH3C(CH2)2), 107.0 (s, C4 pzH),
128.8 (s, C5 pzH), 143.0 (s, C3 pzH), 225.4 (br, CO). Anal. Calcd.
for C14H15ClMoN4O2: C, 38.06; H, 3.99; N, 14.79. Found: C, 38.32;
H, 3.70; N, 14.83%.

4.3. [Mo(g3-methallyl)Cl(CO)2(dmpzH)2] (1b)

[Mo(g3-methallyl)Cl(CO)2(NCMe)2] (0.160 g, 0.5 mmol) was
added to a solution of dmpzH (0.096 g, 1.0 mmol) in CH2Cl2

(20 mL). The solution was stirred at r.t. for 5 min, the volatiles were
removed in vacuo, and the yellow residue was extracted with Et2O
(ca. 20 mL) and filtered. Hexane was added (ca. 20 mL) and the
solution was concentrated and cooled to �20 �C, giving a yellow-
orange microcrystalline solid, which was decanted, washed with
hexane (3 � 3 mL approximately), and dried in vacuo, yielding
0.103 g (49%). IR (THF, cm�1): 1941 vs, 1842 s. IR (KBr, cm�1):
3314 m, 3271 m, 1933 s, 1837 s, 1572 m, 1420 w, 1372 w, 1284
w, 1159 w, 1020 w, 790 w. 1H NMR (r.t.): 1.31 (s, Hanti methallyl,
2H), 2.06 (s, CH3 methallyl, 3H), 2.13 (s, CH3 dmpzH, 6H), 2.43
(br, CH3 dmpzH, 6H), 3.35 (br, Hsyn methallyl, 2H), 5.83 (br, H4

dmpzH, 2H), 10.98 (br, NH, 1H), 11.41 (br, NH, 1H). 1H NMR
(233 K): 1.21 (s, Hanti methallyl, 1H), 1.37 (s, Hanti methallyl, 1H),
2.04 (s, CH3 methallyl, 3H), 2.05 (s, CH3 dmpzH, 3H), 2.21 (s, CH3

dmpzH, 3H), 2.23 (s, CH3 dmpzH, 3H), 2.80 (s, CH3 dmpzH, 3H),
2.87 (d, J = 3.5 Hz, Hsyn methallyl, 1H), 3.44 (d, J = 4.0 Hz, Hsyn

methallyl, 1H), 5.78 (s, H4 dmpzH, 1H), 5.87 (s, H4 dmpzH, 1H),
10.56 (s, NH, 1H), 11.32 (s, NH, 1H). 13C{1H} NMR: 10.7 (s, C5H3

dmpzH), 15.0 (br, C3H3 dmpzH), 20.4 (s, CH3 methallyl), 52.3 (br,
CH2 methallyl), 61.5 (br, CH2 methallyl), 84.9 (s, CH3C(CH2)2),
106.6 (s, C4 dmpzH), 139.7 (s, C5 pzH), 152.0 (br, C3 dmpzH),
153.8 (br, C3 dmpzH), 225.0 (br, CO). Anal. Calcd. for C16H23ClMo-
N4O2: C, 44.20; H, 5.33; N, 12.88. Found: C, 44.51; H, 5.02; N,
13.06%. Crystals of 1b�0.5(dmpzH2)BF4 were unexpectedly ob-
tained after the reaction of [Mo(g3-methallyl)Cl(CO)2(NCMe)2]
with TlBF4 and 3-fold excess of dmpzH in CH2Cl2.
4.4. [Mo(g3-methallyl)(O2CCH3)(CO)2(pzH)2] (2a)

4.4.1. Method A
NaOAc 3H2O (0.204 g, 1.5 mmol) and pzH (0.068 g, 1.0 mmol)

were added to a solution of [Mo(g3-methallyl)Cl(CO)2(NCMe)2]
(0.162 g, 0.5 mmol) in THF (20 mL). The mixture was stirred at
r.t. for 3 h. The volatiles were removed in vacuo and the
orange residue was extracted with CH2Cl2 (ca. 30 ml) and fil-
tered. Hexane was added (ca. 20 mL) and the solution was
concentrated and cooled to �20 �C, giving a orange microcrystal-
line solid, which was decanted, washed with hexane
(3 � 3 mL approximately), and dried in vacuo, yielding 0.101 g
(51%) of 2a.
4.4.2. Method B
NaOAc 3H2O (0.030 g, 0.22 mmol) were added to a solution of

1a (0.075 g, 0.2 mmol) in THF (10 mL). The mixture was stirred at
r.t. for 3 h. Work-up as for Method A gave 0.045 g (56%) of 2a. IR
(THF, cm�1): 1944 vs, 1847 s. IR (KBr, cm�1): 3255 m, 3144 w,
2961 w, 2919 w, 1946 s, 1930 s, 1831 vs, 1612 s, 1527 m, 1474
m, 1394 s, 1332 m, 1254 w, 1139 m, 1048 m, 1025 w, 941 w,
900 w, 773 m, 660 w, 635 w, 609 w, 501 w. 1H NMR (r.t.): 1.37
(s, Hanti methallyl, 2H), 1.71 (s, CH3 methallyl, 3H), 2.11 (s, acetate,
3H), 3.11 (s, Hsyn methallyl, 2H), 6.30 (s, H4 pzH, 2H), 7.46 (s, H5,3

pzH, 2H), 7.75 (s, H3,5 pzH, 2H), 13.09 (br, NH, 2H). 1H NMR
(213 K): 1.11 (s, Hanti methallyl, 1H), 1.16 (s, Hanti methallyl, 1H),
1.64 (s, CH3 methallyl, 3H), 1.90 (s, CH3 acetate, 3H), 2.67 (s, Hsyn

methallyl, 1H), 3.24 (s, Hsyn methallyl, 1H), 6.37 (s, H4 pzH, 1H),
6.48 (s, H4 pzH, 1H), 7.63 (s, H5 pzH, 1H), 7.69 (s, H5 pzH, 1H),
7.96 (s, H3 pzH, 1H), 8.01 (s, H3 pzH, 1H), 11.81 (br, NH, 1H),
14.95 (br, NH, 1H). 13C{1H} NMR: 19.2 (s, CH3 methallyl), 25.6 (s,
CH3CO2), 59.4 (s, CH2 methallyl), 83.2 (s, CH3C(CH2)2), 106.4 (s, C4

pzH), 129.6 (s, C5,3 pzH), 144.8 (s, C3,5 pzH), 182,1 (s, CH3CO2), CO
not observed. Anal. Calcd. for C14H18MoN4O4: C, 41.80; H, 4.51;
N, 13.93. Found: C, 42.17; H, 4.34; N, 14.16%.
4.5. [Mo(g3-methallyl)(O2CCH3)(CO)2(dmpzH)2] (2b)

NaOAc 3H2O (0.122 g, 0.9 mmol) and dmpzH (0.058 g,
0.6 mmol) were added to a solution of [Mo(g3-methal-
lyl)Cl(CO)2(NCMe)2] (0.097 g, 0.3 mmol) in THF (15 mL). The mix-
ture was stirred at r.t. for 2 h. Work-up as for 2a gave 0.075 g
(55%) of 2b as a yellow microcrystalline solid. IR (THF, cm�1):
1943 vs, 1846 s. IR (KBr, cm�1): 3265 m, 3143 w, 3102 w, 3049
w, 2990 w, 2949 w, 2862w, 1935 vs, 1851 vs, 1588 s, 1569 s,
1492 w, 1474 w, 1394 s, 1335 m, 1306 w, 1272 m, 1160 w, 1042
w, 1028 m, 786 m, 741 w, 658 w, 633 w. 1H NMR (r.t.): 1.26 (s, Hanti

methallyl, 2H), 1.68 (s, CH3 methallyl, 3H), 2.09 (s, CH3 acetate, 3H),
2.19 (s, CH3 dmpzH, 6H), 2.32 (s, CH3 dmpzH, 6H), 3.01 (s, Hsyn

methallyl, 2H), 5.82 (s, H4 dmpzH, 2H), 12.02 (br, NH, 2H). 1H
NMR (233 K): 1.23 (s, Hanti methallyl, 1H), 1.27 (s, Hanti methallyl,
1H), 1.57 (s, CH3 methallyl, 3H), 1.99 (s, CH3 acetate, 3H), 2.13 (s,
CH3 dmpzH, 6H), 2.26 (s, CH3 dmpzH, 3H), 2.53 (s, CH3 dmpzH,
3H), 2.80 (s, Hsyn methallyl, 1H), 3.08 (s, Hsyn methallyl, 1H), 5.77
(s, H4 dmpzH, 1H), 5.86 (s, H4 dmpzH, 1H), 11.13 (s, NH, 1H),
13.37 (s, NH, 1H). 13C{1H} NMR: 10.9 (s, CH3 dmpzH), 14.5 (s,
CH3 dmpzH), 19.2 (s, CH3 methallyl), 25.9 (s, CH3CO2), 59.6 (br,
CH2 methallyl), 84.3 (s, CH3C(CH2)2), 106.1 (s, C4 dmpzH), 140.2
(s, C5,3 dmpzH), 151.2 (s, C3,5 dmpzH), 180.9 (s, CH3CO2), CO not ob-
served. Anal. Calcd. for C18H26MoN4O4: C, 47.17; H, 5.72; N, 12.23.
Found: C, 46.92; H, 5.42; N, 12.00%.



Table 4
Crystal data and refinement details for 1a, 1b, 2a, 2b, 3a, 3b, 4a, and 4b.

1a 1b�0.5(dmpzH2)BF4 2a 2b 3a 3b 4a�1/3CH2Cl2 4b�H2O

Formula C12H15ClMoN4O2 C18.5H27.5B0.5ClF2MoN5O2 C14H18MoN4O4 C18H26MoN4O4 C11H11MnN4O5 C15H19MnN4O5 C11.33H11.67Cl0.67N4O5Re C15H21N4O6Re
Formula weight 378.67 526.75 402.26 458.37 334.18 390.28 493.75 539.56
Crystal system Monoclinic Triclinic Triclinic Monoclinic Orthorhombic Monoclinic Trigonal Monoclinic
Space group P2(1)/c P�1 P�1 P2(1)/c Pbca P2(1)/n R�3 P2(1)/n
a (Å) 8.8405(15) 9.860(3) 8.258(3) 15.256(11) 8.7526(15) 9.719(3) 20.588(6) 8.189(2)
b (Å) 12.536(2) 14.575(5) 8.718(3) 8.642(6) 14.772(3) 12.120(3) 20.588(6) 15.280(5)
c (Å) 14.352(2) 16.547(5) 24.840(8) 17.538(13) 22.892(4) 16.181(4) 22.435(12) 16.591(5)
a (�) 90 88.900(6) 97.538(6) 90 90 90 90 90
b (�) 105.059(3) 83.799(6) 90.339(6) 111.422(14) 90 96.116(5) 90 95.789(6)
c (�) 90 79.213(5) 106.336(6) 90 90 90 120 90
V (Å3) 1536.0(4) 2322.3(13) 1699.6(10) 2153(3) 2959.7(9) 1895.1(8) 8236(6) 2065.5(11)
Z 4 4 4 4 8 4 18 4
T (K) 296 298(2) 296 296 298 293 298 298
dcalc (g cm – 3) 1.638 1.507 1.572 1.414 1.500 1.368 1.7929 1.735
F(000) 760 1076 816 944 1360 808 4212 1048
k (Mo Ka) (Å) 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
Crystal size (mm) 0.09 � 0.20 � 0.22 0.32 � 0.16 � 0.08 0.36 � 0.32 � 0.31 0.34 � 0.30 � 0.11 0.36 � 0.25 � 0.11 0.40 � 0.25 � 0.11 0.37 � 0.12 � 0.08 0.40 � 0.12 � 0.06
Color Yellow Orange Yellow Yellow Yellow Yellow Colorless Colorless
l (mm�1) 1.034 0.719 0.796 0.638 0.917 0.727 6.760 5.918
Scan range (�) 2.19 6 h 6 23.28 1.24 6 h 6 25.56 0.83 6 h 6 23.30 1.43 6 h 6 23.36 1.78 6 h 6 25.35 2.10 6 h 6 23.27 1.46 6 h 6 26.00 1.82 6 h 6 23.29
Absorption correction
Corr. factors (max, min) 1.000000, 0.862373 1.000000, 0.678461 1.000000, 0.795048 1.000, 0.905541 1.000000, 0.810702 1.00000, 0.767878 1.00000, 0.462934 1.00000, 0.516102
No. of reflections measured 6659 16 557 7677 9327 22 334 8226 23 528 9521
No. of reflections independent [R(int)] 2197 [0.0224] 7900 [0.0420] 4846 [0.0166] 3121 [0.0219] 2716 [0.0435] 2721 [0.0243] 3609 [0.0407] 2959 [0.0249]
No of reflections observed, I P 2r(I) 1925 5438 4588 2584 1798 2151 3047 2554
GOF on F2 1.033 1.250 1.166 1.091 1.028 1.001 1.140 1.185
No. of parameters 190 548 436 259 194 239 233 241
Residuals R, wR2 0.0228, 0.0585 0.0955, 0.2842 0.0320, 0.0757 0.0287, 0.0866 0.0486, 0.1440 0.0300, 0.0832 0.0232, 0.0697 0.0292, 0.0949
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4.6. fac-[Mn(O2CCH3)(CO)3(pzH)2] (3a)

To a recently prepared solution of fac-[MnBr(CO)3(NCMe)2] (ob-
tained from 0.082 g of [MnBr(CO)5], 0.3 mmol) in THF (15 mL),
AgOAc (0.055 g, 0.33 mmol) and then pzH (0.042 g, 0.6 mmol)
were added. The solution was stirred for 5 min. Work-up as for
2a gave 0.075 g (75%) of 3a as a yellow microcrystalline solid. IR
(THF, cm�1): 2033 vs 1938 vs, 1912 vs. IR (KBr, cm�1): 3344 w,
3158 w, 2026 vs, 1918 vs br, 1608 m, 1534 m, 1471 m, 1387 m,
1355 w, 1335 m, 1261 m, 1163 w, 1134 m, 1059 m, 1048 m, 942
w, 910 w, 864 w, 759 m, 698 w, 664 w, 634 w, 599 w, 521 w. 1H
NMR: 2.24 (br, acetate, 3H), 6.37 (s, H4 pzH, 2H), 7.59 (br, H3

pzH, 2H), 7.63 (s, H5 pzH, 2H), 13.04 (br, NH, 2H). 13C{1H} NMR
[(CD3)2CO] [33]: 28.1 (s, CH3CO2), 108.4 (s, C4 pzH), 132.7 (s, C5,3

pzH), 143.7 (s, C3,5 pzH), 170.0 (s, CH3CO2), 222.2 (s, 1CO), 223.3
(s, 2CO). Conduct. KM (Me2CO): 2 S cm2 mol�1. Anal. Calcd. for
C11H11MnN4O5: C, 39.54; H, 3.32; N, 16.77. Found: C, 39.21; H,
2.97; N, 17.07%.

4.7. fac-[Mn(O2CCH3)(CO)3(dmpzH)2] (3b)

To a recently prepared solution of fac-[MnBr(CO)3(NCMe)2] (ob-
tained from 0.137 g of [MnBr(CO)5], 0.5 mmol) in THF (20 mL),
AgOAc (0.091 g, 0.55 mmol) and then dmpzH (0.097 g, 1.0 mmol)
were added. The solution was stirred for 45 min. Work-up as for
2a gave 0.152 g (78%) of 3b as a yellow microcrystalline solid. IR
(THF, cm�1): 2030 vs, 1934 vs, 1906 vs. IR (KBr, cm�1): 3313 w,
3271 w, 2930 w, 2029 vs, 1934 vs, 1898 vs, 1571 s, 1543 w,
1400 s, 1289 m, 1142 w, 1043 w, 806 m, 688 w, 662 w, 632 w,
518 w. 1H NMR: 2.13 (s, CH3 dmpzH, 6H), 2.17 (s, CH3 acetate,
3H), 2.23 (s, CH3 dmpzH, 6H), 5.84 (s, H4 dmpzH, 2H), 12.02 (br,
NH, 2H). 13C{1H} NMR: 11.5 (s, 5CH3 dmpzH), 13.9 (s, 3CH3 dmpzH),
26.0 (br, CH3CO2), 106.9 (s, C4 dmpzH), 141.0 (s, C5,3 dmpzH), 153.1
(s, C3,5 dmpzH), 184.5 (br, CH3CO2), 219.7 (s, 2CO), 223.1 (s, 1CO).
Conduct. KM (Me2CO): 0 S cm2 mol�1. Anal. Calcd. for
C15H19MnN4O5: C, 46.16; H, 4.90; N, 14.36. Found: C, 45.81; H,
4.63; N, 14.04%.

4.8. fac-[Re(O2CCH3)(CO)3(pzH)2] (4a)

To a solution of fac-[ReBr(CO)3(NCMe)2] (0.127 g, 0.3 mmol) in
Me2CO (10 mL), AgOAc (0.055 g, 0.33 mmol) and then pzH
(0.042 g, 0.6 mmol) were added. The solution was stirred for
30 min. Work-up as for 2a gave 0.115 g (84%) of 4a as a colorless
microcrystalline solid. IR (THF, cm�1): 2024 vs, 1914 vs, 1894 vs.
IR (KBr, cm�1): 3145 w, 2989 w, 2875 w, 2027 vs, 1903 vs br,
1570 s, 1528 s, 1482 s, 1404 s, 1353 s, 1272 m, 1164 m, 1142 s,
1064 s, 1051 s, 1020 w, 951 w, 912 w, 882 w, 880 w, 807 m, 766
s, 672 m, 659 w, 635 w, 608 m, 531 m, 488 m. 1H NMR: 2.18 (s, ace-
tate, 3H), 6.35 (s, H4 pzH, 2H), 7.58 (s, H3,5 pzH, 2H), 7.62 (s, H5,3

pzH, 2H), 12.94 (br, NH, 2H).13C{1H} NMR [(CD3)2CO]:43 23.9 (s,
CH3CO2), 107.6 (s, C4 pzH), 131.9 (s, C5,3 pzH), 143.0 (s, C3,5 pzH),
180.8 (s, CH3CO2), 196.9 (2CO), 206.1 (partially overlapped with
the acetone signal, CO). Conduct. KM (Me2CO): 2 S cm2 mol�1. Anal.
Calcd. for C11H11N4O5Re: C, 28.39; H, 2.38; N, 12.04. Found: C,
28.73; H, 2.67; N, 11.72%.

4.9. fac-[Re(O2CCH3)(CO)3(dmpzH)2] (4b)

To a solution of fac-[ReBr(CO)3(NCMe)2] (0.216 g, 0.5 mmol) in
Me2CO (20 mL), AgOAc (0.092 g, 0.55 mmol) and then dmpzH
(0.097 g, 1.0 mmol) were added. The solution was stirred for
40 min. Work-up as for 2a gave 0.239 g (92%) of 4b as a colorless
microcrystalline solid. IR (THF, cm�1): 2021 vs, 1911 vs, 1886 vs.
IR (KBr, cm�1): 3398 s, 2929 w, 2017 vs, 1897 vs br, 1576 m,
1395 m, 1337 m, 1309 w, 1824 w, 1176 w, 1152 w, 1101 w,
1048 m, 1027 m, 882 w, 800 w, 664 m, 503 w. 1H NMR: 2.12 (s,
CH3 acetate, 3H), 2.14 (s, CH3 dmpzH, 6H), 2.25 (s, CH3 dmpzH,
6H), 5.87 (s, H4 dmpzH, 2H), 12.02 (br, NH, 2H). 13C{1H} NMR:
11.1 (s, 5CH3 dmpzH), 14.2 (s, 3CH3 dmpzH), 24.2 (s, CH3CO2),
106.1 (s, C4 dmpzH), 141.2 (s, C5,3 dmpzH), 152.6 (s, C3,5 dmpzH),
181.6 (s, CH3CO2), 195.3 (s, 2CO), 195.8 (s, 1CO). Conduct. KM

(Me2CO): 0 S cm2 mol�1. Anal. Calcd. for C15H19N4O5Re: C, 34.54;
H, 3.67; N, 10.74. Found: C, 34.34; H, 3.31; N, 10.47%.

4.10. Crystal structure determination for compounds 1a, 1b, 2a, 2b,
3a, 3b, 4a, and 4b

Crystals were grown by slow diffusion of hexane into concen-
trated solutions of the complexes in CH2Cl2 at �20 �C. Relevant
crystallographic details are given in Table 4. A crystal was attached
to a glass fiber and transferred to a Bruker AXS SMART 1000 dif-
fractometer with graphite monochromatized Mo Ka X-radiation
and a CCD area detector. Raw frame data were integrated with
the SAINT program [34]. The structure was solved by direct methods
ith SHELXTL [35]. A semi-empirical absorption correction was applied
with the program SADABS [36]. All non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were set in calculated positions
and refined as riding atoms, with a common thermal parameter.
All calculations and graphics were made with SHELXTL. For 4a several
peaks were found in the proximity of the trigonal axis. After sev-
eral attempts, they were modelled as two disordered molecules
of dichloromethane with the carbon atoms lying in the trigonal
axis, they were refined as rigid groups with occupancy factors of
one-sixth each. Distances and angles of hydrogen bonds were cal-
culated with PARST [37] (normalized values) [38].
5. Supplementary material

CCDC 716936, 716937, 716938, 716939, 716940, 716941,
716942 and 716943 contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc.cam.a-
c.uk/data_request/cif.
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