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Abstract

0s53(C0O),0(MeCN), reacts at room temperature in
MeCN or toluene with R-Pyca® to yield two isomers
of Os3(CO);o(R-Pyca) that differ in the bonding of
the R-Pyca ligand to the Os3(CO);o unit. In all cases
053(CO)10(R-Pyca(4e)) (isomer A; 4a: R=c-Pr, 4b:
R =1i-Pr, 4c: R =neo-Pent, 4d: R = t-Bu), containing
a chelating 4e donating R-Pyca ligand and three
0Os—Os bonds, could be isolated. In the case of R=
c-Pr and R=i-Pr Os;(CO),o(R-Pyca(6e)) (isomer B;
S5a: R=c-Pr, 5b: R=i-Pr), in which only two Os—Os
bonds are present and the R-Pyca ligand is bonded as
a 6e donating ligand bridging two non-bonded Os
atoms, could be isolated as a minor product.

At 70 °C Os3(CO),o(R-Pyca(4e)) (4b and 4d) loses
one carbony! and the pyridine moiety of the R-Pyca
ligand is ortho-metallated to form HOs3(CsH;N-2-
C(H)=N—R)(CO)s (6b: R=iPr and 6d: R = t-Bu).
Under the same conditions Os3(CO);e(i-Pr-Pyca(6e))
(5b) reacts to Os,(CO)¢(i-Pr-Pyca(6e)) (7b) contain-
ing a bridging 6e donating ligand. The latter two
reactions were followed with FT-IR spectroscopy in a
high temperature IR cell.

The structures of the complexes in solution have
been studied by 'H and *C NMR and IR spectros-
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copy. The stoichiometries of 4a and 5a were deter-
mined by FAB-mass spectrometry while an exact
mass determination was carried out for 4a.

The crystal structure of 6b has been determined.
Crystals of 6b are monoclinic, space group P2,/n,
with a=7.808(2), b=17.613(3), ¢="16.400(8) A,
$=94.09(3)° and Z=4. The structure was refined
to R=0.039. The molecule contains a triangular
array of osmium atoms [Os(1)—Os(2) = 2.898(2) A,
0s(1)—0s(3)=2.886(2) A and O0s(2)-0s(3)=
2911(2) A} and nine terminally bonded carbonyl
ligands. The Cs;H3N-2-C(H)=N—i-Pr ligand is chelate
bonded to Os(2) with the pyridine and imine nitro-
gens atoms axially and equatorially coordinated
respectively [Os(2)-N(1)=2.002) A and Os(2)—
N(2)=2.11(2) A]. The i-Pr-Pyca ligand is ortho-
metallated at C(1) and forms a four membered ring
containing Os(2), Os(3), C(1) and N(1), the Os(3)—
C(1) distance being 2.12(2) A. The hydride, which
could not be located unequivocally from a difference
Fourier map, is proposed to bridge the Os(2)—0s(3)
bond on the basis of stereochemical considerations.

Introduction

A previous study of the reactions of R-DABY with
053(C0O)4o(MeCN), has demonstrated the flexible .
coordination behaviour of the R-DAB ligand with
respect to trinuclear osmium carbonyl compounds.
Two isomers of Os3(CO),;0(R-DAB), i.e: 0s3(CO);0-
(R-DAB(4¢)) (compound 1, isomer A) and
0s53(CO),0(R-DAB(6¢e)) (compound 2, isomer B)
were isolated (see Scheme 1) [1].

The first isomer, Os3(CO),0(R-DAB(4e)) (com-
pound 1, isomer A), contains a chelating 4e donating
R-DAB ligand and a closed metal triangle with three
metal—metal bonds. In the second isomer, Os3(CO)o-
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Scheme 1. The Os3(CO);o(MeCN),/R-DAB reaction sequence. Os3(CO)o(R-DAB(4¢)) (1b and lc), Os3(CO)1o(R-DAB(6¢)) (2a
and 2b) and Os3(CO)9(R-DAB(8¢)) (32 and 3b) (a: R = c-Pr, b: R = i-Pr, c: R = neo-Pent and d: R = t-Bu).

(R-DAB(6¢)) (compound 2, isomer B), also one of
the w-imine bonds is coordinated which results in a
bridging 6e donating R-DAB ligand and a total
electron count of fifty for the trinuclear cluster. The
0Os—0Os bond bridged by the R-DAB ligand is broken
which is in accordance with CVMO theory that
predicts only two metal—metal bonds for a trinuclear
50e compound. Interestingly for R = neo-Pent only
Os3(CO)g(neo-Pent-DAB(4¢) (isomer A) and for
R=c-Pr only Os;3(CO);o(c-Pr-DAB(6¢)) (isomer B)
was obtained. For R = i-Pr an intriguing solvent effect
on the product distribution was observed. When the
reaction was performed in coordinating solvents such
as THF and MeCN, Os3(CO);0(i-Pr-DAB(4¢)) (isomer
A) was the main product whereas in toluene
0Os5(C0O)o(i-Pr-DAB(6¢)) (isomer B) was formed
predominantly.

On thermolysis in refluxing hexane Os3(CO);0-
(i-Pr-DAB(4e)) (isomer A) reacted via Os3(CO);o-
(i-Pr-DAB(6¢)) (isomer B) and subsequent elimination
of one carbonyl ligand to Os;(CO)y(i-Pr-DAB(8¢))
(3b) (see Scheme 1) [2]. A crystal structure deter-
mination of 3b showed that in this compound the
lone pairs of both nitrogens and the m-electrons of
both imine bonds of the R-DAB ligand are donated
to the cluster core and hence the ligand donates a
total of 8e to the cluster. The cluster has a valence
shell electron count of 50 electrons and instead of
rupturing one Os—Os bond, as would be expected,
two Os—Os bonds are elongated analogous to the
Ru—Ru bond lengthening found in Ru;(CO)o(R-
DAB(8¢)) [3]. Apparently, the LUMO is easily
accessible which renders the 50e situation with an 8e
donating R-DAB ligand more stable than the 48e
situation with a 6e donating R-DAB ligand.

These results prompted us to investigate the reac-
tions of R-Pyca with Os3(CO);o(MeCN),. The R-Pyca
ligand is of particular interest since it can act as a 2e,
4e or 6e donor [4,5, 6a—] but very likely not as an
8e donor, since m-coordination of one C=N moiety of
the pyridine ring would cause loss of resonance
stabilization energy. A further point of interest is that
by the incorporation of the C=N moiety in the
pyridine ring and the possibility to introduce substi-
tuents on the pyridine ring the type of coordination
can be affected by means of electronic and steric
factors.

In this article we present the formation of
Os3(C0O),o(R-Pyca) which, in analogy to Os3(CO),o-
(R-DAB), may occur in two isomeric forms, ie.
isomer A and B of Scheme 2. Furthermore the con-
version of Os3(C0O),o(R-Pyca(4e)) and Os;(CO);p-
(R-Pyca(6e)) by means of thermolysis reactions to
HOS3(C5H3N'2-C(H)=N—R)(CO)9 and 052(C0)6'
(R-Pyca(6e)) respectively, are reported. These
thermolysis reactions will be compared with the
strikingly ~ different thermolysis behaviour of
OS3(CO)10(R'DAB(4C)) and of OS3(CO)10(R‘
DAB(6¢)) which has been reported previously.

Experimental

Materials and Apparatus

'H and 3C NMR spectra were obtained on a
Bruker AC100 and WM250 spectrometer. IR spectra
were recorded with a Perkin-Elmer 283 spectro-
photometer. FT-IR spectra were obtained on a
Nicolet 7199b FT-IR interferometer (liquid nitrogen
cooled Hg, Cd, Te detector; 32 scans, resolution = 0.5
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Scheme 2. The O33(CO) 19(MeCN),/R-Pyca reaction sequence. Os3(CO)yg(R-Pyca(4e)) (4a, 4b, 4¢c and 4d), Os3(CO)1o(R-Pyca(6e))
(52 and 5b), HOs3(C5H3aN-2C(H)=N-R)(CO)g (6b and 6d) and Osy(CO)s(R-Pyca(6e)) (7b) (a: R = c-Pr, b: R = i-Pr, ¢: R = neo-

Pent and d: R = t-Bu).

cm '), For the high temperature experiments a
Beckman variable temperature unit VLT-2 was used
with a FHO1 VT-<ell and Csl windows (0.1 mm
pathlength). Field desorption (FD) mass spectra were
obtained with a Varian MAT 711 double focussing
mass spectrometer with a combined EI/FD/FI ion
source and coupled to spectro system MAT 100 data
acquisition unit [7]. Fast Atom Bombardment (FAB)
mass spectrometry was carried out using a VG micro-
mass ZAB-2F mass spectrometer, an instrument with
reverse geometry and fitted with a high field magnet
and coupled to a VG 11250 data system. The
samples were loaded in thioglycerol onto a stainless
steel probe and bombarded with xenon atoms having
8 KeV energy. During the high resolution FAB-MS
measurements a resolving power of 25000 (10%
valley definition) was used. Elemental analyses were
carried out by the section Elemental Analyses of the
Institute of Applied Chemistry, TNO, Zeist, The
Netherlands. All preparations were carried out in an
atmosphere of purified nitrogen, using carefully dried
solvents. Silica gel (60 Mesh) for column chromatog-
raphy was activated before use. Chromatography
columns of 30 ¢m length and a diameter of 2 ¢cm were
used. The R-Pyca ligands (a: R=¢-Pr; b: R=i-Pr;c:
R =neo-Pent; d: R=1t-Bu) were prepared according
to literature methods [8a—c] and for the synthesis of
053(C0O) ,o(MeCN), a modified literature procedure
was used [1].

Synthesis of Os3(CO)of R-Pyca)
R-Pyca (a: R=c¢-Pr, b: R=i-Pr, ¢: R =neo-Pent,
d: R =t-Bu; 0.12 mmol) was added to a stirred sus-

pension of Os;3(CO),;o(MeCN), (0.11 mmol) in MeCN
at room temperature or in toluene at —20 °C. When
the reaction was performed in toluene the suspension
was allowed in 2 h to warm to room temperature.
The colour of the reaction mixture turned blue. It
was stirred for 4 h at room temperature. The solvent
was evaporated and the residue was dissolved in 0.5
ml of CH,Cl; and separated by column chromatog-
raphy. In the case of c-Pr and i-Pr a yellow product
was obtained in minor yield by elution with hexane:
diethyl ether=4:1. It was identified as Os3(CO);o-
(c-Pr-Pyca(6e)) (5a) and Os3(CO)o(i-Pr-Pyca(6e))
(5b). In all cases with hexane:diethyl ether = 1:2 as
eluent the Os3(CO),o(R-Pyca(de)) (d4a, 4b, 4c and
4d) complexes were obtained. The eluent was evapo-
rated to 10 ml and the product precipitated as
crystals upon cooling to —80 °C. The solvent was
decanted and the crystals were dried in vacuo. Yield
of Os3(CO),(c-Pr-Pyca(4e)) (4a) 0.002 mmol (18%);
0s3(C0O)o(i-Pr-Pyca(4e)) (4b) 0.05 mmol (45%);
0s3(CO)o(neo-Pent-Pyca(4e)) (4¢c) 0.05 mmol (45%);
0s3(CO)yo(t-Bu-Pyca(4e)) (4d) 0.04 mmol (36%);
0s3(CO)o(c-Pr-Pyca(6e)) (52) and Os3(CO)yo(i-Pr-
Pyca(6e)) (5b) 0.002 mmol (2%).

Synthesis of HOs3(CsH3N-2-C(H)=N—-R )J{CO )y
(6b: R =i-Pr, 6d: R = t-Bu)

Compound 4b or 44 (0.05 mmol) was refluxed for
24 h in n-hexane until IR spectroscopy indicated that
the »(CO) pattern of the starting material had been
replaced by that of 6b or 6d. The colour of the
solution remained blue. The isolation and purification
procedure was the same as above with the exception
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that on chromatography these complexes were eluted
with hexane:diethyl ether =1:1. Yield of both 6b
and 6d 0.015 mmol (30%).

FT-IR Spectroscopy of the Conversion of 4b to 6b
and 5b to 7b

For the FT-IR measurements at 80 °C the FH-01
VT variable temperature infrared cell was filled with a
solution of either 4b or 5b in n-nonane. This high
boiling solvent was chosen to avoid as much as pos-
sible the evaporation of the solvent during the
measurements since the cell was not sealed for the
reason that carbon monoxide must be able to evolve
from the solution. The cell was placed in the corre-
sponding vessel, which was flushed with nitrogen,
and was heated in 15 min to the reaction temperature
after which spectra were recorded every 15 min. The
temperature of the cell was kept constant within a
range of 1.5 °C. In following the conversion of 4b a
smooth disappearance of the starting material was
observed together with the formation of 6b and some
Os3(C0O)y; (see Fig. 1). In the case of 5b extensive
decomposition as well as the formation of 7b was
observed (see Fig. 2). Although no precise kinetic
details could be obtained, owing to slow evaporation
of solvent, the avaijlable data indicate that the
reactions are first order in complex.

R. Zoet et al.

Crystal Structure Determination of HOs 3 CsH 3N-2-
C(H}=N—i-Pr)(CO)s (6b), Os3C1gH12N204

Crystal data and numerical details of the structure
determination are listed in Table I. X-ray data were
collected on an Enraf-Nonius CAD4F diffractometer
for a darkred—brown crystal mounted on top of a
glass fibre. Reflection profiles were highly structured.
Unit cell parameters were derived by least-squares
from the diffractometer settings of 25 reflections
[9a] in the range 18°< 26 < 32° and checked with
rotation photographs about the three axes. The space
group was derived from the observed systematic
extinctions. Three reference reflections showed no
decay over the 89 h of X-ray exposure time. Data
were corrected for Lp and for absorption with a
Gaussian integration procedure (8 X 8 X 8 grid; min.
and max. correction 3.87 and 15.10 resp.) and
averaged (Ray(I) = 6.79%). The structure was solved
by Patterson methods with the program SHELXS84
[9b] and refined on F by full-matrix leastsquares on
a MicroVAX II with SHELX76 [9c]. sp? C—H phenyl
H atoms and sp® H atoms were introduced at calcu-
lated positions [d(C—H)=1.08 A] and refined with
fixed geometry with respect to their carrier atoms.
The hydride could not be identified unequivocally
in a difference map but was introduced with slack
constraints in a bridging position over Os(2)—0s(3).
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Fig. 1. Conversion of Os3(CO)o(i-Pr-Pyca)(4e)) (4b) to Os3(CO)(i-Pr-Pyca)(6e)) (6b) followed with FT-IR spectroscopy as a
function of time. Bands marked with an asterisk are assigned to Os3(CO)o.
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Fig. 2. Conversion of Os3(CO)o(i-Pr-Pyca(6e)) (5b) to Os,(CO)g(i-Pr-Pyca(6e)) (7b) followed with FT-IR spectroscopy as a func-

tion of time.

The Os—H distance refined to 1.83 A with U=
0.02(4) A*. The refined parameter set included a
scale factor, the coordinates of the non-hydrogen
atoms, their anisotropic thermal parameters and three
separate isotropic temperature factors for the H
atoms.

Final positional parameters for the non-hydrogen
atoms are listed in Table II. Scattering factors were
taken from the literature [9d,e] and corrected for
anomalous dispersion [9f]. The calculation of
geometrical data and the preparation of illustrations
were carried out with the programs PLATON and
PLUTON of the EUCLID-package [9g]. The molecu-
lar geometry of 6b with the numbering of the atoms
is given in Fig. 3, which shows a PLUTON drawing of
the molecule. Bond lengths and bond angles are given
in Tables III and IV respectively.

Results and Discussion

Formation of Products

The formation of the 0s3(CO),o(R-Pyca) com-
plexes (a: R=c-Pr; b: R=i-Pr; ¢: R =neo-Pent; d:
R = t-Bu) together with their schematic structures are
depicted in Scheme 2.

Fig. 3. The molecular geometry of HOs3(CsH3N-2-C(H)=N-
i-Pr)(CO)q (6b).

The reactions of Os3(C0),0(MeCN), with R-Pyca
were carried out in MeCN or toluene at room temper-
ature. However, the reactions in toluene were
vigorous and extensive decomposition was observed
when they were started at room temperature. Better
yields were obtained when the reactions in toluene
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TABLE I. Crystal Data and Details of the Structure
Determination of HOs3(CsH3zN-2-C(H)=N —i-Pr)(CO)¢ (6b)

R. Zoet et al.

TABLE II. Positional and Equivalent Isotropic Thermal
Parameters of HOs3(CsH3N-2-C(H)=N—i-Pr)(CO)g (6b)

Crystal data Atom x ¥y z Ueg a
Formula C1gH 12N;040s3 (A%
Molecular weight 970.91
Space group P24/n Os(1)  0.0626(1) 0.12938(5) 0.33968(5) 0.0382(3)
a(R) 7.808(2) 0s(2) —0.1238(1) 0.16798(5) 0.18616(5) 0.0325(3)
b (A) 17.613(3) 0s(3) —0.1803(1) —0.02260(5) 0.26424(5) 0.0339(3)
c (A) 16.400(8) o(11)  0278(4)  0.2711)  0.39(1)  0.12Q1)
8C) 94.09(3) 0(12) —0.239(3)  0.197(1)  0.427(1)  0.09(1)
V(A3 2250(1) 0(13) 0.185(2)  0.021(1)  0.476(1)  0.074(6)
z 4 O(14)  0.343(2)  0.083(1)  0.231(1)  0.10(1)
Dy (gcm™3) 2.866 0(21) -0.291(3)  0.292(1)  0.275(1)  0.083(8)
F(000), electrons 1736 0(22) -0405(2) 0.183(1)  0.052(1)  0.082(8)
#(Mo Ka) (cm™) 169.7 0(31) -0436(2)  0.050(1)  0.3927(9)  0.060(6)
Crystal size (mm) 110¢(->-1~1 0 0.125 0(32) -0.012(2) -0.1080(9) 0.362(1) 0.057(6)
-110¢~> 1-1 0 0.125 0(33) —0.429%3) -0.069(1) 0.152(1)  0.071(8)
001¢—) 0 0—1 0425 N(1) 0.007(2)  0.084(1)  0.1368(9) 0.040(6)
Data collection N 0.065(2)  0.2225(9) 0.1209(9)  0.035(6)
. C(1) -0.017(2)  0.015(1)  0.167(1)  0.034(6)
Temperature (°) 295 cQ) 0.068(3) —0.050(1)  0.132(1)  0.044(8)
Radiation . Zrfiltered Mo Ka, A=071073 A C(3) 0189(3) _0037(1) 0074(1) 005(1)
min, Omax () 1.16, 22.0 C@) 0.217(3) 0.040(1)  0.049(1) 0.051)
w scan (°) ) Aw =2.00+0.35 tan 6 C(5)  0.1223)  0.097(1)  0.083(1)  0.040(8)
Horizontal and vertical 3,3 C(6) 0.154(3)  0.177(1)  0.074(1)  0.041(6)
apertures (mm) cm 0.102(4)  0.305(1)  0.115(1)  0.053(8)
Data set —8<h<8 -18<k<18, C(8) —0.044(4)  0.346(1) 0.074(2)  0.08(1)
_ 0<i<17 CY  0.150(4)  0.339(1)  0.195(1)  0.07(1)
Reference reﬂ(.ectlons 11 0; 02 151 0-3 C(ll) 0200(4) 0'219(2) 0.37 1(1) 007(1)
Total data, unique data 5765, 2749 C(12) —0.1354)  0.174(1)  0.394(2)  0.06(1)
Observed data 2088 C(13)  0.141(3) 0.061(2)  0426(2)  0.06(1)
d>2500) C14)  0231(3)  0.098(1)  0.270(1)  0.05(1)

. CR21) —0.224(3) 0244(1) 0.239(1)  0.05(1)
Refinement CQ2) ~-0290(3)  0.178(1)  0.099(1)  0.040(6)
No. refined parameters 302 C(31) -0.334(4) 0.041(1)  0.346(1) 0.050(8)
Weighting scheme w1 = 6%(F) + 0.001F2 C(32) -0.072(3) -0.0591)  0.325(1)  0.05(1)
R,Ry, 0.039, 0.054 C(33) -0.341(3) -0.031(1)  0.196(1)  0.05(1)
Min., max. resid. -1.30,1.48

3 3
denslty (eIA ) aUeq = 1/3212)'[]",(11*41'*5;5;-

TABLE II1. Bond Distances (A) of the Atoms of HOs3(CsH3N-2-C(H)=N—i-Pr)(CO)g (6b)3

0s(1)—-0s(2) 2.898(2) 0s(3)-C(31) 1.89(2) N(1)—C(1) 1.33(2)
0s(1)—-0s(3) 2.886(2) 05(3)—C(32) 1.91(2) N(1)—C(5) 1.32(3)
0s(1)-C(11) 1.96(3) 0s(3)—C(33) 1.88(2) N(2)-C(6) 1.34(2)
0s(1)—-C(12) 2.00(3) o(1-ca 1.13(4) N2)-C(T) 1.49(2)
0s(1)—C(13) 1.93(3) 0(12)-C(12) 1.09(4) C(1)-C(2) 1.46(3)
0s(1)—C(14) 1.89(2) 0(13)-C(13) 1.12(4) C(2)-C(3) 1.41(3)
05(2)—0s(3) 2.911(2) 0(14)-C(14) 1.15(3) C(3)-C4) 1.44(3)
0s(2)—N(1) 2.0002) 0(21)-C(21) 1.18(3) C(4)-C(5) 1.39(3)
0s(2)—N(2) 2.11Q2) 0(22)-C(22) 1.14(3) C(5)—-C(6) 1.44(3)
0s(2)—C(21) 1.80(2) 0(31)-C31) 1.15(3) C(N-C(8) 1.47(4)
0s(2)-C(22) 1.87(2) 0(32)-C(32) 1.14(2) C(NH-C(9) 1.47(2)
0s(3)—C(1) 2.12(2) 0(33)-C(33) 1.17(3)

3e.s.d.s given in parentheses.
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TABLE IV. Bond Angles (°) of the Atoms of HOs3(CsH3N-2-C(H)=N—i-Pr)(CO)g (6b)2

03(2)—0s(1)-0s(3) 60.43(4)
0s(2)-0s(1)-C(11) 105.7(7)
0s(2)-0s(1)-C(12) 86.5(9)

0s(2)-0s(1)-C(13) 154(1)

05(2)-0s(1)-C(14) 82.6(6)
0s(3)-0s(1)-C(11) 165.8(8)
05(3)-0%(1)-C(12) 86.7(8)
0s(3)-0x(1)-C(13) 94.1(9)
0s(3)-0s(1)-C(14) 90.8(6)
C(11)-0s(1)-C(12) 90(1)
C(11)-0s(1)-C(13) 100(1)
C(11)-0s(1)-C(14) 90(1)
C(12)-0s(1)~-C(13) 98(1)
C(12)-0Os(1)~-C(14) 169(1)
C(13)-0s(1)-C(14) 94(1)
0O3(1)—-0s(2)~0s(3) 59.59(4)
Os(1)-0s(2)-N(1) 86.5(4)
Os(1)-0s(2)-N(2) 102.8(4)
0Os(1)-0s(2)-C(21) 88.0(6)
0s(1)-0s(2)-C(22) 164.8(6)
0Os(3)—0s(2)-N(1) 68.0(5)
0s(3)-0s(2) -N(2) 139.14)
0s(3)-0s(2)-C(21) 110.9(6)
0s(3)-0s(2)-C(22) 107.5(6)
N(1)-0s(2)-N(2) 74.7(6)
N(1)-0s(2)-C(21) 174.0(8)
N(1)-0s(2)-C(22) 96.1(7)
N(2)-0s(2)-C(21) 104.4(8)
N(2)-0s(2)-C(22) 92.4(7)
C(21)-0s(2)-C(22) 89.8(8)
0Os(1)-0s(3)-0s(2) 59.98(4)
0s3(1)-0s(3)-C(1) 87.2(5)
0s(1)-0s(3)-C(31) 90.9(7)
Os(1)-0s(3)-C(32) 90.8(6)
Os(1)-0s(3)-C(33) 167.2(5)
0s(2)-0(3)-C(1) 66.8(5)
0s(2)—-0s(3)-C(31) 106.6(5)

0s(2)-0s(3)-C(32) 144.6(7)
0s(2)-0s(3)-C(33) 107.2(5)
C(1)-0s(3)-C(31) 173.1(7)
C(1)-0s(3)-C(32) 94.4(8)
C(1)-0s(3)-C(33) 86.1(8)
C(31)-0s(3)-C(32) 92.2(8)
C(31)-0s(3)—-C(33) 94(1)
C(32)-0s(3)-C(33) 100.7(8)
0s(2)-N(1)-C(1) 116(1)
0Os(2)-N(1)-C(5) 122(1)
C(1)-NQ)-C(5) 122(2)
0%(2)-N(2)-C(6) 115(1)
0s(2)-N(2)-C(7) 129(1)
C(6)-N(2)-C(7) 116(2)
0Os(3)-C(1)-N(1) 109(1)
0s(3)-C(1)-C(2) 131(1)
N(1)-C(1)-C(2) 119(2)
C(1)-C(2)-C(3) 119(2)
C(2)-C(3)-C4) 118(2)
C(3)-CMA4)-C(5) 118(2)
N(1)-C(5)-C4) 123(2)
N(1)-C(5)-C(6) 112(2)
C(4)—-C(5)—-C(6) 124(2)
N(2)-C(6)-C(5) 115(2)
N(2)-C(7)-C(8) 111(2)
N@2)-C(N)-C(9) 112(1)
C(8)-C(7)-C(9) 110(2)
0Os(1)-C(11)-0(11) 179(2)
0s(1)-C(12)--0(12) 177(3)
0s(1)-C(13)-0(13) 179(2)
05(1)-C(14)-0(14) 174(2)
0s(2)-C(21)-0(21) 178(2)
0s(2)-C(22)~-0(22) 172(2)
0s(3)-C(31)-0(31) 176(2)
0s5(3)—(32)-0(32) 178(2)
05(3)—C(33)-0(33) 174(2)

8¢.5.d.s given in parentheses.

were commenced at —20 °C followed by stirring at
room temperature.

053(C0O),0(R-Pyca(4e)) (4) complexes, containing
a chelating 4e donating R-Pyca ligand, were isolated
for all R substituents, while for R = ¢-Pr and i-Pr also
053(CO) ;o(R-Pyca(6e)) (5) complexes were isolated
in minor amounts. It is concluded on the basis of
available spectroscopic data (vide infra) that com-
plexes 4 and 5 are isostructural with Os3(CO);o-
(R-DAB(4¢)) (1) and Os3(CO),o(R-DAB(6¢)) (2),
respectively (Scheme 1).

Upon refluxing in n-hexane 4b and 4d converted
to HOs3(CsH3N-2-C(H)=N—R)(CO), (6b: R=iPr
and 6d: R=t-Bu respectively; Scheme 2). In this
reaction one CO molecule is lost and the pyridine
moiety of the R-Pyca ligand is ortho-metallated with
the two nitrogen atoms still 0,0-N, N’ coordinated to
the same osmium atom. A careful examination of the

thermolysis reaction of Os3(CO),(i-Pr-Pyca(4e)) (4b)
by means of following the reaction in a high tem-
perature IR cell indicated that 4b converted directly
to HOs3(CsH;3N-2-C(H)=N—RXCO), (6b), while the
formation of the intermediate Os3(CO),o(i-Pr-
Pyca(6e)) (5b) was not observed.

Because of the small quantity of 5b that was avail-
able for studying its behaviour on thermolysis (since
it was obtained in only 2% yield), its further reaction
could only be investigated by following the reaction
in a variable temperature IR cell. It was ebserved that
on thermolysis Sb gave cluster breakdown to di-
nuclear Os,(CO)g(i-Pr-Pyca(6e)) (7b), with a 6e
donating i-Pr-Pyca ligand, together with unidentified
decomposition products (see Scheme 2). Complex 7b
is isostructural with Os,(CO)¢(R-DAB(6¢)) which was
synthesized by the reaction of Os3(CO),; and R-DAB
[10]. In the course of the reaction the Os(CO),4 unit
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of 5b is eliminated and an Os—Os bond is formed
between the two osmium atoms that are bridged by
the i-Pr-Pyca ligand.

Before considering the reaction routes in more
detail the identification of the products by 'H NMR,
13C NMR, IR, and mass spectroscopy and the molecu-
lar structure of the ortho-metallated 6b will be dis-
cussed.

Molecular Geometry of HOs(Cs H3N-2-C({H)=N—
i-Pr)(CO)y (6B)

The molecular geometry of 6b together with the
atomic numbering is given in Fig. 3. The bond lengths
and angles are given in Tables III and IV.

As shown in Fig. 3 6b consists of a triangular array
of osmium atoms. Os(1) is linked to four terminal
carbonyl ligands, Os(2) is linked to two carbonyl
ligands and the two nitrogen atoms of the mono-
anionic tridentate CsH3;N-2-C(H)=N—i-Pr ligand
while Os(3) is linked to three carbonyl ligands and
C(1) of the metallated pyridine ring. Consequently,
a five membered chelate ring at Os(2) is present
which is fused with the four membered metallocyclic
ring comprising Os(2), Os(3), C(1) and N(1). The
imine nitrogen atom of the CsH;N-2-C(H)=N—i-Pr
ligand resides in the equatorial position, while the
pyridine nitrogen atom is axially bonded to Os(2).
The latter bond is significantly shorter [0s(2)-N(Q2) =
2.11(2) A versus Os(2)—N(1) = 2.00(2) A]. The axial
CO ligand bonded to Os(2), frans to N(1), experi-
ences a greater m-backdonation from osmium and is
associated with a shorter Os—C bond [0s(2)-C(21) =
1.80(2) A]. The 0s(3)—C(1) distance of 2.12(2) A
in 6b is similar to the distance of 2.118(12) A found
for HOs3(C1oH,N,XCO), [11]. The latter compound
is of particular interest since it contains a ortho-
metallated bipyridine ligand that is bonded like the
CsH3N-2-C(H)=N—i-Pr ligand in 6b.

The hydride could not be located unequivocally
but bridges most probably Os(2) and Os(3) as can be
inferred from stereochemical evidence. These struc-
tural features were deduced from a large number of
molecular structure determinations of clusters of the
type HOs3(CO),oX (where X is a monoatom or
double atom bridging ligand; for example Cl or C=N
respectively) that have been undertaken by Churchill
et al. [12a—c]. In the first place the hydride is
normally found to bridge the same Os—Os bond as X.
When X is a double atom bridge, as in the present
case, the bridged Os—Os distance is the longest. The
observed Os—Os distances in 6b are in accordance
with this. The two non-bridged Os—Os distances are
of normal length for an Os—Os single bond [Os(1)—
0s(2) =2.898(2) A and Os(1)—Os(3) = 2.886(2) A]
while the Os pair bridged by the CN donor sites and
the hydride is longer [0s(2)—0s(3) =2.911(2) 4], as
compared to 2.8771(27) A for Os3(CO)y, [12a].
Other examples are HOs3(C,;oH,N,XCO)s and
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HOs 3(MeN=COC(O)N(H)MeXCO),, [13]. For the
latter compound the bridging hydride was located.
Secondly it is observed that the carbonyls neigh-
bouring a bridging hydride are pushed aside. In 6b
the Os(2)-0s(3)—-C(31) and Os(3)-0s(2)-C(21)
angles of the axial CO ligands have increased to
106.6(5)° and 110.9(6)° respectively. Similarly
increased angles were found in, for example, H,Os3-
(CO);; [12a] and HOs3;(MeN=COC(O)N(H)Me)-
(CO)so.

Within the ligand the imine bond length C(6)—
N(2) of 1.34(2) A is rather long as compared to the
imine bond length of 1.258(3) A in the free c-Hex-
DAB ligand [4] but similar to the imine bond length
of 1.31(3) A in the chelate coordinated R-DAB ligand
in  Os3(CO)y(i-Pr-DAB(4e)) [1]. The structural
features of the bridging CN moiety of 6b are related
to several other complexes containing a Os(u-H)u-
C=N)Os bridge as, for example, HOs3(MeN=COC(0O)-
N(H)Me)(CO) o, HOs3((CF3)C=NH)CO)4(P(Me),Ph)
[14a], HOs3(PhC=NMe)}CO),, [14b], HOs3;(HC=
NPh)(CO)s(P(OMe);) [14c] and HOs;(C,oH;N,)-
C

)s-

Mass Spectroscopy

The results of the FD mass measurements are
summarized in Table V. The trinuclear character of
the complexes is clearly indicated by the observed
isotope patterns. The molecular ion is observed to
have the highest intensity and the observed masses
are, within experimental error, in accord with the
calculated molecular weights.

Of the complexes 4a and 5a also FAB mass spectra
were recorded together with an exact mass measure-
ment for 4a. For 4a the isotopic pattern of the
molecular ion was found around /z 998 and the loss
of eight carbonyls was observable. The exact mass of
1001.9543 (based on '%*Os) measured for 4a was
within experimental error of the calculated mass
(1001.9180, based on !°20s for OS3C19H10N2010).
Also for complex Sa the isotopic pattern of the
molecular ion was found around m/z 998. In this case
the loss of nine carbonyls was observable. However,
due to fragmentation the intensity of the peak of the
molecular ion was too weak for an exact mass deter-
mination. Apparently 5a, containing only two Os—Os
bonds, is in the gas phase less stable than 4a that has
three Os—Os bonds.

IR, 'H NMR and *C NMR Spectroscopy

The absorptions in the ¥(CO) region in the IR
spectrum are listed in Table V. The 'H and **C NMR
data of the complexes are listed in Tables VI and VII,
respectively. Schematic structures of the complexes 1
to 7 are depicted in Schemes 1 and 2.

Os3(CO)ofR-Pycaf4e)) (4a, 4b, 4c and 4d)
The resonances for the imine hydrogens and
carbons in the 'H and *C NMR spectra of 4a to 4d
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TABLE V. IR and FD Mass Spectral Data
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Compound R group FD-MSa »CO)P

4a c-Pr 1000 (998) 2086, 2038, 2014, 1997, 1984, 1978, 1960, 1922
4b i-Pr 1001 (1000) 2086, 2038, 2014, 1996, 1982, 1969, 1962, 1919
4c t-Bu 1015 (1014) 2084, 2037, 2011, 1997, 1983, 1971, 1960, 1917
4d neo-Pent 1001 (1028)d 2085, 2036, 2012, 1997, 1983, 1971, 1962, 1918
5a c-Pr 999 (998) 2085, 2050, 2023, 2004, 1986, 1975, 1967, 1945¢
5b i-Pr 999 (1000) 2086, 2049, 2026, 2008, 1987, 1977, 1969, 1951
6a i-Pr 972 (972) 2083, 2043, 2009, 2005, 1991, 1982, 1968, 1945
6d t-Bu 987 (986) 2080, 2041, 2006, 2004, 1989, 1980, 1966, 1942
7b i-Pr 2065, 2024, 1988, 1972, 1950

80bserved (calculated). The measured and calculated values account for the highest peak in the measured and simulated isotope

pattern. bIn hexane (cm™1). €In CH,Cl,.

are found at 8 and 157 ppm, respectively. These
chemical shifts are indicative for the o,0-N N’ coordi-
nation mode of the R-Pyca ligand [15]. The 0,6-N,N’'
coordination is further supported by the IR spectra
of 4a to 4d which show an absorption pattern in the
{CO) region similar to that of Os3(CO),o(i-Pr-
DAB(4¢)) (1b) [1]. The crystal structure determina-
tion of 1b particularly showed that the imine
nitrogens of the bidentate bonded i-Pr-DAB ligand
are spanning one equatorial and one axial coordina-
tion site. Consequently it seems reasonable to assume
that in 4a to 4d the pyridine and imine nitrogens
are likewise axially and equatorially coordinated. It is
proposed on the basis of the presence of the sterically
bulky R group on the imine nitrogen atom, that it is
the imine site that is in an equatorial position while
the pyridine nitrogen atom is coordinated to the axial
position. It is generally observed that sterically more
bulky groups prefer equatorial positions [16]. It may
be expected that 4 is involved in a similar fluxional
process as was observed for 1b. Unfortunately it
appeared that the solubility of 4 was too low for
performing variable temperature NMR experiments.

0s4(CO) 0fR-Pycaf6e)) (5a and 5b)

For 5a and 5b the resonances of the imine hydro-
gens were found around 3.9 ppm. Such an upfield
shift is indicative for a n?-C(H)=N coordination of
the imine bond and is a common feature for all com-
pounds containing 6e donor a-diimine ligands which
have been studied so far. [5, 10, 17a—]. Thus the
observed resonance indicates that in 5a and 5b the
ligand is in a bridging 6e coordination mode. A
second indication for this is the similarity of the IR
specira of 5a, 5b and the analogous R-DAB com-
pounds 2a and 2b. A molecular structure determina-
tion for 2a has been performed showing that it
contains a bridging 6e donating c-Pr-DAB ligand and
two Os—Os bonds. We may therefore conclude that
5a, 5b, 2a and 2b have analogous structures as
depicted in Schemes 1 and 2.

dpeak due to [M — COJ*.

Metallated Os compounds (6b and 6d)

In the lI’I NMR of HOS3(CO)9(C5H3N-2'C(H)=
N—R) (6b and 6d) the doublet of the proton at the
6-position of the pyridine ring has disappeared leaving
two doublets and one triplet for the protons at the 5,
3 and 4 positions respectively. The resonance of the
hydride is found as a singlet at —20.19 and --20.83
ppm for 6b and 6d respectively, which is indicative
for a hydride in a bridging position [18]. The imine
protons of 6b and 6d absorb at 6.51 and 6.92 ppm
respectively, as expected for a o-N coordination of
the carbaldehydeimine part of the R-Pyca ligand
[15].

Os,(CO)g(t-Bu-Pycaf6e)) (7b)

The structure of 7b can be deduced from its IR
spectrum, which shows a »(CO) pattern similar to
that observed for other M,(CO)¢(a-diimine) (M = Fe,
Ru, Os) complexes containing a bridging, 6e donating
a-diimine ligand [5, 10].

Reaction Pathways in the System
Os53{CO),o(MeCN ), [(a-diimine)

Of central interest in the reaction system
0s3(CO)o(MeCN),/R-Pyca are (i) the routes and
intermediates via which the two isomers Os3(C0O);q-
(R-Pyca(4e)) (isomer A) and Os3(CO),o(R-Pyca(6e))
(isomer B) are formed and (ii) the ortho-metallation
reaction which converts Os3(CO),;o(R-Pyca(4e)) into

(i) Reaction of Os3(CO ),oMeCN ), with R-Pyca

To discuss the reaction of Os3(CO),¢(MeCN), with
R-Pyca it is essential to compare this system with the
results obtained for the reactions of Os3(CO)yq-
(MeCN), with R-DAB, which show interesting
analogies but also differences.

In Scheme 3 important features of the R-DAB
system are displayed and it is useful to discuss first
some essential points regarding this reaction system.
As in the case of R-Pyca two isomers are formed that
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TABLE VIIL. 3C NMR Data®
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Compound Pyridine R group Imine
C2 C6 C3 C4 CS
4a c-Pr 155.6 155.6 1354 128.1 124.2 50.1;13.0;11.2 156.2
4b  i-Pr 156.3 155.1 135.6 128.1 1243 67.8,26.9;214 156.2
4c neo-Pent 155.2 156.0 135.1 1274 123.9 78.8;34.2;28.1 1599
44 tbu 157.2 156.3 136.5 128.8 124.6 68.7;32.7 159.3
6b  i-Pr 160.5 158.0 138.1 1353 124.0 70.4;27.4;26.3 159.3
6d t-Bu 160.4 159.7 138.3 135.3 1245 69.6;33.8 159.7
8Chemical shift in ppm downfield from TMS, solvent CD,Cl;.
H
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Scheme 3. Proposed mechanism for the formation of Os3(CO)10(R-DAB(4e)) (1) and 0s3(C0O) 10(R-DAB(6¢)) (2).

differ with respect to the number of electrons
donated to the Os3(CO)y unit, ie. 4 electrons
(isomer A) and 6 electrons (isomer B). The product
ratio of these isomers depends predominantly on the
substituent R and to a lesser extent on the solvent
and on the reaction temperature. Use of small R
groups (e.g. i-Pr or c-Pr) led predominantly to the
formation of the isomer B with a 6e donor R-DAB
and two Os—Os single bonds, while for larger R
groups (i.e. neo-Pent) the formation of the isomer A,
with a 4e donor chelating R-DAB and three Os—Os
bonds was observed. This is understandable, since it is
known that larger R groups tend to protect the
7-C=N bond of a<iimines against coordination to a
metal atom. It should be noted that t-Bu-DAB does
not give any reaction at all. In the case of R=i-Pr
the influence of the coordinating capacity of the
solvent on the type of isomer formed became notice-
able, since isomer A was formed in MeCN and
isomer B in toluene.

When we now consider Scheme 3 in more detail it
is reasonable to assume, as proposed by Poé€ et al.,
that OS3(CO)10(MCCN)2 dissociates into OS3(CO)]0‘

(MeCN) (X1), with an empty coordination position
e.g.on Os(1), and MeCN [19]. Undoubtedly R-DAB
will get attached in the first instance via a 0-N mono-
dentate bonding of one of the N=C moieties as
shown in intermediate X2. It should be noted here
that the reaction in MeCN only proceeds when excess
R-DAB is used since in MeCN as a solvent inter-
mediate X1 will be present in only a very small con-
centration. This also gives a rationalization for the
observation that t-Bu-DAB does not react, since it is
known that monodentate coordination of t-Bu-DAB
is difficult to achieve owing to the large size of the
t-Bu substituent [6a]. On further reaction the inter-
mediate X2 loses the second coordinated MeCN
ligand affording intermediate X3 with again an empty
coordination position now on Os(2)*. The relative
concentrations of X2 and X3 will depend largely on

*It has been noted by Po€ et al. that the dissociation of
this second MeCN molecule may be facilitated by the first
incoming ligand. Furthermore, the carbonyl ligands will be
mobile, as observed for 2b, so the vacant coordination site
can migrate over the trinuclear cluster.
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the nature of the solvent. In non-coordinating
solvents like toluene one may expect a relatively
large amount of X3.

On the basis of these considerations the product
formation of isomers A and B can now be explained.
Comparison of X2 and X3 shows that when the
7-C=N bond of the non-coordinated end is relatively
unprotected, i.e in the case of small R groups, the 6e
donating R-DAB isomer B will be formed predomi-
nantly via a movement of the free C=N—R moiety
to the empty coordination position on Os(2) with
concomitant rupture of the Os(1)-Os(2) bond.
Alternatively isomer B may also be formed from X2
by substitution of MeCN on Os(2) by the 7-C=N—R
bond, but this will be a higher energy process.

For the formation of the 4e donating R-DAB
isomer A large R groups are needed which prevent the
7-C=N bond from coordination. Isomer A may be
formed from X2', by a concerted process involving a
CO shift from Os(1) to Os(2) with concomitant
dissociation of MeCN on Os(2) and formation of a
chelating R-DAB group. Naturally isomer A may
also be formed via intermediate X3, since this would
only involve a CO shift from Os(1) to Os(2) and
chelation of R-DAB on Os(1). Therefore it can only
be concluded that isomers A and B may be formed
via both intermediates X2 and X3, when only the
steric bulk of the R group is taken into account asa
steering factor.

The situation, however, becomes more subtle,
when also the influence of the nature of the solvent
on the product ratio of isomers A and B for R =i-Pr
is included in the discussion. The predominant forma-
tion of isomer A in MeCN (and THF) and the
predominant formation of isomer B in toluene

—_—
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I/
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L

0s3(CO)yp(L);, L = MeCN X1

Osy

T/ = |/I\
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SN X2
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may be rationalized by assuming a difference in
relative concentrations of X2 and X3 as a result of
the different coordinating abilities of these solvents.
It is likely that X3 will be present in only a low con-
centration in MeCN relative to X2, whereas in toluene
X3 may occur in higher concentrations.

On purpose the R-DAB system has been discussed
in some detail, before discussing the Os3(CO)yq-
(MeCN),/R-Pyca system, see Scheme 4.

It is of interest to note that contrary to the un-
reactivity of t-Bu-DAB, t-Bu-Pyca does react with
0s3(C0O),0(MeCN),. Furthermore, no excess of
R-Pyca is needed in MeCN to obtain a reaction, in
contrast to R-DAB (vide infra). As in the R-DAB
system, isomer A appears to be formed not only for
big R groups (t-Bu, neo-Pent), but still is the most
abundant isomer when R =c¢-Pr or i-Pr. For the last
two substituents isomer B could also be isolated, but
only in minor amounts. Finally, there appears to be
no observable influence of the solvent on the product
distribution.

We may rationalize these findings as follows. The
first stages of the reaction up to intermediate X2,
will be the same. It seems reasonable to assume that,
in particular when R is large, the R-Pyca ligand will
become coordinated to Os(1) via the pyridine-N
atom, since we do observe reactions with t-Bu-Pyca.
Intermediate X3 may be formed from X2 by dissocia-
tion of MeCN from Os(2). As stressed before isomers
A and B may be formed in principle from both inter-
mediates X2 and X3, but it is interesting that for the
reactions with the R-Pyca ligands we do not see a
great influence of the size of the R group on the
product distribution. This may be rationalized by the
steric interaction of the pyridine ring with the car-
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Scheme 4. Proposed mechanism for the formation of Os3(CO)9(R-Pyca(4e)) (4) and Os3(CO)o(R-Pyca(6e)) (5).
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bonyl groups located on Os(2) and Os(3). Models
show that such steric interactions will hinder rotation
around the Os(1)-N(pyridine) bond thereby
hindering attack of the #-C=N bond on Os(2). This
would also explain the absence of solvent depen-
dence, which is, however, difficult to observe in any
case since the yield of isomer B is low.

In particular for small R groups it may be
expected that intermediates of type X2 and X3 with
a o-monodentate bonding of the R—N=C part of the
R-Pyca ligand to Os(1) could be formed. Subsequent
reaction to give isomer A could then be explained
easily by proceeding from X2 and X3, but not the
formation of isomer B for R = ¢-Pr and i-Pr.

Finally we may conclude that in the R-Pyca
system it is most likely that the proposed inter-
mediates (X2, X3) involve pyridine-N coordination,
although 0-R—N=C coordination cannot be
rigorously excluded.

(ii) ortho-Metallation of Osa(CO ) of R-Pycaf4e))

to HOs3(Cs H3 N-2-C(H)=N-R)(CO)s (3)

In the case of Os3(CO);o(R-DAB) a careful investi-
gation by means of FT-IR has shown for R = i-Pr that
0Os3(C0)40(i-Pr-DAB(4¢)) (1b) converts at 80 C to
0s3(C0O)10(i-Pr-DAB(6¢)) (2b) and subsequently at
70 °C to Os3(CO)(i-Pr-DAB(8e)) (3b) [1,2]. A
crystal structure determination of Os3(CO)e(i-Pr-
DAB(8¢)) has demonstrated that the compound con-
tains an 8e-donating i-Pr-DAB ligand with two elon-
gated Os—Os bonds and one Os—Os bond with a
normal single bond length.

Since R-Pyca has never been observed as yet to
coordinate as an 8e-donor ligand, it was of interest to
investigate the thermolysis of Os3(CO) o(R-Pyca). A
FT-IR study of the thermolysis at 80 °C of
Os3(C0O);0(R-Pyca) showed that when the reaction is
carried out for the 4e bonded R-Pyca isomers A (R =
i-Pr or t-Bu), that these isomers are converted directly
via an ortho-metallation reaction to a new compound
of the composition HOs3(CsH3N-2-C(H)=N—-R)CO),
(6b) and (6d). Although no precise quantitative data
could be obtained owing to slow evaporation of the
solvent, it seems reasonable to assume that the reac-
tion has first order kinetics. For ortho-metallation to
occur the pyridine ring should be close with its
ortho-H atom to Os(2) or Os(3). As discussed before,
such steric interaction occurs, as shown by models*.
For 0s3(CO)y0(bipy) [11] and Ru3(CO)so(bipy)

*Another way of rationalizing the ortho4netallation reac-
tion is to view the Osy(CO)g fragment isolobal with ethylene
that is n*-coordinated to the Os(CO);(R-Pyca) fragment. By
rotation of the Os;(CO)g fragment the osmium atoms will
come within close distance of the ortho-hydrogen atom of
the pyridine ring which will facilitate the ortho-metallation
reaction.

83

[20a,b] similar ortho-metallation reactions were
observed**.

An attempt has been made to study the thermoly-
sis of Os3(CO),0(i-Pr-Pyca(6e)) (5b), since the i-Pr-
DAB analogue (2b) is an intermediate in the conver-
sion of isomer A to Os3(CO)o(i-Pr-DAB(8e)) at 70 C.

The thermolysis of 5b could only be performed on
a small scale, because of the small quantity of 5b
available. For this reason the thermolysis of a
solution of 5b was performed in a high temperature
IR cell, while the reaction was followed with FT-IR
spectroscopy. Of interest is that 5b is converted,
with loss of 0s(CO),, to Os,(CO)e(i-Pr-Pyca(6e)) and
decomposition products and not to the ortho-
metallated compound (6b). From the proposed
mechanism it is clear why Sb is not converted to 6b,
since in 5b the pyridine ring has a fixed orientation
with respect to the Os3(CO),o unit and is clearly not
in the right position for ortho-metallation to occur.

Supplementary Material

Listing of elemental analysis data and listing of the
hydrogen atom positions, anisotropic thermal param-
eters, bond distances and angles and a list of observed
and calculated structure factors of 6b are available
upon request from Dr A. L. Spek.
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