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Abstract: Benzannulated bisstannylenes, exhibiting a CH,C(CH;),CH, linking unit
and CH,/Bu (1) or CH,CH,CH,NMe, (2) N-substituents, and their molybdenum

tetacarbonyl complexes 3 and 4 have been prepared. The complexes 3 and 4 exhib-
it remarkably short Mo—E bond lengths compared to the related biscarbene and
bisgermylene complexes. The experimentally determined bonding parameters of
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the molybdenum bisstannylene complexes are discussed based on DFT calcula-

tions.

Introduction

The coordination chemistry of the heavier analogues of N-
heterocyclic carbenes (NHCs)!! has attracted considerable
attention in the last decade due to their potential role as li-
gands for transition metals.””
NHC ligands are usually consid-
P/\ ered strong o donors and weak
RzN\O @D n acceptors (Scheme 1).F1 A
BEGD $C>ML6 similar bonding situation has
been suggested for the heavier

analogues—silylenes, germy-
lenes, and stannylenes.! How-
ever, recent theoretical studies
suggested that NHC ligands
may also serve as m donors

RyN

E=C,Si Ge, Sn

Scheme 1. Proposed  bonding
in complexes of diaminocar-
benes and their heavier ana-
logues.
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when they are bound to an electron-deficient metal atom."!
This might in principle also be found for the heavier ana-
logues of NHCs, but there have been only few correspond-
ing reports in the literature so far. In this paper we report
experimental and theoretical studies that shed new light on
the bonding situation in complexes of N-heterocyclic car-
benes, germylenes, and stannylenes.

We have described the preparation and coordination
chemistry with different transition metals of bridged benzan-
nulated biscarbenes A® and bisgermylenes B (Scheme 2).")

Q : Q A: E=C,R=CH,CMe,q
4>\7 B: E = Ge. R = CH,CMe4
R~N\ /N \_, —R  C:E=Sn,R=CH;CMe,

£ E R = CH,CH,CH,NMe,

Scheme 2. Bridged benzannulated N-heterocyclic biscarbenes, bisgermy-
lenes and bisstannylenes.

We became interested in the corresponding bisstannylenes
with alkyl or Lewis basic functional groups C (Scheme 2).
Here we describe the preparation and properties of bisstan-
nylenes of type C and compare their coordination chemistry
with Mo° to that of the biscarbene and bisgermylene ana-
logues A and B.

Results and Discussion

While some bis(diorganostannylene) ligands are known,®
only few examples for potentially chelating benzannulated
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bisstannylenes have been reported so far”! next to some
monodentate benzannulated N-heterocyclic stannylenes.!”!
We have prepared the bisstannylenes with a CH,C-
(CH;),CH, bridging group and N-neopentyl (1) or N-3-di-
methylaminopropyl substituents (2) by the transamination
reaction between the corresponding tetraamines’ and
[Sn{N(SiMe;),},]"! (Scheme 3). The bisstannylene 2 is a

. 2 Sn[N SIM83 2]2
.
—4 HN(SiMe3),

1: R = CH,C(CHs)
2: R = CH,CH,CH,NMe,

N

@EN
@N

Scheme 3. Preparation of bisstannylenes 1 and 2.

yellow solid that is moderately soluble in aromatic hydrocar-
bons and THEF, while 1 is insoluble in toluene. Both 1 and 2
are sensitive to moisture and air.

The molecular structure of the N-donor functionalized
bisstannylene 2 was determined by X-ray diffraction
(Figure 1). Both tin atoms in 2 are stabilized by intramolecu-

N6 O\
&;ﬁi)

¢~
Cl N3 *f

@) i c2

.
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Sn1
o o Y R,

“*5“5% Cfiﬂ\c—é

Figure 1. Molecular structure of bisstannylene 2 (top) and intermolecular
interaction of three bisstannylene molecules (bottom). Selected bond
lengths [A] and angles [°]: Sn1-N1 2.090(3), Sn1-N2 2.063(3), Sn1-N3
2.561(4), Sn2—N4 2.082(4), Sn2—N5 2.067(4), Sn2—N6 2.530(4); N1-Sn1-
N2 78.56(13), N1-Sn1-N3 100.10(12), N2-Sn1-N3 78.57(12), N4-Sn2-N5
78.19(15), N4-Sn2-N6 101.50(13), N5-Sn2-N6 79.81(14).

lar Sn—NMe, donor—acceptor coordination with Sn1—N3 and
Sn2—N6 bond lengths measuring 2.561(4) and 2.530(4) A, re-
spectively. These values like the other bond lengths and
angles found for 2 are in good agreement with equivalent
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parameters reported for a series of monodentate benzannu-
lated N-heterocyclic stannylenes.’!

In addition to the intramolecular stabilization an intermo-
lecular interaction of the empty p orbital at the tin atoms
with the & system of the benzene ring of an anti-parallel-ori-
ented adjacent molecule was observed for 2. This interaction
leads to a polymeric arrangement of the bisstannylene mole-
cules in the crystal lattice. The distances between the tin
atoms and the center of the benzene ring of neighboring
molecules measure 3.338 and 3.807 A. A similar interaction
has been observed previously for N,N'-di(neopentyl)benzi-
midazolin-2-stannylene!®! and -plumbylene.['*"!

The "°Sn NMR spectrum of bisstannylene 2 does not
show a dependence of the chemical shift (60 =95.0 ppm in
[Dg]THF, 6=95.6 ppm in [Dg]toluene) from the solvent in
contrast to the observation made for the coordinatively un-
saturated bisstannylene 1 (0=178.0 ppm in [Dg]THF, 6=
200.9 ppm in [Dg]THF/standard toluene). Apparently, the
intramolecular Sn—NMe, coordination in 2 is maintained in
both solvents. The N-alkyl-substituted, coordinatively unsa-
turated bisstannylene 1 on the other hand, experiences THF
coordination in this solvent with the concurrent observation
of a high-field shift of the '®Sn resonance.!'!

The molybdenum complexes 3 and 4 of the bisstannylenes
1 and 2 have been synthesized by employing a methodology
we have developed previously for the preparation of molyb-
denum complexes with bisgermylenes (Scheme 4).”1 Com-

R
\

e

N/
. Malnod)(CO))

S Y

N

OC—Mo—CO

\ .
©:N /Sn. oc/ \CO
|

1: R = CH,C(CH3)3
2: R = CH,CH,CH,NMe,

3: R = CHyC(CHa)
4: R = CH,CH,CH;NMe,

Scheme 4. Preparation of complexes 3 and 4.

plexes 3 and 4 are air-sensitive red or orange solids, which
can be recrystallized from toluene or THF. The "”Sn NMR
spectra of 3 show a strong dependence of the chemical shift
from the solvent (6=432.0ppm in [Dg]toluene, o=
349.5 ppm in [Dg]THF) indicative of THF coordination to
the tin center in this solvent. The upfield shift of the '’Sn
resonance for 4 (6=299.1 ppm in [Dg]THF) on the other
hand demonstrates intramolecular Sn—NMe, coordination.
An X-ray diffraction analysis with crystals of 3 (Figure 2)
shows the molecular structure of this complex to be related
to the analogous biscarbene (ligand A, 5)®! and bisgermy-
lene (ligand B, 6)7 complexes. The Mo—Sn distances
(2.6850(3) and 2.6736(4) A) are elongated by about 0.36 A
compared to the Mo—C bond lengths in biscarbene complex
5% and are about 0.15 A longer than in bisgermylene com-
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Figure 2. Molecular structure of complex 3. Selected bond lengths [A]
and angles [°]: Mo—Snl 2.6850(3), Mo—Sn2 2.6736(4), Mo—C1 2.053(2),
Mo—C2 2.004(2), Mo—C3 2.035(2), Mo—C4 1.991(2), Sn1—-N1 2.024(2),
Sn1-N2 2.034(2), Sn2—N3 2.040(2), Sn2—N4 2.018(2), C1-O1 1.139(3),
C2-02 1.139(3), C3—-03 1.142(3), C4—04 1.148(3); Snl-Mo-Sn2
89.734(12), N1-Sn1-N2 81.48(7), N3-Sn2-N4 81.25(7).

plex 64 (Table 1), reflecting the increasing atomic radius
C<Ge < Sn. The differences in the intracyclic E-N distan-
ces are much more pronounced for the transitions E=C
(5—E=Ge (6) (0.45A) and E=Ge (6)—E=Sn (3)
(0.20 A).

Table 1 shows that the Mo—CO,,,,,, distances (2.004(2) and
1.991(2) A) are significantly shorter than the Mo—CO,;
bond lengths (2.035(2) and 2.053(2) A) and are similar to
those found for the bisgermylene complex 6. The difference
between the Mo—CO,,,,, and Mo—CO,, bond lengths in 3
(~0.04 A) is smaller than in the analogous biscarbene com-
plex 6 (~0.07 A).

While M—CO bond lengths are not a good indicator of
the electronic situation in carbonyl complexes, the wave-
numbers of the v(CO) stretching modes are. The vibrational
frequencies for the »(CO) stretching modes in 3 are similar
to those observed for the analogous bisgermylene complex
6. They are significantly higher than the »(CO) frequencies
found for the biscarbene complex 5 (Table 1). These findings
indicate that the bisstannylenes and bisgermylenes are
either better ; acceptors or weaker o/t donors than the bis-
carbene. Note that the v(CO) frequencies in 3 and 6 are
similar to those observed for alkylphosphite complexes of
type cis-[Mo{PR(OR’),},(C0O),],l*! which is in good agree-

ment with theoretical predictions for the influence of diami-
nogermylenes on transition metal complex fragments.!'

The molecular parameters of bisstannylene complex 4
(Figure 3) with the donor-functionalized N-substituents are

c22(4 C%?
. 021

Figure 3. . Molecular structure of the complex 4. Selected bond lengths
[A] and angles [°]: Mo—Sn 2.7046(6), Mo—C21 2.026(2), Mo—C22
1.979(3), Sn—N1 2.033(2), Sn—N2 2.059(2), Sn—N3 2.390(2); Sn-Mo-Sn"
86.87(2), N1-Sn-N2 80.49(7), N1-Sn-N3 84.67(7), N2-Sn-N3 106.33(7).

different from those found for 3 (Figure 2, Table 2). As al-
ready observed for the free bisstannylene 2 the NMe,
groups in 4 are intramolecularly coordinated to the tin

Table 2. Bond lengths [A], angles [°] and »(CO) [ecm™'] for stretching
modes in complexes 3 and 4 and bisstannylene 2.

3 4 2

d(Sn—Mo)  2.6736(4), 2.6850(3) 2.7046(6) -

d(Sn—N,,,)  2.018(2)-2.040(2)  2.033(2),2.059(2) 2.063(3)-2.090(3)
d(Sn—NMe,) - 2.390(2) 2.530(4), 2.561(4)
d(Mo—C,,)  2.035(2),2.053(2)  2.026(2) -

d(Mo—Cyro)  1.991(2), 2.004(2)  1.979(3) -

¥(CO), A, 1947 1928

¥(CO), A, 2038 2008

atoms. However, the Sn—NMe, distances in 4 (2.390(2) A)
are significantly shorter than in the free bisstannylene 2
(2.561(4) and 2.530(4) A). At the same time the Mo—Sn
bonds in 4 (2.7046(6) A) are elongated compared to those

found in complex 3 (2.6850(3)

and 2.6736(4) A).

Table 1. Bond lengths [A], angles [°] and »(CO) [cm™] for the stretching modes in complexes 3, 5 and 6. The elongation of the Mo—Sn

5l6b] P 3 bonds in 4 relative to 3 is best

(E=Cupenc) (E=Ge) (E=Sn) explained by a less effective
d(Mo—E) 2324(3) 2.5189(6), 2.5204(6) 2.6736(4), 2.6850(3) Mo(d)—Sn(p) m backbonding
d(E-N) 1.367(4), 1.385(4) 1.823(3)-1.827(3) 2018(2)-20402)  owing to electron donation of
d(Mo—C,;,) 2.035(3) 2.030(5), 2.047(4) 2035(2),2053(2)  the NMe, group into the for-
d(M0o—Cyar) 1.963(3) 1.997(4), 1.998(4) 1.991(2), 2.004(2) . :
V(CO), A, 18890 19400 19470 mally empty p or.bltal at the t%n
¥(CO), A, 20028 20316 2038M! atom. Coordination of the tin
»(CO), B, 185744 1929 1929/ atoms to molybdenum enhances
v(CO), B, 1799t 1908!* not observed the Lewis acidity of the p orbi-

[a] Infrared data. [b] Raman data (4., =632.8 nm).
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shorter Sn—NMe, bond in 4 compared to 2. The shortening
of the Sn—NMe, bonds and the elongation of Mo—Sn bonds
in 4 compared to 3 indicate that Mo(d)—Sn(p) m backbond-
ing is less pronounced in 4 than in 3.

To analyze the Mo—Sn bonds in 3 we carried out DFT cal-
culations at the BP86/TZ2P level of the model com-
pounds 3M shown in Table 3 with E=C, Ge, Sn. The nature

Table 3. EDA (BP86/TZ2P) results for complexes of type 3M.1!

oo
Q\N/\T +
N —N_
N\ ; ‘?‘Afr;\
E e

\/ N
OC-—Mo—CO — HC7 E
oC CcO 3M:E=C, Ge, Sn

E=C E=Ge E=Sn
AE;, —-101.4 —62.7 —50.2
AEp,ui 175.7 128.5 100.5
AE —1752 (63.2%) —100.7 (52.7%) —74.6 (49.5%)
AE,, —~101.9 (36.8%) —90.5(473%)  —76.1 (50.5%)
AE, ~75.9 (74.4%) —71.1(786%)  —62.1 (81.6%)
AE, —26.1 (25.6%) —19.4 (21.4%)  —14.0 (184%)
AE e 24.0 16.7 15.9
AE (=-D.,) 774 —46.1 —343
d(Mo—-E) 2.232 2.530 2.733
exptl value 2.324(3) 2.5204(6) 2.6850(3)

2.5189(5) 2.6736(4)

[a] All structures have been optimized under C,, symmetry constraints.
Energy values are given in kcalmol ™!, interatomic distances in A.

of the Mo—E interactions was then investigated with the
energy decomposition analysis (EDA),'® which has previ-
ously been used for a variety of transition-metal com-
plexes.l!”

The DFT calculations predict that the Mo—E bond disso-
ciation energies D, of 3M decrease in the order C (77.4 kcal
mol™)>Ge (46.1 kcalmol™)>Sn (34.3 kcalmol™"). The
EDA values suggest that the covalent character of the Mo—
E bond given by the percentage values of the orbital term
AE,, increase from carbon (36.8%) to tin (50.5%). The
contribution of the o bonding is clearly larger than the =
bonding, but the latter is not negligible. Note that the contri-
bution of the m-orbital interactions to the AE_, term de-
creases from 25.6 % in the carbene complex to 18.4 % in the
stannylene complex.

The comparison of the theoretical and experimental bond
lengths shows that the observed Mo—Sn distance in 3
(~2.68 A) is somewhat shorter than the calculated value for
3Sn (2.733 A), while the calculated value for the germylene
species 3Ge (2.530 A) agrees quite well with the experimen-
tal value (~2.52 A), and the theoretical value for the car-
bene complex 3C (2.232 A) is even shorter than the experi-
mental result (~2.32 A). This may be explained with the
finding that bond lengths of donor-acceptor bonds tend to
become shorter in the solid state than in the gas phase, and
that the shortening increases for weaker bonds.!"¥!
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We also calculated complexes between NMe; and benzan-
nulated N-heterocyclic carbenes, germylenes, and stanny-
lenes in order to study the strength of the N—E donor-ac-
ceptor interactions. The geometry optimization of the car-
bene did not yield a stable complex, while the germylene
(D.,=1.6kcalmol™') and stannylene (D,=3.3kcalmol™')
species gave weakly bonded adducts. The calculated N—Sn
distance (2.799 A) is longer than the experimental value in 2
(2.530(4)-2.561(4) A), which again can be explained with
the bond-shortening solid-state effect on the weak interac-
tions.!"™!

The calculated & bonding contribution to the Mo-ligand
interactions AE, indicates the trend 3C>3Ge>3Sn. How
can this be reconciled with the trend of the CO stretching
frequencies? A first hint comes from a comparison of the vi-
brational frequencies of the carbene, germylene, and stanny-
lene complexes with the parent system [Mo(CO)4]. The
wavenumbers for the IR-active CO stretching modes of
[Mo(CO),] are 2121.6cm™" (A,) and 2026.6cm™' (E,),
while the Raman data are 2119.7 cm™' (A,,) and 2025.2 cm ™
(E,)."! Comparing these values with the wavenumbers
given in Table 1 could lead to the conclusion that the E" li-
gands in 3, 5, and 6 are m donors rather than m acceptors.
This proposition would be in conflict, however, with the
above explanation of the shortening of the Sn—NMe, bond
and the elongation of the Mo—Sn bond in 4 compared to 3.
A further analysis of the model compounds [(CO)sMo—
EN,C,H,] (E=C, Ge, Sn) in which EN,C,H, is a N-hetero-
cyclic carbene, germylene, or stannylene explains the trend
of the CO stretching modes.

The Mo—CO n backdonation has two components, one is
perpendicular to the EN,C,H, plane (), while the other
one is in the plane (7r;).*” The AE, values in Table 3 give
only the m, contribution of the Group 14 ligands to the
bonding interactions, because the molecules have only C;
symmetry. A charge analysis of [(CO)sMo—EN,C,H,], which
has C,, symmetry, shows that the EN,C,H, ligand is a very
weak 7, acceptor with Ag(m,)=-0.064de (C), —0.075¢
(Ge), and —0.065¢ (Sn) and a weak m; acceptor with
Aq(m))=-0.043¢ (C), —0.046 ¢ (Ge), and —0.054 ¢ (Sn).
However, the CO ligand trans to EN,C,H, also receives
charge in the complex! The calculated Ag(m) values of
CO,4s in [(CO)sMo—EN,C,H,] are —0.084 ¢ (C), —0.078 ¢
(Ge), and —0.091 e (Sn). The largest changes and highest
absolute values are found for the [(CO)sMo+—EN,C,H,] o
donation. The calculated values are Ag(0)=0.593¢ (C),
0503 e (Ge), and 0.247e (Sn). Thus, the very strong
[(CO)sMo+—EN,C,H,] ¢ donation makes the molybdenum
atom a stronger wt donor, which yields & backdonation to-
wards both ligands [(OC)—Mo—EN,C,H,]. The charge
analysis suggests that the trend of the CO stretching modes
3C<3Ge<3Sn comes from the [(CO)sMo—EN,C,H,] o
donation and not from m bonding! Note that the stretching
frequency and force constant of CO is much higher in pro-
tonated HCO™, in which CO is bound to a strong o accept-
or.?l The shift of the CO stretching frequencies toward
lower wave numbers 3C<3Ge <3Sn is in agreement with
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the significant change of the (CO)sMo+—EN,C,H, o dona-
tion.?

Conclusion

Benzannulated bisstannylenes and their complexes have
been prepared and investigated. It was found that bisstanny-
lene and bisgermylene ligands act not only as a ¢ donor and
7t acceptor, but also function as w donors.

Experimental Section

For details of the reaction conditions see references [7a,910].

Data for 1: Yield 90%; bright yellow solid; 'HNMR (400 MHz,
[Dg]THF): 6=6.81 (m, 4H; Ar-H), 6.51 (m, 4H; Ar-H), 4.14 (s, 4H;
CH,C(CHs;),CH,), 3.89 (s, 4H; CH,C(CH,);), 1.17 (s, 6H; C(CH,),),
0.98 ppm (s, 18H; C(CH,);); *C NMR (100.6, [Dg]THF): 8 =147.6, 147.5
(Ar-C,,), 1162, 116.0 (Ar-C,,,), 110.2, 110.0 (Ar-C,4,), 58.7 (CH,C-
(CHa);), 57.3 (CH,C(CH;),CH,), 39.2 (C(CH,),), 33.9 (C(CHs);), 29.1 (C-
(CHy);), 27.0 ppm (C(CHs),); '“Sn NMR (149.2 MHz, [Ds]THF): 6=
178.0 ppm; '“Sn NMR (149.2 MHz, [Dg¢]THF +toluene (v:iv=1:1)): 6=
200.9 ppm; MS (70 eV): m/z (%): 658 (31) [M]*, 601 (33) [M—tBu]*, 540
(100) [M—Sn]*, 483 (55) [M—Bu—Sn]*; elemental analysis caled (%)
for C,;H,N,Sn,: C 49.28, H 6.13, N 8.51; found: C 49.24, H 6.45, N, 8.26.
Data for 2: Yield 60 %; recrystallized from toluene as yellow crystals;
"H NMR (400 MHz, [Dg]toluene): 6 =6.96-6.94 (m, 2H; Ar-H), 6.91-6.88
(m, 4H; Ar-H), 6.77-6.74 (m, 2H; Ar-H), 398 (s, 4H; NCH,C-
(CH;),CH,), 3.80 (t, J=5.3 Hz, 4H; NCH,CH,CH,), 1.98 (t, J=5.4 Hz,
4H; NCH,CH,CH,), 1.57 (s, 12H; CH,N(CH;),), 145 (m, 4H;
CH,CH,N(CH;),), 1.18ppm (s, 6H; CH,C(CH;),CH,); "“CNMR
(100.6 MHz, [Dg]toluene): 6=149.1, 1462 (Ar-C,,,), 116.5, 116.1 (Ar-
Cre)> 110.5, 108.8 (Ar-C,,,,), 60.3, 58.2 (NCH,), 46.1 (CH,CH,N(CHs;),),
45.1 (CH,N(CHj3),), 39.1 (CH,C(CH;),CH,), 27.0 (CH,CH,N(CH,),),
25.0 ppm (CH,C(CH;),CH,); ""Sn NMR (149.2 MHz, [Ds]toluene): 0=
95.6 ppm; '“Sn NMR (149.2 MHz, [Dg]THF): 6=95.0 ppm; MS (70 eV):
m/z (%): 688 (5) [M]*, 570 (100) [M—Sn]*.

Data for 3: Yield 83%; recrystallized from toluene as red crystals;
'HNMR (400 MHz, [Dg]THF): §=6.86-6.84 (m, 4H; Ar-H), 6.57-6.52
(m, 4H; Ar-H), 3.87 (s, 4H; NCH,), 3.83 (s, 4H; NCH,), 1.08 (s, 18H; C-
(CHs);), 1.01ppm (s, 6H; CH,C(CH;),CH,); "CNMR (100.6 MHz,
[Dg]THF): 6=217.6 (CO,,,,), 209.5 (CO,;), 147.0, 146.9 (Ar-C,,,,), 116.4,
1159 (Ar-C,.,), 1107, 109.8 (Ar-C,,,), 59.1 (NCH,C(CHj;);), 51.5
(CH,C(CH;),CH,), 414 (CH,C(CH,),CH,), 352 (CH,C(CH;);), 29.3
(CH,C(CH,)3), 25.8 ppm (CH,C(CH;),CH,); "Sn NMR (149.2 MHz,
[Dg]toluene): 0=432.0ppm (3/(*¥Sn,'"’Sn)=1470 Hz); '""Sn  NMR
(149.2 MHz, [Dg]THF): 0 =349.5 ppm; Raman spectrum (pure substrate):
#(CO)=2038 (vs, Ay), 1947 (s, A;), 1929 cm™" (s, By).

Data for 4: Yield: 90%; recrystallized from THF as orange crystals;
'HNMR (400 MHz, [Dg]THF): 6=6.73 (d, /=7.7 Hz, 2H; Ar-H), 6.65
(d, J=7.7Hz, 2H; Ar-H), 6.52 (t, J=7.5Hz, 2H; Ar-H), 6.46 (t, /=
7.6 Hz, 2H; Ar-H), 4.10 (t, J=5.0 Hz, 4H; NCH,CH,CH,), 3.70 (s, 4H;
CH,C(CH,;),CH,), 2.88 (t, J=52Hz, 4H; CH,CH,N(CH,),), 2.12 (s,
12H; CH,N(CHj;),), 1.90 (m, 4H; NCH,CH,CH,), 1.12 ppm (s, 6H;
CH,C(CH;),CH,); "CNMR (100.6 MHz, [Dg]THF): 0=218.9 (CO,,4),
211.0 (COy), 148.6, 146.3 (Ar-C,,,), 117.0, 115.7 (Ar-C,,,,), 111.4, 108.0
(Ar-C,,,), 62.8, 52.6 (NCH,), 46.9 (CH,CH,N(CH;),), 46.7 (CH,N-
(CHa;),), 40.1 (CH,C(CH,;),CH,), 25.4 (CH,CH,CH,N(CH,),), 24.5 ppm
(CH,C(CH3),CH,); '"Sn NMR (149.2 MHz, [Dg]THF): 6 =299.1 ppm.
X-ray structure determinations

Data for 2: CyHuNgSn,, M,=688.05, yellow crystal, 0.11x0.06x
0.03 mm®, a=9.9259(2), b=11.632(2), c=13.394(3) A, «=102.759(4), f=
94.218(4), y=105.928(4)°, V=14354(5) A%, pau=1.592gcm>, u=
1.766 mm~', 14228 measured intensities (3.2<26<55.0°), 2=0.71073 A,
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T=153(2) K, semiempirical absorption correction (min/max transmission
0.8295/0.9489), 6560 independent intensities (R, =0.0522), 4641 observed
intensities, triclinic, P1, Z=2, R=0.0443, wR=0.0689 for 4641 contribu-
ting reflections [I>20(1)], refinement of 368 parameters against |F*| of
all unique reflections with hydrogen atoms on calculated positions.

Data for 3: Cy3yH,NMoO,Sn,, M,=865.99, red crystal, 0.41x0.37x
0.21 mm®, a=10.892(2), b=19.450(3), c=15.846(2) A, $=92.385(3)°, V=
3354.1(9) A%, pouea=1.715 gem >, 1 =1.885 mm ™', 37663 measured inten-
sities (3.3<26<60.0°), 1=0.71073 A, T=153(2) K, semiempirical ab-
sorption correction (min/max transmission 0.5120/0.6929), 9710 independ-
ent intensities (R, =0.0287), 8973 observed intensities, monoclinic, P2,/n,
Z=4, R=0.0267, wR=0.0590 for 8973 contributing reflections [/>
20(I)], refinement of 387 parameters against |F?| of all unique reflec-
tions with hydrogen atoms on calculated positions.

Data for 4-C;Hg: CyHssNeMoO,Sn,, M,=988.17, orange crystal, 0.18x
015x010 mm®, a=21.271(6), b=15277(4), c=15298(4)A, p=
127.716(4)°, V=3932(2) A%, peca=1.715 gem™, u=1.668 mm™, 22466
measured intensities (3.6 <260<60.2°), 1=0.71073 A, T= 153(2) K, semi-
empirical absorption correction (min/max transmission 0.7591/0.8547),
5726 independent intensities (R, =0.0343), 4954 observed intensities,
monoclinic, C2/c, Z=4, R=0.0271, wR=0.0617 for 4954 contributing re-
flections [/>20(])], refinement of 248 parameters against |F?| of all
unique reflections with hydrogen atoms on calculated positions. The
asymmetric unit contained '/, a molecule of 4 that was bisected by a two-
fold axis passing through atoms Mo and C13 and '/, a molecule of disor-
dered toluene.

CCDC 690688 (2), 690689 (3) and 690690 (4) 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.ac.uk/data_request/cif.
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