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The Utility of (CsMes)>Sm in isolating Crystallographically Characterizable Zintl lons.
X-Ray Crystal Structure of a Complex of (Sb3)3—
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(CsMes),Sm reacts with Sb(Bun); in toluene to form [(CsMesg),Sm]z(u-n2? : n2: n1-Sbs)(thf) (thf = tetrahydrofuran),
which contains a bent (Sbs)3- ion [114.5(1)°] with an average Sb—Sb distance of 2.688(1) A.

Although for over 100 years the main group clements have
been known to form a fascinating variety of anions upon
reduction with alkali metals in liquid ammonia,! definitive
characterization of these so-called? Zintl® ions by X-ray
crystallography has proved difficult. The introduction of
ethylenediamine and cryptand 222 (4,7,13,16,21,24-hexaoxa-
1,10-diazabicyclo[8.8.8]hexacosane) into these systems pro-
vided crystallographically characterizable salts of several Zintl

ions,1:4-6 but the structures of many of these species remain
unknown.

Recently, we have been able to use the bent metallocene,
(CsMes),Sm,” to make crystallographically characterizable
complexes of the dianions, (N;)2~8 and (Bi,)?~.9 In efforts to
extend this chemistry to the other congeners in main group 15,
we have found that (CsMes),Sm will form a crystallographic-
ally characterizable complex of a triatomic Zintl ion. We
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Fig. 1 ORTEP diagram of [(CsMes),Sm]a(u-n2:n2:n-Sbs)(thf), 1,
with probability ellipsoids drawn at the 50% level. Selected bond
distances (A) and angles (°) follow: Sm—-C(CsMes) averages:
2.775(14) [Sm(1)], 2.749(19) [Sm(2)}, 2.734(19) [Sm(3)]; (ring cen-
troid)-Sm—(ring centroid) angles: 133-136°. Sm(1)-Sb(1), 3.190(1);
Sm(1)-Sb(2), 3.182(1): Sm(2)-Sb(l), 3.193(1); Sm(2)-Sb(3),
3.162(1); Sm(3)-Sb(3), 3.205(1); Sm(3)-O(1), 2.492(4); Sb(l)-
Sm(1)-Sb(2), 49.9(1); Sb(1)-Sm(2)-Sb(3), 90.7(1); Sb(3)-Sm(3)-
O(1), 89.3(1); Sm(1)-Sb(1)-Sm(2), 142.0(1); Sm(1)-Sb(2)-Sb(3),
177.1(1); Sm(2)-Sb(3)-Sm(3); 166.8(1), Sm(2)-Sb(3)-Sb(2), 77.7(1);
Sm(3)-Sb(3)-Sb(2), 115.2(1).

report here the isolation and structural details of an (Sb3)3—
complex which demonstrates the potential of the (CsMes),Sm
unit in developing the chemistry of main group element
polyanions.

In a reaction analogous to the synthesis of [(CsMes),Sm],u-
N2:m%-Biy)? from (CsMes),Sm and BiPhs, (CsMes),Sm was
treated with Sb(Bur); in toluene. An immediate colour
change from dark green to red-brown was observed. The 1H
NMR spectrum of the crude product obtained by removal of
solvent contained numerous overlapping CsMes resonances in
the & 0.8 to 1.7 region. Despite the complexity of this mixture,
dark-red single crystals were obtainable by recrystallization
from benzene in the presence of thf. An X-ray diffraction
studyt showed that the crystals were not the antimony
analogue of [(CsMes),Sm],(u-n2:n2-Biy), but instead the
triantimony species [(CsMes),Sm]s(u-n2:m2:m1-Sbs)(thf), 1,
Fig. 1.

Although Zintl first proposed the existence of an (Sb;)3-
ion in 193113 and cryometric data have suggested its exis-
tence,10 its structure was never determined.! The most closely
related crystallographically characterized solids containing
Sb,, fragments are the (Sbe)8~ anions in Eu,Sb!! and Sr,Sbi!2
and the organic derivative (SbyPhy)—.13

The (Sb;)3- ion in 1 has indistinguishable Sb—Sb distances
of 2.689(1) and 2.686(1) A. These distances are smaller than
the Sb-Sb single bond distances in (Sbg)8— [2.887(4)-
3.016(3) A],11.12 (SbsPhy)- [2.761(1) A],'*> Ph,SbSbPh,
[2.837(1) A],14 Me,SbSbMe, [2.862(2) A],15 (Me;Si),SbSb-
(SiMes), [2.867(1) A],16 and [(CsMes)Sb], [2.856(1) A],17 but
they are longer than the 2.663 A distance in trans-n2-
[(CO)sWSb(Ph)Sb(Ph)W(CO)s]W(CO)s!8 for which an Sb-
Sb bond order of 1.5 has been described.13 The Sb-Sb distance
in 1 can also be compared to the 2.749(1) and 2.751(1) A
distances in Sbs2~ the molecular orbital diagram of which
implies an Sb-Sb bond order of 1.25.19

Five of the six Sm-Sb distances in 1 fall in the narrow range
of 3.162(1)-3.205(1) A. These Sm-Sb distances are 0.09—

t Crystal data for 1: CgHogOSb3Sms-CgHg, M = 1777.8, triclinic
space group PI, a = 13.475(2), b = 14.987(2), ¢ = 17.916(3) A, « =
79.780(14), p = 78.116(13), v = 84.095(12)°, V = 3476.2(9) A3, Z = 2,
D, = 1.698 g cm—3. Least-squares refinement of the model based on
8352 reflections [|F,| > 2.00(|F,])] converged to a final Rg = 3.3%.
Atomic coordinates, bond lengths and angles, and thermal par-
ameters have been deposited at the Cambridge Crystallographic Data
Centre. See Notice to Authors, Issue No. 1.
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0.13 A shorter than the 3.29(2) A Sm-Bi average distance in
[(CsMes):Sm]>(u-n2:m2-Bi;),° a range which overlaps the
0.11-0.16 A difference in radial size of antimony and bis-
muth.20 The sixth Sm~Sb distance, the 3.686(1) A Sm(2)-
Sb(2) length, appears to be too long for a significant
interaction.?! Consequently, each samarium atom is formally
eight-coordinate. The structural parameters for each of the
three unique (CsMes),Sm!! units in 1 are in the normal range
for eight-coordinate trivalent organosamarium species.8.22
The Sb-Sb-Sb angle of 114.5(1)° in 1 is larger than those in
(Sbe)3—, 103.00(8)-108.7(1)°, and (Sb3Ph,)—, 88.8(1)°.

Although the synthetic details of this organosamarium main
group 15 reaction system have not yet been fully defined,
these results clearly show that the (CsMes),Sm unit is able to
generate and stabilize anions comprised of several main group
elements. The range of usefulness of (CsMes),Sm in develop-
ing polynuclear main group element chemistry is under
investigation.
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