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nonbonding electron pair. The calculation of the partial
charges according Mullikan at the MP2 level for the central
nitrogen atom gives the value of —0.36, in spite of the total
change + 1 of the OCNCO™ ion. According to the analysis of
the natural bond orbitals this is a result of the existence of two
nonbonding electron pairs at nitrogen with an occupation of
1.6 and 1.5e¢7; the former has 23% s character and is
responsible for the bending.

Finally it should be noted that the isoelectronic Ns* ion has
recently been prepared in the form of the highly explosive
N;sTAsF,~, which is also strongly bent at the central nitrogen
atom.”!

Experimental Section

F-CO—-NCO was prepared in 70% yield from CI-CO—NCO by halogen
exchange with an excess of SF3/SbCls at 75°C. The product must be
removed immediately from the reaction vessel in order to avoid decom-
position into COF, and OC(NCO),. The latter polymerizes under these
conditions. Further physical data see ref. [5].

OCNCO'Sb;F s : By using a glass vacuum line under liquid nitrogen
cooling, F-CO—NCO (60 mg, 0.67 mol), SbFs (600 mg, 7.76 mmol), and
CF;—CH,—CF; (2-3mL) were condensed into an 8 mL glass ampule,
which was then sealed. At room temperature colorless crystals appeared
which largely dissolved after brief heating to 60 °C, and the undissolved part
melted. Slow cooling to 10°C gave colorless needles, which decompose
slowly at room temperature, and turn brown. Raman (Spex Industries 1403,
1064 nm excitation light, 300 mW, solid —90°C): 2359(20), 2320(5),
1512(1), 1126(1), 1076(1), 914(40), 697(100), 674(60), 656(80), 610(15),
588(8), 560(1), 514(3), 350(5), 323(2), 298(30), 288(20), 271(5), 271(5),
232(10), 217(12), 190(30), 146(10), 130(5) cm~'; 3C NMR (CF;CH,CF;):
0 =122.4. Crystal structure analysis: A suitable crystal was adjusted under
nitrogen and cooling on an Enraf Nonius CAD4 diffractometer (MoK,
graphite monochromator). Lattice constants were obtained by fine adjust-
ment of 25 reflections with 20° < § < 25°. Intensities were measured with
the @ scan method allowing a maximum of 60 s per reflection, of which
25% were used for the background measurement, psi scan absorption
correction. Solution and refinement of the structure was done with the
shelx programs.! a=954.8(1), b=735.8(1), ¢=20932(3)pm, B=
94.65(1)°, V=1465 x 10° pm?®, P2,/c, 4688 measured, 4264 independent
reflections, 218 parameters, R, =0.021, Rw?=0.055.

OCN-FCO-SbFs: The preparation was similar to that for
OCNCO*SbsF 47, only a 1:1 stoichiometry of F-CO—NCO and SbF; in
the solvent CF;CH,CF; or (CF,Cl), was used. Colorless needles were
obtained upon cooling to —40°C which melt at 5-18°C to give a viscous
liquid. Raman (solid, —90°C): 2271(5), 1662(10), 1509(1), 1490(2), 1273(5),
950(15), 754(2), 708(15), 679(45), 649(100), 594(20), 527(25), 299(15),
284(5), 265(5), 234(8), 196(4), 163(4), 125(70), 114(30) cm~'. Crystal
structure analysis: a=875.36(8), b=543.21(5), ¢=1503.1(1) pm, B=
100.96(1)°, V=701.7(1) x 10° pm?, P2,/c, 2125 measured, 1948 independent
reflections, 110 parameters, R, =0.024, Rw?=0.073.

OCNCO"AsF;: Reaction of F-CO—NCO and AsF;s in the stoichiometry
1:1 in (CF,Cl),, as described above, crystallization, as described above,
crystallization at —40°C, colorless cubes that melt under gas evolution
above O °C. Raman spectrum: 2366(10), 2287(1), 930(20), 915(15), 701(10),
685(100), 632(5), 613(2), 586(8), 573(4 =), 559(3), 518(4), 372(40), 205(50),
192(30), 124(80) cm~!. Crystal structure analysis: a=1096.0(2), b=
1118.3(3), ¢ =1118.3(3) pm, V=1449.5 x 10° pm?, probably Pnma, pseu-
do-etragonal twinned with —100,001,01 0.

OCNCO™"As,F;;7: Reaction of F-CO—NCO and AsF; in 1:3 stoichiometry
in CF;CH,CF;, as described above, colorless platelets that melt above O °C
under gas evolution, crystallization at —70°C. Crystal structure analysis:
a=566.5(2), b=1173.3(4), ¢=1612.9(7) pm, a=110.60(3), f=90.74(3),
y=89.96(3)°, V=1003.4 x 105 pm?, P1, pseudo-monoclinic twinned.
OCN-FCO - AsF;: Reaction of F-CO—NCO and AsF;in 1:1 stoichiometry
in CF;—CH,—CF;, as described above, colorless needles after cooling to
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—70°C. Crystal structure analysis: a=2855.2(1), b=525.42(6), c=
1481.5(1), f=100.26(1)°, V=655.1(1) x 10° pm?®, P2,/c, 3296 measured,
2872 independent reflections, 110 parameters, R, =0.027, R,>=0.076.

Further details on the crystal structure investigation(s) may be obtained
from the Fachinformationszentrum Karlsruhe, D-76344 Eggenstein-Leo-
poldshafen, Germany (fax: (+49)7247-808-666); e-mail: crysdata@fiz-
karlsruhe.de), on quoting the depository numbers CSD-410736, CSD-
410737, and CSD-410738.
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Organo f-element chemistry has witnessed spectacular
growth in the past twenty years and, parallel with this
development, hydrido complexes were synthesized for most
of the lanthanides.'! However, in spite of the importance of
such species in various catalytic processes, often with activities
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much higher than those of transition metal hydrides, most of
these compounds are Ln'™! derivatives and contain the cyclo-
pentadienyl ligand or its substituted analogues. Divalent
lanthanide hydrides are limited to the borohydride complexes
[Ln{(u-H);BH},(CH,CN),] (Ln=Yb, n=4; Ln=Eu, n=
2),! the trialkylborane-stabilized hydrides [Ln(Tp®*M¢)(H-
BEt;)(thf),] (Ln=Sm, n=0; Ln=YDb, n=1),1% the hydride-
bridged Yb!-transition metal compounds [{(PMe;);WHs},-
YbL;] and [{(CsHs),NbH,},YbL;] (L; = (MeOCH,CH,),0),
[[YbH,(thf)},]¥! of unknown structure, and the not fully
characterized [(CsMe;)SmH(thf),]! and [{Yb(C=CC,H,), ;-
Hys},.] ! which were obtained by cocondensation of sama-
rium and ytterbium metal vapors with CsMesH and 1-hexyne,
respectively. To our knowledge, well-defined, discrete Ln"
complexes with hydrido ligands that are bound exclusively to
the f-block element have not been previously reported.

Given the availability of lanthanide complexes with bulky
TpRR ligands (TpRR =hydrotris(3-R-5-R’pyrazolyl)borate),
specifically Tp®*Me 3. 71 it was of interest to investigate how the
steric bulk of Tp®*M¢ might be utilized to obtain a stable Ln"!
hydride and how the structure and reactivity thereof would be
affected. Here we report the synthesis and structure of a well-
defined divalent ytterbium hydrido complex and preliminary
reactivity studies.

Hydrogenolysis of lanthanide—hydrocarbyl bonds has
emerged as the method of choice for the synthesis of
lanthanide hydrides. It was first introduced to this area by
Evans et al.®l and has been widely exploited by others.’] The
complex [(Tp®*M¢)Yb(CH, SiMe;)(thf)] Bl appeared to be a
convenient potential precursor for related Yb" hydrido
derivatives. Indeed, exposure of a solution of orange [(TpB"M¢)-
Yb(CH,SiMe;)(thf) ] in pentane to a hydrogen atmosphere
resulted in precipitation of a red solid. Washing with pentane
gave [{(Tp®*Me)YbH},] (1) as red crystals in 69% yield

[Eq. (D]

pentane
—THF, —SiMe,

{(Tp™¥)Yb(u-H)l] 1

2[(Tp™*Me)Yb(CH,SiMe;)(thf) ] + H,
(€3]

The formulation of the compound is based on elemental
analysis and IR and multinuclear NMR spectroscopy. The
'H NMR spectrum shows the presence of a Tp®B*Me ligand and
the absence of the CH,SiMe; group and, remarkably, of THF.
A signal at 6 = 10.5, which integrates as 1 H per Tp®*Me ligand
and exhibits 'Yb satellites, was assigned to the hydrido
ligand. The presence of a triplet at d =772 (Yy, =369 Hz) in
the 7'Yb NMR spectrum indicates that each Yb is coupled to
two equivalent hydrido ligands. The ''Yb NMR signal
collapses to a singlet on 'H decoupling. Hence, the structure
of 1 can be formulated as a dimer, namely, [{(Tp®Z*M)Yb(u-
H)},]. The deuterium analogue of 1 [(Tp®*M¢)Yb(u-D)], (1D)
was prepared, and its 2H NMR spectrum showed a signal at
0 =10.5, which confirmed the assignment of the correspond-
ing '"H NMR signal. The deuterido complex exhibits 'Yb
coupling (YJy,p =56.8 Hz) that is consistent with the decrease
in coupling constant expected for the change in nuclear
gyromagnetic ratio.['”l Although these data left no doubt as to
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the elemental composition, they did not distinguish between
dimeric or higher oligomeric structures. Therefore the struc-
ture of 1 was determined by single-crystal X-ray diffraction
(Figure 1), which revealed the dimeric nature of the com-

Figure 1. ORTEP plot of 1. Primed atoms are related to unprimed atoms
by a crystallographic inversion center. Only one of the two independent
molecules is shown (see Experimental Section for details). Selected bond
lengths [A]: Yb—N (av) 2.50, Yb—Yb' 3.6593(10), Yb—H 2.26(3).

pound. The Yb?** center is five-coordinate with one 3-TpBuMe
ligand and two bridging hydrido ligands. The molecule lies on
a center of inversion, and the asymmetric unit contains two
independent half-dimers. The average Yb—N bond length of
2.50(2) A is typical for (Tp®*Me)YbL, complexes. The bridg-
ing hydrido ligands were located, and their thermal param-
eters were refined isotropically and independent of each
other. However, their positions were constrained to be
symmetrically bridging and of equal distance in each inde-
pendent molecule. The Yb—H distance thus obtained was
2.26(3) A. This value is comparable to the average Y—H bond
length of 2.16 A in [{(CH;CsH,),Y (thf)(u-H)},],®! after cor-
recting for the difference in ionic radii, but somewhat
shorter than the Yb—H distance of 2.32-233A in
[{(CsH;),NbH,},Yb{(MeOCH,CH,),0}] .l The Yb--- Yb' dis-
tances of 3.659(1) and 3.641(1) A in the two independent
dimers of 1 are shorter than the metal — metal distances of the
related Ln™ complexes!'!! [{(CH;CsH,),Ln(thf)(u-H)},] (Ln=
Y: 3.664(1) A, Er: 3.616(5) A),® [{(CsH;Bu,),Sm(u-H)},]
(3.771(2) A),i2l and [{(CsMes),Sm(u-H)},] (3.905(3) A).[51
The large distance in the last-named complex probably
reflects steric constraints imposed by the bulky CsMe; ligands.
Although the metal—metal distance in 1 is somewhat short,
direct Yb—YDb covalent bonding is unlikely, and the short
separation reflects strong Yb-(u-H)-Yb bonding.['*]

It is remarkable that a single Tp®“M¢ ligand per Yb!! center
is sufficient to allow the isolation of dimeric, solvent-free 1,
whereas two CsMe; ligands are required for Sm'™ and related
dimeric Ln™ hydrido complexes. This demonstrates the ability
of the bulky Tp®*Me ligand to provide steric protection and
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stabilize reactive lanthanide complexes. The Tp®*Me ligands
effectively encompass the metal and hydrido ligands. How-
ever, despite the apparent limitations caused by such steric
shielding, preliminary reactivity studies indicate a rich chem-
istry of 1 (Scheme 1).

[(Tp™*™) YON(SiMes),]

—H, HC=CSiMes

—H,
3

MeasiCECSiMe@)

Tp™Me) Yb(u-H
K(Tp )Yb(p-H)ll “Hsivies

1

H
g
MeSSiCECCECSiI\/Iea 74 N/“

i ?V\(
co \E/Ni

Yb
/I \C
\ >Si,C=C’ \\C‘—H
] A
cis(Tp®M&) YbOCH=CHOYb(Tp®"Me)] 5

4

Scheme 1. Reactivity studies on 1.

Complex 1 readily undergoes acid-base reactions with
proton donors L—H with elimination of H, and formation of
the corresponding [ (Tp®“M¢)Yb—L] derivatives. The reactions
in benzene with HN(SiMe;), and with the terminal alkyne
HC=CSiMe; give the previously fully characterized
complexes [(TpB*Me)YbN(SiMes),] (2) and [{(Tp®*Me)-
YbC=CSiMe,},] (3) respectively.> 3! Analagous to trivalent
rare earth hydrido complexes,!!! 1 undergoes insertion of
unsaturated functional groups. For example, exposure of a
suspension of 1 in pentane to a CO atmosphere leads to a
color change of the solid from red to yellow-orange. The
NMR spectroscopic data showed the product to be the ene —
diolate 4. Calculation of the coupling constants from the
NMR data of the BC analogue of 4 [(Tp®"Me)-
YbORCH=CHOYb(Tp®"M¢)] gave values in close agree-
ment with those of cis-[({Bu;SiHN);ZrOCH=CHOZr-
(NHSirBu,);];'%1 hence, 4 was assigned as the cis isomer.
The related [{(CsMes),SmH},] was also reported to react with
CO to form the cis ene—diolate.l' It is noteworthy that
reductive coupling of CO also occurs readily with the Yb"
hydrido complex.

The facile insertion reactions of 1 can be used to generate
complexes whose structures were previously unprecedented
in rare-earth chemistry. Thus, reaction with the diyne
Me;SiC=C—C=CSiMe; gave the red-purple complex 5 in high
yield. The absence of the hydride signal at 6 =10.5 in the
'"H NMR spectrum indicated consumption of 1. In addition to
the characteristic Tp®*Me signal, a 1H signal at 6 =7.65 and
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the presence of two SiMe; signals indicate an olefinic bond
that arose from addition of Yb—H across one of the triple
bonds. Since the data did not distinguish between addition of
the hydride to the terminal or internal carbon atom, the
structure of 5 was determined by single-crystal X-ray dif-
fraction (Figure 2), which revealed a monomeric complex and

Si2

C10
B eo
Figure 2. ORTEP plot of 5. Selected bond lengths [A] and angles [°]:
Yb—N (av) 2.44, Yb—C1 2.81(2), Yb—C2 2.623(13), Yb—C3 2.556(14),

C1-C2 1.24(2), C2-C3 1.39(2), C3—C4 1.31(2); Si1-C1-C2 150.9(14), C1-
C2-C3 1573(15).

addition of the hydrido group to the terminal carbon atom of
one of the C—C triple bonds. The Yb?* center is bonded to a
K3>-TpBuMe Jigand and to three carbon atoms (C1-C3) of the
four-carbon cumulene unit. Since there is no interaction with
C4, C3—C4 remains a free double bond (C—C 1.31(2) A). The
remaining C—C bond lengths (C2—C3 1.39(2) A, C1-C2
1.24(2) A) and the Yb—C distances are suggestive of an
n-propargyl group, as shown in Scheme 1. Such a coordina-
tion mode is becoming more common in transition metal
chemistry,'”! but lanthanide propargyl complexes are rare.
There is NMR spectroscopic evidence for formation of
[(CsMes),LnCH,C=CMe] (Ln=La, Ce) in the -catalytic
dimerization of 2-butyne, and this is supported by the
synthesis and characterization of [(CsMe;s),YCH,C=CMe] '8!
but its structure is not known. The Yb"—cumulene bonding in
5is best compared with that in the d° transition metal complex
[ (CsHs),Zr(Me)(3-CH,CCPh)].[! The R,C—C (1.39(2) A)
and C=C (1.24(2) A) bond lengths and the C—C=C bond angle
(157.3(15)°) of 5 are similar to those of the Zr complex
(1.344(5) A, 1.259(4) A, and 155.4(3)°, respectively). The
trend in C-C distances and the C2-C3-C4 bond angle
(130.9(15)°), however, support a greater contribution from
the #3-propargyl resonance form in 5 as opposed to the
alternative 7%-allenyl form in the Zr complex. Although the
M—C and M—CR distances o>-f 5 (2.62(1), 2.81(2) A, respec-
tively) are significantly longer than the corresponding dis-
tances in the Zr complex (2.438(4) and 2.361(3) A, respec-
tively), this is due to the larger size of Yb** and the weaker
interaction between Yb?* and the #*-propargyl ligand. The
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structure of 5 provides the first indication that the #’-
propargyl bonding is also viable for the lanthanides.

It is noteworthy that the stoichiometric reaction of 1 in
benzene with the silylalkyne Me;SiC=CSiMe; (1 equiv al-
kyne/Yb) did not proceed by insertion into the Yb—H bond,
but led to C—Si cleavage to give 3 and HSiMe; in nearly
quantitative yield. Since no cleavage was observed in the
formation of 5, we do not anticipate this C—Si metathesis to be
general. We are, nonetheless, currently investigating other
silane substrates and internal alkynes.

Other well-known properties of Ln hydrido complexes
that were briefly examined for 1 include polymerization of
alkenes!'l and metalation of aromatic solvents.?”! Perhaps not
surprisingly, in view of the weaker Lewis acidity of Yb"
compared to Ln™ ions, reaction of 1 with ethylene produced
polyethylene, but slowly; no polymerization of propene was
observed. Solutions of 1 in benzene are stable for hours. Slow
decomposition occurs over several days, but the products are
as yet unidentified.”! Similarly, addition of THF (up to
40 equiv/Yb) to a solution of 1 in benzene has no effect;
however, dissolution of 1 in THF results in rapid decom-
position to [{[Yb(Tp™®*M¢)},]?2 and uncharacterized products.

In conclusion, the bulky Tp®*Me ligand allowed the
isolation and structural characterization of the first discrete
Ln" hydrido complex, [(Tp®“M¢)Yb(u-H)],, which shows
interesting and varied reactivity.

Experimental Section

All manipulations were performed under an N, atmosphere by glove box or
Schlenk techniques. The NMR spectra were recorded in [Dg]benzene at
25°C; "Yb NMR shifts are referenced to [Cp3Yb(thf),] in THF at
298 K.

1: [(Tp®*Me)Yb(CH,SiMe;)(thf)] (5.75 g, 7.61 mmol) in pentane (ca.
30 mL) was charged into a glass-lined medium-pressure autoclave. The
autoclave was pressurized with H, to 1200 psi for 8 h. After pressure
release, the autoclave contents were filtered and rinsed with pentane (3 x
10 mL) to give 1 as red crystals (3.13 g, 68.8 % ). Crystals suitable for X-ray
structure analysis were selected from the product without further
purification. IR (benzene-cast film): ¥=2511 cm™! (br, »(BH)); 'H{"'B}
NMR (400 MHz): 6 =10.50 (s, 2H, YbH, '7'YDb satellites, Jy,;; =369 Hz),
5.82 (s, 6H, 4-pz-H), 4.85 (s, 2H, BH), 2.19 (s, 18 H, pz-CH,), 1.58 (s, 54 H,
pz-C(CHjs)s3); "B{'H} NMR (128 MHz): 6 = —17.6 (s, Av,, =360 Hz); 'Yb
NMR (70 MHz): 6 =772 (t, Jy, ;=369 Hz); "'Yb{'H} NMR: 6 =772 (s,
Av,, =28 Hz); BC{'H}apt NMR (100 MHz): 6 =13.49 (pz-CHs), 31.77 (pz-
C(CHs,)3), 32.65 (pz-C(CHs);), 103.25 (4-pz-C), 145.50 (5-pz-C), 164.24 (3-
pz-C); elemental analysis calcd for CysHg,B,N1,Yb,(%): C 48.25, H 6.92, N
14.07; found: C 48.18, H 7.12, N 14.06.

1D was prepared analogously to 1 under 700 psi D,. IR (benzene-cast
film): ¥ =2545 cm™! (br, v(BH)); '"H NMR: 6 =5.81 (s, 6 H, 4-pz-H), 4.9 (s,
2H, BH), 2.19 (s, 18H, pz-CH;), 1.57 (s, 54H, pz-C(CH;);); ’H NMR
(61 MHz): 6 =10.5 (s, YbD, 7'Yb satellites, Jy,, = 56.8 Hz).

4: A slurry of 1 (150 mg, 0.126 mmol) in pentane (3 mL) was frozen in
liquid N,, and the vessel was evacuated and backfilled with 10 psi CO.
Upon warming to room temperature, the suspension changed from red-
orange to yellow-orange over 15 min. After brief evacuation to remove
excess CO, the flask and contents were transferred to a glove box. Addition
of pentane (3 mL) followed by centrifugation and drying the isolated solid
product in vacuo yielded 4 (68 mg, 43.3 % ). '"H{"'B} NMR (400 MHz): 6 =
703 (s, 2H, OCH), 5.77 (s, 6 H, 4-pz-H), 4.78 (s, 2H, BH), 2.17 (s, 18 H, pz-
CH,), 143 (s, 54H, pz-C(CHj;);); "B{'"H} NMR (128 MHz): 6 =—7.0 (s,
Av,,=360 Hz); ""Yb{'H} NMR: 0=482 (s, Av,,=19 Hz); BC{'H}apt
NMR (100 MHz): 6 =13.4 (pz-CHy;), 31.0 (pz-C(CH,);), 32.2 (pz-C(CH;);),
103.4 (4-pz-C), 145.6 (5-pz-C), 163.8 (3-pz-C); elemental analysis calcd for
CsoHg,BoN,0,Yb,(%): C 48.01, H 6.61, N 13.43; found: C 47.91, H 6.60,
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N 13.03. Substitution of BCO for CO yielded cis-[(TpBuMe)-
YbOBCH=SCHOYb(Tp®*M¢)]. 'H NMR (400 MHz): 6 =6.6-72 (6-line
AA’XX' pattern, 2H, OBCH), 5.77 (s, 6 H, 4-pz-H), 4.78 (s, 2H, BH), 2.17
(s, 18 H, pz-CHj;), 1.49 (s, 54 H, pz-C(CH;)3); 'B{*H} NMR (128 MHz): 6 =
~70 (s, A, =389 Hz); 'Yb{'H} NMR (70 MHz): 6 =481 (s, Avyp=
20 Hz); BC{'H}apt NMR (100 MHz): 6 =133.2 (6-line AA’XX' pattern,
OCH, Ueyy=1774, Uy =198, Uee=64.1, 3y = 0.0 Hz).

5: Me;SiC=C—C=CSiMe; (65 mg, 0.334 mmol) was added to a solution of 1
(200 mg, 0.168 mmol) in benzene (5 mL). After about 15 min, the solution
had become deep red-purple. The solvent was removed in vacuo to give 5
(211 mg, 79.6 % ). Crystals of 5 suitable for X-ray structure analysis were
grown by cooling a saturated benzene solution to about 5°C. 'H NMR
(400 MHz): 6 =7.65 (s, 1 H, C=CH), 5.67 (s, 3H, 4-pz-H), 4.8 (brs, 1 H, BH),
2.16 (s, 9H, pz-CH,), 1.40 (s, 27H, pz-C(CHs);), 0.46 (s, 9H, Si(CHs);), 0.16
(s, 9H, Si(CH,);); "B{'H} NMR (128 MHz): 6 =—7.9 (s, Av,, =160 Hz);
Yb{'H} NMR (70 MHz): d =—50 (s, Av,, =45 Hz); “C{'H}apt NMR
(100 MHz): 6 =-0.40 (SiCHj;), 0.86 (SiCHj), 13.3 (pz-CH,), 31.0 (pz-
C(CHs;)5), 32.4 (pz-C(CH,);), 102.7 (4-pz-C), 145.8 (5-pz-C), 163.6 (3-pz-C),
152.5 (R,C=CHR), 136.9, 154.5, 217.1 (propargyl C); elemental analysis
caled for C3HsoBNSi,Yb(%): C 51.57, H 7.51, N 10.61; found: C 51.17, H
727, N 10.12.

Crystal data for 1: C,Hg,B,N,Yb,, M, =1194.96, triclinic, space group
PI, a=124542), b=12.659(2), c=21.021(3) A, a=90.015(9), B=
103.632(10), y =119.333(8)°, V=2781.6(7) A3, Z=2, pouea=1.427 gecm™3,
Cuy, radiation (1=1.54178 A), T=—60°C, u(Cuy,)=6.365mm~!, R, =
0.0495, wR,=0.1108 for 5571 observed reflections from 7428 independent
reflections; GOF 1.070.

Crystal data for 5: C3,HsoBN¢Si, Yb, M, =791.90, monoclinic, space group
P2,/n, a=12.1188(6), b=30.4075(15), c=12.3534(8) A, f=115.251(4)°,
V=41173(4) A3, Z=4, paa=1278gcm=3, Cuy, radiation (1=
154178 A), T=—60°C, u(Cuy,) =4.966 mm~', R, =0.0723, wR, =0.1455
for 3220 observed reflections from 5527 independent reflections; GOF
1.022.

The Structures were solved by direct methods (SHELXS-86 for 1,
DIRDIF-96 for 5) and refined by full-matrix least-squares on F?
(SHELXL-93). Semiempirical and face-indexed Gaussian integration
absorption corrections were applied to the data sets of 1 and 5, respectively.
All non-hydrogen atoms were refined with anisotropic displacement
parameters. The asymmetric unit of compound 1 consists of two crystallo-
graphically independent, but chemically identical, molecules. Comparison
of geometrical data (bond lengths, bond angles, torsion angles) between the
two molecules shows no significant differences (within experimental error).
Each molecule lies on an independent inversion center; consequently, the
solution is based on two independent half-molecules. The bridging hydrido
ligands of 1 were located by comparison of residual between the two
independent molecules. Their thermal parameters were refined isotropi-
cally and independently. The solution was constrained such that all Yb—H
distances were equivalent. Crystallographic data (excluding structure
factors) for the structures reported in this paper have been deposited with
the Cambridge Crystallographic Data Centre as supplementary publication
no. CCDC-112689 and -125990. Copies of the data can be obtained free of
charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(fax: (+44)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
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Self-Assembled Three-Dimensional
Coordination Polymers with Unusual Ligand-
Unsupported Ag—Ag Bonds: Syntheses,
Structures, and Luminescent Properties**

Ming-Liang Tong, Xiao-Ming Chen,* Bao-Hui Ye, and
Liang-Nian Ji

Self-assembled supramolecular architectures are currently
of great interest due to their intriguing network topologies and
their potential in microelectronics, nonlinear optics, porous
materials, and other applications.'"1% Since the self-assembly
of these architectures is highly influenced by factors such as
the solvent system,['! templates,['?**l and counterion,[?* 3] the
exploration of synthetic routes is a long-term challenge.

Neutral monodentate phenol groups are notoriously poor
donors for transition metal ions. To the best of our knowledge,
no supramolecular coordination aggregate self-assembled by
neutral bis-monodentate phenol groups has been document-
ed, although a number of deprotonated dicatechol ligands
have been successfully applied to self-assemble helicate-type
coordination polymers.'"¥! We report here on the preparation,
X-ray crystal structures, and luminescent properties of novel
three-dimensional, noninterpenetrating networks in which
bis-monodentate phenol groups of a Schiff base ligand
serve as bridges, namely, [Ag,(H,L);],(NO3),, (1) and
[Ag,(H,L);],,(ClO,),, (2); H,L = N,N'-bis(salicylidene)-1,4-di-

aminobutane.
o
N T N

i
ot hL

X-ray crystallography shows that 1 is made up of a three-
dimensional, noninterpenetrating coordination network and
nitrate ions (Figure 1). Each Ag' atom is coordinated by three
phenol groups from three H,L ligands in an unusual, perfect
trigonal arrangement (Ag—0 2.190(2) A, O-Ag-O 119.62(2)°).
Trigonal coordination arrangements have recent precedence
in two Ag' complexes with tricyanobenzene and tris(4-
ethynylbenzonitrile)benzene ligands, in which the Ag' atom
is not in idealized trigonal geometry.”] In 1 each pair of the
adjacent, centrosymmetrically related Ag' atoms are joined by
a ligand-unsupported metal—metal bond (2.934(2) A), the
Ag—Ag bond lies on a crystallographic threefold axis, and all
six H,L ligands are symmetrically equivalent. The six phenol
groups ligated to the pair of Ag' atoms are in a staggered
arrangement structurally similar to that of the hydrogen
atoms in an ethane molecule (I in Scheme 1). Within the H,L
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