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Homoleptic 2.2 -bipyridyl compleves of lanthanides (L), Lagbpyiy. were prepared by the
reactions of jodides Lol THEF)S (Ln = Sm. Eu. Tmo or Yby, Lalo(THE): (bn = La, Ce. Pr.
Nd. Gd. or Th). or bistirimethylsilyhamides LafN(SiMeq)s ]y (Lin = Dyl Hoo Ero or Luy with
bipyridyllithium in tetrahydrofuran (THF) or 1.2-dimethoxyethane in the presence of free
2.2 -bipyridine. The IR and ESR spectrad data, the magnetic suscepiipdities. and the results of
X-ray diffraction anadysis indicate that the compleaes ot all clements of the fanthamide series.
except for the curopium complex. contam La™* cations and aniomie bpy ligands. According to
the X-ray ditfraction data. the coordination polyhedra about the Sm and Lu atoms are cubes.
wherceas the environment about the Yb atoa is o distorted dodecahedron. In the tonic complex
[Luthbpyig Lt THE) ) the geometry of the [Luthpy)gd™ anion is simidar 1o that of the
Lutbpyy, complex. The possible modes of charge distributions over the ligands, viz.,
Latbpy=")ibpy  “)ibpy*)y and La(bpy ™ "aibpy!). are disctissed
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Recently, we have initiated a series of studies aimed at
the svnthesis of complexes of rare-carth clements with the
chelating 2,27-bipyridyl (bpy) ligand. This ligand pos-
sesses both o-donor {four-clectron N-donor) and
m-acceptor properties. Successive reduction of the ligand
allows one 1o prepare ity mono- and dianionic forms.
Bipyridyl complexes of many metals are known. In the
casc of d-block clements. the ligand acts to a greater
extent as an n-donor and the LUMO of the ligand
remains unoccupied, whereas clectropositive metals can
torm complexes both with mono- and dianions. Previ-
ouslv, we have prepared vartous complexes of rarc-carth
clements with bpy ™~ radical anions. Among them, three
tvpes can be distinguished: (a) the mixed bpy-DAD
complex of samarium |Sm™HDAD> DAD ~)bpy")|
{DAD = Bu'NCHCHNBuYH:! (b) the anionic
complexes {LUTHF) 1" Lnthpy),17 (Ln = Sm, Tb.
Tm. Yb, or Lu. # = 3 or 4), which werc synthe-
sized by the reactions of iodides with Litbpy) in
THF:Z and (¢) the mixed iodine-bpy complexes of
viterbium(u), viz.. Ybl{bpy){DME),.3 and lanthanum(in).
viz.. Lal,(bpy)(DME), and Lal,(bpy)»(DME)* which
were formed in the reactions of the corresponding 1odine-
naphthalene complexes [YbHDME).]2(u-CyHy) or
fLaby(THF), | (u-CoHy) with one or two cquivalents of

bpy. Recently.S we have reported the synthesis and X-ray
diffraction study of the tirst complex of lanthamde with
the bipyridyl dianion. [ Yd(bpy X THF), |3 (the sccond metal
complex of this type known to daic), which was prepared
by reduction of 2.27-bipyridine (biPy) with an ex-
cess of CHGYb(THF)> in THF. When we started
this work, only contradictory data on the svnthesis
of tetrakis(bipyridyl) complexes of composition Lnthpy);
(Ln = Eu or Yb:® Ln = Nd or Cc 7) were available in the
literature. The Lu(bpy); complexes (Ln = Eu or Yb) were
prepared® by the reactions of sotutions of the correspond-
ing metals in tiguid ammonia with free 2.2°-bipyridine.
Based on the results of magnetic measurements. it was
suggested® that these complexes contain the Eu™ or Yh*?
cations and the bpy '~ radical antons. The complexes of
neodymium and cerium were synthesized by the reactions
of the dilithium salt of 2.27-bipyridinc with mctal
trichlorides in THF in the presence of 2.27-bipvndince
and were imerpreted? as complexes of zero-valent lan-
thanides. With the aim ol clucidating the nature of
Lun(bpy)y and completing systematic studics of bipyridyl
complexes of rarc-carth elements, we synthesized the
Lan(bpy), complexes of clements of the overall series and
studied them by IR and ESR spectroscopy, X-my diftrac-
tion analysts, and magnetochemistry.
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Results and Discussion

The Ln(bpv); complexes were preparcd by the rcac-
tions of the corresponding lanthanide iodides or
trisibis¢trimethylsih Damide flanthanides with  three
cquivalents of bipyridyllithium in the presence of free
2.2 -bipyridine in THF or DME. The Sm. Eu, Yb. and
Tm complexes were synthesized with the use of duodides
Lal+(B),, (Ln = Sm. Eu. or Yb. B = THF. n = 2. or
Ln=Tm. B = DME, n = 3) as the starting rcagents.
Previously.2 it has been found that the reaction of four
cquivalents of Lilbpy) with lutctium trichloride afforded
the atc-complex |[LUTHF)j{ Lutbpy)y]. The reactions

with the usc of triiodides of heavy lanthanides instead of

amides in the synthesis ot Lngbpy)y gave rise to noncrys-
talline insoluble products. which we failed to identify.

Apparcntly, the fact that the reactions of triiodides of

light and heavy lanthanides atforded different products is
associated with the differcnce 1 the structure of these
teriodides. The tridodides of all elements of the series
were preparcd by the reactions of an excess of the
corresponding metal with iodine in THFE. However, X-ray
diffraction study performed previoushy® demonstrated that
iodides of the first clements of the fanthanide scries are
molecular compounds of composition Lnly(THF), (1 =3
or 4, whercas bath moiccular jodides and ionic com-
plexes. viz, [Lals(THF)<[F{Lnl(THF) 7. are known
for the fast members of the series.”
LnX3(THF), - 3 Lilboy} + 2 biPy e

» Ln{bpy), + biPy.
X =1 Ln =ta, Ce Pr,Nd, Gd, Tb, n = 3;
X = N{SiMes),. Ln = Dy, Ho, Er . Lu, n =0

Lni,(B), + 2 Liibpy) + 2 biPy = Ln(bpy),.

Ln = Sm, Eu, Yb; B = THF, n =2

ln=Tm; B=DME; n=3

LXo{THF), + 4 Lilbpyl " m  LI(THE)J{Lu(bpy)sl.

X=Cl |

All products were obtained in high viclds as air-unstable
black crystals (tor Gd. To. Dy. Ho. Er, Tm. Yb, and Lu}
or fincly crystalline powders (for La, Ce. Pr.Nd, Eu, and
Sm). The complexes decomposed without melting upon
heating above 160—180 °C. The complexes of tight lan-
thanides, wiz.. of La--Sm, arc insoluble i organic solvents
(THF. DME. dicthyl cther, toluene. or hexanc), the Eu.
Gd, and Tb complexes are modcerately soluble in THF and
insoluble in other organic solvents, whereas the Dy. Ho.
Er. Tm. Yb. and Lu complexes arc readily soluble in THF
and DME. The differences in the propertics of the Lntbpy),
compiexes of the first and last members of the lanthanide
serics are manifested in their R spectra (Fig. 1), The IR
speetra of the La, Ce. Pr, Nd, Sm, Gd, and Tb complexes
are virtually identical and differ from the spectra of the Dy.

Ha, Er, Tm, Yb, and Lu compicxes. The [R spectrum of

the curopium compound Eutbpy), differs from the spectra
of all other compiexes of the lanthanide series.

[t
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Fig. 1. IR spectra of the Lotbpyiy complexes: (¢) Lo = La, Ce.
Pr. Nd. Sm. Gd, or Th; ¢4y Lo = Eurand () L= Dy, Ho, Er,
Tm. Yb. or Lu.

The resulting comptexes are paramagnetic. Their mag-
netic moments measured 9t TOOM 1ICMPCRIUre are given
in Table 1. The gy values for most of the complexes
differ notceably from the values coleulated tor the
FLn™3bpy )3(bpy!")] systems on the assumptions that
spin-spin coupling in the complexes s absent and that the
magnetic moments of the individual magnetic centers
(L7 apsdest. no= 1—14 and three bpy 7 radical
anions) are additive, The observed magnetic moments
agree more closely with those calculated for the
L™ (bpy=")bpy “}HbpyY)a} systems. Previously., we
have obscrved an anaiogous clectron nonequivalence
ot the ligands in the mixed boy-DAD complex of
samarium 1Sm THDADTHDAD “ibpyh| (DAD =
BuUNCHCHNBuY.! It should be noted thai the experi-
mental ue values alfow also the third form of the com-
plexes in which the metal atom exists in the oxidation
state 0, wiz.. [Lnbpy™yl. In this case. only the lan-
thanide atom can be responsible for the presence of the
magnctic moment. For cxample, in the case of lute-
tium(() possessing the electron configuration 41435d6s
the magnetic moment is equal approximately 1o 1.73 uB.
This value is close to that observed?? for the zero-valent
bisarene complex Lu(1,3.5-But:C Hy)y (1.69 uB) and to
the magnetic moment measured by us for Lu(bpy)y
(1.88 uB). The temperature dependences of the magnetic
moments for the La, Ce. Pr. and Nd complexes obey the
Curic—Weiss iaw. In the temperature range of 80--290 K.
the magnetic moments of the complexes remain virtually
constant. A dccercase in the temperature lcads to a de-
crease in the magnetic moments, which is mdicative of
the effective antiferromagnetic intcraction.

The ESR spectra of erystalline samples of the La, Ce.
Pr. Nd. Eu, Gd. and Lu complexes have rather narrow
signals (singlets) in the temperature range of 150--290 K
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Table 1. Magnctic moments and the data of ESR spectroscopy
for the Lntbpy), complexes

LL.n TRRTVRTE A ESR

ar 293 K (ar 4 Ky g factor A/,

/T4 of the integral

Dependence

fxpe- Calculation
rment a1 . intensity of
e RN

the signal on

La L7®W8H 3.0 174 20007 N Independent
Co 23407y 394 2065 20033 2 Increases

with cooling
Pr 37(1.3) 470 373 20033 | Increascs

with cooling
Nd 3912y 473 373 20033 | tncreases

with cooling
Sm 206y 346 243¢ — -- Signal is absent
Fu 7N 301 43 <200 200 Decreases

with cooling

Gd 8.2 839  5.19 200140 33 Increases
with cooling
Th 9.0 10,2 9.66 20030 2 Increases

with cooling
Signal is absem
Sigunal s absent
Signal is absent
Signal s absent
Siznal s shsent
Independent

Dy 10.2 1ho 1074 — —
Ho Hy PO 1054 - —
Er 10.2 [IV 977 - —
Tm N3 820 7.50 - —
Yh 4.3 340 4.63¢ - -
_u I .88 3.0 174 20014 8
(299 K)

4The average nugnetic moments of L' tvpical of organic
complexes™ were used in caleulations.

T For the [Lu™ tbpy ~7)3tbpyh| svstem,

CFor the {Ln " (bpy? ))(bpy ™~ ibpy"is] system,

4 The relatve width of the signal.

CESmTAbpy T T bpy s per T 4360 uB: St bpy? T )(bpy™);]

Perr = 3.0 uB.

TEEN 2hpy  T)abpy ] pee = 849 uB: [EutbpyTi(bpyh)
ug = 7.8 B

Yb 2 (hpy TiabpyD)s | pey = 236 pld: [Yb I thpyi Tacbpy ™l s

the diitmagnetic complex.

{Tabte 1), The terbium derivative gives a poorly resolved
signal in one-half of the rezion. The abscace of notice-
able temperature dependences of the ESR signals for the
complexes with the diamagnetic La'l and Lut! cations
is consistent with the assumption that the ligands of the
molecules contain only one unpaired clectron. The mire-
gral intensitics of the ESR signals for the Ce. Pr. Nd.
Gd. and Tb complexes increase by a factor of 10 as the

temperature decrcases from 290 to 130 K. In the casc of

Eu{bpy);. the broad singlet line obscrved at room tem-
perature broadens as the temperature deereases and the
signal virtually disappears at 150 K. Analogous ESR
signals observed previously for the EuX, and REuX
complexes {X = Cl, Br, or I; R = Et or Ph) were

assigned to curopium{n). 2 The fact that the g factors of

the ESR signals for the erystalline complex Lu¢bpy), and
its solution in tetrahydrofuran have similar vatucs indi-
cates that the molecular parameters of the complex in
solutions arc identical to those observed in the crystal,

-~

i.e.. all four ligands remain to be coordinated to the
lutctium atom. The Sm. Dy, Ho. Er. and Yb complexes
both in the cryvstals and solutions give no ESR signals.
Crystal and molecular structures of the Ln(bpy)  com-
plexes. According to the X-ray diftraction data, cight
nitrogen atoms of four bpy higands in the isostructural
samarium and curopium complexes are coordinated to
the mctal atom 1o form a slightly distoried cube (Figs, 2
and 3, respectively). The average Ln—N distance (Table 2)
in the curopium complex is L158 A larger than the
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Fig. 2. Molecular structure (ORTEP) of the Smithpyy, com-
plex ithermal ellipsoids with the 40% probabiiity). The hydro-
gen atoms are omitted.
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Fig. 3. Molccular structure (ORTEP9) of the Eutbpy)y com-
plex (thermal eflipsoids with the 40% probability). The hydro-

2en atoms are omitted.
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Table 2. The Ln—N bond fengths (A) in the Lnthpy)y com-
plexes

Atom  Saibpy)y Eutbpy)y  Yo(bpy)y, Lutbpy)g{Lit THEy -
JLutkpy ),

Nebly 2.56003) 27033 2.42316)  2.424(6)  2.415(4)

Nel2)y 25374 26Ty 241046y 2367(T) 2.362¢4)

Ni21y 2.603(4) 27694y 2.403(6) 23727)  2.4(H

N{22) 2.600(4) 27953 23307y 2376(7) 241244

N(31) 3Ty 2427

N(32) 255906y 24157

N(4hH 2416060 2.530(7)

N(42) 2.4346)  2.339(7)

Average 2576 2734 2431 2434 2438

value

corresponding distance in the samarium analog, which
corresponds to the difference between the ionic radit of
Eut and Sm'3 The twofold rotation axis generates two
pairs of svounctrically cquivaiont bpy higands, which
consistent with the scheme of the charge distribunion i
the curopium complex |Eu™(bpy ™ 7)y(bpy™),|. but cannot
be true for the samarium complex. In the latter complex,
two combinations are possible, viz., [SmiT{bpy " 7)ibpy?)l
or JSm T bpyIT)bpy T)(bpy"),]. none of which can oc-
cur in the presence of the twolold rotation anis. The

Fig. 4. One-dimensional polymer chain in the crystat of
Smitbpy )y formed by contacts between the bpy ligands.

Table 3. Intermoleculur contacts () in the crwstals of the
Ln(bpy)y complexes (Lo = Sm. Eu. Yb. or Lw) and in the
[LICTHE) )] Luibpyagl compley

Complex Distance d/A Molecular
packing
in the crystal
Smibpy), Ci24)...C267) 3.247  Polymer
Ci26..C(24 7y 3247 chans
Eutbpy)y C24H..Cr267)y 3312 Polymur
C(26)...Ct247) 3312 chains
Ybibpyy C2%)...C(367 3.302  Polvmer
C(29y...C(38") 3241 chains
Lutbpy)y Cethy CE87y 33260 Pas
CaI®).Cerdny 3326
Camh.Ca?ry 3153
| L THEF ] Lutbpy) ] - - fsolated
molecules

deviations from the expected symmetey in Smitbhpy), may
be associated with the molecular packing in the crystal
(Fig. 9. In the crystals, the Lnibpy)y moiceules (Ln = Sm
or Eu) are hinked in one-dimensional guasi-polymer chains
through short contacts beiween the bpy ligands. Two bpy
ligands of two adjacent molecules are virtually paralic! to
cach other and are arranged onc above the other. In
Smitbpvyy. the C(24H. C1267) and C(26)...C(247) dis-
tances are 3.25 A the corresponding distances in Euthpy),
are 331 A (Table 3y It should be noted that thesce
distances are substantially shorter than the distances be-
tween the lavers in graphite (3.33 A). Probably this mo-
iccular packing in the crvstal is attributable to a some
deeree of clectron density delocalization over the bpy
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(19 C(19y C27)
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Fig. 5. Molecular structure (ORTEP20) of the Yh(bpy), com-
plex (thermal eltipsods with the 40% probabitity). The hyvdro-
wen ptoms ae omitted.
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ligands of the adjacent molecules resulting in the equal-
ization of the geometric parameters of these molecules
and. as a conscquence, in the appearance of the twoiold
rofation axas on which the metal atom is located. Previ-
ousty. 4 we have observed delocalization of one electron
over two bpy ligands in the Lala{bpy)-(DME) complex.
Apparcntly. it is these strong mtermolecular interactions
that arc responsible for the low solubility of the La, Ce.
Pr. Nd. Sm. Eu. Gd. and Tb complexes.

In the compound Ybtbpy); - 0.5THF, the nitrogen
atoms of the figands form a distorted dodecahedron
about the metal atom (Fig. 3). The Yb—N distances in
four ligands (Table 2). though they lic in the range
tvpical of trivatent vtterbium compounds, have different
values. In three of the ligands. these distances have close
values. but they are almost 0.1 A shorter than this
distance in the fourth ligand (Table 2). In addition, the
tarsion angle in the latter ligand is unusually large (20°)
compared to the other three angles (from 1 10 9°). This

RN
, \ Vo~
e \ _ \// L~ /
\ \ T N TN
N _E o/ /
-~

AN
AN

Fig. 6. Onc-dimensional polvmer chain in the erystal of Yh(bpy),
formed by countacts between the bpy ligands.

molccular geometry corresponds more closely to
the charge distribution deseribed by the formula
YB3 " (hpy ™ )5tbpy")]. Two shot C—C contacts exist
between the bpy ligands of the adijacent moelecules
(C(29)..C387) is 3.24 A and €(28)..C(367) is 3.30 A
(Table 3). resulting in the formation of polymer chains
in the ervstal (Fig. 6). However, the mutual arrangement
of the bpy ligands of the adjacent molecules in this case
differs from those observed in the samarium and cu-
ropium complexes and, apparently, docs not provide
clectron delocalization tn the chain formed. Probabiv,
the observed mutual arrangement of the molecuics in the
crystat of Yhtbpy), results exclusively from the require-
ment for the minimization of the energy of the crystal
lattice. The fact that the mmtermoelecular contacts in
Yb(bpy), are weak is also supported by the high solubil-
ity of the complex.

According to the X-rav diffraction data, the coordi-
nation covironment about the lutctiumy atom in the
Luthpy)y - 2THF complex (Fig. 7) is a distorted dodeca-
hedron formed by cight nitrogen atoms of four bpy
ligands. In the crystal. there are short intermolecular
C..C contacts (CO1H)..Cri87) and C(I8)...C(147) are
333 aand CANL.Cl77) s 316 A: Fig, 8) through
which the molecules are linked in discrete pairs untike
the polvmer chains observed 10 the Sm, Eu, and Yb
complexes {Table 3). It should be noted that the average
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(53 \CLH) (HIL/[ "
con : T CEn

. 3 i .
C(44) \ / C7 /

35y T CHe)

‘ (
i L _ - P C(38)
- LCHD) T G0 7 ™~
, c«x)\- ’ N(42) CEtm oy

/ & / N(31) \
cuny NED NG gy,
Cd ’ Ct31th
Lo
Clid o .
— N , C21)
T e v ) ’ h
N(21) ~ Ci2

; NI ‘ N
7 o i N(22) N \C(23)
G _//CH()) SN sl

[ Y Xy .
AP O R T 03 1 TR 7 ~ 7
y o \ :
i cis) / Ciily \ (‘(2(»)\\ Cod)
/ / €(29) '
; - _ o
Coih s CuD N R
N 7 CoCa
C{13)

Fig. 7. Molccuiar structure (QORTEPI®) of the Luibpy), com-
plex (thermal ellipsoids with the 40% probability). The hydro-
sen atoms are onntted.
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Fig. 8. {ntermolecular contacts i the crvstal of Lubpyy,

Lu—N distance (2.434 A) agrees well (taking into ac-
count the difference in the ionic radii of Smt", Eull, and
Lu'ty with the Sm—N and Eu—N distances. The ob-
served change in the Lu--N bond lengths (2.376 and
2.372 A for the first ligand, 2.367 and 2.425 A for the
sccond ligand, 2.429 and 2.414 A for the third ligand,
and 2.529 and 2.539 A for the fourths bpy ligand) is in
better agreement with the scheme [ Lu*(bpy 7)3tbpy?)]
than with the scheme [Lu" {bpy2 "} bpy 7 ){(bpy")! con-
taining the dianionic ligand. However, it should be

noted that the molecular packing in the crystals of

homoleptic compounds anaiogous to those under con-
sideration can substantially affect the gecometric param-
cters, thus hindering their interpretation.

Similar Lu—N bond lengths (the average value
is 2.437 A) are observed in the ionic complex
JLUTHF) || Lutbpy)st (Fig. 9). This compound was pre-
parcd from LuCly and Li(bpy) according to a procedure
reported previously.? The lutetium atom is coordinated

N(22) 9
' R CUm
~Lu Rt
AL . \& Cet2y
g NGy sy
: v
// / \'(13)l / Ci)
» N J-‘ ‘. ) . l ‘ . _\
P cor - NN y
: o Cildy
/‘ f[ \Q( l()\ﬁ
T Co19) . o
Csy

Fig. 9. Molccular structure (ORTEP2) of the [Lutbpyiy]
anion (thermad clipsords with the 0% probability). The hydro-
2en atoms are omitted.

by cight nitrogen atoms. which form a virtually ideal
{unlike Lu(bpy),) dodecahedron. The Lu—N distances
are in the range of 2.413-2.462 A (Table 2). Since ol
four bpy ligands bear identical charges. no noticecable
differences in their gecometry are observed. The lithium
cation is coordinated by tour THF moiccules. In the
crystal of [Lutbpy),J|LuTHF),}. significant intcrmo-
fecular contacts are absent.

Thercfore, the results of IR and ESR spectros-
copyv. magnetic measurements, and X-ray diffracton
study suggest that the bipyridyl complexes of rare-
carth clements of the Lnibpy), scrics can cxist in
two major forms. viz. as [LndT(bpy>Tibpy T )bpy!i
(A) and [Ln¥"(bpy "h(bpy")] (B). The curopium
complex contains the divalent mcetal atom, iz,
[Eu*(bpy ")x(bpy")s|. The simultancous presence of
the dianion and the neutral ligand in the molecule (torm
A) is aitributable to a considerablie gain in the encrgy in
the case of formation of the [XLn2*}{B27} moicty. In the
crystalling state. most of the complexes are characterized
by intcrmolccular ¢lectron mteractions.

Experimental

All svntheses ot the compounds and subsequent operations
were carricd out in vacuo with the use of Schlenk tubes. The
triiodides Lnl3(THF); ¢bn = La. Ce. Pr. or Ndj were preparcd
by the reactions of the corresponding metals with iodine or CH, L,
in THF: Gd and Tb triiodides were prepared by the reactions off
the corresponding metals with 1odine in DME and reerystallized
from THE. Trisbisttrimethylsilyhamides| ot Dy, Ho. Er, Yb. and
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Ly were synthesized according 1o a procedure reported previ-

ouslv¥ and purificd by sublimation in vacuo. The ditedides of

Sm. Eu. and Yb were prepared according to 2 known proce-
dure: 13 Tml(DMFE): was synthesized according to o proceduie
reported previoush ¥ Terrahvdroturan and 1.2-dimethoxyethane
were dricd and kept over sodium benzaphenone ketyl and were
taken for the reactions by condensation i1 vacuo immediately
hetore use. The IR spectra were recorded on o Specord-MEO
spectrometer. The samples were prepared as Nujol mulls and
placed as films between KBr glasses. The ESR spectia were
measured on a Bruker ESR 200D-SCR instrument (9.33 GHz)y.

Tetrakis(2,2 -bipyridyl)samarium. A solution of bdipyri-
dyllithium (which was prepared i sira from lithinom (11,4 mg.
Fed mmoly and 2.27-bipyridine (0.64 2. 4.1 mmohy) wn THF
(30 mbL) was added to a solution of SmTHE)Y, (0,43 g,
0.821 mumoly in THF 20 mL). The reaction mixiure was stirred
tor 10 min with shight heating (<30 *C) and then the finely
crystadline preaipitate of Smitbpy)y that formed was tiltered off.
The precipitate was washed with THF (210 mL) and dried in
vacuo o obtain Smithpyiy as a black tinely crystalline powder in
ayield of 0.53 ¢ (83.3%). Found (%3 Sm, [19.47. ChyH NS
Calculated (%) Sm. 19.40. 1R (KBr. Nujol mullst: {390 w,
P70 w, 1350 w, 1340 m. 1513 vis, 1300 vis, 1470 vis, 1410 5,
1345 50 1340 w, 1290 w, 1275 m, 1235 m. 1220 w. 1205 s,
FEO0 my 1150 <0 1680 m, 1030 w. 1020 w, 990 w, 970 v.s,
940 sh, 760 m, 74ib s, 720 5 690 w640 m 603 w4530 w440 W
The magnetic susceptibiliy 30293 Ky = 3931+ 107 ¢ mol™!,
e = 3.0 uB. The La, Cel Pro Nd, Gd. and Tb complexes were
prepared anafogowsdy from the corresponding triiodides. Their
IR spectra are adennical. Since the samarnum complexs formed
wn the reaction oceurred as an dosoluble finely crystalline
nowder, sufficienty large single crystals of Smebpy)y suitable
tor N-ray dittraction analvsis were prepared according 1o the
tolfowtng procedure. A fithium wire (271 mg. 2898 mmol),
which wax made to sink to the bottom ot a tube with the use of
a glass sinker, Smils(THF), (LOS g0 1915 mmol). and
227 bipyridine (133 g, 9.93 mmoly were placed nto Schienk
wbe. Then THE ¢ mbL) was added and the mixture was kept
without stirring for two weeks, Large needle-like crystals were
isofated atter repeated decantation trom the fincly crvstalline
powdcer.

Tetrakis(2,2 -bipyridyl)europium. A solution of bipvridyl-
lithwm (which was prepared in site from hthium (14 mg,
202 mmol) and 2.2 -tupyridine (1.053 ¢, 6.73 mmoly) tn YHF
130 mb) was added 1o a solunion of Euls(THF), (033 g,
O mmob in THF (25 mL). The recaction minture wis stirred

for 10 min and the black powder that formed was tittered oft

and dried in vacno 1o obtain Eu(bpy)y as black microcrystls in
avield of 0.72 ¢ (92%). Found (%) Eu. 1972 CyyHuNgEu,
Culculated (%): Eu. 19560 1R (KBr. Nujol mullsy: 1600 m,
1370 m. 1540 w. 1310 w. 1490 v.s. 1480 s, 1420 s, 1320 w,
1275 50 1263 s, 1200 m. 170 wo L1160 m. LI5S0 s 1110 w,
1083 w, 1030 w, 1020 m. 1010 m. 990 w, 930 5,-900 w. 765 s.
T3 mL 720 s, 690 m. 640 w, 605 w, 450 w, 430 m. 420 w. The
magnetic susceptibility (293 K) = 26211107 ¢’ mol™ !,
ue = 7.84 pB. Single crystals of Eutbpy)y suitable for X-ray
diffraction study were prepared as described above for Smibpy)y.

Tetrakis(2,2"-bipyridyD)thulium. A solution of bipyridyi-
Hithium (which wus prepared 7 site from fithium (131 ma.
1.87 mmol) and 2.2 -bipyridine (0.38 g. 3.72 mmol)) in OME
(30 ml) was added to a solution of Tmly(DME); (0.64 g
0.932 mmol) tin DME (20 mL). At the mstant the reagents were
mixed. the mixture turned brown-red. Afier [ h. the solution
was decanted from the black crvstals of Tm(bpyyy (0.4 ¢, 74%)
that formed. The crystals were washed with colkd DME
327 mby Found (%) Tm. 2127, CyHuNgm Caley-

Tated (% T 21.280 IR (KBr. Nuyjol nuidisy: 1600 w. 1335
1545 m. 1480 vos, 1433 <0 14135 m. 1310 w. 1293 5, 1275
1260 s, 1240 s, LE70 m. FISO s. H120 m. 1083 m. 1060 w.
1020 m. 1000 m, 930 vis, 760 w, 730w, 723 v.s, 680 m. 640 m.
600 w. 433 m. 423 m The magnetic susceptibibity x(293 Ky =
20444 1070 em? mob !, g = 834 uB. Oxidation of Tmibpy),
with atmosphenic oxygen (24 hy attorded 2.2 -bipyridine (89%).
which was identificd by 'H NMR spectroscopy

Tetrakis(2.2 -bipyridyl)yttechium. A solution of bipvndyl-
lithium (which was prepared in sin from Jithium (332 mag.
7.95 mmob and 2.2 -bipyridine (2,438 g, 15,76 mmoln in THF
(30 mb) was added to a solution of Ybl-(THF), (2.23 g
394 mmob in THF (40 ml) atter which the mixture turned
dark-brown. After 24 h. the solution was decanted from the
crystals of the Yh(bpy}; complex that tormed (L78 o0 37%)
The crystals were washed with cold DMFE (327 mbL). The
renuiting solution was concentrated 1o obtain additionaily
0.67 ¢ of the compiex. The total vield was ?78%. Found (s
Yb. 20.09. CyuHy:N YD -03THE. Caleulated (%) Yo, 20.73,
IR (KBr. Nugol mulls): 1600 w, 1353 w, 1333 m. 1480 v.s,
435 s M mo 310 w. 1295 50 1275 s, 1260 5 1210 5, 1170 m.
150 s0 1120 me 1085 m, 1060 w, 1020 m. 1000 m, 930 v,
760 w. T30 w. 725 v.s, 680 ni. 640 m. 600 w, 433 m. 325 m. The
magnenic susceptibitity (293 Ky = 9211107 cm® mol™h
pen = 03 i3

Tetrakis(2,2'-bipyridyl)erbium. A solution of bipyridyilithium
(which was prepared in sie from lithium (33,8 mig, 7.73 mumol)
and 2.2 -bipyndine (2.0 ¢, 12,76 mumol)) 10 THE (30 ml) was
added 1o a solution of FMe:ShaNfEr (1.66 ¢ 256 mmal) in
THE (20 mb). Afier 4 h, the solution was decanted trom the
crystals of Ertbpyyy (4 2 74%) that formed. Found (%)
Er. 20010 CypHNGEr- 0.3THFE. Calenlated (%63 Ero 2019 IR
CKBr. Nujol mudlsy: 1600 w. 1335 w, 1543 mo H80 vis, 1433 0
TS mo 1300w 1295 0 1273 5 1260 5, 1210 s, 170 m. 1130 s
TE20 o HOSS my 1060 w. 1020 my. 1000 m. 9310 v, 760w,
730 w725 vial 080 m. 640 an. 600w, 133 m. 425 m. The
magnetic susceptibifiy (293 Ky = 445363 107% om’® mol™!,
pep = 10.22 uB. After hvdrolysis of the complex and extraction
of the products with dicthy! cther. free 2.2 7-bipyridine was
isolated (i 94%  vield), which was adentified by 'H NMR
SPCCHOsSCopy .

The Dy, Hoo and Lu compiexes were prepared analogously
from the corresponding bisgtrimethylsilvhamides. Unlike the
Dy, Hoo Eco T, and Yb complexes, the crvstals of the
Lutbpyyy complex contain two THF molccules ot solvation
per molecule of the complex. Found (%) Lu. 1843,
CagHuNgLu - 2THE, Caleulated (%): Lu, 18.34.

X-ray diffraction study of the Lu(bpy), complexes. X-ray
diffraction dita sers tor the single crystals of the Smibpy),.
Lutbpyiy. Eutbpy),. and [LUTHE ) [ Lu(bpy),f complexes were
coliccted on an Enraf-Noriwus CAD 4 diffractometer (Mo-Ka
radiation. graphite monochromator, ©-20 scanning technigue) at
163 K. The unit cell parameters were determined with the use of
25 reflections. 1o the counse of X-ray diffraction data collection.
no destruction of the crvsials was observed. Absorption wis
ienored. The X-ray diffraction data for Ybibpy) were collected
on a Siemens SMART CCD ditfractometer (Mo-Ku radiation.
graphite monochromator, o scanning technique) at 173 Ko The
unit cefl parameters were determined using 7324 reflections.
Absomption carrections were applied with the use of the SADABS
programt’ (max/min transmission was 0.6999,0.4681). The struc-
tures were solved by direct methods with the use of the
SHELXSS6 program package.'® The subsequent refinement was
carried out by the full-matrix least-squares method based on £
using the SHELXL93 program package.}? All nonhydrogcn
atoms {exeept for some disordered molecules of solvation in

W,
S,
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Table 4. Crystallographic data and details of X-ray data collection and retinement for the Smitbpyry. Eutbpyiy. Yb(bpy)y - (THF), <.
Luthpy)y - (THE)Y,, and [LiCTHY | Lu(bpy)s| complexes

Parameter

Smibpy),

Eu(bpyis

Ybthpy)y - (TH F)(,__;

Lucbpy)y - «THF)

Lufbpy)y tionicy

Molecular formula
Mol weight
Crystal svstem
Space group

G/A

biA

ciA

B/deg

V-/v.-\'(

V4

d‘.:lh./fll e
w/mm
FO00)

Crystal dimension/mm

Scan range,/deg

Retlections mcasured/observed

GOOF (F3)
R IwRy U > 200

CJ;)H‘\JNxSIn
77510
Monoclinic
Cje (No.13)
13.326(2)
13.557(3)
17.209(8)
96.30(2)
3090(2)

1

).660

1.863

1360
0.27x0.19x0.13
215<8<23.94
2613,72403
1.047
0.0316/0.0700
0.0491 /00838

CuHEuNg
77671
Monoclinic
Cl/e (No.13)
13.382(3)
13.338(4)
173894
97.37(2)

3175.5(13)

4

1.623

1.927

1532
0.23%0.10x0.08
21320< 2393
2644/2474
1017

0.0342/0.0723
0.0389/0.0824

CaaHa Ny YD
§3383
Orthorhombic
Pran (No.6)
18.139(4)
19.097(3)
0.3513)

90

7050(2

A

1.371

2,698

3344
(3.32<0.16%0,12
1.355 26 ¢ 27.50
JU830/8096
1.029

Q03380 1136

D A201,70.5443

CiHn LuNO»
94391
Monoclinic
P1/c(No. 1)
12.483(3)
16.720(3)
20018703
101.5612)
4128

4

1.519

2347

1904
0.33%x0.30%0 )6
1.59 < 0 < 2248
37845373
1.071]

0.0432/0 0973
0.076470.1326

CiHgLiLuNO,
1095.06
Monoclinic

C2/c (No. 1)
19.878(5)
17.620¢2)
16.671(3)
11992()
S5061(2)

4

1.437

938

2236
0.25%0.15x0.10
.03 <8< 2245
3517/328
1.052
0.034470.0725
0.0368/6.0817

‘I

R wR
Restdual electron density
A0 AT max/min

0.613/=0.608 0.807,-0.432

.

3931/-2.251

127071931 0.647/—10.364

Yothpyyy) were retined anisotropically. The hvdrogen atoms
were plucad inidealized positions (6, = 0.08 A, The ervstal-
lographic data and the details of X-ray dittraction study and
refinement are summarized in Table 4, The complete tables of
the atomic coordinates, thermal parameters, bond lengths, and
bond angles were depostted with the Cambridge  Structural
Database.
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