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Synthesis, characterization and catalytic applications of triden-
tate Schiff base derivatives of bis and mono ( cyclopentadienyl ) -
lanthanocene complexes
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Seven kinds of lanthanocene complexes were prepared by the
reaction of tridentate Schiff base { N-(2-methoxyphenyl) sali-
cylideneamine| with tris( cyclopentadienyl) lanthanide tetrahy-
drofuranate or bis ( cyclopentadienyl ) lanthanide chloride te-
trahydrofuranate in THF. All the complexes were character-
ized by MS, EA and IR respectively. The structure of
{Cp,LnCy H;3NO;) Ln=Sm, Dy, Y, Er} (1—4) was fur-
ther confirmed by X-ray determination of Cp,Sm( C;,H;;NO,)
(1) which indicates that the complex is monomeric in which
central metal is coordinatively saturated by two cyclopentadi-
enyl rings, two oxygens and one nitrogen of the ligand. The i-
somerization of 1,5-hexadiene explains that complexes (1—4)
isomerize this monomer into a mixture of 1,4-hexadiene, 2,4-
hexadiene, 1,3-hexadiene, methylenecyclopentane and methyl-
cyclopentene. Similarly complexes { CpLa (Cl) Cy, Hy3 NO;)
(THF) (Ln=Sm, Dy, Y, Er)} (5—7) polymerize methyl-
methacrylate (MMA) to give polyMMA (PMMA) in 51.8%
yield and high molecular weight (274 x 10°), which shows
narrow molecular weight distributions and partially syndiotac-
tic.
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Introduction

The coordination compounds formed by Schiff bases
and d-transition elements have been extensively stud-
ied.! However, there has been only a very limited effort
made in the study of the interaction between ligands of
this type and lanthanide elements. Evans et al. revealed
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that bis ( cyclopentadienyl ) lanthanide alkyls could form
organolanthanide enolate complexes { CpyLn (-OCH =

CH,) |,.2 The development of organolanthanide complex-
es with 1'-bonded ligands was only possible when the
bis( cyclopentadienyl) lanthanide halides became avail-
able. Yu and coworkers® successfully prepared orthosub-
stituted benzoic acid derivatives of mono ( cyclopentadi-
eny) lanthanide chloride. Literature survey shows that
Schiff base ligands are widely used to prepare such type
of lanthanocene complexes. It shows their importance in
chemical and biochemical fields.*® So we are introduc-
ing firstly a tridentate Schiff base, N-( 2-methoxy-
phenyl) salicylideneamine ligand that has electronic e-
quivalency with cyclopentadienyl and are reporting Schiff
base (SbH) derivatives of lanthanocene {Cp,Ln(Cy4H3-
NO;) Ln = Sm, Dy, Y, Er} (1—4) and complexes
{CpLn(C1) (C4Hy3NO,) (THF) Ln = Sm, Dy, Y, Er}
(5—7) and then estimating their chemical efficiencies.

Experimental

All the reactions were carried out under an inert at-
mosphere of high purity argon on a vacuum line. Trans-
fer and handling of complexes were facilitated by using
Schlenk techniques. Tetrahedrofuran was refluxed and
distilled over the sodium benzophenone ketyl immediately
before use. Anhydrous LnCl;, tris ( cyclopentadienyl )-
lanthanide tetrahydrofuranate and bis( cyclopentadienyl )-
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lanthanide chloride tetrahydrofuranate were prepared ac-
cording to the literatures.”® Schiff base, N-(2-
methoxyphenyl ) salicylideneamine, was prepared by re-
action of equimolar 2-anisidine and salicylaldehyde in
boiling toluene along with azeotropic distillation of wa-
ter.

Synthesis of (17-Cp),Sm(CyyH;3NO,) (1)

To a stirring 40 mL of THF solution of Cp;Sm-
(THF) (8.8 mmol) was added an equimolar solution of
N-(2-methoxyphenyl ) salicylideneamine in THF. After
stirring for 16 h at room temperature, the orange yellow
solution was concentrated under reduced pressure to get
saturated THF solution which was set aside at room tem-
perature for several days. The orange yellow crystals
were obtained in 55% yield. m/z(%): 443(M* -
Cp, 100) , 362(M* -2Cp, 59.9) , 66(Cp, 18.3).
Anal. CyHyuNO,Sm. Caled: C, 56.69; H, 4.33; N,
2.76. Found : C, 55.72 ; H, 4.25 ; N, 2.8.

Synthesis of (1-Cp),Dy(CisHi3NO,) (2)

This compound was prepared analogously to com-
plex 1 from the reaction of equimolar Cp;Dy ( THF)
(5.46 mmol) and N-(2-methoxyphenyl ) salicylide-
neamine in THF. The yellow crystals were obtained in
48% yield. m/z(%): 455(M* - Cp, 100), 440
(M* - Cp-CHs, 20.4), 374(M* -2Cp, 52.1) , 66
(Cp, 11.6). Anal. CyH;NO,Dy. Caled: C, 55.38;
H, 4.23; N, 2.69. Found: C, 54.96; H, 4.26; N,
2.89.

Synthesis of (1-Cp),Y(CisH;3NO,) (3)

This compound was prepared analogously to com-
plex 1 from the reaction of equimolar Cp; Y(THF) (7.51
mmol) and N-(2-methoxyphenyl ) salicylideneamine in
THF. The yellow crystals were obtained in 46% yield.
m/z(%): 379(M* - Cp, 100) , 364(M* - Cp -
CH;, 24.6), 299(M* -2Cp, 43.9), 66(Cp, 11.6).
Anal. CyHxNO,Y. Caled: C, 64.72; H, 4.94; N,
3.15. Found: C, 64.49; H, 4.95; N, 3.48.

Synthesis of (Cp)2Er(CisH;3NO,) (4)

This compound was prepared analogously to com-

plex 1 from the reaction of equimolar Cp;Er ( THF)
(2.82 mmol) and N-(2-methoxyphenyl ) salicylide-
neamine in THF. The bright yellow crystals were ob-
tained in 45% vyield. m/z (%): 457 (M* - Cp,
100), 442(M* - Cp-CH;, 31.3), 376(M* - 2Cp,
66.4), 65(Cp, 10.6). Anal. CyHy;NO,Er. Caled:
C, 55.17; H, 4.21; N, 2.68. Found: C, 55.11; H,
4.22; N, 2.73.

Synthesis of (7-Cp)Dy(Cl)(C14H;3NO,) (THF) (5)

To a stirring 40 mL of THF solution of Cp,Dy(Cl)-
(THF) (5.8 mmol) was syringed a solution of equimolar
N-(2-methoxyphenyl ) salicylideneamine in THF. The
mixture was stirred for 12 h at room temperature. After
centrifugation, the yellow solution was concentrated un-
der reduced pressure and was set aside at room tempera-
ture for several days. The yellow microcrystalline solids
were obtained in 51.8% yield which were washed three
times with n-hexane. m/z(%): 454(M* - Cl - THF,
100), 424(M* - Cp - THF, 5.3), 65(Cp, 37.2).
Anal. C3HyCINO;Dy. Caled: C, 49.11; H, 4.49;
N, 2.49. Found: C, 48.66; H, 4.19; N, 2.70.

Synthesis of (7-Cp) Y(Cl) (Cy4Hi3NO, ) (THF) (6)

This compound was prepared analogously to com-
plex 5 from the reaction of equimolar Cp,Y(Cl) (THF)
(9.5 mmol) and N-(2-methoxyphenyl ) salicyllidenea-
mine in THF. A light yellow solids were obtained in
46% yield. m/z(%): 380(M* - Cl - THF, 1.5),
350(M* - Cp - THF, 2.9), 65(Cp,100). Anal. Cy;-
HyCINO;Y. Caled: C, 56.60; H, 5.13; N, 2.88.
Found: C, 56.10; H, 4.97; N, 3.00.

Synthesis of (+7-Cp)Ex(C1)(Ci4H;3sNO,) (THF) (7)

This complex was prepared analogously to 5 from
the reaction of equimolar Cp,Er(Cl) (THF) (5.8 mmol)
and N-( 2-methoxyphenyl ) salicylideneamine in THF.
The yellow solids were obtained in the yield of 42.5% .
m/z2(%): 458(M* - Cl - THF, 2.3), 428(M* -
Cp - THF, 3.2), 65(Cp, 100). Anal. Cy Hy-
CINO;Er: C, 48.94; H, 4.43; N, 2.48. Found: C,
48.95; H, 4.16; N, 2.45.

All the complexes 1—7 are soluble in THF, spar-
ingly soluble in toluene and are completely unsoluble in
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n-hexane. They have no melting points and the decom-
position occurs at 190°C in case of complexes 1—4
while complexes 5—7 decompose above 130°C .

X-ray determination of complex 1

Suitable single crystal of 1 for crystal structure de-
termination was sealed in thin-walled glass capillary. U-
nit cell and intensity data were obtained using standard
procedures on a Siemens P4 four-cycle diffractometer.
The intensities were corrected for L, factors and semi-
empirical absorptions. The details are given in Table 1.
The samarium position was located by the Patterson
method and other non-hydrogen atoms by Fourier differ-
ence techniques. All the positional and anisotropic ther-
mal parameters for non-hydrogen atoms were refined by

i THF

the full-matrix least-square techniques. All hydrogen
atoms were introduced in the calculated positions with
C—H bond distance of 0.096 nm. The calculations
were completed by use of Siemens SHELXTL-Plus pro-
grams. Lists of final coordinates and thermal parameters,
bond lengths and angles have been sent to the editors as
supplementary materials.

Results and discussion

Reaction of anhydrous lanthanide trichloride with
three or two equivalents of ( cyclopentadienyl) sodium salt
respectively and then with one equivalent of tridentate
Schiff base (Cj4H;4NO,) in THF at room temperature
followed by centrifugation, concentration and crystalliz-
tion offered complexes 1—7 in reasonable yields.

LnCl; + NaCp ———>» CpsLn - THF + NaCl

i, LnCl + NaCp —IHE 3 Cp,Ln(CI(THF) + NaCl

& Cpsln.THF

— + Ci4H4NO,
Cp,LnCI(THE)

THF

=

Cp,Ln(C;4H;3NO,)/CpLn(C(C; 4 3NO, XTHF)

1 —_
Ln=Sm, Dy, Y, Er

Using this Schiff base ligand we have succeeded in
synthesizing complexes with late rare earth metals in
which the intramolecular coordination bonds from the
oxygen and nitrogen atoms of the Schiff base to lan-
thanide metal are formed and efficiently satisfy the coor-
dinating environment of these metal centers. This indi-
cates that tridentate Schiff base behaves like cyclopenta-
dienyl ligand in order to satisfy the coordination environ-
ment of the metal center. In the case of Schiff base
derivatives of mono ( cyclopentadienyl ) lanthanide chlo-
ride complexes 5—7, an additional coordination linkage
through oxygen of THF was observed which was support-
ed by MS, IR and EA analysis. These results justify
that this linkage is very weak and can be cleaved easily.
All these 1—7 complexes are monomeric and are differ-
ent from the complexes derived from bidentate and te-
tradentate Schiff base ligands.®! The composition of
these complexes 1—7 were confirmed for MS, EA. The

4 + §-7

CpH

IR spectra of these new complexes exhibit similar chara-
teristics. The typical absorption peaks for cyclopentadi-
enyl rings occur at ca. 775, 1020, 1440 and 3085
em .12 A strong peak due to asymmetric stretching vi-
bration v(C - O - C) occurs at 1045 cm™ probably as a
consequence of significant oxygen atom coordination, in
accordance with the earlier work for the complex {Ln-
(C5H5CH2CH20MC)2C1} .14 Absorpt.ion bands in the re-
gion of 1100—1200 cm! and 1625 cm™ may indicate the
presence of C = N group of Schiff base.” The structure
of complexes 1—4 was further confirmed by X-ray de-
termination of {Cp,Sm(Cy4H;3NO,;)} (1). The crystal
data and atom numbering scheme of 1 are shown in
Table 1. The selected bond lengths, bond angles and
the molecular structure are shown in Fig. 1 and Table
2. The crystal data justify that complex 1 is monomeric.
The 9-coordinated samarium atom is bonded to one ni-
trogen atom and two oxygen atoms of the Schiff base and
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two Cp rings to form a distorted trigonal bipyramidal ge-
ometry. The Snr—C, bond distance ranges from
0.2686(7) to 0.2763(8) nm with an average of
0.2723(7) nm which is comparable to that of
[ (47-Cp) Sm(1-CooHypN,0,) 1, (p-THF) (THF), (8)™°
0.278 nm. The bond distances of Sm{1)—O0(1) and
Sm(1)—0(2) are 0.2232(4) nm and 0.2572(4) nm,
respectively. The bond length of Sm (1)—O0(2) is
longer than that of Sm—O (1) with a difference of
0.034 nm, which indicates that Sm(1)—0(2) is coor-
dination bond and St—O(1) is covalent one. Further
these bond distances are ca. 0.006 nm shorter than
those of 8 [0.229 and 0.263 nm]. The Sm(1)—N(1)
bond distance 0.2534(4) nm is longer than that of com-
plex 8. The bond angles involving Schiff base and Sm
center for 0(1)-Sm(1)-N(1), 0(1)-Sm(1)-0(2) and
N(1)-Sm(1)-0(2) are 72.4(2)°, 134.94(14)° and
62.55(13)°, respectively.

Table 1 Crystal data for 1

Formula CuHpNO,Sm

Fy 506.78

Crystal system Orthorhombic
Space group Pben

Cell constants

a (nm) 2.2036(3)

b (nm) 1.4594(5)

¢ (om) 1.2755(4)
a=8=7 (°) 90

V (nm) 410.8(2)

D, (g*cm?®) 1.639

o (mm™) 2.8717

Z 8

F(000) 2008

Radiation Mo K,

A (nm) 0.071073

Crystal size (mm) 0.60x 0.40x0.40
Data collection, 20 range (°)  3—50

h, k, 1 -11t026,-17t0 0,0 to 15
Reflections collected 3818

Unique reflections 3612

No. of parameters 253

R 0.0404

R, 0.0550

Max. and min. transmission 0.1505 and 0.0797
Temperature (K) 293(2)

The catalytic effeciencies of these complexes were
also checked. The results obtained from isomerization of
1,5-hexadiene explain that the complexes 1—4 showed

no activity when were applied as a single component.
But along with NaH as a cocatalyst, they exhibited rea-
sonable efficiency. Complex 1 showed 28.7% conver-
sion while that of complex 4 indicated 20.6% . These
results explain that ionic radii of the central metals are
responsible for the activity of these complexes. All the
complexes gave positive response along with the temper-
ature while that of substrate molar ratio affected the con-
version negatively. Furthermore, results from microcul-
ture tetrozolium ( MTT) study with complexes 1—4
showed 85.9% activity at 10 mol* L' concentration in
P388 type cell after 48 h.

Fig. 1 Molecular structure of complex 1.

Complexes 5—7 behaved in a similar manner.
They catalyzed the polymerization of methylmethacrylate
(MMA) only if were inoculated with Al(i-Bu);. The
complex 5 showed maximum conversion (51.8%) along
with highest molecular weight (274 x 10°) (M,) while
complex 7 exhibited minimum efficiency (43.94% ).
The molecular weight distribution for all the complexes
was narrow ( M,/M,=1.71—1.98) . From the discus-
sion it is concluded that ionic radii of the ceniral metal
play a significant role for specifying the activity of the
complex. The results of our study are in agreement with
the earlier work reported by Yasuda et al .6 that the ac-
tivity of the iniciator increases along with the ionic radii
of the metals. Furthermore it was found that molar con-
centration of substrate and temperature exert positive ef-
fect on yield of PMMA which jutifies the living nature of
polymerization. The 'H NMR analysis of PMMA ex-
plains that the resulting polymer from all the complexes
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is partially syndiotactic (60—70% ) .

Table 2 Selected bond lengths (nm) and angles (°) for complex 1

Sm(1)—O0(1) 0.2232(4) Sm(1)—0(2) 0.2572(4)
Sm(1)—N(1) 0.2534(4) Sm(1)—C(15) 0.2763(8)
Sm(1)—C(16) 0.2741(7) Sm(1)—C(17) 0.2713(7)
Sm(1)—C(18) 0.2685(7) Sm(1)—C(19) 0.2703(7)
Sm(1)—C(20) 0.2700(7) Sm(1)—C(21) 0.2711(6)
Sm(1)—C(22) 0.2730(7) Sm(1)—C(23) 0.2750(6)
Sm(1)—C(24) 0.2730(6) N(1)—C(8) 0.1421(7)
N(1)—C(7) 0.1282(7)
0(1)-Sm(1)-N(1) 72.4(2) 0(1)-Sm(1)-0(2) 134.94(14)
N(1)-Sm(1)-0(2) 62.55(13)
Conclusion 1984, p.152.

This study indicates that monomeric organolan-
thanocene complexes can be obtained by using tridenlate
Schiff base ligand. These complexes can be effective for
some biological and chemical processes. Further study is
to synthesize novel lanthanocene complexes by changing
the coordinating environment of the metal and to improve
the catalytic effeciencies.
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