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Abstract

The reaction of a 1: 2 molar ratio of Cp,Pr with diethyl malonate in n-hexane resuits in the formation of {CpP{CH(COOC ,H ), [p-
CHICOOC ,H,), 1}, X-ray analysis demonstrates that the complex is a dimer, the two praseodymium atoms are bridged by two 6xygcn
atoms of two independent diethyl malonate ligands. The bridging ligands coordinate with the praseodymium atom in a tridentalie mode,
the other two diethyl malonate ligands coordinate with praseodymium in a bidentate mode. The complex cry\l.\lhzu in the monoclinic
system, space L.roup P2,/a with unit cell constants a = 9.675(4), b= 18.134(3), ¢ = 12.795(3) A. B =92.533). > = 155 g cm
M, = 1048.65, V = 2243(2) A for Z =2, p=2201 cm ' and F(000) = 1056. The structure was solved by hcu\'y atom methods
(Do) and tull -matrix least-squares refinement to the final R = 0.040, R = 0.048.

Keywords: Praseodymiuny; Cyclopentadienyl, Dicthyl malonate: Crystal structure

i. Introduction 2, Experimental

All reactions and operations were carried out using
Schlenk techniques under an atmosphere of ultrapure
argon. THF and n-hexane were dried over sodium and
distilled under argon from sodium benzophenone ketyl
immediately before use. Cp,Pr was prepared by the
published procedure [9]. Diethyl mulonate was dried
over anhydrous MgSQ, and freshly distilled under ar-
gon before use. Elemental analysis data were obtained
with a Yanaco MT-2 analyzer, the analysis for Pr was
obtained by the published method [10). IR spectra were
recorded on a Perkin-Elmer 983 (G) spectrometer. MS
signals were recorded on a ZAS-HS MS spectrometer.
Melting points were determined in sealed argon-filled
sapillaries without correction.

In the past few decades, the chemistry of organolan-
thanide complexes has become one of the most active
fields of organometallic chemistry. With vespect to
organolanthunide complexes involving both cyclopenta-
dienyl and B-diketonato chelate ligands, several works
have focused on thermal stability and mass spectra
[1-4). In addition, only two organolanthanide com-
plexes involving both cyclopentadienyl and diethyl mal-
onate have been prepared [1]. Moreover, up to now only
a few structures of this type of complex are known
[5-8]. and neither the synthesis nor the structural char-
acterization of a diethyl malonate chelating ligand of the
early organolanthanide complexes has been reported.
For the above reasons, we have synthesized and carried
out structural investigations of the complex {CpP{CH- 2.1. Preparation of {CpPrlCHICOOC, H, ), ] p-
(COOC, H,), [ik-CH(COOC, H,), 1), CH(COOC, H; ), I},

A mixture of Cp,Pr and dicthyl malonate in a molar
ratio of 1:2 was stirred in n-hexane at room temperi-
wre for 2 days. Then n-hexane was removed in vacuum

" Corresponding author. from the reaction mixture. The resulting solid was
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Table |

MS signals

Compound 7 (°C) Signals

CpPrl., 150 524 (CpPrL; ). 430(Cp,PrL "), 365 (CpPrL "), 271 (Cp,Pr "), 206 (CpPr~ ). 141 (Pr* ), 66 (HCp ")

>200 618 (PrL3). 524(CpPrL;), 459 (PrL;), 430 (Cp,PrL "), 365 (CpPrL. "), 336 (Cp,Pr ). 271 (Cp,Pr* ) 206 (CpPr~ ).

141 (Pr-), 66 (HCp™)

L indicates diethyt malonate.

recrystallized twice from THF /n-hexane. Pale yellow
crystals (yield 34.7% based on Cp,Pr) were obtained
upon cooling the solution at —10°C for several days.
Anal. Found: Pr, 26.76; C, 42.98; H. 5.35. Calc: Pr,
26.87; C, 43.52; H, 5.19%. IR: 3080, 1750, 1566, 1548,
1530, 1440, 1175, 1080, 1000, 780, 250 cm™'. Melting
point 160°C (comp.). The complex is unstable to air and
moisture both in solution and as a solid. The mass
spectra signals of the title complex are listed in Table 1.

The mass spectra of the title compound at two differ-
ent temperatures show that the compouind is unstable
while being heated and partially disproportionates into
Cp,PrL and PrL,. Cp,PrL can disproportionate into
Cp,Pr and PrL,. The reaction may be des~vibed as
follows:

2CpPrL, & Cp, PrL. + Prl.,
3Cp, PrL. 2 2Cp,Pr~ + Prl.,

2.2. X-ray crystallography of {CpPrl[CH(COOC, H; ), |-
[ u-CH(COOC, H, ), I},

A single crystal of the title complex with dimensions
0.38 X 0.20 X 0.16 mm* was selected and sealed in a
thin-walled glass capillary under argon and used in the
data collection. The intensity data and unit cell parame-
ters were collected on an Enraf-Nonius CAD4 diffrac-
tometer with Mo Ka (graphite monochromated. A =
0.71069 A) in the range 20 < 50°. Th- data were col-
lected at a temperature of 296 K using the /20
scanning technique. The scan rate is less than
5.49° min~'. A total of 4358 unique reflections were
collected. 2899 reflections with 1> 3a(l) of 4110
independent reflections were observed and used in the
structure determination.

The structure was solved by the heavy atom method.
The positions of all non-hydrogen atoms were revealed

Table 2

Atomie coordinates and ixotropic thermal parameters

Atom A v ‘ (i (AY)
Pr 0.076:4K 3) Q04587 ) 01443303} ASKD
o 0,1921s) = 0.068H ) LIRITGH SN
o) 0.27145) 00716l 2) 0. 26(KK- 49
o) 0,3201(0) =(L1597( 1) 0).2508(5) FERL]
o 0.4726(0) HXUERY 035 UK 0.0{3)
O13) =0.0779%5) =0.01143) 0.26474) S8
ole) =0,10%%4) =0.0226(D) 0.0461(3) XD
N =0.29977) = 0.067Hd) 0.3446(5) B.0(4)
R =0.286%5) - (L0792 3 = 0.0194(.1) S.02)
< = 0.1313(9) 0.1487(5) 0.1703(%) 0.5(5)
) = 0.0995(9) 0.1562(9) 0.0678(%) 6.1(5)
Q&) 0.030(D 0. 1860(5) 0.004 1D 7.600)
C(4) 0.079(1) G I9825) 016D R.06)
C(8) = 0.0 0.17433) 0.2316(9) R.X6)
o 1 IREAT) = 0040104 0.293N6) 3.1
e 0.29547 =0.0871D 0.2395(6) 450
) 0.3706(R) 0.0343() 0.296%( 3) 4.5
c 0.226(1) - 0. 21405) 0.215(1) B.5(6)
o 0.463(1) 01475 0.3031UR) VIKO)
aan 0.128() ~0.2270%) 02941 IR
O 0584 ) DATIHG) 0.433(D) 128
(WER) ={0.20207) - 0.0704 N 0.166706) ARIE)
(SeRY =0.1893(9) = Q.0I6R(5) 0.2583(0) S.004
cd =027 =~ (050U 3) 0.07030) 414D
Ciio) =0.200(1) =0.0320D 04471 130
can =0.39% 1) =0.13345) ~0.019%R) T.U5)
cus) =0.0121{D ~0.0%6(1) 0.482(1) tel)
) =0.827D - 0. 1032(0) - 002901} HETR)
Cent * =0.02783 0.1727 0.1400

* Cent indicates the centrowd of C(1) to C(3).
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Fig. 1. The stwructure of (CpPr[CH(COOC,H;),lp-
CH(COOC, H,), ;.

by successive Fourier synthesis. Hydrogen atoms were
introduced in calculated positions. All positions and
thermal parameters for non-hydrogen atoms were re-
fined anisotropically with full-matrix least-squares
methods and converged to final R = 0.040, R, = 0.048
[w=1/a*(F). s=1.13 and (A/@a),,, = 0.03); the fi-
nal difference Fourier map of the complex showed no
peak higher than 0.75 ¢ A" or less than —0.59 ¢ A3,
All calculations were performed on a Micro Vaxll
computer with the TEXSAN V2.1 package.

3. Results and discussion

Atomic coordinates and isotropic thermal parameters,
selected bond distances and bond angles of all non-hy-
drogen atoms are listed in Tables 2-4 respectively.
Figs. 1 and 2 give the structure of the molecule and the
unit cell package of the molecule respectively.

Table 3 '

Selected bond distanees (A)

Pr-O(2) 2.39(9) Ole)-C(15) 1.264(8)
Pr-O(D 2.40(¢5) AN-CU1Y) 1.33(1)
Pe-O($) 2.426(5) o7)-C(16) 1.52(2)
Pr-Q(6) 2.478(4) O(R)-C(15) 1.369%(8)
Pr-Q(6a) 2.507(4) O(R)-C(17) 1.4649)
Pr--O(8n) 2.712(5) C(1)-C(2) 1.37(1)
Pr-C(5) 2.770(Y) C(1)-C(5) 1.37(1)
pe-C(1) 177AR) C(2)--C(3) 1.37(1)
Pr-C(2) 2774 C(3)-C(2) 1.40K1)
Pr-C(4) 2.778(8) C(4)-C(5) 1.38(1)
Pr-C(3) 2.781(R) C(6)--C(8) 1.36(1)
o -C(n 1.253(8) C(6)-C(N 1.39(1)
O(2)-C(8) 1.249%(8) C(9-C(11) 1.43(2)
O3)-C(N 1.353(8) COM-C(12) 1.50(1)
A3)-CY) 1.441) C(13)-CQ15) 1.35(1)
D--C(B) 1.355(8) c(13)-C014) 1.41(1)
4)-CL10) 1.43(1) C(160)-C(1¥) 1.32(2)
O{3)-C(14) 1.254(9) C(1M-C(19) 1.36(1)
Pr-Cent * 2.511(5)

 Cent indicates the centroid of C(1) 10 C(5).

Fig. 2 shows that there are two molecules in each
unit cell.

X-ray structural analysis indicates that the title com-
plex is a dimer and the molecule has a crystallographic
symmetric center. From Fig. 1, we can see that the
diethyl malonate coordinates with the praseodymium
ion in two ways, one with the center ion in bidentate
mode, the other with the ion in tridentate mode in a
bridging fashion. Each praseodymium ion is surrounded
by six oxygen atoms of the diethyl malonate ligands and
one cyclopentadienyl ligand coordinated with the center
ion in 7°-fashion. So, the coordination number of each
praseodymium icn is 9 and the geometry around the
praseodymium ion can be described as a pentagonal
bipyramid, the atoms O(6), O(2), G(5), O(6a) and O(8a)
(the plane formed by which has mean deviation only
0.0551 A) situated at equatorial positions and the center
of the cyclopentadienyl ring and the atom O(1) situated
at axial positions.

It was reported that a B-diketo ligand is bonded to

IO_C\
the rare earth ions in the bidentate mode Ln\ ,C

0-C.
[5-8). In the present structure each rare earth ion is
coordinated to one B-diketo ligand in the bidentate

/O'°C7\
mode Pr\ Lo and to two B-diketo ligands in a
0,—C,
,05““(,‘.4\
mixture  coordinating  way Pr C  (both

/

Pr(n) -0, —C 4
chelating mode and bridging mode). Based on the ways
in  which these atoms coordinate  the  center

Fig 2. The unit cell package of (CpPrCHICOOC,H ), llp-
CH(COOC, H, ), 1.
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prasc.odymlum atom, the six oxygen atoms can be clas-
sified into three types, O(6) and O(6a) form the first.
bridging type. O(5), O(1) and O(2) form the second
chelating type, and O(8a) is the third. intemnal type.
From Table 3, the bond distances Pr-O(5) and Pr-
0(6) are 2.426(5) and 2.478(4) A respectively, both
much longer than the average bond distances Pr-O(1)
and Pr-0(2) (2.349 A). This result may be due to the
different coordination modes of the two diethyl mal-

onate ligands and the repulsive interaction of atoms
around the two pmseodymmm ions. The bond distance
Pr-O(8a) is 2.712 A, which is much longer than that of
any other Pr-O bonds in the molecule. This suggests
that this intemmal coordination bond is quite weak.

From Table 3, the distance between the center of the
cyclopentadienyl ring and the praseodymium atom is
2.511(5) A, which is almos: s long as that observed in
Cp,Pr [11] (average bond distance 2.507 A not includ-

Table 4

Selected bond angles (°)

O(2)-Pr-O(1) 71.92) O(5)-Pr-C(3) 122.3(2)
{2)-Pr-0(5) 100.42) O(6)--Pr-O{6a) 62.3(2)
O(2)-Pr-O(6) 160.9(1) O(6)-Pr-O{8a) LKD)
O(2)-Pr-0(6a) 120.3(2) 6)-Pr-C(5) 111L.8(3)
O2)-Pr-O(8a) 74.3(2) O(6)-Pr-Q(1) 83.42)
O(2)-Pe-C(5) 82.1(3) O6)-Pr-C(2) 76.3(2)
o) -pPe-C(1) 110.5(2) O(6)-Pr-C(4) 123.7(2)
O(2)-Pr-C(2) 122.2(2) O(6)-Pr-C(3) 99.8(3)
O(2)~-Pr-C(4) 74.8(2) O(6a)~-Pr-0O{(8a) 43.3(1)
O(2)-Pr-C(3) 99.2(3) O(62)-Pr-C(5) 126.4(3)
Oo(1)=Pr-O(S) 78.1(2) O(6a)-Pr-C(1) 110.72(2)
O(1)=Pr-0O(6) 89.8(1) O(6a)-Pr-C(2) 83.1(2)
O D=Pr-0O(6a) 88.9(2) O(6a)-Pr-C(4) 105.5(3)
O(1)-Pr-({8a) 87.7(2) O(0a)=Pr-C{(3) 79.6(3)
Oo(1)-Pr-C(5) 143.8(3) O(8a)-Pr-C(5) 109.3(3)
O(N=Pr=C(1) 153.003) O(8a)-Pr-C(1) 119.2(2)
O(=Pr-C(2) 166.042) O(8a)- Pr-C(2) 95.5(2)
O1)-Pr- C(4) 146.5(2) O{8a)- Pr--C(4) 80.5(3)
O(D=Pr-C(1 159.43) O8u)-Pr-C(Y) 7L
O(3)=Pr=-O(0) 09.8(2) C(3)-Pr-C(1) 28.0(3)
O{3)=Pr-OlO0) 130.8(2) C(8)=Pr-C(2) J2.U3)
O(3)-Pr-O(Ry) 165. 7D C(3)-Pr-C(d) RER (K}
O(3)-Pr ((5) B0 3) U8 - G 47.601)
O3 Pr-CLY) 75103 A Pe ) WA
O(5)=Pe-C(2) YR, 5(3) CU) Pe-Cl4) 474D
QU5)- Pr- () T C e D 4733
C2)- e € 47.42) C-C(Q)-Pr 75.5(5)
C)-Pr-(3) 28.6() CU=C(5)-Ci4) 108(1)
C-Pe- (D) 1,3) CU-C(3)-Pr 75.8(5)
C(D-LD-Pr 135.2(9) C(N-C(5)-Pr 75.%5)
CR=-O2)-Pe 134.44) C(R)-C(6)-Q(7) 122947
COH-5)-Pr 1306.8(5) O(D-C(D-O3) 119.146)
O(1}-C(7)-C(6) 126.5(6) Q3)-C(N-C(6) i14.40)
CUS5) - XY -Pr 135.1(4) O(2)-CIR)- U 118.406)
CU30)-OX60)-Pr 107.3(4) O 2-QR)-C(0) 125.47)
CUH-ARkN-CUN 122.9(0) CUN-ACLH- LY 12231
COL30)-0Ot8a) -Pr 9429 C(-C(3)-C(P 10K
CUTa)-Ol8a)--Pr 130.3(3) A3 -CUD-UT) 120.1{(8)
CQ-CN-C(S 108(D) O3)-Cl1H-C1d 127.47)
C-CU1)-Pr “LNS) N-CUH-CL YD H2HUT
CH-CN-Pr 75.6(5) e -CULD -1 Y 12847
an.a-c 10K,R(Y) Y- U3 O(R) 10X N 6D
CLD-CeN-Pr T5.5(5) CUD - CUS)-O0N) 122.9(6)
CE-C ) -Pr 75.%3) C(3)-C(3)-C(3) 1072.3(9)
QND-C3) - 75.5(3) C5)-Cld)- Py 75.35)
Q- O3 - Pr 75.3(3) O(4)-C(R)-CXo) HLHD
O 2)-Pr—Cent 96.47 O )-Pe-Cemt 167.4
S)-Pr- Cent 1004 O6)-Pr-Cent 101.34
Qloa)- Pr-Cent 101,33 O{¥a)-Pr-Cent 93.7
Pr-O(6)-Pr{a) 7.2 Pr-Q{Ga)-Pr{a) 117.242)

* Cemt indicates the centrowd €1 to Q(5),
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ing the bond formed by the bridging cyclopentadienyl)
and much shorter than that in Cp(COT)P{THF), [12]
(COT = cyclooctatetraene dianion CgH3;™) (2.805(5)
A). This result may presumably be due to the existence
of the strong ligand of COT (stronger than diethyl
malonate) weakening the Pr-Cp bond.

From Table 4, the bond angle O(1)-Pr-0(2) is
71.9°, which is 1.3° smaller than that of O(1)-Ho-0(2)
(73.2°) in Cp,Hol(C,,H,COCHCOCF,(THF)) and 6.1°
smaller than that of O(1)-Yb-O(2) (78.0°) in
Cp,Yb(CH ;COCHCOCEF;). These results may primar-
ily be due to different geometric configurations around
the center lanthanide ions. In a ytterbium complex, the
geometry can be described as tetrahedral around the
center ion. In a holmium complex, the geometry around
the center ion has been described as a trigonal bipyra-
mid. In contrast, in the title complex the geometry can
be described as a pentagonal bipyramid.
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