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Abstract. [Zr(C H,),(C,.H,,N,)(OH)], M, = 616-02,
monoclinic, P2,/n, a=10-935(3), b=20-557 (6),
c=14.777(3) A, f=90-09 (2)°, ¥ =3321.7 (15) A3,
Z=4, D,=1.23gcm™3, MoKa radiation, A=
0-7107 A, T=~290K, g =3.52cm~!, F(000) = 1304,
S (goodness-of-fit)= 1.94 (6116 reflections), R =
0-080 for the 5546 reflections with 7 > 0 and 0-051 for
the 3798 reflections with 7> 36. The N’-methylbis-
(p-tolyl)diazomethane group is coordinated to the Zr
atom by a ¢ bond [Zr—N, 2:112(4)A] to the
methylated N atom and by a dative bond [2-348 (4) A]
from the di(p-tolyl)methyl N atom.

Introduction. In an effort to explore the reactivity of
diazo reagents with bis(pentamethylcyclopentadienyl)-
zirconium(IV) complexes, the monoalkyl Cp¥Zr(Me)-
(OH) complex (Me = CH,, Cp* = C,Me;) was treated
with one equivalent of bis(p-tolyl)diazomethane,
Tol,CN, (Tol=C(H,Me), at 333 K to generate the
#*-N,N'-hydroxohydrazonide metal complex Cp¥Zr-
(NMeNCTol,)OH (Moore, 1984), with Zr—N bonds to
both N atoms.

/CTolz
N
: il
Cp¥Zr(Me)(OH) + Tol,CN, -» Cp}Zr—N —Me
on

Experimental. The complex can be isolated as a
lemon-colored solid in 47% yield by recrystallization
from petroleum ether. The 'H NMR spectrum displays
a single resonance at ¢ 1-90 for the #*-Cp* protons, a
resonance at 6 2-86 for the NCH,; protons, and
resonances characteristic of two inequivalent tolyl
ligands. The presence of the hydroxyl ligand is
confirmed by an OH proton at d 2.-60 and an O—H
stretch at 3695 cm~! in the IR spectrum.

Yellow crystals from benzene, air-sensitive.
Specimen, 0-30 x 0-35 x 0-70 mm, sealed in glass
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capillary under N,. Space group P2,/n from oscillation
and Weissenberg photographs (systematic absences:
hOl for h + [ odd, 0kO for k& odd). Diffractometry:
Syntex P2,, graphite monochromator, Mo Ka radia-
tion. Lattice constants by least-squares constrained
(0= y=90°) refinement of 29 average 26 values (+ 2¢
for each reflection, 20 < 26 < 36°). Intensity measure-
ments: 7664 reflections (+4, +k, +1), 20 < 56°, 6-26
scans at 3-91° min~' with 26 width 2-2° plus angular
dispersion; scan-to-background time ratio r=1(/1,
=2.0; stationary-counter—stationary-crystal back-
ground counts fore and aft. Three check refiections,
every 97 refiections — no decomposition. No absorp-
tion correction, data averaged over 2/m sym-
metry, preliminary scaling by Wilson (1942) plot.
Structure derivation: Patterson and electron density
maps. Refinement: full-matrix least squares on F?, all
reflections, weights w, w~'=Is + r?b + (0-02s5)|k*/
(Lp)? (s =scan counts, b = total background counts,
k = scale factor), anisotropic Gaussian amplitudes,
atomic form factors from [International Tables for
X-ray Crystallography (1974), including /” and /"' for
Zr.

The coordinates of H atoms were determined from
difference maps, and were not refined. CR YM program
library (Duchamp, 1964); final S (goodness-of-fit)
=1.94 (6616 total, averaged reflections, 361 param-
eters), R = 0-080 (5546 reflections, I > 0), R’ = 0-051
(3798 reflections, I > 30), maximum peak 0-7 e A-3 in
final AF map, mean and maximum ratio of shift/e.s.d. in
final cycle: 0-05 and 0- 10.

Discussion. The coordinates and U’s are given in Table
1, with important bond lengths and angles given in Fig.
1, and a molecular view in Fig. 2.§ The Cp* rings are
coordinated to the Zr atom in the typical pentahapto
fashion, and three atoms coordinate to the metal in the

§ Fractional atom coordinates for H atoms, anisotropic Gaussian
amplitudes for non-hydrogen atoms, complete listing of bond
lengths and angles, least-squares-plane information, and a listing of
structure factor amplitudes have been deposited with the British
Library Document Supply Centre as Supplementary Publication
No. SUP 44459 (41 pp.). Copies may be obtained through The
Executive Secretary, International Union of Crystallography, 5
Abbey Square, Chester CHI 2HU, England.
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Table 1. Atom coordinates (x10%) and U,, values

(x 10%

X y z U.(AY)
Zr 9407-8 (4) 2230-2 (2) 465-0 (3) 322 (1)
o 10982 (3) 1632 (1) 1434 (2) 393 (7)
N(1) 9073 (3) 3295 (2) 984 (2) 368 (9)
N(2) 9844 (4) 2922(2) 1473 (2) 436 (10)
C(1) 8745 (4) 3905 (2) 1100 (3) 373 (11)
C(2) 10346 (6) 3083 (3) 2345 (4) 701 (16)
c(11) 11319 (4) 2655 (2) —394 (3) 445 (12)
C(12) 11256 (5) 1979 (2) —594 (3) 443 (12)
C(13) 10223 (5) 1865(2)  —1112(3) 414 (12)
C(14) 9607 (5) 2465(2)  —1240(3) 433 (12)
C(15) 10319 (5) 2943 (2) —822 (3) 448 (12)
cQ@2n 12331 (5) 2992 (3) 101 (4) 711 (16)
C(22) 12287 (6) 1506 (3) —447 (4) 743 (17)
C(23) 10013 (6) 1238 (3) —1639 (4) 696 (16)
C(24) 8588 (6) 2588 (3) —1891(3) 703 (17)
C(25) 10167 (6) 3676 (3) -940 (4) 734 (17)
c@3n 7311 (5) 2104 (2) 1286 (3) 696 (16)
C(32) 8056 (5) 1603 (3) 1601 (3) 703 (17)
C(33) 8269 (5) 1173 (2) 878 (4) 734 (17)
C(34) 7629 (5) 1399 (3) 131 (3) 512 (13)
C(35) 7056 (5) 1991 (3) 360 (4) 520 (14)
Cc@n 6763 (6) 2630 (3) 1847 (4) 531 (14)
C(42) 8384 (6) 1503 (4) 2572 (4) 559 (14)
C(43) 8880 (7) 521 (3) 925 (5) 538 (14)
C(44) 7311 (6) 1007 (3) —716 (4) 875 (19)
C(45) 6054 (6) 2292 (3) —194 (4) 940 (22)
C(51) 7862 (4) 4183 (2) 458 (3) 954 (24)
C(52) 7271 (6) 3829 (3) —193 (4) 966 (21)
C(53) 6505 (6) 4107 (3) —817(4) 848 (19)
C(54) 6283 (5) 4771 (3) —823(4) 404 (11)
C(55) 6832 (5) 5127 (2) —175(4) 602 (16)
C(56) 7614 (5) 4852 (2) 464 (4) 534 (14)
C(57) 5485 (6) 5093 (3) —1535(4) 845 (19)
C(61) 9269 (5) 4338 (2) 1805 (3) 391 (11)
C(62) 10422 (5) 4600 (3) 1711 (3) 552 (14)
C(63) 10894 (5) 5031 (3) 2340 (4) 587 (15)
C(64) 10228 (6) 5220 (2) 3076 (4) 548 (14)
C(65) 9083 (6) 4961 (3) 3169 (4) 736 (17)
C(66) 8593 (5) 4535 (3) 2543 (4) 617 (15)
C(67) 10719 (7) 5702 (3) 3760 (4) 925 (21)

C(51)

(o))

RIS
17.8(4) 1)
N/

77200 21124
150.6(3)°

H

Fig. 1. Skeletal view of molecule with selected bond lengths (A) and
angles (°).

[Zr(C\oH 5),(C 6H,;N)(OH)]

equatorial wedge, O and N(1) at lateral positions and
N(2) at a central site.

The structure is quite similar to that of Cp,Zr-
(Me)NMeNC(C¢H,), (Gambrotta, Bassobert, Floriani
& Guastini, 1982; hereinafter GBFG), which was
formed in an analogous manner but has a CH, rather
than OH in the Zr coordination sphere. The Zr—N(1),
2.348 (4) A, and Zr—N(2), 2-112 (4) A, bond lengths
are similar to those observed for GBFG [Zr—N(1),
2.283 (3), Zr—N(2), 2-103 (3) Al. In both cases, the
Zr—N(central) bond length is shorter than the Zr—
N(lateral) bond length, implying a stronger bonding
interaction between the Zr and central N atoms. The
Zr—N(2) bond length is expected to be shorter than the
Zr—N(1) bond length since the former bond results
from a ¢ interaction and the latter from a dative
interaction. A purely dative Zr—N interaction has been
observed in the Zr—ketene compound Cp3Zr-
(OCCH,)(pyridine), which exhibits a Zr—N bond
length of 2403 (1) A (Moore, Straus, Armantrout,
Santarsiero, Grubbs & Bercaw, 1983). The N(1)—C(1)
bond length of 1-316 (6) A [¢f. 1-307 (4) A, GBFG] is
characteristic of an N=C double bond (~ 1.30 A,
Dunitz, 1979), but the N(1)-N(2) bond length of
1.349 (5) A [¢f. 1-338 (4) A, GBFG] is intermediate
between an N—N single (1-45 A, Dunitz, 1979), and an
N=N double bond [1-25 A (Dunitz, 1979); 1-238 A,
HN=NH (Trombetti, 1978); 1.254 A, MeN=NMe
(Chang, Porter & Bauer, 1970); and 1-244 A,
PhN=NPh (Brown, 1966)}, and implies some electronic
delocalization over the C—N-N unit. Thus, the
hydrazonido group can be formulated (p-tolyl),C=N—
N—CHj;. The N(2)—C(2) bond length is unexceptional:
1-439 (7) A [¢f. 1.446 (6) A, GBFGI. The Zr, O, H,
N(1), N(2), and C(1) atoms are all approximately
coplanar with the greatest deviation from planarity
observed for the N(2) (0-091A) and H (0-087 A)
atoms. The Zr—O bond length of 2-554 (3) A is the
longest reported to date [¢ff 2-446A in
(COT),Zr.THF (Brauer & Kruger, 1972)]. Typical
Zr—O bond lengths for complexes with a Zr—O ¢
interaction are 2-1-2-3 A (e.g., Fachinetti, Floriani,

Fig. 2. Molecular view with atom labels.
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Marchetti & Merlino, 1976; Wolczanski, Threlkel &
Santarsiero, 1983).
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Abstract. K{Nd(C,,H,,N,0,)(H,0);].5H,0, M,=
615-67, orthorhombic, Fdd2, a=19-944(9), b=
36-035(9), c=12-276 8) A, V=8823 (A3, Z=
16, D, =1.854gcm™3, A(MoKo)=0-7107A, u=
26-24 cm~!, F(000) = 4944, T =293 K, R = 0-029 for
3187 observed reflections. Distances from Nd to the
coordinating atoms fit well in the pattern of decreasing
distances in the series La’**—Lu3t as a result of
lanthanide contraction: Nd—Of(edta) 2-411 (4)-
2.472 (2), Nd—O(water) 2-520 (4)-2-574 (4), Nd—N
2-709 (4) and 2-715 (4) A.

Introduction. Crystal structures of several lanthanide
edta complexes have been reported: K[La(edta)-
(H,0);].5H,0 (Hoard, Lee & Lind, 1965),
Na[Ln(edta)(H,0);].5H,0, Ln=Tb (Lee, 1967), Dy
(Nassimbeni, Wright, van Niekerk & McCallum,
1979), Pr, Gd, Sm (Templeton, Templeton, Zalkin &
Ruben, 1982), Sm (Engel, Takusagawa & Koetzle,
1984), Ho (Templeton, Templeton & Zalkin, 1985),
and Cs[Yb(edta)(H,0),].3H,0 (Nassimbeni, Wright,
van Niekerk & McCallum, 1979). It was suggested that
there should be a change from a nine-coordinated to an
eight-coordinated complex in the lanthanide series La’*
to Lu3* as a result of the decreasing ionic radii. Only
the Yb complex has so far been found to be eight-
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coordinated. All nine-coordinated complexes have very
similar structures and most of them crystallize in the
orthorhombic space group Fdd2. Ho and Dy com-
plexes have been found to crystallize in the monoclinic
space group Fdll which involves ordering of the
occupancy of water molecule sites that were described
as disordered or with high temperature factors in the
other structures. The crystal structure of the title
compound was determined to obtain more information
on the Nd-ligand distances.

Experimental. Purple crystals of K[Nd(edta)(H,0);!.-
5H,0 were obtained from an aqueous solution of
K,Nd(OH)(edta).4H,0 (Djordjevi¢ & Vuleti¢, 1980) in
an attempt to grow single crystals of the hydroxo
complex. Single crystal (longest dimensions along the a,
b and c crystallographic axes 0-37 x 0-62 x 0-55mm)
was used for X-ray analysis. Intensities were measured
on a Philips PW 1100 diffractometer (Mo Ka radiation,
graphite monochromator) in the range 4 < 26 < 60°
(0<h<28, 0<k=<50,0<!<17). Unit-cell param-
eters were determined by least-squares refinement of 16
reflections, 12 < 26 < 16°. Intensity data were col-
lected in the 6/26 mode, scan speed 0-04° s~!, scan
width 1.2°. The intensity variation of standard re-
flections (391, 0,12,0, 602) measured every 2 h showed
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