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Table 1. Fractional atomic coordinates and equivalent
isotropic temperature factors

By = 4/3)X.Z; Bya.a;

x y z B (&)
Eu 012445 (1) 0-04622 (7) 0-15819 (3) 4-63(1)
Ci(1) 006728 (9) 01826 (4) 01026 (2) 778 (9)
Cl(2) 0-18124 (9) 0-2750 (4) 0-1903 (2) 7-40 (9)
C1(3) 0-1238 (1) 00797 (6) 0-3070 (2) 11:7(1)
o) 00681 (2) 0238 (1) 01329 (4) 76 (2)
0(2) 01568(2)  -0-1084 (9) 00803 (4) 69 (2)
03 00957 (2) 0152 (1) 00110 (4) 69(2)
0(4) 01771(Q2)  -0-141 (1) 02509 (4) 79(2)
c) 00739 (4) 0339 (2) 0-165 (1) 151 (6)
cQ) 00381 (4) 0437 (2) 01827 (9) 128 (5)
c@3) 00065 (4) 0329 (2) 0131 (1) 151 (6)
C) 00265 (4) 0198 (2) 0113 (1) 16:4 (6)
) 01923(d)  -0060(2) 00737 (9) 156 (5)
C(6) 02088 (4)  -0185(2) 00449 (8) 126 (5)
%) 01779(4)  -0326(2) 00218 (8) 13.4(5)
c®) 01430(4)  -0259(2) 00327 (8) 13-3(5)
C(9) 0-0615 (6) 0092 (3) -0-0596 (9) 19:3(7)
c(10) 00484 (5) 0190 (3) 01312 8) 140 (7)
can 00802 (5) 0315 (2) -0-1066 (7) 167 (6)
c12) 01046 (6) 0294 (3) -0.021 (1) 21.8(8)
ci3) 02166 (4)  -0084(2) 03160 (9) 13-4 (6)
C(14) 02269(5)  -0-193(3) 03826 (8) 14-1(6)
C(15) 0-1989 (5) —0-348 (3) 0-3536 (9) 169 (7)
C(16) 0-1679 (5) 0309 (2) 0272 (1) 160 (7)

Table 2. Interatomic Eu—Cl and Eu—O distances
(A) and bond angles around the Eu atom (°)

Eu—CI(1) 2620 (4) Eu—O(1) 2430 (8)
Eu—CK?2) 2630 (3) Eu—0(2) 2:486 (8)
Eu—ClI(3) 2636 (4) Eu—0(3) 2481 (6)
Eu—O(4) 2413 (7)

CI(1)—Eu—Cl(2) 17141 (1) CI(3—Eu—O0(1) 754 (2)
Cl(1)—Eu—CI(3) 958 (1) CI(3)—Eu—O0(2) 1437 (2)
Cl(1)—Eu—0(1) 873 (2) Cl(3}—Eu—0(3) 144-6 (3)
Cl(1)—Eu—0(2) 84-4 (2) CI(3)—Eu—O0(4) 750 (3)
Cl(1)—Eu—0(3) 881 (2) O(1)—Eu—0(2) 1407 (3)
Ci(1—Eu—0(4) 924 (2) O(1)—Eu—0(3) 697 (2)
CI(2)—Eu—CI(3) 931 (1) 0(1)—Eu—0(4) 1502 (3)
CI(2)—~Eu—0(1) 942 (2) 0@2)—Eu—0(3) 717 2)
Cl(2—Eu—0(2) 891 (2) 0(2)—Eu—0(4) 687 (2)
Cl(2)—Eu—O0(3) 842 (2) O(3)—Eu—0(4) 1402 (3)
CI(2)—Eu—0(4) 90-8 (3)

Acta Cryst. (1991). C47, 427-429

ZHANG AND LU 427

c(7) c(eCl (1)

Fig. 1. Molecular diagram of [EuCly(C,H;0),). (H atoms

omitted.)

[TbF,*~ in the salt Cs,[TbF,} (Hoppe & Roeder,
1961) have pentagonal bipyramidal geometry. A
monocapped octahedron is characteristic of
[Y(C¢HsCOCHCOCH;);(H,0)] (Cotton & Legzdins,
1968), while a monocapped trigonal prism is
characteristic  of [Y(CH;COCHCOCHS);(H,0)]
(Cunningham, Sands, Wagner & Richardson, 1969).
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Structure of 2,2,2-Tricarbonyl-1,1-bis(ethylene)-u-(n>:n°-fulvalene)-
2-methylrhodiumtungsten

By MaryY P. Neu, MicHAEL E. SmitH, THOMAS R. BoussiE AND DAWN A. GROENKE

Department of Chemistry, University of California, Berkeley, California, 94720, USA

(Received 24 April 1990; accepted 17 July 1990)

Abstract. [RhW(C,,Hg)(CH,)(C,H,)»(CO);], M, =
570-10, monoclinic, P2,/c, a=73358(@8), b=
10-8640 (15), ¢ =21-6310 (20) A, B =90-924 (8)°, V
=1723-7(3) A3, Z=4, D,, =216, D, =

0108-2701/91/020427-03$03.00

2:196 g cm 3, A(Mo Ka) = 0-71069 A, m=
77-7 cm !, F000) = 1080, T=298 K, R = 0:021, wR
= 0-029 for 4453 observed reflections with I = 3o(J).
The compound is a bimetallic fulvalene complex with

© 1991 International Union of Crystallography



428 [RhW(C,oHg)(CH3)(C,H,)x(CO);
rhodium and tungsten oriented trans to each other Table 1. Atomic coordinates and final equivalent
across an essentially planar fulvalene dianion. isotropic thermal parameters

= S B.a*a*a..a:
Experimental. The title compound was prepared by B = (322,850 a2,

. x y z B.(A?)

A. Kahnand K.P.C. Vollhardt of this department as 0264802)  028966() 0 2395 @)
part of an investigation of heterobimetallic fulvalene gy 0-54641 (3) 0-23955 (2) 0-18359 (1) 2138 (3)
complexes (Kahn, Newman & Vollhardt, 1990). The 8; *ggggg (‘;) ggggg (g) 0-2383 (}) 3-22 (g)
preparation 1nvolved. the reaction of the sodium s_alt 03 02371 8 00320 8 8‘5127 21; 644 gsg
of the (fulvalene)tricarbonylmethyltungsten anion ci 03735 (4) 0-2397 (2) 02672 (1) 2:36 (5)
with di-pz-chloro-bis[bis(ethylene)rhodium). S v SO ¢ 3 B - U 4
A1r-stab1<?, gOlan crystals WEre prepared by A. C4 0-2503 (4) 02742 (3) 0-1709 (2) 3-56 (7)
Kahn of this department. D,, was measured by flot- cs 0-3051 (4) 03329 (3) 0-2265 (1) 2:90 (5)
PN : . c6 04438 (4) 0-2582 (2) 0-3300 (1) 247 (5)
;tlon in a mixture of tribromomethane and toluene. =7 04547 (4) 03728 (3) 03621 (1) 288 ()
ample crystal was a needle Of: dimensions 0382 X C8 0-5398 (4) 0-3535 (3) 0-4201 (1) 3-60 (6)
0-364 x 0-320 mm. Enraf~Nonius CAD-4 diffrac- go 0-5825 8 0-2278 23; 0-4255 (2) 3-81(7)
. . . .09° 0-5242 01683 (3 03699 (1 315 (6)
tometer; 24 reflections (2198 <26 <28 9?7 ) were 06403 (5) 03230 (4) 0-1013 (Z)) 245 (8)
used to refine cell parameters. Data collection: 3= cn2 0-6374 (6) 0-1966 (4) 0-0934 (2) 4-98 (8)
20 < 60°, index ranges 0<h <10, 0<k=<15 —30 g}i 8;332 Eg g?%g 8; ggg; 8 i;g Egg
<l< 30, 626 scan technlque with Mo K« radiation Cl15 0-0768 (4) 0-1307 (3) 0-3816 (1) 3-33 (6)
at room temperature. ¢ scans: 0< ¢ <180° 10° ci6 0-1541 (5) 0-3250 (4) 0-4894 (2) 448 (7)
step. 5641 total reflections; systematically absent: €7 0-2471 (5) 0-1076 (3) 0-4808 (1) 383(7)

(HOD), 1=2n+1, (OkO), k=2n+1 and redundant: <'* ~ C%°@  0XTEO o 0Im@ 390

(0kl), 1 <0 were removed; 5017 unique reflections;
4453 reflections with I=3o(I). No indication of Table 2. Selected interatomic distances (A) and

crystal decomposion from three standard reflections angles (°)

measured every hour. Empirical absorption correc- Rh—C(1) 2225 ) Rh—C(14) 2118 (3)

tion was performed; minimum relative transmission Rh—C(2) 2276 (2) C(15—0(1) 1-146 (4)

=73-19%. Structure solved by Patterson methods g—g(i) 22?3 (g) C(16—0@) 1'1‘2‘2 @

and refined via standard full-matrix least squares and Rh:CES; 2253 8 (C;ﬁz_)_c(()z(; ) }144 8;

Fourier techniques with a Digital Equipment Micro- W—C() 2346 (2) C(1)—C(5) 1428 3)
W—C(7) 2:360 (3) C(1)—C(6) 1459 (4)
W—C(8) 2:366 (3) C(2—C0) 1401 (4)
W—C(9) 2337 (3) ©CE—Cd) 1-426 (4)
W—C(10) 2:320 (3) C(4—C(5) 1-414 (4)
wW—C(15) 1975 (3) C(6)—C(7) 1-428 (3)
W—C(16) 1981 (3) C(6)—C(10) 1-426 (4)
wW—C(17) 1977 (3) C(7—C(®) 1-408 (4)
wW—C(18) 2284 (3) C(8—C(9) 1-405 (4)
Rh—C(11) 2123 (3) C(9—C(10) 1-425 (4)
Rh—C(12) 2124 (3) c(11y—C(12) 1-384 (6)
Rh—C(13) 2123 (3) C(13)—C(14) 1373 (5)
Cp*(Q—W—C(15) 1254 C(1y—C2—CB) 10760 (25)
CpQ—W—C(16) 1264 C(2—C(3)—C@) 10843 (24)
CpR—W—C(17) 1188 CEy—CA)—C(5) 10863 (25)
Cp(2—W—C(18) 1102 C(1)—C(5)—C@4) 10728 (25)
Cp(1—Rh—Ctt(1) 1329 C(1y—C6—C() 12615 (22)
Cp(1—Rh—Ct(2) 1320 C6—C(N—C®) 1089 (3)

W—C(15—0(1) 177:0 (3) C(7—C(8)—C(9) 1083 (3)
W—C(16)—0(2) 180-0 (5) C(1)—C6)—C(10) 12732 (22)
W—C(17—0(3) 1791 (3) C(H—C(6)—C(10) 10645 (23)
CQ—C(1)—C(5) 10787 23)  C(8—C(9)—C(10)  107-94 (25)
C(2)—C(1)—C(6) 12564 22)  C(6)—C(10y—C(©) 1084 (3)
C(5—C(1)—C(6) 12629 21)

*Cp corresponds to the centroid of the cyclopentadienyl rings.
tCt corresponds to the center of the ethylene carbon—carbon
double bonds.

VAX computer using locally modified Nonius SDP

software (Frenz, 1985). Function minimized was
_ 2 — 1/ 72 2T 22

Fig. 1. ORTEP (Johnson, 1976) drawing of the title compound EW(LFéll/z'F‘l) , w=lo (F")’ U(F" )= lo, (F" )+

showing the atom-numbering scheme. Ellipsoids are drawn at P(F o )] s P= 0_'03- All non-H atoms were refined

the 50% probability level. with anisotropic thermal parameters. H atoms,
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except the disordered methyl protons, were located
on a difference Fourier map and refined using iso-
tropic thermal parameters. Final number of param-
eters refined =273, R=0-021, wR=0-029, S=
1-446; secondary-extinction coefficient (Zachariasen,
1963) was included and refined to 2-548 x 1077,
Maximum shift/e.s.d. on final cycle = 0-05; largest
peak on final difference Fourier map =0-74¢ A =3,
Atomic scattering factors and anomalous corrections
from International Tables for X-ray Crystallography
(1974, Vol. 1V).

A drawing of the title compound with the atom-
numbering scheme is shown in Fig. 1. Atomic coor-
dinates and final equivalent isotropic thermal param-
eters of all non-H atoms included in the refinement
are given in Table 1.* Selected interatomic distances
and angles are listed in Table 2.

* Lists of structure factors, anisotropic thermal parameters,
least-squares-planes data, H-atom parameters and bond lengths
and angles involving H atoms have been deposited with the British
Library Document Supply Centre as Supplementary Publication
No. SUP 53442 (36 pp.). Copies may be obtained through The
Technical Editor, International Union of Crystallography, 5
Abbey Square, Chester CHI 2HU, England.
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The fulvalene ligand is essentially planar with only
a 6° twist about the bond connecting C1 and C6. The
metals adopt the rrans orientation found in all ful-
valene complexes in which there is no M—AM bond,
to minimize steric interactions between the respective
ligand coordination spheres.

This crystal structure was solved at the X-ray
Crystallographic  Facility (CHEXRAY) at the
Department of Chemistry, University of California,
Berkeley, as part of the requirements of a graduate
chemistry course on structure analysis by X-ray
diffraction. We thank Mr Tim Karpishin, Dr F.
Hollander and Professor K. N. Raymond for their
guidance.

References

FRrReNz, B. A. (1985). Enraf~Nonius SDP-Plus Structure Deter-
mination Package. Version 3.0. Enraf-Nonius, Delft, The
Netherlands. Revised locally by F. HOLLANDER.

Jonnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak
Ridge National Laboratory, Tennessee, USA.

KaAHN, A. P, NEwmaN, D. A. & VoLLHARDT, K. P. C. (1990).
Synlerr. 1, 141-143.

ZACHARIASEN, W, H. (1963). Acta Cryst. 16, 1139-1144.

Monosodium Phosphoenolpyruvate Hydrate: New Diffractometer Data

By T. Lis
Instytut Chemii, Uniwersytet, 50-383 Wroclaw, Poland

(Received 27 February 1990; accepted 3 July 1990)

Abstract. Na*.C;H,0O,P H,0, M, =208-04, mono-
clinic,c, Ce, a=11-426(7), b=123-274(22), c=
6-620 (5) A, B =123-66 (5)°, V = 1465 (3) A?, Z =38,
D,=18863)gcm™3 Mo Ka, A=071069 A, u =
4-44cm™!, F(000) =848, T=303(2)K, final R=
0-034 for 3357 observed data including both 4k/ and
Rkl reflections. The two crystallographically indepen-
dent anions have slightly different configurations
with P—O(ester) bond lengths of 1-606(3) and
1-618 (3) A.

Experimental. The structure of sodium phosphoenol-
pyruvate hydrate was determined by Katti, Hosur &
Viswamitra (1981) from 1697 diffractometer data
with final R=0-063. A fragment of 0-25x 0-2 x
0-5mm was cut from a larger crystal and mounted
on a Syntex P2, diffractometer. Mo Ka radiation
and graphite monochromator were used for lattice
parameters (15 reflections in the range 24 < 260 < 27°)
and intensity measurements. 5984 intensities were

0108-2701/91/020429-03$03.00

measured, 20 < 65°, h —10—17, k0—=35,1 —9—9,
from w/260 scans. After each group of 50 reflections
two standards were measured; variation = 5%.
Scattering factors for Na*, P, C, O and H were from
International Tables for X-ray Crystallography (1974,
Vol. IV); real and imaginary dispersion corrections
included for all non-H atoms. No absorption or
extinction corrections. The refinement was started
with the published coordinates of Katti e al. (1981).
Merging in point group m yielded 3871 reflections,
3357 with I>30(I) (including 1212 Friedel pairs)
were used for refinement; Rpeee = 0-017. Full-matrix
refinement on F (Na, P, C, O anisotropic, H iso-
tropic) with w = 1/0*(F,) using SHELX76 (Sheldrick,
1976) gave final R=0-0332 and wR =0-0307
(refinement of the inverted structure gave R = 0-0337
and wR =0-0311); max 4/0 =0-05. The positional
parameters of the H atoms were refined with con-
straints d(C—H) =108 and d(O—H) =097 A.
Residual electron density in final difference map

© 1991 International Union of Crystallography



