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O(3) atoms, 1.633 (2) and 1.613 (3) A (see Table 2).
The O—V—O angles are in the range 106.95 (11) to
111.85 (10)°, indicating a rather undistorted tetra-
hedral environment of the V atom.

Interatomic distances and bond angles in the VO,
tetrahedra are in good agreement with those found
by Bensch, Hug, Reller & Oswald (1987). They are
within the range observed in other metavanadates.
The doubly protonated molecules of the hexanedia-
mine are located between the (VO,). chains. As
indicated by the dotted lines in Fig. 1, a hydrogen-
bond network is formed between H(7), H(8), H(9)
and O(2"), O(2Y), O(3") oxygen atoms, which are
terminal O atoms of VO, tetrahedra. The geometries
for the strongest hydrogen bonds are also given in
Table 2.
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[(Methyldiphenylphosphonio)methanide]tris(pentafluorophenyl)gold(I11I)
Acetone Solvate
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Abstract.  [Au(C,4,H,;P)(CsF,5)].C;H,O, M,=
970.45, triclinic, P1, a = 11.258 (3), b =13.586 (3), ¢
=13.969 (3) A, & =108.77 (2), B =101.69 (2), y=
112.07(1)°, V=17142()A%> ZzZ=2, D,=
1.850 Mg m 3, AMMo Ka)=0.71069 A,  pu=
44 mm~!, F(000)=936, T=293K, R=0.036 for
6980 reflections. The coordination at the Au atom is
square planar, with Au—C(ylide) 2.109 (6),
Au—CFs 2.055-2.069 (4-6) A and P—C(ylide)
1.773 (6) A. No trans effect is observed.

Introduction. Organogold chemistry is one of the
main topics of research in the groups of Professors
R. Uson and A. Laguna, University of Zaragoza,
Spain; for recent review articles see Uson (1986),
Laguna & Laguna (1990). In particular, they have

0108-2701/92/071209-03%06.00

reported the synthesis of the [tris(pentafluoro-
phenyl)](ylide)gold(I1II) complexes (CgF5);Au(CH,-
PPh;) (Us6n, Laguna, Laguna & Usén, 1983) and, in
a short communication, (C4Fs);Au(CH,PPh,Me)
(Usén, Laguna, Laguna, Usén & Gimeno, 1987).
Here we present the crystal structure of the latter
compound.

Experimental. Colourless tablets were obtained from
acetone/hexane. A crystal 0.6 x 0.2 x 0. mm was
mounted in a glass capillary. Using a Stoe four-circle
diffractometer, 9141 intensities were registered to
20...x = 55° with monochromated Mo Ka radiation;
#-scan technique. Of 7968 unique reflections (Ri, =
0.033, index ranges # —14to 14, k —16to 17, /0 to
18), 6980 > 40 (F) were considered observed. The cell
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constants were refined from =+ w angles of 48 reflec-
tions in the 26 range 20-23°. Three check reflections
showed no significant intensity variation. An absorp-
tion correction based on ¢ scans was applied, with
transmission factors 0.67-1.00.

The structure was solved by the heavy-atom
method and subjected to anisotropic full-matrix
least-squares refinement on F. A poorly resolved
acetone molecule was refined isotropically. H atoms
(except those of solvent) were included in the
refinement using a riding model. The weighting
scheme was w™!= o%(F)+ 0.00015F% final R=
0.035, with wR=10.038. 458 parameters; S=1.7;
maximum A/ =0.2 for solvent, otherwise < 0.04;
maximum, minimum 4p =10, —0.7¢ A~3. Pro-
gram system: SHELXTL-Plus (Sheldrick, 1987).
Atomic scattering factors and f’, ' values from
International Tables for X-ray Crystallography (1974,
Vol. IV). Final atom coordinates are given in Table
1, with selected bond lengths and angles in Table 2.*

Discussion. Fig. 1 shows a plot of the title com-
pound. As would be expected for a gold(III) com-
plex, the cocrdination geometry is square planar,
with the Au atom 0.05 A out of the plane of the four
C donor atoms. The C¢Fs groups are approximately
perpendicular to the ligand plane (dihedral angles 89,
77, 75°).

A pitfall in the structure determination of metal
CsF s complexes is the use of rigid idealized aromatic

rings in structure refinement (Jones, 1988). Because

the ipso ring angles are often much less than 120° in
such complexes, idealized rings lead to Au—C bonds
that are systematically too long, by several hun-
dredths of an angstrom. For structures involving
third-row transition metals, or for datasets that are
imprecise because of solvent or other disorder, the
systematic errors thus introduced may be small com-
pared to the e.s.d.’s of metal-carbon bond lengths,
and the use of rigid groups can be recommended to
increase the stability of refinement. However, the
refinement of accurate data should not involve
idealized C¢F5 groups.

In the current structure, the Au—C¢Fs bond
lengths of 2.055 (4)-2.069 (4) A show no trans effect
and may be considered normal; ¢f. 2.037 (3) (trans),
2.067, 2.076 (4) A in (C¢Fs);Au(S,CPEt;) (Usén,
Laguna, Laguna, Castilla, Jones & Fittschen,.1987).
Less precise determinations of (Cg¢Fs);Aul com-
plexes gave Au—C 2.104 (12) (trans), 2.065,

* Lists of structure factors, anisotropic thermal parameters,
bond distances and angles, and H-atom parameters have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 54885 (31 pp.). Copies may
be obtained through The Technical Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
[CIF reference: HA0089}

[Au(C,4H,sP)(C,5F,5)].C3HO

Table 1. Atomic coordinates (* 10*) and equivalent
isotropic displacement parameters (A% x 10%) .

U, is defined as one third of the trace of the orthogonalized

U;; tensor.

x y z Uy
Au 5110.7 (2) 1774.6 (1) 3686.5 (1) 4 (1)
P 3685 (1) 2494 (1) 5443 (1) 4 (1)
C(11) 5756 (4) 1842 (4) 2414 (9) 54 (2)
C(12) 6066 (5) 990 (5) 1873 (4) 62 (3)
(13) 6556 (6) 1003 (6) . 1037 (5) 82(3)
C(14) 6740 (6) 1886 (7) 726 (5) 83 (4)
C(15) 6438 (6) 2744 (5) 1248 (4) 73 (3)
C(16) 5958 (5) 2719 (4) 2073 (4) 59 (Q2)
F(12) 5883 (4) 91 (3) 2144 (3) 86 (2)
F(13) 6852 (5) 136 (4) 540 (3) 122 (3)
F(14) 7206 (5) 1927 (5) =73 (3) 132 (3)
F(15) 6612 (4) 3624 (4) 936 (3) 109 (2)
F(16) 5646 (4) 3590 (3) 2541 (3) 81(2)
C@21) 3097 4) 721 4) 2622 (4) 56 (2)
C(22) 2446 (5) —-479 (5) 2313 (4) 68 (3)
C(23) 1064 (7) — 1205 (5) 1621 (5) 86 (3)
C(24) 321 (6) =722 (7) 1247 (5) 88 (4)
C(25) 912 (6) 47 (7) 1519 (5) 82 (4)
C(26) 2296 (5) 1149 (5) 2198 (4) 68 (3)
FQ22) 3139 4) =977 (3) 2704 (3) 91 (2)
F(23) 481 (4) —-2378 (3) 1371 (4) 124 (2)
F(24) -1029 (4) —1413 (4) 611 (3) 128 (3)
F(25) 175 4) 904 (5) 1150 (3) 113 (3)
F(26) 2841 (3) 2315 (3) 2469 (3) 36 (2)
C(31) 7144 (4) 2739 (4) 4751 (3) 46 (2)
C(32) 7778 (4) 2203 (4) 5163 (4) 52 (2)
c(33) 9102 (5) 2800 (4) 5901 (4) 61 (3)
C(34) 9852 (5) 3993 (5) 6269 (5) 66 (3)
c3%) 9256 (5) 4560 (4) 5882 (5) 63(2)
C(36) 7937 (5) 3941 (4) 5146 (4) ©54(2)
F(32) 7070 (3) 1007 (2) 4816 (3) 71(2)
F(33) 9671 (3) 2209 (3) 6277 (3) 95 (2)
F(34) 11132 (3) 4591 (3) 7017 3) 100 (2)
F(35) 9993 (3) 5750 (3) 6252 (3) 94 (2)
F(36) 7398 (3) 4567 (3) 4803 (3) 80 (2)
C(41) 1898 (4) 1744 (4) 4583 (3) 45 (2)
C(42) 1128 (4) 564 (4) 4276 (4) 52(2)
C(43) =272 (5) ~51 (4) 3617 (4) 58 (2)
C(44) —876 (5) 553 (5) 3284 (4) 65 (3)
C(45) -125(5) 1739 (5) 3603 (4) 69 (3)
C(46) 1260 (5) 2341 (4) 4244 (4) 60 (2)
C(51) 3744 4) 2735 (4) 6800 (4) 49 (2)
C(52) 3260 (6) 3469 (6) 7310 (5) 76 (4)
C(53) 3262 (8) 3642 (7) 8347 (6) 96 (5)
C(54) 3761 (7) 3119 (6) 8883 (5) 82 (4)
C(55) 4236 (7) 2389 (5) 8373 (5) 82 (4)
C(56) 4220 (6) 2176 (4) 7335 4) 65 (3)
(1) 4540 (4) 1673 (4) 5014 (4) 50 (2)
CQ2) 4502 (5) 3913 (4) 5446 (4) 59 (2)
0(100) 2821 (7) 5775 (T) 2743 (6) 151 2)
C(101) 2059 (15) 4974 (13) 1788 (12) 184 (5)
C(102) 2936 (25) 4405 (22) 1274 (19) 349 (12)
C(103) 1814 (22) 5593 (19) 1030 (17) 309 (10)

2.085 (11) A [L = diars (Us6n, Laguna, Laguna, Fer-
nandez, Jones & Sheldrick, 1982)]; with rigid groups
2.028 (24) (trans), 2.064 (20), 2.071 25) A [L=Cl~
(Uson, Laguna, Laguna, Fernandez, Villacampa,
Jones & Sheldrick, 1983). The structure of the
[Au(C¢Fs)s)~ anion has also been determined
(Murray, Fackler, Porter, Briggs, Guerra & Lagow,
1987), but unfortunately with rigid groups: Au—C
2.075-2.098 A (e.s.d.’s 0.010-0.013 A).*

Bond lengths at the ylidic C atom are C(1)—Au
2.109 (6), C(1)—P 1.773 (6) A. The former may be
compared with 2.111 (17) A in (PPh;CH,)Au(SCN),

* Note added in proof: We have recently redetermined this
structure with non-idealized CgFs groups (P. G. Jones & E.
Bembenek, unpublished) and obtained Au—C bond lengths of
2.053-2.060 (8) A.
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Table 2. Selected bond lengths (A) and angles (°)

Au—C(11) 2.067 (6) Au—C(21) 2055 (4)
Au—C(31) 2.069 (4) Au—C(1) 2.109 (6)
P—C(41) 1.794 (4) P—C(51) 1.800 (5)
P—C(1) 1.773 (6) P—C(2) 1.794 (5)
C(11)y—Au—C(21) 90.5 (2) C(11—Au—C(31) 89.8 (2)
CQ1)—Au—C(31) 176.4 (2) CU1)y—Au—C(1) 176.5 (2)
C21)—Au—C(1) 91.6 (2) C(31)—Au—C(1) 87.9 (2)
C(41)—P—C(51) 106.9 (2) C@d1y—P—C(1) 112.0 (2)
C(51)—P—C(1) 111.0 (3) C(41)—P—C(2) 108.8 (3)
C(51)—P—C(2) 107.9 2) C(1y—P—C(2) 110.1 (3)
Au—C(11)—C(12) 119.4 (5) Au—C(11)—C(16) 125.0 (4)
C(12)—C(11)—C(16) 115.5 (5) Au—C(21)—C(26) 123.5 (4)
Au—C(Q1)—C(22) 120.9 (5) Au—C(31)—C(36) 124.7 (4)
C(22—C(21)—C(26) 115.6 (4) Au—C(1)—P 1153 (3)
Au—C(31)—C(32) 120.5 (3)

C(32)—C(31)—C(36) 114.7 (4)

Fig. 1. The title compound in the crystal, showing the atom-
numbering scheme. Radii are arbitrary.

(Uso6n, Laguna, Laguna, Gimeno, de Pablo, Jones,
Meyer-Bise &  Freire  Erdbriigger,  1987),
2.149 (13) A in (PPh,CH,)AuMe; (Stein, Fackler,
Paparizos & Chen, 1981) and 2.079, 2.099 (13) A in
[(Ph;PCH,),Au.AgClO,], (Us6én, Laguna, Laguna,
Uson, Jones & Freire Erdbriigger, 1987).
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The shortest nonbonded contact between non-H
atoms is F(15)F(34) 2 —x, 1 —y, 1 —2) 291 A,

We thank the Fonds der Chemischen Industrie for
financial support. The crystals were provided by
Professors R. Uson and A. Laguna and co-workers
at the University of Zaragoza. Intensity measure-
ments were carried out at the Inorganic Chemistry
Institute, University of Gottingen, Germany.
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Structure of trans-Tetraaquabis(trimethylammonioacetato)cobalt(1l) Dichloride
Tetrahydrate*
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Abstract. A new cobalt(II) complex of trimethyl-
ammonioacetate (betaine, BET) has been prepared

* Metal-Betaine Interactions. XVI. Part III: Chen & Mak

(1991a).
0108-2701/92/071211-04$06.00

and characterized by X-ray crystallography.
[Co{(CH,);NCH,COO0},(H,0),]JCl,.4H,0, M, =
508.33, monoclinic, P2,/a, a=28.530(Q2), b=
11.928 (1), ¢c=12.118 3)A, B=103.67(2)°, V=
1204.9 (2) A3, Z=2, D,, = 1.405, D.=
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