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N2—C12—C13 107.9 (3) N2—C14—C15 112.7 (3)
09B—C9—C8 116.0(4) O11B—C11—CI10 117.0(3)
0138—C13—C12 114.6 (3) O158—C15—Cl4 116.9(3)
C9—09B—Fel 121.1(2) C11—O011B—Fel 1236 (3)
C13—013B—Fel 121.9(3) C15—015B—Fel 121.6 (3)
Cl10—NI]—Fel 104.9 (2)

Symmetry codes: (i) {+x, {+y, z; (i) x— 4, S+, 22 (iii) L —x, L+y, 1 —2.

Data collection: CAD-4 Software (Enraf-Nonjus, 1989). Cell
refinement: CAD-4 Software. Data reduction: XRAY72 (Stew-
art, Kriiger, Ammon, Dickinson & Hall, 1972). Program(s)
used to solve structure: SHELXS86 (Sheldrick, 1990). Pro-
gram(s) used to refine structure: SHELXL93 (Sheldrick, 1993).
Molecular graphics: ORTEPII (Johnson, 1976). Software used
to prepare material for publication: PARST (Nardelli, 1983).

We wish to thank the Education Council of the
Canary Islands Government (Grant N 33/01.06.88) and
the Spanish Ministry of Education and Science, Spain
(DGICYT, Grant N PB89-0401) for financial support.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: AB1280). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

Schiff base ligands derived from triketones form stable
complexes with VO. In the mononuclear vanadyl com-
plex of 5,5'-(2-hydroxy-1,3-propandiyldiamino)bis(1-
phenyl-1,3-hexanedione, vanadium is five-coordinate,
equatorially bonded to four carbonyl O atoms in a nearly
square-planar arrangement and axially to one other O
atom. N atoms are not involved in complex formation.
The hydroxy group is disordered.

Comment

It is well known that complexes such as molybdenum
or vanadyl acetylacetonate catalyze the epoxidation of
alkenes in the presence of organic hydroperoxides.
(Sheldon & Kochi, 1981; Talsi, Chinakov, Babenko &
Zamarev, 1993). Previously, we prepared the dinuclear
Mo"! complex of a triketone (Borer & Sinn, 1990)
and reported the epoxidation of some bicyclic olefins
using this complex (DfAmico, Rasmussen, Sisneros,
Magnussen, Wade, Russell & Borer, 1992). Results of
epoxidation reactions indicated that only one of the
olefin bonds was oxidized in the ring, even though two
metal sites were available on the catalyst.
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It is also well established that Schiff base ligands
derived from triketones readily form vanadyl complexes
(Lintvedt, Glick, Tomlonivic, Gavel & Kuscaj, 1976;
Lintvedt, Glick, Tomlonovic & Gavel, 1976; Adams,
Bailey, Fenton, Gonzalez & Phillips, 1983). The paper
by Adams er al. (1983) describes the syntheses and
structures of several complexes of this general type.

As a continuation of the Mo-based project, we
attempted the preparation of an analogous dinuclear
vanadyl complex of a triketone. The ultimate goal
of our experiment was to attach the complex to a
Merrifield’s polymer that had been modified to contain
acid chloride groups. To this end, we chose a di-
amine with a hydroxy group positioned between the
amine moieties; this would allow reaction between the
secondary alcohol and the acid chloride. However, even
upon addition of excess vanadyl acetylacetonate, we
were unable to introduce a second vanadium atom; the
present mononuclear structure, (I), represents the end
result of our synthetic efforts.

M Ph
’;-~\ 7SN
_H.
N0 SNo
S
Me < Ph
Y]

The core region of one of the compounds described
by Adams er al. (1983) (their structure 4b) is sim-
ilar to the one presented here. There is close agree-
ment between all relevant geometric parameters. In the
context of our synthetic endeavor, we note that the
H atoms of the two NH groups participate in strong
hydrogen bonds to carbonyl O atoms [N(1)—O(2)
2.608 (6), N(2)- - -O(4) 2.651 (6), H(IN)- - -O(2) 1.86 (6),

Fig. 1. Perspective drawing of the structure of the title vanadyl
complex, with atomic numbering. Ellipsoids are shown at 50%
probability. For clarity, H atoms and the minor component of the
disordered region are not shown.

[VO(C27H23N,05)]

06

0(Ba)

Fig. 2. Detail of disorder at C(1).

H(2N)- - -O(4) 1.89 (6) A], forming planar six-membered
ring systems. (The two H atoms were conspicuously ap-
parent in a difference map and their positional and dis-
placement parameters were refined freely.) We believe
the stability of these internal hydrogen-bonded rings and
the stabilization resulting from extended delocalization
over the complexing parts of the ligand provide an ex-
planation for the difficulty in adding the second vana-
dium.

Experimental

1-Methyl-1,5-phenyl-1,3,5-pentanetrione (1 g, 0.0049 mol) was
heated and dissolved in 10ml of methanol. 2-Hydroxydi-
aminopropane (0.22 g, 0.0025 mol) was dissolved by heating
in 10ml of methanol and then added to the triketone in
a 50ml round-bottomed flask equipped with a condenser.
This mixture was heated for 15 min. Vanadyl acetylacetonate
(0.66 g, 0.0025 mol) was dissolved in 25 ml of methanol and
added to the ligand solution. After two hours of reflux, the
solution was allowed to cool slowly to room temperature. The
crystals were recovered by vacuum filtration, washed with hot
methanol and dried. Crystals large enough for X-ray analysis
were recovered from the reaction mixture.

Crystal data

[VO(C37H23N205)] Cu Ka radiatipn

M, = 527.45 A=154178 A

Triclinic Cell parameters from 24
Pl . reflections
a=9360(2) A 0 = 20-30°
b=9.845(2) A p=3762 mm™'
c=15216(4) A T=118(1)K

a = 85.18 (2)° Plate

B=171.79Q2)° 0.12 x 0.10 x 0.04 mm
¥ =63.75(2)° Greenish yellow
V=1229.0(5) A’

Z=2

D, =1425Mgm™*
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Data collection

Siemens P4/R diffractometer 2285 observed reflections

6/20 scans {1 > 20(D]

Absorption correction: Omax = 55°
refined form AF (XABS2, h=-9—-9
Parkin, Moezzi & Hope, k=-10 - 10
1995) 1=0— 16

Toin = 0.54, Tipax = 0.86
3010 measured reflections
3010 independent reflections

2 standard reflections
monitored every 200
reflections
intensity variation: £1%

Refinement

Refinement on F* (A/0)max = 0.003

R(F) = 0.065 Apmax = 046 ¢ A~

wR(F?) = 0.147 Apmin = —0.48 ¢ A~?

S =1.054 Extinction correction:

3010 reflections SHELXL93 (Sheldrick,

336 parameters 1993)

H atoms included as riding Extinction coefficient:
(H on N free) 0.0008 (4)

w = U[cX(F2}) + (0.0776P)*
+ 1.33P]
where P = [max(FDZ,O)
+ 2F2)3

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. 1V)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A°)

Ueq = (l/B)ZiZJU,-}'a;‘ a]* a;.a;.
X y Z Ueq

\Y 0.4545 (1) 0.7181 (1) 0.8064 (1) 0.034 (1)
o(1) 0.3048 (5) 0.8696 (5) 0.7843 (3) 0.044 (1)
C(Ht 0.9939 (8) 0.9102 (9) 0.7095 (4) 0.042(2)
C(2) 0.8570 (7) 0.9562 (7) 0.6590 (5) 0.048 (2)
N(1) 0.8080 (6) 0.8423 (6) 0.6412 (4) 0.043 (2)
C(3) 0.8510(7) 0.7603 (8) 0.5665 (4) 0.044 (2)
C4) 0.7909 (8) 0.6570 (8) 0.5603 (4) 0.045 (2)
C(5) 0.6784 (7) 0.6284 (7) 0.6278 (4) 0.041(2)
0(2) 0.6311 (5) 0.6993 (5) 0.7042 (3) 0.041 (1)
C(6) 0.6219 (7) 0.5219(7) 0.6133 (4) 0.041(2)
[e(@))] 0.5187(7) 0.4818(7) 0.6774 (4) 0.037 (2)
0O(3) 0.4473 (5) 0.5489 (5) 0.7550 (3) 0.039 (1)
C(8) 0.4843 (7) 0.3521 (7) 0.6616 (4) 0.038(2)
C9) 0.4087 (8) 0.2962 (7) 0.7354 (4) 0.042 (2)
C(10) 0.3805 (8) 0.1722(7) 0.7260 (4) 0.044 (2)
can 0.4285 (8) 0.0999 (7) 0.6437 (4) 0.046 (2)
C(12) 0.5022 (8) 0.1542 (7) 0.5701 (4) 0.046 (2)
C(13) 0.5312(8) 0.2781 (8) 0.5793 (4) 0.047 (2)
C(14) 0.9645 (9) 0.7857 (9) 0.4883 (5) 0.062 (2)
C(15) 1.0036 (7) 0.7826 (8) 0.7765 (4) 0.052(2)
N(2) 0.8521(6) 0.8128(7) 0.8358 (4) 0.047 (2)
C(16) 0.8099 (7) 0.8510 (7 0.9235 (4) 0.041(2)
C(17) 0.6812(7) 0.8372(7) 0.9794 (4) 0.042(2)
C(18) 0.5748 (7) 0.7870(7) 0.9542 (4) 0.038 (2)
04) 0.5865 (5) 0.7680 (5) 0.8687(3) 0.038(1)
C(19) 0.4627 (7) 0.7545 (7) 1.0197 (4) 0.037(2)
C(20) 0.3691 (7) 0.6882 (7) 1.0010 (4) 0.034 (2)
0(5) 0.3709 (5) 0.6524 (5) 0.9207 (3) 0.037 (1)
C(21) 0.2574 (1) 0.6519(7) 1.0745 (4) 0.036 (2)
C(22) 0.1716 (7) 0.5792 (7) 1.0510 (4) 0.041(2)
C(23) 0.0600 (8) 0.5501 (8) 1.1154 (4) 0.047(2)
C(24) 0.0325 (8) 0.5923 (8) 1.2037 (5) 0.052(2)
C(25) 0.1184 (8) 0.6614 (8) 1.2283 (4) 0.052(2)
C(26) 0.2293 (8) 0.6919 (8) 1.1638 (4) 0.044 (2)
C@27) 0.9119(8) 0.9084 (8) 0.9591 (5) 0.052(2)
06)t 1.1392 (7) 0.8596 (7) 0.6448 (4) 0.047 (2)
0O(6A)t 1.0230 (22) 1.0052 (15) 0.7154 (12) 0.050(7)
C(1A)t 1.0187 (8) 0.8711 0.6939 (5) 0.050

t Partial occupancy (see text).
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Table 2. Selected geometric parameters (A, °)

v—o(1) 1602(5)  C(10)—C(I1) 1.380 (8)
v—0(3) 1.932(4)  CO1)—C(12) 1.384 (8)
V—0(5) 19334  C(12)—C(13) 1385 (8)
V—0(4) 1943(4)  C(15—N@) 1.430(7)
vV—0(2) 1969(4)  C(15—C(1A) 1486 (5)
C(1)»—0(6) 1408(8)  N(@2)—C(16) 1.345 (7)
C()—C(2) 1510(4)  CO16)—CUT 1.373(7)
C(1—C(15) 1533(4)  C(16)—C(27) 1507 (7)
C2)—N(1) 1.449(7)  CUTH—C(18) 1.418(7)
C(2)—C(14) 1555(5)  C(18)—0(4) 1.305(7)
N(1»—C(3) 1334(7)  CO18)—C(19) 1.414(7)
C(3)—C(4) 1380(7)  C(19)—C(20) 1.385(7)
C3)—C(14) 1503(7)  C(0)—0(5) 1.294 (6)
C@)—C(5) 1414(1)  C(0)—C2D) 1.498 (7)
C(5)—0(2) 129 (7)  C21)—C(26) 1385 (7)
C(5)—C(6) 1L417(7)  CQ21H—C(22) 1400 (7)
C(6)—C(7) 1383(7)  C(22)—C(23) 1.385(7)
C(1)—0(3) 1299(6)  C(23)—C(24) 1377(8)
C(1—C(®) 1496 (7)  C(24)—C(25) 1.379 (8)
C(8)—C(13) 1389(7)  C(25)—C(26) 1.388 (8)
C(8)—C(9) 1403(7)  O(6A)—C(1A4) 1.406 (9)
CO—C10) 1.382(7)

0(1)—V—0(3) 107.9(2)  C(9)—CEB)—C(T) 118.1 (5)
O(1)—V—0(5) 1048(2)  CU0—C9—C®) 1209 (5)
0(3)—V—0(5) 859(2)  CON—CO0)—CO)  1203(5)
O(1)—V—0(4) 1101Q2)  CUO—CON—C12)  1196(5)
0(3)}—V—0(4) 1418(2)  C(1H—C(12)—C(13)  120.3(6)
0(5)—V—0(4) 876(2)  CUIH—CUH—CEO® 121005
o(1)—V—0(2) 1030(2)  NQ—C(15—C(14)  123.2(6)
0(3)—V—0(2) 873(2)  N@—C(15)—Cl) 113.1(5)
0(5)—V—0(2) 152120 C(1A—CU5)—C(1) 156 (4)
0(4)—v—0(2) 81.3(2)  CU6—N@)—C(15)  127.6(5)
0(64)—C(1)—0(6) 823(10) N@—C(16)—C(UT)  1222(5)
0(64)—C(1)—C(2) 1.0  NQ—C16)—C@7)  117.1(5)
0(6)—C(1)—C(2) 1069(5)  CUN—CI6)—C2T) 1207 (6)
0(6A)—C(1)—C(15)  1282(12)  CO16)—CT)—C(18) 1262 (6)
0(6)—C(1)—C(15) 1088(6)  O(4)—C(18)—CU9)  121.0(5)
C(2)—C(1)—C(15) 1132(5)  O4)—C(i8)—CA7)  1179(5)
N(1)—C(2)—C(1) 1184(5)  C(19—C(18)—C(17)  121.1(6)
C3)—N(1)»—C(2) 1285(5)  C(18)—0(4)—V 1307 (3)
N(1)—C(3)—C(4) 12L1(5)  CQO—C(19)—C(18)  124.3(5)
N(1)—C(3)—C(14) 18.1(5)  O(5)—CQO—CU9)  1238(5)
C(4)—C(3)—C(14) 1207(6)  0(5)—C0)—C21) 11504
CRI—CA—C(5) 1257(6)  C(19—CQO—CR21)  1212(5)
0(2)—C(5)—C(4) 1184(5)  C(20)—0(5)—V 128.8 (3)
0(2)—C(5)—C(6) 1208(5)  C(26)—C(21)—C(22)  118.3(5)
C(4)—C(5)—C(6) 1209(6)  C(26)—C(21)—C(20)  123.6(5)
C(5—02)—V 1312(3)  CQA—CE2H—CQRO)  118.1(5)
C(N—C(6)—C(5) 124.3(5)  C(23)—C(22)—C(21)  120.6(6)
0(3—C(1—C(6) 12415  CQ4H—C@3—C(22)  1202(5)
0(3)—C(N—C(8) 1148(4)  C(23)—CQ4H—CQ5)  119.9(5)
C(6)—C(1)—C(8) 1211¢5)  C(24)—C(25)—C(26)  120.1(6)
C(H—0(3)—V 1303(3)  CQ21H—C(26)—C(25) 1209 (6)
C(13)—C(8)—C(9) 117.9(5)  O(6A)—C(1A)—C(15)  110.3(9)
C(13)—C(8)—C(7) 1238(5)  O(6A)—C(1A)—C(2)  937(8)

The crystal was mounted on a glass fiber with vacuum
grease and cooled with a modified Siemens LT-2 low-
temperature attachment. Indexing, cell refinement and data
collection: P3/PC Diffractometer Program (Siemens, 1989).
Data reduction, structure solution and graphics: SHELXTL-
Plus (Sheldrick, 1991). Refinement and tables: SHELXL93
(Sheldrick, 1993). Site occupancy factor for atoms C(l) and
0O(6) refined to 0.75 (1); total occupancy was constrained to
1.00.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: MU1216). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

In cobalt(Ill) sepulchrate dihydrogentriphosphate hex-
ahydrate (sepulchrate = 1,3,6,8,10,13,16,19-octaaza-
bicyclo[6.6.6]icosane), [CO(C12H30N8)](H2P3010).6H20,
the cation adopts the lel; [A(AX))] optically active con-
formation. The overall geometry of the cation is not
significantly different from that found in other salts.
A strong symmetric O---H:--O hydrogen bond is re-
sponsible for the cyclic conformation of the anion, the
geometry of which is described by an eight-membered
puckered ring. The entire crystal packing is dominated
by hydrogen bonds. The cations and the anions are
linked together in a three-dimensional network with six-
membered meshes; the water molecules are situated in
the voids, and interact only with the anions.

©1996 International Union of Crystallography
Printed in Great Britain - all rights reserved

[VO(C27H8N,05)]

Comment

Sepulchrate (1,3,6,8,10,13,16,19-octaazabicyclo[6.6.6]-
icosane) is a cage ligand with six secondary aminic
N—H groups which can encapsulate a metal cation in
an octahedral coordination arrangement. The complex
molecule M(sep) can be thought of as derived from
a trisethylendiamine metal complex M(en);, with two
N(CH,)3 systems capping two opposite N-N-N faces
of the octahedron.

M(en),

The compound is optically active and presents
potential D3 point symmetry, with the C; axis pass-
ing through N(ap)—M—N(ap), and the three C, axes
bisecting the three C(en)—C(en) bonds. The cobalt(IIl)
sepulchrate cation has been studied in different crys-
talline environments (Creaser et al., 1977, 1982; Bacchi,
Ferranti & Pelizzi, 1993a,b; Bacchi, 1995) and its con-
formation has been shown to be practically invariant in
all compounds. The preferred geometry for Co(sep)**
is that which allows the formation of hydrogen-bonded
Co(sep)ABC moieties (A, B, C = hydrogen-bond accep-
tors). Pairs of N—H groups belonging to one cation
are bridged by hydrogen-bonding anions or water mol-
ecules. In order to make this possible, the six aminic
N—H groups of a cation must point, in pairs, towards
three different positions around the cation; this is accom-
plished by orienting the C(en)}—C(en) bonds in direc-
tions almost parallel to the N(ap)—Co—N(ap) pseudo-
threefold axis. Following the chirality independent lel/ob
classification proposed by Corey & Baley (1959), the
geometry of the cation is lel;. A perspective view of
the Co(sep)** cation and the H,P3;0,4 anion is shown in
Fig. 1. The angles o formed by the C(en)—C(en) bonds
and the N(ap)—Co—N(ap) vector range from 4.0 (3) to
5.4(3)° for the cation. The overall absolute configura-
tion of the cation is A, while the conformations of the
puckered Co—N(lig)—C(en)—C(en)—N(lig) rings are
all 6; a A(666) cation results, in accord with the lel;
geometry. The geometry of the cation was compared
with that of cation A in (+)-Co(sep)Cl;.H,O (Bacchi
et al., 1993a) by performing a half-normal probabil-
ity plot on all the interatomic distances between non-H
atoms (Abrahams & Keve, 1971). The least-squares re-
gression line through the data points is y = —0.36 (4) +
3.28 (4)x, with a correlation coefficient of 0.98. The
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