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Attachment of 2-pyridylmethyl units to cysteine amide and
2-mercaptobenzylamine leads to the new tripodal NsS
ligands N¢-(4-methylbenzoyl)-L-cysteine-bis(2-pyridylmeth-
yl)amide (CBPA-H) and 2-mercaptobenzyl-bis(2-pyridyl-
methyl)amine (MBPA-H). Their treatment with zinc halides
yields the neutral complexes L - ZnHal (Hal = Cl, Br, I). With

zinc perchlorate MBPA forms the ionic compound [L - Zn]
ClO,, presumed to be a thiolate bridged dimer. Structure
determinations of MBPA - ZnHal (Hal = CI, Br) have con-
firmed the tripodal nature of the ligand in the trigonal-bipy-
ramidal complexes.

Metal ions in biological systems are coordinated by the am-
inoacids’ side chain donor functions (O of aspartate and
glutamate, N of histidine, S of cysteine). In terms of model-
ling their structural and functional properties this asks for
the design of ligands with an arrangement of the donor
atoms similar to that in the protein. As a result modern
model ligands are polydentate and chelating.

For complexes modelling zinc enzymes the requirements
on the suitability of the polydentate ligands are especially
pronounced, because the zinc ion profits neither from pre-
ferred coordination numbers or geometries nor from ligand
field effects. Typically, all attempts to model the tetrahedral
ZnNS,O coordination in the enzyme alcohol dehydrogen-
ase™ using amine-bisthiols as tridentate NS, ligands have
resulted in thiolate-bridgted oligonuclear zinc complexes so
farBIAIBL The high tendency for thiolate bridging has
prevented the formation of the desired complexes, and simi-
larly the highly preferred tetrahedral ZnN,S, coordination
has rendered futile many efforts invested in the synthesis of
NS or N3S ligands 78],

The ligands of choice for zinc complex model chemistry
seem to be the tripodal ones, especially when they serve the
further need of encapsulating the zinc ion by suitably at-
tached substituents. The best results so far have been
achieved here with the pyrazolylboratesPIIN The py-
razolylborates, however, are confined for synthetic reasons
to be N; ligands, and only recently have ways been found
to modify them in the form of N,S12 or NS, ligands. It
is this limitation of the pyrazolylborates that has directed
the attention of other researchers and ourselves to the class
of tetradentate tripodal ligands derived from ammonia, for
which tripicolylamine (A) is the prototype. Ligands of this
class can be synthesized step by step from ammonia or am-
ines, and in the mono- and difunctionalized variants B and
C all kinds of donor functions can be incorporated 4.
Thereby the disadvantage of these ligands in zinc model
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chemistry (their tetradentate nature) may be overcome by
their versatility.
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In the field of zinc model complexes N, ligands like A
have been used mostly so far*3, followed by N3O ligands
like B[*®l, We have contributed variations of A[R7I1L81129] gng
complexes of N3O ligands with caboxylate and phenolate
functions including a chiral variant291211221 In this paper
we wish to present two thiolate-containing ligands of type
B. CBPA-H is a derivative of cysteine, MBPA-H one of 2-
mercaptobenzylamine. To our knowledge no such thiolate
ligands with a N3S donor set have been reported so
far3124, Some simple zinc complexes of the two ligands
have been prepared to establish an entry to the modelling
of zinc enzymes in which the metal is anchored, among
others, by one thiolate function to the protein.
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CBPA-H MBPA-H

Ligand Synthesis

Both new ligands are derived from amine thiols, deriva-
tized to contain two additional pyridyl donor functions. For
the syntheses this meant that the thiol functions had to be
protected until the last synthetic step. We found the use of
the corresponding disulfides to be the only approach to do
that. Schemes 1 and 2 show the reaction sequences.
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Scheme 1. Synthesis of CBPA-H. Abbreviations: CAIBE = isobu-
tylchloroformate, NMM = N-methylmorpholine, TFA = trifluo-
roacetic acid, MBC = 4-methylbenzoylchloride, DTE = dithioery-
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Ligand CBPA-H was obtained from cystine (in the tBoc
protected form) by the standard procedures of activation,
coupling, and deprotection. Ligand MBPA-H resulted from
bis[(2-bromomethyl)phenyl] disulfide?®! in two reaction
steps. The two pyridyl donor functions were introduced in
the form of dipicolylamine in both cases. The sluggish reac-
tions of the voluminous molecules allowed only mediocre
overall yields. After the reductive cleavage of the disulfide
precursors the thiol ligands had to be purified by HPLC.
Thereby CBPA-H and MBPA-H were obtained pure, as evi-
denced by *H-NMR spectroscopy, but containing variable
amounts of trifluoroacetic acid. Their identification rests
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Scheme 2. Synthesis of MBPA-H
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on the spectra, their EI mass spectra showing the parent
peak, and the full characterization of their zinc complexes.

Zinc Complexes

Reactions of CBPA-H with the zinc halides in acetonitrile
in the presence of triethylamine produced complexes la—c
in good yields. 1la—c precipitate from the reaction solutions
and are soluble only in very polar solvents like water,
DMSO or DMF. In addition to the spectra (see below) a
El mass spectrum of 1c has verified the identity and mono-
meric nature of the complexes.

ala

NH

N
' N
N U
ONK’ ONL 4N /j©
\zn/s \Tn\s
Hal Hal
1a: Hat=ClI 2a: Hal=ClI
1b: Hal = Br 2b: Hal=Br
1c: Hal= | 2¢: Hal=1

It was possible to prepare the zinc halide complexes of
ligand MBPA-H the same way. 2a—c could, however, be
obtained in a more convenient way when after the last syn-
thetic step in the formation of MBPA-H, i.e. the disulfide
cleavage with NaBH,, the corresponding hydrohalic acid
was used for acidification and the corresponding zinc halide
was added in excess. After neutralization 2a—c were precipi-
tated in a crystalline form. 2a—c are of equally low solu-
bility as 1la—c in nonpolar solvents. This time in addition
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to the spectra the structure determinations (see below)
ascertained the constitution of the complexes.

When HCIO, was used as before for acidifying and zinc
perchlorate was added, complex 3 was precipitated. 3 could
not be obtained in the form of X-ray quality crystals, nor
were informative MS data obtained from it. Its *H-NMR
spectrum is, however quite similar to that of the zinc per-
chlorate derivative of the analogous phenolate containing
ligand which was characterized by a structure determi-
nation?, We therefore feel safe in assigning the given con-
stitution to 3. In contrast to the molecular complexes 1 and
2 the ionic complex 3 has a reasonable solubility not only
in water, but also in methanol. It is therefore conceivable
that a derivative chemistry of [MBBA-Zn]" species may
start with 3.

Product Identification

The free ligands are characterized by their *H-NMR
spectra (see Experimental). In their IR spectra they show
the SH band and their typical double bond bands. The per-
tinent *H-NMR data of the zinc halide complexes are listed
in Tables 1 and 2 in comparison to those of the free ligands.
Typical coordination shifts are observed for the pyridyl Ha
and for the NCH, signals. In the IR spectra of the zinc
halide complexes (see Experimental Section) the SH band
is missing as expected, and the intense pyridine band
around 1600 cm™~? is shifted to lower wavenumbers. As a
rule, the IR and *H-NMR spectra of complexes 2 are very
similar to those of the zinc complexes of the ligand which
is the phenolate analogue of MBPA?2, This holds also for
complex 3 whose IR and NMR data (see Table 2) are no-
ticeably different from those of complexes 2.

Table 1. Characteristic *H-NMR data (DMSO, 50°C, & [ppm]/J
[Hz]) of the free ligand L = CBPA-H and its zinc complexes

L la 1b 1c
CH;3 2.31 2.35 2.35 2.36
SCH, 2.70/m 2.77/m 2.78/m 2.81/m
NCH,®@ 4.38—4.61 4.67-5.11 4.71-522 4.67—-5.28
Py-HA! 8.25/5.7 8.66/5.7 8.69/5.7 8.71/5.7
Py-HA2 8.63/5.7 8.99/br 8.96/br 8.91/5.7

@ Multiplets due to the inequivalence of the CH protons and due
to superposition by the Cys-CH, signal.

Eur. J. Inorg. Chem. 1998, 1759—1764

Table 2. Characteristic *H-NMR data (DMSO, 50°C, & [ppm]/
J [Hz]) of the free ligand L = MBPA-H and its zinc complexes

L 2a 2b 2c 3
N-CH,-Ph  3.68 3.78 3.81 3.93 3.82
N-CH,-Py* 3.82/s 3.94/15.9 3.97/16.1 3.98/16.1 4.21/br
N-CH,-Py? — 4.05/15.9 4.08/16.1 4.09/16.1 —
Py-Ha 8.69/6.2 9.15/4.4  9.13/5.2  8.79/47 7.48

Confirmation of the tetradentate nature of the tripodal
ligands and the molecular nature of the halide complexes
was obtained by the structure determinations of 2a and b.
The two compounds are isostructural and share the prop-
erty that the asymmetric unit contains two independent
molecules. Hence only 2a is discussed here. Figure 1 shows
one of the two molecules. The geometrical differences be-
tween the two molecules are significant, becoming most vis-
ible for the axial and equatorial intraligand angles.

Figure 1. Molecular structure of complex 2a. Pertinent bond
lengths and angles: molecule 1: Zn—ClI 2.371(1), Zn—S 2.289(1),
Zn—N1 2.091(2), Zn—N2 2.096(2), Zn—N3 2.304(2) A;
N3—-Zn—-CIl 170.52(4), N1-Zn—N2 107.00(7), N1-Zn-S
121.58(6), N2—Zn—S 126.75(6)°. Molecule 2: Zn—CIl 2.335(1),
Zn—-S 2.302(1), Zn—N1 2.092(2), Zn—N2 2.100(2), Zn—Ns3
2.325(2); N3—-Zn—-Cl 163.79(5), N1-Zn—N2 124.23(7),

N1—Zn—S 108.49(5), N2—Zn—S 120.27(6)°

The coordination geometry of the complexes is severely
distorted trigonal bipyramidal. The distortion cannot be re-
lated to the binding preferences of the tripodal ligand, as
the two independent molecules are distorted in quite differ-
ent ways. Furthermore the complex whose molecular shape
is most similar to that of 2a, i.e. the one with oxygen in
place of sulfurf??, shows yet another kind of distortion and
does not crystallize with two independent molecules. This is
a good demonstration of the fact that the transitions be-
tween trigonal bipyramidal and square pyramidal geo-
metries are “soft” in the coordination chemistry of zinc.
The bond lengths at zinc are in the normal range. For the
axial ligands the Zn—ClI bond length is at the upper end of
the range observed for axial Zn—Cl bonds[?2/12611271[28][29]
and correspondingly the Zn—N3 bond length is at the lower
end of its range[ls][m] [17][18][20][21][22][26][27][28] [29]_ To our
knowledge no other zinc complexes with a ZnNs;SHal Ii-
gand set have been described yet.
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Conclusions

This paper has shown that tripodal ligands offering a
NS donor set for trigonal bipyramidal metal complexes
with equatorial N,S coordination are accessible, though
with some synthetic effort. As a first step in exploiting their
zinc complex chemistry the compounds L - ZnHal have been
prepared which may serve as a starting point for obtaining
functional species L-Zn—X. In the complexes L-Zn—Hal
the tendency of the thiolate sulfur to bridge two zinc ions
is suppressed. It seems to be operative, however, in the cat-
ionic species [(MBPA)Zn]* resulting in its existence as a
sulfur-bridged dimer.

This work was supported by the Deutsche Forschungsgemein-
schaft. We thank A. Trosch and M. Tesmer for help with the spectra
and the structure determinations.

Experimental Section

General experimental methods and measuring techniques: see
ref.3%, All reactions were carried out in a nitrogen atmosphere.
Starting materials were obtained commercially or prepared accord-
ing to the given references. The complete *H-NMR data are given
here for the two ligands only. Those of the complexes are very simi-
lar except for the resonances given in Tables 1 and 2.

Ligand Syntheses

CBPA-H: Step 1: 5.00 g (11.35 mmol) of bis(tert-butyloxycar-
bonyl)-L,L-cystine in 100 ml of THF at —15°C were stirred and
treated with 2.49 ml (2.29 g, 22.70 mmol) of NMM and 2.94 ml
(3.09 g, 22.70 mmol) of CAIBE. After 15 min 4.51 g (22.70 mmol)
of bis(2-pyridylmethyl)amine were added. Within 24 h of stirring
the temperature was raised to ambient. After filtration and evapo-
ration to dryness the residue was picked up in 200 ml of ethylacet-
ate. The solution was extracted three times with 70 ml of water,
three times with 70 ml of a 4% NaHCO; solution, and five times
with 100 ml of water. After drying with Na,SO,, filtration, and
evaporation to dryness 8.25 g (91%) of bis(tert-butoxycarbonyl)-
L,L-cystinebis[bis(2-pyridylmethyl)amide] remained as a colourless
solid.

Step 2: The material obtained in the preceding step (8.25 g, 10.28
mmol) was treated with 50 ml of TFA and stirred for 2 h. Then
the mixture was evaporated to dryness and the remaining brownish
oil washed three times with 20 ml of ether. 13.22 g of a colourless
powder remained which corresponds to a quantitative formation
of L,L-cystinebis[bis(2-pyridylmethyl)amide] as the TFA adduct.

Step 3: The product obtained (13.22 g, 10.27 mmol) was dis-
solved in 100 ml of THF and treated at 0°C with 12.43 ml (11.43
g, 112.8 mmol) of NMM and then 3.42 ml (3.96 g, 25.67 mmol) 4-
methylbenzoylchloride. After stirring for 24 h at room temp. the
mixture was filtered and evaporated to dryness. After dissolving
the residue in 300 ml of ethylacetate the yellow solution was washed
three times with 60 ml of a 4% NaHCOj; solution and then five
times with 100 ml of water. After drying with Na,SO, the solution
was evaporated to dryness leaving behind 6.73 g (78%) of bis(4-
methylbenzoyl)-L,L-cystinebis[bis(2-pyridylmethyl)amide] as a
brownish oil.

Step 4: The brownish oil (6.73 g, 8.02 mmol) was dissolved in 70
ml of methanol and treated with 1.61 g (10.43 mmol) of DTE in
10 ml of methanol and then 12 ml of 0.2 M NaOH. After stirring
for 4 h, 5 ml of TFA were added and then the mixture evaporated
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to dryness. The remaining brownish oil was dissolved in 80 ml of
water and the solution washed four times with 30 ml of ether. After
freeze-drying 6.83 g of the raw product remained as a yellowish oil.
This was purified by HPLC using a reversed phase column (Merck
LiChrosorb RP 18, 7 um) eluting first for 45 min with acetonitrile/
water/TFA (20:80:0.1) and then 20 min with acetonitrile/water/TFA
(60:40:0.1). After freeze-drying 2.23 g (20%) of N*-4-methylben-
zoyl-L-cysteinebis(2-pyridylmethyl)amide (CBPA-H) were obtained
as a pale yellow, very hygroscopic powder. The product contains
approx. 2.5 mole equivalents of TFA as determined by potentio-
metric titration.

Ca3H24N40,5 2.5 CF;COOH (420.5 + 285.1), calcd.: C 47.66,
H 3.79, N 7.94; found: C 47.47, H 3.91, N 8.07. — IR (KBr): ¥ =
3306 s (NH), 2516 w (SH), 1675 s (carboxylate), 1537 m (amide).
—1H NMR (D,0): 2.18 [s, 3 H, CH3], 2.84 [dd, J = 6.7, 14.1 Hz,
2 H, Cys-CpH], 4.98 — 5.51 [m, 5 H, NCH, and Cys-C,H], 7.09
[d, 3 = 8.0 Hz, 2 H, Ph (3,5)], 7.27 [d, J = 8.0 Hz, 2 H, Ph (2,6)],
7.55[t,J = 6.7 Hz, 1 H, Py-Hg], 7.78 [d, J = 7.3 Hz, 1 H, Py-Hp],
7.87[t, J = 6.7 Hz, 1 H, Py-Hg/], 8.19 [d, J = 7.3 Hz, 1 H, Py-
Hp], 8.28 [dt, J = 7.3, 1.3 Hz, 1 H, Py-H¢], 8.39 [dt, J = 7.3, 1.3
Hz, 1 H, Py-Hc/], 8.45[d, J = 6.7 Hz, 1 H, Py-H,], 8.59 [d, J =
6.7 Hz, 1 H, Py-Ha/].

MBPA-H: Step 1: 3.20 g (7.92 mmol) of bis[(2-bromometh-
yl)phenyl]disulfide were dissolved in 50 ml of dioxane. A mixture
of 3.15 g (15.84 mmol) of bis(2-pyridylmethyl)amine and 2.21 ml
(1.60 g, 15.84 mmol) of triethylamine in 50 ml of dioxane was ad-
ded dropwise with stirring. The resulting red mixture was stirred
overnight, filtered, and the filtrate evaporated to dryness. The re-
maining red oil was picked up in 200 ml of dichloromethane,
washed three times with 20 ml of a 4% NaHCO; solution and then
five times with 50 ml of water. After drying with Na,SO, the solu-
tion was evaporated to dryness, the remaining red oil was dissolved
in cyclohexane/ethylacetate (1/1) and chromatographed with neu-
tral Al,Oj, activity V, to yield 2.98 g (63%) of bis[{2-bis(2-
pyridylmethyl)aminomethyl}phenyl] disulfide as an orange oil.

Step 2: 212 mg (0.331 mmol) of the product obtained before were
dissolved in 30 ml of methanol. 50 mg (1.32 mmol) of NaBH, were
added with stirring, resulting in a colour change of the solution
from orange to yellow. After stirring overnight the mixture was
evaporated to dryness. The residue was picked up in 10 ml of dou-
bly distilled water and acidified to pH 6 with TFA. The solution
was extracted three times with 20 ml of dichloromethane. The com-
bined extracts were evaporated to dryness. Purification by HPLC
as above using water/acetonitrile/TFA (80:20:0.1) as eluent yielded
191 mg (47%) of [N,N-bis(2-pyridylmethyl)-N-(2-mercaptobenzyl)]-
amine (MBPA-H) as a yellow oil. The product contains approx. 2.5
mole equivalents of TFA as determined by potentiometric titration.

C19H19N3S 2.5 CF;COOH (321.4 + 285.1), caled.: C 47.53, H
3.57, N 6.93; found: C 47.88, H 3.55, N 7.17. — IR (KBr): = v =
2498w (SH), 1684s (carboxylate), 1620s, 1588m (pyridine). 'H
NMR (CDCly): 3.79 [s, 2 H, NCH,Ph], 4.25 [s, 1 H, SH], 4.32 [s,
4 H, NCH,Py], 6.95—-7.35 [m, 4 H, Ph], 7.62—7.73 [m, 2 H, Py-
Hgl, 7.90 [d, J = 7.8 Hz, 2 H, Py-Hp), 8.13—8.24 [m, 2 H, Py-H(],
8.83[d, J = 5.6 Hz, 2 H, Py-H,], 13.27 [s, 3 H, Py-NH"].

Complex la: To 134 mg (0.19 mmol) of CBPA-H-2.5 TFA in 30
ml of acetonitrile were added with stirring 0.09 ml (67 mg, 0.67
mmol) of triethylamine and 26 mg (0.19 mmol) of ZnCl, in 5 ml
of acetonitrile. After reducing the volume to 10 ml in vacuo the
solution was allowed to stand, slowly precipitating the product.
Filtration, washing with a few ml of cold acetonitrile and drying
in vacuo yielded 55 mg (56%) of colourless 1a of m.p. 252°C. —
Ca23H,3CIN,0,SZn (520.4), caled.: C 53.09, H 4.45, N 10.77, Zn
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Table 3. Crystallographic details

2a 2b
formula Ci19H15CIN5SZn C19H15BrN5;SZn
mol. mass 421.3 465.7
cryst. from methanol methanol/water
crystal size [mm] 1.0 X 0.9 X 0.9 04 X 05x04
space group P-1 P-1
zZ, 4 4
a [A] 10.378(2) 10.361(1)
b [A] 13.191(3) 13.244(1)
¢ [A] 14.361(3) 14.423(1)
a [°] 107.84(3) 107.92(1)
B[] 105.92(3) 105.75(1)
v [°l 94.52(3) 93.95(1)
V [A%] 1771.0(6) 1787.1(2)
d (calc.) [g-em=3] 1.58 1.73
temp. [K] 200 183
p (Mo-Ka) [mm~1] 1.66 3.73
O range [°] 2.9-26.0 2.6—26.0
hkl range h: —12to 0 h: =12to 0
k: —16 to 16 k: —16 to 16
I: =17 to 17 I: =17 to 17
refl. measd. 7342 7424
indep. refl. 6936 7011
obs. refl. [1I>25(1)] 6520 6017
parameters 451 451
refl. refined 6936 7008
R, (obs. refl.) 0.029 0.041
wR, (all refl.) 0.087 0.130
residual el. density +0.8 +1.0
e/A3 —0.6 -2.1

12.57; found: C 51.95, H 4.41, N 10.70, Zn 12.97. — IR (KBr): v =
3373s (NH), 1669vs, 1651s (amide bands).

1b: Like 1a from 219 mg (0.31 mmol) of CBPA-H-2.5 TFA, 0.15
ml (110 mg, 1.09 mmol) of triethylamine and 70 mg (0.31 mmol)
of ZnBr,. Yield 95 mg (54%) of colourless 1b, m.p. 255°C. —
C23H,3BrN40,SZn (564.8), calcd.: C 48.91, H 4.10, N 9.92, Zn
11.58; found: C 49.31, H 4.21, N 10.25, Zn 11.94. — IR (KBr): ¥ =
3366m (NH), 1670s, 1652s (amide bands).

1c: Like 1la from 183 mg (0.26 mmol) of CBPA-H-2.5 TFA, 0.12
ml (92 mg, 0.91 mmol) of triethylamine and 85 mg (0.26 mmol) of
Znl,. Yield 98 mg (62%) of colourless 1c, m.p. 257°C. — Cy3Hy3l-
N,0,SZn (611.8), calcd.: C 45.15, H 3.79, N 9.16; found: C 45.28,
H 3.70, N 9.13. — IR (KBr): ¥ = 3363m (NH), 1672s, 1650s (am-
ide bands).

2a: 150 mg (0.23 mmol) of bis[{2-bis(2-pyridylmethyl)amino-
methyl}phenyl] disulfide (BAPD) in 15 ml of methanol were treated
with 35 mg (0.92 mmol) of NaBH, in 15 ml of methanol. After
stirring for 4 h 15 ml of water, 1 ml of conc. HCI and 125 mg
(0.92 mmol) of ZnCl, in 5 ml of methanol were added. A saturated
aqueous solution of NaHCO; was slowly added until Zn(OH), be-
gan to precipitate. Then the mixture was filtered twice and the re-
sulting clear solution slowly reduced to two thirds its volume under
reduced pressure. The resulting precipitate was filtered off, washed
with a few ml of cold methanol and dried in vacuo, yielding 52 mg
(27%) of colourless 2a, m.p. 248°C (dec.). — Ci9H1gCIN3SZn
(421.3), calcd.: C 54.17, H 4.31, N 9.97, Zn 15.52; found: C 54.05,
H 4.38, N 9.95, Zn 15.83. — IR (KBr): ¥ = 1604s, 1569m (pyri-
dine bands).

2b: Like 2a from 150 mg (0.23 mmol) of BAPD; 35 mg(0.92
mmol) of NaBH,, 207 mg (0.92 mmol) of ZnBr, and 1 ml of conc.
HBr. Yield 79 mg (37%) of colourless 2b, m.p. 262°C (dec.). —
C19H18BrN3SZn (465.7), calcd.: C 49.00, H 3.90, N 9.02; found: C
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48.25, H 3.81, N 8.77. — IR (KBr): ¥ = 1606 s, 1572 m (pyridine
bands).

2c: Like 2a from 150 mg (0.23 mmol) of BAPD, 35 mg (0.92
mmol) of NaBH,, 294 mg (0.92 mmol) of Znl,, and 1 ml of conc.
HI. Yield 92 mg (39%) of pale-yellow 2c, m.p. 274°C (dec.). —
C19H18IN3SZn (512.7), caled.: C 44.51, H 3.54, N 8.20; found: C
43.90, H 3.40, N 7.89. — IR (KBr): ¥ = 16.05 s, 1570 m (pyri-
dine bands).

3: Like 2a from 150 mg (0.23 mmol) of BAPD, 35 mg (0.92
mmol) of NaBH,, 343 mg (0.92 mmol) of Zn(ClO,), -6 H,0, and
1 ml of conc. HCIO,. Yield 156 mg (35%) of colourless 3, m.p.
181°C. — Cy9H1gCIN30,SZn (485.3), calcd.: C 47.03, H 3.74, N
8.66, Zn 13.47; found: C 48.11, H 3.75, N 8.59, Zn 13.10. — IR
(KBr): ¥ = 1606s, 1574 m (pyridine bands), 1092 vs (CIOy,).

Structure Determinations: Crystals were obtained from the re-
action solutions. Diffraction data were recorded with the /26 tech-
nique on a Nonius CADA4 diffractometer fitted with a molybdenum
tube (K., A = 0.7107 A) and a graphite monochromator. No ab-
sorption corrections were applied. The structures were solved with
direct methods and refined anisotropically with the SHELX pro-
gram suite®?. Hydrogen atoms were included with fixed distances
and isotropic temperature factors 1.2 times those of their attached
atoms. Parameters were refined against F2. The R values are de-
fined as Ry = XF, — F./ZF, and WR, = [E[w(F,2 — F2)%
E[w(F,2)?]¥2. Drawings were produced with SCHAKAL B3, Table
3 lists the crystallographic data.

* Dedicated to Prof. Bernt Krebs on the occasion of his 60th

birthday.
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