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Abstract

Nucleophilic substitution of chlorine by sulphur in 3-ferrocenyl-3-chloropropenale and 1. 1°-bis(3-chloropropenale ) ferrocene yields the
air-sensitive 3-ferrocenyl-3-mercaptopropenale and the 1,1”-bis( 3-mercaptopropenale ) ferrocene, respectively. These compounds form stable
neutral chelates with zinc (1D, nickel(11), cobalt(1l) and copper(Il). Their Schiff bases with aniline or primary diamines, obtained by direct
reaction of the free 3-ferrocene-substituted 3-mercaptopropenales or by reaction with their transition metal chelates, are excellent ligands for
electron-rich transition metals. The X-ray structure determination of bis( B-ferrocenyl-B-mercapto-N-phenyl-vinylaldiminato) nickel( 11 ) indi-
cates $,0 coordination and cis arrangement of the ligands. The coordination sphere is distorted tetrahedrally. Cyclic voltammetry reveals only
a slight influence of the bound transition metal on the electron density within the ferrocene subunit.  © 1998 Elsevier Science S.A.

Kevwords: Ferrocene complexes: Schift buse complexes; Crystal structures: Trinuelear complexes

1. Introduction

Coordination compounds of transition metal ions contain-
ing the redox-uctive ferrocene moiety have been investigated
intensively in recent years [ 1],

In this context eftorts are uimed towards the synthesis of
molecules that allow interactions between the ferrocene iron
and additional metal ions bound at side chains of the cyclo-
pentadienyl rings. Therefore. close proximity of the two metal
ions [ 2=4] and/or a conjugated pathway between the metals
| 5=7] is desired,

These requirements are met by ferrocene-substituted 1.3-
bischalcogenates | ferrocene-CX-Y-CZ-R with X, Z=0, S.
(Se): Y =CH,. NH|. Considering the additional merit of a
rich. well-understood coordination chemistry of these com-
pounds, they should be a favoured object of investigation.

Except for some eurly work by Weinmayr [ 8] and Wol,
Hennig and coworkers [9] on ferrocenoyl acetone (X, Z=0:
Y =CH,). there are no publications relating to this class of
compounds,

We extended the idea of ferrocene-substituted 1.3-bis-
chalcogenates to the coordinatively rich N.N-disubstituted
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N'-terrocenoy! thioureas (X=0; Y = NH; Z=S: R=NR,)
[ 10]. Cyclic voltammetric studies revealed a distinet change
in electron density upon complexation | 1),

Another approuch to ferrocenyl-substituted ligands is
given by 3-ferrocenyl-3-mercaptopropenale and its respec-
tive 1.1'-disubstituted ferrocene derivative, which is pre-
sented in this study (tautomeric form of X=8; Y=CH,;
Z=0; R=H). Compared with the N.N-disubstituted N'-
acylthioureas mentioned above, B-mercaptovinylaldehydes
are excellent ligands for electron-rich transition metal ions.
Inaddition, they allow further modifications by reactions with
primary amines | 12]. Starting with 3-ferrocenyl-substituted
3-chloropropenale (a widely used precursor for ferrocenyl-
alkines [ 13]). a variety of ligand systems and their chelates
can be obtained.

2. Experimental

All chemicals and solvents were dried and purified by the
usual methods. Melting points are corrected and were meas-
ured using a Bottius melting-point apparatus. Mass spectra
were recorded on a Masslab VG 12-256 device. IR spectra
were measured with a Specord M80 by Carl Zeiss Jena ( KBr-
pellets). NMR spectra (CDCI,) were recorded on a Varian
Gemini (200 MHz) spectrometer with tetramethylsilane as
internal standard.
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2.1. Preparation of the corpounds

2.1.1. 3-Ferrocenyl-3-mercaptopropenale 1 *

Na,S -9H,0 (1.32 g, 0.0055 mol) was dissolved in meth-
anol (50 ml) under an Ar atmosphere. 3-Ferrocenyl-3-chlo-
ropropenale [14] (1 g. 0.0036 mol) was added slowly in
small portions. After 2 h of stirring at room temperature, Ar-
saturated water (50 ml) was added, followed by extraction
with ether (20 ml, three times) . Methylene chloride (30 ml)
was added to the aqueous layer and the solution was acidified
with 1 M aqueous HCI. The mixture was stirred for another
30 min. The dark violet organic layer was separated from the
blue aqueous phase and washed with Ar-saturated water until
neutral.

2.1.2. 1,1'-Bis(3-mercaptopropenale)ferrocene 2 *

Same procedure as for 1, using 0.0084 mol (2.00 g)
Na,S-9H,0 and 0.00276 mol (1 g) 1.1’-bis(3-chloropro-
penale)ferrocene | 13b].

Analytical data of the following compounds are summa-
rized in Table 1.

2.1.3. Transition metal complexes of 3-ferrocenyl-3-mer-
captopropenale widh: zinc(1l) 1a, cobali(1l) 1b, nickel(1l) Ic,
copper(ll) 1d

A solution of the respective metal acetate (0.0018 mol.
0.40 g Zn(ac), 2H,0: 045 g Co(ac), 4H,0; 042 g
Ni(ac), 4H,0:0.36 g Cu(ac) ;- H,0) dissolved in methanol
(50 ml) was slowly added to a vigorously stirred solution of
1 under an Ar aimosphere. After three hours of stirring at
room temperature, the solvent was removed and the air-stable
products were recrystallized from methunol/methylene chlo-
ride (2:1).

Yiclds (calculated for 3-ferrocenyl-3-chloropropenale):
1a: 83% (091 g): 1h: 70% (0.76 g): 1e: 80% (0.86 g): 1d:
87% (0.95 g).

2.1.4. Transition metal complexes of 1,1'-bis(3-mercapto-
propenale)ferrocene with: zinc(1l) 2a, cobalt(11) 2b

A solution of 0.0028 mol of the respective metal acetate
(0,61 g Zn(ac),+2H,0, 0.69 g Co(ac),-2H,0) in 80 ml
methanol was added to 2 following the procedure outlined
above.

Yields (calculated for 1.17-bis(3-chloropropenale)-
ferrocene): 2a: 70% (0.81 g): 2b: 75% (0.86 g).

2.1.5. Schiff bases of 3-ferrocenyl-3-mercaptopropenale 1
with: aniline 3, ethylenediamine 4, di(4-anilino)methane 5
(a) A solution of 0.0036 mol (0.34 g) freshly distilled
aniline or 0.0018 mol of the respective diamine (0.11 g ethy-
lenediamine: 0.36 g di(4-anilino)methane) in 50 ml metha-

21 and 2 are not stable under atmospheric conditions. Solutions of 1and
2 in methylene chloride were used for further reactions without isolation of
the ferrocene derivatives.

! See footnote 2.

nol was added to a methylene chloride solutionof 1 ( obtained
according to Section 2.1.1.) under argon at room tempera-
ture. The colour changed to brown immediately. After one
hour of stirring the product was extracted with methylene
chloride, washed twice with 50 ml 1 M HCl and three times
with 50 ml water. The solvent was removed and the product
was recrystallized from methanol/methylene chloride (3:1).

Yields ( calculated for 3-ferrocenyl-3-chloropropenale): 3:
68% (0.85 g); 4: 60% (0.61 g); 5: 65% (0.83 g).

(b) A solution of 0.0036 mol (0.34 g) freshly distilled
aniline or 0.0018 mol of the respective diamine (0.11 g ethyi-
enediamine; 0.36 g di(4-anilino) methane) in 30 ml ethanol
was added to an ethanol suspension of 0.0018 mol 1a (1.1 g
in 50 mi). The mixture was stirred for 24 h at room temper-
ature. After the addition of 80 ml water, the working up of
(a) resulted in the following yields (calculated for 1a): 3:
89% (1.11 g);4: 85% (0.87 g): 5: 85% (1.1 2).

2.1.6. Dianile of 1,1'-bis(3-mercaptopropenale )ferrocene 6
The procedures (a) and (b) of Scction 2.1.5. can be
employed as well:
(a) using 0.0055 mol (0.51 g) aniline and the methylene
chloride solution of 2 ( obtained according to Section 2.1.2.).
(b) mixing 0.0055 mol (0.51 g) aniline with 0.0028 mol
(1.16 g) 2a in methylene chloride.
Yields of 6: (a) 60% (0.84 2): (b) 78% (1.1 g).

2.1.7. Transition metal chelates of the Schiff buses 3.4, 5. 6
with: zinc(1l) 3a. 4a. 5a, 6a; cobali(1l) 3b and nickel(1l) 3c.
Se

() Substance 3 (0.14 g, 0.0004 mol) ord (0.11 2.0.0002
mol) or § (0.14 g) or 6 (0.10 g) was dissolved in 30 ml
methylene chloride. A solution of 0.0002 mol of the respec-
tive metal acetate (0.044 g Zncac), 2H,00 0.050 g
Cotae), 2H,0: 0.047 g Nicac),-2H,0) in methanol (50
ml) was added. The mixture was allowed to stir for five hours
at room temperature. After removal of the solvent, products
were putitied by recrystallization from methanol/methylene
chloride (1:1).

Yiclds (calculated for the ligands): 3a 75% (0.11 g). 3b
80% (0.12 g). 3¢ 68% (0.10 g). 4a 70% (0.09 g). Sa 77%
(0.12 g). 5¢ 60% (0.09 g). 6a 86% (0.09 g).

(b) Chelates 3a, 3b, 3¢ are also accessible following the
slightly modified procedure (b) of Section 2.1.5.: starting
with 0.0002 mol (0.12 g) 1a. 1b or 1¢ and 0.0004 mol aniline
(0.04 g). the desired coordination compounds can be
obtained following this procedure but omitting treatment with
HCl solution.

Yields (calculated for 1a, 1h, 1¢): 3a 70% (0.11 g). 3b
65% (0.10 ), 3¢ 70% (0.11 g).

2.2, X-ray structure determination of 3¢
A dark-brown plate (0.27 mm X 0.19 mm X 0. 10 mm) of

3¢ was mounted on a Stoe Stadi 4 diffractometer equipped
with a graphite monochromator utilizing Mo Ka radiation
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IR (KBr)
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‘H-NMR (ppm)

CDCH

MES ( “Goed. mmy»
FAB. ov eV

calc./found

C
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(s), 1483(s), 1309(s},

1259(m)

(Cpy). 110.29(CH).
118.08(0Ph), 125.28

75.04(Cp3 4).92.96

6.41/dJ=7.8 H22H.CH).
7.17.7.37(m.10H. Ph).

7.56(m.2H.CHN).

93¢ PaNH.. 100)

290  479¢M-¢H.S). 20,
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14.83(d.J =134 Hz.2H.

NH)

§e2e
§8.07

38.89 388 390
4.22

59.00

> 300

{dizc.

495

(polymer)

Table 2

Crystallographic data for 3¢

Molecular formula C i H;-Fe-N:NiS,
Formula weight 5119
Crystal system orthorhombic
Space group P2.2,.2,

Unit cell dimensions

a(d) 10.161(1)
b(A) 12.739(2)
c(A) 25.302(3)
Volume (A%) 3275.1(7)

Z 4

Density (cale.) (gem™ %) 1.523
Absorption coelficient tmm ') .60l
F(000) 1544

(A=0.71069 A). Details of crystal data are summarized in
Table 2.

A total of 8580 reflections were collected at room temper-
ature (w0 scan method. 20 range 3-55°). Of the unique
7660 reflections, only 2722 were observed (/>20(1)).
Lorentz-polarization corrections and absorption corrections
by psi scans were applied to the intensity data.

The structure was solved by Patterson methods (SHELXS-
86 {15]) and the non-hydrogen atoms were refined aniso-
tropically (SHELXL-93 [16]). In the final cycle of
least-squares refinement 406 variable parameters were
refined on the basis of 7659 reflections. The positions of all
hydrogen atoms were calculated and included with isotropic
temperature factors 1.2 times higher than U, of the parem C
atoms,

The final R values were R, =0,0565 for 2722 observed
reflections and wR, =0, 1 18S for 7659 unique reflections. The
Flack purameter was =0.03(3).

The maximum and minimum difference peaks were 042
and =0.51¢ A % The final atomic coordinates for the non-
hydrogen atoms and selected distunces and angles are given
in Tables 3 and 4, respectively.

Table 3
Atomic coordinates and equivaliat isotropic thermal purameters for 3¢

Atom v v N U (A
Nil 01419 1) 00802 1) 0.9074¢ 1) 0.0333(3)
Fel 05743 1) =0.1653(1) 0.8233¢1) 0.432(4)
Fel =0.0061c 1) 0.470:4( 1) O.8093¢ 1) OALS51(4)
b 0.3191¢2) 0.0546(2) O.8648( 1) O.485(T7)
s2 0.1087¢2) 0.1906(2) Q84060 1) 0.0831(8)
NI 0.2101¢7) 0.0602(5) 0.9762(2) 0.036(2)
N2 = 0.402( 7) 00707¢S) 0.9260(2) 0.039¢2)
Cl 04333(8) - D08V 6) Q9028( 1) 0.037(2)
2 0.4197(8) =0.0224(6) 09558(3)  0.038(2)
3 0.3212(9) (XU RV 09894(3) 00412
C4 0.5518(8) ~0.0433 7 0.8755(3 0.038(2)
(& 0.3938(9) —0.0068¢7) 08245¢4) 00613
C6 0.7180(10) =00543(8) 081314 0.070(3)
Cc? 0.7492(10) =0.1215(9) 085544 0.067(4)
(& 0.6496( 10) -0.1164(7) 0.8929(4) 0.055(3)
(o) 0.3945¢11) ~0.2238(10)  0.8042(6)  0.084(4)

(continued)
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Table 3 (continued)

Atom X ¥ N Uy (A
Clo 0.4697(16) -0.2083(11) 0.7590(5) 0.094(4)
Cll 0.5817¢12) =0.2658(1 0.7614(5) 0.082¢4)
Cl12 0.5807(13) =0.3226(9) 0.8085(5) 0.080(3)
Ci3 04659 14) —=0.2973(9) 0.8356(5) 0.078(4)
Ci4 0.1331(8) 0.0962(7) 1.0199(3) 0.036(2)
Cis 0.1069(8) 0.0367(7) 1.0638(3) 0.042(2)
Clé 0.0284(9) 0.0753(8) 1.1044(3) 0.048(3)
C17 -0.0198¢11) 0.1737(8) 1.1018(4) 0.063(3)
Cl8 Q00611 0.2345(7) 1.0585(4) 0.067(3)
Ci9 0.0826(9) 0.1998(7) 1.0183(3) 0.050¢3)
C —0.0496(8) 0.2422(6) 0.8431(3) 0.039(2)
C21 =0.1463( 10) 0.2097(7) 0.8765(4) 0.054(3)
c2 = 0. 1434(9) 0.1238(6) 0.9102¢3) 0.048(2)
(GeX] -0.0737(8) 0.3261(7) 0.8033(3) 0.038(2)
CM Q.0055(10) 0.3517(7) 0.7592(3) 04 41(2)
€25 -~ 0.0821(Y) 043847 0.7329¢3)  0.047(3)
C26 =0.1647(10) 0.4689(7) 0.7601(3) 0.054(3)
Cc27 —0.1803(8) 0.4009(7) 0.8043(3) 0.050(2)
c28 0.0831(25) 0.4862(14) 0.8808(6) 0148010
C2Y 0.1742(16) 0.5028¢14) 0.8400(9) 0.135(8)
C30 0.1322¢17) 0.5876(13) 0.8102(6) Q.113(5)
C3i 0.0202¢16) 0.6280(8) 0.8333(5) 0.090(4)
Ca2 -0.0078(16) 0.5658(11) 0.8749(5) 0.099(5)
Ci3 - 0.0687(8) ~(0.0207(6) 0.9580(3) 0.030¢2)
Cid - 0.1626(9) =00178(8) 0.9980(3) 0.047¢3)
C3s =0.1897(Y) =0.1078(8) 1.0264(3) 0.050(3)
C36 =012445(1D = 0.2004(8) LOIS4¢4)  0.065(3)
37 =0.0285¢11) =0.243(8) 0.9757¢4) 0.061¢3)
CI =0.00580¢10) =0.140(7) 0.9464(3) 0.044(2)
W= Uy + U+ U3

Tuble 4

Selected distunces (A) and angles () for Je

Nil-S1 2147() Nil-82 2.182(2)
Nil-NI L2 Nil=N2 19257
S1=Cl L711(8) §2-C20 171
N1=C3 (RIKIN[H] N2-C22 1.310010)
NI=Cl4 1.429¢9) N2-C33 L449(9)
-2 1.389¢10) C20-C21 L3001
C1-C4 L4560 1) C0-('23 1489011
€23 1.394(10) Cc21-C2 13881 )
Fel-C,, (mean) 200 Fe2-C,,, tmean) 2028
Cp=C,p tmean) 1401

S1-Nil-N1 96.4(2) 32-Nil-N2 90.0(2)
Nil-S1-C1 12.7(3) Nil-§2-C20 110.8(3)
Nil-N1.-C3 120.2(0) Nil-N2-C22 120.000)
Nil-NI-"14 116.2(5) Nil-N2-C33 115.600)
Ca-NI-Cl4 16T C22-N2-C33 115.2(7)
S1-Cl1-C2 123.01¢7) $2-C20-C21 125.0(7)
C1-C2-C3 129.1(8) C0-C21-C22 127.3¢10)
N1-C3-C2 127.8(8) N2-22-C2I 127.7(9)

2.3. Cvclic voltammetry

Cyclic voltammetry was performed using a conventional
three-electrode system. The working electrode was a glassy

carbon disc (Metrohm, number: 6.1204.000. J=3 mm).
polished with an Al,O; suspension prior to every experiment.
The counter electrode was a platinium disc (Sensortechnik.
Meinsberg, Germany). A double-junction Ag/AgCl elec-
trode was used as reference (Metrohm. number:
6.0726.110). The inner chamber was filled with a saturated
solution of LiCl in ethanol and the outer chamber contained
a0.1 M Bu,NCIO, (TBAPC) solution in methylene chloride.
Methylene chloride was of p.a. grade and saturated with nitro-
gen. The concentration of supporting electrolyte TBAPC was
0.1 M. The concentration of compounds investigated was
I mM.

The estimated error of the measured voltage is about 0.01
V. All data represent the average of three measurements.

Voltammograms were recorded with the electrochemical
interface (SI 1280, Solartron-Schlumberger) under applica-
tion of the software CORRWARE ( Scribner, Charlottesville.
VA).

3. Results and discussion
3.1. Svnthesis

Starting with 3-ferrocene-substituted 3-chloropropenales.
the air-sensitive title compounds are obtained by nucleophilic
substitution of chlorine by sulphur using NaS ™~ and subse-
quent acidic work-up.

On the one hand they are stabilized by transition metal ions
(Zn*'. Co* " Ni* ', Cu® ") yielding neutral 2:1 O-, S- che-
lates. As indicated by all IR und NMR spectra of 1a and ¢
(Table 1), coordination onto the carbonyl oxygen is more
pronounced in the Ni- and Co- chelates. For example, the 44
ppm shift difference between the aldehyde ' 'C-NMR signals
of 1a and 1¢ shows much stronger metal-oxygen bonding in
the nickel chelate.

1.1'-Bis( 3-mercaptopropenale ) ferrocene 2 does not show
any tendency to form polymer complexes withZn* * orCo* '

The coordination compounds la-d and 2a=b are appro-
priate storage forms of 1 and 2 because the metal is easily
removed by treatment with acid. Furthermore. reactions at
the coordinated ligands are possible. Addition of primary
amines gives the respective Schift bases 3--6 (acidic work-
up) or their transition metal chelates (neutral work-up) in
high yields.

On the other hand, direct reaction of 1 and 2 with amines
results in the air-stable Schiff bases 3-6 as well. The analyt-
ical data give evidence that the compounds occur in the NH-
tautomeric form like enamine thioketones. This can be
deduced from the low-field-shifted 'H-NMR doublet of the
NH proton. Nevertheless, yields are lower than whenemploy-
ing chelates 1a or 2a. Obviously. the free thioketo group of
1 and 2 is also partially attacked by amine.

Compounds 3-6 yield S- and N- coordinated bis-chelutes
with Zn**. Co** and Ni**. This could be proved by X-ray
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structure investigation of the nickel chelate 3e. Scheme |
summarizes the reaction puthways,

As revealed by FAB-MS, the bridged Schift bases dand §
exhibit different coordination behaviour. The flexible ethyl-
ene bridge allows the formation of a ligand:metal = 1:1 Zn-
chelate 4a while §, with its more rigid bridge, gives 2:2 Zn-
and Ni-compounds Sa, Sc (Fig. 1).

Reaction of the dianile 6 with zinc acetate only results in
the respective polymer 6a.

3.2, X-ray structure of 3¢

The molecular structure of 3¢ is shown in Fig. 2. The com-
plex molecule is a bis-chelate with a tetrahedrally distorted
square-planar coordination of the § and N atvias. The
coordination angle between the planes Nil/S1/N1 and Nil/
S2/N2 is 33.9(2)°. The arrangement of the ligator atoms is
cis with an interligand S-S distance of 2.842(3) A.
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Fig. 1. Different coordination behaviour of chelates 4a and Sa/Sc.

Fig. 2. Molecular structure of 3e.

All bond lengths in the chelate rings are between single
and double bonds. This result suggests a ww-clectron delocal-
i2ation in the chelute rings.

The substituted cyclopentadieny! rings of the ferrocene
units form angles with the chelate rings of 18 and 16°. The
cyclopentadieny] rings are parallel in both units and deviate
from an eclipsed conformation by 17.1 and 7.5°, The phenyl
rings are nearly parallel with o dihedral angle between the
ring planes of 14°, They form angles with the attached chelate
rings of 46 and 43°.

3.3, Cyclic vollammetric studies

Cyclic voltammetry within the potential range 0 to + 1.2
V of chelates la-d and 2a-b reveals one quasi-reversible
redox couple. assigned to Fe(11)/Fe(1l1): a ferrocene~fer-
rocene interaction can therefore be excluded. Repeated poten-
tial cycling results in increasing currents, indicating
compound deposition on the electrode surface.

Cyclic voltammograms (CVs) of 3. 4, 5 and of their che-
lates are more complex, Fig. 3 displays the CV of 5 as a
representative example. The ferrocene-centred oxidation (A)
at a potential of about 0.6 V is followed by a redox process
(B) at about 0.8-0.9 V. It is amine dependent and also occurs
at ferrocene-free enamine beta-thioketones, as comparative

measurements on Schiff bases of 3-mercapto-3-(4-methoxy-
phenyl) propenale with various substituted anilines revealed.
and should therefore be attributed to the enamine function.
Redox process (B) is shifted anodically by 50-60 mV upon
coordination. In the free ligands 3-§ oxidation (A) is irre-
versible. Coordination reveals a corresponding reduction.
CVs of 6 and 6a do not show a separation of processes (A)
and (B). Therefore. no data could be obtained for these
compounds.

The data of ferrocenc-centred redox processes are pre-
sented in Tabie 5.

As expected. substitution of chlorine by sulphur in the 3-
ferrocene-substituted 3-chloropropenales leads to a less
emphasized anodic shift of the Fe(11) /Fe(1l redox couple
of 1a-d. 2a-b compared with ferrocene as internal standard.
The magnitude. however, is comparable and indicates a
strong electron-withdrawing effect from the side chains
[ 1.9¢]. The shifts are only slightly metal dependent.

The ferrocene fragments of Schiff bases 3-8 and their
chelates seem to possess a distinet higher electron density
which does not differ too much from that of unsubstituted
ferrocene. Obviously, a change of amine has a more distinet
effect thun coordination of a transition metal ion, The lack of
coplanarity of cyclopentadienyl ring and six-membered metal

026

1[A"107]
=3
e

-025

00 05 10

EV]
Fig. 3. CV of Sa. 1 mM in methylene ¢hloride. 0.1 M TBAPC, scan rate:
omvs .
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CV data. Potentials are reterred to Ag/AgCl. Compounds: | mM in methylene chloride, 0.1 M TBAPC. Sweep rate: 10mV s~
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'”“"d Eux En-d Eux—En‘d EI/Z EI/:‘EIIQ(FC)
com (V) (V) (mV) V) (mV)
ferrocene 0.58 051 70 0.54 0
J-ferrocenyt-3-chloro-propenale 0.82 0.65 170 0.73 190
1.1°-bis( 3-chloro-propenale )-ferrocene 1.06 096 93 1.01 470
In 0.75 0.6 1o 0.70 160
1) 0.70 0.64 60 0.67 130
ic 0.7 0.66 50 0.68 140
id 0.77 0.63 140 0.70 160
2a 1.00 0.81 190 090 360
2b 0.92 0.81 1o 087 330
3 0.63 S0
k] 0.63 0.53 106 0.58 40
3 0.66 0.55 m 0.60 60
3¢ 0.67 0.54 130 0.60 60
4 0.51 -70*
d 0.55 0.50 50 052 -20
8 0.60 20
Sa 0,63 0.54 90 059 50
L 0.61 0.53 80 0.57 30

*E.=E.(F¢).

cycle might be one reason for the insensitiveness of the fer-
rocene moiety towards metal ions. In contrast, N,N-disubsti-
tuted N’'-ferrocenoyl thioureas show an emphasized redox
shift upon complexation [ 11]. In the latter case the substi-
wited cyclopentadienyl rings are somewhat less distorted and
the coordination geometry is nearly planar | 10a], allowing
conjugation between the two six-membered chelate rings.

4. Supplementary material

Further details of the crystal structure investigation are
availuble on request from Fachinformationszentrum Karls-
fuhe, D-76344 Eggenstein-Leopoldhaten, Germany, on quot-
ing the depository number CSD-407297.
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