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Abstract 

Nucleophilic substitution of chlorine by sulphur in 3-fcrrocenyl-3-chloropropenale and I. I'-bis(3-chloropropenale)ferrocene yields the 
air-sensitive 34errocenyl-3-mercaptopropenale and the I. ! '-b/s(3-mercaptopropenale) ferrocene, respectively. These compounds tbrm stable 
neutral chelates with zinc(Ii), nickel(!!), cobalt(I!) and copper(il). Their Schiff bases with aniline or primary d/amines, obtained by direct 
reaction of the free 3-fenocene-substitut~ 3-mercaptopropenales or by reaction with their transition metal chelates, are excellent ligands lbr 
eh.~m~n,rich transition metals. The X-ray structure determination of b/s(B-fem~enyl-p-mercapto-N-phenyl-vinylaldiminato) nickel( !! ) indi- 
cates S.O ct~rdination and cis arrangement of the ligands. The c~a)rdination sphere is distorted tetrahedrally. Cyclic voltammetry reveals only 
a slight influence of the bound transition metal on the elect~m density within the l'em~cene subunit. © 1998 Elsevier Science S.A. 

Keyword, s'; Fcm~ccn¢ complexes: Schiff ha~ complexes; Crystal structures: Trinuclear complexes 

I, Introduction 

Coordination cotnpounds of transition metal ions contain° 
ing the redoxoactive t'em~cene moiety have been investigated 
intensively in recent yea~ I I I, 

In this context ellbns are aimed towards the synthesis of 
molecules that allow interactions between the t'¢rrocene iron 
and additional metal ions bound at side chains of the cyclo- 
pentadienyl rings, Therefore, close proximity ot'the two metal 
ions { 2 ~  I and/or a conjugated pathway between the metals 
[ 5~71 is desired, 

The~ requirements are met by i'e~ene-substituted 1,3- 
bischalcogenates I f errocene-CX-Y-Cg-R with X, Z ~ O, S, 
(Se): Y - CH:,  NH l, 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 early work by Weinmayr 181 and Wolf, 
Hennig and coworkers [ 9 ] on ferrocenoyl acetone ( X, Z ~ O: 
Y ~ CH~), there are no publications relating It this class of 
compounds, 

We extended the idea of ferrocene-substituted 1,3-bis- 
chalcosenales to the coordinatively rich N,N-disubstituted 

* C~sp tmd ing  (luthot. T~I,: +4~) 341 g?3 ~161, Fax: +49 341 t~0 
4¢~X), 

~ Dedicated to Pr~l~,s,,~w Horst Hennig on the ~casion o1" his ~)th 
birthday, 

0 [ )~.  IfC~M~/$19,00 ~:~ 1~8 El,~vier S~iewce S,A, All rights a:,~rved. 
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N'ofem~cenoyl lhioureas ( X ~ O: Y ~ NH: Z ~ S: R ~ NR,) 
1101, Cyclic voltamnletric studies revealed a distinct change 
in electron density upon complexalion i I I J, 

Another approach to fem~cenyl-substituted ligands is 
given by 3-fem~enyl-3-mercaptopropenale and/Is respec. 
live I,I °-disubstituted ferrocene derivative, which is pre. 
seated in this study (tautomeric form of X ~= S: Y =~ CH~; 
Z=O: R = H). Compared with the N,N-disubstituted N'- 
acylthioureas mentioned above, ~-mereaptovinylaldehydes 
are excellent ligands I'or electron-rich transition metal ions. 
In addition, they allow further modifications by reactions with 
primary amines [ 12]. Starting with 3-ferrocenyl-substituted 
3-chloropropenale (a widely used precursor tbr ferrocenyl. 
alkines I 131 ), a variety of ligand systems and their chelates 
can be obtained. 

2. Experimental 

All chemicals and solvents were dried and purilied by the 
usual mcth~gls, Melting points are corrected and were meas- 
ured using a Bo~tius melting-point apparatus. Mass spectra 
were recorded on a Masslab VG 12-25G device. IR spectra 
were measured with a Specord M80 by Carl Zeiss.lena ( KBr- 
pellets). NMR spectra (CDCh) were recorded on a Varian 
Gemini ( 200 MHz) spectrometer with tetramelhylsilane as 
internal standard. 
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2. !. Preparation of the ctu.',pounds 

2. !. !. 3-Ferrocenyl-3-nwrcaptolm~penah" I 2 
Na2S. 9H20 ( !.32 g, 0.0055 mol ) was dissolved in meth- 

anol (50 ml) under an Ar atmosphere. 3-Ferrocenyl-3-chlo- 
ropropenale [ 14] ( ! g, 0.0036 mol) was added slowly in 
small portions. After 2 h of stirring at room temperature:, At- 
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 I M aqueous Hel. The mixture was stirred for another 
30 min. The dark violet organic layer was separated from the 
blue aqueous phase and washed with At-saturated water until 
neutral. 

2.1.2. I, I '.Bis( 3.nwrcalm~ln'openale lferrocene 2 ~ 
Same procedure as for 1, using 0.0084 mol (2.00 g) 

NazS.9H20 and 0.00276 mol (I g) I.l'-bis(3-chloropro- 
penale) ferrocene [ 13b I. 

Analytical data of the lbilowing compounds are summa- 
rized in Table I. 

2.1.3. Transition metal comph, xes ql" 3:li, rrocenyl-3-mer- 
calm~lm~penah , with: zinc(ill la. cobalt(HI lb. nickel(H) i t .  
rwpl~et~ H) Id 

A solution o1" the respective metal acetate (0.0018 reel. 
0.40 g Zn(ac) , .2H. ,O; 0.45 g Co(ac).,.4H.~O; 0.42 g 
Ni( ac ).,. 4H,O; 0.36 g Cu ( ac ) .,. H20 ) dissolved in methanol 
(50 ml ) was slowly added to a vigorously stirred solution of 
I under an Ar atmosphere. After three hours of stirring at 
room temperature, the solvent was removed and the air-stable 
products were recrystallized 1i'om methanol/methylene chlo- 
ride (2:11. 

Yields Ccalculated for 3ol'errocenyl-3-chloropropenale): 
la: 8 3 ~  (0.91 g); Ib: 70r;~, (0.76 g): Ic: 80¢~ (().86 g); Id: 
87% (0.95 g). 

2.1,4, Transithm mead complexes of I, I'.bist3.mercapto- 
propenah, gi, rrocene with: zinc( ll ) 2a. cobaltt H ) 2b 

A solution of 0.0028 mol of the respective metal acetate 
(0.61 g Zn(ac)a.2H.,O, 0.69 g CoCac),.2H.,O) in 80 ml 
methanol was added to 2 lbllowing the procedure outlined 
above. 

Yields (calculated for I,l '-bis(3-chloropropenale)- 
l'ermcene ): 2a: 70% ( 0.81 g): 2b: 75ch C 0.86 g ). 

2. !.5. Sch~l]' bases of 3.I'errocenyl.3-mercaptopropemde I 
with: aniline 3, ethylenediamine 4. di( 4.anilino )methane 5 

Ca) A solution of 0.0036 reel (0.34 g) fleshly distilled 
aniline or 0.0018 mol of the respective diamine (0. I I g ethy- 
lenediamine: 0.36 g di(4-anilino)methane) in 50 ml metha- 

nol was added to a methylene chloride solution of I ~ obtained 
according to Section 2. I. I. ) under argon at room tempera- 
ture. The colour changed to brown immediately. Alter one 
hour of stirring the product was extracted with methylene 
chloride, washed twice with 50 mi I M HCi 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 ethyl- 
enediamine; 0.36 g di (4-aniline) methane) in 30 ml ethanol 
was added to an ethanol suspension of 0.0018 reel la  C i. ! g 
in 50 ml). The mixture was stirred for 24 h at room temper- 
ature. After the addition of 80 ml water, the working up of 
Ca) resulted in the following yields (calculated for la) :  3: 
89~ ( !. I I g); 4: 85% (0.87 g): 5: 85% ( !. I g ). 

2.1.6. Dianile of I, I'-bis( 3-mercalnolmq~en,de Iferrocene 6 
The procedures Ca) and C b) of Section 2.1.5. can be 

employed as well: 
(a) using 0.0055 reel C 0.51 g) aniline and the methylene 

chloride solution of 2 ( obtained according to Section 2. 1.2. ), 
(b) mixing 0.0055 reel (0.51 g) aniline with 0.0028 mol 

( I. 16 g) 2a in methylene chloride. 
Yields of 6: (a) 60oh C 0.84 g ): C b ) 78c'/~ ( I. I g ). 

2. I. Z l)'ansition meud chelates of the Sch~lfbases 3, 4, 5, 6 
with: zin,'(ll) 3a, 4a, 5a, 6a: cobalr(ll! 3h and nickel(lit 3e, 
.'¢e 

C a ) Substance 3 ( 0,14 g, 0,0004 reel ) or 4 ( 0, I I g. 0,0002 
reel) or $ (0.14 g) or 6 (0.10 g) was dissolved in 30 ml 
methylene chloride. A solution of' 0.0002 nlol of tile respeco 
tire metal acetate (0.044 g ZnCac):.2H:O; 0.050 g 
Cot ac ) 2' 2H:O: 0.047 g NiC ac )2.21t20) in methanol 151) 
ml) was added. The mixture was allowed to stir tot live hours 
at room temperature. Alter removal of the solvent, products 
were purilied by recrystallization from methanol/methylene 
chloride ( I:1 ). 

Yields (calculated for the ligands): 3a 75c,~ (0. I i g).  3b 
80% (0.12 g), 3c 68% (0.10 g), 4a 70t'h C0.09 g). $a 77r~ 
( 0.12 g), 5e 60% (0.09 g), 6a 86~ ( 0.09 g ). 

(b) Chelates 3a, 3b, 3e are also ,accessible tbilowing the 
slightly modified procedure (b) o1" Section 2.1.5.: starting 
with 0.0002 reel (0.12 g) la, Ib or It: :rod 0.0004 nloi ,,miline 
C0.04 g), the desired coordination compounds can be 
obtained following this procedure but omitting treatment with 

HCI solution. 
Yields Ccalculated for la, lb, Ic): 3a 7()c,~ (0.11 g). 3b 

65¢,~ C0.10 g), 3e 70% (0.11 g). 

2.2. X-ray structure deterntination o/'3e 

" I and 2 are not stable under atinospheric conditions. Solutions of I :rod 
2 ill methylel|e chloride were used for further reactions without isolation of 

the ferrocene derivatives. 
See Ibotnote 2. 

A dark-brown plate C0.27 mm x0.19 nlm x0.10 ram) of 
3c was mounted on a Stoe Stadi 4 dift'ractometer equipped 
with a graphite monochromator utilizing Me Ku radiation 
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Table 2 
Crystallographic data Ior 3c 

Molecular fonnula C~.H ~.Fe~N:NiS2 
Formula weight 75 I. 19 
Crystal system on~horhombi¢ 
Space group P2,2,2~ 
Unit cell dimensions 
a (A)  10.161 ( I ) 
b (A)  12.739(2) 
(- (.,~) 25.302(3) 
Volume ( A ~) 3275. I ( 7 ) 
Z 4 
Density (calc.) ( g cm ~ ) 1.523 
Ahsorplion coeflicient ( mm ~ ) 1,60 I 
F(O(X)) 1544 

( h = 0.71069 5,). Details of crystal data are summarized in 
Table 2. 

A total of 8580 reflections were collected at room temper- 
ature (to-O scan method, 20 range 3-55°). Of the unique 
7660 reflections, only 2722 were observed ( />2o ' ( ! ) ) .  
Lorentz-polarization corrections and absorption corrections 
by psi scans were applied to the intensity data. 

The structure was solved by Patterson methods ( SHELXS- 
86 [ 151 ) and the non-hydrogen atoms were refined anise- 
tropically (SHELXL-93 [161). In the final cycle of 
least-~uares 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,.q of the parent C 
atoms. 

The Iinal R values were RI ~0.0565 I'or 2722 observed 
retlections and wry, ~ O, I 18~ Ibr 7 6 ~  unique relleclions, The 
Flack parameter was ~ 0.03(3). 

The maximum and minimun~ difference peaks were 0,42 
and = ().51 e A ~. The lin,l atomic coordinates t'or the non- 
hydrogen atoms and selected distances and angles are given 
in Tables 3 and 4, respectively. 

Table 3 
Alomic c~rd inales a .d  equival,:nl isolropi¢ thermal paramele~ Ibr .~' 

Atom ,~ v ~ U,.,, ( A ~ ) " 

Nil 
F~I 
Fe2 
SI 

$2 
NI 

N2 
CI 
C2 
C3 
C4 
C~ 

C7 
C8 
C9 

O,141L)( I )  
(),574311 ) 

= O,(XX~ I ~ I ) 
(l,3191q 2) 
(k 1().~7~ 2 ) 
0,21(11~ 7) 

- (l.04112~ 7 ) 
O,4.kkt~ ~ ) 
0,4197~ 8) 
0,321~q 9) 
0.5518~ 8~ 
0,~9.%h 9 J 
().7180q I0)  
(L74~)2~ I0)  
0,6496q I01 

0,3945q II ) 

( l , (~ )2 !  I ) () ,9074( I I 0.0,'~33(3) 
~ 0,16,%( I ) 0.8233( I l 0.1)432(4) 

(k4?(dl  I ) (),8()~,~( J ) 0.04~ J ( 4 ) 
().0~46( 2 ) 0.8648( I ) ().(M~.~( 7 ) 
(),1~(16( 2 t II,84011( I I ().()~31( 81 
tlJ)6(l~t ~ t 11,~7l~.~1 ~ I (I.().~612 I 
Ikn?llT( ~ ) 11.926(1121 11.03912 I 

- It,IM)8~I f l t  0.9(t28t 3 t 11.03712 i 
(t,(t~4((~) (l.q5.~8( 3 ) (l.(138( 2 ) 
0,0147( ? ) 0.9894( 3 ) 0°041 ( 2 ) 

- 0.043317 ) (IL8755~ ~ ~ 0.038( 2 ) 
~ O.(X)h.~i ? ) 0 .8245(4)  0.061(3) 
-0. ( )54318) 0 .8131(4 |  0,070(3) 
~0 .1215(9)  (I 8.~5414) 0,007(4) 
- 0 . 1 1 6 4 ( 7 )  ().8929(4) 0.055(3) 
- U,2238( I0 J 0.8042( 6 ) 0.084l 4 ) 

(t'Ol|lillllt~d) 
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Table 3 (( 'ontimwd) 

Atom a v - U,., a ( A" ) ~ 

CIO 
C i l  
CI2 
CI3 
C i 4  
CI5 
CI6  
CI7 
CI8  
CI9  
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 
C31 
C32 
C33 
C34 
C35 
C36 
C37 
C38 

0.4697(16) 
0.5817( 12 ) 
0.5807113 ) 
0 .4659(  14 ) 
0 .1331(81  
O, I O 6 9 ( 8 )  
0.0284(  9 ) 

- 0 . 0 1 9 8 (  I I ) 
O,(X~ I ( I I ) 
0 .0826(  9 ) 

- 0 . (M96(  8 ) 
- O . 1 4 6 3 ( I 0 )  
-0 .1434(91  
- 0.0737( 8 ) 

0.(X)55(10) 
-0 .0521 (9)  
- 0 . 1 6 4 7 ( I O )  
- 0 . 1 8 0 3 ( 8 )  

0.0831. ( 25 ) 
0.1742q 16) 
0.1322( 171 
0.0202( 16 ) 

-0 . (X)78(16)  
- 1).0687( 8 ) 
- ( ) .1626 ,  91 
-0 .1897  9) 
- 0 , 1 2 4 5  I I1  
- ( 1 , 0 2 8 5  II 1 
-0.(H150, 101 

-0 .2083(  I I ) 
- 0.2()58( I I ) 
- 0.3226( 9 ) 
-0 .2973(  9 ) 

0.0962 ( 7 ) 
0.0367( 7 ) 
0.0753 ( 8 ) 
0.1737(8) 
0.2345( 7 ) 
0.1998 ( 7 ) 
0.2422( 6 ) 
0.2097( 7 ) 
1). 1238( 6 ) 
0.3261 7) 
0.35171 7 ) 
0.4384f 7 ) 
0.4689( 7 ) 
0.40091 7 ) 
0.4862( 14 ) 
0.5()28q 14 ) 
0,5876( 13 ) 
().6280( 8 ) 
0.5658( II ) 

- 0.0207(6) 
= (1.0178( 8 ) 
- O. 1078( 8 ) 
- 0.2(X)4( 8 ) 
= 0.2043(8) 
=0.1140(7)  

0.759015 ) 
0.7614( 5 ) 
0.8085( 5 ) 
0.835615 ) 
1.0199(3) 
1.0638( 3 ) 
I .!04413) 
1.1018141 
1.0585 ( 41 
1.0183(31 
(I.8431 ( 3 ) 
0 .8765(4 )  
0.9102(3) 
0.8033( 3 ) 
(1.7592( 3 ) 
0.7329( 3 ) 
o.76oi ( 3 ) 
0.8(M3( 3 ) 
0.8808( 6 ) 
0.8400( 9 ) 
o.81()2(6) 
0.8333( 5 ) 
().87491 5 ) 
0.9580( 3 ) 
0.9980( 3 ) 
I.(12t)4, 3 ) 
1 ,0154 (4 )  
0.9757, 4 ) 
().9464q 3 ) 

0.09414 ) 
0.082( 4 ) 
0.080( 3 ) 
0.078( 4 ) 
0.036( 2 ) 
0.042 ( 2 ) 
0.048 ( 31 
O.O63 ( 3 ) 
0.O67 ( 3 ) 
O.O50( 3 ) 
0.039( 2 ) 
0.054( 3 ) 
().048( 2 ) 
0.038( 2 ) 
(1., +1(2)  
0.047( 3 ) 
0.054( 3 ) 
0.050( 2 ) 
0 .148( IO)  
0.135(8) 
0.113(51 
0.090( 4 ) 
0.099( 5 ) 
0.030(  2 ) 
0 .047(  3 ) 
0.050( 3 ) 
0.065( 3 ) 
0.061 ( 3 ) 
0.044( 2 ) 

" U,,q ~ ( U t ,  + U::  + U ~ ) / 3 .  

Table 4 
Selected di~tatlee~ ( A ) and aagle.~ ( '1 for .tO 

N i I - S I  2,147(31 Ni l -S2  
NiI.~NI 1,;)12171 Ni l -N2  
S l = f l  1,711181 $2=C20 
NI=C3 1.313( I ( 1 1  N21C22 
NI=CI4  1.429(91 N2-C33 
C1=C2 1,359(IO) C21)-C2 I 
C1=C4 1.450(I(I) f20=C23 
C2-C3 1.394(10) C21-C22 
Fe I ={ ' , .  ( mean ) 2,034 Fe2-C, ,  ( mean ) 

(?,t,=C,.p I illeatl I 1.4(11 

S I = N i I = N I  96,412)  ~,;2-Ni I -N2  
N i I = S I = C I  112 .7 (3 )  Ni  I - $ 2 = C 2 ( 1  
Ni I=NI . -C3 129,2(6) N i I -N2-C22  
Ni I=N I= ,? I4  116.215) N i I - N 2 - C 3 3  
C'3-NI=C 14 114,6(7) { ' 22 -N2-C33  
S I =C I -C2 123. I ( 7 ) $2-C2()=(2  I 
C I -C2=C3 129, I ( 8 ) C20=C2 I=C22 
N I - C 3 - C 2  127,8(81 N2-C22=C21 

2,152(2) 
,92,~ ( ? ) 
,711(9) 
,31()(10) 
.449( 9 ) 
,360( I I  ) 
,489( I I  ) 
.388( I I ) 

2.028 

96,0( 2 ) 
110.8( 3 ) 
129,11( 6 ) 
115,6(61 
115,2(71 
125,017 ) 
127,3(I()) 
127,7(91 

2.3. Cyclic voltammetry 

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

carbon disc (Metrohm, number: 6.1204.000, O = 3 mmt, 
polished with an AI_,O~ suspension prior to every experiment. 
The counter electrode was a platinium disc ( Sensortechnik, 
Meinsberg, Germany). A double-junction Ag/AgCI elec- 
trode was used as reference (Metrohm, number: 
6.0726. i 10). The inner chamber was filled with a saturated 
solution of LiC! in ethanol and the outer chamber contained 
a O. I M Bu4NCIO4 (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. I M. The concentration of compounds investigated was 
I mM. 

The estimated error of the measured voltage is about 0.0 I 
V. All data represent the average of three measurements. 

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

3. Results and discussion 

3. I. Synthesis 

Starting with 3-fem)cene-substituted 3-chloropropenales, 
the air-sensitive title compounds are obtained by nucleophilic 
substitution of chlorine by sulphur using N a S  and subse- 
quent acidic work-up. 

On the one hand they are stabilized by transition inet,d ions 
( Zn-' ', Co "~ ~, Ni a ', Cu-' °~ ) yielding neutral 2:1 O-, S- the° 
hLtes. As indicated by all IR and NMR spectra of la and Ic 
(Table I), coordination onto the carbonyl oxygen is more 
pronounced in the Ni= and Co= chelates. For example, the 44 
ppm shil't ditTerence between the aldehyde ~ ~C-NMR signals 
o1" la and le shows much stronger inetal~)xygen bonding in 
the nickel chelate. 

I, I '.Bis( 3.mel'captopropenale ) t'errocene 2 does not show 
any tendency It) Ibrm polymer complexes with Zn °'* orCo: ' .  

The coordination connpounds la.~! and 2a=b are appro- 
priate storage forms of I and 2 because the metal is easily 
removed by treatment with acid. Furthermore, reactious at 
the coordinated ligands are possible. Addition of primary 
aluines gives the respective Schiff bases 3--6 t acidic work- 
up) or their transition metal chelates (neutral work-up) in 
high yields. 

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

Compounds 3-6 yield S- and N- coordinated bis-chelates 
with Zn" *, Co-" + and Ni" +, This could be proved by X-ray 
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structure investigation of the nickel chelate 3¢. Scheme I 
summarizes tim reaction pathways, 

As revealed by FAB-MS, the bridged $chiff ba~s 4 and $ 
exhibit dil'fe~nt c ~ i n a d o n  behaviour. The flexible ethyl- 
ene bridge allows the formation el' a ligand:metal ~ I: I Zu- 
c~lale  4a while $, with its more rigid bridge, gives 2:2 Zn, 
and Ni,~'ompounds ~1, ~ ( Fig, I ), 

Reaction of the dianile 6 with zinc acetate only results in 
the ~ s ~ l i v e  polymer 6a, 

3,2, X-ray ,~mwmre ,,I'3c 

The molecular structure of 3¢ is shown in Fig. 2. The com- 
plex molecule is a hisochelate with a teirahcdrally distorted 
square-planar coordination of the S and N ak,~s. The 
coordination angle between the planes Ni l /S  I/N I and Ni I / 
$2/N2 is 33 .9(2)°  The arrangement of the ligator atoms is 
cis with an inter!!gand $-S distance of 2.842(3) A. 
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Fig. I. Different coordination behaviour of chelates 4a and 5a15c. 

C23-C27C~ ! 
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c28 - C32 o . ~  

q 

C1 C3 
cg-c13 
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I D  

Cc33 -C38 

14- C19 

Fig. 2, Millecullu' ,,,Irut,,'lurc of 31,', 

All bond lengths in the chehite rings are between single 
and double bonds. This result sullgests a 'iroelectron delocalo 
igaliOll in the chelate rings. 

The substituted cyclorit~nliidiolyl I'ing,,,i of tile I'errocene 
units I'ornl anglt,,,i with the chehiie rings ot' 18 and Iff". The 
cychlpt~nladienyl rings lil'~ piil'lillel in both units and deviate 
I'rom all eclipsed coill'ornlation by I 7. I liud 7.5 °. The phenyl 
rings til'~ nearly parallel with a dihedral angle belween the 
r in l  planes ol' 14 °, They fornl angles with file attached chehiie 
rinLzs of 4{i and 43 °. 

3.3. Cyclic voltammetric st.dies 

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

Cyclic voitammogranis ( CVs ) of 3, 4, 5 and of their che- 
lates are nlore con!plex. Fig. 3 displays tile (?V ol' ,,.gill Its It 
representative example. The fern)cene-centred oxid:ltion ( A ) 
at a potential of about 0.6 V is Ibllowed by :i redox process 
( B ) :it about 0.8-0.9 V. It is anfine dependent and also occurs 
at ferrocene-free enamine beta-thioketones, as conlparative 

measurements on Schiff barns 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 tree ligands 3-5 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). Therelbre. no data could be obtained tor these 
compounds. 

The data of ferrocene-centred redox processes are pre- 
.~ented in Table 5. 

As expected, substitution of chlorine by sulphur in the 3- 
ferrocene-substituted 3-chiompropenales leads to a less 
emphasized anodic shift of the Fe( !1 )/Fe( !!1 ) redox couple 
o f  la -d ,  2a-b  compared with ferrocene as internal standard. 
The magnitude, however, is comparable and indicates a 
strong electron-withdrawillg effect from the side chains 
I I,gel. The sllil'ts are only slightly metal dependt:nt. 

Tile f~rl'OCellC I'ragnlents of SchitT bases 3=5 and their 
chelates seem to possess a distinct higher electron density 
which does not differ too much from that 01' u;isubstituled 
f¢rroeelle, Obviously, a cllillll~e l)|' arnitle has il Illore distinct 
effect than coordination of a trailsitiotl metal ion. The hwk of 
coplanarity of cyclopentadienyl ring and Sixomembered melal 

025 . . . . . . . . . . . . . . . . . . . . . .  = / - .  . . . . . . .  : / j  
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T~lc 5 
CV data. Pmenlials are r~l~:rn,'d Io Ag/AgCI.  Compounds: I mM in n~lhylene chloride, 0, I M TBAPC,  Sweep rate: 10 mV s - 

Compound E.,,, E~-~ E,,, - E,,~ E~/. E~ ,:. - E~,~(Fc ) 
(V) (V) (mV1 (V) (mV) 

t'erroccne 0.58 0.51 70 0,54 0 
3-l~T~'enyl- 3 -c hkvo-pmp¢ nale 0.82 0,65 170 0,73 190 
I. I '-bisl 3-chloro-wopcnale )-t~"rroccnc 1.06 0.96 93 i.O I 470 
la  0.75 0.64 ! I0 0.70 160 
Ib  0.70 0.64 60 0,67 130 
I¢ 0.71 0.66 50 0.68 140 
Id 0.77 0.63 140 0,70 160 
~a i.(R) 0,81 190 0.90 360 
2b 0.92 0.8 ! I IO 0.87 330 
3 0.63 50 '~ 
,~ 0.63 0.53 106 0.58 40 
3b 0.66 0.55 I I I 0.60 61t 
3¢ 0.67 0.54 130 O,60 611 
4 0.51 - 70 ~ 
411 0,55 0.50 50 0.52 - 20 
$ 0.6O 20 ~ 
$tl 11.6.t 0.54 90 0.59 50 

0,61 0,53 80 0.57 311 

E,,, = E,.,I Fc). 

cycle might he one reason for the in~nsitiveness of the fer- 
rocene moiety towards metal ions. in contrasL N,N.disubsti- 
luted N'=ferrocenoyl thioure~s show an emphasized redox 
shill upon complexadon [ i I 1. In the latter ca.~ lhe substi= 
tu~d cyclopentadienyl rings are somewhat less distorted and 
the coordination geometry is nearly planar [ 10a], allowing 
conjugation between the two six-memhered chelate rings, 

4, Supplementary material 

Further details of the cry~tal structure tnvestig~lion are 
available on request I'mm Fachinfom~ationszemrun~ Karlso 
ruhe, I)=76344 Eggcnstein=Leopoidhat'en, Germany, on quof 
ing the depository number CSD~407297. 
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