
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

BINUCLEAR COMPLEXES CONTAINING THIOSEMICARBAZONE
LIGANDS. η3-ALLYL DICARBONYL COMPLEXES WITH ATTACHED
FERROCENE-CARBALDEHYDETFFLOSEMICARBAZONE LIGANDS
Atanas K. Tomova; Kurti S. Kurteva; Michel J. M. Campbellb

a Department of Organic Synthesis, Higher Institute of Chemical Technology, Burgas, Bulgaria b The
University of Greenwich, Woolwich Campus, London, United Kingdom

To cite this Article Tomov, Atanas K. , Kurtev, Kurti S. and Campbell, Michel J. M.(1995) 'BINUCLEAR COMPLEXES
CONTAINING THIOSEMICARBAZONE LIGANDS. η3-ALLYL DICARBONYL COMPLEXES WITH ATTACHED
FERROCENE-CARBALDEHYDETFFLOSEMICARBAZONE LIGANDS', Phosphorus, Sulfur, and Silicon and the Related
Elements, 102: 1, 169 — 176
To link to this Article: DOI: 10.1080/10426509508042554
URL: http://dx.doi.org/10.1080/10426509508042554

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509508042554
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus. Sulfur. und Silicon. 1995, Vol. 102. pp. 169-176 
Reprints avaikdbk directly from the publisher 
Photocopying pcrmitted by license only 

0 1W5 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

BINUCLEAR COMPLEXES CONTAINING 

DICARBONYL COMPLEXES WITH ATTACHED 
F E R R O C E N E C A R B A A R B ~ O ~  

LIGANDS 

THIOSEMICARBAZONE LIGANDS. q3-ALLYL 

ATANAS K. TOMOV* and KURT1 S. KURTEV 
Higher Institute of Chemical Technology, Department of Organic Synthesis, 

I Professor Yakimov Street, 8010 Burgas, Bulgaria 

and 

MICHEL J. M. CAMPBELL 
The University of Greenwich, Woolwich Campus, Wellington Street, 
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~~-Allyl-bis-acetonitrilechlorodicarbonylmolybdenum(II) reacts with the thiosemicarbazones 
Fe-CH-N=NH--C(S)-NH-R [Fc = ($-C,H,),Fe; R = H, CH3, C,H,] in dichloromethane to 
give the complexes {(~3-C,H,)MoCl(CO),[Fc-CH=N-NH~(S)-NH-R]} [Fc = ($-C,H5),Fe; R 
= H, CH,, C,H,], by displacement of the acetonitrile ligands. When the reaction is carried out in 
ethanol in the presence of sodium ethanolate, the complexes {(q3-C,H,)Mo(CO),[Fc-CH=N- 
NH-C(S)-NH-R]} [Fc = ($-C,H,),Fe; R = H, CH,, C,H,] are prepared by displacement of the 
acetonitrile ligands and a substitution of the chlorine ligand. 

Key words: Bimetallic complexes, thiosemicarbazones, molybdenum, ferrocenecarbaldehyde 
thiosemicarbazone. 

INTRODUCTION 

The co-ordination chemistry of thiosemicarbazones has been well explored for 
transition metal complexes,1.2 but there have been only a few reports of thiosem- 
icarbazone organometallic corn pound^.^-^ Data about bimetallic organotransition 
metal complexes, containing thiosemicarbazone ligands are very scarce. 

Thiosemicarbazones and some of their transition metal complexes have a wide 
range of pharmacological activity against, amongst other things, protozoa, influ- 
enza, smallpox, leprosy and certain kinds of tumour, and have been suggested as 
possible pesticides and fungicides (see References 1 and 2). 

On the other hand a number of ferrocene containing organic6*' and organometaW 
compounds has been reported as systems having potential non-linear optical prop- 
erties. 

The stereochemistry adopted by thiosemicarbazone ligands while interacting with 

'Author to whom all correspondence should be directed; Fax: (+  0359 56) 686-141. 
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170 A. K. TOMOV, K. S. KURTEV and M. J. M. CAMPBELL 

transition metal ions may be affected by the presence of an additional co-ordination 
centre in the ligand moiety and by the charge on the ligand. This in turn is influenced 
by thione-thiol tautomerism. In solution thiosemicarbzones probably consist of an 
equilibrium mixture of thione and thiol tautomers. The thione reacts as a neutral 
bidentate ligand, while the loss of the thiol proton (in basic media) yields a singly 
charged bidentate ligand. 

In the most of the complexes studied the thiosemicarbazone function co-ordinates 
to the metal ion in the &configuration as a bidentate ligand through the sulphur 
atom and the hydrazine nitrogen atom. 

The present study was undertaken to prepare bimetallic organomolybdenum 
complexes, containing ferrocenecarbaldehyde thiosemicarbazones as co-ordinated 
ligands in both neutral or deprotonated form and to compare their properties. Thus 
in recent years, many efforts have been made to investigate compounds whose 
metal atoms are not directly linked by metal-metal bonds, but are held at a close 
distance with the help of an appropriate ligand s y ~ t e m . ~ . l ~  

Although a wide range of mononuclear organomolybdenum thiosemicarbazone 
complexes has been published by Campbell et al. ,, organomolybdenum thiosemi- 
carbazone complexes, containing ferrocenecarbaldehyde thiosemicarbazones as co- 
ordinated ligands both in neutral and deprotonated form have not previously been 
studied. 

RESULTS AND DISCUSSION 

The reaction of q3-allyl-bis-acetonitrile-bis-carbonylchloromolybdenum(II) with the 
ferrocenecarbaldehyde thiosemicarbazones FcCH=N-NH-C(S)-NH-R [Fc 
= (qS-C,HJ2Fe; R = H, CH,, C,H,], in boiling dichloromethane gives high yields 
of the solid compounds la-lc {(q3-C3Hs)MoCl(CO),[Fe-CH="H--C(S)- 
NH-R]} [Fc = (q5-C5H,),Fe; R = H, CH,, C,H5] by displacement of the ace- 
tonitrile ligands (Scheme I). The orange-red complexes are insoluble in nonpolar 
and very soluble in polar solvents such as ethanol, acetone and dimethylsulphoxide. 
They are air- and water-stable in the solid state at room temperature, but slowly 
decompose in solution. 

When the reaction of q3-allyl-bis-acetonitrile-bis-carbonylchloromolybdenum(II) 
and the above mentioned thiosemikarabazones is carried out in boiling ethanol in 
presence of equimolar quantities of sodium ethanolate, the complexes 2a-2b (( $- 
C,H,)MO(CO)~[FC-CH=N-NH-C(S)-NH-R]} [Fc = (v,-C,H,)~F~; R = H, 
CH,, C,HS] are prepared. In this case the ferrocenecarbaldehyde thiosemicarbzones 
react as bidentate anionic ligands, diplacing the acetonitrile and substituting the 
chlorine ligands (Scheme I). Complexes 2a-2c which are soluble in dimethylsul- 
phoxide and N,N-dimethylformamide, are air- and water stable in the solid state 
at room temperature but partially decompose in solution. 

Complexes la- lc  and 2a-2c were fully characterized by elemental analysis (Table 
I), IT-IR spectroscopy (Table 11) , 'H-NMR and 13C-NMR spectroscopy (Exper- 
imental part). The I3C-NMR spectrum of compound 2b was not of good quality 
due to its relatively poor solubility. 

It has been previously mentioned by Campbell et al. that q3-allyl-bis-carbon- 
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S 

K+NKN/R 
I I  I 
Fc H H 

11 
SAH I 

SCHEME I .  

) C2H50H/C$150Na 
b 

2) (~~-C~H~)MOCI(CO)L(CH$N)~ 

2a R=H 

2b R=CH3 

2 C  R=GH, 

Preparation of the binuclear complexes la- Ic and 2a-2b. 

l a  

l b  

lc  

2a 

[(~~'-C~H~)MOCI(COMFCCHNNHC( S)NHz)] 63 

[(~"C~H~)MOC~(CO~(FCCHNNHC(S)NHC&)] 48 

[(q3-C3H~)MoC1(COMFcCH"HC(S)NHC~5)] 44 

[(~~'-C~H~)MO(COMFCCH"HC( S ) W ) ]  55  

TABLE I 
Analytical data for complexes la- lc  and 2a-2b 

Compl Formula Yield Found (Calcd.), ?h 

No Y O  C E N  

39.54 3.45 7.70 

(39.59) (3.53) (8.15) 

39.21 4.19 8.67 

(40.80) (3.81) (7.94) 

44.47 3.57 6.49 

(46.60) (3.92) (7.09) 

42.18 3.71 8.52 

(42.60) (3.58) (8.77) 
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172 A. K. TOMOV, K. S. KURTEV and M. J. M. CAMPBELL 

TABLE 1 (Continued) 

Yield Found (Calcd.), % 

No % C H N 

Compl Formula 

40 43.19 3.95 8.39 

(43.83) (3.89) (8.52) 

'b [(n3-C,H>)Mo(COMF~CH"HC(S)NHCH3)] 

40 49.88 3.94 7.57 

(49.65) (3.99) (7.57) 

2c [(11'-C,H~)Mo(COMFCCH"HC(s)~C~~~] 

TABLE I1 
Selected IT-IR spectral data for complexes la-lc and 2a-2b 

VNR vc,o &It2 (?4H)+ VC-N vC+i &-N Compl. R 

No cmd cmd Em-' em-' 

3422 m 1963 V.S. I617 s 825 w 

l a  H 3262 m 1844 s 1541 s 

3171 m 

l b  C& 3432 s 1934 v.s 1581 s 824 - 842 w 

3204 s 1841 v.s 1544 s 

3446 s 1929 v.s 1563 s 823 - 833 w 

l c  C6HS 3156 s 1833 v.s 1526 s 

1497 s 

3477 s 1949 - 1932 V.S 1594 s 823 w 

Za H 3378 s 1861 - 1845 V.S 1529 w 

3355 s 

2b CH, 3446 s 1930 v.s 1604 m 796 - 758 w 

3361 s 1855 - 1832 vs 1580 v.s 

2r C& 3369 s 1942 - 1928 V.S I605 - 1593 V.S 803 w 

3289 s 1829 v. s 1523 m 
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173 BIMETALLIC COMPLEXES 

ylchlorothiosemicarbazone molybdenum complexes exist in a configuration in which 
the carbonyl ligands are in cis-position to each other and the ally1 group is located 
face to face towards them. This configuration was confirmed for the complexes 
la-lc and 2a-2c too. 

The 'H-NMR spectra of compounds l a  and 2a show different signals for the 
protons in the NH, groups, which is due to the restriction of the free rotation of 
these groups about the C-NH, bonds. The splitting of these proton signals (110.7 
Hz for la and 375.3 Hz for 2b) confirms that the NH2 protons are located in 
different magnetic environments. The 'H-NMR signals for the hydrazine N-H 
protons of la, lb, and l c  are strongly displaced to lower fields (11.7 ppm, 11.23 
ppm and 11.60 ppm respectively), compared with these signals in thiosemicarba- 
zido-organomolybdenum cornplexe~,~ which is probably due to the p-7r and 7r-rr 

electron delocation in the thiosemicarbazone ligands, which include the nitrogen 
atoms, the thiocarbonyl and ferrocene groups. 

The restrictions of the free rotation of NH-R groups as well as the presence 
of double N=C(H)Fc bonds in the complexes la-lc and 2a-2c make possible the 
existence of diastereomerizm of the co-ordinated thiosemicarbazone ligands. There 
are four possible diastereomers for these compounds (Figure l ) ,  except for com- 
plexes l a  and 2a for which they are only two. The ferrocene groups in compounds 
la-lc are probably located in syn-position tQward the nitrogen atoms, because of 

FB FB 

an ti- R -a yn-Fc ayrrR-antCFc antCR-anti-Fc synR-ayn-Fc 

Fe 

aynR-ryn-Fc anti-R-ryn-Fc ayn-R-anti-Fc anti-R-anti-Fc 

FIGURE 1 Structure of the four possible diastereomers for complexes Zb, 2c and Ib, Ic. 
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the steric repulsion between the bulky chlorine and ferrocene groups. The lH- 
NMR signals for CH, and N(CH3)-H in compound l b  are split(J = 4.4 Hz and 
5.4 Hz respectively), which may be attributed to a spin-spin coupling between 
N-H and CH3. The higher spin-spin coupling constant for Ha-C-H, in the 'H- 
NMR spectrum of this compound is due to the steric influence of the anti-located 
CH, group. 

In compound lc  the phenyl ring is located in syn-position toward the nitrogen 
atoms, probably because of a steric repulsion from the allyl group. The 'H-NMR 
spectra of the complexes la-lc show only small changes compared with the free 
ligands, although the FT-IR spectra confirm the co-ordination of the ligands to the 
molybdenum atoms. 

The I3C-NMR spectra of la- lc  confirm their structure too. Two different signals 
were found for the terminal allyl carbon atoms in lc, which is apparently due to 
the different distance between each of these carbons and molybdenum. This may 
be attributed to the steric repulsion between the phenyl ring and the allyl ligand. 

It was found out that only compound 2b consists in all four possible diastereo- 
mers, while compound 2a exists as syn-Fc diastereomers and &-as anti-Ph-anti- 
Fc diastereomer. The temperature dependent 'H-NMR spectroscopy of 2b showed 
that the concentrations of the four diastereomers change with the temperature. 
Thus the ratio of syn-CH,-anti-Fc to anti-CH,-anti-Fc is approximately 2:1, at room 
temperature, while at 60°C it is 1:l. The relation between syn-Fc and anti-Fc is 
less dependent on temperature. 

The co-ordination of the ferrocenecarbaldehyde thiosemicarbazones as anionic 
ligands gives rise to changes in the NMR spectra of their complexes, because of 
an electronic density rearrangement. The bond order between the inner hydrazine 
nitrogen and the carbon atom is closer to a double bond, thus increasing the 
electronic conjugation between the ferrocene group and the thiosemicarbazone 
moiety. 

It is worth noting that the 13C-NMR spectra of complexes lc,  2a and 2c show 
different signals for the two terminal allyl atoms (Ca,l and C&). This difference 
is clearly visible for 2a where the allyl group is bonded in a fashion closer to that 
of a $-v2 ligand, showing two very different signals for the terminal allyl carbon 
atoms at 18.2 and 55.2 ppm. 

EXPERIMENTAL 

All reactions were carried out under dry nitrogen. (q3-C3H,)MoCI(CO),(CH3CN)2 was prepared ac- 
cording to Hayter's method. I '  Ferrocenecarbaldehyde-4-methylthiosemicarbazone and ferrocene- 
carbaldehyde-4-phenylthiosemicarbazone were prepared by the method described by Wiles and Su- 
prunchuk." IT-IR spectra were recorded as KBr discs on a Perkin-Elmer 1700 FT-IR spectrophotometer. 
The elemental analysis for C, H and N were recorded on a Carlo-Erba Elemental Analyser MOD 1106 
(using helium as the carrier gas). 'H-NMR and I3C-NMR spectra were recorded at 270 MHz on a JEOL 
270 MHz IT-NMR spectrometer using TMS as an internal standard. 

Preparation of {(q'-C,Hs)MoCl(CO),[ FcCHNN(H)C(S)NH,]} 

A solution of 0.50 g (1.6 mmol) ((q3-C,HS)M~C1(C0)2(CH3CN)2 and 0.45 g (1.6 mmol) ferrocene- 
carbaldehyde thiosemicarbazone is 15 ml dichloromethane was refluxed under nitrogen for 30 min. The 
orange-red precipitate was filtered off, washed with dichloromethane ( 2  x 10 ml) and dried at 40°C 
under vacuum (1 mm Hg). Yield-0.52 g. 
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BIMETALLIC COMPLEXES 175 

The 'H-NMR spectrum in d,-DMSO at 20°C showed resonances at 6 (ppm) = 0.97 (d{.PP,-, = 8 
Hz}, 2H, H,); 3.30 (s, 2H, H,; 4.19 (s, 5H, Hc); 4.40 (s, 2H, Hb); 4/72 (s, 2H, Ha); 7.60 (s, lH, 

The ',H-NMR spectrum in d,-DMSO at 20°C showed resonances at 6 (ppm) = 58.9 - C,; 67.5 - C,; 
N(HFHan,,); 7.89 (s, lH, N=C(Fc)-H); 8.01 (s, lH,  N(H)-H,,,,); 11.17 (s, lH, N-N(H)--C). 

68.8 - C,; 69.2 - C,; 69.2 - C,; 78.8 - C'; 143.2 - N--C-Fc; 176.5 C-S. 

Preparation of { ($-C,H,)MoCI(CO),[ FcCHNN(H)C(S)NHCH,]] 

A solution of 0.25 g (0.8 mmol) ferrocenecarbaldehyde-4-methylthiosemicarbazone and 0.25 g (0.8 
mmol) ($-C,H,)MoCI(CO),(CH,CN), in 10 ml dichloromethane was stirred under nitrogen at room 
temperature for 1 hour and after that refluxed for 10 min. Adding of 15 ml n-heptane to the cooled 
reaction mixture gave a dark orange-red solid, which was filtered, washed with n-heptane (2 x 5 ml) 
and dried at 30°C under vacuum (1 mm Hg). Yield-0.21 8). 

The 'H-NMR spectrum in d,-DMSO at 20°C showed resonances 6 (ppm) = 0.97 (d{FH-, = 13.5 
Hz}, 2H, H,); 2.99 (d{JH4-N-H = 4.4 Hz}, 3H, CH,); 3.42 (br. s, 2H, HJ; 4.20 (s, 5H, Hc); 4.31 
(s, lH, H,); 4.41 ( s ,  2H, Hb); 4.73 (s, 2H, Ha); 7.89 (s, lH, NS(Fc)-H); 8.18 (d{JH--N--C = 5.4 
Hz), lH, N(CH3p-H); 11.23 (s, lH, N-N(HW). 

The ',C-NMR spectrum in d,-DMSO at 20°C showed resonances at 6 (ppm) = 30.6 - CH,; 580 - 
C,; 67.4 - C,; 68.8 - C,; 69.6 - C,; 69.8 - C,; 79.0 - C'; 142.6 - N S - F C ;  176.7 - C d 3 .  

Preparation of { ($42, H5) MoCl(CO),[ FcCHNN(H) C(S) NHC,H,]} 

A solution of 0.25 g (0.7 mmol) ferrocenecarbaldehyde-4-phenylthiosemicarbazone and 0.21 (0.7 mmol) 
(q3-C,H,)MoCI(CO),(CH,CN), in 10 ml dichloromethane was refluxed under nitrogen for 20 min and 
after that the solvent was evaporated to 5 ml to give a dark orange-red solid, which was filtered off 
with dichloromethane (2 x 7 ml) and dried at 40°C under vacuum (1 mm Hg). Yield-0.20 g. 

The 'H-NMR spectrum in d,-DMSO at 20°C showed resonances at 6 (ppm) = 0.98 (d{JLH_" = 8.8 
Hz}, 2H, H,); 3.32 (br.s, 2H, H,); 4.23 (s, 5H, Hc); 4.45 (s, IH, Hb); 4.83 (s, 2H, Ha); 5.75 (s, lH,  
H,); 7.18 (1 ,  IH, Hpo,J; 7.36 (t. 2H, Hme,J; 7.62 (d{lZH-H = 8.8 Hz}, 2H, HOrrho); 8.02 (s, lH, 

The W-NMR spectrum in d,-DMSO at 20°C showed resonances at 6 (ppm) = 54.8 - C,,l; 59.0 - 
N<(FcpH); 9.77 (s, lH, N(C,H,)--H); 11.60 (s, lH, N-N(H)--C). 

C-2; 67.8 Cb; 68.9 - C,; 69.3 - C,; 70.1 - C,; 78.6 - C'; 124.9 - C,,,; 125.1 - C,,,,; 127.9 - 
Cor,ho; 138.9 - N--Cph; 144.1 - N=C-Fc; 174.6 - C S .  

{(7?-GH5) MO (CO)JFcCH"(H) C ( s )  NH& 

A solution of 0.50 g (1.7 mmol) ferrocenecarbaldehyde thiosemicarbazone and 0.12 g (1.7 mmol) sodium 
ethanolate in 25 ml ethanol was stirred at room temperature under nitrogen for 10 min, and 0.53 g (1.7 
mmol) of ( g3-C3H5)MoC1(CO),(CH,CN), were added. The resulting solution was refluxed under ni- 
trogen for 20 min to give an orange-red precipitate. After cooling the solution to O T ,  the solid was 
filtered off, washed with water (2 x 5 ml) and ethanol (2 x 10 ml), and dried at 45°C under vacuum 
(1 mm Hg). Yield-0.33 g. 

The 'H-NMR spectrum in d,-DMSO at 20°C showed resonances at 6 (ppm) = 1.06 (t, 2H, H,); 
3.35 (br.s, 2H, Hp); 3.98 (br.s, IH, H,);, 4.27 (s, SH, HJ; 4.45 (s, 2H, Hb); 4.79 (s, 2H. Ha); 7.36 
(br.s, 2H, N(H)-H,, + N=C(Fc)-H); 8.75 (br.s, lH, N(H)-J&,,,J. 

The 'IC-NMR spectrum in d,-DMSO at 20°C showed resonances at 6 (ppm) = 18.2 - C,,l; 55.2 - 
C,.z; 67.8 - C,; 68.9 - Cb; 69.1 - C,; 69.9 - C.; 73.2 - C'; 143.3 - N S - F C ;  176.7 - C=S; 229.0 - e 0 .  

Preparation of { (q3-C3 Hs) M o ( C O ) ~ [  FcCHNN(H) C(S) NHCH,] )  

A solution of 0.25 g (0.8 mmol) ferrocenecarbaldehyde-4-methylthiosemicarbazone and 0.06 g (0.9 
mmol) sodium ethanolate in 20 ml ethanol was stirred at room temperature under nitrogen for 15 min 
and0.25 g (0.8 mmol) of (~3-C,H,)MoCI(CO)2(CH,CN)2 were added. The reaction mixture was refluxed 
under nitrogen for 20 min to give an orange precipitate which was filtered off, washed with water (2 
x 5 ml), ethanol (2 x 10 ml) and dried at 40°C under vacuum (1 mm Hg). Yield-0.23 g. 

The 'H-NMR spectrum in d,-DMSO at 60°C showed resonances at 6 (ppm) = 1.13 (m, Ha); 2.77 
(d{J = 4.8 Hz}, CH,, syn at Fc-syn); 2.84 (d{J = 4.4 Hz}, CH,, syn at Fc-anti); 2.95 (s, CH,, anti at 
Fc-syn); 3.00 (d{J = 4.8 Hz}, CH,, anri at Fc-syn); 3.22 (br.s, Ho); 3.80 (m, H,, at CH,-syn); 4.00 (m. 
H,, at CH,-anti); 4.20 (s, H, nf Fc-anti); 4.26 (s, H, at Fc-syn); 4.43 (s, H, af Fc-syn); 4.47 (s, H, uf 
Fc-anti); 4.77 (s, H, at Fc-syn); 5.13 (s, Ha at F c - a h ) ;  6.46 (s, N=C(Fc)-ff,,,,); 6.54 (s, N(CH,)-H,,.,, 
at Fc-syn); 6.60 (s, N(CH,)-H,,,, at Fc-anti); 7.71 (s, N=C(Fc)-H,,,); 8.76 (s, N(CH,)-H,,,,,). 
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Preparation of {(~'-C,H,)MO(CO),[FCCHNN(H)C(S)NHC&~]) 

A solution of 0.25 g (0.7 mmol) ferrocenecarbaldehyde-4-phenylthiosemicarbamne and 0.05 g (0.7 
mmol) sodium ethanolate in 10 ml ethanol was reflwed under nitrogen as long as the solid was dissolved. 
The (q3-C3H5)MoCI(CO),(CH,CN),, (0.13 g 0.7 mmol) then were added and the reaction mixture was 
refluxed under nitrogen for 20 min. The resulting dark orange-red solid was filtered off, washed with 
water (2 x 5 mi), ethanol (2 x 10 ml) and dried at 40°C under vacuum (1 mm Hg). Yield-0.16 g. 

The 'H-NMR spectrum in d,-DMSO at 20°C showed resonances at 6 (ppm) = 1.06 (t, 2H, HJ; 
3.31 (d{J = 5.5 Hz}, 2H, H@); 3.86 (br. s, lH, H,); 4.24 (s, 5H, HJ; 4.49 (s, 2H, Hb); 5.11 (s, 2H, 
Ha); 6.94 (t, lH, H,,-,,,); 7.25 (t, 2H, H,,,*,.,); 7.66 (d{l&-H = 9.0 Hz}, 2H, Ho,,ho)r 7.83 (s, lH,  
N=C(Fc)-H); 9.09 (s, lH, N(C,H,)-H). 

The 13C-NMR spectrum in d,-DMSO at 20°C showed resonances at S (ppm) = 56.0 - C",,; 60.2 - 
Ca,2; 69.93 - C,; 71.4 - Cb; 72.5 - C'; 73.6 - C,; 74.8 - C,; 119.8 - C,,,e,a; 121.5 - Cp,,a; 128.2 - Cn,,/ro; 
141.4 - N-CpL; 155.6 - N=C(Fc)--H; 169.9 - C S .  
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