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METALLA-2,s-DICHALCOGENA CYCLOPENTENES - 
S, Se AND Te CONTAINING ORGANOMETAL HETEROCYCLES 

THOMAS M. KLAPOTKE 
Insti tut  f u r  Anorganische und Analytische Chemie ,  
Technische  Universitat Berlin, D-1000 Berlin 12, F.R.G. 

1 Abst rac t  Synthesis,  spec t roscopic  ( H N.M.R., 77Se N.M.R., 'H 
D.N.M.R., MS), and  s t ruc tu ra l  cha rac t e r i za t ion  of five-membered 
metalla-2,s-dichalcogena heterocycles  are presented. T h e  p rac t i -  
cab le  applications of t h e s e  meta l lacyc les  a r e  discussed. 

INTRODUCTION 

A considerable number of S,S' co-ord ina ted  five-membered rnetalla- 

cyc les  in t h e  meta l locene  sys tem has  been  cha rac t e r i zed  in t h e  pas t  

20 years.' I t  was only in recent yea r s  t h a t  t h e  investigation of Se 

and T e  analogues began.' Also in organo Bi chemis t ry  t h e  dithiolene 
derivatives are known f o r  a long t i m e ,  whereas  t h e  S e  conta in ing  
he terocycle  has  been repor ted  qu i t e  recent ly  and  t h e  Te ,Te '  co-or- 

d ina ted  meta l lacyc le  i s  not ye t  k n o w n 2  These  complexes  a r e  of in- 

terest not only on account  of the i r  s t r u c t u r e s  in solution and  in c ry-  

s ta l s ,  but also in respect of the i r  s ign i f icance  in bonding theo ry  and 
1 the i r  conformat ive  flexibil i ty of t h e  folded, f lexible he te rocycles .  

The  biologically ac t ive  compounds m a y  well t u rn  out to  open  up a 
novel form of chemotherapy. 377 

SYNTHESIS 

T h e r e  are several  ways t o  prepare  t h e  meta l locene  dichalcogenolene 
heterocycles.  One  of t h e  most convenient methods  i s  t h e  sa l t  el imina- 
t ion by reac t ion  of t h e  corresponding meta l locene  dichloride wi th  one  
equivalent of t h e  appropr ia te  l i thium ligand sa l t  accord ing  to  eq. 1. 1 
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106 T. M. KLAPOTKE 

5 (Cp = q -CsHs; M = Ti, Zr ,  H f ,  Mo, W; X = S, Se, Te)  

The preparation of the first Se,Se' co-ordinated Bi metallacycle was 
carried out analogous according t o  eq. 2. 2 

C H 3 B i B r 2  + C H 3 B i  
Liseo 
Li  Se 

STRUCTURAL CHAR ACTE RIZ AT1 ON 

The structures of many metalla-2,s-dichalcogena cyclopentenes in the 

solid s ta te  (see Fig. 1) and in solution have been determined by X-ray 

structure analysis and by temperature-dependent dynamic 'H D.N.M.R. 

spectroscopy.' All five-membered heterocycles exist in an envelope 

conformation folded along the X- * * X axis. 

I 

FIGURE 1 Structure of Cp2Ti(S2C2H2). 

In t h e  Cp region of the temperature-dependent 'H N.M.R. spectrum 

the singlet due t o  the Cp protons appears only at  high temperatures in 
the case of the unsubstituted metallocene derivatives. At lower tempe- 

ratures it is subject t o  a coalescence phenomenon and is split into two 

signals of equal intensity below that coalescence temperature 

(Fig. 2). 1 
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3,76 c 
6 (ppm) 

Tempera tu re -dependen t  'H N.M.R. s p e c t r u m  

(Cp region) of Cp  T i (Te  C H ). 

FIGURE 2 

2 2 6 4  

On t h e  basis of th i s  result  a n  envelope confo rma t ion  of t h e  me-  

ta l lacyc les  a l so  in solution c a n  be  deduced. Whereas  a rapid ring inver- 

sion t a k e s  p l ace  at room t e m p e r a t u r e  ( see  eq. 3 ) ,  a "freezing" of t h e  
c h e l a t e  ring i n t o  a fixed envelope confo rma t ion  wi th  d i f f e ren t  surroun- 

dings of t h e  t w o  Cp ligands appea r s  at low t empera tu re .  1 

T h e  ac t iva t ion  p a r a m e t e r s  of t h e  c h e l a t e  ring inversion w e r e  e s t i m a t e d  

accord ing  to eq. 4 and s o m e  of t h e m  are summar ized  in  T a b l e  I. 1 
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TABLE I Activation p a r a m e t e r s  of t h e  ring inversion of 

Cp2M(X2C6H4); A G; values k 10%. 

A G * / K J  mo1-I 
C 

M X 

T i  S 53  

Hf S 45 
T i  Se 57 

T i  T e  5 1  

Zr  T e  51  

Hf Te 48 

While t h e  energy  bar r ie r  of t h e  c h e l a t e  ring inversion o f t e n  s e e m s  to  

be  inversely proportional t o  t h e  radius (not mass  (!), cf. lan thanide  
contraction: r (Ti )<  r ( H f ) S  r (Zr) )  of t h e  cen t r a l  me ta l  a t o m  (especially 

in t h e  case of t h e  S co-ordinated spec ies ) ,  t h e r e  is no  significant con- 

nection be tween the che la t ing  a t o m  and t h e  A G *  values. This  might be  

due t o  t h e  significant influence of t h e  ( s imi la r )  re-hybridization ene rgy  

of the chalcogenes at t h e  conformat ion  change  by ring flipping (N.B. 
for Cp2Ti(SC6H4NH-o) AGE > 80 K J  mol- l ,  for Cp2Hf(SC6H4NH-0) 

AG* = 58 K J  mol 

rivatives l ike CpCp'Ti(S C H ) ( A )  (Cp'  = rl -C5H4CH3) 

do t e t r ahedra l  CH3Bi(Se2C6H4) ( B )  
exo) appear  in d i f fe ren t  ratios. A t  -5OOC both,  t h e  confo rmer  wi th  t h e  
exo  standing Cp' ring ( A )  and t h a t  wi th  t h e  e x o  s tanding  s t e reochemi -  

cally active lone pair  of e l ec t rons  (B)  a r e  sl ightly favoured by the i r  
thermodynamics  ( in tegra t ion  of t h e  'H N.M.R. spec t ra ) .  

C 

-1 1 
). In t h e  case of unsymmetr ica l ly  subs t i t u t ed  de- 

2 6 4  
5 1 C 

and  t h e  pseu- 

t h e  t w o  confo rmeres  (endo and  

W C H  3 

A B 
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7 7 ~ e  N.M.R. 

In the  77Se N.M.R. t h e  Se co-ordinated t i tanocene system shows a 
low field shift by proceeding from the  non-cyclic derivative (Cp2Ti 

(SeC6H5)2, 6 = 847 ppm) t o  t h e  five-membered Se,Se' co-ordinated 

heterocycle (Cp2Ti(Se2C6H4), 6 = 982 ~ p m ) . ~  This effect may be ex- 

plained by a m e s o m e r i s m  according t o  eq. 5 (V.B. theory) or by M.O. 

theory by (pSe - $i)n interaction in these 16 electron complexes. 
(Moreover, the  M.O. theory explains the  folded geometry of these 

derivatives, t oo. ) 5 

Surprisingly, in comparison with Ti t h e  Zr metallacycle shows a re- 

versed shielding e f f e ~ t . ~  But in case of Zr t h e  18 electron configu- 

ration also can be realized by intermolecular interaction (co-ordination 
number = 5). This may also explain t h e  unusual behaviour of zircono- 
cene metallacycles in t h e  'H D.N.M.R. spec t ra  ( repeated no coales- 

cence above -8OOC). 1 

MASS SPECTRA 

Fragmentation pat terns  of t h e  above discussed metallacycles have been 

studied intensively and t h e  ion genesis of ten was elucidated by pur- 

chasing metastable transitions. lY6 Surprisingly, after cleavage of one 

Cp ring t h e  unsubstituted ethene dithiolates (Cp2M(S2C2H2); M = Ti,  
Mo, W) show an intense peak corresponding to an elimination of 
acetylene as a neutral particle (see Fig. 3 ) ,  which contrasts  t o  t h e  

6 analogous maleonit rile derivatives. 
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FIGURE 3 Mass spectrum (El, 70 eV, 120OC) of Cp2Ti(S2C2H2); 

* ion genesis proved by metastable transition. 

ANTITUMOR ACTIVITY 

Most of the  t i tanocene compounds which are already known as anti-  
tumor agents are neutral  complexes like Cp2TiCl and the  maleonitrile 2 heterocycle Cp2Ti ( S2C 2( CN ) 2). 7 

0 100 200 300 - Dose (mg/kg) 
, I h I . , . . .  

FIGURE 4 Dose response ( le f t )  and dose lethali ty (right)  corre- 
lations of C against fluid Ehrlich asci tes  tumor. 
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Quite recently we investigated t h e  antiproliferative properties of some 

new ionic t i tanocene mercaptoanilinium  derivative^.^ The metallacycle 

(Cp2Ti [o-S(NHCH3)C6H4])' I -  (C) was prepared analogously from 
Cp2TiC1 

five-membered heterocycle with C H  I. The dose response and t h e  dose 3 
lethali ty correlations of C (which undoubtedly is more hydrophilic than 

the neutral  derivatives!) against fluid Ehrlich ascites tumor are shown 

in Fig. 4. 

and 0-LiSC H NHLi and following reaction of t h e  neutral  2 6 4  

REFERENCES 

1. Th. Klapotke and H. Kopf, J. Organomet. Chem. Library, Vol. 20, 

2. Th. Klapotke, Polyhedron, Vol. 6 No. 7, 1593 (1987). 
3. H. Kopf,  Th. Klapotke, and P. Kopf-Maier, Abstr. 192nd ACS Ntl. 

Meetin , Anaheim, California, INOR 132 (1986). 

343 (1988), and references therein. 

4. d T . K apotke,  Spectrochim. Acta, 43 A No. 12 (1987). 
5. J. W. Lauher and R. Hoffmann, J. Am. Chem. SOC., 98, 1729 (1976). 
6. Th. Klapotke and H. Kopf, Z. Allg. Anorg. Chem., i n p r e s s .  
7. P. Kopf-Maier, Th. Klapotke, and H. Kopf, Inorg. Chim. Acta, 

in press. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
9
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1


