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Abstract - Preparation, structures, and reactions of 14- and 16-membered 
quadri dentate crown thioethers complexes , trans-Mo( N2)2Me8[ 161 aneS4, cis- 
and trans-RuC12Ly and RhL’ (L=R4[141aneSq, R8[16]aneSq; R=H, Me) are 
described emphasizing the novel features of crown thioethers vs. phosphines. 
The most prominent electronic property of the crown thioethers is pT donor 
ability. The factors determining the reactivities of these complexes such 
as ring size and conformational effects of the macrocycles and geometrical 
effect of the complexes are discussed. 

INTRODUCTION 

In contrast to the vast coordination chemistry of phosphines, thioethers have been ignored long 
as a principal ligand in low-valent transition metal complexes probably due to poor n-acceptor 
ability (ref. 1). This inherent property may be modified for polydentate crown thioethers by 
macrocyclic effect. In fact, the enormously high reduction potentials found for the Cu(II), 
Co(III), and Mo(I1) complexes (ref. 2-4) suggest that crown thioethers exhibit a strong pre- 
ference for the lower oxidation states of metal ion. In addition, crown thioethers are 
unique ligand capable of stabilizin rather unusual oxidation states of metals and/or struc- 
tures of the complexes, e.g., RhLpzq and PdL$+ (L=[9]aneSg) (ref. 5,6). These salient 
features may promise the rich chemistry of crown thioether complexes o f  transition metals, 
particularly in low-oxidation states. Here we present preparation, structures, and reactions 
of Mo(O), Rh(I), and Ru(I1) complexes of quadridentate crown thioethers shown below. Our 
work has been focused on elucidating the possible analogy and difference between the coordi- 
nation chemistry of crown thioethers and phosphines. 

PREPARATION AND STRUCTURES OF Mo(O), Rh(l),  AND Ru(ll) 
COMPLEXES 

Despite involvement of sulfur ligands in the nitrogenase cofactor, molybdenum dinitrogen com- 
plexes containing S ligand only are completely unknown. 
of such Mo( 0) dini trogen complex, trans-Mo( N2)2Me8[16]- 

with Na Hg under N2 (ref. 7). 
membered crown thioether is crucial for the prepara- 
tion of N2 complex since attempts to prepare the 
MeqL141aneSq and Meg[151aneSq analogues were fruit- 
less. Molecular structure of L i s  shown in Fig. 1. 
Comparison of Mo-N distances (1.991(5), 2.002(5) I ) ,  
v(N:N) (1995111, 1890s cm-I), and Mo(O/I) oxidation 
potential (-0.52 V vs. SCE) of 1 with the respective 
values (2.015(5) 8; 2020, 1970 Zm-1; -0.16 V vs. SCE) 
of trans-Mo(N2)2(dppe)2 (ref. 8,9) indicates that 
is more electron rich than the diphosphine analogue. 

Homoleptic thioether complexes of Rh( I) , tRhR4- 
[141aneSq~Cl (2, R=H; 2, R=Me), {RhR8[16laneS4~C1 
(i, R=H; 2 ,  R=Me), and {Rh(Me2-2,3,2-S41Cl ( 5 )  

We have prepared the first example 

by reducing the corresponding dibromide 
The choice of 16- a?eS4 ‘Y ’ 

Fig. 1. Molecular structure of L. 
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were ob ta ined by t r e a t i n g  {RhCl(C8H14)2}2 o r  IRhCl   cod)}^ w i t h  the  corresponding t h i o e t h e r s .  ( r e f .  
10).  Due t o  the  smal l  c a v i t y ,  a.n a t tempt  t o  prepare t h e  [121aneSq analogue f a i l e d .  The 
complex g was o r i g i n a l l y  prepared by D.H. Busch e t  a l .  through r e d u c t i o n  o f  cis-{RhC12[141ane- 
S4ICl w i t h  NaBH4 ( r e f .  11) .  2 c r y s t a l l i z e s  as a m i x t u r e  o f  redd ish  brown dimer (3) and a 
t r a c e  o f  y e l l o w  monomer (2b) (F ig .  2) .  The dimer i s  composed f rom two monomer u n i t s  j o i n t e d  
th rough a Rh...Rh ( 3 . 3 1 3 ( n  8,) and f o u r  Rh*.*S (3.69(1)-3.82(1) 8,) non-bonded i n t e r a c t i o n s .  
The s t r u c t u r e s  o f  $ and t h e  monomer u n i t s  i n  2a a r e  e s s e n t i a l l y  s i m i l a r  except t h e  d e v i a t i o n  
o f  t he  Mo atom f rom t h e  4s p lane (0.1332(2) 8, %r 2 and 0.083(2) f o r  2b).  When t h e  a l l - u p  
conformer 9 was t r e a t e d  w i t h  NaBPhq i n  MeCN a t  room temperature,  a f a c n e  i s o m e r i z a t i o n  took  
p lace  t o  g i v e  an up-up-down-down conformer, tran~-IRhMe4[14laneS41BPhq (7). Both conformers 
a r e  s t a b l e  up t o  100" C i n  DMSO, w h i l e  t h e  conformat ion  o f  R8[161aneS4 i n  5 and 5 i s  n o n - r i g i d  
a t  30" C and r a p i d  e q u i l i b r i a  e x i s t  between f o u r  p o s s i b l e  conformers. 

w 

Fig .  2. Mo lecu la r  s t r u c t u r e s  o f  t he  c a t i o n  o f  L. 
React ion o f  RuC12(PPh3)3 w i t h  RqL141aneSq and Me8[16]aneSq i n  to luene  (60" C) gave cis-RuC12- 
R4 [141aneSq (f3, R=H; 2, R=Me) and cis-RuC12Meg [161aneSq (E), r e s p e c t i v e l y  ( r e f .  12) .  c i s -  
S tereochemis t ry  o f  8 has been conf i rmed ( r e f .  13).  On hea t ing  i n  PhCl 9 i somer ized i n t o  t h e  
t rans- isomer  (fi) w r t h  the  a l l - u p  conformat ion .  A s i m i l a r  r e a c t i o n  o f  qe4[141aneSq w i t h  Ru- 
H(Cl)(PPh3)3 gave RuH(Cl)(PPh3)2Me4[141aneSq (E) where t h e  t h i o e t h e r  coord ina tes  as a b iden-  
t a t e  l i g a n d  fo rming  a R u S C H ~ C H ~ S  five-membered r i n g .  The phosphine l i g a n d s  i n  12 show no 
tendency t o  d i s s o c i a t e  i n  to luene  (80" C ) .  I n  MeOH, however, bo th  PPh3 and C1-T igands d i s -  
soc ia ted  r e a d i l y  a t  room temperature a f f o r d i n g  {RuH(PPh3)Me4[14]aneS4lCl (5) i n  which MqL141- 
aneS4 adopts a f o l d e d  conformat ion .  s i m i l a r  c o n d i t i o n s ,  Me8[161aneSq f a i l e d  t o  r e a c t  
w i t h  RuH(Cl)(PPh3)3 ( r e f .  14).  

Under 

ELECTRONIC FEATURES OF CROWN THIOETHERS 

Molecu la r  s t r u c t u r e s  o f  1, Z?, and Zb revea l  severa l  f ea tu res ;  1 )  a l l - u p  conformat ion  of  t h e  
crown t h i  e the rs ,  2 )  ve ry  s h o r t  Mo(07-S (2.418(2)-2.427(2) 8,) and Rh-S d i s tances  (2.247(3)-  
2.285(4) 1) compared t o  t h e  cor respond ing  l eng ths  (2.48-2.56 and 2.29-2.50 8,) found f o r  mono- 
denta te  t h i o l a t o  and t h i  e t h e r  complexes so f a r ,  and 3)  a displacement o f  t h e  metal  i o n  f rom 
the  4s p lane by ca. 0.1 B . How these s t r u c t u r a l  f ea tu res  do a f f e c t  t h e  e l e c t r o n i c  s t r u c t u r e  
o f  t h e  metal  i on .  A t  f i r s t ,  a r a t i o n a l e  f o r  t h e  e l e c t r o n  
r i chness  o f  1 compared t o  t h e  phosphine analogue has been 
sought by EHMO c a l c u l a t i o n s  on the  models, Mo(SH2)4 and 
trans-Mo(N2)2(SH2)4 (D4h) and the  cor respond ing  PH3 ana- 
logues (C4v) ( re f .  7 ) .  The coo rd ina ted  t h i o e t h e r s  d i f f e r  
f rom t h e  phosphines i n  e x h i b i t i n g  pn donor a b i l i t y .  An 
an t i bond ing  pT(S)-dx ( d  z)(Mo) i n t e r a c t i o n  d e s t a b i l i z e s  
the  eg o r b i t a l s  (HOMOS o f  Mo(SH2)4, wh icha re  0.78 eV h igher  
i n  energy than t h e  cor respond ing  e o r b i  t a l s  o f  Mo( PH3)4. 
Consequently, a s t ronger  d (Mo)-&(N2) back-bonding i s  
expected f o r  trans-Mo( N2)2ySH ) 4  Indeed, t h e  ove r lap  
p o p u l a t i o n  o f  Mo-N Ti-bonding fO. i60) assessed f o r  t h e  SH2 
complex i s  l a r g e r  than t h a t  (0.133) o f  t h e  PH3 analogue, 
w h i l e  t h e  popu la t i ons  o f  u-bonding f o r  t he  fo rmer  (0.444) 
and the  l a t t e r  (0.437) a r e  comparable. On d i s t o r t i o n  o f  
trans-Mo( N2)2( SH2)4 f rom D4h symmetry t o  t h e  observed 
s t r u c t u r e  o f  1 (C v ) ,  t h e  u- (0.454) and n - o v e r l a p  popu- 
l a t i o n s  (0.16g) 04 t h e  N2 l i g a n d  l o c a t e d  on t h e  same s i d e  
t o  the  Mo atom w i t h  respec t  t o  the  4s p lane increase,  
w h i l e  t h e  r e s p e c t i v e  values (0.432 and 0.129) on t h e  
oppos i te  s i d e  decrease. Th is  s t e r e o e l e c t r o n i c  e f f e c t  
due t o  t h e  Mo atom d e v i a t i o n  i s  most c l e a r l y  demonstrat-  
ed by the  molecu la r  s t r u c t u r e  o f  trans-Mo(PhNC)2Meg [161- 
aneS4 (12)  prepared f rom 1. and PhNC (F ig .  3 )  ( r e f .  14) .  

Fig.  3. Mo lecu la r  
s t r u c t u r e  o f  3 
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The PhNC molecule coo rd ina ted  on the  same s i d e  t o  t h e  r i n g  C atoms o f  t h e  macrocycle w i t h  r e -  
spec t  t o  t h e  4s p lane bends e x t e n s i v e l y ,  w h i l e  t h a t  on t h e  oppos i te  s i d e  i s  e s s e n t i a l l y  l i n -  
ear; t heang les  a t  t he  N(20) and N(30) atoms a r e  139 and 167", r e s p e c t i v e l y  and t h e  d e v i a t i o n  
o f  t h e  Mo atom f rom the  4s p lane towards the  r i n g  C atoms i s  0.11 4. 
Next, t h e  r i n g  s i z e  e f f e c t  upon t h e  n u c l e o p h i l i c i t y  o f  t h e  Rh(1) complexes was examined by 
molecu la r  mechanics and EHMO c a l c u l a t i o n s  ( r e f .  14) .  The c a l c u l a t e d  mo lecu la r  s t r u c t  r e  o f  
2b agrees w e l l  w i t h  t h e  observed one (F ig .  2) .  The s t r a i n - f r e e  Rh-S d i s tance  (2.305 1) thus  
z s e s s e d  i s  much longer  than t h a t  found f o r  2 (average 2.264 1). The e (dxz, d z )  o r b i t a l s  
o f  t h e  model Rh(SH2)4' (C4,,) a r e  aga in  0.34 eV uns tab le  compared t o  those o f  R h ( P k ~ ) 4 ~  (C4v).  
The e o r b i t a l s  a r e  f u r t h e r  d e s t a b i l i z e d  by t h e  shr inkage o f  Rh-S bond and by t h e  increment o f  
pyramidal  ang le  between C4 a x i s  and Rh-S v e c t o r  (Tab le  1 ) .  By c o n t r a s t ,  t h e  a1 (dz2)  o r b i t a l  
i s  s t a b i l i z e d  by such de format ions .  Thus, T i -bas ic i ty  o f  t h e  Rh(1) i o n  i s  expected t o  be en- 
hanced on decreasing t h e  r i n g  s i z e  as t h e  r e s u l t  o f  compression o f  t h e  Rh-S bond and concomi- 
t a n t  ou t -o f -p lane d e v i a t i o n  o f  t h e  Rh atom. 

TABLE 1. Energy Leve ls  o f  al and e o r b i t a l s  i n  RhL4' 
pyramidal  energy l e v e l  ( e v )  

e al L Rh-L (i) ang le  (deg.) 
2.305 90.0 -12.512 -1 2.585 
2.264 90.0 -1 2.514 -1 2.555 
2.264 92.1 -12.531 -12.526 
2.306 90.0 -1 2.590 -1 2.922 

SH2 

PH3 

REACTIONS OF Mo(O), Rh(l),  A N D  Ru(ll) COMPLEXES 

E l e c t r o n  r i chness  o f  1 was man i fes ted  by the  ready N,N-dimethylat ion w i t h  MeBr under ambient 
cond i t i ons  t o  g i v e  trans-{MoBr(N2Me2)Me8 [161aneSqlBr (E) ( r e f .  7 ) .  
o f  trans-Mo(N2)2(depe)2 w i t h  MeBr has been shown t o  r e q u i r e  p h o t o - i r r a d i a t i o n  ( r e f .  15a). 
precedented N - a r y l a t i o n  and -benzy la t i on  o f  t h e  coo rd ina ted  N2 molecule o f  1 w i t h  t h e  co r re -  
sponding o rgan ic  ha1 ides  a l s o  proceed r e a d i l y  under 
ambient c o n d i t i o n s  t o  g i v e  trans-MoX(N2Ar)Meg H61-  
aneS4 (16, Ar=Ph, X=Br; lJ, Ar=Ph, X=I; lA, Ar= 
p-C6H4CFMe , X=I )  and t rans -  {MoBr [N2( CH2Ph)2]Me8- 
[16laneSq}Br (u),  r e s p e c t i v e l y  ( r e f .  16).  For-  
mat ion  o f  t h e  a r y l d i a z e n i d o  complexes was conf i rmed 
by t rans fo rm ing  i n t o  t rans- {MoI  (N~MePh)Me8[16Iane- 
S 4 H  (a) f o r  12 and by a s i n g l e  c r y s t a l  X-ray 
s t r u c t u r a l  s tudy  f o r  1 3  (F ig .  4 ) .  S u r p r i s i n g l y ,  
a r e a c t i o n  o f  w i t h  Me1 i n  to luene  under ambient 
c o n d i t i o n s  gave t rans- {MoI  [N2Me(CH2Ph)l Me8 [16lane- 
S4 31 (21 ) t oge the r  w i t h  an expected t rans- {Mol -  
(N2Me2~e8[161aneS4)1 (22)  i n  a 1:3 r a t i o .  Th i s  
suggests t h a t  N-benzy lanon proceeds th rough a 
r a d i c a l  process s i m i l a r  t o  t h a t  con f i rmed f o r  N- 
a l k y l a t i o n  o f  trans-M(N )2(dppe)2 (M=Mo, W )  by 
a l k y l  h a l i d e s  ( r e f .  15bf. 
o f  t he  coo rd ina ted  N2 molecule i n  A t o w a r d  such a 
s t a b l e  r a d i c a l  PhCHz. i s  r a t h e r  remarkable s ince  a 
r e a c t i o n  o f  t he  dppe analogue w i t h  PhCH2Br gave 
trans-MoBr2(dppe)2 and b ibenzy l  ( r e f .  15b). 

The homolept ic t h i o e t h e r  complexes o f  Rh(1) descr ibed here added CH2C12 a t  room temperature t o  
g i v e  trans-{RhC1(CH2C1)LIt (3) ( r e f .  10).  
c o n t r a s t s  t o  t h e  i n e r t n e s s  o f  RhCl(PPh3)3 and [Rh(t-BuNC)4It toward CH2C12. 
o x i d a t i v e  a d d i t i o n  o f  CH2C12 increases  i n  the  o rde r  z>l>§,, t h e  r e l a t i v e  r a t e  be ing  5.4, 2.6, 
and 1.0, r e s p e c t i v e l y .  
Rh(1) i o n  ( v i d e  supra) .  
t h e  second o rde r  r a t e  cons tan ts  f o r  t h e  a l l - u p  (2) and up-up-down-down conformers (i') a r e  7.4 
x 10-3 and 1.1 x 10-3 M- lmin- l  (DMSO, 25" C), r e s p e c t i v e l y .  
w i t h  i n v e r s i o n  symmetry, t he  Rh atom shou ld  be e x a c t l y  i n  t h e  45 p lane and then, r - b a s i c i t y  
o f  t he  Rh(1) i o n  i s  expected t o  be lower  than t h a t  o f  t he  a l l - u p  conformer. 

A remarkable d i f f e r e n c e  was observed f o r  t h e  r e a c t i o n  o f  two geomet r ica l  isomers o f  oc tahedra l  
Ru( I1 )  complexes o f  R4[141aneS4 w i t h  a l k y l a t i n g  reagents  i n  a romat ic  hydrocarbons ( r e f .  12) .  
Treatment o f  c i s - i somer  2 w i t h  A12Me6 o r  MeMgBr i n  to luene  (-20" C) gave trans-RuCl(C6HqMe)- 
Me4[141aneSq (u) as the  a l l - u p  conformer. Th is  i s  r a t h e r  unexpected s ince  a r e a c t i o n  o f  
RuC12(PPh3)3 w i t h  A12Me6 i n  benzene a f f o r d e d  RuCl(Me)(PPhg)3 ( r e f .  17) .  The g e n e r a l i t y  o f  
ex t remely  f a c i l e  i n t e r m o l e c u l a r  C(spz)-H bond a c t i v a t i o n  was conf i rmed by t h e  fo rma t ion  o f  
trans-RuC1 ( A r )  [141aneSq (2, Ar=C6H4Me; 2, Ar=Ph) from t h e  r e a c t i o n  of  8- w i t h  A12Me6 i n  t h e  

A s i m i l a r  d i m e t h y l a t i o n  
Un- 

The enhanced r e a c t i v i t y  

Fig.  4. Mo lecu la r  s t r u c t u r e  of  12. 

The h i g h  r e a c t i v i t y  o f  these t h i o e t h e r  complexes 
The r a t e  o f  

The o rde r  i s  c o n s i s t e n t  w i t h  t h a t  o f  i n c r e a s i n g  n - b a s i c i t y  o f  t h e  
The r a t e  i s  a l s o  a f f e c t e d  by t h e  conformat ion  o f  crown t h i o e t h e r ;  

For the  up-up-down-down conformer 
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r e s p e c t i v e  aromat ic  hydrocarbons. By c o n t r a s t ,  a s i m i l a r  r e a c t i o n  o f  t rans- isomer  
A12Me6 i n  to luene gave trans-RuC1 (Me)Me4[14laneSq (L7)  as t h e  s o l e  i s o l a b l e  p roduc t .  

w i t h  

React ion o f  cis-RuC12L 2 and 
t h i o e t h e r s  ( r e f .  14) .  (a) and a b r i d g i n g  hyd r ido  b i n u c l e a r  complex {Ru2H(Cl)(p-H)[ Me4[14laneS4121Cl (2). 
molecu la r  s t r u c t u r e s  o f  bo th  complexes were e l u c i d a t e d  by a s i n g l e  c r y s t a l  X-raf s t r u c t u r a l  
s tudy  (F ig .  5 ) .  H NMR datum 
(6-20.8(d), -33.3(d);  J(H-H)=14.9 Hz). 
a t t a c k  o f  t h e  hyd r ido  l i g a n d  o f  
by a d i s s o c i a t i o n  o f  C 1 -  i n  28. 
gave trans-RuH( C1 )Me [ 1 6 ] a n e q  (g), which f u r t h e r  r e a c t s  w i t h  BH4- a f f o r d i n g  trans-RuH(n1- 
BHq)Me8[16]aneSq (27. A r a t h e r  r a r e  monodentate c o o r d i n a t i o n  o f  BH4 - l i a  nd (F ig .  5 )  was 
conf i rmed by a l onger  B...Ru non-bonded d i s tance  (2.89(2) 8)  than  t h a t  (2.3 f) est imated f o r  
RuH(r?-BH4)(PMe3)3 ( r e f .  18) .  
1860 cm-1) o f  a compared t o  t h a t  (vRu-H 1958 cm-1) o f  a, g shows no tendency t o  d i s s o c i a t e  

w i t h  NaBH4 i s  seve re l y  a f f e c t e d  by t h e  r i n g  s i z e  o f  crown 
Treatment o f  2 w i t h  an excess o f  NaBH4 gave trans-RuH(Cl)Me4[141aneSq 

The 

The p o s i t i o n s  o f  hyd r ido  l i g a n d s  i n  2 were deduced f rom the  
The complex 3 may be produced th rough a n u c l e o p h i l i c  

t o  a f i v e  coo rd ina te  i n te rmed ia te  {RuHMe4[14] aneS41' formed 
A s i m i l a r  r e a c t i o n  o f  lJ w i t h  an equi-molar amount o f  NaBH4 

Due t o  a weak t r a n s - i n f l u e n c e  o f  t h e  hyd r ido  l i g a n d  (vRu-H 

coo rd ina ted  C 1 -  l i g a n d  and does n o t  a f f o r d  t h e  Me8[161aneS4 analogue o f  2. t he  

1. 
2. 
3. 

4. 

5. 
6. 

7. 

8. 
9. 

10. 

11. 
12. 
13. 
14. 
15. 

16. 

17. 
18. 

3.41 A 

29 - 
Fig.  5. Mo lecu la r  s t r u c t u r e s  o f  Ru( 11) hyd r ido  complexes. 
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