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There a re  well-known react ions  involving the opening of small  carbon rings as a resul t  of at tachment  of 
halogens and r eve r se  react ions  of ring formation in the reduction of normal  c~,a'-dihaloalkanes. In sufficiently 
mild conditions, t r iangulo-dodeeaearbonyl t r iosmium Osa(CO)~ 2 reac t s  s imi lar ly  in nonpolar solvents with halo- 
Tens, with dissociat ion of one of the m e t a l - m e t a l  bonds, and is converted to linear carbonyl  halides containing 
a chain of three Os a toms [1, 2], 
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(X = CI, Br ,  I). 

There is only one known example of conversion of a l inear osmium compound to a metal  r ing [3]: When 
the dihydride H2Os3(COh2 is heated at 165~ in the absence of a solvent, two H atoms split off forming Os3(CO)i 2. 

In this ar t ic le  we repor t  on the convers ion of l inear t r inuclear  osmium carbonyl  halides X2Os3(CO)I 2 
(X = C1, Br, I) to Os3(CO)12 as a resul t  of chemical  and e lec t rochemica l  reduction. 

By x - r a y  s t ruc tura l  analysis  it has been found that in the crysta l l ine  state the diiodide I2Os3(COh2 con-  
tains a l inear chain of three Os a toms,  while the halogen atoms occupy equatorial  positions on the terminal  Os 
atoms in mutual trans positions [4]: 
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Dimethyldodecacarbonyl t r iosmium Me2Os 3(CO)I 2 [5] has a s imi la r  s t ruc ture .  

By compar ing  the vibrational  spectra  of compounds of the type X2Os3(CO)I 2 in both the crysta l l ine  state 
and solutions, we can infer that these compounds are  i sos t ruetura l .  In solutions we can expect the appearance 
of re ta iners  formed by rotation of the te rminal  groups X(OC)4Os about the O s - O s  bond; however,  the l inear 
configuration of the molecule and the equatorial  positions of the halogen a toms are  then undoubtedly preserved.  

Note that there is a possibil i ty of bending of the linear Os - O s - O s  chain owing to t rans ~ cis i somer i za -  
tion. Similar i somer izaf ion  i s  observed  in reac t ions  Of in t ramolecula r  substitution of CO groups in X2Os 3(CO) 12 
complexes,  leading to format ion of compounds of the type (P-X2)Os3(CO)lo [6]: 

( c o )  4 
Os 

x(~176176176176176 _-_-_-_-_-_-_-_-_-2~j (~176176176 

When linear carbonyl  halides X2Os3(CO)I 2 are  reduced in mild conditions in an aprot ie  medium, we can 
expect dissociat ion of the o s m i u m - h a l o g e n  bonds and formation of an intermediate  linear hypothetical b i rad i -  
cal [Os3(CO)12] . This biradieal  can later  ei ther  take part  in chain growth react ions leading to formation of 
t e t racarbonylosmium ol igomers  o r  po lymers ,  or  be converted to a stable me ta l - r ing  compound: 
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We found that  r eac t ion  of Br2Os3(CO)l 2 solution in a c e t on i t r i l e  with sodium ama lgam at about 20~ quick-  
ly leads  to quant i ta t ive  fo rmat ion  of Os3(CO)~ 2. When sodium ama lgam ac t s  on Os3(CO)~ 2 solution in THF,  i t  
f o r m s  a complex mix tu re  of mononuc lea r  and po lynuc lea r  e a r b o n y l o s m a t e  anions [1]. The poor  so lubi l i ty  of 
Os3(CO)12 in a e e t o n i t r i l e ,  which we used as  solvent ,  h inders  fu r the r  reduc t ion .  Boilin~ Br2Os3(CO)~ 2 in toluene 
in the p r e s e n c e  of exces s  pyr id ine  unexpectedly  led to the format ion  of Os3(CO)~ 2 with a good y ie ld  (53g). In 
this case  the pyr id ine  p robab ly  ac t s  as  a reduc ing  agent  and the r eac t ion  can be of the o n e - e l e c t r o n  t r a n s f e r  
type [7]. 

When Br2Os3(CO)l 2 r e a c t s  with NaMo(CO)3C p and NaFe(CO)2Cp, complex mix tu re s  of products  a r e  
fo rmed  in which there  a r e  a p p r e c i a b l e  amounts  of Os3(CO)12 (about 309) and the co r r e spond ing  b inuc lea r  
(v,5-eyclopentadienyl)metal  c a r b o n y l s  (about 40~ The fo rmat ion  of these  compounds can be explained by 
means  of two a l t e rna t ive  m e c h a n i s m s :  

a) in the r eac t ion  an e l ec t ron  is t r a n s f e r r e d  f rom the (@-eyc lopen tad ieny l )ea rbony lmeta l l a t e  anion to the 
ant ibonding ~* o r b i t a l  of the O s - - B r  bond, fo rming  a halogen anion and c o r r e s pond i ng  me ta l  ca rbonyl  r a d i c a l s :  

Br(OghOs--Os(gO)4--Os(gOhBr + 2[M(gO)nCp]- --, 
"-* [(OC)4(Js--Os(CO)l--(3s(COh] + 2[M(CO)nCp]" -{- 2Br- 

(COb I Os 
(OC)4Os,/~Os(CO)4 Cp(OC)nM--M(CO)aCp 

b) In the r eac t ion  condi t ions there  is  homolyt ic  d i s soc ia t ion  of the m e t a l - m e t a l  bonds in the unstable  
l i nea r  h e t e r o m e t a l l i c  compounds fo rmed  as  a r e s u l t  of subst i tu t ion for  the Br a toms:  

Br(OC)4Os--0s(CO)4. Os(CO)4Br -1- 2NaM(CO)nCp 
- -2NaBr 

[Cp(OC)~M--Os(CO),--Os(CO)~--Os(CO)4--M(CO)~Cp] 
2[Cp(OC)nM]" + [Os(CO)4--Os(COh--6s(CO)4] 

[Cp(OC)nM]2 0s3(C0h~ 

In o r d e r  to e luc ida te  the poss ib l e  mechan i sm of reduct ion  of l i nea r  t r i n u c l e a r  osmium ca rbony l  hal ides  
and to de t e rmine  the r e l a t ive  l ab i l i ty  of the o s m i u m - h a l o g e n  bonds,  we under took a study of the e l e c t r o c h e m -  
ica l  reduc t ion  of these compounds and n o r m a l  a , cc -d ib romoa lkanes ,  p o l a r o g r a p h i e  reduct ion  was effected a t  
a dropping m e r c u r y  e l ec t rode  in absolu te  a ce ton i t r i l e ;  the r e f e r e n c e  e l e c t r o d e s  were  A g / A g  +. 

In the reduct ion  of 1 ,3 -d ib romopropane  and 1 ,4 -d ib romobutane ,  on the po l a r o g r a m s  we o b s e r v e d  one two- 
e l ec t ron  diffusion wave (Ev2 = - 2 . 4 9  and - 2 . 5 2  V, r e spec t i ve ly ) .  The mechan i sm of po la rog raph ic  reduct ion 
of these  compounds,  leading to the fo rmat ion  of cyc loa lkanes ,  is  well  known [8]; it  is thought that  the f i r s t  
sta~e of the p r o c e s s  is  he te ro ly t i c  d i s cha rge  of one of the C - B r  bonds and that  the r e su l t i ng  carbanion  is s t a -  
b i l i zed  by e l imina t ing  a halogen anion and giving the cycl ic  p roduc t  

(CI-I2)~ +2e- 
/ \ - , 

Br--CH2 CH2--Br --Br- 

In the reduct ion  of t r i n u c l e a r  osmium ca rbony l  hal ides  X2Os3(CO)I  2 (X = C1, Br,  I), on the p o l a r o g r a m s  
we see three  r e v e r s i b l e  diffusion waves:  i d is  p r opo r t i ona l  to ~ and to the concent ra t ion  of the t e s t  compound 
(Table 1). The potent ia l  of the f i r s t  wave depends on the na ture  of the halogen atom and is undoubtedly r e l a t ed  
to the d i s soc ia t ion  of the o s m i u m - h a l o g e n  bonds. The ease  of reduc t ion  of the ca rbony l  hal ides  d e c r e a s e s  in 
the sequence I > Br > CI. The o b s e r v e d  sequence of change of the reduc t ion  poten t ia l s  of O s - X  bonds is ev i -  
dence of a high degree  of covalence  of these  bonds and is s i m i l a r  to that  found p rev ious ly  both for  o rgan ic  
halogen compounds [9] and for  mononuc lea r  ca rbony l  hal ides  of t r ans i t ion  me ta l s  [10, 11]. At  the same t ime ,  
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T A B L E  t .  P o l a r o g r a p h i c  C h a r a c t e r i s t i c s  of  Reduc t ion  of  T r i n u -  
c l e a r  O s m i u m  Compounds  (CHaCN , 0.1 N Et4NbF4, C = 1 �9 10 -3 
m o l e / l i t e r ,  A g / A g  +) 

Compound -Etl~,Vlid, gAlc m Compound [--E,h,V /d, gA an 

Os:; (CO) ~z 

ClaOs3 (CO) ,= 

1,75 
2.77 

L78 
2,71 

t,80 
1,80 
1,36 
t,60 
t,76 

0,84 Br2Os3 (CO) ~z 
0,59 
0,66 
0,66 I~Os3 (CO) ~z 
0,74 

t ,44 
i,74 
2,74 
,24 

t,78 
2,71 

1,40 
1,68 
t .88 
t188 
t.28 
1;% 

0,47 
0,51 
0,66 
0,96 
0,57 
0,70 

the l o w e r  v a l u e s  of  the p o t e n t i a l s  i nd i ca t e  e a s i e r  p o l a r i z a b i l i t y  of  O s - X  bonds in c o m p a r i s o n  with  C - X  bonds 
in d i h a l o a l k a n e s .  

The s econd  and t h i r d  r e d u c t i o n  w a v e s  of  the compounds  X2Os3(CO)12 co inc ide  with the r e d u c t i o n  w a v e s  
o f t r i a n g u l o - d o d e e  a e a r b o n y l t r i o s m i u m ,  and a r e  e v i d e n t l y  r e l a t e d  to s u c c e s s i v e  a t t a c h m e n t  of  two e l e c t r o n s  to 
th i s  compound  [12], which  is  f o r m e d  in the  f i r s t  s t age  of  r e d u c t i o n .  The f o r m a t i o n  of  Os3(CO)12 in p o l a r o -  
~ raph ie  r e d u c t i o n  of X2Os(CO)I 2 c o m p l e x e s  i s  c o n f i r m e d  by e l e c t r o l y s i s  of  the d i b r o m i d e  Br2Os3(CO)l 2 in a e e -  
t o n i t r i l e  a t  the c o n t r o l l e d  p o t e n t i a l  of  the  l i m i t i n g  c u r r e n t  of  the f i r s t  r e d u c t i o n  wave  ( - 1 . 5 0  V). 

Gubin and D e n i s o v i c h  [10] have e s t a b l i s h e d  tha t  m o n o n u c l e a r  e a r b o n y l  ha I i de s  of  t r a n s i t i o n  m e t a l s  a r e  
e a s i l y  s u b j e e t e d  to p o l a r o g r a p h i c  r e d u c t i o n  with d i s s o c i a t i o n  of  the m e t a l - h a l o g e n  bonds;  a c c o r d i n g  to the 
n a t u r e  of  t h e s e  bonds ,  the p r o c e s s  can  fo l low e i t h e r  a o n e - e l e c t r o n  m e c h a n i s m  

X -- [MI + e- --~ X- + IM]" 
X- - - - I ,  [M] = W(CO)3Cp; X = C1, Br, I, [MI = Fe(CO)#p, 

Fe(CO) dn3-C,Hs), 

or a two-electron mechanism 

X -- [M] + 2e--+ X- + [M]- 

where X = Cl, Br, [, [M] = Mn(CO)5 , Re(CO)5; X = C], Br, [M] = W(CO)3C p. On the basis of the equality of the 
heights of all the reduction waves of the compounds X2Os3(CO)i 2 we can assume that one electron takes part in 
each stage of reduction. A similar conclusion is reached if we compare the heights of the waves of the com- 
pounds XzOs3(CO)I 2 with the height of the two-electron wave of reduction of BrRe(CO)5 [11]. Corresponding to 
this, we can propose the following scheme for the reduction of trinuclear linear carbonyl halides of osmium: 

+e- +Hg 
X--0s(C0)~--0s(COh--Os(CO)4--X --x_ -~ [0s(C0)4--0s(C0)~--0s(C0)~--X] _HgX"-'--------:~ 

(I) 
+e- 

tOs((;O)~--Os(COh--Os(CO)4]'" ~ Os~(COh2-  
(n) 

+e- 
[Os3(CO)p.]-= - - ~  [Os3(CO)M'-- 

(]I[) (IV) 

When the f i r s t  e l e c t r o n  is  a t t a c h e d  to the X2Os3(COh2 m o l e c u l e ,  one of the O s - X  bonds  i s  d i s s o c i a t e d  
and a m o n o h a l o d o d e e a e a r b o n y l t r i o s m i t m a r a d i c a l  (I) i s f o r m e d .  D e t a c h m e n t  of  a s e c o n d  ha logen  a tom can  o c c u r  
wi thou t  e x p e n d i t u r e  of  e l e c t r o n s  when r a d i c a l  (I) i n t e r a c t s  wi th  the s u r f a c e  of  the m e r c u r y  d r o p .  The b i r a d i -  
c a l  (II) thus  f o r m e d  is  r a p i d l y  s t a b i l i z e d ,  be ing  c o n v e r t e d  to t r i a n g a l o - d o d e c a e a r b o n y l t r i o s m i u m ,  which  then  
s u c c e s s i v e l y  a c q u i r e s  two e l e c t r o n s ,  be ing  c o n v e r t e d  s u c c e s s i v e l y  to anion  r a d i c a l  (II[) and d i an ion  (iV). The 
p o s s i b i l i t y  of  s y n c h r o n o u s  s p l i t t i n g - o f f  o f  a second  ha logen  a t o m  f r o m  r a d i c a l  (I) and  f o r m a t i o n  of  c y c l i c  o s -  
m i u m  e a r b o n y l  ean  a p p a r e n t l y  be e l i m i n a t e d ,  s i n c e  th i s  p r o e e s s ,  wh ich  to some  e x t e n t  r e s e m b l e s  the c o n -  
v e r s i o n  of  the c a r b a n i o n  BrCH2CH2CII 2- to e y c l o p r o p a n e ,  i n v o l v e s  the f o r m a t i o n  of  a c y c l i c  i n t e r m e d i a t e  wi th  
a c o o r d i n a t e l y  s u p e r s a t u r a t e d  Os  a t o m :  

(COb "1" 

x 1 
/ \ Os~(coh~ + x" 

01 (ochos ...... Os(Coh 
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Thus, the resul ts  of our chemical  and e lec t rochemica l  reduction of t r inuclear  l inear osmium carbonyl  
halides indicate the possibili ty of formation of osmium carbonyl  radica ls ,  capable of being converted to stable 
meta l  r ings,  in these p rocesses .  Apparently,  a s imi lar  behavior will also be charac te r i s t i c  of linear c o m -  
pounds of other  t ransi t ion metals .  This feature of the l inear compounds must  cer ta inly  be taken into account 
in reac t ions  of nuc]eophilic substitution of ligands at the terminal  metal  a toms.  

E X P E R I M  EN TA L 

All operat ions  were per formed in absolute solvents in an a tmosphere  of argon.  The compounds 
X2Os3(COh2 (X = C1, Br, I) were obtained by the action of halogens on solutions of Os3(CO)~ 2 in CC14, by meth-  
ods s imi lar  to those descr ibed in [1]. 

Po la rographs  were recorded  on an LP-7e  electronic polarograph with a three-e lec t rode  thermosta ted 
cell .  The anode and reference  e lec t rodes  were of Ag /Ag+;  the cathode was a m e r c u r y  dropping electrode with 
forced drop detachment,  with the following cha rac te r i s t i c s :  m = 0.53 m g / s e c ,  t = 0.29 sec.  Reduction was 
effected in anhydrous acetonitri lS; the base e lectrolyte  was a 0.1 N solution of Et4NBF 4. The base electrolyte  
was discharged at - 3 . 2  V. The e r r o r  of measuremen t  of the half-wave potential was i0 .03 V. 

The IR spect ra  were recorded  in an IR-75 ins t rument  with a diffraction grating. Thin- layer  ch roma-  
tography (TLC) was ca r r i ed  out on Silufol plates (Czechoslovakia) .  

Reduction of Br2Os~(CO)~ 2 with Sodium Amalgam.  A solution of 0.050 g (0.047 mmole) of Br2Os3(CO)12 
in 20 ml CH3CN was shaken for 30 min with 2 ml of amalgam containing 0.010 g (0.43 mg-eq) of Na. The color 
of the solution quickly changed from pale yellow to orange,  and a precipitate came down. After  the end of 
shaking the suspension was careful ly  separated from the amalgam;  the precipitate was fi l tered off and dried 
on the fi l ter.  We obtained 0.029 g (68~) of Os3(CO)12, identified by TLC and IR spectra .  

Reaction of Br2Os3(CO)l 2 with Na Salts of Metal Cyclopentadienylcarbonyls.  a) To a solution of 0.440 g 
(0.41 mmole) of Br2Os3(CO)l 2 in 30 ml of THF we added drops of NaFe(CO)2C p solution obtained by reduction 
of 0.160 g (0.45 mmole) of [Fe(CO)2CP] 2 with 1~ sodium amalgam in 10 m] of THF. The mixture was s t i r red  
for 2 h, and the solvent then driven off in vacuum. From the dry  residue by successive extraction with hexane, 
benzene, and chloroform we separated 0.100 g (27~ of Os~(CO)I 2 and 0.070 g (449) of [Fe(CO)2Cp]2, identified 
by means of the IR spectra  and TLC. 

b) By react ing 0.440 g (0.41 mmole) of Br2Os3(CO)l 2 with NaMo(CO)3CP, obtained from 0.220 g (0.45 
mmole) of [Mo(CO)3CP]2, i n s imi l a r  conditions we separated 0.130 g (35~) of Oss(COh2 and 0.080 g of 
[Mo (CO) 3Cp] 2. 

Reaction of Br2Os3(CO)l 2 with Pyridine. To a boiling solution of 0.100 g (0.094 mmole) of Br2Os3(CO)l 2 

in 50 ml of toluene we added drops of 0.023 g (0.29 mmole) of a solution of pyridine in I0 ml of toluene. The 
mixture was boiled for 2 h, then the solvent was driven off in vacuum and the residue recrystallized from a 
CHCl~-hexane (1 : 3) mixture. We obtained 0.045 g (53~) of Os3(CO)12, identified from the [R spectrum. 

CON C L U S I O N  S 

1. As a resu l t  of chemical  and e lec t rochemica l  reduction the authors  conver t  l inear t r inuclear  osmium 
carbonyI  halides to t r iangulo-dodecacarbonyl  t r iosmium.  

2. They study the polarographic  reduction of l inear compounds of osmium of the type X2Os3(COh2 (X = 
C1, Br,  I). In con t ras t  with C - X  bonds in dihaloalkanes,  dissociat ion of O s - X  bonds involves a one-e lec t ron  
stage and leads to the formation of osmium carbonyl  radica ls  which a re  subsequently converted into metal  r ings.  

3. The ease of reduction of compounds of the type N2Os3(CO)I 2 depends on the electronegat ivi ty of the 
halogen a toms ,  and increases  in the o rde r  X = C1 < Br < I. 
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M E C H A N I S M  O F  THE O X I D A T I O N  O F  1 2 - M O L Y B D O V A N A D O P H O S P H A T E  

B L U E S  BY O X Y G E N  IN A Q U E O U S  S O L U T I O N  

I .  V.  K o z h e v n f k o v ,  Yu.  V,  B u r o v ,  UDC 541.124: 542.943,7: 541o49:546.77 
a n d  K. I .  M a t v e e v  

\ 

Oxidation of blues of the composition Hi[H 3 +nPMo12_nViIVVnV_i 040 ] (HiHPA)byoxygen is one of the stages 
of liquid-phase oxidation of organic and inorganic substances catalyzed by corresponding heteropolyacids 
(HPA) of composition H3+nPMol2_nVnVO40 [I] 

HiHPA @ i /402 -->- HPA @ i/2 H20 (1) 

Here n -- 2-6 is the number of vanadium atoms in the polyanionl i -< n is the number of e lect rons  which the 
blue acquires  on reduction. The oxidation potential of HPA is fair ly high (E 0 = 0.64-0.74 V [1]); therefore ,  
react ion (1) takes place by a one-e lec t ron  mechanism which is thermodynamical ly  disadvantageous [2-4]. It 
appears  that react ion (1) takes place via stages of mult ie lectron t r ans fe r s  [2-4], but the details of the mechan-  
ism are  obscure .  To ascer ta in  them, using a highly sensitive manometr ic  method [5] we have investigated 
the kinetics of react ion (1) with i < 1 and n = 3, 4, 6 under the conditions usually real ized in catalytic p r o -  
cesses  involving HPA. Previously  [3, 4], data were obtained on the kinetics of react ion (1) in the presence  of 
VO 2+ ions with [HiHPA ] -< [VO2+]. 

Blues of HiHPA with i < 1 are  a mixture of HPA and HiHPA: [HiHPA ] --- [I-IPA] + [H1HPA ] and i -- 
[vIV]/[HiHFA], where [HiHPA] is the overa l l  concentrat ion of all  forms  of the polyanions, and IV TM] is the 
overa l l  vIV concentrat ion.  Par t ic les  of HmHPA containing m > 1 vIV atoms may also be present  in equilib- 
r ium.  The subscr ip t  m re fe rs  to the individual polyanions and takes integral  values. We must  distinguish m 

from the subscr ipt  i, charac te rz ing  the meandepth  of reduction of the blue i-~ ~ rn [HrnHPA ] /m~= [HmHPA i and 
m~O 0 

acquir ing a continuous ser ies  of values 0 < i -< n. Clearly,  when i < 1 the following equations are  co r rec t :  

[V Iv] ~--_ [H 1 HPA] ~ [H 2 HPA] ~ [H8 HPn] (2) 

; HPa I ----- [I-I~ HPA l --  [V~Vl (3) 

Condition (2) is also confirmed by the fact  that the equilibrium constant  of the react ion HmHPA + V IV + H +-~- 
Hm+ II-IPA + V V does not depend on m and n [6]. 

E X P E R I M E N T A  L 

Aqueous solutions of Na salts of HPA and the corresponding blues were obtained as in [7] and kept in a r -  
gon. Before an exper iment  the solutions were mixed in rat ios  to obtain a given i. Oxygen was obtained by de-  
composing H202 on an MnO 2 catalyst .  
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