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As is well  known, one of the pecu l i a r i t i e s  of n i t rogenase  is i ts  abi l i ty to reduce  unsatura ted  c o m -  
pounds with a t r ip le  bond: ace ty lene ,  az ides ,  n i t r i l e s ,  n i t rous  oxide. The reac t ion  with C2H 2 leads  to the 
format ion  of ethylene;  no fu r the r  reduct ion to ethane occurs .  In the p r e s e n c e  of D20, c is -d ideuteroe thylene  
is  f o r m e d  [1]. 

In [2] a homogeneous  s y s t e m  [aqueous alkal ine solutions of V(II) with pyroca techol  (PC)], which r e -  
duces C2H 2 to ethylene a t  ~20 ~ and a tmosphe r i c  p r e s s u r e ,  was  descr ibed .  In the reac t ions  of this sy s t em,  
ce r t a in  f ea tu res  of s im i l a r i t y  to n i t rogenase  can be noted. Actual ly,  C2D 2 is reduced  to c i s -d ideu t e r o -  
ethylene in H20. M o r e o v e r ,  under  ce r t a in  conditions ni t rogen is reduced  to NH S under  mi ld  condi t ions  in 
the p r e sence  of a complex  of V(II) with PC [3, 4]. 

In o r d e r  to de t e rmine  the ro le  of V(II) in these  complexes  and to study o ther  such s y s t e m s ,  we in-  
ves t iga ted  complexes  of PC with other  t rans i t ion  me ta l s  in a low va lence  s ta te .  This  a r t i c l e  p r e sen t s  the 
r e su l t s  of a study of the reduct ion  of C2H 2 by pyroea techol  complexes  of Ti(IH),  Cr(II) ,  and Mo(III). 

EXPERIMENTAL METHOD 

VSO 4 �9 7H20 and KsMoC16 were  produced by e l ec t rochemica l  reduct ion of VOSO 4 and MoO S �9 CrC12 was 
synthes ized  accord ing  to the method of [5]. Acetylene was pur i f ied  by r e f r e e z i n g  under vacuum;  the pur i ty  
was moni to red  by the method of g a s - l i q u i d  ch romatography  (Tsvet-1000 ch romatograph ,  model  104). PC 
was pur i f ied by subl imat ion under  vacuum.  Acetylene  was  reduced  in Ri t tenberg  v e s s e l s ,  in which so lu -  
t ions of me ta l  sa l t s  with PC (volume of the liquid phase  20 ml) we re  mixed with buffer  solutions in a s t r e a m  
of C2H 2 ; the yie ld  of ethylene and ethane was m e a s u r e d  ch romatograph ica l ly  a f t e r  24 h in all c a ses .  

The concent ra t ions  of V and T i  w e r e  de te rmined  on an Fl~K-56 c o l o r i m e t e r  with No. 4 (~max434 urn) 
and No. 3 (~max400  urn) l ight f i l t e r s .  The CrC12 concentra t ion  was de te rmined  iodomet r iea l ly ,  while the 
Mo(III) concentra t ion  was de te rmined  by back t i t ra t ion  of the excess  K2Cr20 ~ with M o h r ' s  sal t .  In the ex -  
p e r i m e n t s  with 15N 2, the ana lys i s  was conducted m a s s  s p e e t r o m e t r i e a l l y  by the method of isotopic dilution. 
The isotopic compos i t ion  of e thane in the expe r imen t s  with C2D 4 + C2H 2 was de te rmined  on an MKh-1302 
m a s s  s p e c t r o m e t e r .  The m a s s  s p e c t r a  we re  ca lcula ted  accord ing  to the data of [6]. 

DISCUSSION OF RESULTS 

Like V(II), the compounds of Ti(III), Cr(II), and Mo(III) form soluble complexes with PC, which do 
not decompose liberating hydroxides even in concentrated alkaline solutions. The complexes of V(II), 
Ti(III), and Mo(]II) gradually decompose water, liberating H 2. Acetylene is reduced in solutions of these 
complexes, and the reaction begins at pH > 5 (Fig. i). The basic product in all eases is ethylene; the 

reaction proceeds according to the stoiehiometric equation 

2M ~+ ~- C~H~ -~ 2H~O -+ 2M (~+I)+ -~ C~H4 ~- 2OH- (I) 

In the reduction of C2H 2 by complexes of V (II) and Mo(III), together with ethylene, a certain amount of 
ethane is obtained. With complexes of V(II) ethane is formed only in strongly alkaline solutions ([KOH] 

2 M) (Fig. 2); with complexes of Mo(III) it is already formed at pH ~ 5 (see Fig. i). It can be noted 
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Fig. 1. Dependence of the yield of ethylene on the pH of 
the solutions in the reduct ion of acetylene by metal  c o m -  
plexes with pyrocatechol :  1) V :PC = i : 71; 2) 1 : 5 0 ;  3) 
1 : 1 0 ;  4) [Mo(III)] 0.004 M, [PC] 0 0.090 M; 5) yield of 
ethane. 

Fig. 2. Dependence of the yield of ethylene (1) and ethane 
(2) on the pyrocatechol  concentrat ion in the reduct ion with 
complexes of VOI) with pyrocatechol ,  [VSO4] 0 = 0.048 M, 
[KOH]0 = 2 M. 

in the reduct ion of C2H 2 with complexes of Cr(II) is quantitative [calculated on the 
of Cr(II) accord ing  to Eq. (1)], while in the case of reduction by Mo(IIl) complexes 

The react ions  studied proceed ve ry  rapidly with complexes of V(II), and substantially more  slowly 
in the react ions  of the remain ing  reducing agents.  Exper iments  on the reduction of ethylene in aqueous 
and methanol solutions were  conducted under conditions analogous to the reduction of C2H 2. In all cases  
the format ion of ethane was observed (Table 1). As can be seen from Table 1, in methanol solutions,  in 
compar i son  with aqueous solutions,  somewhat  more  ethane is formed,  which can be explained by the bet ter  
solubility of ethylene in methanol.  

In o rde r  to determine the s tereospeci f ic i ty  of the reduction of C2H 2 we conducted experiments  with 
C2D 2 at pH 10 in s t rongly alkaline solutions ([KOH] ~ 2 M) at a rat io M :PC = 1 : 1 0 .  In the reac t ion  with 
V(II), c is -dideuteroethylene is formed,  and with Ti(III) a mixture of c i s -  and t r a n s - i s o m e r s ;  with Cr(II) 
and Mo(III) only the t r a n s - i s o m e r  is formed.  The resul ts  at the two pH values studied a re  qualitatively 
analogous.  

Several  exper iments  were  conducted in o rde r  to determine the possibi l i ty of reduction of molecular  
nitrogen.  To avoid e r r o r s  on account of ammonia impur i t ies ,  the exper iments  were  conducted in ~SN 2. 
It  was found that in all cases  except for V(H), the isolated NH 3 does not contain 15N, i.e.,  no fixation of 
ni t rogen occurs .  The reduct ion of ni t rogen in a solution of the complex of V(I!) with PC was studied in [4]. 

To determine the pathway of format ion of ethane in the sys tem V i i i ) - P C ,  experiments  were conducted 
in the joint p resence  of C2H 2 and C2D 4 (in a 1 : 8 rat io),  in which the concentrat ions of both gases in solution 
were  approximately  the same.  Chiefly C2H 6 is formed in the react ion products ,  which indicates a di rect  
reduct ion of C2H 2 to ethane without leaving the coordination sphere of the complex. 

It is difficult to draw more  definite conclusions f rom the data obtained on the detailed mechanism of 
the react ion that we detected. It  can be assumed that the react ion with C2H2, just as in an acid solution of 
Cr(II) sal ts  [7], p roceeds  through the formation of an intermediate  binuclear  complex. However,  in con-  
t r a s t  to Cr(II),  in this case the t ransi t ion not only V(II) --- V(III), but also V(II) - -  V(IV) is possible;  in a 
binuclear  complex, the la t ter  t ransi t ion can lead to the reduct ion of C2H 2 to ethylene according to a c i s -  
scheme and to the reduct ion of C2H 2 to ethane: 

2V2+~-4H~O~-C2H~ --~ 2V4+~C~H~ ~-4OH- 

Poss ib ly  this reac t ion  actually occu r s  in a se r i e s  of s teps,  for example,  
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TABLE 1 

Solvent [M] * [PC] [KOH] [C,tt,] [C,H,]/[M], % M 

V Water 
Methanol 

Ti Water 
Methanol 

Cr Water 

Methanol 
Water 
Methanol 

Me 

0,049 
0,049 

0,485 
0,485 

0,504 
0,504 

0,048 
0,048 
0,047 
0,045 
0,045 
0,004 
0,004 

0,485 
0,485 
0,470 
0,450 
0,470 
0,t00 
0,i00 

0,504 
0,504 
0,470 
i,81 
t,90 
2,18 
t,81 

*[M] is the concentration of the metal complex, M. 

1,3.10-4 
t,95.10-4 
4,0.t0-5 
t,0.t0-* 
2,5.t0-5 
3,5.i0-5 
3,5.t0-5 
2,4.t0-5 
4,8.10-~ 

35,5 
53,0 
it,0 
27,5 
5,3 
7,4 
7,4 

t2,2 
24,4 

H,\ /H a2 o H\  /H 
/C~-5C \ ~ V(IV) + C~C 

/ / "~ ~ \ H / ~ \H 
V(II) V(II) V(II) 

/ \  
C21-14 § 2V(II[) C2H ~ + 2V(II[) 

C O N C L U S I O N S  

1. The reduct ion  of ace ty lene  by complexes  of t rans i t ion  me ta l s  [V(II), Ti(III) ,  Cr(II) ,  Mo(IH)] in the 
p r e s e n c e  of pyroca techol  at  va r ious  pH of the solutions was  studied. 

2. In the reac t ion  of deuteroaoety lene  with V(II), c i s -d ideu te roe thy lene  is fo rmed ,  with Ti(III) a 
mix tu re  of the c i s -  and t r a n s - i s o m e r s ,  and with Cr(II) and Mo(III) only the t r a n s - i s o m e r .  

1 ,  

2. 

3. 

4. 

5 .  

6. 
7. 

L I T E R A T U R E  C I T E D  

I. R. W. F. Hardy ,  R. C. Burns ,  and G. W. P a r s h a l l ,  Advances  in Chem. Ser . ,  100, 219 (1971). 
L. A. Nikonova,  A. G. Ovcharenko,  O. N. Ef imov,  and A. E.  Shilov, Kinet ika i Kata l iz ,  13, 249 
(1972). 
L. A. Nikonova,  A. G. Ovcharenko,  O. N. Ef imov,  V. A. Avflov, and A. E.  Shflov, Kinetika i 
Kata l iz ,  13, 1602 (1972). 
L. A. Nikonova,  N. I. P e r s h i k o v a ,  M. V. Bodeiko,  L. G. Oliinyk, D. N. Sokolov, a n d A .  E. Shflov, 
Dokl. Akad. Nauk SSSR, 216, 140 (1974). 
D. P .  Zos imovieh ,  N. E.  Neehaeva ,  and N. F. Zor ich ,  Ukr.  Khim. Zh.,  30, 1109 (1964). 
Y. Amenomiya  and R. E.  Po t t l e ,  Canad. J.  Chem. ,  46, 1735 (1968). 
N. T. Denisov,  O. N. Ef imov,  A. G. Oveharenko,  and A. E. Shflov, Teo re t .  i E k s p e r i m .  Khimiya ,  
1, 762 (1965). 

462 


