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Ethylene is ca ta ly t ica l ly  oxidized by l i thium ni t rate  in ace t ic  acid solution containing pa l lad ium ace ta te  
to give ethylene g]ycol monoacetate  (EGMA) [1 ]: 

3C2H~ + 2LiNO3 + 5HOAc pd(o~ L 3CH2(OH)CH2OAc + 2LiOAc + 
2NO + H20 

The mechan i sm of this react ion  was studied inadequately [2], and it is only c l ea r  that  it d iffers  f r o m  the known 
mechan i sm for  the oxidation of ethylene by Pd(II) sal ts .  

The p r o c e s s e s  fo r  the t r a n s f e r  of oxygen f r o m  ni t ra te  anion and acet ic  acid to ethylene with the fo rmat ion  
of EGMA were  studied in the p re sen t  paper .  F o r  the p u r p o s e w e  used reac tan ts  enr iched with the 170 isotope,  
and followed its  dis t r ibut ion in the reac t ion  products  employing 170 NMR. 

The oxidation of ethylene was run at 50~ and a t m o s p h e r i c  ethylene p r e s s u r e  for  1 h ([Pd(OAc)2] =0.02, 
[LiNO3] =0.7 mo le / l i t e r .  The reac t ion  products ,  which when analyzed were  90% EGMA, were  isolated by e x t r a c t -  
ing the neutra l ized solution with e the r  and subsequent  r e m o v a l  of the e ther  by disti l lation. Three  methods were  
used to obtain the EGMA for  the 170 NMR study. In the f i r s t  case the EGMA was obtained by reac t ion  (1) f r o m  
reac tan t s  with the natura l  amount of 170. In the second case,  instead of the usual  LiNO~, we used a l i thium 
nitrate  that  was enr iched 20 t imes  in the I70 isotope,  and in the third case we used ace t ic  acid that  was enr iched 
5 t imes  in the ~70 isotope.  

The 170 NlVI~ spec t r a  were  taken on a F o u r i e r  SXP-300 NM:R s p e c t r o m e t e r  at 20 ~ and a f requency of 40.7 
MHz. The durat ion of the 90 o pulse was 10 psec ,  the f requency of the pulse repet i t ions  was 50 Hz, and the 
number  of accumulat ions  was 10,000-20,000. The record ings  were  made using CCI 4 solutions of the EGMA 
samples  (20-50 vol.%). 

The 170 NMR s p e c t r u m  of EGMA should have th ree  lines, cor responding  to th ree  nonequivalent O a toms ,  
e b a 

with an intensi ty  ra t io  of 1:1:1. In the s p e c t r u m  of the unenriched EGMA CIt2(OH)CI~O(CH3)C =O (Fig. 1, spec-  
t r u m  1) the lines at 364 (a), 162 (b), and - 4  p p m  (c) re la t ive  to deu te r ium oxide belong to EGMA. The a s s i g n -  
ment of the s p e c t r u m  was made on the basis  of the d i a g r a m  of the 170 chemica l  shifts  [3] and the NMR spec t r a  
of analogous oxygen a toms in other organic  compounds.  The s p e c t r u m  of the sample  obtained f r o m  enr iched 
LiN170, (see Fig. 1, s p e c t r u m  2) shows that  the carbonyl  oxygen a tom migra tes  to the EGMA f r o m  li thium 
ni trate ,  whereas  the other oxygen a toms migra te  to the EGMA f r o m  acet ic  acid. Spec t rum 3 of the EGMA ob- 
tained using I70 enriched ace t ic  acid and ord inary  LiNO 3 conf i rms  these  migrat ion routes.  As a resul t ,  the 
p r o c e s s  for  fo rming  EGMA can be depicted by the following equation: 

3C~H~ + 2LiNOz* + 5CH3COOH --+ 3CH2(OH)CH~O(CH3)C=O* + 2LiOCOCH3 + H~O + 2NO* 

In [4] it was es tab l i shed  that  in the fo rmat ion  of EGMA the ethylene does not r eac t  with the ni t ra te  i tself ,  
but r a t h e r  with the Pd ni t ra te  complexes  that a r e  fo rmed  in the init ial  per iod of reaction." The Pd ni t roso  com-  
plex [5] was isolated f r o m  solution during the oxidation of the ethylene, which complex is formed by the ethylene 
reduct ion of the ni tr i te  complex. As our obtained data show, the t r a n s f e r  of an oxygen a tom f r o m  the NO 2- group 
occurs  during such reduction. The t r a n s f e r  of oxygen to the olefin without involving exchanffe p r o c e s s e s  can be 
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Fig. I. 170 NMR spec t ra  of EGMA: l)un- 
enriched product;  2) product obtained using 
enriched LiNO3; 3) product  obtained using 
enriched acetic acid. 

explained only by the d i rec t  react ion of the olefin with the oxidizing agent. Such a react ion is postulated, for 
example, in the case of oxidizing olefins to aldehydes and ketones by the nitrite complexes of Co(III) [6] and 
Pd(II) [7], whereas in the lat ter  case the t r ans f e r  of oxygen f rom the NO 2- anion to the olefin was detected by 
isotopic methods. It is interest ing that in our studied react ion the ,n i t r i t e ,  oxygen proves to be in the carbonyl  
position of the EGNIA molecule. Consequently, we believe that the formation of EGMA can proceed with the 
involvement of intermediate (A), in which the NO 2- group reacts  simultaneously with both ethylene and acetic 
acid, which assures  the t ransi t ion of oxygen to the carbonyl group of EG MA: 

\ / 
Pd ~ / 

/ \ ~OAo \ / 

H2 N / \NO* OHI I C o,, , [ o 
,o// ~ . . ~ o  �9 .~" I 

H 3 c . / ~ -  ~ . . . .  o'ff  (A) c = o *  L 
CHa 

It is not excluded that the t ransformat ion  of the intermediate complex containing the olefin and the NO 2- group 
proceeds by another path: via the oxidation of Pd(II) by nitrite anion and subsequent t r ans fe r  of an e lec t ron  f r o m  
the olefin to Pd(III) to give the cat ion-radical .  This type of react ion for the oxidation of olefins was observed in 
the presence  of 

\ / ~+ \ / \p~+/ 
Pd --~ Pd -'+ O HOAc H 2 C ~  / ~ �9 

~ c  / "%0* HoC / \ ~ /  ~ I ~ c H ~  "~qo* 
-. % o t & 

~cH~ ~cs~ \8.  ,~c.%:--J 
- ii3C 

\ / 
Pd 2+ + CH2--CHe 

/ \ I I 
NO* OH O 

CH~ 

CONCLUSIONS 

It was shown by the 170 NMR method that the formation of ethylene glycol monoacetate f r o m  ethylene in 
AcOH solution containing LiNO 3 and Pd(OAe)2 is accompanied by the t r ans fe r  of an oxygen a tom f rom the oxidiz- 
ing agent to the carbonyl  group of the product. 
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The s t e r i c  s t ruc tu re  of molecules  with two gemina l  axes of in te rna l  rota t ion has been repea ted ly  studied 
f r o m  the standpoint of the in te rac t ion  of nonregula r  groups [1]. The conformat ions  of the H a l - C - N - C H a l  
groupings a r e  of spec ia l  in te res t  since,  bes ides  the usual  fac tors ,  the rota t ion around the C - N  bonds is affected 
by the n-or*  in te rac t ion  between the unshared  e lec t ron  p a i r  of the ni t rogen a t o m  and the antibonding orbi ta ls  
of the C -  Hal bonds. Such in terac t ion  s tabi l izes  the orthogonaI or ienta t ion of the C - N - C  and N - C -  Hal planes 
[2]. We examined the s t e r i c  s t ruc tu re  of some N,N-di (chloromethyl )amides  RCON(CH2C1)2, where R = H  (!), CH 3 
(H), C 6 ~  (III), employing the methods of dipole moments  (DM), K e r r  effect  (KC), IR, and Raman spect roscopy.  
The IR s p e c t r a  of (I) and (II) in both the liquid and c rys ta l l ine  state,  anda lso  in CC14 solutions of va r i ab le  con- 
centration,  lack es sen t i a l  d i f ferences .  This points to the rea l iza t ion  of only one conformat ion in al l  cases .  

The s t ruc tu re  of the studied compounds is de te rmined  by the angles of rota t ions  ~l, 2 around the two N - C  
bonds (subscr ip t  1 r e f e r s  to  the bond in the cis posi t ion to the carbonyl).  When @l =~2, the C1 a toms a r e  located 
in di f ferent  d i rec t ions  f r o m  the CNC plane, and the conformat ion  with a t r ans  or ientat ion of the C 1 - C - N - C - C 1  
chain is taken as  the r e f e r ence  point. The s t ruc tu re  of the confo rmer  was es tabl i shed by compar ing  the expe r i -  
menta l ly  de te rmined  DM and KC (Table 1) and those  calculated for  different  values  of e ,  while in the case  of 
(III) t he re  is s t i l l  another  axis  of in te rna l  ro ta t ion  Csp 2 -  Csp2, and consequently only the polar i ty  of the molecule 
was d iscussed,  which is not affected by the rotat ion of the phenyl radical .  Following the usual  concepts on the 
conformat ions  of 1 ,3-disubst i tu ted der iva t ives ,  one should examine the s taggered  conforma~ons  of the C 1 - C -  
N - C - C 1  chain: t t  (~l =~2 =0), gg (~l =~2 = 120~ tg (~l =0, ~2 =120~ gt ((Zl =120~ ,r =0); the gg' s t ruc tu re  
(,~i =120~ cP2 =-120~ with a 1,3-  pa ra l l e l  interact ion,  can be excluded f r o m  the discuss ion.  Taking into accoun~ 
the conformat ional  manifes ta t ion  of the n-o-* interact ion,  we calculated the DM and KC of the molecule with a 
continuous change of the angles (Pl =q~2, i .e. ,  with a local  s y m m e t r y  of the C 2 group. As in [3], the CNC and 
NCC1 valence  angles  were  r e spec t ive ly  taken equal to  120 and 110 ~ The additive p a r a m e t e r s  of the bonds and 
groups of a toms a re  given in [2, 3]. The calculat ion r e su l t s  a r e  given in Table 2. E i ther  s y m m e t r i c a l  confor -  

TABLE 1. Po la r i ty  and Pola r izab i l i ty  of Studied Compounds 

AS An Ad AB 
ColTIpoti!'ld Aw~ naAw2 dlAw2 B~Aw2 ~, I) I m K'IOIz'r 

(I) 15,667 0,093 0,186 59,006 3,34 } 56 
(II) 10,000 0,048 0,205 25,i60 2,79 l 23 

(II !) 5,620 0,074 - -- 3,07 - 
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