
Onthe ca ta lys t  0.5 % RhNaX + 0.25 % Fe203 the m a x i m u m  yield of ethyl  propionate of 50%, with an C2HsOH con-  
ve r s ion  of 98%, was obtained at 240 ~ Fu r the r  inc rease  in the t e m p e r a t u r e  had litt le effect  on the yield of 
C2HsCOOC2H 5 and alcohol convers ion.  S imi lar  r e su l t s  were  obtained when the ca ta lys t  1% RhNaX + 0.5% Fe203 
was used,  where  the m a x i m u m  yield of ethyl propionate  of 40-44% was obtained at 260 ~ F r o m  Fig. 1 it can 
be seen  that  the ra te  of fo rming  C2HsCOOC2H 5 inc reased  with dec rea se  in the concentrat ion of rhodium in the 
ca ta lys t ;  th i s  i nc r ea s e  was g r e a t e r ,  the  h igher  the  r eac t ion  t e m p e r a t u r e .  

As a resu l t ,  it was shown that in the p re sence  of Rb_NaX cata lys t ,  containing 0.1-1% of Rh and promoted  
with 0.05-0.5~ of Fe203, ethanol is carbonyla ted  to ethyl propionate  at 240-260 ~ and a tmospher i c  p r e s s u r e .  
However ,  due to the p r o g r e s s  of the side reac t ion  of C2HsOH dehydration to C2H 4 the yield of C2HsCOOC2H 5 
does not exceed 44-50%, with an alcohol convers ion  of 97-100%. 

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

The appara tus  and exper imenta l  p rocedure  a re  the same as descr ibed  previous ly  [1-3]. The cata lys ts  
we re  p r e p a r e d  as desc r ibed  in [3]. The liquid react ion  products  were  analyzed by GLC on an LKhM-8MD chro-  
matograph  using a 3 m x 3 m m  column packed with 10% polyethylene glycol 400 deposited on Celi te-545 (30-60 
mesh) .  The c a r r i e r  gas was  he l ium,  and the flow rate  was 40 ml/min.  

C O N C L U S I O N S  

By using as the ca ta lys t  the Rh fo rm of t y p e - X z e o l i t e ,  p romoted  with Fe203, we were  able to synthesize 
ethyl propionate  in 44-50% yield by the carbonylat ion of EtOH with CO at 240-260 ~ and a tmosphe r i c  p r e s s u r e .  
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This  reac t ion  was a l ready  studied on the example  of secondary  phosphines [1]. For  p r i m a r y  phosphines 
of type A r P H  2, due to the sl ight  i nc rease  in the nucleophil ici ty,  a near ly  complete  re tent ion of the bas ic  f ea -  
t u re s  of the reac t ion  of p-quinones with secondary  phosphines was expected.  However ,  instead of the expected 
addition produc ts ,  compounds devoid of phosphorus  are  fo rmed  when phenylphosphine is r eac ted  with b r o m -  
and chlorani l s ,  duroquinone,  and p-benzoquinone.  The e lementa l  analys is  data and IR spec t ra  of these  c o m -  
pounds indicate that they a re  the cor responding  hydroquinones ,  which was conf i rmed by compar ing  the con-  
stants  of the obtained compounds with those of the authentic compounds.  Besides  hydroquinones,  an o r g a n , -  
phosphorus  compound is f o rm ed  in all  of the reac t ions ,  which has  a 31p NM1R spec t rum (6 + 68 ppm,  JPH = 217 
Hz) that  r e s e m b l e s  that  of diphenyldiphosphine [2]. Due to the g rea t  tendency of this phosphine to be oxidized by 
a tmosphe r i c  oxygen it  was identified as phenylphosphonic acid and phenyldimethylphosphonium iodide (product 

of t r ea t ing  with CH3I). 

A. E. Arbuzov Inst i tute of Organic  and Phys ica l  Chemis t ry ,  Kazan '  B raneho f  the Academy of Sciences 
of the USSR. Trans l a t ed  f r o m  Izves t iya  Akademii  Nauk SSSR, Seriya Khimicheskaya ,  No. 7, pp. 1660-1661, 
Ju ly ,  1978. Original  a r t ic le  submit ted November  15, 1977. 

1450 0568-5230/78/2707-1450507.50 �9 1979 Plenum Publishing Corpora t ion  



TABLE i. 

R Y ie ld, 
% 

H 

CHa 

Cl 

Hydroquinone s 

OH 
R I n 

/ Q / / \  
R I R 

OH 

rap, ~ (solvent) 

I Found/calculated, 

C H Hal 

Empirical 
formula 

170 [3] 
73 (ethanol-benzene) 
87 232 [4] 

(acetonitrile-beazene) 
232 [51 

94 (acetonitrile-benzene) 
~46 [6] 

i ( a c e t o n i t r i l e - b e n z e n e  

65,48 5,61 
65,45 5,45 
72,t9 8,45 
72,29 8,43 
2932 0,83 57,i0 
29,03 0,8I 57,25 
i6,88 0 ,49  75,t8 

C6H~02 

C~oH~02 

C6H2C1402 

Infrared 
spectrum 
(VOH ,em -1) 

,3435 

344,0 

3410 

3429 

o 
R '! R 

\ l l l~%/"  
2PhPH2 -[- /k//t \  

R ~! R 
O 

OH R 
R i , \ / \ /  

J !1~- [Ph(H)P--P(H)Ph] 
/ % . - ~ \  

R ;H II 

[O, H_,O] CHal 
I 

| 
u [Ph(CIIa)2[ H]I 
,[ 

PhP(OII)2 
R = tt, CHa, CI, Br 

The  f o r m a t i o n  of d i p h e n y l d i p h o s p h i n e  was  o b s e r v e d  p r e v i o u s l y  in the r e a c t i o n  of phe ny lphosph ine  with  t e t r a -  
p h e n y l c y c l o n e  [2]. 

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

The  r e a c t i o n s  w e r e  run  in an a r g o n  a t m o s p h e r e  in a n h y d r o u s  s o l v e n t s .  The  IR s p e c t r a  w e r e  t aken  on a 
UR-20  s p e c t r o p h o t o m e t e r  a s  Nujol  m u l l s .  The  31p NM}t s p e c t r a  w e r e  r e c o r d e d  on a n o n s e r i a l  KGU-4  i n s t r u -  
m e n t  ( o p e r a t i n g  f r e q u e n c y  10.2 MHz,  and 85~0 H3PO 4 as  the e x t e r n a l  s t a n d a r d ) .  

R e a c t i o n  of P h e n y l p h o s p h i n e  with  B r o m a n i l .  To a so lu t ion  of 4.24 g (0.01 mole)  of b r o m a n i l  in 50 ml  of 
benzene  a t  ~20~ was  added  a so lu t i on  of 2.2 g (0.02 mole)  of P h P H  2 in 20 ml  of benzene .  The  r e a c t i o n  m i x -  
t u r e  was  kep t  a t  ~20  ~ for  a day.  Then  a p a r t  of the s o l v e n t  was  r e m o v e d  in vacuo~ The  ob t a ined  c r y s t a l s  w e r e  
f i l t e r e d ,  w a s h e d  wi th  e t h e r ,  and r e c r y s t a l l i z e d  f r o m  a 1 : 1 a c e t o n i t r i l e - b e n z e n e  m i x t u r e  to give 3.92 g (92%) 
of t e t r a b r o m o h y d r o q u i n o n e .  

The  o t h e r  r e a c t i o n s  w e r e  run  in a s i m i l a r  manne r~  The p h y s i c a l  c o n s t a n t s ,  IR s p e c t r a ,  and e l e m e n t a l  
a n a l y s i s  da ta  a r e  given in T a b l e  1. 

P r e p a r a t i o n  of P h e n y l d i m e t h y l p h o s p h o n i u m  Iod ide .  A f ive fo ld  e x c e s s  of MeI was  added  to the  f i l t r a t e  of 
the a b o v e - d e s c r i b e d  r e a c t i o n .  The  r e a c t i o n  m i x t u r e  was  h e a t e d  fo r  i h a t  40-45  ~ c o o l e d ,  a p a r t  of the  s o l v e n t  
w a s  r e m o v e d  in v a c u o ,  and the ob ta ined  c r y s t a l s  w e r e  f i l t e r e d ,  w a s h e d  wi th  e t h e r ,  and r e c r y s t a l l i z e d  f r o m  a 
1 : 1 m e t h a n o l - e t h e r  m i x t u r e  to give 0.89 g (40.5%) of p h e n y l d i m e t h y l p h o s p h o n i u m  i o d i d e ,  m p  192 ~ Found :  
C 36.42; H 4.72;  P 11.86~70. CsH12PI. C a l c u l a t e d :  C 36.09; H 4.51;  P 11.65~/0. 31p NMR s p e c t r u m  (5, ppm) :  - 2 . 5  
(e thanol ) ,  J P H  = 502 Hz. 

P r e p a r a t i o n  of P h e n y l p h o s p h o n i c  Ac id .  The  r e s i d u a l  f i l t r a t e  f r o m  the a b o v e - d e s c r i b e d  r e a c t i o n  w a s  kep t  
fo r  2 h i n  the a i r  and then m o s t  of the s o l v e n t  was  r e m o v e d .  The ob t a ined  c r y s t a l s  w e r e  f i l t e r e d  and r e c r y s -  
t a l l i z e d  f r o m  benzene  to give 1.98 g (62%) of p h e n y l p h o s p h o n i c  a c i d ,  m p  162~ Cfo [7]. a lp  NMR s p e c t r u m  
(6, ppm):  - 1 9  ( a e e t o n i t r f l e ) ,  c f .  [7]. 

C O N C L U S I O N S  

The r e a c t i o n  of pheny lphosph ine  with  p - q u i n o n e s  g ives  the c o r r e s p o n d i n g  h y d r o q u i n o n e s  and d i p h e n y l -  
d i phosph ine .  
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R E A C T I O N S  O F  2 , 6 - D I - t e r t - B U T Y L M E T H Y L E N E Q U I N O N E  
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a n d  V.  V .  E r s h o v  

UDC 542.91:547.567 

2 ,6-Di - te r t -bu ty lmethylenequinone  (I) is the l eas t  s table of the s te r i ca l ly  hindered methylenequinones,  
and the data on i ts  p r o p e r t i e s  a r e  cont rad ic tory  [1-4]. This  c i r cums tance  is p r i m a r i l y  re la ted  to the exceed-  
ingly easy  t rans i t ion  of methylenequinone {I) to the b i rad ica l  s ta te ,  in view of which it can r e a c t  e i ther  as a 
b i radica l  or  as a ketone vinylog. 

Methylenequinone (I) in a b e n z e n e - m e t h a n o l  mix tu re ,  in the a i r ,  at  20~ r eac t s  predominant ly  to give 
3,3' ,5,5' - t e t r a - t e r t - b u t y l - 4 , 4 '  -dihydroxyphenylethane (II), 3,3' ,5,5' - t e t r a  - te r t -buty ls t i lbenequinone (III), 
6•8••1•13-tetra-tert-buty•bisspir•[5.4.5]-••2-per•xy-5•8•1••13-hexadecatetraene-7•12-di•ne (peroxide of the 
quinolide type) (IV), 4 - m e t h o x y - 4 - m e t h y l - 2 , 6 - d i - t e r t - b u t y l - 2 , 5 - c y c l o h e x a d i e n - l - o n e  (V), and methyl  (4-hy- 
d roxy-3 ,5 -d i - t e r t -bu ty l )benzy l  e ther  (VI). The fo rmat ion  of quinol e ther  (V) is due to the unusual addition of 
the reac tan t  to the double bond. Here  (i) apparent ly  r e ac t s  with CH3OH as the biradical .  The typical  d i rect ion 
of the reac t ion  of CH3OH with methylenequinone (I) and its analogs [5] is 1 ,6-addit ion,  which in the case of (I) 
leads  to  e the r  (VI). E ther  (VI) is not fo rmed  when the studied react ion  is run at 40 ~ , but the yield of quinol 
e the r  (V) i n c r e a s e s  he re .  

The fo rmat ion  of dihydroxydiphenylethane (II), sti lbenequinone (III), and peroxide (IV) is due to the t r a n s -  
fo rmat ions  of the b i radica l  methylenequinone (I). The bisphenoxyl radica l  (VII) is fo rmed  in the f i r s t  s tep,  
which,  depending on the concentra t ion,  e i ther  d i spropor t iona tes  to dihydroxydiphenylethane (II) and s t i lbene-  
quinone (III) or  r eac t s  with oxygen. 
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