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I r o n  p e n t a c a r b o n y l  in  con junc t ion  wi th  b r o m i n e  o r  iod ine  i n i t i a t e s  the  r e a c t i o n  of  d i e thy l  m a l o n a t e  with 
a c r y l i c  m o n o m e r s  [1]. We have found tha t  e thy l  a c e t o a c e t a t e  (EAA) and a c e t y l a c e t o n e  add to the  double  bond 
of  a c r y l i c  m o n o m e r s  in  the  p r e s e n c e  of  the  i n i t i a t i n g  s y s t e m  Fe(CO)5 + B r  2 (IS). 

IS 
CHaCOCH~R d- CH~-~CR'X ~ CHaCOCHRCH~CHIq'X 

12~176176 (Ia-c), (II), 27--56% 

R = C O O E t ,  R'  = H, X =COOMe( Ia ) ;  R = COOEt, R'  = H, 

X : CN(Ib/;  R = COOEr, I t '  = Me, X : COOMe (Ic); 

R = C O M e ,  R'  = H, x = C O O M e  (II). 

The  add i t i on  r e a c t i o n  d e s c r i b e d  h e r e i n  ~y us  d i f f e r s  f r o m  the  c l a s s i c a l  M i c h a e l  r e a c t i o n  in tha t  ba se  is  not 
r e q u i r e d ,  and d i a d d u c t s  of  the  type  CH3COCR(CH2CHR'X)2 , c h a r a c t e r i s t i c  of the  M i c h a e l  r e a c t i o n  [2], a r e  not 
f o r m e d .  A l s o ,  in c o n t r a s t  to the  M i c h a e l  r e a c t i o n ,  the  add i t i on  r e a c t i o n  in  the  p r e s e n c e  of  IS does  not  o c c u r  
wi th  addends  in  which  one of  the  H a t o m s  in the  a c t i v a t i n g  CH 2 g roup  i s  r e p l a c e d  with a n o t h e r  g r o u p ,  as  for  
e x a m p l e  in CH3COCH(Et)CO2Et o r  CHCI(CO2Et)2. T h u s ,  as  s e e n  in TaBle 1, the  add i t i on  of  EAA to m e t h y l  
a c r y l a t e  m a y  be c a r r i e d  out  in  e thy l  a - e t h y l a c e t o a c e t a t e  a s  so lve n t  ( expe r imen t  5). E thy l  ~ - e t h y l a c e t o a c e t a t e  
a l so  does  not  r e a c t  wi th  a c r y l o n i t r i l e  in  the  p r e s e n c e  of  IS. In c o n t r a s t ,  e thy l  ~ - m e t h y l a c e t o a c e t a t e  is  e a s i l y  
c y a n o e t h y l a t e d  in  the  p r e s e n c e  of s o d i u m  e thox ide  [3]. IS a l so  does  not  i n i t i a t e  the  a d d i t i o n  of  c h l o r o f o r m  to 
a c r y l o n i t r i l e ,  a l though the c y a n o e t h y l a t i o n  of  c h l o r o f o r m  in the  p r e s e n c e  of  b a s e  i s  we l l  known [4]. The c y a n o -  
e t h y l a t i o n  of  a l c o h o l s  ( i - P r O H ,  t -BuOH) ,  which  o c c u r s  r e a d i l y  wi th  b a s i c  r e a g e n t s  [5], a l so  does  not o c c u r  
wi th  IS.  T h e s e  n e g a t i v e  r e s u l t s  c o n c e r n i n g  the  l a c k  of  r e a c t i v i t y  of e thy l  a - e t h y l a c e t o a c e t a t e ,  c h l o r o f o r m ,  
and a l c o h o l s  i n d i c a t e  tha t  in  the  a d d i t i o n  r e a c t i o n s  i n i t i a t e d  by Fe(CO)5 + ha loge n  ( b r o m i n e  o r  iodine)  the  a c i d i t y  
of  the  a c t i v a t i n g  CH 2 g roup  i s  not  as  i m p o r t a n t  as  in the  M i c h a e l  r e a c t i o n  [6]. T h e s e  f e a t u r e s  of  the  F e ( C O ) 5 -  
h a l o g e n - i n i t i a t e d  add i t i on  p r e c l u d e  a p u r e l y  ion ic  m e c h a n i s m  f o r  the  r e a c t i o n .  On the  o t h e r  hand ,  t he  amoun t  
o f  h a l o g e n  p r e s e n t  g r e a t l y  i n f l u e n c e s  the  a c t i v i t y  of  the  F e ( C C ) 5 - h a l o g e n - i n i t i a t i n g  s y s t e m .  The i n t r o d u c t i o n  of 
e x c e s s  ha logen  r e l a t i v e  to the  amoun t  of  Fe(CG)5 i n h i b i t s  the  add i t i on  r e a c t i o n  (of. e x p e r i m e n t s  2 and 3, T a b l e  
1, and [1]). The  s e n s i t i v i t y  of  the  i n i t i a t i n g  s y s t e m  IS to v a r i o u s  o t h e r  a d d i t i v e s  i s  d e m o n s t r a t e d  in  the  r e a c -  
t i on  of  EAA with m e t h y l  a c r y l a t e ;  the  e f f e c t i v e n e s s  of  IS d e c l i n e s  in the  p r e s e n c e  of  h e x a n e ,  CHC13, and D M F  
( see  T a b l e  1, e x p e r i m e n t s  4 ,  6, and 7). T h e s e  two c h a r a c t e r i s t i c s  of  the  r e a c t i o n  s u g g e s t  tha t  in o u r  s y s t e m  
m e t a l - c o m p l e x - p r o m o t e d  i n i t i a t i o n  m a y  o c c u r  v i a  f r e e  r a d i c a l  i n t e r m e d i a t e s .  

In the  r e a c t i o n  of  EAA with m e t h y l  a c r y I a t e ,  in  a d d i t i o n  to the  adduc t  I a ,  t he  compound  3 - c a r b o e t h o x y - 6 -  
c a r b o m e t h o x y - 4 - ( c a r b o e t h o x y m e t h y l ) - 2 , 4 - d i m e t h y l - 5 , 6 - d i h y d r o p y r a n  (IH) i s  f o r m e d  in up to  17% y i e l d .  The 
ana logous  p r o d u c t  IV i s  o b t a i n e d  in  the  r e a c t i o n  of  EAA with  a c r y l o n i t r i l e .  The  s t r u c t u r e s  of  I I I  and IV w e r e  
a s c e r t a i n e d  by c o m p a r i s o n  of  t h e i r  PMR,  l aC-NMR,  IR ,  and m a s s  s p e c t r a  wi th  t h o s e  of  s i m i l a r  compounds  
[7-13] ( see  E x p e r i m e n t a l  and Tab le  3). 
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/ CH--X IS Me_../ ~._X 

Me--C -~ ql ~" /U II CH~ --H~O 
EtOOC--CH EtOOC ~ / ~  

MeCHeCOOEt 

X = CGOiVie (III), CN (IV). 

CO 
/ \  

Me CH~COOEt 

A.  N. N e s m e y a n o v  I n s t i t u t e  of  H e t e r o o r g a n i c  C o m p o u n d s ,  A c a d e m y  of S c i e n c e s  of  the  USSR, M o s c o w .  
T r a n s l a t e d  f r o m  I z v e s t i y a  A k a d e m i i  Nauk SSSR, S e r i y a  K h i m i c h e s k a y a ,  No.  11, pp .  2550-2555 ,  N o v e m b e r ,  
1984. O r i g i n a l  a r t i c l e  s u b m i t t e d  Ju ly  27, 1983. 
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T A B L E  i .  A d d i t i o n  o f  E t h y l  A c e t o a c e t a t e  (EAA) to  M e t h y l  A c r y l -  

a te  (MA) I n i t i a t e d  by  t h e  S y s t e m  Fe(CO)5  + B r  2 (125 ~ 2 h,  E A A :  
M A :  F e ( C o ) 5 :  s o l v e n t  = 1 : 1 : 0 .05 : 1) 

Expt. No. Initiator and mole ratio 
of its components Solvent 

Fe(CO) 5 
Fe (CO) 5+ Br2 
Fe (CO) s +3Br2 
Fe (CO) 5+Br2+ DMY 
Fe (CO) ~+ Br~ 
Fe (CO) 5 + Br 2 
Fe (CO) 5+Br2 
Fe(CO) s+ DMF 

No solvent 

)) 

CH3COCHEtC00Et 
C6H,~ 
CHC13 

No solvent 

T A B L E  2.  P M R  and  ~3C-NMR S p e c t r a  o f  A d d u c t s  

Adduct a) 

i 2 3 4 5 6 7 
CI~COE~R-CH2CH~-COOCH3 (In) 
CH3COCHR-CH~CH2-CN (Ib} ,4 , 
CH~COCHR-CH~IIR'COOCH3 ~_' ~J(Ic) 
CH3COCHR#CH2CHz_C00CH3 i) (lla) 

CH3 i n  R 
triplet 

1,23 
1,30 
t,24 

%pMR b) 
c n 3 c o  

singlet 

2,t8 
2,26 
2,t6 
2,20 

Adduct a) 

t 2 3 4 5 6 7 
CHaCOr (Ia) 
CH3COCHR~:]HzCH~-CN (I5). . 
CH~COCI~-CII2CI:IR'COOCH~,e) (Ic) 
CH3COCH~"CH2CH2~COOCHs I) (iia) 

CI C 2 

27,9 ] 201,0 
28,2 [ 200,5 
28.2 ] 200,9 
2812 1197,2 

Yield of ad- 
duct (Ia)., % 

(GLC) 

3 
56 
0 

25 
40 
10 
4 
0 

C H R  (R') OCH~ CH2 1P~ R 
triplet singlet quartet 

I 
3,57 3,57 [ 4,t3 
3,64 / 4,17 
3,55 3.55 d,t0 
3,62 3,62 - 

C s C4 

57,4 223 
56,6 22,5 
56,1 30.6 
65,4 2118 

mC-Niv~C)- 

C ~ 

30,2 
20,t 
36,4 
39,2 

C 6 C 7 

17t,7 50,4 
1t8,2 
174,6 50,6 
171,9 50,3 

a R = CooEr, R' =Me, R"= COMe. 
b CH2CHz and CH2CHR' multiplets: (la-c) I. 82-2.60 5 ; (Ha) I. 60- 
2.89 5. 
c 13 C signals for the group COOCH2CH 3 are as follows (ppm): (la) 
168.2, 60.4, 13.1; (Ib) 167.5, 60.7, 13.9; (Ic) 168.4, 60.3, 13.1. 
d For R' =Me (ppm): IH 1.126, i3C 16.1 t. 

e Given for the diastereomer A (predominant in the mixture). 
f The taC signals for R" coincide with those for C t and C 2 in the 
structure. 

The  c o m p o u n d s  HI and I V  a r e  no t  f o r m e d  in  t h e  M i c h a e l  r e a c t i o n s  o f  E A A .  

E t h y l  a c e t o a c e t a t e  adds  to  m e t h y l  m e t h a c r y l a t e  w i t h  s u b s t a n t i a l l y  m o r e  d i f f i c u l t y  t h a n  to m e t h y l  a c r y l a t e  

o r  a c r y l o n i t r i l e  u n d e r  t h e  s a m e  c o n d i t i o n s ,  and the  y i e l d  o f  a d d u c t  d o e s  no t  e x c e e d  12%. T h e  a d d u c t  o f  E A A  

w i t h  m e t h y l  m e t h a c r y l a t e  (Ic) o c c u r s  a s  a 1:1 m i x t u r e  of  2 d i a s t e r e o m e r s ,  w h i c h  c a n  be  s e p a r a t e d  in to  t h e  i n -  

d i v i d u a l  c o m p o n e n t s .  A s i d e  p r o d u c t ,  e t h y l  2 , 6 - d i h y d r o x y - 4 - m e t h y l b e n z o a t e  (V) i s  a l s o  f o r m e d ,  a p p a r e n t l y  

as  a r e s u l t  o f  a C l a i s e n  t y p e  c o n d e n s a t i o n  o f  E A A  in  t h e  p r e s e n c e  o f  Fe (CO)5 .  

Me Me 
i I 

O =C C Me 
\ C/H/\ I Me CH2 --EtOH CH2 S ~  

' + , , [ I -'IIO_~;_OH CO CO -H~o CO CO 
\ I \ /  I 

CH2 Ogg CH COOEt 
1 I 

COOEt C00Et 

In  c o m p a r i s o n  w i t h  E A A ,  a e e t y l a c e t o n e  p r o v e d  to  be  m u c h  l e s s  a c t i v e  in  t h e  a d d i t i o n  r e a c t i o n s  u n d e r  
i n v e s t i g a t i o n .  Of  t h e  t h r e e  m o n o m e r s  m e n t i o n e d  a b o v e ,  o n l y  m e t h y l  a c r y l a t e  f o r m e d  an  adduc t  w i t h  a c e t y l -  

a c e t o n e .  S e c o n d a r y  c o n d e n s a t i o n s  w e r e  a l s o  no t  d e t e c t e d  in  t h e  c a s e  o f  a c e t y l a c e t o u e .  F r o m  a c o r r e l a t i o n  

o f  t h e  d a t a  i n  [1] w i th  t h e  p r e s e n t  s t u d y  i t  f o l l o w s  t h a t  t h e  a c e t y l  g r o u p  d o e s  no t  a c t i v a t e  a n e i g h b o r i n g  CIq 2 
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T A B L E  3. 
b o e t h o x y m e t h y l )  - 2 , 4 - d i m e t h y l - 5 , 6 - d i h y d r o p y r a n  (III) 

IR S p e c t r u m  of  3 - C a r b o e t h o x y - 6 - c a r b o m e t h o x y - 4 - ( c a r -  

Structural fragment (III) Vibrational type Frequency, cm -1 lRelerence 

C-O str. 
C-C ,str 
C-Hde 
C-0~str 
C-O- str 
C-O,str 
C-Hdef 
C-Hdef 

1 
1240 vs ] [14] 
1635s I [1t] 
t375s, t447m [14] 
l170s,t270s [i2] 
1715s,1731s ] [141 
t080s [t4] 
1340w [141 
14!0m [t3] 

C=C-O 
C=C-C=O 
C-CH3 
C=C-COOR 
C=O 
=C-O-C- (cyclic ether) 
CH 
CH2COOR 

group  as  m u c h  as  an e s t e r  g roup  does  in  t he  a d d i t i o n  r e a c t i o n s  wi th  a c r y l i c  m o n o m e r s  upon t r e a t m e n t  wi th  
IS.  A l k e n e s  such  as  e t h y l e n e  and 1 - h e x e n e  do not  r e a c t  wi th  E A A  in  the  p r e s e n c e  o f  IS.  

Wi th  r e s p e c t  to the  m e c h a n i s m  of  t he  a d d i t i o n  of  a c t i v e  CH 2 r e a g e n t s  to the  double  bond of  a c r y l i c  m o n o -  
m e r s  in  the  p r e s e n c e  of  IS,  the  fo l lowing  s t e p s  c o n s t i t u t e  t he  m o s t  p r o b a b l e  p r o c e s s :  1) f o r m a t i o n  of  a c o o r d i -  
n a t i v e l y  u n s a t u r a t e d  F e - c o n t a i n i n g  m o i e t y ,  fo r  i n s t a n c e  F e ( C G ) o  as  a r e s u l t  of  the  r e a c t i o n  of  Fe(CO) 5 with 
Br2 ,  in  a n a l o g y  wi th  [15]; 2) c o o r d i n a t i o n  of  the  i n t e r m e d i a t e  F e  c o m p l e x  wi th  the  a c r y l i c  c o m p o u n d ,  i n a s m u c h  
as  the  a c t i v e  a c r y l i c  c o m p o u n d ,  a s  shown in [16, 17],  i s  p r o b a b l y  a c o m p l e x  of  t he  t ype  CH 2 =CHX.  Fe(CG)4; 3) 
p a r t i c i p a t i o n  by the  c o o r d i n a t i v e l y  u n s a t u r a t e d  F e  c o m p o n e n t  in  the  d i s s o c i a t i o n  of  an  H a t o m  f r o m  the  addend  
and t r a n s f e r  of  the  addend  to the  m o n o m e r  (in the  a b s e n c e  of  ha loge n  the  c o o r d i n a t i v e l y  s a t u r a t e d  Fe(CO) 5 
e i t h e r  does  not i n i t i a t e  the  r e a c t i o n  o r  does  so  at  an  a l m o s t  i m p e r c e p t i b l e  r a t e  ( e x p e r i m e n t s  1 and 8, Tab le  1)). 

The m e c h a n i s m  d e p i c t e d  be low i n c o r p o r a t e s  a l l  of  t h e s e  f e a t u r e s  of  the  r e a c t i o n .  The  s y m b o l  HR d e -  
no tes  an  addend  which  c o n t a i n s  an  a c t i v e  h y d r o g e n  a t o m .  

Fe(CO)5 + Br 2 --~ Fe(CO)~ + + Br" + Br- 

Fe(CO) + + B r - - +  Fe(CO)4 -~ Br" -~ CO 

--+Fe(CO)~ q- Ctt2=CHX ~ Fe(CO)~. CH~=CHX 

---*r T HIt ~ HFe(CO)I + R" 

~'e(CO)~. CH2=CHX + R ' ~  RFe(CO)~. CHo=CttX 

BFe(CO)a.Ctl2=CHX -i- HFe(CO)~ t~ CH~--CI-I2X + 2~'e(CO h 
| l Rate determining step adduct 

2Br" -+  Br~ 

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

GLC a n a l y s e s  w e r e  p e r f o r m e d  on an LKhIVI-SMD-M5 c h r o m a t o g r a p h  ( k a t h a r o m e t e r )  on 1000 x 3 m m  
s t a i n l e s s  s t e e l  c o l u m n s  con ta in ing  5% S E - 3 0  on N - A W - H M D S  c h r o m a t o n  ( 0 . 1 6 - 0 . 2 0  ram) ;  the  c a r r i e r  gas  was  
He ( 1 . 5 - 2  l i t e r s / h ) .  P r e p a r a t i v e  GLC was  c a r r i e d  out  on a T s v e t - 1  c h r o m a t o g r a p h  on 500 x 5 m m  s t a i n l e s s  
s t e e l  c o l u m n s  con t a in ing  15% S E - 3 0  on N - A W - D M C S  c h r o m a t o n  ( 0 . 2 0 - 0 . 2 5  mm}.  PMR s p e c t r a  w e r e  r e c o r -  
ded  on a P e r k i n - E l m e r  R - 1 2  (60 MHz) s p e c t r o p h o t o m e t e r  on 50-70% so lu t ions  in  CC14. 13C-NMR s p e c t r a  w e r e  
t a k e n  on a B r u k e r - P h y s i k  HX-90  s p e c t r o p h o t o m e t e r  a t  22. 635 MHz wi th  CHC13 a s  i n t e r n a l  s t a n d a r d  ( c h e m i c a l  
sh i f t s  a r e  r e p o r t e d  r e l a t i v e  to TMS).  M a s s  s p e c t r a  w e r e  o b t a i n e d  on  a MS-30  s p e c t r o m e t e r  at  70 eV e l e c t r o n  
e n e r g y .  IR s p e c t r a  w e r e  t a k e n  on  a U R - 2 0  s p e c t r o p h o t o m e t e r .  

A d d i t i o n  R e a c t i o n  of  E thy l  A c e t o a c e t a t e  (EAA) with  Methy l  A c r y l a t e .  To a m i x t u r e  of  65 g (0 .5  mole)  
E A A ,  43 g (0 .5  mo le )  m e t h y l  a c r y l a t e ,  and 4 . 9  g (25 m m o l e )  of  Fe(CO)s  u n d e r  a s t r e a m  of  N 2 was  added  4 . 0  g 
(25 m m o l e )  B r  2 o v e r  15 r a in  wi th  s t i r r i n g .  The m i x t u r e  was  s t i r r e d  2 h at  125~C, c o o l e d ,  dilu~ed with CHC13, 
w a s h e d  wi th  107o HC1, and d r i e d  o v e r  MgSG 4. F r a c t i o n a l  d i s t i l l a t i o n  a f f o r d e d  39 .6  g (3770) of  m e t h y l  7 - c a r b o -  

e t h o x y - T - a c e t y l b u t y r a t e  (In),  bp 98.5~ (1 m m ) ,  n ~  1 .4415 ,  d42~ 1 .1041 .  Found:  C 55 .64;  H 7.3470. C10H16G 5. 
C a l c u l a t e d :  C 55 .55 ;  H 7 . 4 6 .  M a s s  s p e c t r u m ,  m / e  ( r e l a t i v e  i n t e n s i t y ,  70): M + 216 (0 .6 ) ,  M - C H 3 C O  + H 174 
(47.3), M -COOC2H 5 143 (Ii.8), 138 (60.7), 128 (52.5), 114 (29.0), i01 (35.7), 100 (66.3), 73 (29.3), COOCH 3 
59 (18.4), 55 (55.7), CH3CO 43 (100), C2H 5 29 (34.5). PMR and 13C-NMR spectra are given in Table 2. Higher 
fractions afforded 3-carboethoxy-6-carbomethoxy-4-(carboethoxymethyl)-2,4-dimethyl-5,6-dihydropyran (IH), 
yield 11.2g (1470), bp 154-156~ (1ram), n~ 1.4800, d4201.1593. Found:C 58.35;H 7.23%. MR 79.33. 
C16H2407. Calculated:C 58.53;H7.3670. MRS0.03. Mass spectrum: M+ 328. PIYLR:I.24t(C_H3CH2), 1.29t 
(C_HsCH2) , 2.20 s (CH3C=), 2.73t (CH), 1.49s (CH3-Cquat), 3.73 s (COOCH3) , 4.16q (OCH2). 13C-NMR: 
22.13 and 22.18 (CH3C=), 161.3 and 161.6 (O-C=C), 98.75(C0-C-=C), 168.2 and 168.5 (C=O 3-earbo- 
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ethoxy),  58.61 and 58.67 (OCH 2 3-carboethoxy) ,  13.36 and 13.42 (CH 3 3-carboethoxy) ,  75.0 and 75.6 (4-C 
of r ing) ,  18.82 and 18.86 (4-CH3), 42.95 (4-CH2), 171.2 (C =O in 4-CH2COOEt ) , 59.24 and 59.36 (CH2CO- 
O_CH2-CH3), 13.19 (_CHaCH2OOCCH2), 23.75 (5-CH2), 45.73 (6-CH),  166.1 (C = O  6-ca rbomethoxy) ,  50.7 and 
50.9 (_CH3OOC). The doubling of mos t  of the s ignals  indicates  that  the subs tance  cons is t s  of a mix tu re  of cis  
and t r ans  i s o m e r s .  

Addition React ion of EAA with Acry loa i t r i l e .  This reac t ion  was c a r r i e d  out in an analogous manner  
s t a r t ing  with 26.4 g (0.2 mole) of EAA, 10.7 g (0.2 mole) ac ry lon i t r i l e ,  1.96 g (10 mmole)  Fe(CO)5, and 1 . 6 g  
(10 mmole)  Br  2 under  a s t r e a m  of N 2. I so la ted  products :  1) 7-carboethoxy-1~-acetylbutyroni t r i le  (Ib), 9.9 g 
(27%), bp 108~ ( 1 r a m ) ,  r ~ 1 . 4 4 7 5 ,  d42~ Found: C 5 8 . 6 0 ; H  7.12; N8 . 48%.  MR 45.49.  C~H13NO 3. 
Calculated:  C 59.00; H 7.15; N 7.70%. MR 45.25.  PMR and 13C-NMR s p e c t r a  a r e  given in Table 2. Mass  
s p e c t r u m ,  m / z :  M + 183 (2.1),  M + H - C O C H  3 141 (41.7),  138 (19.2),  M -COOC2H 5 110 (2.1),  101 (66.9),  97 
(13.7),  COOC2H 5 73 (35.1),  55 (45.5),  CO 2 44 (11.3),  CH3CO43 (100), CH2CH2CH41 (12.3),  C2H 5 29 (24.1). 

2) 3 - c a r b o e t h o x y - 6 - c y a n o - 4 - ( c a r b o e t h o x y m e t h y l ) - 2 , 4 - d i m e t h y l - 5 ,  6 -d ihydropyran  (IV), 4 .65  g (16%), 
bp 165-167~ (1 ram).  Found: C 60.80; H 7.05; N 4.6(f/0. C15H21NOs. Calculated:  C 61.02; H 7.06; N 4.75%. 
PMR spec t rum:  1.11 and 1.51 t (CH 3 of the two ethoxy groups) ,  4 .17 q (OCH2), 2 .10 s (CH3C----) , 2 .29 t (CH), 
1.58 s (CH3-Cquat). 13C-NMR spectrum: 21.6 and 21.9 (CH3C--), 161.7 and 161.9 (O-C=), 97.9 (=C-CO), 
167.8 and 168.2 (3-COOEt), 60.2 (OCH 2 3-carboethoxy group), 13.4 (CH 3 in C 2H50), 74.4 (4-Cring) , 19.4 (4- 
CH3), 41.4 (4-CH2COO) , 166.6 (4-CH 2-CO) , 59.4 (4-CH2COOCH2) , 22.7 (CH2, ring), 41.0 (CHring) , 118.4 
(CN). According to the characteristics of the 13C signals, the-substance consists of a mixture of eis and trans 
isomers. For the IR spectrum see Table 3. 

Addition Reaction of EAA with Methyl Methacrylate. A mixture of 100 g (i mole) methyl methacrylate, 
130 g (I mole) EAA, 9.8 g (50mmole) Fe(CC) 5, and 8 g (50mmole) Br 2was heated at 130~ for 4 hina 0.5- 
liter rocking steel autoclave. After dilution with CIICI3, washing with 107o HCI, drying over CaCl 2, and eva- 
porationofunreacted starting materials the mixture afforded 28.2 g of a fraction boiling in the range 95-125~ 
(1 ram) which, according to GLC, contained 17 g of one diastereomer of the adduct, I0 g of the other dias- 
tereomer, and 1 g of (V). The reaction products were separated by preparative GLC. Methyl c~-methyl-T- 
earboethoxy-7-acetylbutyrate was isolated from a fraction with bp I00-I05~ (i ram) as a mixture of two forms 
with combined yield 12%. Form A (predominant isomer), n~ 1.4435, d42~ I. 0799. Found: C 57.22; H 7,77%. 
MR 56.69. C11H1805. Calculated: C 57.38; H 7.88%. MR 56.32. PMR and 13C-NMR spectra, see Table 2. 
Form B (minor constituent of the mixture), n~ 1.4485, d420 I. 0947. Found: O 57.53; H 7.70%. MR 56.36, 

CiiHisO5. Calculated: C 57.38; H. 7.88%. MR 56.32. Mass spectrum of a 1:1 mixture of A and B: M + 230 
(I.i), M +H- CH3CO 188 (50.5), 152 (38.4), 114 (38.2), i01 (48.3), 88 (66.7), CGOEt 73 (26.2), CGOMe 59 
(i0.6), 56 (25.9), 55 (35.6), CH3CC 43 (I00), C2H ~ 29 (20.6). A higher boiling fraction afforded ethyl 2,6- 
dihydroxy-4-methylbenzoate (V), mp 59.5-60~ (from alcohol) ; this compound has been described previously 
[18] under the name ethyl orsellinate, mp 61~ (from petroleum ether). Found: C 61.20; H 6.22%. CIOH1204. 
Calculated: C 61.22;H 6.16%. PMR spectrum: 2.20 s (4-CH3), 1.42t (3H, CH3CH2), 4.46q (2H, CH20), 9.41s 
(214, OH), 6.13 s (CH=). 13C-NMR spectrum: 13.9 (CH 3 carboethoxygroup), 61.8 (OCH2), 169.2 (CGO), 97.4 

(1-C),  160.6 (2 ,6 -C) ,  108.6 (3 ,5 -C) ,  147.2 (4-C). 

Addition React ion of Acetylacetone with Methyl Acry la te .  The exper imen t  was c a r r i e d  out in four 35-ml  
g lass  ampou les ,  each fil led one- th i rd  full under  an Ar a tmosphe re ;  each  ampoule was charged  with 5 g (50 
mmole)  ace ty lace tone ,  4 .3  g (50 mmole)  methyl  ac ry l a t e ,  0. 049 g (0.25 mmole)  Fe(CG) 5, and 0.04 g (0.25 
mmole)  Br  2. The mix tu re s  were  heated at 120~ for  2 h; workup of the combined reac t ion  mix tu res  afforded 
13.9 g of r e c o v e r e d  ace ty lace tone  (31% convers ion) .  Dis t i l la t ion at 85~ (1 ram) gave 10.2 g (27%) of methyl  
7 ,  ~/-diacetylbutyrate (Ha), n~  1.4613, d42~ 1.1149. Found: C 58.42; H 7.46%. MR 45.86.  C~H1404. Ca l -  
culated: C 58.05; H 7.58%. MR 45.44.  Fo r  the t)MR and 13C-NMR s p e c t r a ,  see Table  2. 

C ONC LUSIONS 

The iron pentacarbonyl-bromine system initiates the addition reactions of ethyl acetoacetate and acetyl- 

acetone with the double bonds of acrylic monomers. 

1. 

2. 
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1 ~ 3 - D I S U B S T I T U T E D  1 , 1 , 5 ~ 5 - T E  7 '~A N I T R G P E N T A N E -  

3 - N I T R O N I C  ACIDS 

L. T.  E r e m e n k o ,  G.  V. O r e s h k 3 ,  
M.  A.  F a d e e v ,  G.  V. L a g o d z i n s k a y a ,  
a n d  V.  I .  S h e s t o v  

UDC 542.91:547.414 

Usually nitroalkanenitronic acids of the aliphatie ser ies  eannot be isolated because of their extremely 
s trong tendency to i somer ize  to t rue polynitro compounds.  But by the addition of t r in i t romethane to 2-n i t ro-  
alkenes the respect ive  nitroalkanenitronic acids could be isolated individually [11. Yet s imi lar  react ions of 
t r in i t romethane [2], f luorodinitromethane [3], and other nitroalkanes [4] with derivat ives of 2-nitroallyl  al-  
cohol yield not the nitronic acids,  but the symmet r ica i  polynitroalkanes:  

MeCOOCII~C(NQ)=CH2 }- R H - ~  (RCH2)2CHNQ 

tt = C(NO2)s, FC(NQ)2 MeC(NQ) 2. 

We have found that salts of symmet r i ca l  polynitropentanes - 1 , 1 , 1 , 3 , 5 , 5 ,  5-hepta-  and 1 ,5-d i f luoro-  
1 , 1 , 3 , 5 ,  5-pentanitropentane - under the influence of CF3CGOH in CC14 with cooling form 1 , 1 , 1 , 5 ,  5, 5-hexa- 
(I) and 1 ,5 -d i f luo ro -1 ,1 ,5 ,5 - t e t r an i t ropen tane -3 -n i t ron ie  acids (II) : 

(RCH2)2C=NQ_AH + C_F,COO___~E (RCH2)~C=N00H 

C), (Ii) 
*'~ , J A = NH~, ~,~H~N; R = C(N02)3 (I); ~F(NO~)~ (H). 

In cont ras t  to those descr ibed in [1, 5], these crysta l l ine  nitronic acids go over to the nitro form,  the 
t rue nitro compounds,  at ~ 20 ~ In air  the (II) c rys ta l s  i somer ize  in 10-15 rain without decomposing,  while 
(I) does so in 3-4 h with a small  re lease  of ni trogen oxides. When cooled to - - 5 0  ~ (I) and (II) do not change 
for severa l  days.  The i somer iza t ion  is quite fast in solution (ether,  unsubstituted organic acids,  and other 
solvents);  this makes recrys ta l l i za t ion  of these compounds impossible .  In t r in i t romethane solution the i so-  
mer iza t ion  is substantially re ta rded ,  but it is acce lera ted  by the addition of water .  Therefore  the PMR spect ra  
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