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O R G A N I C  P R E P A R A T I O N S  AND PROCEDURES I N T .  18(2), 85-93 (1986) 

HYDROXYCYCLOHEXANONES FROM THE REACTION OF 

c~-BENZOYLCINNAMONITRILES WITH ETHYL ACETOACETATE. 

A LITERATURE C O R R E C T I O N  

M. Q u i n t e i r o ,  J.  Chicharro,  N. M a r t i n  

J.  A. C i l l a r ,  C. Seoane and J .  L. Soto* 

D e p a r t a m e n t o  d e  Q u i m i c a  O r g B n i c a ,  
F a c u l t a d  d e  Q u f m i c a ,  U n i v e r s i d a d  C o m p l u t e n s e ,  

2 8 0 4 0 - M a d r i d ,  S P A I N  
a n d  

D e p a r t a m e n t o  d e  Q u i m i c a  O r g d n i c a ,  

M a d r i d ,  S P A I N  
F a c u l t a d  de  Q u f m i c a ,  U n i v e r s i d a d  d e  A l c a l 6 ,  

a-Benzoylcinnanonitriles h a v e  b e e n  p r e v i o u s l y  u s e d  as  

s t a r t i n g  m a t e r i a l s  f o r  t h e  p r e p a r a t i o n  o f  n i t r o g e n  h e t e r o c y -  

c l e s ,  s u c h  as p y r i d o n e s  ” *  and  p y r i d o t h i o n e s 3  b y  r e a c t i o n  w i t h  

c y a n o a c e t a n i d e  a n d  c y a n o t h i o a c e t a m i d e .  O x y g e n  h e t e r o c y c l e s ,  

s u c h  as  p y r a n s  4 9 5  and  f u r a n s 6  h a v e  a l s o  b e e n  p r e p a r e d  b y  r e a c -  

t i o n  w i t h  n a l o n o n i t r i l e  o r  e t h y l  c y a n o a c e t a t e  and  h y d r o g e n  

c y a n i d e .  R e a c t i o n  o f  h y d r a z i n e  h y d r o c h l o r i d e  w i t h  a - b e n z o y l -  

c i n n a m o n i t r i l e  a f f o r d s  a p y r a z o l e  d e r i ~ a t i v e , ~  w h i l e  o t h e r  

compounds  s u c h  as  p h e n y l h y d r a z i n e , 8  h y d r a z i n e  h y d r a t e , 8  h y -  

d r o x y l a m i n e , ’  a n d  s e r n i c a r b a z i d e ”  r e s u l t  i n  r e t r o - K n o e v e n a g e l  

o r  r e t r o - M i c h a e l  c l e a v a g e .  T h i s  p a p e r ,  d e s c r i b e s  t h e  r e a c t i o n  

o f  e t h y l  a c e t o a c e t a t e  as t h e  a c t i v e  n e t h y l e n e  compound w i t h  

a-benzoylcinnanonitriles. I n  t h i s  c a s e  n o  h e t e r o c y c l e s  r e s u l t  

and  h y d r o x y c y c l o h e x a n o n e s  a r e  o b t a i n e d  i n s t e a d  (Scheme 1 ) .  

R e a c t i o n  o f  e q u i m o l a r  a m o u n t s  o f  e t h y l  a c e t o a c e t a t e  and 

t h e  c o r r e s p o n d i n g  a - b e n z o y l c i n n a n o n i t r i l e  (1) l e a d s  i n  a b s o l u t e  

O 1 9 8 8  by Organic Prepmations and Procedures h e .  
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QUINTEIRO, CHICHARRO, MARTIN, CILLAR, SEOANE AND SOT0 

ethanol and piperidine a s  t h e  c a t a l y s t  a t  r o o m  t e m p e r a t u r e  or 

under r e f l u x ,  t o  5 - h y d r o x y c y c l o h e x a n o n e s  (3) - through Michael 

addition and spontaneous cyclization o f  t h e  resulting 1 , 5 - d i -  

k e t o n e  (2). - A d d u c t s  - 2 could also c y c l i z e  by nucleophilic attack 

o f  t h e  oxygen at t h e  c y a n o  group leading t o  2 - a m i n o - 4 H - p y r a n s  

a s  it h a p p e n s  in s o m e w h a t  s i m i l a r  adducts. 4'5 On t h e  o t h e r  

h a n d ,  1 , 5 - d i k e t o n e s  with electron-withdrawing substituents 

can be cyclized in certain c a s e s  t o  4 H - p y r a n s  and c y c l o h e x a n o n e  

ring." In our c a s e  t h e  reaction leads t o  t h e  c y c l o h e x a n o n e  

ring ( 3 )  as t h e  o n l y  product and in good yield. 

2 - 1 - 3 - 
S c h e m e  1 

Spectroscopic data of c o m p o u n d s  3 confirm their s t r u c t u r e ,  

t h e  O H  group showing a strong band at 3340 cm-' and a singlet 
I at 6 6.46 in t h e  H - N M R  s p e c t r a  which disappears on addition 

of TFA. IJC-NMR spectra c l e a r l y  s h o w  t w o  carbonyl groups at 

201.72 and 167.25 ppm d u e  t o  t h e  exocyclic C = O  and t h e  e t h o x y -  

carbonyl group respectively. T h e  o n l y  methyl group appears at 

1 3 . 5 4  p p m ,  which in t h e  "off resonance" spectra is observed as 

a quartet. T h e  r i n g  :arbon atons appear at chemical s h i f t s  in 

agreement with calculated values and "off resonance" splitting 

for t h e  Proposed Structure ( 3 ) :  c e  at 61.24 ppm and C5 at 75.97 

ppn. C3 and C4 appear as t w o  very c l o s e  s i g n a l s  at 45.48 and 
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HYDROXYCYCLOHEXANONE FROM a-BENZOYLCINNAMONITRILES WITH ETHYL ACETOACETATE 

4 4 . 7 4  ppm. C 6  g i v e s  r i s e  t o  a s i g n a l  a t  5 2 . 4 5  ppm, a n d  t h e  

c a r b o n  o f  t h e  c y a n o  g r o u p  a p p e a r s  a t  1 1 7 . 8 0  ppm. A p i p e r  

r e c e n t l y 1 2  a s s i g n e d  t h e  o p e n - c h a i n  s t r u c t u r e  2 t o  t h e  p r o d u c t  

r e s u l t i n g  f r o m  t h e  r e a c t i o n  o f  e t h y l  a c e t o a c e t a t e  a n d  oc-ben- 

z o y l c i n n a m o n i t r i l e  u s i n g  t r i e t h y l a m i n e  a s  t h e  c a t a l y s t .  U s i n g  

t h i s  c a t a l y s t  b o t h  i n  a b s o l u t e  e t h a n o l  a n d  9 6 %  e t h a n o l ,  we 

a l w a y s  o b t a i n e d  t h e  same c y c l o h e x a n o n e  ( 3 )  a s  d e s c r i b e d  

a b o v e .  

T r e a t m e n t  o f  h y d r o x y c y c l o h e x a n o n e s  ( 3 )  w i t h  s u l f u r i c  

a c i d  o r  p h o s p h o r u s  p e n t o x i d e  t o  o b t a i n  t h e  d e h y d r a t e d  p r o d u c t  

was  u n s u c c e s f u l .  H o w e v e r ,  r e a c t i o n  o f  3 w i t h  t h i o n y l  c h l o r i d e  

i n  p y r i d i n e ,  l e d  t o  a n  u n e x p e c t e d  r e s u l t .  T h e  r e a c t i o n ,  

c a r r i e d  o u t  e i t h e r  a t  r o o m  t e m p e r a t u r e  o r  u n d e r  r e f l u x ,  y i e l -  

d e d  a p r o d u c t  w i t h  a m o l e c u l a r  f o r n u l a  C 4 6 H 3 6 N 2 0 5 S  ( M ’ ,  7 2 8 ;  

C ,  7 5 . 4 2 ;  H ,  4 . 7 1 ;  N ,  4 . 1 2  a n d  S ,  4 . 4 8 ) .  T h e  I R  s p e c t r a  s h o w  

t h e  c h a r a c t e r i s t i c  p e a k s  o f  e t h o x y c a r b o n y l  a n d  m e t h y l  p r o t o n s  

t o g e t h e r  w i t h  a r o m a t i c  p r o t o n s ,  a n d  t h e  I 3 C - N M R  s p e c t r a  i s  

i n  a g r e e m e n t  w i t h  a s y m m e t r i c  s t r u c t u r e  L ( S c h e m e  2 )  i n  w h i c h  

t h e  C N ,  C 0 2 E t  a n d  C H 3  c a r b o n  a t o m s  a p p e a r  a t  e x p e c t e d  c h e m i c a l  

s h i f t s .  

Scheme 2 r e p r e s e n t s  a p o s s i b l e  m e c h a n i s m  f o r  t h e  f o r m a t i o n  

o f  t h i s  p r o d u c t ,  i n v o l v i n g  s u b s t i t u t i o n  o f  t h e  h y d r o x y l  g r o u p  

b y  a c h l o r i n e  a t o m  a n d  ~e-dihalogenation o f  t h e  c a r b o n y l  

g r o u p  b y  t h i o n y l  c h l o r i d e ;  g e m - d i h a l o g e n a t i o n s  o f  t h i s  k i n d  

b y  t h i o n y l  c h l o r i d e  h a v e  p r e v i o u s l y  b e e n  r e p o r t e d  i n  t h e  

l i t e r a t u r e .  I3’l4 D e h y d r o h a l o g e n a t i o n  o f  i n t e r m e d i a t e  4 b y  

p y r i d i n e  w o u l d  y i e l d  5 ,  w h i c h  u p o n  e l e c t r o p h i l i c  s u b s t i t u t i o n  

w i t h  e x c e s s  o f  t h i o n y l  c h l o r i d e ,  w o u l d  t h e n  a f f o r d s  s u l p h i n y l  
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Q U I N T E I R O  , CHICHARRO , M A R T I N ,  CILLAR, SEOANE AND S O T 0  

chloride 6 .  Aromatic electrophilic substitutions by thionyl 

chloride to diary1 sulfoxides are also Known i n  the litera- 

ture. l 5 - I 8  Reaction of 6 with another molecule of 5 c.ou1d 
finally afford sulfoxide 1. 

Scheme 2 

EXPERIMENTAL SECTION 

Melting points were determined with a Buchi apparatus i n  ca- 
pillary tubes and are uncorrected. The I R  spectra were recor- 
ded as potassium bromide pellets on a Perkin-Elmer 5 9 9  spec- 
trophotometer. The H-NMR spectra were measured with a Varian 
T-60 A and the I3C-NMR spectra with a Varian F T - 8 0  A .  A Varian 
MAT-711 was used for the mass spectra. Microanalysis were 
performed by Centro Nacional de Quimica Orginica de Madrid. 
The reactions were monitored by TLC, performed on silica gel 

1 
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HYDROXYCYCLOHEXANONE FROM a-BENXOYLCINNAMONITRILES W I T H  ETHYL ACETOACETATE 

plates with toluenelethyl acetate as the eluent. a-Benzoyl- 
cinnamonitriles were prepared by the method described by 
Kauffmann” by Knoevenagel condensation of benzoyl acetoni tri le 
with aromatic aldehydes. 

nones (3). General Drocedures. . .  

a) T o  a suspension o f  1.5 rnmole o f  the appropiate a-benzoyl- 

cinnamonitrile i n  15 ml of absolute ethanol, 1.5 mmole of 

ethyl acetoacetate and a few drops of piperidine were added. 

The mixture was heated to reflux for 1-3 hrs and a solid se- 

parated. When TLC showed that the starting materials were 

consumed, the reaction mixture was allowed to cool at room 

temperature and the precipitate was collected and recrystalli- 

zed from ethanol. 

b) When the reaction was carried out at room temperature, the 

reaction mixture was stirred for a week and the hydroxycyclo- 

hexanones that separated were collected. The precipitate must 

be collected at time intervals during the reaction to allow 

the reaction to continue. 

4-Cyano-2-ethoxycarbonyl-5-hydroxy-3,5-diphenylcyclohexanone 

(&)  was obtained i n  82% yield by method a) i n  2.5 hrs, and 

82% yield by method b), mp. 240-2430 (dec.). 
- 

- Anal. Calcd. for C22H21N04: C ,  72.73; H ,  5.79; N, 3.86 

Found: C ,  72.33; H, 5.86; N, 3.79 

IR: 3340, 2240, 1740, 1715, 1600, 1585, 1290, 1270, 1240 crn-I. 
I H-NMR (DMSO-d6): 6 7.0-7.6 (n, 10 H, arom.), 6.5 ( s ,  br. 1 H ,  

OH), 2.55-4.3 (m, 7 H, 3 CH, 2 CH2), 0.93 (t, 3 H ,  CH3). 
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QUINTEIRO, CHICHARRO, MARTIN, CILLAR, SEOANE APJD SOT0 

I 3 C - N M R  ( D M S O - d 6 ) :  6 2 0 1 . 7 2  ( C = O ) ,  1 6 7 . 2 5  ( C 0 2 E t ) ,  1 4 4 . 0 6 ,  

1 3 8 . 7 2 ,  1 2 8 . 3 3 - 1 2 4 . 7 6  ( a r o m a t i c  c a r b o n s ) ,  1 1 7 . 8 0  ( C N ) ,  7 5 . 9 7  

( C 5 ) ,  6 1 . 2 4  ( C 2 ) ,  5 2 . 4 5  ( C 6 ) ,  4 5 . 4 8  ( C 3  o r  C 4 ) ,  4 4 . 7 4  ( C 4  o r  

C 3 ) ,  1 3 . 5 4  ( C H 3 ) .  

4 - C y a n o - 2 - e t h o x y c a r b o n y l - 5 - h y d r o x y - 3 - ( e - ~ e t h y l p h e n y l ) - 5 - p h e -  

n y l c y c l o h e x a n o n e  (3) was o b t a i n e d  i n  8 3 %  y i e l d  b y  m e t h o d  a )  

i n  2 . 5  h r s ,  a n d  i n  8 8 %  y i e l d  b y  m e t h o d  b ) ,  mp. 2 4 2 - 2 4 4 Q .  

- A n a l .  C a l c d .  f o r  C 2 3 H 2 3 N 0 4 :  C ,  7 3 . 2 1 ;  H ,  6 . 1 0 ;  N ,  3 . 7 1  

F o u n d :  C ,  7 3 . 1 4 ;  H ,  6 . 1 7 ;  N ,  3 . 6 8  

I 1 2 3 0  c m - I .  

( s ,  b r .  1 H ,  O H ) ,  2 . 4 - 4 . 3  ( m ,  7 H ,  3 C H ,  2 C H 2 ) ,  2 . 2 5  ( s ,  3 H ,  

C H 3 ) ,  0 . 9 5  ( t ,  

I 3 C - N M R  ( D M S O - d 6 ) :  6 2 0 2 . 2 1  ( C = O ) ,  1 6 7 . 5 4  ( C 0 2 E t ) ,  1 4 4 . 2 9 ,  

1 4 0 . 8 2 ,  1 3 6 . 9 1 - 1 2 4 . 9 3  ( a r o m a t i c  c a r b o n s ) ,  1 1 8 . 1 4  ( C N ) ,  7 6 . 1 2  

( C 5 ) ,  6 1 . 4 6  ( C 2 ) ,  6 0 . 2 0  (CH2 e s t e r ) ,  5 3 . 5 3  ( C 6 ) ,  4 4 . 5 0  ( C 3  o r  

C 4 ) ,  4 5 . 6 9  ( C 4  o r  C 3 ) ,  2 0 . 5 9  ( C H 3 ) ,  1 3 . 7 7  ( C H 3  e s t e r ) .  

M S :  m / e  ( r e l a t i v e  i n t e n s i t y ) :  3 7 7  ( M + , 2 ) ,  2 8 6  ( 3 ) ,  2 4 7  ( 4 ) ,  

2 3 4  ( 1 8 ) ,  2 3 2  ( 9 ) ,  2 1 7  ( 7 ) ,  2 0 2  ( 3 ) ,  1 8 9  ( 5 ) ,  1 7 1  ( 8 ) ,  1 6 0  ( 6 ) ,  

1 4 5  ( 8 ) ,  1 4 3  ( 1 3 1 ,  1 1 5  ( 7 ) ,  1 0 6  ( 9 ) ,  1 0 5  ( 1 0 0 1 ,  7 7  ( 1 9 ) .  

H - N M R  ( D M S O - d 6 ) :  6 7 . 0 - 7 . 7  ( m ,  9 H ,  a r o m . ) ,  6 . 5 5  

3 H ,  C H 3 ) .  

4 - C y a n o - 2 - e t h o x y c a r b o n y l - 3 - ( ~ - c h l o r o p h e n y l ) - 5 - h y d r o x y - 5 - p h e -  

n y l c y c l o h e x a n o n e  (2) w a s  o b t a i n e d  i n  6 7 %  y i e l d  b y  m e t h o d  a )  

i n  2 . 5  h r s  a n d  7 1 %  y i e l d  b y  m e t h o d  b ) ,  m p .  2 4 2 - 2 4 3 Q .  

- A n a l .  C a l c d .  f o r  C22H20N04C1:  C ,  6 6 . 4 2 ;  H ,  5 . 0 3 ;  N ,  3 . 5 2 ;  

C1,  8 . 9 3  

F o u n d :  C ,  6 6 . 3 9 ;  H ,  4 . 8 5 ;  N ,  3 . 4 6 ;  

C1,  8.68 
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HYDROXYCYCLOHEXANONE FROM a-BENZOYLCINNAMONITRILXS WITH ETHYL ACETOACETATE 

I R :  3340 ,  2 2 4 0 ,  1 7 3 0 ,  1 7 1 0 ,  1 6 6 0 ,  1 6 4 0 ,  1 5 9 0 ,  1 4 9 0 ,  1 2 8 0 ,  1 2 6 5 ,  

1 2 4 0 ,  1 0 4 0  cm-’ .  ’ H - N M R  (DMSO-d6) :  6 7 . 1 - 7 . 7  ( m ,  9 H ,  a r o m . ) ,  

6 . 5  ( s ,  1 H ,  OH),  2 . 5 - 4 . 2  ( m ,  7 H ,  3 C H ,  2 CH2) ,  0 . 9 6  ( t ,  

3 H ,  CH3) .  

4-Cyano-2-ethoxycarbonyl-5-hydrox y - 3 - ( e - m e t h o x y p h e n y l ) - 5 - p h e -  

n y l c y c l o h e x a n o n e  (3d) was o b t a i n e d  i n  8 6 %  y i e l d  b y  m e t h o d  a )  

i n  2 . 5  h r s  and  8 5 %  y i e l d  b y  m e t h o d  b ) ,  mp. 2 3 7 - 2 3 8 c .  

- A n a l .  C a l c d .  f o r  C23H23N05: C ,  70 .23 ;  H ,  5 . 8 5 ;  N ,  3 . 5 6  

F o u n d :  C ,  6 9 . 9 4 ;  H ,  6 .04 ;  N ,  3 . 7 0  

I R :  3 3 4 0 ,  2240 ,  1 7 4 0 ,  1 7 2 0 ,  1 6 1 0 ,  1 5 8 5 ,  1 5 2 0 ,  1 3 0 0 ,  1 2 6 0 ,  1 2 5 0 ,  

1 0 3 0  cm-’ .  ’ H - N M R  (DMSO-d6) :  6 6 . 8 - 7 . 6  ( m ,  9 H ,  a r o m . ) ,  6 . 4 5  

( s ,  1 H ,  O H ) ,  2 . 5 - 4 . 2  ( m ,  1 0  H ,  3 C H ,  2 C H 2 ,  OCH3),  1 . 0  ( t ,  

3 H ,  CH3) .  

I 3 C - N M R  (DMSO-d6) :  6 2 0 2 . 1 6  ( C = O ) ,  1 6 7 . 5 5  ( C 0 2 E t ) ,  1 5 8 . 6 4 ,  

1 3 0 . 8 1 ,  1 4 4 . 2 9 ,  1 2 9 . 3 3 - 1 2 4 . 9 1  ( a r o m a t i c  c a r b o n s ) ,  1 1 8 . 1 4  ( C N ) ,  

7 6 . 0 3  ( C 5 ) ,  6 1 . 6 2  ( C 2 ) ,  6 0 . 1 7  ( C H 2 ) ,  5 4 . 9 3  (OCH3) ,  5 2 . 5 4  ( C 6 ) ,  

4 5 . 8 4  (C3  o r  C 4 ) ,  4 4 . 1 4  ( C 4  o r  C 3 ) ,  1 3 . 7 9  ( C H 3 ) .  

4-Cyano-2-ethoxycarbonyl-5-hydroxy-3-(e-nitrophenyl)-5-phe- 

n y l c y c l o h e x a n o n e  (3e) was o b t a i n e d  i n  62% y i e l d  b y  m e t h o d  a )  

i n  45 m i n .  and  8 1 %  y i e l d  b y  m e t h o d  b ) ,  mp. 2 2 2 - 2 2 3 Q .  

- A n a l .  C a l c d .  f o r  C22H20N206 :  C ,  6 4 . 7 1 ;  H ,  4 . 9 0 ;  N ,  6 . 8 6  

F o u n d :  C ,  6 5 . 0 0 ;  H ,  4 . 9 5 ;  N ,  7 . 2 0  

I R :  3 3 4 0 ,  2 2 5 0 ,  1 7 5 0 ,  1 7 2 0 ,  1 6 0 0 ,  1 5 2 0 ,  1 3 5 0 ,  1 2 9 0 ,  1 2 5 0 ,  1 2 4 0 ,  

1 1 5 0 ,  1 1 4 0  ern-'. ’ H - N M R  (DMSO-d6) :  6 

6 . 6  ( s ,  1 H ,  OH), 2 . 6 - 4 . 3  ( m ,  7 H ,  3 C H ,  2 CH2) ,  0 . 9 5  ( t ,  

3 H ,  CH3) .  

7 . 1 - 8 . 0  (m 9 H ,  a r o n . ) ,  
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QUINTEIRO, CHICHARRO, MARTIN, CILLAR, SEOANE AND SOT0 

Bis ( 4 " - m ethyl-2'-cyano-4'-ethoxycarbonyl-4-~1,1':3,1"~-ter- 

phenyl) sulfoxide ( I )  . -  Compound 2 ( 1  g )  was disolved i n  the 

ninimun amount of pyridine and 6 ml of thionyl chloride was 

added to the solution. The reaction mixture was then heated 

to reflux for 1 5  rnin. and then cooled to room temperature and 

allowed to stand i n  the refrigerator for 1 2  hrs. The preci- 

pitate that separates was collected and washed with a large 

amount of water. The collected solid was then refluxed with 

norite i n  ethanol and recrystallized from this solvent to 

yield 0 . 2  g ( 2 1 % )  of a white solid, mp. 3 0 0 0 .  

- Anal. Calcd. for C46H36N205S:  C ,  7 5 . 8 2 ;  H ,  4 . 9 5 ;  N ,  3 . 8 5 ;  

S ,  4 . 4 0  

Found: C ,  7 5 . 4 2 ;  H ,  4 . 7 1 ;  N ,  4 . 1 2 ;  

S ,  4 . 4 8  

I R :  2 2 2 0 ,  1 7 4 0 ,  1 6 1 0 ,  1 5 9 0 ,  1 5 5 5 ,  1 5 3 0 ,  1 5 1 0 ,  1 3 9 0 ,  1 3 7 0 ,  

1 3 4 0 ,  1 3 1 5 ,  1 2 8 5 ,  1 1 9 0  cm-'. ' H - N M R  (DMSO-d6) :6  

( r n ,  2 0  H ,  arom.), 3 . 9 5  ( 9 ,  4 H ,  2 C H 2 ) ,  2 . 3  ( s ,  6 H ,  2 C H 3 ) ,  

0 . 9  (t, 6 H ,  2 C H 3 ) .  

I 3 C - N M R  (DMSO-d6) :  6 1 6 2 . 9 3  ( C O O ) ,  1 4 8 . 4 8 ,  1 4 4 . 3 5 ,  1 4 3 . 2 ,  

1 3 8 . 9 1 ,  1 3 4 . 1 ,  1 3 1 . 8 ,  1 2 9 . 7 ,  1 2 8 . 8 ,  1 2 8 . 7 ,  1 2 8 . 6 ,  1 2 7 . 8 ,  

1 2 4 . 3 9 ,  1 1 9 . 8 6  (aromatic carbons), 1 1 5 . 5 3  ( C N ) ,  1 1 0 . 3 3  ( C - C N ) ,  

6 1 . 5 2  ( C H 2 ) ,  2 0 . 7 2  ( C H 3 ) ,  1 3 . 2 1  ( C H 3 ) .  

M S :  n/e (relative intensity): 7 2 8  ( M + , 2 1 ) ,  7 2 7  ( 3 8 ) ,  726  ( 6 8 ) ,  

6 3 5  ( 8 ) ,  3 2 6  ( I I ) ,  2 0 4  ( 2 9 ) ,  2 0 3  ( 1 4 ) ,  2 0 2  ( I O O ) ,  2 0 1  ( 4 6 ) ,  

2 0 0  ( 7 9 ) ,  1 9 9  ( 6 1 ) ,  1 9 8  ( 3 6 ) ,  1 0 2  ( 6 ) ,  1 0 1  ( 2 2 ) ,  1 0 0  ( 2 0 ) ,  

7 . 0 - 7 . 4  

99 ( 9 ) .  
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