
CHAPTER III

RESULTS AND DISCUSSION

3.1 Preparation o f  aryl oxim es

T o  t e s t  t h e  T r o f im o v  re a c t io n ,  t h ir t y  o x im e s  w e re  p r e p a re d  b y  f o l lo w in g  t h e  

k n o w n  p r o c e d u re  [21] a s s h o w n  in  S c h e m e  3.1. T h e  c o n d e n s a t io n  b e tw e e n  t h e  

k e to n e  la - 3 0 a  w ith  h y d r o x y la m in e  h y d r o c h lo r id e  in  t h e  p r e s e n c e  o f  p y r id in e  as b a s e  

g a ve  r ise  t o  t h e  fo rm a t io n  o f  t h e  d e s ire d  o x im e  lb - 3 0 b  in  h ig h  y ie ld s  a f te r  

r e c r y s t a l l iz a t io n .  N o ta b ly ,  a r y l o x im e s  lb -4 b , 9b, l lb -1 9 b , 21b, 22b-30b w e re  

o b t a in e d  f r o m  c o m m e r c ia l ly  a v a i la b le  k e to n e s  w h i le  5b-7b, 9b, 20b, o n  t h e  o th e r  

h a n d , w e re  p re p a re d  f r o m  t h e  c o r r e s p o n d in g  k e to n e s  a c c o rd in g  t o  l it e ra tu re s .  T h e  

s y n th e s is  o f  k e to n e  s ta r t in g  m a te r ia l w i l l  b e  d is c u s s e d  in  d e ta i l  b e lo w .
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3.1.1 Synthesis o f  oxim es

T a b le  3.1 T y p e  o f  o x im e s  u s e d  in  th is  w o rk

A NH2OH.HCI, pyridine 
EtOH, reflux, 4h

n ' ohA
R2 R21a-30a 1b-30b

No. R 1 R2 y ie ld  (%)

16b c n -q h 4 H 91

17b Q H 5- Q H  4 H 97

18b c 5h 4n -c 6h 4 H 87

19b c 4h 3s -c 6h 4 H 95

2 0 b Q H  5 c=cc 6 H 4 H 80

2 1 b (o h )2b -c 6h 4 H 87

2 2 b c 6h 12o 2b -c 6h 4 H 84

23b tt-Q o hh H 90

24b P -C 1 0 H 7 H 91

25b C 14H 9 H 8 8

26b C 6H 5C H = C H H 87

27b (c h 2)5c 83

28b c 6h 4(c h 2)3c 95

29 b (c h 2)4c h =c h H 35

30b c 6h 5 c h 3 80

N o. R 1 R2 y ie ld  (%)

l b Q H 5 H 92

2 b C H 3-C 6H 4 H 87

3b H O -C 6H 4 H 52

4b c h 3o -c 6h 4 H 99

5b c h 3(c h 2)3o -q h 4 H 95

6 b Q H  5 1(ว-Q H 1 4 H 76

7b T s O - Q H  4 H 93

8 b n h 2-q h 4 H 92

9b (c h 3)2n -q h  4 H 75

1 0 b c h 3s -q h 4 H 77

l i b f -c 6h 4 H 97

1 2 b C l - Q H 4 H 96

13b B r-C 6H 4 H 95

14b I-C6H 4 H 91

15b n o 2-q h 4 H 93
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3.1.2 Preparation o f  arylketones (5a-7a, 9a, 20a)

4-B u toxyacetoph en one  (5a)

R e a c t io n  o f  4 - h y d ro x y a c e to n e  w ith  n - b u t y l b r o m id e  in  D M F  a n d  p o ta s s iu m  

h y d ro x id e  a t  r o o m  te m p e ra t u r e  g a ve  t h e  a lk y la t e d  p r o d u c t  5a in  93%  y ie ld  (S c h e m e

3.1 , a)

4-B en zy loxyacetop h en on e  (6 a)

C o m p o u n d  6a w a s  s y n th e s iz e d  b y  a d d it io n  o f  4 - h y d ro x y a c e to n e  u s in g  b e n z y l  

b r o m id e  in  D M F  a n d  p o ta s s iu m  c a rb o n a te  a t  80°c fo r  12 h in  90%  y ie ld  ( S c h e m e  3.1, 

b)

4 -Tosy loxyacetop h en on e  (7a)

4 -H y d ro x y a c e to n e  w a s  r e a c te d  w ith  t o ls y l  c h lo r id e  in  p y r id in e  a n d  4- 

d im e th y la m in o p y r id in e  a t  80°c o v e rn ig h t  g a ve  c o m p o u n d  7a in 8 6 % y ie ld  ( S c h e m e

3.1, c)

o

80°c, ove rn ig h t

S ch em e 3.1 S y n th e s is  o f  a) 4 - b u t o x y a c e t o p h e n o n e  (5a) b) 4 - b e n z lo x y a c e t o p h e n o n e  

(6a) c) T o s y lo x y a c e t o p h e n o n e  (7a) f r o m  4 - h y d ro x y a c e t o p h e n o n e  (3a).
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(4-(D im ethylam ino)phenyl)ethanone (9a)

M é th y la t io n  o f  ( 4 - a m in o p h e n y l) e th a n o n e  w e re  a c c o m p l is h e d  u s in g  m e th y l  

io d id e  in  D M F  a n d  p o ta s s iu m  c a rb o n a t e  as b a s e  a t  60°c fo r  1 d a y  t o  g iv e  t h e  p r o d u c t  

9a in  75%  y ie ld  ( S c h e m e  3.2)

c h 3

S ch em e 3.2 S y n th e s is  o f  ( 4 - ( d im e th y la m in o )p h e n y l) e th a n o n e  (9a) 

(4-(P hen yleth yn yl)ph enyl)eth an on e (20a)

S o n o g a sh ira  c o u p l in g  o f  4 - io d o a c e t o p h e n o n e  w ith  p h e n y l  a c e t y le n e  in  t h e  

p r e s e n c e  o f  b is ( t r ip h e n y lp h o s p h in e ) p a l la d iu m  (II), a n d  t r ie th y la m in e  as b a s e  a n d  T H F  

as s o lv e n t  g ive  t h e  d e s ire d  p r o d u c t  21a in  71%  y ie ld  ( S c h e m e  3.20).

S ch em e 3.3 S y n th e s is  o f  ( 4 - ( d im e th y la m in o )p h e n y l) e th a n o n e  (20a)

3.2 T ro fim o v  reaction using ca lc ium  carb ide  as a starting m aterial.

3.2.1 O ptim ization  o f  th e  reaction cond itions

W ith  t h e  30  o x im e s  in  h a n d , w e  s ta r te d  t h e  s c re e n in g  o f  t h e  T r o f im o v  

c o n d it io n  w ith  c a lc iu m  c a rb id e  in  t h e  h o p e  t h a t  o u r  ta rg e t  2 - a r y lp y r ro le s .  

A c e t o p h e n o n e  o x im e  ( lb )  w a s  s e le c t e d  as s ta r t in g  m a te r ia l  fo r  o p t im iz a t io n  s tu d ie s  

b e c a u s e  o f  its  r e la t iv e  s a m p le  o f  N M R  s ig n a ls . T h e re fo re ,  t h e  e f f e c t  o f  s o lv e n ts ,  

b a se s , t e m p e ra tu r e ,  a d d it iv e s ,  a m o u n t  o f  C a C 2 a n d  b a s e s  a n d  w a te r  w e re  s t u d ie d  in 

t h e  fo l lo w in g  s e c t io n .

1) Screening solvents

เท th is  s e c t io n ,  w e  u s e d  1 0 0  m g  o f  a c e t o p h e n o n e  o x im e  ( lb ), 6  e q u iv  o f  

c a lc iu m  c a rb id e ,  1.5 e q u iv  o f  p o ta s s iu m  h y d ro x id e  a n d  10 m L  o f  s o lv e n t .  A l l  t h e  

r e a c t io n s  w e r e  c a r r ie d  o u t  in  a s e a le d  t u b e  a n d  h e a te d  a t  1 0 0 ° c  fo r  15 h. T h e  r e s u lt s

in  T a b le  3 .2 in d ic a te d  t h a t  D M S O  w a s  s u f f ic ie n t  t o  d r iv e  t h e  T r o f im o v  r e a c t io n
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w it h o u t  r e c o v e r y  o f  s ta r t in g  m a te r ia l  a n d  g a ve  t h e  h ig h e s t  y ie ld  o f  p y r r o le  l c  (in 58% ) 

(T a b le  3 .2 , e n t r y  1). T h e  re a s o n  th a t  D M S O  is t h e  b e s t  s o lv e n t  a m o n g  t h e  o th e r  is 

p o s s ib ly  d u e  t o  its  a b i l i t y  t o  d is s o lv e  K O H . T h e  m in o r  p r o d u c t ,  2 - p h e n y lv in y lp y r r o le  

( l c ’), w a s  g e n e ra te d  f r o m  t h e  s e c o n d  a d d it io n  b e tw e e n  p y r ro le  l c  a n d  e x c e s s  

a c e t y le n e  gas a s  s h o w n  in  S c h e m e  3.1.

T a b le  3.2 E f fe c t  o f  s o lv e n t

e n t r y s o lv e n t y ie ld

lc (% )a

y ie ld

l c ’ (%)a

1 D M S O 58 3

2 D M F 0 b 0 b

3 E tO H 0 b 0 b

i s o la t e d  y ie ld , b100%  r e c o v e r y  starting  m a te r ia l

1c 1c'

S ch em e 3.4 M echanism  o f  2-phen y lv in y lpyrro le  ( l c ’)

A l l  t h e  is o la t e d  p r o d u c t  p y r r o le  ( lc )  a n d  v in y lp y r r o le  ( l c ’) w e re  

c h a r a c te r iz e d  b y  u s in g  N M R  s p e c t r o s c o p y  as s h o w n  in F ig u re  3 .1 . T h e  ! แ  N M R  o f  2- 

p h e n y lp y r r o le  ( lc )  a n d  2 - p h e n y lv in y lp y r r o le  ( l c ’) a re  c le a r ly  d if f e r e n t  f r o m  o x im e  

la . T h e  s in g le t  p e a k  o f  m e th y l  in  o x im e  ( lb )  as 2 .2 9  p p m  d is a p p e a r e d  (F ig u re  3.1, A), 

a n d  a n e w  NH  p e a k  a t  8 .45  p p m  as w e l l  a s a r o m a t ic  s ig n a ls  o n  t h e  p y r ro le  r ing a t  

6 .87 , 6 .53  a n d  6.31 p p m  w e re  d e t e c t e d  in  c a s e  o f  p y r r o le  l c  (F ig u re  3.1, B) w h i le  t h e  

e t h y le n e  p e a k  b e tw e e n  5.11 a n d  4 .63  p p m  w e re  o b s e r v e d  in  c a s e  o f  v in y lp y r r o le  l c ’ 

(F ig u re  3.1, c).
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Figure 3.1  ใแ  N M R  s p e c t r a  o f  A ) a c e t o p h e n o n e  o x im e  (la), B) 2 - p h e n y lp y r r o le  (lc)  

a n d  c) 2 -p h e n y lv in y lp y r r o le  ( l c ’) in  C D C l3

2) Screening type o f bases

เท th is  s e c t io n ,  w e  u s e d  a c e t o p h e n o n e  o x im e  (la ) ( 1 0 0  m g), c a lc iu m  c a rb id e  

(6  e q u iv ) , D M S O  (10  ท าบ  in  t h e  p re s e n t  o f  3 b a s e s  (1.5 e q u iv ) . A l l  r e a c t io n s  w e re  

c a r r ie d  in  s e a le d  t u b e  a n d  h e a te d  a t  100°c fo r  15 h. T h e  r e s u lt s  in  T a b le  3.3 

in d ic a te d  th a t  c h a n g in g  t h e  b a s e  f r o m  K O H  t o  N a O H  o r  C sO H  le d  t o  lo w e r  y ie ld s  o f  

t h e  d e s ir e d  2 -a r y lp y r r o le .  T h e re fo re ,  w e  s e le c t e d  K O H  as a b a s e  fo r  c o n v e r t in g  C a C 2 

in to  p y r ro le  v ia  t h e  T r o f im o v - ty p e  re a c t io n .

T a b le  3.3 E f fe c t  o f  b a se s

e n t r y b a s e

(1 .5 e q u iv )

y ie ld

lc (% )a

y ie ld

l c ’ (%)a

1 K O H 58 3

2 N a O H 44 0

3 C sO H 48 0

isolated yield



31

3) Temperature o f reaction

B a se  o n  t h e  a b o v e  s tu d y , w e  s e le c t e d  D M S O  a s  s o lv e n t  a n d  K O H  as a b a s e  

a n d  p e r fo rm e d  t h e  r e a c t io n  f r o m  100°c t o  120°c in  o r d e r  t o  c o n v e r t  t h e  re m a in in g  

o x im e  l b  in  t h e  r e a c t io n  m ix tu re  h o p in g  fo r  t h e  h ig h e r  y ie ld  o f  p r o d u c t  lc .  T h e  

re s u lt s  in  T a b le  3 .4  d e m o n s t r a t e d  t h a t  in c re a s in g  t h e  t e m p e ra t u r e  r e s u lt e d  in  lo w e r  

y ie ld s  o f  t h e  d e s ir e d  p y r ro le  e v e n  th o u g h  t h e  s ta r t in g  m a te r ia l  o x im e  l b  w a s  

c o m p le t e ly  c o n s u m e d .  W e  h y p o th e s iz e d  t h a t  2 - a r y lp y r r o le  m ig h t  d e c o m p o s e  a t  t h e  

t e m p e ra t u r e  b e y o n d  120°c d u e  t o  its u n s ta b le  n a tu re  o f  p y r ro le .  M o re o v e r ,  t h e  

v in y la t io n  p r o d u c t  l c ’ in c re a s e d  u p  t o  9% . A lth o u g h , w e  c h a n g e d  t h e  t y p e  o f  b a s e  

f r o m  K O H  t o  N a O H  a n d  C s O H  (T a b le  3.4, e n t r ie s  5-6), b u t  t h e s e  c o n d it io n  g a ve  2 - 

p h e n y lp y r r o le  ( lc )  o n ly  in  4 3 -44 %  y ie ld s .  T h e re fo re ,  c o n t r o l l in g  r e a c t io n  t e m p e ra t u r e  

is a  v e r y  im p o r ta n t  fa c to r  t o  o b t a in  t h e  o p t im a l y ie ld .

T a b le  3.4 E f fe c t  o f  t e m p e ra t u r e

e n t r y b a s e

(1 .5 e q u iv )

t e m p e ra t u r e

(°C)

y ie ld  

1 ๘ % )3

y ie ld

l c ’ (%)a

1 K O H 1 0 0 58 3

2 N a O H 1 0 0 44 0

3 C sO H 1 0 0 48 0

4 K O H 1 2 0 44 9

5 N a O H 1 2 0 43 5

6 C sO H 1 2 0 44 7

isolated yield

4) Effects o f additives and the amount o f CaC2 and KOH

B a se d  o n  t h e  p re v io u s  in v e s t ig a t io n , t h e  r e a c t io n  w a s  fo u n d  t o  b e  s e n s it iv e  t o  

t e m p e ra t u r e  w h ic h  s h o u ld  n o t  e x c e e d  100°C; w e  th e re fo re ,  u s e d  a p h a s e  t ra n s fe r  

c a ta ly s t  s u c h  1 8 -c ro w n -6  a n d  t e t r a b u t y la m m o n iu m  h y d ro g e n  s u lfa t e  (TBA SH ) t o  

p r o m o te  t h e  s o lu b i l i t y  o f  K O H  in  D M S O . 3 ทาo l%  o f  1 8 -c ro w n -6  o r  T B A S H  w a s  a d d e d
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t o  t h e  C a C 2 r e a c t io n  a n d  t h e  r e s u lt s  w e re  s h o w n  in  T a b le  3 .5  (e n tr ie s  2, 3). เท c a s e  o f  

1 8 -c ro w n -6 , t h e  h ig h e r  y ie ld  o f  p y r r o le  l c  w a s  o b t a in e d  in  65%  y ie ld  a lo n g  w ith  2 - 

p h e n y lv in y lp y r r o le  ( l c ’) in  8 % y ie ld .  O n  t h e  o th e r  h a n d , T B A S H  fa i le d  t o  in c re a s e  t h e  

r e a c t io n  e f f ic ie n c y  a n d  o n ly  38%  y ie ld  o f  2 - p h e n y lp y r r o le  l c  w a s  is o la te d .  

F u r th e rm o re ,  w e  v a r ie d  t h e  e q u iv a le n t  o f  c a lc iu m  c a rb id e  a n d  p o ta s s iu m  h y d ro x id e  

in  e n t r ie s  4 -6  b u t  t h o s e  e x p e r im e n t s  f a i le d  t o  im p ro v e  t h e  r e a c t io n  y ie ld .  เท 

c o n c lu s io n ,  6 e q u iv  o f  C a C 2, 1.5 e q u iv  o f  K O H , in  D M S O  as s o lv e n t  a n d  t h e  1 8 -c ro w n -  

6 a s t h e  p h a s e  t ra n s fe r  c a ta ly s t  a re  t h e  o p t im iz e d  c o n d it io n  as p r e s e n te d  in  T a b le  

3.5, e n t r y  2.

T a b le  3.5 E f fe c t  o f  a d d it iv e  a n d  a m o u n t  o f  C a C 2 a n d  b a s e  

.O H

K O H , D M S O
N

C H ,  + C a C ,

1b

additive
100°c,15 h

// พ //

N

H
1c 1๔

e n t r y C a C 2

(e q u iv )

a d d it iv e  

(3 m o l% )

b a s e  (e q u iv ) y ie ld

lc (% )a

y ie ld

l c ’ (%)a

1 6 .0 - K O H  (1 .5 e q u iv ) 58 3

2 6 .0 1 8 -c ro w n -6 K O H  (1 .5 e q u iv ) 65 8

3 6 .0 T B A S H b K O H  (1 .5 e q u iv ) 38 4

4 6 .0 1 8 -c ro w n -6 K O H  (1 .0 e q u iv ) 40 6

5 4.0 1 8 -c ro w n -6 K O H  (1.5 e q u iv ) 1 2 0

6 1 0 .0 1 8 -c ro w n -6 K O H  (3 .0 e q u iv ) 32 1 2

isolated yield, bTBASH = tetrabutylammonium hydrogen sulfate

5) Effects o f water

A  c o n v e n t io n a l  w a y  t o  s y n th e s iz e  p y r ro le  c o m p o u n d s  in v o lv e d  t h e  T r o f im o v  

re a c t io n ,  re q u ir in g  a c e t y le n e  gas as a s ta r t in g  m a te r ia l.  H o w e v e r ,  in th is  w o rk  C a C 2 

w a s  u s e d  as s ta r t in g  m a te r ia l t o  g e n e ra te  a c e t y le n e  gas th ro u g h  h y d ro ly s is  o f  c a lc iu m  

c a rb id e . T h e re fo re ,  t h e  a m o u n t  o f  w a te r  m u s t  b e  in v e s t ig a te d  in  o r d e r  t o  c o n t r o l  t h e  

ra te  o f  C a C 2 h y d ro ly s is .  เท th is  s e c t io n ,  t h e  r e a c t io n s  w e r e  t h e n  p e r fo rm e d  u s ing  

v a r io u s  a m o u n t  o f  w a te r  in  D M S O  a n d  t h e  r e s u lt s  w e re  p r e s e n te d  in  T a b le  3.6. F o r
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e n t r ie s  1 a n d  2 , t h e  r e a c t io n s  w e re  c a r r ie d  o u t  in  t h e  a b s e n c e  o f  1 8 -c ro w n -6  u s in g  

D M S O /w a te r  in  50:1 a n d  50 :5  ra t io s  as s o lv e n t ,  r e s p e c t iv e ly .  T h e  r e s u lt s  s h o w e d  th a t  

t h e  r e a c t io n  y ie ld  d r o p p e d  t o  60%  a n d  32%  y ie ld s  r e s p e c t iv e ly ,  c o n f irm in g  th e  

n e c e s s it y  o f  t h e  1 8 -c ro w n -6  in  o r d e r  t o  im p ro v e  t h e  s o lu b i l i t y  o f  b a s e  in  s o lv e n t .  It 

w a s  c o n f irm e d  th a t  50:1 o f  D M S O /w a te r  is e n o u g h  fo r  d r iv in g  t h e  r e a c t io n  t o  

c o m p le t io n ,  b u t  t h e  e x c e s s  a m o u n t  o f  w a te r  r e s u lt e d  in  a lo w e r  y ie ld ,  p e rh a p s  d u e  

t o  t h e  fa s t  g e n e ra t io n  o f  a c e t y le n e  gas. W h e n  1 8 -c ro w n -6  w a s  a d d e d ,  t h e  d e s ire d  

p r o d u c t  ( lc )  w a s  o b t a in e d  in  73%  y ie ld  (T a b le  3.6, e n t r y  3). T h u s , th is  r e a c t io n  

c o n d it io n  w a s  s e le c t e d  as t h e  o p t im a l c o n d it io n  fo r  th is  s y s te m . W e  w o u ld  l ik e  t o  

n o t e  t h a t  t h e  p re s e n c e  o f  w a te r  s u p p re s s e d  t h e  fo rm a t io n  o f  t h e  o v e r - v in y la t e d  

p r o d u c t  l c ’ in  a l l  c a se s . H o w e v e r ,  t h e  p r o p e r  e x p la n a t io n  re m a in s  u n k n o w n .

T a b le  3.6 E f fe c t  o f  w a te r 3

+ CaC2 KOH, additive 
DMS0:H20
100°c,15 h

e n t r y a d d it iv e  

(3 ทาo l% )

D M S O  : w a te r  

(m L)

y ie ld

lc (% )b

y ie ld

l c ’ (%)b

1 - 5 0  : 1 60 0

2 - 5 0  : 5 32 0

3 1 8 -c ro w n -6 50  : 1 73 0

aGeneral condition: 100 mg of acetophenone oxime, 6 equiv of CaC2, 1.5 equiv of KOH and 10 mL of the mixture 

of solvent was stirred in a sealed tube at 100°c for 15 h, isolated yield,

3.2.2 Screening fu n ctio n a l groups on  th e  aryl oxim es

W ith  t h e  o p t im a l c o n d it io n  in  h a n d , w e  in t e n d e d  t o  d e m o n s t r a t e  t h e  

e f fe c t iv e n e s s  o f  o u r  m e th o d  fo r  a p a n e l  o f  o x im e s  c a rry in g  v a r io u s  f u n c t io n a l  g ro u p s . 

เท th is  s e c t io n ,  t h e  o x im e  s ta r t in g  m a te r ia ls  w e re  d iv id e d  in to  4  g ro u p s  a s  s h o w n  in  

T a b le  3 .7 -3 .11 . A l l  r e a c t io n s  w e r e  s u b je c t e d  t o  C a C 2 u n d e r  t w o  o p t im iz e d  c o n d it io n s .  

C o n d it io n  A  e m p lo y e d  p u re  D M S O  a s  s o lv e n t  a n d  c o n d it io n  B e m p lo y e d  

D M S O /w a te r  (50:1) a s s o lv e n t .
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1) Oximes carrying electron-donating groups

T h e  a r y l o x im e s  b e a r in g  m e th y l  (2b), m e th o x y  (4b), b u to x y  (5b), N,N- 

d im e th y la m in e  (9b) w e re  s u b je c t e d  t o  t h e  o p t im iz e d  c o n d it io n  A  a n d  B a n d  th e  

re s u lt s  w e re  p r e s e n te d  in  T a b le  3.7. เท g e n e ra l c o n d it io n  B s h o w e d  t h e  b e t t e r  

e f f ic ie n c y ,  g iv ing  t h e  p y r ro le  lc ,  3c-6c in  h ig h e r  y ie ld s  a n d  a ls o  b e t t e r  s e le c t iv it y .  

A r y lp y r r o le  lc ,  3c-6c w e re  o b t a in e d  in  a  ra n g e  o f  2 6 -6 5 %  y ie ld s  u n d e r  c o n d it io n  A  

w h ile ,  c o n d it io n  B gave  t h e  d e s ir e d  p r o d u c t  in  b e tw e e n  3 2 -7 3 %  y ie ld s  (T a b le  3.7, 

e n t r ie s  1-4). A ls o  u s in g  c o n d it io n  B t h e  o v e r - v in y la t e d  p r o d u c t  l c ’ , 3๙ -6๙  w e re  le s s  

t h a n  1 0 %  y ie ld s .

T a b le  3.7 S u b s t ra te s  s c o p e :  o x im e s  c a rry in g  e le c t r o n  d o n a t in g  g ro u p  

n ' o h
Il K O H , 18-crown-6

Ai - ^ ฯ  + C a C 2 ; *• A r
A r  ไ solvent

H 100°c, 15-18 h
1b-2b, 1c,3c-6c 1๙,3๙-6๙

4b-5b.9b

e n t r y  O x im e  p r o d u c t

1
N O H

lb

N O H

1๙1๙

3 ๙ 3 0 ’

4 ๙ 4๙

H = Butyl; 5b

îf0H 6๙60’

h 3c - n

CH-, 9b

c o n d it io n 3 y ie ld (% )b

A 6 5 /8

B 7 3 /0

A 2 6 /7

B 4 6 /0

A 3 5 /1 0

B 5 1 /5

A 3 4 /2

B 4 9 /0

A 3 2 /9

B 4 8 /6

Condition: (A) a mixture of aryl oxime (1 equiv), CaC2 (6 equiv), KOH (1.5 equiv), 18-crown-6 (3mol%) was stirred 

in 10 mL of DMSO at 100°c for 15 h; (B) same as (A) expect solvent used DMSO/water (50:1). isolated yield
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T h e  p u rp o s e  o f  th is  s t u d y  w a s  t o  s y n th e s iz e  h a lo g e n a te d  p y r ro le s  7 c -9 c . S u c h  

p r o d u c t  c a n  b e  a p p l ie d  fo r  fu r th e r  f u n c t io n a l iz a t io n  t o  s o m e  m o re  c o m p l ic a t e d  

p y r ro le s .  W e  fo u n d  t h a t  c h lo r id e  s u b s t i t u t e d  o x im e  ( 1 2 b )  c a n  b e  c o n v e r t e d  t o  2 - 

a r y lp y r r o le  (7 c )  in  51%  y ie ld  u n d e r  c o n d it io n  B (T a b le  3 .8 , e n t r y  1) a n d  th is  

s u b s t r a te  is t h e  m o s t  c o m p a t ib le  h a l id e  w ith  o u r  r e a c t io n  c o n d it io n ,  o t h e r  h a l id e  

s u b s t ra te s  s u c h  as b r o m id e  (8 c )  a n d  io d id e  (9 c )  g a ve  p o o r e r  y ie ld s  in  26%  a n d  3% , 

r e s p e c t iv e ly ,  u n d e r  c o n d it io n  A  (T a b le  3.8, e n t r ie s  2, 3).

2) Oximes carrying halogenated benzene

T a b le  3 .8  S u b s t ra c t  s c o p e  : o x im e s  c a rry in g  h a l id e s  g ro u p .

„ O H

+ CaC2
N'

K O H ,  1 8 -c ro w n -6

A r '

H

12b-14b
s o lv e n t

100°c, 15-18 h

F 3
A r ' l j r

H

7c-9c 7d-9d

e n t r y  O x im e  p r o d u c t C o n d it io n 3 y ie ld (% )b

A 3 8 /0

B 5 1 /0

A 2 6 /0

B 3 2 /0

A 3 /0

B 1 2 / 0

Condition: (A) a mixture of aryl oxime (1 equiv), CaC2 (6 equiv), KOH (1.5 equiv), 18-crown-6 (3mol%) was stirred 

in 10 ml_ of DMSO at 100°C for 15 h; (B) same as (A) expect solvent used DMSO/water (50:1). isolated yield
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3) Oximes carrying polyaromatic groups

เก th is  s e c t io n ,  w e  p la n n e d  t o  s y n th e s iz e  p o ly a r o m a t ic  s u b s t i t u t e d  

a r y lp y r ro le s .  T h e s e  c o m p o u n d s  c o u ld  b e  a p p lie d  fo r  t h e  s y n th e s is  o f  h igh  b y  

c o n ju g a te d  BO D IPY  d y e . T h e re fo re ,  t h e  o x im e s  17b-19b, 23b, 24b w e re  r e a c te d  w ith  

C a C 2 u n d e r  c o n d it io n  A  a n d  B a n d  t h e  re s u lt s  w e re  s u m m a r iz e d  in  T a b le  3.9. W e  

fo u n d  t h a t  p h e n y l  (17b) a n d  p y r id in e  (18b) s u b s t it u t e d  o x im e s  g a ve  8 8 % a n d  59%  

y ie ld ,  r e s p e c t iv e ly ,  u n d e r  c o n d it io n  B (T a b le  3.9, e n t r ie s  1, 2). เท c a s e  o f  t h e  

t h io p h e n e  s u b s t it u t e d  o x im e  (19b), o n ly  19%  y ie ld  o f  12c c o u ld  b e  o b t a in e d  u n d e r  

c o n d it io n  B (T a b le  3.8, e n t r y  3). T h is  is p e rh a p s  d u e  t o  t h e  in s t a b i l i t y  o f  t h e  

t h io p h e n e  f u n c t io n a l  g ro u p . F o r  t h e  s y n th e s is  o f  p y r r o le  w ith  p o ly a r o m a t ic  

s u b s t i t u t io n  s u c h  as n a p h th a le n e  (T a b le  3.9, e n t r y  4 -5 ) a t  a lp h a  (23b) a n d  b e ta  (24b) 

p o s it io n ,  w e  fo u n d  t h a t  t h e  c o m p o u n d  23b g ave  s l ig h t ly  h ig h e r  y ie ld  t h a n  o x im e  

24b. T h is  c a n  b e  e x p la in e d  b y  t h e  s te r ic  h in d r a n c e  o f  o x im e  24b.
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Table 3.9 Substrate scope: oxim es carrying o f po lya rom a tic  group

R

17b-19b
23b-24b

0 ร น 2
K O H , 1 8 -cro w n -6  

s o lv e n t

100°c, 15-18 h
10C-14C 10๙-14๙

e n t r y O x im e p r o d u c t c o n d it io n 3 y ie ld (% )b

1 N O H 10๙ 10๙ A 6 0 /0
r r ^  

ร ^ B 8 8 / 0

f f ^ T
1 7 b

2 N O H 11๙ 11๙ A 4 2 /6

| V " B 5 9 /2

l  J 1 8 b
N

3 N O H 12๙ 1 2 0 ’ A 1 2 / / 0

J [ B 19 /0

ร 1 9 b

4 N O H 13๙ 130’ A 2 4 /3 1

ไ ) ' ' ■ B 2 7 /2

2 3 b

5 N O H 14๙ 14๙ A 24 /1

r r B 3 0 /0

2 4 b

Condition: (A) a mixture of aryl oxime (1 equiv), CaC2 (6 equiv), KOH (1.5 equiv), 18-crown-6 (3mol%) was stirred 

in 10 กาL of DMSO at 100°c for 15 h; (B) same as (A) expect solvent used DMSO/water (50:1). isolated yield

4) Oximes carrying elongated alkyl chain

P re v io u s ly ,  o x im e s  d e r iv e d  f r o m  a ry l m e th y l  k e to n e s  a re  s u it a b le  fo r  t h e  

T r o f im o v - ty p e  r e a c t io n  w ith  C a C 2. เท th is  s e c t io n ,  w e  in t e n d e d  t o  s y n th e s iz e  s o m e  

d is u b s t i t u t e d  p y r ro le s  a t  p o s it io n  2  a n d  3. T h e re fo re ,  a v a r ie t y  o f  o x im e s  d e r iv e d  

f r o m  c y c lo h e x a n o n e  (27b), l - c y c lo h e x e n y le t h a n o n e  o x im e  (28b) a n d  

p r o p io p h e n o n e  o x im e  (30b) w e re  t e s t e d  u s in g  o u r  o p t im iz e d  c o n d it io n  A  a n d  B. เท 

c a s e  o f  t h e  o x im e  d e r iv e d  f r o m  c y c lo h e x a n o n e  (27a) t h e  W -v in y l b y - p r o d u c t  w a s
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is o la t e d  as a s o le  p r o d u c t  in  5 0 -5 2 %  y ie ld  w it h o u t  t h e  d e s ir e d  a r y lp y r r o le  15c. T h is  

r e s u lt  m ig h t  b e  g o v e rn e d  b y  t h e  s t ro n g  n u c le o p h i l ic  p r o p e r t y  o f  p y r r o le  15c f r o m  th e  

a lk y l s u b s t itu e n t .  O n  t h e  o th e r  h a n d , o x im e  28b a n d  30b w e re  r e a c te d  w ith  C a C 2 

a n d  p r o d u c e d  t h e  d e s ire d  p y r ro le  p r o d u c t  in  27%  a n d  33%  y ie ld ,  r e s p e c t iv e ly ,  u n d e r  

c o n d it io n  B.

T a b le  3.10 S u b s t ra te

27b-28b, 30b

s c o p e :  o x im e s  c a rry in g  e lo n g a t io n  a lk y l  c h a in

R 2

0รท2
K O H , 1 8 -cro w n -6  

s o lv e n t

100°c, 15-18  h H

2c, 15c-16c

R 2 

R 1

1
2๙, 15๙-16c'

p r o d u c t

15๙ 150’

16๙ 16๙

2๙2๙

c o n d it io n 3 y ie ld (% )b

A 0 /5 0

B 0 /5 2

A 2 2 / 0 C

B 2 7 /0 C

A 2 2 / 1 1

B 3 3 /8

Condition: (A) a mixture of aryl oxime (1 equiv), CaC2 (6 equiv), KOH (1.5 equiv), 18-crown-6 (3mol%) was stirred 

in 10 mL of DMSO at 100°c for 15 h; (B) same as (A) expect solvent used DMSO/water (50:1). isolated yield

3.2.3 Scale-up  for th e  synthesis o f  2-phen ylpyrro le

W ith  t h e  o p t im iz e d  c o n d it io n  in  h a n d , o u r  n e x t  g o a l is t o  s c a le  u p  f r o m  

m il l ig r a m  t o  t h e  m u lt i-g ra m  s c a le .  T h e re fo re ,  t h e  e f f e c t  o f  c o n c e n t r a t io n  a n d  a m o u n t  

o f  a c e t o p h e n o n e  o x im e  ( lb )  w e re  in v e s t ig a te d  as s h o w n  in  T a b le  3 .11 . P re v io u s ly ,  

fo r  a 1 0 0 -m g  s c a le  o f  a c e t o p h e n o n e  o x im e  (lb ), a s e a le d  t u b e  w a s  u s e d  t o  ru n  t h e  

r e a c t io n  a n d  w e  is o la t e d  t h e  2 - p h e n y lp y r r o le  ( lc )  in  65%  y ie ld  (T a b le  3 .11 , e n t r y  1). 

W h e n  w e  in c re a s e d  t h e  s c a le  u p  t o  2  g ram s o f  o x im e  l b  u n d e r  t h e  s a m e  

c o n c e n t r a t io n ,  t h e  p re s s u re  r e a c to r  e q u ip p e d  w ith  m e c h a n ic  s t ir  (6 00  m L  s ize )  w a s  

u s e d  t o  g ive  t h e  d e s ir e d  2 - p h e n y lp y r r o le  ( lc )  45%  y ie ld  (T a b le  3 .11 , e n t r y  2). เท 

o r d e r  t o  r e d u c e  t h e  a m o u n t  o f  s o lv e n t  fo r  in d u s t r ia l a p p l ic a t io n ,  w e  n e e d e d  t o
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increase the reaction concentration from 0.074 mM to 0.15 mM. The result showed 
that the yield of product 1c dropped down to 38% yield as shown in Table 3.11, 
entry 3. We believed that the decrease in product yield in the multi-gram scale 
reaction was caused by the poor stirring and the leakage of acetylene gas during the 
course of reaction.

Table 3.11 Effect o f reaction concentration

„OFf

Ç ĵ C H 3 + 

1b

KOH, 18-crown-6 
3 DMSO, 100°c, 15-18 h r V ?H

1c

entry
oxime lb concentration yield3 yield3

(mmol/g) (ทาM/mบ lc  (%) l c ’ (%)

1 0.74/0.1 0.074/10 65 3

2 14.8/2.0 0.074/200 45 6

3 14.8/2.0 0.15/100 38 7

4b 14.8/2.0 0.074/200 50 2

Isolated yield, bUsed (50:1) DMSO/water as the solvent

3.2.4 One-pot synthesis o f 2-phenylpyrrole

Finally, in order to develop our Trofimov-type reaction into a more practical 
use for routine laboratory work, we attempted to synthesize the 2-phenylpyrrole 
(lc) directly from commercially available acetophenone (la) in a one-pot fashion. 
The additional step of this work is the oxime formation. Therefore, we needed to 
seek suitable and efficient bases for the first step. Four difference bases were used 
for the formation of oxime. The reaction was monitored by TLC and upon the 
completion of the reaction, CaC2 were added according to the optimized condition 
to produce the desired pyrrloe lc  (Table 3.12). Among 4 bases, NaHC03 gave the 
best result giving the pyrrole lc  in 56% yield (Table 3.12, entry 1).
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Table 3.12 Effect of base for preparation acetophenone oxime

Entry base3 yieldb 

lc  (%)

1 NaHC03 56

2 Pyridine 0

3 KOfBu 25

4 KOH 22

5C NaHC03 43

aBase in first step, isolated y ie ld ,c Added H20  in second step

3.3 Application of 2-phenylpyrrole for the synthesis o f red BODIPY dye

3.3.1 Synthesis o f red BODIPY dye

4,4-Difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) has many advantages 
such as narrow bandwidth, long wavelength emission and high intensities [26, 27], 
Normally, BODIPY derivatives that have 3-, 5-aryl substitution positions (Scheme 3.22) 
are important because the fluorescence maxima of BODIPY strongly depends on the 
structure of the aryl group [28]. Halogénation and organometallic coupling reactions 
were used to produce these compounds. Moreover, 3-, 5- aryl BODIPY was 
synthesized in a multi-step fashion in low yields.

8 (meso)
R1

BODIPY Arylpyrrole

Scheme 3.5 Retrosynthesis of aryl BODIPY
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For example, Burgess and co-workers [29, 30] used six steps for the synthesis 
of 3-, 5-phenyl BODIPY and gave the desired product in 15% overall yield.

33 36
15% yield in 6 steps

Scheme 3.6 Burgess’s method for the synthesis of BODIPY (36)

เท this work, we used 2-phenylpyrrole as starting material for the synthesis of 
BODIPY D (Scheme 3.6). Notably, we synthesized 2-phenylpyrrole (lc) via a two-step 
synthesis following Table 3.6, entry 3 in 73% yield. Then, addition reaction between
2-phenylpyrrole (lc) and 4-bromobenzaldehyde (30) gave dipyrrole (34). After that, 
BODIPY 34 was synthesized in 2 steps via oxidation and complexation to generate 
the desired BODIPY product in 31% overall yield.
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Br

DDQ. CH2CI2 
rt, 30 min

3.3.1 Photophysical properties o f BODIPY 36

Most of commercial BODIPY dyes show the blue to green emission. However, 
the red fluorescence has become popular for fluorescence tracking lately because it 
is noninvasive and minimizes the unwanted background. เท our case, our BODIPY 
containing an extra phenyl group appears as red in CH2Cl2 solution (as shown in 
Figure 3.2). The compound was shown to process the maximum absorption at 550 
ททา and strong emission at 600 nm corresponding to bright orange color under 
blacklight.
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Figure 3.2 Normalized spectra of a) BODIPY 36 in CH2Cl2 solution b) BODIPY solution 
under blacklight.
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