
C H A P T E R  I

INTRODUCTION

1.1 Introduction

Pyrrole series are of great importance for their biological properties, and have 
found many applications in pharmaceutical, medicine and technology, especially 
aryl- and hetero aryl-substituted pyrroles. There are many methods to install an aryl 
group onto the pyrrole ring such as the metal catalyzed cross-coupling reactions 
between pyrrole and aryl halide [1] but this method required expensive and 
hazardous metal catalysts and multiple-step synthesis (Scheme 1.1) which has been 
reported in many literatures. เท addition, this process is not popular and less possible 
to be applied for the industrial scale synthesis. Currently, there are also many 
researches trying to develop pyrrole synthesis by the use of more economical 
starting materials. Due to the simplicity and efficiency of the Trofimov reaction, it 
become the most powerful method to synthesize pyrrole from an inexpensive 
starting material acetylene gas or protected acetylene with oxime under Superbase 
condition as shown in Scheme 1.1. Historically, Trofimov reaction utilized terminal 
acetylene, normally obtained from protected acetylene, as an alkyne source and 
acetylene gas has also been used [2], This gas is appreciably more economical than 
other acetylene sources for the synthesis of arylpyrrole because acetylene gas is less 
expensive than other protected acetylene. However, the use of acetylene gas 
requires some complicated instrument set-up and the gas itself is flammable. 
Nowadays, researchers are seeking a new triple bond source to replace the acetylene 
gas. Recently, a number of reports indicated the low production cost of calcium 
carbide, which can be utilized as the alkyne surrogate in the preparation of poly-ynes 
[3] carbon spheres [4], aryl triazole [5], diarylethynes [6] and derivatives of acetylene 
[7-9] for its easy handling and low cost. Thus, we are interested in developing some 
new synthetic methods for 2-arylpyrrole using calcium carbide as acetylene source 
via the Trofimov-type reaction which has not been reported in any literature.
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1 ) Bromination
2) Amine protection

3) Miyaura-SüZüki cross coupling 
reaction

4) Deprotection

H ~  R2 
Acetylenic reaction

Scheme 1.1 Conventional route for the synthesis of 2-arylpyrrole.

1.2 Introduction to calcium carbide

เท 1862, calcium carbide (CaC2) was discovered by Friedrich Wohler [10]. It is 
produced industrially by reacting lime (CaO) with coke- it is obtained as metallurgical 
grad in petroleum refining -in an electric furnace at 2000-2300 c. This forward 
reaction to calcium carbide required the temperature to reach at least 1600 C; below 
this temperature, the reaction will reverse from right to left (Scheme 1.2, a). When 
calcium carbide reacted with water, the reaction is highly exothermic and produced 
acetylene gas along with calcium hydroxide (Ca(OH)2) (Scheme 1.2, b). Normally, the 
carbide coal producing flammable gas generally contains around 80% by weight of 
calcium carbide and the rest are other products such as hydrogen sulfide and 
phosphine impurities in the acetylene [10]. Nowadays, acetylene has been generated 
from calcium carbide, and it has served as the primary chemical feedstock in organic 
synthesis [11] as well as in chemical industries such as manufacturing of vinyl 
chloride monomer and calcium cyanamide [10]. This is largely because calcium 
carbide is more cost-efficient and safer than the direct use of acetylene gas.

CaO + 3C
Heat O3O2 + CO

CbCs2 ^ h2o c 2h2 + Ca(OH)2

Scheme 1.2 Process of (a) calcium carbide, (b) acetylene gas.

Acetylene gas is the first element of value-added chemical chain to make 
core basic chemicals in industries such as manufacturing ethylene, vinyl chloride 
monomer, acetic acid and etc. [10] as shown in Scheme 1.3. เท contrast, this 
flammable gas should be stored in storage cylinders which pose certain risks and 
high costs of maintenance. Thus, the direct use of calcium carbide was investigated 
for the primary chemical feedstock in organic synthesis [11] and chemical industry
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because calcium carbide is more cost-efficient and safer than using acetylene gas 
directly.

Ca
c= c H—— — H

H2C=CH2

H2C=CHCI

CHgCOOH

etc.

Scheme 1.3 Traditional way for synthesis of value-added compounds.

1.3 Introduction to 2-arylpyrrole

2-Arylpyrrole is one of the pyrrole derivatives which is an important core of 
medicinal compounds, natural products, insecticides and fluorescence dyes [12]. 
Thus, many researchers are interested in devising new and efficient synthetic 
methods. As a result, the numbers of reports on the new way to prepare this type of 
compounds incessantly grow. Generally, the methods to synthesize substituted 
pyrroles could be summarized into two strategies. The first one involves coupling 
reactions of the pyrrole ring with halides [12-22]. A number of different sets of 
reagents and catalysts have been developed. For example, both the Cu-Pd 
Sonogashira and B-Pd Suzuki cross coupling reactions are popular (Scheme 1.4). 
However, these reactions require relatively expensive Pd catalysts as well as N- 
protected pyrroles both of which render the first strategy less economical and 
desirable.

Pd, (Cu, Ligand)

Ar-R1 + ~ทิ 0 . ,N Base, Solvent
R2

R1 = Br, I ; Sonogashira coupling 
= B(OH)2 ; Suzuki coupling

R2 = H, protecting group

Scheme 1.4 General method of metallic cross coupling.

The other strategy for the synthesis of 2-arylpyrroles is the reaction of oximes 
with terminal alkynes under basic conditions, the so-called Trofimov pyrrole 
synthesis which was discovered in 1970s (Scheme 1.5). However, these reaction 
conditions gave low yields and low regioselectivity [2], After that, the Trofimov 
reaction has been studied to improve the yields and selectivity. The efforts included
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the development of suitable catalysts. Importantly, this method has been 
successfully used for the one-pot direct transformation of ketone to 2-arylpyrrole
[23],

Base

Solvent, heat

Scheme 1.5 General method of the Trofimov reaction.

1.4 Literature reviews

1.4.1 Synthesis of 2-arylpyrrole via metal-catalyzed cross-coupling

เท 1999, Burgess and co-workers [14] synthesized 5 different 2-arylpyrroles as 
starting materials for the synthesis of boron dipyrrole metheme (BODIPY) via Suzuki 
cross-coupling reaction of A/-tert-butoxycarbonyl-4-bromopyrrole with arylboronic 
acids (Scheme 1.6). Bromination and /V/-/-protection gave the protected pyrrole (2) in 
93-99% yields. Suzuki reactions followed by deprotection of the BOC-protecting 
group gave 2-arylpyrrole (3) in 65-98% yields. เท addition, Lee [17] reported new aryl 
substituents of the 2-arylpyrrole for the synthesis of aryl-BODIPY dyes, in 2008. 
Bromination and A//-/-protection were performed in one step using l,3-dibromo-5,5—  
dimethylhydantoin (DBDMH) in AIBN. เท the following step, A/-BOC pyrrole reacted 
with a variety of aryl boronic acids via Suzuki cross-coupling reaction. After that, the 
A/-BOC group was deprotected, giving the 2-arylpyrrole (3) in 45-95% yields as shown 
in Scheme 1.6. However, there two methods have some disadvantages such as the 
required of several steps for one transformation and expensive catalysts.

^ ^ 1 ) Bromination ^ 1 ) Pd-catalyst

J] 2) /y/-/-protection ^00  2) Deprotection 1!1
1 2 3

I___ t
One-pot for bromination 
and A/H-protection

Scheme 1.6 NH-protection/ C-Br activation of pyrrole for the synthesis of 2- 

arylpyrrole (3).

เท 2004, Sadighi and co-workers [12] developed some Pd-catalysts for the 
conversion of pyrrolylzinc chloride (4) to 2-arylpyrrole (Scheme 1.7). The method 
was compatible with a variety of aryl halides, including aryl chlorides and some very
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sterically hindered arylbromides. The arylation process gave the pyrrole products in 
48-93% yields depending on initial conditions. After that, in 2010, Yu and co-workers
[18] modified a new catalyst for the Suzuki coupling reaction for the o/tbo-arylation 
of pyrrole and pyridine. This work used a novel Fe-catalyst and studied types of 
ligand and found that the Fe-catalyzed 2-arylation of pyrrole with arylboronic acids 
as shown in Scheme 1.7, gave the products in moderate to good yields (26-84%). เท 
the same year, Jafarpour and co-workers [20] demonstrated Pd-catalyzed direct 
arylation of inactivated free A/H-pyrrole (Scheme 1.7). Aryl iodides were coupled with 
free /V/Y-pyrrole by using Pd(OH)2/C via Fleck reaction. Ten C-2 arylation of free NH- 
pyrroles were synthesized in 27% to 80% yields.

Scheme 1.7 Free A/H-pyrrole/C—H activation of pyrrole for the synthesis of 2- 

arylpyrrole (6).

1.4.2 Synthesis of 2-arylpyrrole using protected acetylene

Protected acetylene has been generally utilized for the synthesis of 2- 
arylpyrroles in laboratory. The two-step synthesis gave the products in moderate to 
good yields. Fiowever, limited of this process is the difficulty and inconvenient in the 
deprotection step of the A/-protected 2-arylpyrrole.

เท 2010, Anderson and co-workers [18] tried to solve some limitations of the 
Trofimov reaction involving the regioisomeric mixture of products. เท this research the 
O-allyl oximes (7) were converted to the corresponding O-vinyl oximes (8) via 
iridium-catalyzed isomerization reaction (Scheme 1.8); subsequent cyclization/[3,3]- 
sigmatropic rearrangement of O-vinyl oximes (8) gave the pyrrole (9).

ห ุ่
6

H
5

Ar-I, Pd(OH)2/C

TEA, 100°c, 24h
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R1
7

t(cod)lrCI]2 
AgOTf, NaBH4

THF, 25-75°C 
12 h

Scheme 1.8 Synthesis of pyrroles via rearrangement of O-altyl oximes.

เท the same year, Camp and co-workers [21] obtained vinyl oximes (11) from 
the addition of oximes (10) via the use of a nucleophilic catalyst. เท addition, 
rearrangements of vinyloximes (11) were successfully performed using microwave 
irradiation to yield the corresponding 2-arylpyrrole (12) as shown in Scheme 1.9. 
Importantly, one-pot pyrrole synthesis was also developed (Scheme 1.9).

Scheme 1.9 Synthesis of pyrroles via thermal rearrangement of oximes.

เท 2011, the same research group developed the use of a gold catalyst for 
the synthesis of pyrrole from vinyloximes (13) [22], เท addition, pyrroles (14) were 
obtained via the one-pot gold catalyzed reactions of activated alkynes and oximes 
(10) (Scheme 1.10). However, the reaction yields were only slightly improved.

r 2 D A B C O  or
P h g P A u C I , A g B F 4

II — — *11 rt, 12h

c o 2r 3

13

P h 3P A u C I
A g B F 4

to lu en e

100°c, 12h

Scheme 1.10 Synthesis of pyrroles using a gold-catalyst.

1.4.3 Synthesis of 2-arylpyrrole using acetylene gas

เท 2005, Mikhaleva and co-workers [2] developed a one-pot synthesis of 2- 
arylpyrrole (17) and 2-aryl-/V-vinylpyrrole (18) from aryl ketone (15) and acetylene 
gas. The condition was based on the Trofimov reaction as shown in Scheme 1.11. 
Eight substrates were tested and the corresponding desired pyrrole products were 
synthesized in 12-72% yield as evaluated by GLC or NMR.
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NH2OH HCl. NaHC03 

DMSO, rt, 3-4h
KOH, HC-CH 
100°c, 5h

18

S ch em e 1.11 O n e - p o t  s y n th e s is  o f  2 - a r y lp y r r o le  v ia  T r o f im o v  re a c t io n .

เท 2 0 1 2 , t h e  s a m e  re s e a rc h  g ro u p  m o d if ie d  t h e  o n e - p o t  s y n th e s is  fo r  2 - 

a r y lp y r r o le  (17) [24] t o  im p ro v e  t h e  r e a c t io n  y ie ld s .  T h is  w o rk  s u c c e s s fu l ly  in c re a s e d  

y ie ld s  t o  73 -74% . T h u s , t h e  im p o r ta n t  t e c h n iq u e s  a re  t o  d e c r e a s e  t h e  c o n c e n t r a t io n  

o f  K O H  a n d  r e a c t io n  t im e , a s w e l l  a s in c re a s e  t h e  c o n c e n t r a t io n  o f  o x im e s  (16) a n d  

r e a c t io n  t e m p e ra t u r e  u p  t o  1 3 5 -1 5 0 ° c . Im p o r ta n t ly ,  D M S O  w a s  d is t i l le d  b e fo re  

d i lu t io n  o f  t h e  re s id u e  w ith  w a te r .

เท c o n c lu s io n ,  m o s t  o f  t h e  r e p o r te d  2 - a r y lp y r r o le  s y n th e s is  r e q u ir e d  s o m e  

e x p e n s iv e  t ra n s it io n  m e ta ls  fo r  t h e  c o u p l in g  re a c t io n s . T h e re fo re ,  t h e  n o n - m e t a l  

p ro c e s s  fo r  p y r r o le  s y n th e s is  re m a in s  a c h a l le n g e  a n d  it  is o u r  m a in  g o a l t o  d e v e lo p  

s u c h  m e th o d .

1.4.3 T h e  uses o f  ca lc iu m  carb ide  in organic synthesis

C a lc iu m  c a rb id e  is a p r im a ry  c h e m ic a l  f e e d s t o c k  t o  g e n e ra te  a c e t y le n e  gas fo r  

t h e  s y n th e s is  o f  s m a l l  a c e t y le n ic  m o le c u le s .  C a lc iu m  c a rb id e  is 5 0 0  t im e s  c h e a p e r  

a n d  sa fe r  t h a n  a c e t y le n e  gas. It u s e  a ls o  re q u ire s  m u c h  s im p le r  e x p e r im e n t a l  s e t  up . 

เท c o n t ra s t ,  o n ly  a  f e w  r e p o r ts  in d ic a te d  t h e  u s e  o f  c a lc iu m  c a rb id e  as s ta r t in g  

m a te r ia l  o r  a c e t y le n e  s o u rc e  fo r  o rg a n ic  s y n th e s is .

เท 2 0 0 5 , C a t a ld o  [3] r e p o r te d  a n e w  m e th o d  fo r  t h e  s y n th e s is  o f  p o ly y n e s

(19) f r o m  c a lc iu m  c a rb id e . H y d ro ly s is  o f  c a lc iu m  c a rb id e  in  a m m o n iu m  c h lo r id e  

s o lu t io n  ( S c h e m e  1.12) w a s  u s e d  t o  im p ro v e  e f f ic ie n c y  o f  t h e  n e w  m e th o d .

Cu+, Cu2+
CaC? -------- ------•- Polyynes

NH4CI(aq) 19

S ch em e 1.12 S y n th e s is  o f  p o ly y n e s  (19) f r o m  c a lc iu m  c a rb id e .

เท 2 0 09 , K u a n g  a n d  c o -w o rk e r s  [5] s u c c e s s fu l ly  s y n th e s iz e d  a r y lt r ia z o le s  (21) 

v ia  C l ic k  c h e m is t r y  u s in g  c a lc iu m  c a rb id e  as s h o w n  in  S c h e m e  1.13. W a te r  a n d  

a c e t o n it r i le  w e r e  u s e d  as a m ix e d  s o lv e n t  s y s te m  fo r  th is  r e a c t io n  a n d  c o p p e r ( ll)  w a s  

u s e d  as t h e  c a ta ly s t .  เท th is  r e a c t io n  n it ro g e n  a n d  t h e  d e s ir e d  p r o d u c t  (2 1 ) w a s  

o b t a in e d  in  7 0 -90 %  y ie ld s .
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A r-N 3 + CaC2 C"Uigand 
Solvent

20

A r-N ^ N

21

S ch em e 1.13 T h e  u se  o f  c a lc iu m  c a rb id e  fo r  t h e  s y n th e s is  o f  a r y lt r ia z o le s  (21) v ia  

C l ic k  re a c t io n .

เท 2 0 1 1 , C h u e n t r a g o o l a n d  c o -w o rk e r s  [6] s y n th e s iz e d  d ia r y le t h y n e s  (23) v ia  

S o n o g a sh ira  c o u p l in g  b e tw e e n  a r y l io d id e  (22) a n d  c a lc iu m  c a rb id e  in s te a d  o f  

a c e t y le n e  gas as s h o w n  in  S c h e m e  1.14. T h e y  a ls o  o p t im iz e d  t h e  c o n d it io n  fo r  th is  

r e a c t io n  as w e l l.

Pd(OAc)2, Cul, PPh3
Ar—I + CaC2 ---------- -------------- Ar =  Ar

TEA, MeCN, rt, N2
22 23

S ch em e 1.14 S y n th e s is  o f  d ia r y le th y n e s  (23) f r o m  c a lc iu m  c a rb id e .

เท 2 0 1 2 , Z h a n g  a n d  c o -w o rk e r s  [7] s t u d ie d  t h e  u s e  o f  c a lc iu m  c a rb id e  in s te a d  

o f  a c e t y le n e  gas f o r  t h e  c o u p l in g  re a c t io n s  t o  y ie ld  t h e  p ro p a rg y l a m in e  d e r iv a t iv e s

(24) f r o m  th r e e  m a in  b u ild in g  b lo c k s  a lk y n e ,  a ld e h y d e ,  a m in e  a n d  h a lo a lk a n e  as 

s h o w n  in  S c h e m e  1.15, a. M o re o v e r ,  t h e y  s u c c e s s fu l ly  s t u d ie d  t h e  o n e - p o t  s y n th e s is  

u s in g  c o p p e r ( ll)  io d id e  as c a ta ly s t .  เท 2 0 13 , th is  r e s e a rc h  g ro u p  r e p o r te d  t h e  s y n th e s is  

o f  p ro p a rg y l a lc o h o ls  (25) f r o m  c a lc iu m  c a rb id e  w ith  a ld e h y d e  o r  k e to n e  

c o m p o u n d s  [8 ] a s  s h o w n  in  S c h e m e  1.15, b . Im p o r ta n t ly ,  t h e  r e a c t io n  w a s  m e ta l- f r e e  

a n d  t o o k  p la c e  u n d e r  v e r y  m i ld  c o n d it io n s .  เท a d d it io n ,  th is  re s e a rc h  t e a m  

s u c c e s s fu l ly  m o d if ie d  a s im p le  m e th o d  fo r  t h e  s y n th e s is  o f  e n a m in o n e  c o m p o u n d s  

(26) u s in g  a c e t y l id e  io n  f r o m  c a lc iu m  c a rb id e  a s  a b r id g e  t o  l in k  e le c t r o p h i le  a n d  

n u c le o p h i le s  [9] ( S c h e m e  1.15, c).

Ca
c = c

R'CX2 or R’CHO 

R"2NH

R’CHO or R’COR"

R’CHO + R”2NH 
DMF + 1% H20

.a

.b

c

S ch em e 1.15 T h e  use o f  ca lc ium  carb ide  fo r th e  synthesis o f  (a) propargyl 

am ines (24), (b) propargyl a lco h o ls  (25) and (c) e n am in o n es (26).
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R e c e n t ly ,  in  2 0 1 4  T h a v o rn s in  a n d  c o -w o rk e r s  [25] d e v e lo p e d  a n e w  w a y  fo r  

t h e  s y n th e s is  o f  p o ly ( p - p h e n y le n e e th y ln y le n e ) s  (PPEs) f r o m  c a lc iu m  c a rb id e  as 

s h o w n  in  S c h e m e  1.16. T h e  y ie ld  o f  a v a r ie t y  o f  P P E  (28) w a s  h igh  (71 -93% ) a n d  th e  

d e g re e  o f  p o ly m e r iz a t io n  w a s  b e tw e e n  36  a n d  128.

1.5 O bjective  o f  this research

A c c o rd in g  t o  t h e  re v ie w s  a b o v e ,  c a lc iu m  c a rb id e  w a s  u s e d  as a n u c le o p h i le  

fo r  a c e t y le n ic  c o m p o u n d s .  H o w e v e r ,  t h e r e  ha s  b e e n  n o  r e p o r t  t h a t  c a lc iu m  c a rb id e  

c a n  a ls o  b e  u s e d  as a n  e le c t r o p h i le  o r  a p p l ie d  fo r  t h e  s y n th e s is  o f  2 - a r y lp y r ro le s .  

T h e  a d v a n ta g e s  o f  u s in g  c a lc iu m  c a rb id e  in  a r e a c t io n  a re  its r e la t iv e ly  lo w  p r ic e  a n d  

p u r if ic a t io n  e a s y  h a n d lin g . T h u s , th is  re s e a rc h  s t r iv e s  t o  u s e  c a lc iu m  c a rb id e  as a 

s o u rc e  o f  t r ip le  b o n d  in  t h e  s y n th e s is  o f  2 - a r y lp y r r o le s  v ia  t h e  T r o f im o v - t y p e  r e a c t io n  

as s h o w n  in  S c h e m e  1.17. T h is  w o rk  h a s  fo c u s e d  o n  o p t im iz in g  t h e  r e a c t io n  

c o n d it io n s  b a s e d  o n  t h e  e f f e c t  o f  s o lv e n ts ,  b a se s , a d d it iv e s ,  t e m p e ra tu r e ,  a n d  

a m o u n t  o f  c a lc iu m  c a rb id e  as w e l l  a s  t h e  e f f e c t  o f  w a te r . F u r th e rm o re ,  m u lt i- g ra m  

s c a le  a n d  o n e - p o t  s y n th e s is  w e re  s tu d ie d  in  o r d e r  t o  a d a p t  t h is  m e th o d o lo g y  t o  

c h e m ic a l  in d u s try .

S ch em e 1.16 S y n th e s is  o f  P P E s  (28) f r o m  c a lc iu m  c a rb id e .

,N Trofimov
า0แ reaction

O u r  w ork

S ch em e 1.17 D if fe re n t  r o u te s  e n ta i l in g  t h e  th re e  m e th o d s  fo r  t h e  s y n th e s is  o f  2 -  

a ry lp y r ro le s .
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