
This article was downloaded by: [Universite Laval]
On: 26 December 2014, At: 08:16
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

An Efficient Synthesis of α-
Carboline-3-carboxylic Acid,
Ethyl Ester (α-CCE)
Ian T. Forbes a , Christopher N. Johnson a & Mervyn
Thompson a
a Smith Kline Beecham Pharmaceuticals ,
Coldharbour Road, The Pinnacles, Harlow, Essex,
CM19 5AD
Published online: 23 Sep 2006.

To cite this article: Ian T. Forbes , Christopher N. Johnson & Mervyn Thompson (1993)
An Efficient Synthesis of α-Carboline-3-carboxylic Acid, Ethyl Ester (α-CCE), Synthetic
Communications: An International Journal for Rapid Communication of Synthetic
Organic Chemistry, 23:6, 715-723

To link to this article:  http://dx.doi.org/10.1080/00397919308009831

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with

http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397919308009831


primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ite
 L

av
al

] 
at

 0
8:

16
 2

6 
D

ec
em

be
r 

20
14

 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 23(6), 7 15-723 (1993) 

AN EFFICIENT SYNTHESIS OF u-CARBOLIA’E-~-CARBOXYLIC 
ACID, ETHYL ESTER (a-CCE) 

Ian T. Forbes, Christopher N. Johnson*, Mervyn Thompson 

SmithKline Beecham Pharmaceuticals, Coldharbour Road, The Pinnacles, 
Harlow, Essex, CM19 5AD. 

Abstract. The use of the Intramolecular Lnverse Electron Demand Diels-Alder 
reaction between an acetylenic dienophile and a pyrimidine diene component is 
described in the synthesis of a-CCE. 

Introduction 

We recently required an efficient, high yielding route to the title compound 

a-CCE (la). The reported route’ to this compound, which involves a modified 

Graebe-ULlman cyclisation, is very low yielding and is not applicable to scale-up 

(Scheme 1). 

Scheme 1 

N d 
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716 FORBES, JOHNSON, AND THOMPSON 

Synthetic Strategy 

The intramolecular inverse electron demand Diels-Alder reaction has been used 

for the construction of fused heterocyclic systems containing a pyridine ring2 

(Scheme 2) .  This process consists of a [4+2] cycloaddition between an 

electron-deficient diene component (e.g. a nitrogen-containing heterocycle such 

as a pyrimidine or 1,2,4-triazine) and an electron rich dienophile (e.g. an 

acetylene), both components being linked by a 3 or 4 atom chain as in (3). The 

intermediate bridged system (4) then undergoes loss of either HCN or nitrogen to 

form the fused pyridine system (5).  

Scheme 2 

(5 )  

A = NR’, 0, S ,  SO, S 0 2 ,  C(c?u)2 ; X = CH or N 

Several groups have found3 that the inclusion of an ortho-phenylene moiety in the 

chain connecting diene and dienophile has a rate-accelerating effect on the 

reaction. This is due to the constraining effect of the rigid phenylene system on 

the tethering chain, which provides entropic assistance for the cyclisation 
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SYNTHESIS OF CY-CCE 717 

process. The above findings led us to devise a strategy for the synthesis of 

a-carbolines (1) (Scheme 3) and we envisaged that a Diels-Alder precursor ( 6 ) ,  in 

which the diene component is a substituted pyrimidine, would offer easy access 

to this ring system. 

Scheme 3 

C02C2H5 * d+co2c2H5 
R 

R 

It was anticipated that an intermediate such as (6 )  could be readily prepared 

(Scheme 4) by nucleophilic displacement of the niethanesulphonyl group in the 

pyrimidine ester (8) by the anion derived from a suitably N-substituted ethynyl 

aniline (7). 

The key step in the synthesis is the transformation of the acetylenic adduct (6) to 

the tricyclic system (1) via intramolecular inverse electron demand Diels-Alder 

cyclisation followed by extrusion of hydrogen cyanide. From previously reported 

workzc* 3c, it  was thought that the presence of an electron-withdrawing group R, 

such as trifluoroacetyl, on the bridging nitrogen would be required to activate the 

heterocyclic diene. Indeed, the choice of N-acpl group proved to be important in 

determining the outcome of both the displacement and cyclisation reactions. 

Results 

Treatment of the anion derived from (7b) with sulphone (8) gave only the 

deacylated product ( 6 4  in 68% yield. No (6b) was detected, presumably due to 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ite
 L

av
al

] 
at

 0
8:

16
 2

6 
D

ec
em

be
r 

20
14

 



718 FORBES, JOHNSON, AND THOMPSON 

Scheme 4 

G$ C02C2H5 

NHR 2. 

R 
' 

(7) 

(6) 

a R = H  
b R=COCF3 

c R=COCH, 

d R=COZC,H, 

1 5ooc 
mesitylene 

(for 6c, d) 

(for Id) H 

a-CCE (la) 

R 

hydrolysis of the trifluoroacetyl group on work-up. In agreement with previous 

reports detailing the unreactivity of precursors possessing an NH linking 

moiety2c, 3c ,  prolonged thermolysis of (6a) in nitrobenzene failed to give any of 

the projected Diels-Alder product, ( la) .  

Similar treatment of the acetyl analogue (7c) gave a mixture of desired acylated 

intermediate ( 6 ~ )  (63%) and deacylated compound (6a) (20%). Thermolysis of 

the former in mesitylene for 1 hour afforded a mixture of the desired a-carboline 

(lc) (28%) and the undesired compound (6a) (28%), which arises due to the 

lability of the acetyl group. 
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SYNTHESIS OF wCCE 719 

Optimal results were obtained using the ethoxycarbonyl activating group. Thus, 

the displacement reaction using the anion derived from (7d) gave exclusively the 

desired adduct (6d) (92%). Thermolysis now took place smoothly, giving (Id) as  

the sole product (80%). Hydrolysis of (Id) with one equivalent of base 

selectively removed the N-ethoxycarbonyl group to give the target compound 

(la), a-CCE, in 79% yield after recrystallisation. 

Conclusions 

We have demonstrated a highly efficient and selective synthesis of a-CCE (la) 

using an intramoIecular inverse electron demand DieIs-Alder reaction. The 

overall yield in the sequence based on the sulphone intermediate (8) is 58% and 

thus represents a significant advance on the existing literature route. 

Experimental Section 

General 

Tetrahydrofuran was dried by distilIation from sodium-bemophenone ketyl. 

Pyridine was dried by storage over sodium hydroxide pellets. All solvent 

evaporations were carried out at reduced pressure. Column chromatography was 

performed using Merck Kieselgel60. All melting points were determined using a 

hot-stage microscope and are uncorrected. NMR spectra were recorded using 

either a Varian EM360 (60 MHz), Bruker ACS 250 (250 MHz) or a JEOL GX 

270 (270 MHz) spectrometer. AU new compounds gave satisfactory elemental 

analysis and / or mass spectral data. 

N-Trifluoroacetyl-24 hynylaniline (7b) 

To a stirred solution of 2-eth~nylaniline~ (7a) (0.54 g, 4.6 mmol) in dry pyridine 

(2 ml) at 0 "C was added, dropwise over 5 minutes, trifluoroacetic anhydride (0.8 
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720 FORBES, JOHNSON, AND THOMPSON 

ml; 1.19 g, 5.5 mmol). The reaction mixture was stirred at room temperature for 

1 hour, then partitioned between water (100 ml) and pentane (100 ml). The 

organic phase was washed with water (3 x 100 ml), dried over sodium sulphate 

and evaporated to give the title compound (7b) as a white solid (0.7 g, 68%). 'H 

NMR (60 MHz, CDCI,) F 8.75 ( 1  H, br. s), 8.40 ( 1  H, d, J = 9 Hz), 7.65 - 7.00 (3 

H, m), 3.60 (1 H, s ) .  

N-Acetyl-2-ethynylaniline (7c) 

Use of the above procedure on a 10 mmol scale with acetic anhydride as 

acylating agent gave the title compound (7c) (1 .OO g, 63 %). 'H NMR (60 MHz, 

CDCI,) 68.32 (1  H,d ,  J=9Hz),7.86(1 H, br. s), 7.50- 6.70 (3 H, m), 3.47 (1 H, 

s), 2.13 (3 H, s). 

N-Ethoxycarbonyl-2-ethynylaniline (7d) 

Use of the above procedure on a 21 mmol scale with ethyl chlorofomate as 

acylating agent gave the title compound (6d) (3.0 g, 75%). Mp 52.5 - 53.5 OC. 

'H NMR (60 MHz, CDCI,) 6 8.10 (1 H, d, J = 9 Hz), 7.50 - 6.70 (4 H, m), 4.11 (2 

H,q,J=7Hz),3.44(lH,s),l.Z7(3H,t,J=7Hz). 

2-Methylsulphonylpyrimidine-5-carboxylic acid, ethyl ester (8) 

To a stirred solution of 2-methylthiopyrimidine-5-carboxylic acid, ethyl ester 

(4.60 g, 23.2 mmol) in dry tetrahydrofuran (60 ml) at 0 OC under nitrogen was 

added, portionwise over 15 minutes, solid m-chloroperbenzoic acid (85%; 10.04 

g, 49.5 mmol). The reaction mixture was allowed to warm to room temperature 

and stirred for 3 hours. Solvent was evaporated and the residue chromatographed 

on silica gel. Elution with pentane / ether / dichloromethane (5:3:1) followed by 
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SYNTHESIS OF CY-CCE 72 1 

pentane / ether / dichloromethane (1:l:l) gave the title compound (8) as a white 

solid (4.56 g, 85%). A sample recrystaked from dichloromethane / hexane had 

Mp 78 - 80 O C .  'H NMR (250 MHz, CDCI,) F 9.45 (2 H, s), 4.52 (2 H, q, J = 6 

Hz), 3.43 ( 3  H, s), 1.47 (3 H, t, J = 6 Hz). 

General Procedure for Reaction of (7) with (8) 

Reaction of (7b) with (8) 

To a stirred solution of N-trifluoroacetyl-2-ethynyladine (7b) (0.1 1 g, 0.49 

mmol) in dry tetrahydrofuran (5 ml) at room temperature under nitrogen was 

added sodium hydride (80%; 0.017 g, 0.57 mmol). The resulting mixture was 

stirred at room temperature for 1 hour, then cooled to 0 OC, whereupon 

2-methyIsulphonylpyrimidine-5-carboxyIic acid, ethyl ester (8) (0. I1 g, 0.48 

mmol) was added in one portion. The reaction mixture was stirred at room 

temperature for 1 hour, then diluted with ether (50 rnl), and the resulting solid 

filtered off. The fdtrate was evaporated and the residue chromatographed on 

silica gel. Elution with hexane containing increasing amounts of ether gave the 

deacylated adduct (6a) (0.09 g,  68%) 'H N M R  (270 MHz, 

CDCI,) F 9.00 (2 H, s), 8.59 (1  11, dd, J = 9, 1 Hz). 8.23 ( 1  H, br. s). 7.51 ( 1  H, 

dd, J = 9, 1 Hz), 7.42 (1 H, dt, J = 9, 1 Hz), 7.04 (1 H, dt, J = 9, 1 Hz), 4.39 (2 H, 

q, J = 7 Hz), 3.56 (1 H, s), 1.40 (3 H, t ,  J = 7 Hz). 

Mp 99 - 100 "C 

Reaction of (7c) with (8) 

Using the above procedure with 3.0 mmol (7c) gave the deacetylated adduct (6a) 

(0.15 g, 20%), identical with that previously prepared, and the desired acetylated 

product (6c) (0.45 g, 63%). 'H NMR (270 MHz, CDC1,) 8 9.10 (2 H, s), 7.64 (1 

H, dd, J = 9, 1 Hz), 7.50 - 7.33 ( 2  H, m), 7.25 (1 H, dd, J = 9, 1 Hz), 4.42 (2 H, q, 

3 = 7 Hz), 3.03 (1 H, s) ,  2.54 (3 H, s), 1.38 (3 H, t, J = 7 Hz). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ite
 L

av
al

] 
at

 0
8:

16
 2

6 
D

ec
em

be
r 

20
14

 



722 FORBES, JOHNSON, AND THOMPSON 

Reaction of (7d) with (8) 

Using the above procedure with 6.0 mmol (7d) gave the desired adduct (6d) as a 

colourless oil (1.91 g, 92%). 'H NMR (60 MHz, CDCI,) 6 9.08 (2 H, s), 7.63 - 

7.00 (4 H, rn), 4.36 (2 H, q, J = 7 Hz), 4.26 (2 H, q, J = 7 Hz). 3.05 (1 H,s), 1.35 

(3  H, t, J = 7 Hz), 1.23 (3 H,  t ,  J = 7 Hz). 

Thermolysis of compound (6c) 

A solution of the N-acetyl adduct (6c) (0.63 g, 2 mmol) in mesitylene (5 ml) was 

heated at reflux under nitrogen for 1 hour. During this time the exhaust gases 

from the reaction were bubbled through aqueous sodium hypochlorite (10%). 

The reaction mixture was cooled and evaporated to give a solid which was 

subjected to chromatography on silica gel. Gradient elution with hexane / 1 - 

50% ether gave the desired 9-acetyl-9H-pyrido[2,3-b]hdole-3-carboxylic acid, 

ethyl ester ( ic)  (0.16 g, 28%). 'H NMR (60 MHz, CDCI,) F 8.86 (1 H, d, J = 2 

Hz), 8.47 (1 H, m), 8.43 (1 H, d, J = 2 Hz), 7.82 - 7.10 (3 H. m ) ,  4.40 ( 2  H. q. J = 

7 Hz), 2.98 (3 H, s), 1.55 (3 H, t, J = 7 Hz). Later fractions contained the 

deacylated adduct (6a) (0.i5 g, 28%), being identical with that previously 

prepared. 

9H-Pyrido[2,3-blindole-3,9-dicarboxylic acid, diethyl ester (id) 

Similar treatment of (6d) (1.91 g, 5.6 rnmol) gave, after recrystallisation from 

ether / hexane, the title compound (Id) as colourless needles (1.40 g, 80%). Mp 

120 - 121.5 OC. 'H NMR (270 MHz, CDC1,) 6 9.27 (1 H, d, J = 2 Hz), 8.87 (1 H, 

d, J = 2 Hz), 8.33 (1 H, dd, J = 9, 1 Hz), 8.03 (1 H, dd, J = 9, 1 Hz), 7.58 (1 H, dt, 

J = 9, 1 Hz), 7.44 (1 H, dt, J = 9, 1 Hz), 4.68 (2 H, q. J = 7 Hz), 4.46 (2 H, q, J = 7 

Hz), 1.59 (3 H, t, J = 7 Hz), 1.46 (3 H, t,  J = 7 Hz). 
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SYNTHESIS OF CY-CCE 723 

9H-Pyrido[2,3-b]indole-3-carboxylic acid, ethyl ester ( la)  

To a stirred suspension of 9H-pyrido[2,3-b]indole-3,9-dicarboxylic acid, diethyl 

ester (Id) (1.22 g, 3.91 mrnol) in ethanol (10 ml) at room temperature was added 

1 M aqueous sodium hydroxide (4.3 ml). The reaction mixture was stirred for 2 

hours, then water (200 ml) was added. The resulting suspension was cooled to 4 

'C over 18 hours, and filtered to give a white solid (0.85 g) .  Recrystallisation 

from ethanol gave the title compound (la) as colourless needles (0.74 g, 79%). 

Mp 235 - 237 O C .  'H NMR (270 MHz, CDCl,) F 12.03 (1 H, br. s), 9.03 (1  H, d, 

J = 2 Hz), 8.93 (1 H, d, J = 2 Hz), 8.14 (I H, d, J = 9 Hz), 7.52 (2 H, m), 7.28 (1 

H, dt, J = 9, 1 Hz), 4.42 (2 H, q, J = 7 Hz), 1.44 (3 H, t, J = 7 Hz). 
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