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For the first time TFAA/HzPO, has facilitated the direct and metal-
free N-acylation of carbazoles leading to a number of N-acylated
derivatives. Several of these compounds were found to be promis-
ing when tested for their anti-proliferative properties against oral
cancer cell lines.

The new and effective yet simple strategies for the rapid access
to small molecules of potential pharmacological interest are of
great demand both in academic and industrial R&D. Motivated
by this fact we have developed a simple strategy for the N-acyla-
tion of carbazoles.

In addition to its natural occurrences in alkaloids isolated
from plants, the carbazole framework has been found to be an
integral part of many bioactive compounds and therefore (like
indole) is considered as a privileged scaffold in the area of new
drug discovery. For example, various carbazole derivatives have
shown a wide range of biological activities, e.g. antioxidant," anti-
diabetic,>  antimitotic,’  antimicrobial,*®  anti-vascular,’
antitumor,® 715 antipsychotic, '
sant"” activities. Carbazole derivatives are also found to be inhibi-
tors of cyclin dependent kinases (CDKs)'® and checkpoint kinase
(Chk 1)'° and promising peroxisome proliferation activated recep-
tors (PPAR a, p and 7).>° In view of the reported antitumor pro-
perties of condensed N-acylindoles®® the N-acyl carbazole
framework attracted our particular attention due to their common
structural features. We anticipated that small molecules based on
N-acyl carbazoles (A, Fig. 1) might show anticancer properties.
Our anticipation was further supported by an earlier report that
the carbazole derivative B (Fig. 1) was found to be cytotoxic when
tested against mouse mammary carcinoma FM3A cells.?'”?
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TFAA/HzPO,4 mediated unprecedented N-acylation
of carbazoles leading to small molecules
possessing anti-proliferative activities against
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Fig. 1 Design of bioactive N-acyl carbazole (A) derived from B.

While N-acylation of indoles has been studied well, only a
few reports are available on the N-acylation of carbazoles. The
N-acyl carbazoles are generally prepared by the action of (i)
acyl halides and anhydrides on carbazoles, (ii) acyl halides on
potassium carbazole and (iii) acyl halides on carbazole mag-
nesium halides.**> These methods, however, have several draw-
backs such as moderate yields, longer reaction times, and the
use of volatile and environmentally harmful organic solvents.
Moreover, the use of a common acylating agent, i.e. moisture
sensitive acid chlorides, often causes environmental pollution
and their preparation typically involves the use of thionyl
chloride or oxalyl chloride. Thus, we were in need of an
alternative and practical method for the preparation of com-
pound A. The use of TFAA (trifluoroacetic anhydride)/H;PO, as
an efficient catalyst system for C-acylation of various aromatic
compounds is reported in the literature.>®> However, we have
observed that the reaction of carbazole (1) with various car-
boxylic acids (2) in the presence of TFAA and H;PO, afforded
the corresponding N-acyl carbazoles (3 or A, path a) instead of
C-acylated derivatives (path b, Scheme 1). Herein we present
our preliminary findings on this mild, single-step and metal-
free method for the synthesis of 3 via an unusual C-N bond
forming reaction. A similar C-N bond formation under acidic
conditions is not common in the literature and to the best of
our knowledge the use of TFAA/H3;PO, for the N-acylation
purpose has not been explored earlier.

To establish the optimized reaction conditions we used the
reaction of 1 with benzoic acid (2a) as a model reaction that
was performed in the presence of TFAA (2.093 mol) and
varying amounts of 85% H;PO, at room temperature (Table 1).

This journal is © The Royal Society of Chemistry 2014
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Scheme 1 TFAA/H3zPO,4-mediated reaction of carbazole (1) with
various carboxylic acids (2).
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Initially, the reaction was performed using 2.0 equivalents of
2a and 0.1 equivalent of 85% H;PO, (0.059 mmol) when a
mixture of products ie. 3a and 4a was isolated after 3 h
(entry 1, Table 1). Based on spectral (NMR, IR, MS) data com-
pound 3a was identified as an N-acylated product (that con-
tains an amide bond) rather than a C-acylated one** (Fig. 2).
Compound 4a was identified as a diacylated product ie.
(9H-carbazole-3,9-diyl)bis( phenylmethanone). We were
delighted to observe the formation of 3a in this reaction that
was unprecedented in the literature under the conditions
employed. An increase in the equivalent of H;PO, used
increased the yield of 3a when the reaction was performed for
1 h (entry 2, Table 1). An increase in the reaction time afforded
4a as the major product (entry 3, Table 1). Further increase of
H;3PO, equivalents afforded 3a as the major product when the
reaction was performed for 1 h (entry 4, Table 1). However,
increasing the reaction time (entry 5, Table 1) to 3 h afforded
4a as the major product. We then performed the reaction
using 1.0 equivalent of 2a and 0.1 equivalent of 85% H;PO, for
1 h when 3a was isolated in 60% yield (entry 6, Table 1). An
increase in reaction time to 2 h increased the yield of 3a to

Table 1 The effect of conditions on the TFAA/H3zPO4-mediated reac-
tion of 1 with 2a®

(o]
Ph

PhCO,H (2a)
TFAA, H3PO, . O
—_—

rt N N

%Ph o)\Ph
4a

O
3a

Yield? (%)
Entry H;PO, (equiv.) 2a (equiv.) Time (h) 3a 4a
1 0.1 2 3 42 45
2¢ 0.5 2 1 61 15
3 0.5 2 3 31 65
4¢ 1 2 1 65 18
5 1 2 3 26 68
6° 0.1 1 1 60 8
7 0.1 1 2 75 10

“All the reactions were carried out using carbazole 1 (0.598 mmol),
benzoic acid 2a, TFAA (2.093 mmol) and 85% H;PO,. ”Isolated yield.
“The presence of unreacted 1 was observed in this case.
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3a 9H-Carbazol-3-yl(phenyl)methanone

Fig. 2 Comparison of spectral data of 3a and regioisomeric 9H-carba-
zol-3-yl(phenyl)methanone.?*

75% (entry 7, Table 1). However, in spite of several attempts we
failed to find conditions where 3a could be isolated as the only
product. We therefore used the conditions of entry 7 of Table 1
for our further studies. It is worth mentioning that the reac-
tion did not proceed in the absence of H;PO,, indicating its
key role in the present reaction. All these reactions were per-
formed at room temperature. While an increase in reaction
temperature enhanced the reaction rate but decreased the
yield of 3a. The reaction was found to proceed in the absence
of any additional organic solvent thereby decreasing the scope
of environmental pollution. The excess of TFAA used perhaps
played the role of a solvent in this reaction. After completion
of the reaction TFAA converted to TFA can be recovered by dis-
tillation over a dehydrating agent. Nevertheless, the present
reaction does not require the use of any inert or anhydrous
atmosphere indicating the scale-up potential of this method.

With the optimum reaction conditions in hand we then
examined the generality and scope of the present C-N bond
forming reaction. Thus a range of carboxylic acids (2) were
reacted with 1 under the conditions of entry 7 of Table 1 and
yields of the corresponding products are shown in Table 2. It
is evident from Table 2 that the acid 2 may contain a mono or
disubstituted benzene ring and the substituent(s) may be
present at the o-, m- or p-position or any two of these three
positions. Aliphatic carboxylic acids e.g. 2p and 2q also partici-
pated well in the present reaction (entries 16 and 17, Table 2).
However, the use of heteroaromatic acids e.g. thiophene-2-car-
boxylic acid was not successful as a mixture of unidentified
products was isolated in this case. The use of a substituted
carbazole e.g. 3-bromo-9H-carbazole 6 was examined and found
to be effective under the conditions employed (Scheme 2).

A plausible reaction mechanism for the present TFAA/
H;PO,-mediated N-acylation of carbazoles is presented in
Scheme 3.>*“*> The reaction seems to proceed via in situ gen-
eration of the acylation precursor acyl trifluoroacetate X from
TFAA and the carboxylic acid 2. As a covalent catalyst the phos-
phoric acid then converts X into the arylacetyl bis(trifluoroace-
tyl)phosphate Y which then participates in N-acylation of
carbazole 1. Since the reaction does not proceed in the
absence of H3;PO, and it is known that Y participates in a
faster acylation reaction than X** the direct N-acylation of 1 by
X seems to be unlikely. Moreover, acylation by X could lead to

Org. Biomol. Chem., 2014, 12, 6080-6084 | 6081
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Table 2 TFAA/H3PO4-mediated synthesis of N-acyl carbazole (3) (path a,
Scheme 1)°

. TFAA O
RCOH ———>
N HaPO, N

B t, 2h

0 R
1 2 3
Entry Carboxylic acid 2; R Product 3 Yield” (%)
1 2a; Ph 3a 75
2 2b; 4-CICeH, 3b 55
3 2¢; 2-ICeH, 3¢ 60
4 2d; 2-Cl-5-BrCgH, 3d 64
5 2e; 2-BrC¢H, 3e 60
6 2f; 3-CICeH, 3f 75
7 2g; 2-ClCgH, 3g 60
8 2h; 2-MeCgH, 3h 60
9 2i; 4-MeCgH, 3i 68
10 2j; 4-1C¢H, 3j 70
11 2k; 2,6-(di-Cl)CgH, 3k 60
12 21; 3,4-(di-C1)CgH, 31 62
13 2m; 2,4-(di-Cl)CgH, 3m 70
14 2n; 2,5-(di-Cl)CgH; 3n 64
15 20; 3,5-(di-Cl)CgH, 30 60
16 2p; Ph,CH 3p 61
17 2q; n-Pr 3q 63

“All the reactions were carried out using carbazole 1 (0.598 mmol),
benzoic acid 2a (0.598 mmol), TFAA (2.093 mmol) and 85% H;PO,
(0.059 mmol). ? Isolated yield.

Br
Br
TFAA O
O O + PhCOH ——»
HsPO
N 3 4
H

N
rt 1h, 04\
65%
6 2a 3r

Ph

Scheme 2 TFAA/H3PO,4-mediated reaction of 6 with 2a.
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Scheme 3 The proposed reaction mechanism for the TFAA/H3PO4-
mediated N-acylation of carbazoles.

the trifluoroacetylated product of 1 (in addition to 3) that was
not detected in the reaction mixture. While the actual reason
for the preferential N-acylation of 1 is not clear at this stage,
the higher reactivity of the carbazole nitrogen over the ring
carbon towards Y could be the reason for this observation. In
fact the C-acylation of carbazoles was found to proceed
smoothly after N-acylation separately. Thus, the N-benzoyl
carbazole (3a) afforded the C-acylated product 4a®*“ or 4b
when treated with aromatic acids in the presence of TFAA and
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Scheme 4 TFAA/HsPO4-mediated C-acylation of 3a.

H3PO, (Scheme 4). Further, the selective deprotection of the
N-benzoyl group of 4b performed under the reported condi-
tions?*” to afford 5a***° indicated the potential of this meth-
odology for the generation of a compound library based on
C-acylated carbazoles (Scheme 5). Indeed, the TFAA/H3;PO,-
mediated C-acylation also proceeded well when N-propargyl
carbazole (7) was used as a substrate (Scheme 6).

All the synthesized N-acyl carbazoles were tested against
cancer cell lines derived from tongue tissue e.g. CAL 27, breast
cancer cell line e.g. MDA-MB231 and non-cancer cells e.g. HEK
293 T [Human Embryonic Kidney 293 cells] in vitro at 10 uM
using the sulphorhodamine B (SRB) assay.”” Gemcitabine,”® a
well known anticancer agent, was used as a reference com-

;= Q.
or
4b MeOH

reflux, 2h, 5a, R=H: 76%,

5b, R=Me; 68%

Scheme 5 Deprotection of 4a/4b leading to the (9H-carbazol-3-yl)-
(phenyl/p-tolyl)methanone (5a/5b).

Q,
Ph
COOH
TFAA, H3F‘O4 O O
rt, 2 h N
70%
\\§
7 2a 8

Scheme 6 TFAA/H3PO,-mediated reaction of 7 with 2a.

Table 3 Anti-proliferative activities of N-acyl carbazoles (3) against
cancer and normal cells

%inhibition®
Compounds CAL 27 MDA-MB231 HEK 293T
3a >100 55.54 51.81
3b 100.84 72.98 57.74
3d >100 78.28 58.73
3g >100 80.42 65.22
3h >100 76.63 65.47
3i 103.27 74.31 62.48
31 93.18 68.10 46.70
3n >100 78.24 41.61

¢ Average of at least three determinations.

This journal is © The Royal Society of Chemistry 2014
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pound in this assay. Several of these compounds e.g. 3a, 3b,
3d, 3g, 3h, 3i, 31, and 3n showed promising growth inhibition
especially of CAL 27 cells (>90% inhibition) after 72 h of treat-
ment (Table 3).*** However, none of them showed notable
effects on normal HEK 293 T cells (highest inhibition being
<65%) when tested at 10 uM. Similarly, based on their effects
on HEK 293 T cells, compounds 3b, 3d, 3g, 31 and 3n were
found to be active against MDA-MB231 cells (Table 3). Notably,
gemcitabine®® showed ~100% growth inhibition of CAL 27
cells at 10 pM. In a dose response study compounds 3a, 3d, 3g,
3h and 3n showed consistent growth inhibition when tested
against CAL 27 cells (Fig. 3).2°” The IC5, value of 3d and 3n
was found to be 0.028 + 0.002 and 0.45 + 0.03 pM, respectively.
Thus these compounds were identified as the best active mole-
cules in the present series. Nevertheless, since the death rate
for oral cancer is higher than that of other cancers globally®*
the present class of compounds is of further interest.

In conclusion, TFAA/H;PO, has been identified for the first
time as an efficient coupling agent for the direct N-acylation of
carbazoles. This metal-free methodology does not require the
use of expensive reagents or catalysts and inert or anhydrous
atmosphere and it works well at room temperature. A number
of N-acylated derivatives were prepared using this methodology
and tested for their anti-proliferative properties against oral
and breast cancer cell lines. Several of them were found to be
promising, indicating that the present series of N-acyl carba-
zoles represent a useful template for the discovery and deve-
lopment of potential anticancer agents.

BP thanks CSIR, for a research fellowship.

Notes and references

1 P. Sauerberg, I. Pettersson, L. Jeppesen, P. S. Bury,
J. P. Mogensen, K. Wassermann, C. L. Brand, ]. Sturis,
H. F. Woldike, J. Fleckner and S. T. Andersen, J. Med.
Chem., 2002, 45, 789.

2 S. Venkatesan, J. Kumar and S. M. K. Ganesh, Asian J. Plant
Sci. Res., 2012, 2, 263.

3 T. E. Barta, A. F. Barabasz, B. E. Foley, L. Geng, S. E. Hall,
G. J. Hanson, M. Jenks, W. Ma, J. W. Rice and ]. Veal,
Bioorg. Med. Chem. Lett., 2009, 19, 3078.

4 F. F. Zhang, L. L. Gan and C. H. Zhou, Bioorg. Med. Chem.
Lett., 2010, 20, 1881.

5 V. V. Mulwad and C. A. Patil, Indian J. Chem., Sect. B: Org.

Chem. Incl. Med. Chem., 2005, 44, 2355.

T. Surendiran, Der Pharmacia Sinica, 2012, 3, 156.

7 A. 1. Danish and K. J. R. Prasad, Indian J. Chem., Sect. B:

Org. Chem. Incl. Med. Chem., 2004, 43, 1548.

8 N. Ty, G. Duperyre, G. C. Chabot, J. Seguim, L. Quentin,
A. Chiarone, F. Tillequin, D. Scherman, S. Michel and
X. Cachet, Eur. J. Med. Chem., 2010, 45, 3726.

9 C. Asche, W. Frank, A. Antje and U. Kucklaender, Bioorg.
Med. Chem., 2005, 13, 819.

10 E. R. Pereira, L. Belin, M. Sancelme, M. Prudhomne and

M. Ollier, J. Med. Chem., 1996, 39, 4471.

o)}

Org. Biomol Chem., 2014, 12, 6080-6084 | 6083


http://dx.doi.org/10.1039/c4ob00686k

Published on 01 July 2014. Downloaded by Aston University on 25/08/2014 15:48:39.

Communication

11

12

13

14

15

16

17

18

19

20

21

22

23

24

T. Lemster, U. Pindur, G. Lenglet, S. Depauw, C. Dassi and
M. D. Cordonnier, Eur. J. Med. Chem., 2009, 44, 3235.

M. Laronze, M. Boisburn, S. Leonce, B. Pfeiffer, P. Renard,
O. Lozach, L. Meijer, A. Lansiuax and C. Bailly, Bioorg. Med.
Chem., 2005, 13, 2263.

M. Stiborova, M. Rupertova, D. Aimova, H. Ryslava and
E. Feri, Toxicology, 2007, 236, 50.

S. Baroniya, Z. Anwer, P. K. Sharma, R. Dudhe and
N. Kumar, Der Pharmacia Sinica, 2010, 1, 172.

S. Routier, P. Peixoto, J. Y. Merour, G. Coudert, N. Dias,
C. Bailly and A. Pierre, J. Med. Chem., 2006, 49, 789.

H. Kaur, S. Kumar, P. Vishwakarma, M. Sharma, K. K. Saxena
and A. Kumar, Eur. J. Med. Chem., 2010, 45, 2777.

J. Bouchard, S. Wakim and M. Leclerc, J. Org. Chem., 2004,
69, 5705.

G. Zhu, S. E. Corner, X. Zhou, H. K. Chan, C. Shih,
T. A. Engler, S. A. Watkins, C. D. Spencer, R. M. Schultz
and J. A. Dempsey, Bioorg. Med. Chem. Lett., 2004, 14, 3057.
E. Conchon, F. Anizon, B. Aboab, M. Golsteyn, S. Leonce
and B. Pfeiffer, Eur. J. Med. Chem., 2008, 43, 282.

R. Kumar, U. Ramachandran, K. Srinivasan, P. Ramarao,
S. Raichur and R. Chakrabarti, Bioorg. Med. Chem., 2005,
13, 4279.

(@) G. J. Atwell, W. A. Denny and M. Tercel, Condensed
N-aclyindoles as antitumor agents, WO 1998011101 A3,
April 23, 1998; (b) H. Takayama, Y. Yaegashi, M. Kitajima,
X. Han, K. Nishimura, S. Okuyama and K. Igarashi, Bioorg.
Med. Chem. Lett., 2007, 17, 4729.

(@) W. C. Sumpter and F. M. Miller, The chemistry of hetero-
cyclic compounds, indole and carbazole systems, John Wiley &
Sons, 2009, pp. 104-105; (b) N. Naik, H. V. Kumar and
H. Swetha, Bulg. Chem. Commun., 2010, 42, 40.

(@) S. Pal, M. A. Khan, P. Bindu and P. K. Dubey, Beilstein
J. Org. Chem., 2007, 3, DOIL 10.1186/1860-5397-3-35;
(b) S. Pal, P. Bindu, P. R. Venna and P. K. Dubey, Lett. Org.
Chem., 2007, 4, 292; (c) C. Galli, Synthesis, 1979, 303;
(d) T. P. Smyth and B. W. Corby, Org. Process Res. Dev.,
1997, 1, 264; (e) V. R. Veeramaneni, K. R. Yeleswarapu and
M. Pal, Tetrahedron, 2003, 59, 3283.

L. Ackermann, A. Althammer and P. Mayer, Synthesis, 2009,
3493.

6084 | Org. Biomol Chem., 2014, 12, 6080-6084

25

26

27

28

29

30

31

View Article Online

Organic & Biomolecular Chemistry

T. P. Smyth and B. W. Corby, J. Org. Chem., 1998, 63, 8946.
(@) S. G. P. Plant and M. L. Tomlinson, J. Chem. Soc., 1932,
2188; (b) M. Chakrabarty, N. Ghosh, S. Khasnobis and
M. Chakrabarty, Synth. Commun., 2002, 32, 265;
(¢) L. Ackermann and A. Althammer, Angew. Chem., Int. Ed.,
2007, 46, 1627.

(@) L. V. Rubinstein, R. H. Shoemaker, K. D. Paull,
R. M. Simon, S. Tosini, P. Skehan, D. A. Scudiero, A. Monks
and M. R. Boyd, J. Natl Cancer Inst., 1990, 82, 1113;
(b) P. Skehan, R. Storeng, D. Scudiero, A. Monks,
J. McMahon, D. Vistica, J. T. Warren, H. Bokesch, S. Kenney
and M. R. Boyd, J. Natl. Cancer Inst., 1990, 82, 1107.

E. Chu and V. T. DeVita, Physicians’ Cancer Chemotherapy
Drug Manual, 2007, Jones & Bartlett, 2007.

Gemcitabine, generally used in various carcinomas such as
non-small cell lung cancer, pancreatic cancer, bladder
cancer and breast cancer, has shown in vitro Gls, value of
0.14 pM in the Human Tumor Cell Line Assay (NCI-60) and
was validated; see: W. Wu, J. Sigmond, G. J. Peters and
R. F. Borch, J. Med. Chem., 2007, 50, 3743.

(@) Compounds 3a, 3d, 3g, 3h and 3n showed >100% inhi-
bition of CAL 27 cells at 10 pM. The %inhibition more
than 100% is considered as an indication of complete inhi-
bition; see for example: Y. Hikichi, K. Honda, K. Hikami,
H. Miyashita, I. Kaieda, S. Murai, N. Uchiyama,
M. Hasegawa, T. Kawamoto, T. Sato, T. Ichikawa, S. Cao,
Z. Nie, L. Zhang, J. Yang, K. Kuida and E. Kupperman, Mol.
Cancer Ther., 2012, 11, 700. The possible reason for such
observation is that the cells were not only inhibited but
also were killed to some extent by these compounds. We
thank one of the reviewers for pointing out this. (b) The
dose in these curves is represented using a semi-logarith-
mic plot. On a semi-logarithmic plot, the amount of drug
is plotted (on the X axis) as the log of drug concentration
and response is plotted (on the Y axis) using a linear scale.
For representative examples, see: A. Kumar, M. Zhang,
L. Zhu, R. P. Liao, C. Mutai, S. Hafsat, D. R. Sherman and
M.-W. Wang, PLoS One, 2012, 7, e39961, DOI: 10.1371/
journal.pone.0039961.

For oral facts, see: http:/www.oralcancerfoundation.org/
facts/.

This journal is © The Royal Society of Chemistry 2014


http://dx.doi.org/10.1039/c4ob00686k

	Button 1: 


