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Base-catalyzed reaction of the nitroketene N,S-acetals and the ring substituted 2-hydroxybenzaldehydes
afforded a combinatorial library of the 2-alkylamino-3-nitro-4-alkylsulfanyl 4H-chromenes in excellent
yields. Nucleophilic displacement of the C4 alkylsulfanyl group with different thiols afforded 4H-chrom-
enes with structural diversity.

� 2009 Elsevier Ltd. All rights reserved.
The nitroketene N,S-acetal, N-methyl-N-[(E)-1-(methylsulfa-
nyl)-2-nitro-1-ethenyl]amine (1 N-methyl-1S-methyl-2-nitroeth-
ylene, NMSM) 1a (Scheme 1) is a versatile molecule.1 It is
embodied with three functional groups on ethylene motif, viz., al-
kyl amine, methylsulfanyl and nitro, each one of which is amenable
for synthetic exploitation and functional group manipulation. With
an excellent electron-withdrawing nitro group in place, the nitro-
ethylene substructure in NMSM 1a is a good Michael acceptor.
The methylsulfanyl group is an electron donor and is also a good
leaving group. It can be replaced with a variety of nucleophiles fol-
lowing the substitution nucleophilic vinyl (SNV) mechanism. The
ethylene moiety is a polarized push–pull alkene with electron flow
emanating from methyl amino/methylsulfanyl to nitro group. Due
to polarization, the C1 exhibits electrophilic characteristics and the
C2 exhibits nucleophilic characteristics. Molecules of the type
NMSM 1a are synthetic equivalents of nitroacetic acid where the
ester is masked as ketene-N,S-acetal. Also, NMSM 1a is a synthetic
equivalent of the amino acid glycine, which can be realized by
reduction of nitro group and unmasking of the acid moiety. Above
qualities make NMSM 1a a multi-faceted building block ready to
be exploited to build organic molecules of diverse structures. It is
prepared in industrial scale for the manufacture of anti-ulcer (his-
tamine H2 receptor antagonists) bulk drugs ranitidine2 and nizat-
idine.3 Surprisingly, however, it has seldom been exploited as a
starting material for other heterocycles. We reasoned out that
since 1a has an electrophilic and a nucleophilic carbon at adjacent
ll rights reserved.

: +91 413 2655987.
ao).
(C1 and C2) positions it can be condensed with bifunctional mole-
cules having a nucleophilic and an electrophilic centre in 1- and 4-
position to generate six-membered rings. Presently, we describe
realization of this concept, for a convenient combinatorial synthe-
sis of 2-alkylamino-3-nitro-4H-chromenes. Condensation of nitro-
ethylenes with 2-hydroxybenzaldehyde to form 3-nitrocoumarins
is known, however, ours is the first report on the formation of
4H-chromenes from such molecules.4 Although chromenes have
restricted occurrence among natural product scaffolds they have
wide spread industrial and pharmaceutical applications.5,6 Specifi-
cally, 2-amino-4H-chromenes are molecules of current interest as
they induce apoptosis and thus evaluated as anticancer agents.7

In the beginning of the present study, we conducted a reaction
of 2-hydroxybenzaldehyde (salicylaldehyde) 2a—a molecule with
nucleophilic phenolic hydroxyl and electrophilic aldehyde located
in 1- and 4-position—with NMSM 1a in THF in presence of piperi-
dine (1.0 equiv; Table 1, entry 1). The reaction provided 4H-chro-
mene 3a in 85% yield. When we employed a catalytic amount
(0.1 equiv) of piperidine, the reaction was more clean but it took
longer time (72 h; entry 2). The structure of 3a was assigned on
the basis of spectroscopic data and confirmed unambiguously by
single crystal X-ray diffraction.8

Having discovered a facile synthesis of 4H-chromene 3a, we
next focused on improving the reaction conditions to optimize
yields by taking the condensation of 2-hydroxybenzaldehyde 2a
and NMSM 1a as a test case (Table 1). When we tried the conden-
sation with secondary amines like pyrrolidine (Table 1, entry 3)
and morpholine (entry 4) in THF or tertiary amine like DBU (entry
5), Et3N (entry 6) and DABCO (entry 7) in THF the yields were lower
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Scheme 1. Mechanism for the formation of 2-alkylamino-3-nitro-4-methylthio-4H-chromene 3a.
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and the reaction needed longer time. The reaction with pyridine in
THF at rt did not proceed and at reflux provided very low yield of
the product (entry 8). With inorganic bases like NaH (1.0 equiv) in
THF (entry 9) or NaH (1.0 equiv) in DMF (entry 10), K2CO3 in ace-
tone (entry 11) or two-phase reactions with aqueous K2CO3, TBAB
in DCM (entry 12) or dil. NaOH (aq, 1.1 equiv) and TBAB
(0.05 equiv) in DCM (entry 13) the yields were moderate. The reac-
tion was slow or did not take place with basic alumina under neat
conditions (entry 14) or KF on neutral alumina under microwave
irradiation (entry 15). Since the product has a stereogenic centre
(C4), we attempted the condensation with proline (entry 16), pro-
line methyl ester (entry 17) and proline benzyl ester (entry 18) in
MeOH. Though product formation took place in all these cases in
moderate to good yield and there was no chiral induction into
the product. We were happy to find that the CSA reaction worked
well with DBU in MeOH (0.1 equiv, entry 19) to provide desired
product in 93% yield and reaction was also clean. The condensation
was also facile with K2CO3 (0.1 equiv) in water to provide the 4H-
chromene 3a in 85% yield (entry 20). In summary, the condensa-
Table 1
Optimization of reaction conditions

Entry Base (M equiv) Solvent Time (h) Yield (%)

1 Piperidine (1.0) THF 8 85
2 Piperidine (0.1) THF 72 90a

3 Pyrrolidine (0.1) THF 48 54
4 Morpholine (1.0) THF 192 43
5 DBU (0.1) THF 15 20b

6 Et3N (1.0) THF 144 38
7 DABCO (1.0) THF 96 70
8 Pyridine (1.0) THF 72 3c

9 NaH (1.0) THF 9 75c

10 NaH (1.0) DMF 5 71
11 K2CO3 (1.0) Acetone 7 45
12 K2CO3 (aq, 1.1), TBAB (0.05) DCM 15 45
13 NaOH (aq, 1.1), TBAB (0.05) DCM 7 24
14 Basic alumina Neatd 0.1 19
15 KF/neutral alumina Neatd 0.1 —e

16 L-Proline MeOH 48 81f

17 L-Proline methyl ester MeOH 78 68
18 L-Proline benzyl ester MeOH 72 38
19 DBU (0.1) MeOH 17 93
20 K2CO3 (0.1) H2O 15 85g

a Method B.
b Method A.
c Reactions were conducted at reflux temperature of the solvent used.
d The reaction was conducted under microwave irradiation (2.45 GHz; 400 W,

2 min).
e No reaction; extensive decomposition of 1a took place.
f Yield with respect to recovered NMSM.
g Method C (see Supplementary data).
tion works well with 0.1 equiv of piperidine in THF (entry 2) or
DBU in MeOH (entry 19) or K2CO3 in water (entry 20) in each case
at room temperature. During the reaction the product precipitated.
Simple filtration was enough to recover most the product. We em-
ployed 10 mol % of DBU in MeOH for generalization of the 4H-chro-
mene 3 synthesis.

Condensation of various ring-substituted 2-hydroxybenzalde-
hydes 2b–k with NMSM 1a afforded 4H-chromenes 3b–k in 75–
93% yield (Table 2). Spectroscopic data of the products matched
well with those of the parent 4H-chromene 3a. In addition, the
structure of 3d was confirmed unambiguously by the analysis of
single crystal X-ray data.9 Interestingly, condensation of NMSM
1a with 2-hydroxy-4-methoxybenzaldehyde 2l and 2-hydroxy-4-
benzoyloxyaldehyde 2m did not take place. However, the conden-
sation took place with 4-benzyloxy 2-hydroxybenzaldehydes 2j to
afford 4H-chromene 3j. This result indicates that the condensation
is subject to subtle changes in the electron density on the carbonyl
carbon of the 2-hydroxybenzaldehydes.

We next focused on changing substitution on the amino group
in the nitroketene N,S-acetal moiety in 1 from methyl to alkyl/aryl
groups. The condensation reaction of 1b–g worked well to provide
4H-chromenes 3n–s in 59–83% yield (Table 2, entries 14–19).
By achieving the synthesis of 4H-chromenes 3q and 3r we have
incorporated physiologically relevant arylethylamine unit into
4H-chromene (Table 2, entries 17 and 18). Spectroscopic data of
4H-chromenes 3n–s matched well with those of the parent
compound 3a. Additionally, the structure of 3p was confirmed by
single crystal X-ray analysis.10

The condensation of 2-hydroxybenzaldehyde 2a with NMSM 1a
to form 4H-chromene 3a is a highly atom-economic reaction. Pos-
sible mechanism for the formation of 4H-chromene 3a is given in
Scheme 1. The conversion follows four major steps namely (i) Mi-
chael addition, where the anion generated from 2-hydroxybenzal-
dehyde 2a adds to NMSM 1a in conjugate manner; (ii) nitro-aldol
condensation to provide the pyran ring; (iii) dehydration and deth-
iomethylation to generate intermediate benzpyrilium cation and
(iv) addition of methylthiolate anion present in the medium to
C4 of the benzpyrilium cation forming 3-nitro-4H-chromene 3a.
Addition of methylthiolate anion to the benzpyrilium cation was
proved to be inter-molecular by conducting an experiment in
which in addition to NMSM 1a and 2-hydroxybenzaldehyde 2a
we employed an equimolar amount of n-butanethiol. From this
experiment we obtained C4-SnBu substituted-4H-chromene 6d
along with SMe substituted 4H-chromene 3a in almost equal
amount.

When we conducted the condensation of 2-hydroxybenzalde-
hyde 2a with NMSM 1a in NaH in THF reflux, along with the major
product 3a (75%), we isolated a minor amount of the adduct 4a (4%,



Table 2
A combinatorial library of 3-nitro-4H-chromenes 3a–s prepared from substituted 2-hydroxybenzaldehyde 2a–m and nitroketene N,S-acetals 1a–g
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Entry 2-Hydroxy benzaldehydes 2a–m Nitroketene N,S-acetals 1a–g 3-Nitro-4H-chromenes 3a–s Time (h) Yield (%)

1 2a: R1 = R2 = R3 = R4 = H 1a: R = Me 3a: R = Me, R1 = R2 = R3 = R4 = H 17 93
2 2b:R1 = OMe, R2 = R3 = R4 = H 1b: R = n-Bu 3b: R = Me, R1 = OMe, R2 = R3 = R4 = H 12 89
3 2c: R1 = R3 = R4 = H, R2 = OMe 1c: R = Ph 3c: R = Me, R1 = R3 = R4 = H, R2 = OMe 17 85
4 2d: R1 = R3 = R4 = H, R2 = Me 1d: R = Bn 3d: R = Me, R1 = R3 = R4 = H, R2 = Me; 12 89
5 2e: R1 = R3 = R4 = H, R2 = Et 1e: R = (CH2)2Ph 3e: R = Me, R1 = R3 = R4 = H, R2 = Et; 17 87
6 2f: R1 = R3 = R4 = H, R2 = t-Bu 1f: R = (CH2)2C6H4OMe 3f: R = Me, R1 = R3 = R4 = H, R2 = t-Bu 17 79
7 2g: R1 = R3 = R4 = H, R2 = Br 1a: R = Me 3g: R = Me, R1 = R3 = R4 = H, R2 = Br 18 76
8 2h: R1 = R3 = R4 = H, R2 = Cl 1a: R = Me 3h: R = Me, R1 = R3 = R4 = H, R2 = Cl; 18 75
9 2i: R1 = Me, R2 = Cl, R3 = R4 = H 1a: R = Me 3i: R = Me, R1 = Me, R2 = Cl, R3 = R4 = H 17 78

10 2j: R1 = R2 = R4 = H, R3 = OCH2Ph 1a: R = Me 3j: R = Me, R1 = R2 = R4 = H, R3 = OBn 19 82
11 2k: R1 = R2 = R3 = H, R4 = OMe 1a: R = Me 3k: R = Me, R1 = R2 = R3 = H, R4 = OMe 15 85
12 2l: R1 = R2 = R4 = H, R3 = OMe 1a: R = Me 3l: R = Me, R1 = R2 = R4 = H, R3 = OMe — —a

13 2m: R1 = R2 = R4 = H, R3 = OCOPh 1a: R = Me 3m: R = Me, R1 = R2 = R4 = H, R3 = OCOPh — —a

14 2a: R1 = R2 = R3 = R4 = H 1b: R = n-Bu 3n: R = n-Bu, R1 = R2 = R3 = R4 = H 18 83
15 2a: R1 = R2 = R3 = R4 = H 1c: R = Ph 3o: R = Ph, R1 = R2 = R3 = R4 = H 31 71
16 2a: R1 = R2 = R3 = R4 = H 1d: R = Bn 3p: R = Bn, R1 = R2 = R3 = R4 = H 21 81
17 2a: R1 = R2 = R3 = R4 = H 1e: R = (CH2)2Ph 3q: R = (CH2)2Ph, R1 = R2 = R3 = R4 = H 26 68
18 2a: R1 = R2 = R3 = R4 = H 1f: R = (CH2)2C6H4OMe 3r: R = (CH2)2C6H4OMe, R1 = R2 = R3 = R4 = H 23 73
19 2a: R1 = R2 = R3 = R4 = H 1g: R = CH(CH3)Ph 3s: R = CH(CH3)Ph, R1 = R2 = R3 = R4 = H 27 59

a No reaction.
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entry 1, Table 3). The 1H NMR spectrum of the minor product indi-
cated it to be formed by the reaction of two molecules of NMSM 1a
and one molecule of 2-hydroxybenzaldehyde 2a. The product how-
ever could not be relieved of contaminants. On the other hand, in
the reaction of N,S-acetal possessing N-benzyl group 1d, the minor
product 4d was formed in 24% yield (entry 4). Formation of the
minor 2:1 adduct was proved to be general when the condensation
of nitroketene N,S-acetal 1 with 2-hydroxybenzaldehyde 2a was
conducted with NaH in THF reflux. Thus, four more NMSM deriva-
tives 1b, 1c, 1e and 1f were reacted with 2a to realize the 2:1 ad-
ducts 4b, 4c, 4e and 4f, respectively, in 9–24% yield, formed in each
case as minor products (Table 3).

Mechanism for the formation of 2:1 adduct 4 also appears to go
through benzpyrilium cation (see Scheme 1). This intermediate is
quenched by one more unit of N,S-acetal 1. This premise was con-
Table 3
Synthesis of 3-nitro-4H-chromenes (2:1 adduct) 4a–f from different substituted nitrokete

OH
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+
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2a 1a-f

Entry Nitroketene N,S-acetal R Rat

1 1a Me 3a:
2 1b n-Bu 3n
3 1c Ph 3o:
4 1d Bn 3p:
5 1e (CH2)2Ph 3q:
6 1f (CH2)2C6H4OMe 3r:
firmed by treating parent 4H-chromene 3a with NMSM 1a in pres-
ence of NaH in THF and the reaction yielded the 2:1 adduct 4a.

In the mechanism for the formation of 4H-chromene 3a
(Scheme 1) the benzpyrilium cation is the key intermediate. We
reasoned out that it should be possible to quench this intermediate
with different nucleophiles. As a preliminary work, 3-nitro-4H-
chromene 3a was treated with 3-equiv of high boiling aromatic
thiols like thiophenol 5a, 4-methyl thiophenol 5b, 4-chloro thio-
phenol 5c and aliphatic thiols like butane 5d and octane thiols
5e in ethanol reflux. These reactions provided C4-substituted 4H-
chromenes 6a–e in excellent yields (Table 4).

In conclusion, we have demonstrated a facile and high yielding
base-catalyzed condensation of substituted 2-hydroxybenzaldehy-
des and nitroketene N,S-acetals to afford 2-alkyamino-3-nitro-4-
alkylsulfanyl-4H-chromenes in excellent yields. When the conden-
ne N,S-acetals 1a–f
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4a (75:4) 7 79
:4b (41:17) 12 58
4c (49:9) 4 58
4d (45:24) 13 69
4e (38:21) 16 59
4f (41:17) 13 58



Table 4
Synthesis of 3-nitro-4H-chromenes 6a–e from high boiling thiols 5a–e
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9-18 h
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Entry Thiol (RSH) Product Time (h) Yield (%)

1 5a: R = C6H5 6a: R = C6H5 12 90
2 5b: R = 4-CH3C6H5 6b: R = 4-CH3C6H5 12 80
3 5c: R = 4-ClC6H5 6c: R = 4-ClC6H5 12 75
4 5d: R = CH3(CH2)3 6d: R = CH3(CH2)3 18 91
5 5e: R = CH3(CH2)7 6e: R = CH3(CH2)7 19 93
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sation was conducted in NaH in THF, 4H-chromenes, the 2:1 ad-
ducts were formed in minor amounts. The C4 methylsulfanyl group
in 3a could be replaced with long chain/aryl thiols.
Acknowledgements

H.S.P.R. thanks UGC, UGC-SAP, CSIR and DST-FIST for financial
assistance. K.G. thanks CSIR for awarding SRF. We thank IACS, Kolk-
ata, and SAIC, IIT, Chennai, for recording spectra. We thank Shasun
Chemicals and Drugs Ltd, Chennai, for generous gift of NMSM.
Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2009.04.018.
References and notes

1. (a) Metzner, P.; Thuillier, A. Sulfur Reagents in Organic Synthesis; Academic
Press: Ltd., New York, 1994; (b) Kolb, M. Synthesis 1990, 171–190; (c)
Tominaga, Y.; Matsuda, Y. J. Heterocycl. Chem. 1985, 22, 937–949; (d) Ila, H.;
Junjappa, H.; Mohanta, P. K.. In Prog. Heterocycl. Chem.; Gribble, G. W., Gilchrist,
T. L., Eds.; Pergamon Press: Oxford, 2001; Vol. 13, pp 1–24.

2. (a) Daly, M. J.; Price, B. J.. In Progress in Medicinal Chemistry; Ellis, G. P., West, G.
B., Eds.; Elsevier: Amsterdam, 1983; Vol. 20, pp 337–368; (b) Ootsuka, Y.;
Morita, H.; Mori, H. Jpn. Kokai Tokyo Koho JP 07157465 A2, 1995; Chem. Abstr.
1995, 123, 767921.

3. Moder, K. P. Eur. Pat. Appl. EP 515121 A1, 1992; Chem. Abstr. 1993, 118, 169100.
4. (a) Korotaev, V. Y.; Sosnovskikh, V. Y.; Kutyashev, I. B.; Barkov, A. Y.;

Matochkina, E. G.; Kodess, M. I. Tetrahedron 2008, 64, 5055–5060; (b)
Chaitanya, T. K.; Nagarajan, R. Tetrahedron Lett. 2007, 48, 2489–2492; (c)
Penella, F. W.; Chen, S. F.; Behrens, D. L.; Kaltenbach, R. F., III; Seitz, S. P. J. Med.
Chem. 1994, 37, 2232–2237.

5. (a) Hepworth, J. D.. In Comprehensive Heterocyclic Chemistry; Katritzky, A. R.,
Rees, C. W., Eds.; Pergamon: New York, 1984; Vol. 3, pp 738–883; (b) Ellis, G. P.
In Chromenes, Chromanes and Chromones; Weissberger, A., Taylor, E. C., Eds.;
John Wiley: New York, 1977; (c) Hafez, E. A.; Elnagdi, M. H.; Elagemey, A. G. A.;
El-Taweel, F. M. A. A. Heterocycles 1987, 26, 903–907.

6. (a) O’Kennedy, R.; Thornes, R. D. Coumarins: Biology, Applications and Mode of
action; John Wiley & Sons: Chichester, 1997; (b) Kulkarni, M. V.; Kulkarni, G.
M.; Lin, C. H.; Sun, C. M. Cur. Med. Chem. 2006, 13, 2795–2818.

7. (a) Kemnitzer, W.; Drewe, J.; Jiang, S.; Zhang, H.; Crogan-Grundy, C.; Labrecque,
D.; Bubenik, M.; Attardo, G.; Denis, R.; Lamothe, S.; Gourdeau, H.; Tseng, B.;
Kasibhatla, S.; Cai, S. X. J. Med. Chem. 2008, 51, 417–423; (b) Kemnitzer, W.;
Jiang, S.; Wang, Y.; Kasibhatla, S.; Crogan-Grundy, C.; Bubenik, M.; Labrecque,
D.; Denis, R.; Lamothe, S.; Attardo, G.; Gourdeau, H.; Tseng, B.; Cai, S. X. Bioorg.
Med. Chem. Lett. 2008, 18, 603–607; (c) Cai, S. X. Recent Patents Anticancer Drug
Discov. 2007, 2, 79–101; (d) Cai, S. X.; Drewe, J.; Kasibhatla, S. Curr. Med. Chem.
2006, 13, 2627–2644; (e) Gree, D.; Vorin, S.; Manthati, V. L.; Caijo, F.; Viault, G.;
Manero, F.; Juin, P.; Gree, R. Tetrahedron Lett. 2008, 49, 3276–3278; (f) Sciabola,
S.; Carosati, E.; Sanchez, L. C.; Baroni, M.; Mannhold, R. Bioorg. Med. Chem. 2007,
15, 6450–6462; (g) Afantitis, A.; Melagraki, G.; Sarimveis, H.; Koutentis, P. A.;
Markopoulos, J.; Markopoulou, O. I. Bioorg. Med. Chem. 2006, 14, 6686–6694;
(h) Doshi, J. M.; Tian, D.; Xing, C. J. Med. Chem. 2006, 49, 7731–7739.

8. Rao, H. S. P.; Geetha, K. Deposited with Cambridge Crystallographic Data
Center, CCDC; deposition No. 261071.

9. Gayathri, D.; Velmurugan, D.; Ravikumar, K.; Geetha, K.; Rao, H. S. P. Acta
Crystallogr., Sect. E 2006, 62, o1961–o1963.

10. Bhaskaran, S.; Velmurugan, D.; Ravikumar, K.; Geetha, K.; Rao, H. S. P. Acta
Crystallogr., Sect. E 2006, 62, o188–o190.

http://dx.doi.org/10.1016/j.tetlet.2009.04.018

	Nitroketene acetal chemistry: efficient synthesis of 2-amino- 3-nitro-4H-chromenes
	Acknowledgements
	Supplementary data
	References and notes


