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Novel a-aminoalkylated conjugated nitroalkenes which in-
hibit human cervical cancer (HeLa) cell proliferation by bind-
ing to tubulin were synthesized by imidazole/LiCl-mediated
reaction of conjugated nitroalkenes with N-tosylimines.

Introduction of hydroxyalkyl, aminoalkyl and analogous sub-
stituents at a vinylic carbon a to an activating group via a one-pot
reaction between an activated alkene and an electrophile under the
influence of a catalyst, generally a Lewis base, is of considerable
current interest.1–4 This convenient and atom-economical method-
ology, commonly known as the Morita–Baylis–Hillman (MBH)
reaction, has become an attractive strategy for the synthesis
of diverse multifunctional molecules.2,4 Although a variety of
activated alkenes has been employed as substrates in more than
three decades of the MBH reaction,2 an olefin activated by a nitro
group has received attention only recently.5 As for the electrophiles,
activated imines are the most sought after ones for the MBH
reaction, besides aldehydes, by virtue of their electrophilicity and
ability to provide aminoalkylated activated alkenes, usually with a
new chiral center.2,6 Among the activated imines, N-sulfonylated
imine remained particularly attractive ever since it was introduced
by Perlmutter and Teo,7 and aminoalkylation of a,b-unsaturated
ketones (both cyclic and acyclic),8 esters,9 aldehydes10 and nitriles11

mediated by several tertiary amines, phosphines and Lewis acids
such as lanthanide triflates, TiCl4, titanium isopropoxide, etc., has
been reported.12

Although formaldehyde and a variety of 1,2-dicarbonyl com-
pounds reacted well as electrophiles with conjugated nitroalkenes,5

simple aliphatic and aromatic aldehydes were not amenable for
the MBH reaction of nitroalkenes under a variety of conditions.
Therefore, we envisaged that such aldehydes, upon transformation
to activated imines, would be suitable for aminoalkylation of
nitroalkenes thus offering a novel entry into 1,2-diamines, a-amino
ketones and several other synthetically useful building blocks.

The reaction conditions for obtaining the best yield of the
aminoalkylated products were optimized using 2-nitrovinylfuran
(2-NVF) 1a and N-benzylidene-4-methylbenzenesulfonamide 2a
as model substrates in the presence of various tertiary amines
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and tertiary phosphines in stoichiometric amounts (Scheme 1, see
also the ESI†). Various aprotic and protic polar solvents and co-
catalysts were also systematically screened to establish optimum
reaction conditions. From these experiments, imidazole13 and
LiCl14 emerged as the best catalyst and co-catalyst, respectively,
in dioxan as solvent.15 Thus, the MBH adduct 3a was obtained
in 69% yield when nitroalkene 1a and tosylimine 2a were stirred
at room temperature for three days in the presence of 50 mol%
imidazole and 0.5 M LiCl in 1,4-dioxan.

Scheme 1

Having optimized the conditions for the reaction of our model
substrate 2-NVF 1a and N-tosylimine 2a, we extended the scope
of nitroalkenes 1 and N-tosylimines 2 as shown in Table 1. Thus,
2-NVF 1a was reacted with N-tosylimines 2b and 2c to afford the
MBH adducts 3b and 3c in relatively low yields (25 and 23%),
respectively (Table 1, entries 2 and 3). Treatment of 3-NVF 1b
with N-tosylimines 2a and 2c provided the adducts 3d (38%) and
3e (15%), respectively (Table 1, entries 4 and 5). Reaction of 2-
thienyl nitroethylene 1c with tosylimines 2a and 2c also led to the
formation of the novel MBH adducts 3f and 3g in low to moderate
yields (Table 1, entries 6 and 7). Formation of the MBH adducts
3h–3k in low yield was encountered when 3-thienyl nitroethylene
1d and substituted nitrostyrenes 1e–g were reacted with tosylimine
2a.

It is discernible from Table 1 that although the model substrates
1a and 2a provided the MBH adduct 3a in good yield (69%, entry
1) under the optimized conditions, i.e. 50 mol% imidazole, 0.5 M
LiCl in 1,4-dioxan, reactions of other aromatic and heteroaromatic
nitroalkenes 1b–g with 2a and other N-tosylimines 2b,c were not
impressive (entries 2–11). In fact, satisfactory yields of the MBH
adducts were isolated only in cases 1b + 2a (38%) and 1c + 2c
(35%). It is also obvious that these reactions are extremely sluggish,
taking 3–9 days for completion, and such long reaction times
appeared detrimental to the stability of the substrates, especially
N-tosylimines 2, and their MBH adducts 3. All our attempts to
accelerate the reaction and to enhance the chemical yields by
employing conditions such as sonication, microwave irradiation
and high pressure proved, on the whole, futile.

The structural and stereochemical assignments of 3 were per-
formed by extensive NMR experiments (see ESI†). For instance,
analysis of the 1H NMR and 1H–1H COSY spectra of 3a suggested
that the doublets appearing at d 6.55 and 8.62 (J = 8.6 Hz)
were due to the benzylic proton and the adjacent N–H proton,
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Table 1 MBH reaction of nitroalkenes 1 with N-tosylimines 2 in 1,4-dioxan in the presence of imidazole and LiCl

Entry Nitroalkene 1 (Ar) N-tosylimine 2 (Ar′) Time/d MBH adduct 3 Yield (%)a

1 1a (2-Furyl) 2a (Ph) 3 3a 69 b

2 1a (2-Furyl) 2b (4-OMePh) 8 3b 25 b

3 1a (2-Furyl) 2c (2-Furyl) 4 3c 23 b

4 1b (3-Furyl) 2a (Ph) 3 3d 38 c

5 1b (3-Furyl) 2c (2-Furyl) 4 3e 15 c

6 1c (2-Thienyl) 2a (Ph) 4 3f 17 b

7 1c (2-Thienyl) 2c (2-Furyl) 4 3g 35 c

8 1d (3-Thienyl) 2a (Ph) 4 3h 19 c

9 1e (4-OMePh) 2a (Ph) 9 3i 18 c

10 1f [3,4-(OMe)2Ph] 2a (Ph) 3 3j 21 b

11 1g [3,4-(OCH2O)Ph] 2a (Ph) 4 3k 17 c

a Isolated yield of 3 after purification by silica gel column chromatography. b 1 and 2 were taken in 1 : 1 ratio; no further improvement in the yield when
excess 2 was used. c 1 and 2 were taken in 1 : 1.5 ratio; the yields were lower when 1 and 2 were taken in 1 : 1 ratio; no further improvement in the yield
when >1.5 equiv. of 2 was used; no appreciable amounts of nitroalkene 1 were recovered in any of the cases.

respectively. The singlet appearing at d 7.94 was assigned to the
olefinic proton. All other peaks appearing in the range d 6.7–8.1
were assigned to the aromatic protons. The ring protons of furyl,
phenyl and tolyl groups were further distinguished. While one
of the furyl protons overlaps with the five phenyl protons at d
7.28, the other two appear at d 6.80 and 8.05. The two doublets
appearing at d 7.20 and 7.57 (J = 8.2 Hz) were assigned to the
tolyl protons. In the light of the assignment of all the protons
in 3a the 1H–1H NOESY spectrum was analyzed in order to
assign the geometry of the double bond. Thus, positive NOE
interactions observed between (a) the furyl protons and the tolyl
protons and (b) the furyl protons and the benzylic proton (next
to N–H) suggested (E) stereochemistry for the double bond.
However, the presence of NOE between the olefinic proton and
the tolyl proton and the absence of any NOE between the furyl
protons and the phenyl protons coupled with the non-availability
of the other geometrical isomer for comparison prompted us to
resort to X-ray crystallography for further confirmation of the
stereochemistry (Fig. 1).16 There are two independent molecules
in the asymmetric unit and the values of the torsion angles which
establish the E-configuration are −2.1(8) and −2.3(8)◦. After
having unambiguously established the double bond geometry in
3a to be (E) by single crystal X-ray analysis (a dihedral angle of

Fig. 1 ORTEP diagram of MBH adduct 3a (the probability chosen for
the ellipsoids is 50%).

close to 0◦ between C13 and C16 was obtained from X-ray data),
the (E) geometry has been assigned, by analogy, to all other MBH
adducts 3b–k.

The effect of MBH compounds 3a–k on human cervical
cancer (HeLa) cells was examined by incubating HeLa cells with
1, 5 and 10 lM of the different aminoalkylated products for
24 h. Some of the tested compounds produced a concentration-
dependent inhibition of cell proliferation (Table 2).17 Among

Table 2 Percentage inhibition of HeLa cell proliferation by MBH adducts 3a–k

Entry 3 (Ar, Ar′)
Inhibition of HeLa cell proliferation (%)

1 lM 5 lM 10 lM

1 3a (2-Furyl, Ph) 17 ± 4 44 ± 1 67 ± 3
2 3b (2-Furyl, 4-OMePh) 18 ± 1 25 ± 4 34 ± 3
3 3c (2-Furyl, 2-Furyl) 20 ± 3 32 ± 5 42 ± 2
4 3d (3-Furyl, Ph) 14 ± 2 28 ± 2 77 ± 5
5 3e (3-Furyl, 2-Furyl) 19 ± 6 33 ± 3 65 ± 3
6 3f (2-Thienyl, Ph) 25 ± 3 49 ± 2 73 ± 5
7 3g (2-Thienyl, 2-Furyl) 20 ± 4 28 ± 1 66 ± 1
8 3h (3-Thienyl, Ph) 24 ± 3 45 ± 3 86 ± 6
9 3i (4-OMePh, Ph) 11 ± 5 23 ± 4 40 ± 5

10 3j [3,4-(OMe)2Ph, Ph] 24 ± 2 35 ± 3 83 ± 3
11 3k [3,4-(OCH2O)Ph, Ph] 17 ± 1 29 ± 2 61 ± 2
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these, 3a, 3f and 3h were found to be potent inhibitors of HeLa
cell proliferation producing >40% inhibition at 5 lM. MBH
adducts 3h and 3j also produced substantial (>80%) inhibition
of cell proliferation at 10 lM concentrations. The antiproliferative
activity of these agents are comparable to those of the known
anticancer agents like noscapine,18 estramustine19 and 2-methoxy
estradiol.20 These agents exert anticancer activity by targeting
tubulin/microtubules.21 MBH compounds 3a, 3f and 3h decreased
the intrinsic tryptophan fluorescence of tubulin (Fig. S1, ESI†),
indicating that these agents bind to tubulin. Further, 3a, 3f and 3h
were found to inhibit microtubule assembly in vitro (see Fig. S2,
ESI†).

Immunofluorescence studies reveal that compounds 3a, 3f
and 3h depolymerized cellular microtubules (Fig. 2, see also
Fig. S3 in the ESI†). Untreated cells displayed a regular network
of interphase microtubules and a normal mitotic spindle with
proper metaphase chromosome alignment in the mitotic cells.
Cells treated with 10 lM of 3a and 3f showed depolymerization
of interphase microtubules. In cells treated with 10 lM of
3h, interphase microtubules were completely depolymerized and
tubulin aggregates were observed in these cells. At 20 lM each
of 3a, 3f and 3h, interphase microtubule network was completely
absent. DAPI staining reveals that the nuclear morphology of cells
treated with 20 lM of the tested compounds was also disorganized.

Fig. 2 Effect of MBH adduct 3a on interphase microtubules.

In conclusion, activated imines, namely, N-tosylimines, re-
acted as electrophiles in the Morita–Baylis–Hillman reaction of
conjugated nitroalkenes under the influence of imidazole and
LiCl affording novel aminoalkylated nitroalkenes. Some of these
products exhibited appreciable inhibition of human cervical cancer
(HeLa) cell proliferation at concentrations in the range of 1–10 lM
and compounds 3a, 3f and 3h inhibited microtubule assembly

both in vitro and in cells. The results indicate that compounds 3a,
3f and 3h inhibit HeLa cell proliferation probably by perturbing
microtubule assembly through tubulin binding.
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l = 0.204 mm−1, total/unique reflections = 7049/6708 (Rint = 0.0518),
T = 293(2) K, h range = 1.17–24.97◦, final R [I > 2r(I)]: R1 = 0.0612,
wR2 = 0.1208; R (all data): R1 = 0.1960, wR2 = 0.1538. CCDC reference

number 609442. For crystallographic data in CIF or other electronic
format see DOI: 10.1039/b607537a.

17 For related work on MBH adducts of nitroalkenes with other activated
alkenes and formaldehyde, respectively, see: ref. 5b and 5e. The inhibi-
tion of cell proliferation was determined using the sulforhodamine B
assay, see: P. Skehan, R. Storeng, D. Scudiero, A. Monks, J. McMahon,
D. Vistica, J. T. Warren, H. Bokesh, S. Kenney and M. R. Boyd, J. Natl.
Cancer Inst., 1990, 82, 1107.

18 J. Zhou, K. Gupta, S. Aggarwal, R. Aneja, R. Chandra, D. Panda and
C. H. Joshi, Pharmacol. Mol., 2003, 63, 1.

19 E. von Schoultz, D. Lundblad, J. Bergh, K. Grankvist and R.
Henriksson, Br. J. Cancer, 1988, 58, 326.

20 L. T. Tinley, M. R. Leal, D. A. Randall-Hlibek, W. J. Cessac, R. L.
Wilken, N. P. Rao and L. S. Mooberry, Cancer Res., 2003, 63, 1538.

21 M. A. Jordan and L. Wilson, Nat. Rev. Cancer, 2004, 4, 253.

3214 | Org. Biomol. Chem., 2006, 4, 3211–3214 This journal is © The Royal Society of Chemistry 2006


