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Abstract
Diversely substituted 2–pyrrolines have been prepared by a novel multicomponent process
involving a reaction of various N–(aryl– and alkylsulfonamido)–acetophenones with aldehydes
and malononitrile. While the reaction is highly regioselective, it is not stereoselective, generating a
mixture of cis and trans 2–pyrrolines. A number of analogues from both cis and trans 2–pyrroline
libraries were found to have antiproliferative activity in human cancer cell lines.
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Nitrogen-containing five-membered heterocycles, such as pyrrolines, are common structural
scaffolds in natural products and pharmaceutical agents.1,2 They have also received a lot of
attention as intermediates in the syntheses of biologically active pyrroles and pyrrolidines.3

Examples of medicinally important pyrroline-based compounds include protein kinase
inhibitor staurosporine (1)4 and geranylgeranyltransferase inhibitor 25 (Figure 1).

Although many methods to synthesize pyrrolines exist,2,6 the importance of these
heterocyclic structures in medicinal and synthetic chemistry provides strong impetus to the
development of novel synthetic routes that may lead to pyrroline derivatives inaccessible
with the previously developed chemistry.7 As part of an effort aimed at developing
multicomponent reactions (MCRs) leading to the preparation of privileged medicinal
scaffolds,8 we investigated reactions of N-(arylsulfonamido)-acetophenones with aldehydes
and malononitrile. Specifically, we found that refluxing these three components in ethanol in
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the presence of Et3N leads to the formation of mixtures of densely functionalized cis and
trans 2–pyrrolines (Scheme 1).

In our proposed mechanistic pathway 2–pyrrolines result from an initial attack of the α-
carbon of the acetophenone moiety onto the double bond of the intermediate Knoevenagel
adduct, followed by cyclization (Figure 2).

In contrast, the initial attack of the sulfonamidic nitrogen with the subsequent cyclization,
which would lead to the formation of 3–pyrrolines, does not occur. It could be speculated
that due to the higher acidity of the sulfonamidic nitrogen, the concentration of the N-
deprotonated species is higher. However, in accordance with the Curtin-Hammett principle,
the faster Michael addition of the C-deprotonated intermediate channels the reaction toward
the formation of 2-pyrrolines.

The X-ray crystallographic analysis of the separated cis and trans pyrroline products
provided unambiguous proof of our structure assignments (Figure 3).9

The yields of the stereoisomeric mixtures generally exceed 90% and, in most cases, the
product mixtures can be separated into individual cis and trans pyrroline components on the
basis of their dissimilar solubilities. However, this requires extensive experimentation
involving crystallization from various combinations of solvents and no general separation
method was found. We reasoned that by modulating the steric and electronic nature of the
three substituents R1, R2 and R3, it would be possible to significantly enrich the product
mixtures in either cis or trans pyrrolines to facilitate separation. To this end, we prepared
fourteen N–(sulfonamido)–acetophenones incorporating electron-rich, electron-poor and
neutral aromatic as well as aliphatic groups at both sulfonamide and acetophenone parts of
the molecule,10 and utilized them in reactions with three aromatic aldehydes also differing in
their electronic character.11 The ratios of cis and trans pyrrolines were directly obtained
from 1H NMR spectra of the crude reaction mixtures and are shown in Table 1. Although
the reaction was successful with all combinations of R1, R2 and R3, including the use of
heteroaromatic (ct-16 – ct-18) and aliphatic sulfonamido groups (ct-19 – ct-24), a slight
preponderance of the trans product (1:1.5 to 1:2) remained highly conserved irrespective of
the differences in the electronic and steric nature of the three substituents.

The synthesized pyrroline library was biologically tested for its effect on the proliferation of
two cancer cell lines, HeLa and MCF7/AZ, as models for human cervical and breast
adenocarcinomas respectively. Because of the labor-intensive separation of the
stereoisomeric pyrroline mixtures, the initial tests were performed with these mixtures. The
corresponding cells were treated with the test pyrrolines at final concentrations of 100 μM
for 48 h and cell viability was assessed through measurements of mitochondrial
dehydrogenase activities using the MTT method.12 The percent of remaining cell viability
for each pyrroline mixture is shown in Table 2.

We were pleased to find that many pyrroline mixtures exerted an antiproliferative effect in
both cell lines with some of them decreasing cell viability below 50%. These mixtures were
then separated into the individual stereoisomerically pure cis and trans pyrroline components
(to give c and t series), which were further evaluated in these cell lines at three
concentrations (Figure 4). Although the activity profiles are similar for the two cell lines,
HeLa cells are more responsive. The GI50 values of the most active pyrrolines fall in the
range between 50 and 5 μM in this cell line. Another interesting observation is that in most
of the active mixtures both cis and trans pyrroline products showed antiproliferative effect,
although it is more pronounced in the t series (e.g. t-25 vs c-25, t-26 vs c-26, t-26 vs c-26 in
both cell lines).
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Our preliminary investigation of the biological mechanism underlying the antiproliferative
properties of the pyrroline library points to an exciting possibility of dissimilar modes of
action for the cis and trans pyrroline series. The library members c-25 and t-25 were
evaluated for their ability to induce apoptosis in Jurkat cells (a model for human T-cell
leukemia) using a flow cytometric annexin-V/propidium iodide assay. In contrast to
compound t-25, which shows little effect in this assay, treatment of Jurkat cells with
pyrroline c-25 produces large populations of dead cells as well as cells manifesting apoptotic
phenotype (Table 3).

It appears that c-25 exerts its antiproliferative effect through induction of apoptosis in cancer
cells, while t-25 is strictly growth inhibitory and lacks cell killing properties. This
conclusion is consistent with the results of a cell counting assay, which revealed that the
number of Jurkat cells decreased after 48 h as compared with the original quantity, when the
cells were treated with c-25. In contrast, treatment with t-25 only blocked the cell growth
(Figure 5).13

In conclusion, a novel three-component reaction, leading to the synthesis of diversely
substituted cis and trans 2–pyrrolines, was discovered and a library of these compounds was
prepared. Both cis and trans pyrrolines were found to exhibit growth inhibitory properties in
a number of human cancer cell lines. The preliminary investigation of the biological
mechanism of action revealed that the modes of action of the two series of stereoisomeric
pyrrolines may be different. Further work is underway to make the reaction stereoselective
and study the biology of these compounds in more detail, as it appears that multiple
biological activities reside in these novel pyrroline libraries. The results of these studies will
be reported in a full article elsewhere.
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Figure 1.
Structures of selected biologically active pyrrolines.
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Figure 2.
Proposed mechanistic interpretation of the formation of 2–pyrrolines.
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Figure 3.
X-ray structures of selected cis and trans pyrroline products.

Magedov et al. Page 7

Bioorg Med Chem Lett. Author manuscript; available in PMC 2012 June 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Antiproliferative effect of the individual cis and trans pyrrolines.
% Remaining cell viability of HeLa (top) and MCF7/AZ (bottom) cells after 48 h of
treatment with indicated pyrrolines at the final concentrations of 100, 50 and 5 μM relative
to DMSO control. The data are mean ± SD of two independent experiments, each performed
in 4 replicates, determined by MTT assay.
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Figure 5.
Cell counting assay performed with c-25 and t-25.
Effect of c-25 (50 μM) and t-25 (50 μM) on the growth of Jurkat cells estimated by Trypan
Blue dye exclusion method. The error bars represent data from multiple counts.
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Scheme 1.
Three-component synthesis of 2–pyrrolines.
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Table 1

Ratios of cis to trans pyrrolines for different combinations of substituents R1, R2 and R3 in the starting
materials.

pyrroline mixture R1 R2 R3 cis : trans ratio

ct-1 Ph p-O2N-C6H5 Ph 1 : 2

ct -2 Ph p-O2N-C6H5 p-MeO-C6H5 1 : 2

ct -3 Ph p-O2N-C6H5 p-O2N-C6H5 1 : 1.4

ct -4 Ph p-F-C6H5 Ph 1 : 1.6

ct -5 Ph p-F-C6H5 p-MeO-C6H5 1 : 1.8

ct -6 Ph p-F-C6H5 p-O2N-C6H5 1 : 1.7

ct -7 Ph p-Me-C6H5 Ph 1 : 1.9

ct -8 Ph p-Me-C6H5 p-MeO-C6H5 1 : 1.7

ct -9 Ph p-Me-C6H5 p-O2N-C6H5 1 : 1.7

ct -10 Ph 2,4,6-i Pr-C6H5 Ph 1 : 1.7

ct -11 Ph 2,4,6-i Pr-C6H5 p-MeO-C6H5 1 : 2

ct -12 Ph 2,4,6-i Pr-C6H5 p-O2N-C6H5 1 : 1.9

ct -13 Ph p-MeO-C6H5 Ph 1 : 1.9

ct -14 Ph p-MeO-C6H5 p-MeO-C6H5 1 : 1.6

ct -15 Ph p-MeO-C6H5 p-O2N-C6H5 1 : 1.7

ct -16 Ph Ph 1 : 1.2

ct -17 Ph p-MeO-C6H5 1 : 1.7

ct -18 Ph p-O2N-C6H5 1 : 1.4

ct -19 Ph Bu Ph 1 : 1.7

ct -20 Ph Bu p-MeO-C6H5 1 : 2

ct -21 Ph Bu p-O2N-C6H5 1 : 1.4

ct -22 Ph Me Ph 1 : 1.4

ct -23 Ph Me p-MeO-C6H5 1 : 1.5

ct -24 Ph Me p-O2N-C6H5 1 : 1.3

ct -25 p-Br-C6H5 p-Me-C6H5 Ph 1 : 1.6
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pyrroline mixture R1 R2 R3 cis : trans ratio

ct -26 p-Br-C6H5 p-MeO-C6H5 Ph 1 : 1.5

ct -27 p-Br-C6H5 p-O2N-C6H5 Ph 1 : 1.5

ct -28 p-MeO-C6H5 p-Me-C6H5 Ph 1 : 1.6

ct -29 p-MeO-C6H5 p-MeO-C6H5 Ph 1 : 1.4

ct -30 p-MeO-C6H5 p-O2N-C6H5 Ph 1 : 1.6
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Table 2

Antiproliferative effect of pyrroline mixtures.

mixture
% cell viabilitya

HeLa MCF-7AZ

ct -1 81 ± 4 72 ± 2

ct -2 97 ± 1 80 ± 4

ct -3 70 ± 2 45 ± 4

ct -4 72 ± 2 50 ± 4

ct -5 86 ± 3 61 ± 3

ct -6 103 ± 3 93 ± 2

ct -7 65 ± 1 58 ± 4

ct -8 91 ± 4 72 ±3

ct -9 108 ± 4 97 ± 4

ct -10 69 ± 1 45 ± 1

ct -11 65 ± 2 54 ± 2

ct -12 105 ± 1 72 ± 3

ct -13 36 ± 1 50 ± 2

ct -14 98 ± 2 69 ± 4

ct -15 115 ± 2 90 ± 4

ct -16 79 ± 1 45 ± 3

ct -17 84 ± 2 57 ± 4

ct -18 104 ± 2 78 ± 2

ct -19 54 ± 1 38 ± 2

ct -20 46 ± 1 27 ± 1

ct -21 107 ± 2 90 ± 4

ct -22 102 ± 3 81 ± 2

ct -23 49 ± 3 58 ± 2

ct -24 102 ± 4 72 ± 2

ct -25 45 ± 3 35 ± 3

ct -26 36 ± 1 54 ± 2

ct -27 45 ± 3 31 ± 2

ct -28 82 ± 4 73 ± 2

ct -29 98 ± 1 80 ± 4

ct -30 82 ± 4 73 ± 2

a
% Remaining cell viability after 48 h of treatment with indicated pyrroline mixtures at the final concentrations of 100 μM relative to DMSO

control. The data are mean ± SD of two independent experiments, each performed in 4 replicates, determined by MTT assay.
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Table 3

Apoptosis inducing and cell killing properties of pyrroline c-25.

compound % apoptosisa % live cellsb

c-25 (50 μM) 30 ± 2 56 ± 4

t-25 (50 μM) 3 ± 1 96 ± 3

podophyllotoxin (5 μM) 63 ± 2 22 ± 1

a
% Apoptotic Jurkat cells after 48 h of treatment with indicated compounds relative to DMSO control.

b
% Live Jurkat cells after 48 h of treatment with indicated compounds relative to DMSO control. The data are mean ± SD of two independent

experiments, each performed in 3 replicates, determined by flow cytometric Annexin-V/propidium iodide assay.
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