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An efficient redox-amination-aromatization-Friedel-Crafts
acylation cascade process from trans-4-hydroxyproline and 2-
formylbenzoic acids has been developed for the synthesis of
pyrrolo[1,2-blisoquinolin-10(5H)-ones. Compound 3h was
identified as a new potent dual topoisomerase I/Il inhibitor.

Pyrrolo[1,2-blisoquinolone is important scaffold featured in a
number of natural products, such as the lycorine class of
Amaryllidaceae alkaloids® and the phenanthroindolizidine
alkaloids (Fig. 1).? Those alkaloids exhibit appealing antitumor
and antiviral properties. By contrast, limited methods are
available for their preparation.3 A commonly used approach
reported by Lete and coworkers employs the Parham-type
cyclization (Scheme 1, Eq. 1).4 A variety of pyrrolo[1,2-
blisoquinolones can be synthesized in generally good yields by
this method. However, the halogen-lithium exchange
precludes the synthesis of halogen (e.g., Cl and Br) substituted
products.

HsCO R{O

OCH, R OCHg
2 Antofine R=H

3 Tylophorine R = OCH3
(2: Antiviral activity,

3: Antitumor activity)

4 Tylophorinine Ry = CHg; R, = OH; Rg = H

5 Tylophorinidine Ry = Ry = H; Rz = OH

6 O-methyltylophorinidine Ry = CHy; R, = H; Ry = OH
(4 and 5: antitumor activity)

1 Tylophoridicine A
(Antitumor activity)

Fig. 1 Representative bioactive natural products containing the
pyrrolo[1,2-b]isoquinolone scaffolds.
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synthesis of pyrrolo[1,2-b]isoquinolones 3 with a broader
substrate scope (Scheme 1, Eq. 2). The condensation of trans-
4-substituted proline with 2-formylbenzoic acids followed by
intramolecular Friedel-Crafts acylation delivers the molecular
architectures in an efficient one pot operation.

Lete's work
= X = N
NN ~ Ry
t BulLi
0" R T 7sc
X =1 Br ref. 4

R, = NEty, N(OMe)Me, §-N O
2 2 %

This work
HO,
& X COOH m|crowave
COOH + R-t
N L cHo CH3002 \ N
1 2 170 °C

Scheme 1. Synthesis of Pyrrolo[1,2-b]isoquinolones.

Recently, Seidel and coworkers reported an approach to
the synthesis of N-alkyl pyrroles from trans-4-hydroxy-L-
proline (1) and aldehydes via the
aromatization process (Scheme 2, Eq. 1).5 Inspired by the
interesting work, we envisioned that pyrrolo[1,2-
blisoquinolones could be efficiently accessed by the redox-
amination-aromatization-Friedel-Crafts  acylation
process from trans-4-hydroxyproline 1 and 2-formylbenzolic

redox-amination-

cascade

acids 2 (Eq. 2). The formed pyrroles 4 could serve as
intermediates for the intramolecular Friedel-Crafts acylation.
To probe the feasibility of the proposed cascade reaction,
we examined a model reaction of trans-4-hydroxyproline 1
with 2-formylbenzoic acid 2a in the presence of toluene with
CF3;CO,H as the additive (Table 1, entry 1). The acid is used to
facilitate the Friedel-Crafts acylation. To our delight, the
reaction took place and afforded the desired product 3a under
the microwave (UM ) irradiation at 150 °C for 40 min albeit low

J. Name., 2013, 00, 1-3 | 1


http://dx.doi.org/10.1039/c6cc03071h

Published on 30 June 2016. Downloaded by LA TROBE UNIVERSITY on 07/07/2016 12:21:42.

ChemComm

yield (14%). Encouraged by the results, we screened other
additives and solvents. Only a trace amount of product was
detected when PhCO,H was used as the additive (entry 2) and
no reaction was observed using AICl; as the acid facilitator
even under the higher temperature (170 °C) (entry 3).
Replacement of the solvent by DCM (entry 4) or DCE (entry 5)
afforded the desired product in similar vyield (21%).
Considering the importance of acid additives in this reaction,
acid as reaction medium was explored accordingly. Indeed,
better results were obtained from CH3;CO,H (entry 6, 50% yield)
and CH3CH,CO,H (entry 7, 49% yield) under 170 °C for 40 min.
In the presence of CH3CO,H, lower temperature (150 °C) led to
the decrease of the yield (entry 8). Moreover, increasing the
amount of substrate 1 to 1.2 equivalent gave the best yield
(72%, entry 9). The yield was maintained when reducing the
reaction time to 20 min (entry 10). The optimal reaction
condition was identified using CH;CO,H as the solvent under
the microwave irradiation at 170 °C for 20 min.

Previous work: Synthesis of pyrrolones via redox-amination-aromatization of
trans-4-hydroxyproline

HO, heating Z/ \>
N
O\ or uW irradiation
R/HJ\/ COH ———> R1/H)\/R2 Q]

ref. 5

This work: Redox-amination-aromatization-Friedel-Crafts acylation

o

CO,H
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N~ COH * \ | TR(@©)
H
1

CHO TCHCoH | N _
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I\ Friedel-Crafts
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Scheme 2. Synthesis of Pyrrolo[1,2-blisoquinolones by

Integration of the Redox-amination-aromatization and the
Friedel-Crafts Acylation into One-pot Cascade.

9f CH3COH - 170 40 vie Article Online
10f CH3;CO,H - 170 Doy 10.1039/GBICO3071H

Table 1. Optimization of Reaction Conditions.’
O
HO//'" COOH uW irradiation B
(>—COOH + ©: — N
” CHO solvent
1 2a 3a
add.: A1 = CF3CO,H, A2 = PhCO,H, A3 = AICl;
entry  solvent add. T (°C) t (min) yieldb (%)
1 PhMe A1° 150 40 14
2 PhMe A" 150 40 Trace
3 PhMe A3’ 170 40 N.R.C
4 DCM A1° 150 40 21
5 DCE A1’ 150 40 21
6 CH3CO,H - 170 40 50
7 EtCO,H - 170 40 49
8 CH3CO,H - 150 40 34

2| J. Name., 2012, 00, 1-3

“ Microwave reaction conditions (unless otherwise specified):
solvent (2.0 mL), substrate 1 (1.0mmol, 1.0 equiv), substrate
2a (1.0 mmol, 1.0 equiv). ® Yield of isolated product after
column chromatography. “ Additive (20 mol %). ¢ Additive (100
mol %). ¢ No reaction. f substrate 1 (1.2 mmol, 1.2 equiv),
substrate 2a (1.0 mmol, 1.0 equiv).

The substrate scope and the generality of the reaction
were probed next (Scheme 3). It appeared that the 2-
formylbenzoic acids 2 bearing different substituted groups
(Scheme 3, 3b-3g) were tolerated. However, the reaction is
highly sensitive to the substitution pattern on the phenyl ring.
Generally, higher yields are observed when substituents are
attached to 3-position in 2, as observed in 3¢ with 85% yield.
Nonetheless, the substituents on position 4 or 5 delivered
lower yields (3b, 3d, 3e and 3f). We found the low reaction
yields were due to the uncyclized Freidel-Crafts acylation
products in ca. 20-30% vyield. It is noted that this method is
complementary to Lete's,4 which is sensitive to Cl and Br
substituted substrates. Besides the halogen and methoxyl
groups, aryl as substitution groups were investigated. A similar
trend is observed. 3-Substituted reactants gave high yields (3j-
t), while 4- or 5-aryl substrates 2 gave poorer yields (3g-i) even
using further optimized reaction conditions (see details in
Table S1 in Sl) in which the amount substrate 2 was increased
from 1.0 to 1.2 equiv. Again the low yields resulted from the
incomplete Friedel-Crafts acylation reaction. The structure was
confirmed by X-ray single crystal structure analysis of
compound 3j (Fig. 2).6

s 1 o
COOH | icrowave = N8
COOH  + R ——— Qn M R
A CHO CH3COOH 7

6

! 2g+ 3g+t
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Scheme 3. Substrate Scope of the 2-Formylbenzoic acid
Involved in the Synthesis of Pyrrolo[1,2-b]isoquinolin-10(5H)-
ones. ? Unless specified, reaction conditions, see Table 1.
Microwave reaction conditions (unless otherwise specified):
solvent (2.0 mL), substrate 1 (1.0mmol, 1.0 equiv), substrate
2a (1.0 mmol, 1.0 equiv). b Yield of isolated product after
column chromatography. © substrate 1 (1.2 mmol, 1.2 equiv)
and substrate 2 (1.0 mmol, 1.0 equiv) used.

Fig. 2 X-ray single crystal structure of compound 3j.

To the best of our knowledge, the biological activity of the
pyrrolo[1,2-b]isoquinolin-10(5H)-one scaffold has not been
investigated. The planar conformation and structural feature
led us to study their biological activity toward topoisomerase
(Top).7 Accordingly, the new compounds 3 were screened for
their Top inhibitory activities by Topl-mediated and Top2-
mediated DNA cleavage assays.s As shown in Fig. 3A, 3 out of
20 compounds (3g, 3h and 3k) were active against Topl
mediated relaxation of supercoiled DNA at the concentration
of 100 pM. At a lower concentration of 50 uM, two
compounds (3h and 3n) were still active (Fig. 3B). Notably, the
activity of compound 3n was comparable to that of classical
Topl inhibitor camptothecin. Moreover, 8 out of 20
compounds were active against Top2 mediated relaxation of
supercoiled DNA at the concentration of 100 uM and 50 uM,
respectively (Fig. 3C and 3D) and several of them (e.g., 3f, 3h)
were comparable to classical Top2 inhibitor etoposide. The
above results highlighted compound 3h as a novel Topl/Top2
dual inhibitor. Dual Topl/Top2 inhibitors are highly sought in
new antitumor drug development because they can
simultaneously target two enzymes at different points of cell
cycle and thus have a broader cell cycle activity and antitumor
efﬁcacy.9 Encouraged by the results, in vitro antitumor activity
of compound 3h against four types of human cancer cell lines
(HeLa cervical cancer cell, HCT116 colon cancer cell, HepG2
hepatoma cell and A549 non-small cell lung cancer cell) and
the human normal cells (HUVEC human umbilical vein
endothelial cell) were tested using the standard CCK8 method.
Compound 3h showed potent activity with an ICsgvalue in the
range of 4.86 uM to 14.37 uM (Table 3). Moreover, it was less
toxic than campthothecin and etoposide. Compound 3h

This journal is © The Royal Society of Chemistry 20xx
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showed some selectivity toward the Hela cells, and owas
identified as a promising antitumor leadRemigéurd For FureRet
optimization.

DNATopl CPT 3g 3h 3k 3m 3o

(A) 100 pM

DNA Topl CPT 3g 3h 3k 3n

100 pM

3d 3e 3f

DNA Top2 Etop 3b 3¢ 3h 3i 3q

(D)

Fig. 3 Gel electrophoresis of Topl-induced and Top2-induced
DNA cleavage assay for pyrrolo[1,2-blisoquinolin-10(5H)-ones.
(A) Inhibition of Topl relaxation activity at 100 uM: lane 1,
supercoiled plasmid DNA; lane 2, DNA + Top1; lane 3, DNA +
Topl + CPT; lanes 4-8, DNA + Topl + compound (3g, 3h, 3k, 3n
and 3o, respectively). (B) Inhibition of Top1 relaxation activity
at 50 uM: lane 1, supercoiled plasmid DNA; lane 2, DNA + Top1;
lane 3, DNA + Top1l + CPT; lanes 4-7, DNA + Top1l + compound
(3g, 3h, 3k and 3n, respectively). (C) Inhibition of Top2
relaxation activity at 100 uM: lane 1, supercoiled plasmid DNA;
lane 2, DNA + Top2; lane 3, DNA + Top1 + Etoposide; lanes 4-
11, DNA + Top2 + compound (3b-3f, 3h, 3i and 3q,
respectively). (D) Inhibition of Top2 relaxation activity at 50
UM: lane 1, supercoiled plasmid DNA; lane 2, DNA + Top2; lane
3, DNA + Top2 + Etoposide; lanes 4-11, DNA + Top2 +
compound (3b-3f, 3h, 3i and 3q, respectively).

Table 3. In Vitro Antitumor Activities of the Pyrrolo[1,2-
blisoquinolin-10(5H)-ones (ICsg, UM )

Compound HeLa HCT116 HepG2 A549 HUVEC
3h 486 14.02 14.37 7.58 10.01
Camptothecin 0.83 0.084 2.31 0.12 0.031
Etoposide 412 191 13.71 68.01 0.78

In summary, we have developed a new redox-amination-
acylation acylation cascade
process for the preparation of pyrrolo[1,2-blisoquinolin-
10(5H)-ones. The process displays a relatively broad substrate
scope. Their preliminary biological activity as Top inhibitors

aromatization-Friedel-Crafts

was explored for the first time. Compound 3h was a potent
dual inhibitor of Topl and Top2 with good antitumor activity,
which represents a promising lead compound as anticancer
agent for drug discovery. Further exploration of the biological
properties of these compounds and the new reagents in
synthesis are under investigation in our laboratories.
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