Bioorganic & Medicinal Chemistry Letters 25 (2015) 3822-3824

journal homepage: www.elsevier.com/locate/bmcl

Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry Letters

Bioorganic & Medicinal
Chemistry Letters.

Total synthesis of cordatanine, structural reassignment of
drymaritin, and anti-inflammatory activity of synthetic precursors

@ CrossMark

Hsin Wei Fang?, Yu-Ren Liao?, Tsong-Long Hwang”, Po-Chuen Shieh ¢, Kuo-Hsiung Lee <,

Hsin-Yi Hung **, Tian-Shung Wu *“*

2School of Pharmacy, National Cheng Kung University Hospital, College of Medicine, National Cheng Kung University, No. 1 University Road, Tainan 701, Taiwan
b Graduate Institute of Natural Products, College of Medicine, Chang Gung University, Kweishan 333, Taoyuan, Taiwan

¢ Department of Pharmacy, Tajen University, Pintung 907, Taiwan

d Natural Products Research Laboratories, UNC Eshelman School of Pharmacy, University of North Carolina, Chapel Hill, NC 27599, USA
€ Chinese Medicine and Development Center, China Medical University Hospital, Taichung 404, Taiwan

ARTICLE INFO ABSTRACT

Article history:

Received 22 June 2015
Revised 20 July 2015
Accepted 22 July 2015
Available online 28 July 2015

Keywords:
Cordatanine
Drymaritin
Kumujian A

In this study, cordatanine, with a canthin-6-one skeleton, was totally synthesized in four steps via a
Pictet-Spengler reaction using tryptamine and methyl glyoxylate with a total yield of 8%. The NMR spec-
tra of synthesized cordatanine compared well with those of drymaritin isolated by Hsieh et al., confirm-
ing the need to revise the original structural assignment. In addition, kumujian A, a synthetic
intermediate, showed significant anti-inflammatory effects, inhibiting both superoxide anion generation
(ICs¢ 4.87 pg/mL) and elastase release (ICsg 6.29 pg/mL).

© 2015 Elsevier Ltd. All rights reserved.

In 2004, Hsieh et al. reported the isolation of a new alkaloid,
identified as 5-methoxycanthin-4-one and named drymaritin,
from Drymaria diandra (Fig. 1)." However, in 2009, Wetzel et al.
undertook the total synthesis of 5-methoxycanthin-4-one (dry-
maritin), but the synthetic product showed spectroscopic data sig-
nificantly different from those of the Drymaria alkaloid, which was
subsequently proposed to be cordatanine (4-methyoxycanthin
-6-one) (Fig. 1). Based on our long-term interest in canthin-6
-one, this reassignment drew our attention. Herein, we synthesized
cordatanine unambiguously by a four-step procedure to validate
the exact structure.

Alkaloids with an indole backbone, such as carbazole,
B-carboline, or canthin-6-one, usually show various bioactivities,
including anti-inflammatory, cytotoxic, or anti-HIV effects.
Inflammation plays a key role in Alzheimer’s disease, diabetes,
atherosclerosis, cancers, and other diseases. Thus, we also evalu-
ated the anti-inflammatory effects of cordatanine and its synthetic
intermediates.

The total synthesis of canthin-6-one has been studied exten-
sively, but suffered initially from low yields in the aldol condensa-
tion used to close the D ring. In 2005, Soriano-Agatén et al. solved
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Figure 1. Structures of cordatanine and drymaritin.

this problem by using tryptamine as starting material.®> Reaction
with succinic anhydride afforded the corresponding amide, which
was treated with POCl; under Bischler-Napieralski conditions to
produce a key tricyclic imine intermediate. Finally, intramolecular
cyclization using diazabicycloundecene (DBU) and concurrent oxi-
dation of the C ring afforded canthin-6-one in high yield. However,
this synthetic strategy was not suitable for canthin-6-ones substi-
tuted at the C4 or C5 position. Therefore, we decided to follow the
procedure of Takasu et al. and adapt a Pictet-Spengler reaction for
ring closure (Scheme 1).%

Tryptamine was used as starting material and underwent a
Pictet-Spengler reaction with ethyl glyoxylate followed by direct
oxidative aromatization catalyzed with Pd/C to give kumujian A
(3) (42%). Aldol condensation using sodium bis(trimethylsi-
lyl)amide (NaHMDS) and ethyl acetate (EA) produced an acetate
carbanion, which reacted with 3 to give 4.° The best yield (64%)
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Scheme 1. Synthetic steps to cordatanine. Reagents and conditions: (a) (i) HCI, EtOH, (ii) Pd/C, toluene, reflux; (b) (i) NaHDMS, EtOAc, (ii) 3, THF, —78 °C; (c) Cs,CO3, MeOMs;

(d) NaH, THF.

Table 1

Comparison of O-methylation conditions
Solvent  Methylation Base or Temperature Time 5a+5b

agent acid (h) yield
(%)

DMF MeOMs CsF It 24 48
DMF MeOMs Cs,C03 It 6 51
DMF MeOTs CsF rt 24 43
DMF MeOTs Cs,C05 rt 8 45
Acetone Mel K,COs3 rt 2 0*
Acetone Me,S0,4 K,CO3 Reflux 6 0*
MeOH HC(OMe); H,S04 Reflux 12 0
MeOH HC(OMe)s TsOH Reflux 12 0

2 Instead of O-methylation, a-carbon methylation predominates.

Table 2
Comparison of NMR spectra of cordatanine prepared by total synthesis and
drymaritin isolated by Hsieh et al.

Position Cordatanine Drymaritin Cordatanine  Drymaritin
(Hsieh) (Hsieh)

OH ou oc Jc

1 8.03 (d, 7.90 (d, 145.1 144.9
J=5.0Hz) J=4.8Hz)

2 8.86 (d, 8.75 (d, 117.0 116.8
J=5.0Hz) J=4.8Hz)

3 — — — —

4 — - 161.0 160.8

5 6.22 (s) 6.11 (s) 101.9 101.8

6 — — 164.2 163.9

7 — — — —

8 8.67 (d, 8.53 (d, 117.0 116.9
J=7.8Hz) J=84Hz)

9 7.73 (d, 7.63 (d, 131.0 130.9
J=7.8Hz) J=8.4Hz)

10 7.53 (d, 7.43 (d, 125.0 125.0
J=7.8Hz) J=8.4Hz)

11 8.13 (d, 7.99 (d, 122.7 1225
J=7.8Hz) J=8.4Hz)

12 124.6 1242

13 139.4 139.2

14 130.7 130.5

15 1321 131.8

16 132.2 131.9

OCHj; 4.15 (s) 4.08 (s) 56.9 56.8

was achieved with a 1:7:5.5 ratio of 3/NaHMDS/EA. Under basic
conditions, removal of an a-proton from the B-keto ester would
result a tautomeric enolate anion. In order to obtain compound
5a+5b resulting from O-methylation, different reaction conditions,
including Cs,CO3 or K,CO3 as base, as well as different polar sol-
vents and methylation agents, were investigated (Table 1). The
results showed that only cesium carbonate or cesium fluoride pro-
duced the desired O-methylated products. Otherwise, the product
from o-carbon methylation predominated. In addition, the

Table 3
Comparison of NMR spectra of ‘drymaritin’ isolated by Hsieh et al. and drymaritin
synthesized by Wetzel et al.

Position Drymaritin Drymaritin
dy (Hsieh) oy (Wetzel) dc (Hsieh) ¢ (Wetzel)

1 790 (d,J=48Hz) 8.13(d,J=48Hz) 1449 118.4
2 8.75(d,J=4.8Hz) 9.05(d,J=4.8Hz) 1168 146.5
3 — — —_ —_

4 — 160.8 173.9
5 — 163.9 149.6
6 6.11 (s) 7.94 (s) 101.8 1134
7 - —_ _

8 8.53(d,J=8.4Hz) 7.73 (m) 116.9 110.6
9 7.63 (d,J=8.4Hz) 7.74 (m) 130.9 130.9
10 743 (d,J=8.4Hz) 7.49 (m) 125.0 1241
11 799 (d,J=84Hz) 8.17(d,J=7.8Hz) 1225 123.9
12 124.2 124.0
13 139.2 139.5
14 130.5 133.0
15 131.8 1323
16 1319 137.0
OCHj; 4.08 (s) 4.03 (s) 56.8 57.4

combination of methyl methanesulfonate (MeOMs) and cesium
carbonate gave the best yield (51%) of 5a+5b.° Furthermore,
work-up procedure also influenced product distribution. The ratio
of 5a to 5b was 1:2, if water was added directly to stop the reac-
tion. Removal of DMF in vacuo followed by direct purification led
to a 3:1 ratio of 5a/5b. Thus, the content of water influenced the
product distribution. Finally, ring closure was achieved by
intramolecular nucleophilic substitution using sodium hydride in
dilute THF to obtain cordatanine (61%).”

Proton and carbon NMR spectra of our synthesized cordatanine
were compared with those of drymaritin isolated by Hsieh et al.
(Table 2). The D ring carbon signals (C4, C5, C6) as well as proton
signal of the double bond hydrogen in the isolated drymaritin were
quite similar to those of cordatanine synthesized by us, but unlike
those of the drymaritin synthesized by Wetzel et al. (Table 3).
Accordingly, the compound originally isolated by Hsieh et al. was
mistakenly assigned as drymaritin (5-methoxycanthin-4-one)
and should be cordatanine (4-methyoxycanthin-6-one). The NMR
differences reflect the sequence differences in the D ring linker
between the pyrrole B ring and pyridine C ring. For instance, the
carbonyl signal occurs at ca. 6c 164 in cordatanine (C-6), but at
much lower field, ¢ 173.9, in drymaritin (C-4). In addition, the pro-
ton chemical shift of the alkene hydrogen is much lower in dry-
maritin (H-6, 6y 7.94) than in cordatanine (H-5, 6y 6.11-6.22).

All of the synthetic compounds were screened for
anti-inflammatory activity by evaluating their inhibition of super-
oxide anion generation and elastase release (Table 4). Among all
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Table 4
Effects of compounds 1, 3, 4, (5a+5b) on superoxide anion generation and elastase
release in FMLP/CB-induced human neutrophils

Compound Superoxide anion Elastase release

ICs0 (ug/mL)  Inhibition (%) ICse (ug/mL)  Inhibition (%)
1 >10 29.50+2.72 >10 8.20+2.60
3 4.87 +0.59 93.92 +6.25 6.29+0.22 70.75 + 3.48
4 >10 10.48 £3.94 >10 3.06 £1.15
5a+5b >10 49.53 £0.92 >10 26.99 +3.71

compounds, compound 3 showed the best activity with inhibitory
ICso values of 4.87 and 6.29 pg/mL in the superoxide anion gener-
ation and elastase release assays, respectively.

In this study, cordatanine was totally synthesized in four steps
via a Pictet-Spengler reaction using tryptamine and methyl gly-
oxylate with a total yield of 8%. The NMR spectra of synthesized
cordatanine were compared with those of drymaritin isolated by
Hsieh et al. and the mistaken structural assignment was confirmed.
In addition, the synthetic intermediate, kumujian A, showed signif-
icant anti-inflammatory effects with ICso values against superoxide
anion generation and elastase release of 4.87 and 6.29 pg/mL,
respectively.
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5. Ethyl 3-ox0-3-(9H-pyrido[3,4-b]indol-1-yl)propanoate (4). Under nitrogen,
ethyl acetate (EA) (0.223 mL, 2.095 mmol) in anhydrous THF (15 mL) was
cooled to —78 °C and NaHMDA (2.93 mL, 2.93 mmol) was added slowly. After

30 min, compound 3 was added slowly and the reaction mixture was stirred for
2 h under —78 °C. The reaction was monitored by TLC. Water and ammonium
chloride solution was added to stop the reaction. After the reaction mixture
returned to room temperature, it was partitioned with EA, washed with brine
and dried over MgSO4. The crude product was purified with silica gel column
chromatography (n-hexane/EA=6:1-4:1) to afford the desired compound.
Yield: 64%. Yellow powder. Mp 139.4-141.9 °C. 'H NMR (400 MHz, CDCls) &
10.21 (s, 1H), 8.53 (d, J= 5.2 Hz, 1H), 8.16 (d, J=5.2 Hz, 1H), 8.15 (d, J= 8.0 Hz,
1H), 7.62 (td, J = 8.0, 1.2 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.34 (td, J = 8.0, 1.2 Hz,
1H), 4.39 (s, 2H), 4.24 (q, J=7.2 Hz, 2H), 1.27 (t, J=7.2 Hz, 3H). '*C NMR
(100 MHz, CDCl3) ¢ 197.0, 168.2, 141.3, 137.9, 135.6, 134.2, 132.0, 129.6, 121.9,
121.0,120.4, 119.4, 112.0, 61.2, 44.9, 14.1. HR-ESI-MS: m/z calcd for C;6H15N>03
283.1083, found [M]* 283.1084.

. (E,Z)-Ethyl 3-methoxy-3-(9H-pyrido[3,4-b]indol-1-yl)acrylate (5). To compound

4 (75 mg, 0.265 mmol) in DMF (10 mL), Cs,CO3 (129 mg, 0.397 mmol) and
methyl methanesulfonate (MeOMs, 0.044 ml, 0.397 mmol) were added under
inert atmosphere. The reaction mixture was stirred at ambient temperature for
6 h until starting material disappeared. After DMF was removed in vacuo, water
was added and EA was used for partitioning. The organic layer was washed with
brine and dried over MgSO,. The crude product underwent silica gel column
chromatography (n-hexane/EA=4:1-3:1) to afford the desired compound.
Yield: 51%. Yellow oil. 'TH NMR (300 MHz, CDCl3) & 9.22 (s, 1H), 8.44 (d,
J=4.8Hz, 1H), 8.11 (d, J= 7.8 Hz, 1H), 7.98 (d, ] = 4.8 Hz, 1H), 7.52 (t, J = 7.8 Hz,
1H), 7.46 (d,] = 7.8 Hz, 1H), 7.29 (t,] = 7.8 Hz, 1H), 6.67 (s, 1H), 4.25(q,] = 7.2 Hz,
2H), 4.13 (s, 3H), 1.32 (t,] = 7.2 Hz, 3H). '*C NMR (75 MHz, CDCl5) 6 166.0, 165.4,
140.2, 138.8, 133.8, 130.9, 128.9, 121.5, 120.7, 120.2, 116.0, 111.5, 101.5, 61.6,
59.9, 14.2. HR-ESI-MS: m/z calcd for C;7H;7N,05 297.1239, found [M]* 297.1240.

. 4-Methoxy-6H-indole[3,2,1-ij][1,5]naphthyridin-6-one  (1). Under inert

atmosphere, NaH (60%, 10.8 mg, 0.270 mmol) was washed with n-hexane and
then anhydrous THF (30 mL) was added. The mixture of compounds 5a+5b
(40 mg, 0.135 mmol) was added and stirring continued for 16 h. Water was
added to stop the reaction and THF was removed in vacuo. CHCl; and EA were
used for partitioning. The organic layer was washed with brine and dried over
MgSO0,. The crude product was purified by using Al,03 column chromatography
(benzene/CHCl; = 13:1-5:1) to afford cordatanine. Yield: 61%. Yellow powder.
TH NMR (500 MHz, CDCls) & 8.86 (d, J = 5.0 Hz, 1H), 8.67 (d, J = 7.8 Hz, 1H), 8.13
(d, J=7.8Hz, 1H), 8.03 (d, J=5.0Hz, 1H), 7.73 (t, J=7.8 Hz, 1H), 7.53 (t,
J=7.8Hz, 1H), 6.22 (s, 1H), 4.15 (s, 3H). °C NMR (125 MHz, CDCl3) § 164.2,
161.0, 145.1, 139.4, 132.2, 132.1, 131.0, 130.7, 125.1, 124.5, 122.7, 117.0, 117.0,
101.9, 56.9. HR-ESI-MS: m/z calcd for Cy5H;;{N,0, 251.0820, found [M]*
251.0821.
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