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Abstract

A series of novel 2-substituted 1,2,3,4-tetrahydroeudi-
stomin U derivatives were synthesized by the key Pictet-
Spengler cyclization reaction and their in vitro antitu-
mor activities were evaluated using Pyricularia oryzae
Cavara and Caco-2 cancer cells. Most of the 2-alkyl-1,2,3 ,4-
tetrahydroeudistomin U compounds (19-23) showed potent
inhibitory activities in both of the biological tests. Prelimi-
nary structure-activity relationships are also presented.

Keywords: Antitumor, Caco-2 cancer cell, 1-(indol-3-yl)-
1,2,3,4-tetrahydro-B-carboline, Pyricularia oryzae.

Introduction

Eudistomins, originally isolated from the Caribbean tuni-
cate Eudistoma olivaceum Van Name (Clavelinidae), are
natural marine alkaloids that show very interesting bio-
logical properties (Dong et al., 2003). In 1994, Francisco
et al. (Badre et al., 1994) isolated, from Caribbean ascid-
ian Lissoclinum fragile Van Name (Didemnidae), a new
B-carboline with a 3-indolyl substituent at C-1, eudistomin
U (1) (Fig. 1). This alkaloid was found to be capable of bind-
ing to DNA and showed strong antibacterial activity. Our
previous work had verified the potent antitumor activities of
1,2,3,4-tetrahydroeudistomin U derivatives (2a—2c¢) (Fig. 1)
against murine P-388 in vitro (Dong et al., 2004). Recently, a
series of 1,2,3,4-tetrahydro-3-carboline derivatives were re-
ported to be CDK4-specific inhibitors (Aubry et al., 20006),
which may cause G1 arrest of tumor cells. Several 1-aryl
substituted 1,2,3,4-tetrahydro-S-carboline derivatives also

showed significant cytotoxicity against murine P-388 and
human tumor cell lines, KB-16, A-549, and HT-29 (Shen
et al., 2005).

In addition, a screening method detecting morphologic
deformations or inhibition of mycelia germinated from
conidia of Pyricularia oryzae Cavara (Moniliaceae) has
been developed and applied to evaluate the bioactivities
of antimitotic and antifungal substances (Iwasaki, 1984;
Kobayashi et al., 1995; Kobayashi et al., 1996).

In this paper, based on our previous work on eudis-
tomin U, we synthesized a series of 2-substituted 1,2,3,4-
tetrahydroeudistomin U derivatives and tested their in-
hibitory activities against P oryzae with the standard
method (Kobayashi et al., 1996; Zhao & Zhang, 2005) and
Caco-2 cancer cell MTT staining according to the previ-
ously reported procedures with a minor modification (Al-
Allaf & Rashan, 1998; Zhao et al., 2006).

Materials and Methods

Melting points were determined without correction. All
reactions were monitored by TLC (silica gel 60 F254).
"H-NMR (Bruker DPX400, Switzerland); § values are in
ppm relative to TMS as an internal standard. Mass spectra:
Agilent 1100 Series LC/MSD G1946D mass spectrometer
(Santa Clara, CA, USA).

General procedure for preparation of 2-substituted
1,2,3,4-tetrahydroeudistomin U derivatives

The general route for the synthesis of 2-substituted 1,2,3,4-
tetrahydroeudistomin U derivatives is shown in Figure 2.
Schiff base 3 was prepared by refluxing tryptamine with
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2a R;=Br, R=H
2b R=H, R,=Br
2c¢ R{=0CHjs, R,=Br

Figure 1. Structures of eudistomin U (1) and 1,2,34-
tetrahydroeudistomin U derivatives (2a—2c).

indole-3-aldehyde and removing the water produced in the
reaction. Compound 3 was treated with trifluoroacetic acid
in chloroform, which underwent Pictet-Spengler cycliza-
tion to furnish 1,2,3,4-tetrahydroeudistomin U (4). Then, 4
was N-alkylated by alkyl halides or N-acylated by carbonyl
halides in basic conditions to afford the target compounds
5-28.

[2-(1 H -Indol-3-yl)-ethyl]-(1 H -indol-3-ylmethylene)-
amine (3)

A mixture of tryptamine (1.1 g, 6.8 mmol), 1 H-indole-3-
carbaldehyde (0.9 g, 6.2 mmol) and benzene (60 mL) was
refluxed under N, for 2 h. Most of the solvent was removed
under reduced pressure. After cooling to room temperature,
the precipitation was collected by filtration, and washed.
The obtained product was dried to yield 3 as a light-yellow
solid (1.7 g, 94.8%), m.p. 146-148°C (Dong et al., 2004).

1-(1H -Indol-3-yl)-2,3,4,9-tetrahydro-1H-$-
carboline (4)

To a mixture of 3 (0.7 g, 2.4 mmol) and chloroform (5 mL)
cooling in ice-bath, trifluoroacetic acid (1.96 mL) in chloro-

form (4 mL) was added dropwise. The reaction mixture was
stirred under N, for 22 h and diluted with ethyl acetate (15
mL). The pH value of the mixture was adjusted to 9—10 with
saturated sodium carbonate aqueous solution. The mixture
was extracted with ethyl acetate. The organic phases were
combined, washed with saturated sodium chloride solution,
and dried with magnesium sulfate anhydrous. The solution
was filtered, condensed, and purified by silicon gel column
chromatography to afford 4 as a light-yellow solid (0.4 g,
58%), m.p. 142—144°C (Dong et al., 2004).

General procedure for preparation of compounds 5-18

To amixture of4 (0.1 g, 0.348 mmol), triethylamine (48 uL,
0.348 mmol), and THF (20 mL), various acyl chlorides
(0.348 mmol) were added dropwise. The reaction mixture
was stirred under N, for 2 h and extracted with ethyl acetate
(20 mL). The organic phase was washed with saturated
sodium chloride solution and dried with magnesium sul-
fate anhydrous. The solution was filtered, condensed, and
purified by silicon gel column chromatography to afford
5-18.

General procedure for preparation of compounds
19-28

To a mixture of 4 (0.15 g, 0.523 mmol), potassium carbon-
ate anhydrous (72 mg, 0.523 mmol), and DMF (10 mL),
various alkyl halides anhydrous (0.523 mmol) were added
dropwise. The reaction mixture was stirred under N, for
12 h and extracted with ethyl acetate (30 mL). The or-
ganic phase was washed with water and saturated sodium
chloride solution and dried with magnesium sulfate anhy-
drous. The solution was filtered, condensed, and purified by
silicon gel column chromatography to afford 19-28. The
yields and identification of the compounds are listed in
Table 1.

5-28

Figure 2. The synthetic route of compounds 5-28. Reagents and conditions: (a) PhH, reflux (95%); (b) TFA, CHCls, rt (58%); (c) alkyl halides,

K,COs3, KI, DMF or carbonyl halides, Et;N, CH,Cl,.



Table 1.

1,2,3,4-Tetrahydroeudistomin U and antitumor activity

The yield, structure identification and bioassay data of 2-substituted 1,2,3,4-tetrahydroeudistomin U derivatives.
5 4 3
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(CDCL3): 2.76 (m, 1H, C4-H), 2.91 (m, 1H, C4-H), 2.49 (m, 1H, C3-H),
3.75 (m, 1H, C3-H), 6.92 (s, 1H, C,-H), 7.01-7.73 (m, 14H, Ar-H),
8.18 (br-s, IH,NH), 8.34 (br-s, 1H, NH)

(CDCl3): 2.76 (m, 1H, C4-H), 3.12 (m, 1H, C4-H), 3.48 (m, 2H, C5-H),
6.88-7.75 (m, 14H, Ar-H), 8.09-8.33 (m, 2H,NH)

(DMSO-d®): 2.71-2.85 (m, 2H, C4-H), 3.40 (m, 1H, C3-H), 3.55 (m,
1H, C3-H), 6.88 (s, 1H, C,-H), 6.95-7.03 (m, 2H, Cp>-H+C;-H),
7.05-7.12 (m, 2H, Cs-H+Cq-H), 7.20 (s, 1H, Cy-H), 7.28 (d, 1H,
Cy-H, J = 7.8 Hz), 7.34-7.40 (m, 3H, Ar-H+Cs-H), 7.44-7.52 (m,
3H, Ar-H+Cs-H), 7.63 (d, 1H, C4-H, J = 7.8 Hz), 11.05-11.10 (m,
2H,NH)

(CDCLs): 2.95 (m, 1H, C4-H), 3.11 (m, 1H, C4-H), 3.48 (m, 1H, C3-H),
3.70 (m, 1H, C3-H), 3.81 (d, 2H, OCH;-H), 6.76-8.05 (m, 14H,
Ar-H), 8.14-8.26 (m, 2H,NH)

(CDCl3): 2.81-2.95 (m, 2H, C4-H), 3.59 (m, 2H, C-H), 7.01 (s, 1H,
Ci-H),7.11 (t, 1H, C¢-H, J, = 7.8Hz, J, = 7.0Hz), 7.08-7.58 (m,
7H, Ar-H), 7.76 (d, 1H, C4-H, J = 7.8 Hz), 8.01 (br-s, |H, NH),
8.20 (br-s, 1H, NH), 8.18-8.32 (m, 4H, Ar-H)

(CDCl3): 2.76 (m, 1H, C4-H), 3.11 (m, 1H, C4-H), 3.52 (m, 1H, C5-H),
3.95 (m, 1H, C3-H), 6.91 (s, 1H, C,-H), 7.02 (t, 1H, Cg-H, J; = 7.8
Hz, J, = 7.0 Hz), 7.11-7.80 (m, 11H, Ar-H), 8.05 (br-s, IH, NH),
8.40 (br-s, 1H, NH), 8.56 (d, 1H, Ar-H)

(CDCly): 2.83-3.04 (m, 2H, C4-H), 3.56-3.80 (m, 2H, C3-H), 7.06 (s,
1H, C,-H), 7.08-7.80 (m, 9H, Ar-H), 7.91 (s, 1H, Cy-H), 7.94 (br-s,
1H, NH), 8.12 (tt, 1H, Ar-H), 8.17 (br-s, 1H, NH), 8.32-8.36 (m,
2H, Ar-H)

(DMSO-d®): 2.76 (m, 1H, C4-H), 2.86 (m, 1H, C4-H), 3.44 (m, 2H,
Cs-H), 6.89 (s, 1H, Ci-H), 6.97-7.13 (m, 4H, Ar-H), 7.20 (s, 1H,
Cy-H), 7.27-7.39 (m, 4H, Ar-H), 7.46 (d, 1H, Ar-H, J = 7.8 Hz),
7.63 (d, 1H, Ar-H, J = 7.8 Hz), 8.64 (d, 2H, Ar-H, J = 5.5 Hz),
11.06 (s, 1H, NH), 11.11 (s, 1H, NH)

(DMSO-d®): 2.82 (m, 2H, C4-H), 3.45 (m, 1H, C3-H), 4.25 (m, 1H,
Cs-H), 6.85 (s, 1H, C,-H), 6.86-7.50 (m, 13H, Ar-H), 7.69 (d, 1H,
Ar-H, J = 3.1 Hz), 11.03 (m, 2H, NH), 11.56 (br-s, 1H, NH)

(DMSO-d°): 2.57 (m, 1H, C4-H), 2.70 (m, 1H, C4-H), 3.34 (m, 1H,
Cs-H), 3.83 (s, 2H, COCH,), 4.03 (m, 1H, Cs-H), 6.77 (s, 1H,
Ci-H), 6.91-7.10 (m, 4H, Ar-H), 7.14 (s, 1H, Cy-H), 7.16-7.26 (m,
6H, Ar-H), 7.34 (d, 1H, Ar-H, J = 8.6 Hz), 7.40 (d, IH, Ar-H, J =
7.8 Hz), 7.60 (d, 1H, Ar-H, J = 7.8 Hz), 10.96 (s, 1H, NH), 11.02 (s,
1H, NH)

390.1

424.1

424.1

420.2

435.1

391.1

391.1

391.1

429.1

404.2

50

100

50

200

200

100

100

200

200

100

14.8

19.4

132.2

79.1

27.8

7.01

1.61

34.5

24.4
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Table 1.  The yield, structure identification and bioassay data of 2-substituted 1,2,3,4-tetrahydroeudistomin U derivatives (Continued).
5 4 3

MS-ESI P oryzae  Caco-2
Yield "H NMR m/z MIC 1Cs
No. R (%) ¥) (M-H)  (png/mlL)  (uM)

15 1 23 (DMSO-dS): 2.64-2.92 (m, 6H, CH,+Cy4-H), 3.31 (m, 1H, C3-H),3.95  418.2 50 41.1
@/\)Eq (m, 1H, C5-H), 6.78 (s, 1H, C1-H), 6.91-7.26 (m, 11H, Ar-H), 7.34
(d, 1H, Ar-H, J = 7.8 Hz), 7.43 (d, 1H, Ar-H, J = 7.0 Hz), 7.58 (d,
IH, Ar-H, J = 7.8 Hz), 10.93 (br-s, 1H, NH), 10.99 (br-s, |H, NH)
16 P! 23 (DMSO-d®): 2.85 (m, 2H, C4-H), 3.44 (m, 1H, C3-H), 4.40 (m, 1H, 416.1 50 89.8
w Cs-H), 6.85 (s, 1H, Cy-H), 6.93-7.09 (m, 4H, Ar-H), 7.25-7.75 (d,
12H, Ar-H), 10.99 (br-s, 1H, NH), 11.03 (br-s, 1H, NH)
(0]

17 %f.)’c”f* 21 (CDCly): 2.57 (s, 3H, CHs), 2.84 (m, 1H, Cs-H), 3.04 (m, 1H, C4-H), 364.1 200 294
3.37 (m, 1H, Cs-H), 3.94 (m, 1H, Cs-H), 6.39 (s, 1H, Ci-H), 6.75 (s,
IH, Cy-H), 7.03-7.34 (m, 6H, Ar-H), 7.57 (d, 1H, Ar-H, J = 7.0
Hz), 7.77-7.83 (m, 2H, Ar-H+NH), 8.21 (br-s, 1H, NH)

(0]
18 g—%@—cm 22 (CDCly): 2.21 (s, 3H, CHs), 2.57 (m, 2H, C4-H), 3.40 (m, 1H, C3-H), 440.1 50 50.1
o 3.91 (m, 1H, C3-H), 6.64 (s, 1H, C;-H), 6.75 (s, 1H, Cy-H),

6.94-7.40 (m, 9H, Ar-H), 7.55 (d, 2H, Ar-H, J = 7.8 Hz), 7.72 (br-s,

1H, NH), 7.76 (m, 1H, Ar-H), 8.06 (br-s, 1H, NH)

19 +CaHs 242 (CDCly): 111 (t, 3H, CHs, J = 7.0 Hz), 2.55 (m, 1H, C4-H), 2.84 (m, 316.1 50 2.1
2H, C4-H+ C3-H), 2.97 (m, 2H, CH,), 3.38 (m, 1H, C3-H), 5.10 (s,
1H, C;-H), 6.99-7.22 (m, 6H, Ar-H), 7.35 (d, 1H, Ar-H, J = 7.8
Hz), 7.55 (m, 3H, Ar-H+NH), 8.52 (br-s, |H, NH)

20 SnCaHy 349  (CDCl): 0.79 (t, 3H, CHs, J = 7.4 Hz), 1.57 (m, 2H, CH>), 2.41 (m, 3282 12.5 1.4
1H, C4-H), 2.65-2.78 (m, 2H, C4-H+ C3-H), 2.94 (m, 2H, CH>),
3.37 (m, 1H, C3-H), 4.98 (s, 1H, C,-H), 7.02-7.21 (m, 6H, Ar-H),
7.34 (d, 1H, Ar-H, J = 7.8 Hz), 7.40 (br-s, 1H, NH), 7.55 (m, 1H,
Ar-H), 7.61 (d, 1H, Ar-H, J = 8.2 Hz), 8.16 (br-s, IH, NH)

21 $-n-CaHo 223 (CDCly): 0.81 (t, 3H, CHs, J = 7.4 Hz), 1.22 (m, 2H, CHb), 1.54 (m, 342.2 12.5 13
2H, CH,), 2.43 (m, 1H, C4-H), 2.70-2.80 (m, 2H, C4-H+ C3-H),
2.94 (m, 2H, CH,), 3.38 (m, 1H, C3-H), 4.98 (s, 1H, C;-H),
7.02-7.21 (m, 6H, Ar-H), 7.34 (d, 1H, Ar-H, J = 8.2 Hz), 7.41 (br-s,
1H, NH), 7.50-7.61 (m, 2H, Ar-H), 8.19 (br-s, 1H, NH)

22 FnCrhis 200  (CDCly): 0.83 (t, 3H, CHs, J = 7.4 Hz), 1.08-1.22 (m, 6H, CH,), 1.53 3842 1.6 1.2
(m, 2H, CH,), 1.66 (m, 2H, CHb), 2.40 (m, 1H, C4-H), 2.68-2.78 (m,
2H, C4-H+ C3-H), 2.93 (m, 2H, CH,), 3.37 (m, 1H, C3-H), 4.97 (s,
1H, Ci-H), 7.02-7.20 (m, 6H, Ar-H), 7.36 (&, 1H, Ar-H, J = 8.2
Hz), 7.41 (br-s, 1H, NH), 7.52-7.61 (m, 2H, Ar-H), 8.14 (br-s, 1H,
NH)

23 %"‘CBHW 34 (CDCl,): 0.85 (t, 3H, CH3, J = 7.4 Hz), 1.16 (m, 8H, CH,), 1.53 (m, 398.2 1.6 3.6
2H, CH,), 1.62 (m, 2H, CH,), 2.40 (m, 1H, C4-H), 2.68-2.78 (m, 2H,
C4-H+C5-H), 2.93 (m, 2H, CH,), 3.37 (m, 1H, C3-H), 4.97 (s, 1H,
C,-H), 7.02-7.20 (m, 6H, Ar-H), 7.36 (d, 1H, Ar-H, J = 8.2 Hz),
7.41 (br-s, IH,NH), 7.52-7.61 (m, 2H, Ar-H), 8.14 (br-s, 1H, NH)
(Continued on next page)



Table 1.

1,2,3,4-Tetrahydroeudistomin U and antitumor activity

The yield, structure identification and bioassay data of 2-substituted 1,2,3,4-tetrahydroeudistomin U derivatives. (Continued)
5 4 3
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R

Yield
(%)

'H NMR
(%)

MS-ESI

m/z
(M-H)

P oryzae
MIC
(pug/mL)

Caco-2

ICS()

(uM)

24

25

26

27

28

%"’C12H25

£ CH,C00C,Hs

- (CH2)3C00CHs

11

21

26

35

25

(CDCly): 0.89 (t, 3H, CHs, J = 7.0 Hz), 1.14-1.28 (m, 8H, CH,), 1.55

(m, 2H, CH,), 2.41 (m, 1H, C4-H), 2.74 (m, 2H, C4-H+C3-H), 2.94
(m, 2H, CHb), 3.37 (m, 1H, Cs-H), 4.97 (s, 1H, C;-H), 7.02-7.20 (m,
6H, Ar-H), 7.34 (d, 1H, Ar-H, J = 8.2 Hz), 7.40 (br-s, IH, NH),
7.52-7.62 (m, 2H, Ar-H), 8.14 (br-s, 1H, NH)

(CDCly): 1.22 (t, 3H, CHs, J = 7.0 Hz), 2.90 (m, 1H, C4-H), 3.08 (m,

1H, C4-H), 3.19 (m, 1H, C3-H), 3.34 (m, 1H, C3-H), 3.44 (q, 2H,
CH,, J = 16.8 Hz), 4.11 (q, 2H, CH,, J = 7.0 Hz), 5.43 (s, 1H,
Ci-H), 6.98-7.19 (m, 6H, Ar-H), 7.34 (d, 1H, Ar-H, J = 8.2 Hz),
7.45 (br-s, 1H, NH), 7.54-7.58 (m, 2H, Ar-H), 8.27 (br-s, 1H, NH)

(CDCL3): 1.17 (t, 3H, CHs, J = 7.0 Hz), 1.84 (m, 2H, CH,), 2.10-2.28

(m, 2H, CHs), 2.43 (m, 1H, C4-H), 2.73 (m, 2H, C4-H+ C3-H), 2.95
(m, 2H, CH,), 3.38 (m, 1H, C3-H), 3.99 (m, 2H, CH,), 4.91 (s, 1H,
Ci-H), 6.98-7.20 (m, 6H, Ar-H), 7.31 (d, 1H, Ar-H, J = 7.8 Hz),
7.43 (br-s, 1H, NH), 7.55 (m, 2H, Ar-H), 8.27 (br-s, 1H, NH)

(CDCl3): 2.68 (m, 1H, C4-H), 2.84 (m, 1H, C4-H), 2.96 (m, 1H, C3-H),

3.30 (m, 1H, C3-H), 3.40 (d, IH, CH,, J = 13.7 Hz), 4.04 (d, 1H,
CH,, J =133 Hz), 5.02 (s, 1H, C;-H), 7.02-7.38 (m, 12H, Ar-H),
7.42 (br-s, 1H, NH), 7.52-7.64 (m, 2H, Ar-H), 8.09 (br-s, 1H, NH)

(CDCl3): 1.22 (t, 3H, CHs, J = 7.0 Hz), 2.90 (m, 1H, C4-H), 3.08 (m,

1H, C4-H), 3.19 (m, 1H, C3-H), 3.34 (m, 1H, C3-H), 3.44 (q, 2H,
CH,, J = 16.8 Hz), 4.11 (q, 2H, CHs, J = 7.0 Hz), 5.43 (s, 1H,
Ci-H), 6.98-7.19 (m, 6H, Ar-H), 7.34 (d, 1H, Ar-H, J = 8.2 Hz),
7.45 (br-s, 1H, NH), 7.54-7.58 (m, 2H, Ar-H), 8.27 (br-s, 1H, NH)

4543

372.2

400.2

376.2

394.1

200

25

100

1.6

12.5

7.5

233

18.3

13.5

19.1

Griseofulvin
Sunitinib

50
4.5

P, oryzae inhibitory activity assay

P oryzae P-2b was grown on a slant culture medium con-
sisting of yeast extract 0.2%, soluble starch 1%, and agar
2% at 27°C. The conidia were collected 12 to 14 days after
inoculation by suspending in sterilized water (10 mL). The
conidia suspension was filtered to separate from mycelia.
The filtrate was added to a 2% solution of yeast extract and
adjusted to the concentration of 0.02%. The suspension
was adjusted to 4 x 10* conidia/mL by adding sterilized
water. A 96-well flat-bottomed assay plate was used for the
bioassay. One column was usually used for one test material
with eight different concentrations. The assay plates were
incubated at 27°C for 16 h, and the shape of mycelia and
inhibition of conidia germination was observed under an

inverted microscope, and the minimum inhibitory concen-
tration (MIC) values were determined by comparing with
griseofulvin as a control.

MTT cytotoxicity assay

Caco-2 cells (2 x 10* cells/well) were grown in RPMI-
1640 medium containing 10% (v/v) fetal calf serum, 100
pg/mL penicillin, and 100 pg/mL streptomycin. Cultures
were propagated at 37°C in a humidified atmosphere con-
taining 5% CO,. The synthetic compound stock solutions
were prepared in DMSO. The synthetic compounds in 2%
DMSO were added to the cultures at day 2 after seed-
ing. After 48 h, 50 L MTT solution (2 mg/mL) per well
was added to each culture medium and incubated for an
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additional 4 h. The optical density was measured by the
microplate reader 15 min later after adding 100 uL DMSO
to each well, and the ICs, values were determined by com-
paring with sunitinib as a control.

Results and Discussions

The biological activity data of target compounds are sum-
marized in Table 1. These data obviously suggested that
most of the N-alkylation derivatives exhibited more po-
tent inhibitory activities against P oryzae generally com-
pared with the N-acylation derivatives. Compounds 19-23
with alkyl substitutes gave the best activities in this se-
ries of derivatives with the MIC value of 1.6-50 ug/mL
on P oryzae inhibitory activities test. This result indicated
that these compounds may have potent antitumor activi-
ties. It was validated later in the MTT cytotoxicity test
in vitro. The results of the MTT assay showed that the
compounds 19-23 with alkyl substitutes suppressed Caco-
2 cancer cell proliferation with low ICs, value of 1.2-3.6
uM, which may contribute to their lipophilic properties. An
exceptional phenomenon was observed in that N-acylation
derivatives 11 and 12 also exhibited potent inhibitory activ-
ities against Caco-2 cancer cell, whereas they were nearly
inactive against P oryzae.

In conclusion, a series of 2-substituted 1,2,3,4-
tetrahydroeudistomin U derivatives were synthesized by a
facile and convenient method, and their inhibitory activities
against P oryzae and Caco-2 cancer cells were assessed in
vitro. Among the compounds tested, compounds 19-23 with
alkyl substitutes demonstrated the most potent activities.
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