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Abstract—As part of an investigation to generate optimized drug leads from marine natural pharmacophores for the treatment of
neoplastic and infectious diseases, a series of novel isoaaptamine analogs were prepared by coupling acyl halides to the C9 position
of isoaaptamine (2) isolated from the Aaptos sponge. This library of new semisynthetic products was evaluated for biological activity
against HIV-1, Mtb, AIDS-OI, tropical parasitic diseases, and cancer. Compound 4 showed potent activity against HIV-1 (ECs,
0.47 pg/mL), compound 19 proved to possess remarkable activity against Mycobacterium intracellulare with an 1Csy and MIC value
of 0.15 and 0.31 pg/mL, while compounds 4 and 17 possessed anti-leishmanial activity with ICs, values of 0.1 and 0.4 pg/mL, respec-
tively. Compounds 16 and 17 showed antimalarial activity with ECs, values of 230 and 240 ng/mL, respectively, and compound 14

exhibited an ECsy of 0.05 uM against the Leukemia cell line K-562.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

The development of resistance and the toxicity associat-
ed with current chemotherapeutic agents has led to an
increasing failure of existing drugs utilized in the treat-
ment of various microbial, viral, and neoplastic disor-
ders. The marine environment, and the unique natural
products contained therein, remains a relatively un-
tapped source of possibilities for novel drug develop-
ment. As seen in Figure 1, the marine natural product
aaptamine (1), first isolated by Nakamura,! has been
reported to have antineoplastic and o-adrenoceptor
blocking activity.!> The closely related compound iso-
aaptamine (2) was first isolated by Fedoreev? from a
sponge in the genus Suberites and later by two other
groups from the sponge Aaptos aaptos.*> Recently, iso-
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aaptamine (2) was isolated from a sponge belonging to
the genus Hymeniacidon.® Isoaaptamine (2) has also been
reported to be a PKC inhibitor.” However, the recent
investigation by Pettit et al. of PKC inhibition and tubu-
lin polymerization showed only minimal activity.® How-
ever, further investigation by this group revealed that
inhibition of the S-Phase of the cell cycle may be involved
in the observed cytotoxicity which suggests a possible
interaction with DNA or topoisomerase. The closely
related bis(naphthalimide) derivative DMP 840 (A) has
been reported to be a topoisomerase II inhibitor’ and
is currently undergoing phase I clinical trials.!® Addition-
ally, the analog LU 79553 (B) has shown efficacy in vivo
against tumor xenographs.!' The related acridine anti-
cancer agent AAC (C) has also been shown to elicit its
activity through modulation of topoisomerase I1.'2°14
Additional SAR investigation suggests a positive corre-
lation between nonelectrostatic binding free energy and
anti-cancer potency of acridine derivatives.'>

Aaptamine, isoaaptamine, and demethylated aaptamine
have shown antifouling activity in the zebra mussel
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Figure 1. Aaptamine related structures.

assay with ECsy values of 24.2, 11.6, and 18.6 uM
respectively.'® Isoaaptamine (2) has shown activity
against the protozoan that causes malaria, Plasmodium
falciparum, with an ICsy of 1.8 and 0.6 pg/mL for the
D6 and W2 clones, respectively. Pettit et al. recently
reported dibenzyl aaptamine derivatives with activity
against Mycobacterium tuberculosis.'’ TIsoaaptamine
has been shown to exhibit remarkable activity against
cancer cell lines including P-338*%8 (murine lymphocyt-
ic leukemia), KB16 (human mouth epidermoid carci-
noma), A549 (human lung adenocarcinoma), and HT-
29 (human colon adenocarcinoma).* The synthesis of
aaptamine!® (1) and isoaaptamine'® (2) has recently
been reported. The first SAR study of these compounds
by Shen et al.? concluded that the C-9 hydroxyl posi-
tion was important for cytotoxic activity and acylation
causes a decrease in activity. Recently, the studies by
Pettit et al.>®!7 with modifications at the hydroxyl and
nitrogen positions of aaptamine have aided to further
elucidate the SAR of these unique compounds. Specifi-
cally, para substituted phenyl substituents at one or
both of the nitrogen positions increased activity.

In order to further investigate the SAR of side-chain
attachment at the C9 hydroxyl position of isoaaptamine
(2), which is readily available from the sponge Aaptos
sp. in gram quantities, a series of analogs was generated.
Presented here are 19 derivatives (Table 1) of isoaapta-
mine (2) generated with various acyl halides coupled at
the C9 position of isoaaptamine (2) and their biological

Table 1. Isoaaptamine derivatives
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Table 1 (continued)

Entry Product Yield (%)
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activity against a number of pathogens and cancer cell
lines.

2. Results and discussion

The products 3-21 have been evaluated for activity
against malaria, AIDS-OI pathogens, leishmania, can-
cer, HIV-1, and Mtb. The results from the in vitro as-
says and preliminary SAR are presented in Tables 2-4.

2.1. Anti-HIV-1

The anti-HIV-1 activity of isoaaptamine (2, 0.6 uM) and
aaptamine (1.30 pM) has previously been reported.?!
The structure—activity relationship of fluorine substitu-
tion on an indole heterocyclic system has recently been
reported to increase the potency of anti-HIV-1 activi-
ty.?2 Compounds 5, 6, 7, and 15 contained fluorine at
different positions on the phenyl substituent. Substitu-
tion of fluorine at the ortho position (7, ECsg 2.1 pg/

Table 2. Anti-microbial activity data

mL), relative to substitution at other positions on the
ring, increased activity except where there was adjacent
fluorine (6, ECsy 37.7 pg/mL) in the meta position. Sub-
stitution of fluorine in the para position (5, ECs
10.9 pg/mL; 15, ECsy 16.6 pg/mL) was not as dramatic
except where the substituent was a tri-fluorinated O-
methyl group (12, ECso 2.3 pg/mL). The position of
fluorine substitution on the phenyl ring appears to be
the most important aspect for anti-HIV-1 activity.
Methyl substitution at the ortho, para, and meta posi-
tions (3, 11, and 16) reflects the same pattern seen in
the fluorinated derivatives with highest activity in ortho
(3, ECso 1.3 pg/mL) substitution. Substitution at the
para position with carbon chains of varying length
shows a dramatic increase in activity with ethyl (4,
ECso 0.47 pg/mL) having better activity than methyl
(16, ECsp 9.2 pg/mL) and a decrease as the chain is
lengthened (13, ECsy 3.8 pg/mL; 14, ECsy 18.8 pg/mL).
Taking these results into consideration, short chain para
substitution provides the best structure for anti-HIV-1
activity in this series of compounds.

2.2. AIDS opportunistic pathogens

Isoaaptamine (2) alone did not show toxic activity
(ICs0 < 15 pg/mL) against any of the tested microbes.
However, several derivatives (4, 13, 14, and 17) showed
significant activity against Mycobacterium intracellulare
with alkyl para substitution on the phenyl ring being
the dominant pattern. Most interesting was the remark-
able activity of compound 19 (ICsy 0.2 pg/mL, MIC
0.3 ug/mL) against M. intracellulare being more active
than ciprofloxacin (ICsy 0.3 pg/mL, MIC 1.3 ug/mL).

Compound 1C5¢/MIC
Candida Cryptococcus Staphylococcus Methicillin resistant Pseudomonas Mpycobacterium Aspergillus
albicans neoformans aureus Staphylococcus aeruginosa intracellulare Sfumigatus
2 _ _ _ _ _ _
3 — 15/20 — — 5.0/10 —
4 10/20 5.5/10 8.0/20 8.0/20 — 0.8/2.5 —
5 — — — — — 3.5/10 —
6 - _ _ - _ -
7 _ _ _ _ _ _
8 . - - . . .
9 _ _ _ _ _ _
10 — — 6.5/20 6.5/20 — 5.0/10 —
11 — 15/20 — — — 4.0/10 —
12 — 6.5/10 — — 1.0/5.0 —
13 3.0/5.0 1.5/2.5 1.5/2.5 1.5/2.5 — 0.5/1.3 5
14 4.5/10 3.0/5.0 3.0/5.0 3.0/5.0 — 1.0/2.5 10.0
15 — — — — 5.5/20 —
16 — 10/20 — — 1.0/5.0 —
17 6.5/10 1.5/2.5 3.0/5.0 2.5/5.0 — 0.5/1.3 10.0
18 — — — — — — —
19 — — — — 0.2/0.3 —
20 — — 10/20 10/20 — — —
21 — — — — 10/20 —
Amphotericin B 0.3/1.3 0.6/2.5 — — — —
Ciprofloxacin 0.1/0.6 0.1/0.6 0.1/1.3 0.3/1.3 —

ICsy is the concentration (pg/mL) that affords 50% inhibition of growth. ICsy < 15 pg/mL is considered active. For compounds that were considered
active (<15 pg/mL), a MIC (minimum inhibitory concentration (ug/mL); lowest tested concentration that allows no detectable growth) was cal-

culated. The screens were run at concentrations of 50, 10, and 2 pg/mL.
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Table 3. Anti-Mtb, anti-HIV-1, anti-malarial, and anti-leishmania data

Compound Mpycobacterium  P. falciparum  P. falciparum Cytotoxicity (Vero) Anti-HIV-1 Leishmania
tuberculosis (D6 clone) (chloroquine-resistant TCso (ng/ml) donovani
?\I/—[Iﬁgl(i:f)g/mu ICsp (ng/mL) W2 clone) ICsq (ng/mL) ECs ECoo ICs ICop
uM) M) (ug/ml) (ug/mL)
2 — 1.1 0.4 — 0.6 — 0.7 1.1
3 >128 2.0 1.3 NC 1.3 8.0 1.7 2.7
4 >128 0.3 1.1 NC 0.5 3.0 0.1 0.2
5 >128 0.4 1.5 NC 10.9 335 1.3 25
6 >128 1.8 3.8 NC 37.7 70.6 4.1 9.5
7 >128 1.8 4.1 NC 2.1 105 14 2.5
8 >128 2.9 NA NC 45.9 954 6.8 12.0
9 >128 33 3.7 NC 4.6 339 17 2.7
10 >128 0.6 0.9 NC 4.0 252 1.6 2.7
11 >128 0.4 0.8 NC 9.9 30.6 1.8 5.5
12 >128 0.6 2.5 NC 2.3 163 1.8 5.0
13 >128 0.3 1.2 NC 3.8 7.1 1.5 2.5
14 >128 0.4 1.3 NC 18.8 664 14 2.6
15 >128 0.4 1.1 NC 16.6 543 6.0 11.0
16 >128 0.2 1.0 NC 9.2 29.1 1.6 2.6
17 >128 0.2 1.0 NC 3.7 69 04 0.7
18 >128 3.0 NA NC >100 >100 26.0 42.0
19 >128 3.0 4.3 NC 52.8  >100 6.2 12.0
20 >128 0.8 1.5 NC 8.2 253 48 10.0
21 41.03 0.3 0.8 NC 33.7 60.1 4.3 9.5
Pentamidine — — — — — — 1.6 3.5
Ampbhotericin B — — — — — — 1.1 2.3
Chlorquine — 0.0165 0.140 — — — — —

1Cso and ICy, are the sample concentrations that kill 50% and 90% cells compared to the solvent controls. For malarial assays, screens were run at
4760, 1587, and 528.8 ng/mL. For Leishmania assays, screens were run at 50, 12.5, and 3.125 pg/mL NA, not active; NT, not tested: NC, not

cytotoxic (4.7 pg/mL).

Compound 19, deviating from the aforementioned pat-
tern, consists of a 17 carbon acyl ester chain with an
unsaturation between C9’ and C10’.

Tuberculosis, malaria, and leishmaniasis. Isoaaptamine
(2) did not show activity against Mycobacterium tuber-
culosis. However, the derivative (21) was active with
1Csq values of 41.03 pg/mL. There was no evident con-
gruence in the derivative structure and the activity
reported.

The activity of isoaaptamine (2, ICsy 0.68 pg/mL) was
more active than both pentamidine (ICsy 1.6 pg/mL)
and amphotericin B (ICso 1.1 pg/mL) against Leishman-
ia donovani. Modification of isoaaptamine (2) resulted in
an increase in activity with the most active derivative 4
(ICsp 0.1 pg/mL) containing a para ethyl-substituted
phenyl ring and 17 (ICso 0.4 pg/mL) containing a para
tert-butyl-substituted phenyl ring. Substitution of a
group longer than two carbons in the para position
decreases the activity against Leishmania. Isoaaptamine
(2) shows remarkable activity against the W2 clone and
mild activity against the D6 clone of P. falciparum prior
to modification (380, 1100 ng/mL, respectively). All
modifications had a negative impact on the activity
against the W2 clone. However, an increase in D6 activ-
ity of many of the derivatives was observed (4, 5, 10-17,
20, and 21) with para substitution on the phenyl ring of
short carbon chains for compounds 4 (ICsy 330 ng/mL),
16 (ICsy 230 ng/mL), and 17 (ICs, 240 ng/mL) being the
most potent. A decrease in activity corresponding to

extension of the chain was also observed. Although
additional derivatives showed activity, no other obvious
patterns were evident.

2.3. Cancer cell cytotoxicity

Isoaaptamine (2) has shown remarkable activity against
a range of different cancer cell lines with activity against
the murine leukemia cell line P388 as low as 0.28 pg/
mL.° All 21 compounds were evaluated against 14 differ-
ent cancer cell lines, many of which can be found in Ta-
ble 4. The compounds found to have broad activity
against the tested cell lines (4, 10, 12-14, 16, 17, 19,
and 20) contained para substituted phenyl rings. Most
notable were the activities of 13 (Glsy 1.66 uM), 14
(Gls5 0.05 uM), and 17 (Gl5¢ 1.9 uM) against the leuke-
mia cell line K-562. Compound 14 was substituted with
a 5 carbon chain at the para position while compounds
13 and 17 were substituted with a 4 carbon chain and a
t-butyl group, respectively. A decrease in activity was
observed with a methyl (16, 5.8 uM) or an ethyl (4,
6.0 uM) substituent at the para position.

The prevalence of para substitution of a phenyl ring at-
tached via an ester linkage to the C9 hydroxyl position
of isoaaptamine (2) appears to be the underlying SAR
evident in the data presented in this paper. The substitu-
ent at the para position determined the selectivity to-
ward the target of interest. Substitution of a phenyl
ester moiety at the C9 position of isoaaptamine (2)
was more effective than the acylation previously
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Table 4. Anti-cancer data
1° Screening Prostate Ovary Breast Melanoma Lung Leukemia Pancreas Colon Cervix
DU-145 IGROV-ET SK-BR3 SK-MEL-28 A549 K-562 PANCI1 LOVO HELA-APL

(uM) (LM) (1M) (uM) (uM) (LM) (uM) (LM) (LM)

3 Gl >28.9 13.8 >28.9 15.9 >28.9 15.0 8.5 104 14.3
TGI >28.9 >28.9 >28.9 >28.9 >28.9 20.2 243 28.9 >28.9

LCsg >28.9 >28.9 >28.9 >28.9 >28.9 27.0 28.9 >28.9 >28.9

4 Glsg 5.4 4.1 7.3 5.3 5.5 6.0 32 43 4.8
TGI 9.2 8.4 14.4 9.1 9.5 9.6 6.6 8.3 8.9

LCs 15.8 17.1 17.8 15.5 16.5 15.3 13.4 16.3 16.5

5 Gl 13.5 9.6 9.4 7.5 9.6 10.0 4.8 5.1 6.9
TGI >28.5 >28.5 20.8 23.2 25.2 14.3 9.3 11.9 17.9

LCs >28.5 >28.5 >28.5 >28.5 >28.5 20.3 18.3 27.6 >28.5

6 Gls 15.8 10.7 9.3 4.8 12.2 7.1 5.1 4.9 10.0
TGI >27.1 >27.1 18.3 9.1 >27.1 11.0 10.8 11.4 27.1

LCs >27.1 >27.1 >27.1 17.1 >27.1 17.1 23.1 26.4 >27.1

7 Glso 6.9 5.7 6.2 49 6.1 8.8 4.6 4.6 5.7
TGI 15.0 10.0 11.0 8.4 12.5 12.5 8.3 8.3 10.8

LCs >27.1 17.4 19.5 14.3 25.4 17.9 15.0 14.9 20.2

8 Gl >30.5 25.7 >30.5 294 >30.5 26.5 14.1 18.1 30.5
TGI >30.5 >30.5 >30.5 >30.5 >30.5 >30.5 >30.5 >30.5 >30.5

LCso >30.5 >30.5 >30.5 >30.5 >30.5 >30.5 >30.5 >30.5 >30.5

9 Gl 8.3 9.2 10.4 5.6 9.6 79 5.4 7.5 6.8
TGI 18.9 18.2 >26.4 9.5 26.4 11.8 9.3 15.2 124

LCsg >26.4 >26.4 >26.4 16.2 >26.4 17.9 16.0 >26.4 22.7

10 Glsg 4.8 3.4 5.0 5.0 5.0 6.4 2.8 3.5 4.5
TGI 8.4 6.8 8.6 8.7 9.0 10.0 6.1 7.0 8.3

LCsg 14.7 13.8 14.8 15.1 16.2 15.6 13.0 13.8 15.2

11 Gls 14.8 10.8 15.8 9.8 >28.9 8.1 53 79 6.6
TGI >28.9 >28.9 >28.9 28.9 >28.9 13.4 9.9 17.6 14.0

LCsg >28.9 >28.9 >28.9 >28.9 >28.9 222 18.4 >28.9 28.9

12 Gl 5.6 44 11.3 42 11.9 2.8 3.1 3.0 3.8
TGI 14,1 9.0 24.0 7.9 >24.0 5.6 6.3 6.2 8.3

LCsg >24.0 18.3 >24.0 15.0 >24.0 11.0 12.9 12.8 17.8

13 Gl 44 8.1 7.3 3.9 4.7 1.7 2.8 29 3.6
TGI 8.0 12.0 11.2 7.4 8.3 43 5.9 5.9 7.0

LCsg 14.4 17.8 17.3 14.0 14.5 9.8 12.4 12.2 13.6

14 Gls 3.8 29 6.5 3.0 4.5 0.1 1.1 1.5 1.0
TGI 7.6 6.1 10.1 6.0 8.0 0.5 3.7 4.5 3.3

LCsg 15.5 12.6 15.8 12.0 14.3 1.1 9.6 10.8 9.2

15 Gls >27.1 16.2 21.9 10.5 27.1 3.6 6.0 9.4 13.9
TGI >27.1 >27.1 >27.1 27.1 >27.1 7.5 134 27.1 >27.1

LCsg >27.1 >27.1 >27.1 >27.1 >27.1 15.5 >27.1 >27.1 >27.1

16 Gl 6.2 5.8 6.5 49 5.8 5.8 3.8 34 4.8
TGI 10.7 10.5 10.7 8.8 10.8 9.6 7.6 6.9 8.9

LCsg 18.6 18.9 17.8 15.6 20.3 15.9 14.8 14.0 16.6

17 Gl 49 4.3 5.8 4.8 49 1.9 2.8 3.2 4.7
TGI 8.7 79 9.5 8.4 8.6 42 6.0 6.5 8.2

LCsg 15.0 14.6 15.5 14.5 15.0 9.6 12.4 13.1 14.4

18 Gl >30.7 23.2 >30.7 27.0 28.2 >30.7 16.8 12.3 30.7
TGI >30.7 >30.7 >30.7 >30.7 >30.7 >30.7 >30.7 >30.7 >30.7

LCsg >30.7 >30.7 >30.7 >30.7 >30.7 >30.7 >30.7 >30.7 >30.7

(continued on next page)
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Table 4 (continued)

1° Screening Prostate Ovary Breast Melanoma Lung Leukemia Pancreas Colon Cervix
DU-145 IGROV-ET SK-BR3 SK-MEL-28 A549 K-562 PANCI1 LOVO HELA-APL
(M) (HM) (1M) (uM) (1M) (1M) (M) (M) (LM)
19 Gls 3.6 9.1 5.6 3.7 7.4 5.7 3.1 32 3.6
TGI 6.4 >20.3 10.2 6.5 20.3 8.6 5.8 5.9 6.6
LCso 11.3 >20.3 18.4 11.4 >20.3 13.0 10.8 10.9 11.9
20 Gls 9.1 4.9 6.9 4.8 6.1 44 44 4.5 4.9
TGI 24.3 8.9 12.1 8.7 10.9 8.0 8.3 8.1 8.9
LCso >28.0 16.2 21.1 15.5 19.3 14.6 15.6 14.6 16.3
21 Glsg 19.5 11.0 >27.6 6.1 20.8 6.7 5.2 5.0 5.7
TGI >27.6 25.6 >27.6 11.5 >27.6 12.6 10.5 9.4 10.4
LCs >27.6 >27.6 >27.6 21.6 >27.6 23.8 21.2 17.7 18.9

Gls; is the concentration at which 50% growth inhibition was observed. TGI is the concentration at which total growth inhibition was observed.

LCs is the lethal concentration at which 50% cell death occurred.

reported at this position by Shen et al. A further point of
observation reveals the congruence of the attachment of
para substituted cyclic moieties in this group of com-
pounds with and overall increase in activity. This obser-
vation reflects the results found in the present study and
those previously published by Pettit et al.

In conclusion, this is the first reported SAR investiga-
tion for anti-HIV-1 activity of the aaptamine alkaloids
thus far. In addition, we are now able to report several
optimized potential antitumor (12-14, and 17) and
anti-infective leads (4, 13, 14, 17, and 19), suggesting
that further investigations of this class of marine natural
products maybe fruitful. Natural products have been
credited with as many as 75% of the treatments of infec-
tious diseases and 60% of treatments for cancer.?> How-
ever only 5-6% represent the unmodified natural
product indicating the importance of optimizing novel

Table 5. 'H and '*C NMR spectral data for compounds 3, 4, and 5

marine natural product structural classes with reason-
able drug-like properties.

3. Experimental
3.1. General

1D and 2D NMR spectra were recorded on a Bruker
Avance DRX-400 spectrometer. Chemical shift (J)
values expressed in parts per million (ppm) are refer-
enced to the residual solvent signals with resonances
at Joy/doc 7.26/77.00 (CDCl;3). ESI-FTMS analyses
were measured on a Bruker-Magnex BioAPEX 30es
ion cyclotron HR HPLC-FT spectrometer by direct
injection into an electrospray interface. TLC was per-
formed on aluminum sheets (Si gel 60 F,s4, Merck
KGaA, Germany) with an acetone/hexane (80:20) sol-

Position 3 4 5

On dc On dc On dc
2 6.9, brd 133.6, d 7.2, d(7.6) 130.1, d 6.9, d(6.8) 133.2,d
3 6.8, brd 100.9, d 6.4, d(7.2) 101.5, d 6.8, brd 113.3,d
3a 148.9, s 151.9, s 146.1, s
5 7.5, brd 147.2, d 7.9, d(7.2) 148.1, d 7.5, d(6.4) 146.1, d
6 73, brd 113.5,d 7.7, d(7.2) 113.6, d 7.5, d(6.4) 116.4, d
6a 136.3, s 1364, s 136.6, s
7 6.8, brs 100.3, d 7.0, s 98.8, d 6.8, s 99.9, d
8 157.2, s 157.9, s 156.7, s
9 126.9, s 1244, s 134.7, s
9a 124.0, s 127.3, s 124.3, s
9b 117.8, s 117.6, s 1179, s
NCH; 3.8, s 454, q 4.0, s 44.8, q 39, s 45.0, q
OCHj; 39,s 56.8, q 39,s 56.2, q 39,s 56.6, q
1 1654, s 164.9, s 164.0, s
2! 134.9, s 125.6, s 123.3, s
3/ 141.9, s 8.1, d(8) 1304, d 8.2, brd 133.1,d
4’ 7.1, brd 130.9,d 7.46, d(8) 128.3,d 7.2, brd 114.5, d
5 7.5, brd 132.2,d 149.1, s 167.8, s
6 73, brd 126.3, d 7.46, d(8) 128.3,d 7.2, brd 114.5, d
7' 8.1, d(7.6) 131.5,d 8.1, d(8) 1304, d 8.2, brd 133.1, d
8’ 2.6, s 21.8, q 2.7, q(7.6) 28.6, t F
9’ 1.3, t(7.6) 14.3, t

Measured in CDCl; at 400 MHz for 'H and 100 MHz for '*C, respectively. J values in Hz.
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vent system. All acyl halides were purchased from
Sigma-Aldrich, USA.

Isoaaptamine (2) (150 mg, 0.657 mmol) was dissolved in
dry methylene chloride (2 mL) at 0 °C, 0.5 mL of tri-eth-
yl amine was added, and the reaction mixture was stir-
red for 30 min. An excess of the acyl halide was added
dropwise over a period of 15 min. The reaction was al-
lowed to stir at 0 °C for 30 min, slowly warmed to room

Table 6. 'H and '*C NMR spectral data for compounds 6, 7, and 8

temperature, and the progress was monitored on TLC.
The reaction was stopped when the TLC showed the
reaction was completed (2-24 h). The residue was frac-
tionated on silica gel G254 2000 um using MeOH/
CHCIl; (80:20) and yielded products of various colors
for compounds 3-21.

3.1.1. 9-0-2-methylbenzoylisoaaptamine (3). Brownish
amorphous solid; '"H and *C NMR (CDCl5) data see

Position 6 7 8
On dc On dc On e

2 7.5, d(8) 124.6, d 7.3, brd 123.0, d 7.3, brd 130.0, d
3 6.8, brd 113.5,d 53,brd 113.5,d 6.7, brd 101.1, d
3a 149.0, s 156.7, s 148.7, s
5 79, brd 127.5, d 7.0, br d 123.3,d 7.6, d(5.2) 1474, d
6 7.3, brd 118.3, d 6.8, brd 118.9, d 6.9, d(5.2) 113.3,d
6a 136.8, s 148.9, s 135.7, s
7 6.8, s 100.5, d 6.8, s 100.6, d 6.8, s 99.7, d
8 156.7, s 156.9, s 153.8, s
9 134.6, s 136.6, s 135.0, s
9a 118.5, s 1344, s 125.1, s
9b 100.9, s 118.2, s 117.6, s
NCH; 39, s 452, q 39,s 45.1, q 39,s 453, q
OCHj; 39, s 56.8, q 38, s 56.8, q 39,s 56.8, q
1 161.7, s 161.6, s 427, t
2/ 1177, s 118.7, d 34,brq 14.1, q
3/ 79, brd 123.2,d 7.8,s 157.1, ,s 1.2, t(6.8) 423, t
4/ 7.0, brt 123.1,d 119.1,d 34,brq 133, q
5 7.1, brd 1184, d 7.0, br d 117.5,d 1.3, t(6.8)
6’ 146.6, s 7.0, brd 158.8, s
7' 1499, s N

Measured in CDCl; at 400 MHz for 'H and 100 MHz for "3C, respectively. J values in Hz.

Table 7. 'H and '*C NMR spectral data for compounds 9, 10, and 11
Position 9 10 11

On dc On e On dc

2 7.3, d(7.2) 128.8, d 7.4, d(7) 128.6, d 6.7, br d 131.8, d
3 7.3, brd 1134, d 6.8, d(7) 101.1, d 6.5, brd 101.1, d
3a 148.8, s 148.7, s 148.7, s
5 7.5, d(7.6) 1289, d 7.6, brd 130.1, d 7.3, brd 1477, d
6 7.3, brd 125.2,d 7.1, d(6) 113.5,d 7.3, brd 113.5,d
6a 134.9, s 1364, s 136.2, s
7 6.7, s 101.3,d 6.8, s 100.1, d 6.8, s 100.1, d
8 157.2, s 157.3, s 157.0, s
9 134.3, s 134.8, s 134.6, s
9a 126.5, s 123.9, s 123.8, s
9b 117.7, s 117.6, s 117.5, s
NCH; 37, s 4477, q 39, s 45.6, q 37, s 45.5,q
OCHj; 39, s 56.1, q 39,s 56.9, q 37, s 57.0, q
1 4.0, s 168.3, s 1644, s 165.0, s
2! 46.4, t 127.8, s 127.9, s
3/ 7.3, brd 136.3, s 8.2, d(8) 130.9, d 7.8, brd 127.7, d
4/ 7.2, brt 128.5, d 7.6, d(8) 129.1, d 7.4, brt 128.9, d
5 7.1, 1(6.8) 128.7, d 144.0, s 7.4, brd 135.2,d
6 7.2, brt 127.7, d 7.6, d(8) 129.1, d 138.9, s
7' 7.3, brd 128.7, d 8.2 d(8) 130.9, d 7.8, s 131.0, d
8’ 1284, d 47, s 452, t 23,8 21.2, q
9’ Cl

Measured in CDCl; at 400 MHz for 'H and 100 MHz for '>C, respectively. J values in Hz.
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Table 8. 'H and '*C NMR spectral data for compounds 12, 13, and 14

Position 12 13 14

2 7.2, brd 119.8, d 7.0, d(5.6) 127.8, d 7.0, d(7.2) 131.8, d
3 6.8, brd 100.6, d 6.8, d(5.6) 103.5, d 6.8, brd 1134,d
3a 136.6, s 150.8, s 150.3, s
5 7.5, brd 131.6, d 8.0, br d 1444, d 7.5, d(6.8) 147.1, d
6 7.5, brd 113.5,d 7.2, d(6.8) 1134, d 74, brd 127.8, d
6a 126.3, s 136.8, s 136.1, s
7 6.8, s 100.6, d 6.6, s 98.6, d 6.8, s 100.7, d
8 153.7, s 156.2, s 156.9, s
9 1349, s 1349, s 134.5, s
9a 118.9, s 123.0, s 123.6, s
9b 117.9, s 118.8, s 117.5, s
NCH; 39, s 45.5,q 37, s 447, q 39,s 453, q
OCHj3; 39, s 56.8, q 38, s 56.4, q 39, s 56.8, q
1 157.1, s 165.2, s 164.9, s
2/ 123.7, s 125.8, s 1254, s
3’ 8.2, d(6.8) 132.7,d 8.1, d(8) 130.6, d 8.1, d(7.6) 130.6, d
4/ 7.4, d(7.2) 120.7, d 7.3, d(8) 129.0, d 7.3,brd 129.0, d
5 163.8, s 150.1, s 148.9, s
6 7.4, d(7.2) 120.7, d 7.3, d(8) 129.0, d 7.3,brd 129.0, d
7 8.2, d(6.8) 132.7,d 8.1, d(8) 130.6, d 8.1, d(7.6) 130.6, d
8’ 2.7, t(7.6) 35.8, t 2.7, t(8) 36.0, t
9’ 1.6, m(7.6) 332, t 1.7, br m 314, t
10 1.4, m(7.6) 22.3,t 1.3, br m 30.7, t
1’ 0.9, t(7.6) 139, q 1.3, br m 22.4,t
12 09, brt 139, t

Measured in CDCl; at 400 MHz for 'H and 100 MHz for '*C, respectively. J values in Hz.
Table 9. 'H and '3C NMR spectral data for compounds 15, 16, and 17
Position 15 16 17
on dc on oc on dc

2 7.1, brd 1314, d 6.9, d(6) 132.1,d 7.0,brd 131.5,d
3 6.8, brd 101.0, d 6.8, d(6) 101.2,d 6.8, brd 1134,d
3a 149.2, s 1494, s 149.2, s
5 7.6, d(6) 147.0, d 8.0, d(7.6) 146.4, d 7.5,brd 147.0, d
6 7.5, brd 118.3,d 7.2, d(7.6) 1134, d 7.5, brd 124.8, d
6a 136.7, s 135.5, s 136.5, s
7 6.8, s 101.0, d 6.7, s 101.1,d 6.8, s 100.7, d
8 151.6, s 157.2, s 158.5, s
9 135.0, s 135.0, s 135.0, s
9a 1238, s 1239, s 124.0, s
9b 1179, s 118.1, s 118.0, s
NCH; 39, s 45.3,q 38, s 454, q 39, s 45.5, q
OCHj; 39,s 56.8, q 39, s 56.7, q 39,s 56.8, q
Iy 163.2, s 164.9, s 164.9, s
2/ 125.0, s 125.3, s 125.2, s
3’ 8.0, brd 127.8,d 8.1, d(8) 130.5, d 8.1, d(8) 130.5, d
4/ 7.4, dd(8) 113.6,d 7.3, d(8) 129.7,d 7.6, d(8) 126.0, d
5 157.2, s 1455, s 157.3, s
6 149.0, s 7.3, d(8) 129.7,d 7.6, d(8) 126.0, d
7 8.0, brd 118.1,d 8.1, d(8) 130.5, d 8.1, d(8) 130.5, d
8’ 2.5,s 21.8, q 35.3,s
9’ 14,s 31.0, q
10’ 14,s 31.0,q
1’ 14,s 31.0, q

Measured in CDCl; at 400 MHz for 'H and 100 MHz for '*C, respectively. J values in Hz.
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Table 5; ESI-MS m/z 347 (M™, 100). High resolution EI-
MS calculated for Co;H;sN>,O3 (M) mi/z 347.1396, ob-
served mi/z 347.1396.

3.1.2.9-0O-4-ethylbenzoylisoaaptamine (4). Brownish pow-
der; "H and '*C NMR (CDCls) data see Table 5; ESI-MS
mlz 361 (M*, 100). High resolution EI-MS calculated for
C2H0N,O05 (M¥) m/z 361.1552, observed m/z 361.1551.

3.1.3. 9-O-4-fluorobenzoylisoaaptamine (5). Yellow
amorphous solid; '"H and '*C NMR (CDCl;) data see
Table 5; ESI-MS m/z 351 (M™, 100). High resolution
EI-MS calculated for C,yoH;sN,OsF (M") m/z
351.1145, observed mi/z 351.1145.

3.14. 9-0-2,3-diﬂu0r0benzo?'lisoaaptamine (6). Brownish
amorphous solid; "H and *C NMR (CDCl;) data see
Table 6; ESI-MS m/z 369 (M™", 100). High resolution
EI-MS calculated for C2()H 14N203F2 (M+) mlz
369.1051, observed m/z 369.1059.

3.1.5. 9-0-2,5-difluorobenzoylisoaaptamine (7). Reddish
brown amorphous solid; '"H and '*C NMR (CDCl,)
data see Table 6; ESI-MS m/z 369 (M™, 100). High res-
olution EI-MS calculated for CooH 4N,O3F, (M") m/z
369.1051, observed m/z 369.1054.

Table 10. 'H and '*C NMR spectral data for compounds 18, 19, and 20

3.1.6. 9-O-diethylcarbamoylisoaaptamine (8). Dark red
amorphous solid; '"H and '*C NMR (CDCl;) data see
Table 6; ESI-MS m/z 328 (M*, 100). High resolution
EI-MS calculated for C;sH,N3;O3; (M™) m/z 328.1661,
observed m/z 328.1653.

3.1.7. 9-0-2-(thiophenyl)acet‘ylisoaaptamine (9). Green-
ish black amorphous solid; "H and '*C NMR (CDCl;)
data see Table 7; ESI-MS m/z 379 (M™, 100). High res-
olution EI-MS calculated for C, H;gN,O3S (M) m/z
379.1116, observed m/z 379.1113.

3.1.8. 9-O-4-chloromethylbenzoyl isoaaptamine (10).
Dark yellow amorphous solid; '"H and '*C NMR
(CDCls) data see Table 7; ESI-MS m/z 381 (M™, 100).
High resolution EI-MS calculated for C,H;;,N,0O;Cl
(M™) m/z 381.1006, observed m/z 381.1000.

3.1.9. 9-0-3-meth?flbenzoylisoaaptamine (11). Brown
amorphous solid; 'H and '*C NMR (CDCl;) data see
Table 7; ESI-MS m/z 347 (M™, 100). High resolution
EI-MS calculated for C,H;sN>O3 (M™) m/z 347.1396,
observed m/z 347.1391.

3.1.10. 9-O-4-trifluoromethoxybenzoylisoaaptamine (12).
Yellowish brown amorphous solid; '"H and '*C NMR

Position 18 19 20

2 6.9, d(6.8) 130.0, d 7.4, d(7.2) 130.0, d 7.8, d(6.4) 131.7,d
3 6.7, d(6.8) 101.2,d 7.1, d(7.2) 113.3,d 6.8, d(6.4) 113.6,d
3a 148.5, s 148.8, s 150.5, s
5 7.6, d(7.2) 147.6, d 7.5, d(6.8) 147.2, d 7.7, d(7.6) 1447, d
6 7.3, brd 113.3,d 6.8, brd 129.6, d 7.0, d(7.6) 129.9, d
6a 135.6, s 136.0, s 135.0, s
7 6.8, s 99.6, d 6.8, s 100.6, d 6.7, s 9.1, d
8 152.6, s 156.7, s 156.1, s
9 134.8, s 123.7, s 132.1, s
9a 124.8, s 134.3, s 122.8, s
9b 1174, s 117.5, s 117.6, s
NCH; 39.s 455, q 4.0, s 452, q 3.7,s 44.8, q
OCHj; 39, s 57.0, q 39, s 56.7, q 39,s 56.6, q
1 158.0, s 172.0, s 163.7, s
2/ 3.5, brt 46.9, t 2.6, 1(7.2) 339, t 137.2, s
3’ 2.0, br m 249, t 1.8, brm 24.6, t 8.3, d(8) 131.0, d
4/ 2.0, br m 25.8, t 1.3, br m 29.0, t 7.9, d(8) 132.8, d
5 35 brt 46.8, t 1.3, brm 29.2, t 118.7, s
6 1.3, br m 29.7, t 7.9, d(8) 132.8, d
7' 1.3, brm 29.2, t 8.3, d(8) 131.0, d
8/ 2.0, br q 27.1, t 1177, s
9’ 54, brq 129.7, d

10’ 5.4, br q 129.8, d

11 2.0, br q 27.1, t

12’ 1.3, br m 29.2, t

13/ 1.3, brm 294, t

14/ 1.3, br m 29.6, t

15’ 1.3, brm 29.1, t

16’ 1.3, brm 31.8,t

17" 1.3, brm 22.6, t

18’ 09, brt 14.1, q

Measured in CDCl; at 400 MHz for 'H and 100 MHz for '*C, respectively. J values in Hz.
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(CDCls) data see Table 8; ESI-MS m/z 417 (M™, 100).
High resolution EI-MS calculated for C, H5N,O4F;
(M™) m/z 417.1062, observed m/z 417.1069.

3.1.11. 9-O-4-butylbenzoylisoaaptamine (13). Brown
amorphous solid; '"H and '*C NMR (CDCl5) data see
Table 8; ESI-MS m/z 389 (M*, 100). High resolution
EI-MS calculated for C,4H»4N,05 (M™¥) m/z 389.1865,
observed m/z 389.1875.

3.1.12. 9-O-4-pentylbenzoylisoaaptamine (14). Brown
amorphous solid; "H and '*C NMR (CDCl5) data see
Table 8; ESI-MS m/z 403 (M*, 100). High resolution
EI-MS calculated for C,sH,6N,O5 (M™Y) m/z 403.2022,
observed m/z 403.2009.

3.1.13. 9-0-3 4-difluorobenzoylisoaaptamine (15). Green-
ish powder; 'H and '>C NMR (CDCl;) data see Table 9;
ESI-MS m/z 369 (M*, 100). High resolution EI-MS cal-
culated for CooH4N,O5F> (M™) m/z 369.1051, observed
mlz 369.1065.

3.1.14. 9-O-4-methylbenzoylisoaaptamine (16). Brown
amorphous solid; '"H and '*C NMR (CDCl5) data see
Table 9; ESI-MS m/z 347 (M*, 100). High resolution
EI-MS calculated for C,;H;sN,O5; (M™) m/z 347.1396,
observed m/z 347.1378.

3.1.15. 9-O-4-tert-butylbenzoylisoaaptamine (17). brown
amorphous solid; '"H and '*C NMR (CDCl5) data see
Table 9; ESI-MS m/z 389 (M*, 100). High resolution
EI-MS calculated for C,4H,4N,O5 (M™) m/z 389.1865,
observed m/z 389.1877.

3.1.16. 9-0—1-(Pyrrolidine)carbonylisoaaptamine (18).
Pale orange oil; 'H and '>°C NMR (CDCl5) data see Ta-
ble 10; ESI-MS m/z 326 (M, 100). High resolution EI-
MS calculated for C;sH;9oN3O05 (M™*) m/z 326.1505, ob-
served m/z 326.1501.

3.1.17. 9-O-Z-oleoylisoaaptamine (19). Brown amor-
phous solid; 'H and '*C NMR (CDCl5) data see Table
10; ESI-MS m/z 493 (M*, 100). High resolution EI-
MS calculated for Cs3;H44N>O5 (M) m/z 493.3430, ob-
served m/z 493.3412.

3.1.18. 9-0O-4-cyanobenzoylisoaaptamine (20). Brownish
amorphous solid; '"H and '*C NMR (CDCl;) data see
Table 10; ESI-MS m/z 358 (M, 100). High resolution
EI-MS calculated for C,;H;sN;O; (M™) m/z 358.1192,
observed m/z 358.1192.

3.1.19. 9-0—3-meth0xybenzo;'lisoaaptamine (21). Brown
amorphous solid; '"H and 'C NMR (CDCl5) data see
Table 11; ESI-MS m/z 363 (M, 100). High resolution
EI-MS calculated for C,;H;sN,O, (M™) m/z 363.1219,
observed m/z 363.1224.
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