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Ten new halogenated alkaloids named purpuroines A–J (1–10), and a known analogue (11), were isolated
from the marine sponge Iotrochota purpurea. Their structures were elucidated by extensive spectroscopic
(IR, MS, 1D and 2D NMR) data analyses. The inhibitory activity of some compounds against a panel of
human disease related fungi and bacteria are evaluated. Bioassay for the regulation of tyrosine kinases
revealed compounds 1 and 4 possessing selective inhibition against the kinase LCK. Primary structure–
activity relationship is discussed.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Since the first halogenated secondary metabolite diiodotyrosine
was isolated from the coral Gorgonia cavolii,1 more than 300
bromotyrosine-derived natural products with a rich variety of
chemical structures from marine organisms have been reported.
These typical marine natural products are postulated to be gener-
ated via vanadium bromoperoxidases to incorporate bromine
atom.2–4 The chemo-ecological study revealed that the bromotyro-
sine-derived products exhibit chemical defense activity, such as the
evidence that aerophobin-2 in the sponge Aplysina aerophoba is able
to convert to verongiaquinol which contributes its cytotoxic activ-
ity against predators and to yield free radicals in the water sur-
rounding the sponge to shield the sponge from predation or
attack.5 Consistent with the role as defensive effects, bromotyro-
sine-derived products exhibit a range of biological activities,
including antitumor,6 antiviral,7 antifouling,8 antifungal and anti-
bacterial,9–11 and anti-inflammatory effects.12 Bromotyrosine-
derived metabolites are even regarded as the chemical markers
for taxonomic study of species in the order Verongida,13 but this
assumption is argued by the isolation of the related halogenated
analogues from the sponge Iotrochota birotulata (order Poeciloscle-
rida).14 Our previous examination of I. baculofera also resulted in
ll rights reserved.
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the isolation of a diverse array of tyrosine-based alkaloids baculife-
rins, which showed potent Vif and APOBEC3G targeted anti-HIV
activity.15 In present work, a HPLC-ESIMS guiding fractionation of
the sponge I. purpurea conducted to reveal the H2O soluble fraction
containing diverse brominated components, which are never exam-
ined in previous work. Further chemical examination resulted in
the isolation of eleven polyhalogenated alkaloids, which are evalu-
ated for antibiotic and anti-kinase activities.

2. Results and discussion

2.1. Chemistry

Repeated column chromatography including Sephadex LH-20
and reversed-phase HPLC separation of n-BuOH soluble fraction
from the EtOH extract of the sponge I. purpurea led to the isolation
of 11 halogenated amino acids with trimethyl ammonium substi-
tuents (1–11) (Fig. 1), including a known analogue which was iden-
tified as O-methyl-N-trimethyl-3,5-dibromotyrosine (11).16

Purpuroine A (1) was obtained as a colorless amorphous. The
ESIMS spectrum exhibited typical pseudomolecular ion peaks at
m/z 472, 474, 476, 478 with the ratio of 1:3:3:1, containing three
bromine atoms. Its molecular formula (C13H16Br3NO3) was deter-
mined by the HRESIMS data (m/z 471.8745 [M+H]+, Calcd
471.8759), requiring five degrees of unsaturation. The IR adsorp-
tion at 1680 cm�1 in association with the 13C NMR data at dC
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Figure 1. Structures of purpuroines A–J (1–10) and known analogue 11.
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166.9 suggested the presence of a carboxyl group. The 13C NMR
and APT spectra (Table 2) disclosed a total of nine resonances,
which were attributed to four aromatic carbons, a carbonyl carbon,
two methylene carbons, a sp3 methine, and a methyl carbon. The
COSY cross-peaks connected the alkyl signals to form a propane
unit C7–C9, while HMQC relationship assigned the methylene C-7
(dC 72.0) to be oxygenated. The integration of a methyl singlet at
dH 3.16 (s, 9H) in 1H NMR spectrum was characteristic of a tri-
methyl ammonium group,17 while its position at C-9 was deter-
mined on the basis of the methyl protons correlated to C-9 (dC

74.8) in HMBC. Additional HMBC correlations from H2-8 (dH 2.20,
2.41, m) and H-9 (dH 3.58, dd, J = 2.3, 11.3 Hz) to a carbonyl carbon
at dC 166.9 in association with above NMR data disclosed a N-trim-
ethylhomoserine. Moreover, two duplicated aromatic protons dH

7.95 (s, 2H) correlated to four aromatic carbons at dC 119.1 (C-2
C-6), 117.8 (C-4), 152.9 (C-1), and 135.5 (C-3, C-5) indicated a sym-
metrically substituted phenyl ring. Because the molecule contains
three Br atoms, two possible substitutions involving a 2,4,6-tribro-
minated or 3,4,5-tribrominated phenyl ring are depicted. The ab-
sence of NOE interaction between aromatic protons and H2-7 (dH

4.12, 4.00) and the typical downfield shifted aromatic methines
conducted to assign a 2,4,6-tribromophenyl unit. The connectivity
of the phenyl ring to homoserine via ether bond across C-7 and C-1
was evident from the HMBC cross-peak between H2-7 and C-1. Be-
cause all N-trimethyl-D-homoserine derivatives such as nakirodin
A17 show positive sign of specific rotation, the positive sign at
½a�20

D +10.8 (c 0.24, MeOH) of 1 and the similar CD effects (De
+0.11 (215 nm), De �0.07 (204 nm)) indicated the absolute config-
uration of C-9 to be R.

The molecular formula of purpuroine B (2) was determined as
C13H17Br2NO3 on the basis of the HRESIMS data (m/z 415.9461
[M+Na]+, Calcd 415.9473), while the molecular ions at m/z 416,
418, and 420 with the ratio of 1:2:1 confirmed two Br atoms in
the molecule. Comparison of NMR data (Tables 1 and 2) ascer-
tained that 2 is a 6-debrominated analogue of 1. This assignment
was confirmed by the presence of an aromatic ABX spin system
at dH 7.81(1H, d, J = 2.1 Hz, H-3), 7.54 (1H, dd, J = 2.1, 8.7 Hz, H-
5), and 7.08 (1H, d, J = 8.7 Hz, H-6) and the NOE interaction
Table 1
1H NMR data of 1–5 (DMSO-d6)

No. 1 2 3

3 7.95, s 7.81,d(2.1) 7.83,s
5 7.95, s 7.54,dd(8.7,2.1) 7.83,s
6 7.08,d(8.7)
7 4.12, dd(15.8,8.4)

4.00,ddd(13.8,8.7,5.0)
4.17, m 4.14,m

4.04,d
8 2.41, m

2.20, m
2.37,m
2.07,m

2.37,m
2.15,m

9 3.58, dd(11.3,2.3) 3.55, br d (10.5) 3.57,d
N-(Me)3 3.16, s 3.16,s 3.15,s
between H-6 and H2-7 (4.17, t). The configuration of C-9 in 2 is
the same as that of 1 due to the same sign of specific rotation
and similar CD effects.

Purpuroine C (3) exhibited a cluster of pseudomolecular ion
peaks at m/z 406, 408, 410, 412 [M+Na]+ with the ratio of
9:15:6:1 in ESIMS, requiring one Br and two Cl atoms in the mol-
ecule. The HRESIMS data (m/z 405.9584 [M+Na]+, Calcd
405.9588) was in accordance with the molecular formula of
C13H16BrCl2NO3. The NMR data of 3 indicated the presence of a
N-trimethylhomoserine unit, and a symmetrically substituted phe-
nyl ring due to the duplicated aromatic protons at dH 7.83 (s, 2H).
The aromatic protons were assigned to H-3 and H-5 rather than
H-2 and H-6 based on the absence of their NOE interactions with
H2-7. The HMBC interaction between H2-7 and C-1 (dC 151.0)
confirmed an ether bond connected C-1 and C-7. Thus, C-2 and
C-6 were substituted by Cl atoms, whereas C-4 was positioned
by Br atom.

The NMR spectroscopic data of purpuroine D (4) (Tables 1 and
2) indicated it shares a N-trimethylhomoserine unit of 1, while
the difference was attributed to the aromatic substitution. The
ESIMS displayed pseudomolecular ions at m/z 520, 522 and 524
with the ratio of 1:2:1 isotopic distribution, indicating the presence
of two Br atoms. The HRESIMS (m/z 519.8608, Calcd 519.8620) and
NMR data established its molecular formula of C13H16Br2INO3. In
1H NMR spectrum, the meta-coupling aromatic protons at dH 7.95
(d, J = 2.1 Hz, H-3) and 8.06 (d, J = 2.1 Hz, H-5) disclosed an asym-
metrical substitution in phenyl ring. An ether bond across C-7
and C-1 was determined by the HMBC correlation between H2-7
and C-1. The absence of NOE interaction between aromatic protons
and H2-7 suggested the positions of the aromatic protons at H-3
and H-5. Thus, the halogen atoms are assumed to be as 2,4-dibro-
mo-6-iodo substitution. The typical upfield of iodo-substituted
carbon C-6 (dC 95.3) and the HMBC correlation between C-6 and
H-5 without the correlation between H-3 and C-6 further sup-
ported the location of halogen atoms.

The NMR data of purpuroine E (5) are closely related to 4,
whereas its HRESIMS data (m/z 427.9251([M+H]+, Cacld
427.9264) provided the molecular formula (C13H16Br2ClNO3)
which contains a Cl atom instead of I atom of the latter compound.
Analyses of 2D NMR revealed the structure of 5 differed from 4 due
to the substituent at C-6 of 5 to be resided by a Cl atom. This
assignment was evidenced by the chemical shift of C-6 (dC 129.7)
appearing more downfield than that of 4.

The absolute configuration of C-9 in 2�5 was determined as R
on the basis of the same sign of specific rotation and similar CD
effects as those of 1.

The molecular formula of purpuroine F (6) was determined as
C13H17I2NO3 by HRESIMS (m/z 489.9366 [M+H]+, Calcd 489.9376)
and NMR data, indicating five degrees of unsaturation. The 1H
and 13C NMR data (Tables 2 and 3) disclosed 6 to be a tyrosine
derivative, closely related to the known analogs isolated from the
sponge Pseudoceratina crassa.13 The methyl singlet at d 3.14 (9H,
4 5

7.95,d(2.1) 7.93,d(2.2)
8.06,d(2.1) 7.85,d(2.2)

dd(13.6,8.7,4.9)
4.08,dd(15.2,8.3)
3.96,ddd(14.2,9.1,5.4)

4.13,dd(16.2,8.0)
4.02,ddd(13.5,8.6,5.0)

2.41,m
2.25,m

2.40,m
2.19,m

d(11.1,2.4) 3.59,br d(10.3) 3.58,dd(11.3,2.0)
3.17,s 3.16,s



Table 2
13C NMR data of 1–9 (DMSO-d6)

No. 1 2 3 4 5 6 7 8 9

1 152.9 154.6 151.0 155.4 152.0 138.1 132.9 137.9 132.7
2 119.1 112.8 129.9 117.4 119.4 140.7 140.1 139.8 138.5
3 135.3 135.1 132.1 136.0 134.7 91.4 87.6 115.7 111.1
4 117.8 112.6 116.8 118.2 117.3 157.3 154.9 154.8 154.9
5 135.1 132.2 132.1 140.8 132.7 91.4 87.6 93.1 90.8
6 119.1 115.9 129.9 95.3 129.7 140.7 140.1 134.8 133.7
7 72.0 67.1 72.1 71.8 72.1 31.4 31.2 31.7 31.5
8 28.2 27.5 28.3 28.2 28.2 79.1 79.4 79.1 79.8
9 74.8 75.0 74.9 74.7 74.8 166.4 166.9 166.3 167.2

10 166.9 167.2 166.9 166.9 166.9
N(Me)3 51.1 51.2 51.2 51.2 51.2 51.4 51.4 51.4 51.5

60.6 60.6

Table 3
1H NMR data of 6–9

Position 6 7 8 9

2 7.73, s 7.60, s 7.73, s 7.46, s
6 7.73, s 7.60, s 7.56, s 7.29, s
7 3.10, br d (12.1)

2.89, t (12.1)
3.02, br d (11.5)
2.83, t (11.5)

3.11, br d (12.1)
2.92, t (12.1)

2.99, br d (11.1)
2.81, t (11.1)

8 3.61 br d (12.1) 3.60, br d (11.5) 3.62, br d (12.1) 3.58, br d (11.1)
N(Me)3 3.14, s 3.14, s 3.15, s 3.13, s
OMe 3.72, s 3.75, s

Table 4
Antimicrobial activities of compoundsa

Compounds IC50 (lg/mL)

S. pneumonia C. albicans A. fumigates

1 NA NA 28.58 ± 0.52
3 NA NA 26.07 ± 0.55
4 NA 19.03 ± 0.12 25.56 ± 0.44
9 18.06 ± 0.76 NA NA
Ampicillin 0.38 ± 0.029 NT NT
Amphotericin B NT 4.26 ± 0.14 3.27 ± 0.16

a Compounds 2, 5–7, 9 and 10 were inactive at concentration of 20 lg/ml;
NA = no active; NT = no test.
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s) as observed in 1–5 was attributed to a trimethyl ammonium
unit, which was deduced to be positioned at C-8 on the basis of
the HMBC correlation. The duplicated aromatic singlet at d 7.73
(2H, s) was assigned to H-2 and H-6 according to their correlation
with the methylene carbon C-7 (d 31.4), indicating a symmetrical
substitution in aromatic ring. A methoxy group was positioned at
C-4 on the basis of the HMBC relationship between the methyl pro-
tons (d 3.72, s) and C-4 (d 157.3). Thus, positions C-3 and C-5 are
substituted by iodine atoms.

The structure of purpuroine G (7) was determined as an ana-
logue of 6 with OH-4 substitution based on the absence of methoxy
group and the molecular formula (C12H15I2NO3) to be 14 amu less
than that of 6.

The NMR data (Tables 2 and 3) indicated the differences of pur-
puroine H (8) and 6 are in the substituents at aromatic ring. The
molecular formula of 8 was determined as C13H17BrINO3 on the ba-
sis of HRESIMS (m/z 441.9502 [M+H]+, Calcd 441.9515) and NMR
data, containing a bromine and an iodine atom. The 1H NMR spec-
trum exhibited two meta-coupled aromatic protons at d 7.73 (br)
and d 7.56 (br), while their correlation with C-7 in HMBC con-
ducted to assign the positions of the aromatic protons as H-2 and
H-6. Additional HMBC interactions from the aromatic protons
and methoxy protons to a carbon at d 154.8 led to the assignment
of methoxy group at C-4. Thus C-3 and C-5 must be substituted by
Br and I atom, respectively.

The structure of purpuroine I (9) was determined to be OH-4
analog of 8 on the basis of NMR and MS data analyses.

The absolute configuration of C-8 in 6–9 was established as R by
their positive specific rotation in contrast to the negative sign for
8S of the authentic sample of L-N-trimethyl-3,5-dibromotyrosine.18

Purpuroine J (10) showed the pseudomolecular ion peaks at m/z
339 and 341 with a ratio of 1:1 in ESIMS, implying it contains one
bromine atom. The molecular formula of 10 was established as
C15H20BrN2O2 by HRESIMS and NMR data. IR absorption at
1744 cm�1 was attributed to carboxyl group. The 1H and 13C
NMR spectra of 10 showed high similarity to those of 6-bromohyp-
aphorine19 except that the carboxylic group was replaced by
methyl ester. Thus, the structure of 10 was determined as
6-bromohypaphorine methylate. Because the specific rotation of
D-6-bromohypaphorine (½a�19

D �27�)19 and L-6-bromo hypaphorine
(½a�15

D +58�)20 are reported, almost zero specific rotation of 10 sug-
gested it to be a racemic mixture.

2.2. Bioactivity

2.2.1. Antibiotic activity
Compounds 1–4, 7–9 and 11 representing halogenated homo-

serine and tyrosine-type derivatives are selected for antibiotic test
against a panel of nine human disease related bacteria and fungi,
including Staphylococcus aureus, Streptococcus pneumonia, Esche-
richia coli, Pseudomonas aeruginosa, Candida albicans, Saccharomyces
cerevisiae, Aspergillus fumigates, Aspergillus flavus, and Fusarium oxy-
sporum. The bioassay results (Table 4) revealed that homoserine
derivatives 1 and 3 show selectively inhibition against fungus A.
fumigates, which causes disease in individuals with an immunode-
ficiency. Compound 4 inhibited fungi A. fumigates and C. albicans
selectively. However, the tyrosine-type derivative 9 exhibited
selective inhibition against S. pneumonia, a significant human path-
ogenic and Gram-positive bacterium. The remaining compounds
showed weak inhibition against the panel of microorganisms.
The bioassay results indicated the halogen elements and their posi-
tions in aromatic ring directly affect the inhibitory activity.



Table 5
Inhibitory activity against protein kinases

Compd IC50 (lg/mL)

LCK CDK2 PLK1

1 2.35 >50 >50
2 12.76 >50 >50
3 4.52 >50 6.87
4 0.94 >50 1.45
6 7.17 >50 4.52
7 11.88 >50 10.06
8 7.91 >50 7.54
9 >50 >50 >50
11 >50 >50 >50
Staurosporine 3.73 11.76 0.92
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2.2.2. Kinase inhibition
Kinase-targeted bioassay disclosed that 4 exhibited potent inhi-

bition against LCK (lymphocyte-specific protein tyrosine kinase)
(IC50 = 0.94 lg/mL) and PLK1 (serine/threonine-protein kinase)
(IC50 = 1.45 lg/mL), while 1 showed selective inhibition against
LCK (IC50 = 2.35 lg/mL). Compounds 3, 6, and 8 showed moderate
inhibition against LCK and PLK1 with IC50 < 8.0 lg/mL. All
compounds are weak inhibitors against CDK2 (cyclin-dependent
kinase-2). Primary analyses of structure–activity relationship re-
sulted in the trihalogen substituted analogues such as 1, 3–4 pos-
sessing more inhibitory activity against LCK than dihalogenated
analogue as 2 (Table 5), while homoserine-type analogues showed
stronger inhibition against LCK than tyrosine-type derivatives.
Kinase LCK plays a crucial role in T cell maturation and antigen-
induced T cell activation. A LCK inhibitor possesses effectively
block T cell function, acting as an immunosuppressive agent with
potential therapeutic utility in treating autoimmune diseases.

3. Conclusion

Present work provides a new group of polyhalogenated alka-
loids containing unique trimethyl ammonium group which is
uncommonly found from nature. To the best of our knowledge,
naturally occurring alkaloids with N-trimethylhomoserine are
rarely reported. This finding provides additional evidence to argue
the assumption that brominated tyrosine-derived metabolites are
the chemical markers for taxonomic study of sponge species in
the order Verongida.13 Apart from the selective antibiotic activity,
some compounds such as 1 and 4 selectively targeted on the tyro-
sine protein kinase LCK to induce its inhibition, suggesting they
might be developed as a lead compounds of LCK inhibitors.

4. Experiments

4.1. Material and measurements

Optical rotations were measured on a Rudolph Research Analyt-
ical Autopol IV (Rudolph Research Co.). IR spectra were recorded on
a Thermo Nicolet Nexus 470 FT-IR spectrometer. NMR spectra
were measured on a Bruker Avance-500 FT 500 MHz NMR spec-
trometer using TMS as the internal standard. HRESIMS spectra
were obtained on a LTQ Orbitrap XL Thermos Fisher Scientific.
CD spectra were measured on a JASCO J-810 spectropolarimeter.
Column chromatography was performed using silica gel
(200�300 mesh, Merck). The GF254 silica gel for TLC was provided
by Sigma Co. Ltd Sephadex LH-20 (18–110 lm) was obtained from
Pharmacia Co, and ODS (50 lm) was provided by YMC Co. High
performance liquid chromatography (HPLC) was performed on an
Alltech 426 apparatus with a 3300-ELSD UV detector. YMC HPLC
column (C-8, 10 � 250 mm, S-5 lm, 12 nm) was used in the HPLC
separation.
4.2. Marine sponge

Sponge Iotrochota purpurea was collected from the inner coral
reef at a depth of around 10 m in Sanya Bay, Hainan Island of China,
in 2009. The specimen was identified by Dr. Nicole J. de Voogd (Na-
tional Museum of Natural History, The Netherlands). A voucher
specimen (2009-S-1) was deposited at State Key Laboratory of Nat-
ural and Biomimetic Drugs, Peking University.

4.3. Extraction and isolation

The frozen sponge (10 kg) was homogenized and extracted with
70% EtOH-H2O (10 L � 3), and the EtOH solution was concentrated
in vacuo to yield a residue (160 g). The residue was desalted by dis-
solving in MeOH and then filtrated. The concentrated MeOH
extract was partitioned between H2O and EtOAc to remove lipids,
and then H2O solution was extracted with n-BuOH. The concen-
trated n-BuOH fraction (7.0 g) was fractionated on ODS column
eluting with a gradient MeOH-H2O (10–100%) to obtain five frac-
tions (F1–F5). F3 and F4 were detected by HPLC-ESIMS to show
the signals of halogen containing metabolites. F4 (1.2 g) was sub-
jected to ODS column with a gradient MeOH–H2O (60–100%) to ob-
tain 1 (80.2 mg), 2 (2.1 mg), 3 (1.6 mg), 5 (3.8 mg), 4 (2.1 mg), and
10 (3.8 mg). F3 (800 mg) was separated on Sephadex LH-20 col-
umn (70–100% MeOH–H2O) to obtain 9 (2.0 mg), 6 (3.8 mg), 7
(15.9 mg), 8 (5.8 mg), and 11 (46.6 mg).

4.3.1. Purpuroine A (1)
Colorless amorphous; ½a�20

D +10.8 (c 0.24, MeOH); UV(MeOH)
kmax 281, 289 nm; IR (KBr) vmax 1680, 1442, 1249, 1019 cm�1; CD
(MeOH) kext 215 nm (De +0.11), 204 nm (De �0.07); 1H and 13C
NMR data, see Tables 1 and 2; ESIMS m/z 472, 474, 476, 478
(1:3:3:1) [M+H]+; HRESIMS m/z 471.8745 [M+H]+ (Calcd for
C13H17

79Br3NO3, 471.8759).

4.3.2. Purpuroine B (2)
Colorless oil; ½a�20

D +27.1 (c 0.28, MeOH); UV(MeOH) kmax

285 nm; IR (KBr) vmax 1689, 1468, 1286, 1049 cm�1; CD (MeOH)
kext 225 nm (De +0.13), 203 nm (De �0.05); 1H and 13C NMR data,
see Tables 1 and 2; ESIMS m/z 394, 396, 398 (1:2:1) [M+H]+; 416,
418, 420 (1:2:1) [M+Na]+; HRESIMS m/z 415.9461 [M+Na]+ (Calcd
for C13H17

79Br2NO3Na, 415.9473).

4.3.3. Purpuroine C (3)
Colorless oil; ½a�20

D +6.7 (c 0.18, MeOH); UV(MeOH) kmax 283 nm;
IR (KBr) vmax 1682, 1448, 1118, 1038 cm�1; CD (MeOH) kext 213 nm
(De +0.10), 204 nm (De �0.06); 1H and 13C NMR data, see Tables 1
and 2; ESIMS m/z 406 (63), 408 (100), 410 (47), 412 (10) [M+Na]+;
HRESIMS m/z 383.9766 [M+H]+ (Calcd for C13H17

79Br35Cl2NO3,
383.9769).

4.3.4. Purpuroine D (4)
Colorless oil; ½a�20

D +4.1 (c 0. 14, MeOH); UV(MeOH) kmax 283,
292 nm; IR (KBr) vmax 1665, 1436, 1161, 1143,1056 cm�1; CD
(MeOH) kext 220 nm (De +0.12), 204 nm (De �0.04); 1H and 13C
NMR data, see Tables 1 and 2; ESIMS m/z 520, 522, 524 (1:2:1)
[M+H]+; 542, 544, 546 (1:2:1) [M+Na]+; HRESIMS m/z 519.8608
[M+H]+ (Calcd for C13H17

79Br2INO3, 519.8620).

4.3.5. Purpuroine E (5)
Colorless oil; ½a�20

D +7.3 (c 0.16, MeOH); UV(MeOH) kmax 281,
288 nm; IR (KBr) vmax 1698, 1446, 1383 cm�1; CD (MeOH) kext

214 nm (De +0.10), 204 nm (De �0.04); 1H and 13C NMR data,
see Tables 1 and 2; ESIMS m/z 450 (53%), 452 (100%), 454 (75%),
456 (20%) [M+H]+; HRESIMS m/z 427.9251 [M+H]+ (Calcd for
C13H17

79Br2
35ClNO3, 427.9264).



6928 S. Shen et al. / Bioorg. Med. Chem. 20 (2012) 6924–6928
4.3.6. Purpuroine F (6)
Colorless oil; ½a�20

D +21.8 (c 0.76, MeOH); IR (KBr) vmax 1668,
1461, 1415, 1385, 1114, 1034, 997 cm�1; 1H and 13C NMR data,
see Tables 2 and 3; HRESIMS m/z 489.9366 [M+H]+ (Calcd for
C13H18I2NO3, 489.9376).

4.3.7. Purpuroine G (7)
Colorless oil; ½a�20

D +22.1 (c 1.00, MeOH); IR (KBr) vmax 1668,
1463, 1385, 1118, 1049 cm�1; 1H and 13C NMR data, see Tables 2
and 3; HRESIMS m/z 475.9210 [M+H]+ (Calcd for C12H16I2NO3,
475.9220).

4.3.8. Purpuroine H (8)
Colorless oil; ½a�20

D +31.5 (c 1.16, MeOH); IR (KBr) vmax 1668,
1465, 1418,1384, 1048 cm�1; 1H and 13C NMR data, see Tables 2
and 3; ESIMS m/z 442, 444 (1:1) [M+H]+; HRESIMS m/z 441.9502
[M+H]+ (Calcd for C13H18

79BrINO3, 441.9515).

4.3.9. Purpuroine I (9)
Colorless oil; ½a�20

D +16.8 (c 0.60, MeOH); IR (KBr) vmax 1669,
1468, 1078 cm�1; 1H and 13C NMR data, see Tables 2 and 3; HRE-
SIMS m/z 427.9346, 429.9324 (1:1) [M+H]+) (Calcd for C12H16

79BrI-
NO3, 427.9358).

4.3.10. Purpuroine J (10)
Colorless oil; IR (KBr) vmax 1743, 1682, 1445, 1207, 1137 cm�1;

1H NMR (DMSO-d6, 500 MHz) d 11.27 (1H, s, NH), 7.57 (1H, d,
J = 1.5 Hz, H-7,), 7.53 (1H, d, J = 8.6 Hz, H-4), 7.23 (1H, d,
J = 1.0 Hz,H-2), 7.19 (1H, dd, J = 8.5, 1.5 Hz, H-5), 4.55 (1H, dd,
J = 12.1, 2.5 Hz, H-9), 3.59 (1H, dd, J = 12.8, 2.5 Hz, H-8a), 3.33
(1H, dd, J = 12.1, 12.8 Hz, H-8b), 3.52 (3H, s, OMe), 3.17 (9H,
s,NCH3); 13C NMR (DMSO-d6, 125 MHz) d 167.8 (C-10), 137.6
(C-7a), 126.2 (C-2), 125.9 (C-3a), 122.1 (C-5), 120.5 (C-4), 114.8
(C-7), 114.7 (C-6), 74.1 (C-9), 53.5 (OMe), 49.5 (NCH3), 22.7
(C-8); HRESIMS m/z 339.0700, 341.0679 (1:1) [M]+ (Calcd for
C15H20BrN2O2, 339.0703).

4.4. Antimicrobial assay

Antimicrobial bioassays were conducted in triplicate following
the National Center for Clinical Laboratory Standards (NCCLS) rec-
ommendations.21 Bacterial strains Staphylococcus aureus, S.pneu-
moniae, Escherichia coli, and Pseudomonas aeruginosa were grown
on Mueller-Hinton agar. The yeasts Candida albicans and Saccharo-
myces cerevisiae were grown on Sabouraud dextrose agar, and the
fungus Aspergillus fumigatus was grown on potato dextrose agar.
Targeted microbes (3–4 colonies) were prepared from broth cul-
ture (bacteria: 37 �C for 24 h; fungus: 28 �C for 48 h), and the final
spore suspensions of bacteria (in MHB medium), yeasts (in SDB
medium), and fungus (in PDB medium) were 106 and 105 cells/
mL and 104 mycelial fragments/mL, respectively. Testing com-
pounds (10 mg/mL as stock solution in DMSO and serial dilutions)
were transferred to a 96-well clear plate in triplicate, and the sus-
pension of the test microorganisms were added to each well
(200 lL) (antimicrobial peptide AMP, streptomycin, and fluconaz-
ole were used as positive controls). After incubation, the absor-
bance at 595 nm was measured with a microplate reader
(TECAN), and the inhibition rate was calculated and plotted versus
test concentrations.

4.5. Kinase inhibition assay

The test for kinase inhibition was performed by the steps of ki-
nase reaction, development reaction, and stop step, which are fol-
lowed by the protocol in the literature.22,23 The kinase inhibition
was measured using a HTRF program under Beckman Coulter
detector. Staurosporine is used as a positive control.
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