
Tetrahedron Letters 57 (2016) 2604–2607
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
Diketopiperazines derivatives isolated from Bacillus thuringiensis
and Bacillus endophyticus, establishment of their configuration
by X-ray and their synthesis
http://dx.doi.org/10.1016/j.tetlet.2016.04.117
0040-4039/� 2016 Elsevier Ltd. All rights reserved.

⇑ Corresponding author. Tel.: +52 222 2295500x7518; fax: +52 222 2295584.
E-mail address: estisansi@yahoo.com.mx (E. Sansinenea).

HN
N

O

O
H

HN
N

O

O
HO

H

1´
2¨3´4´

5´6´

L-Pro-L-Tyr

L-Pro-L-Val
1 2

1
2 3

4
56

7
8
9

10

10

11

12 9 1
2

3
4

5678

HN
N

O

O
H

1´
2¨3´4´

5´6´

L-Pro-L-Phe
3

1
2 3

4
56

7
8
9

10

HN
N

O

O
H

L-Pro-L-Leu

4

101112

9 1
2

3
4

567813

Figure 1. The structures of diketopiperazines.
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Four known diketopiperazines have been isolated from Bacillus thuringiensis strain and two of them were
isolated from Bacillus endophyticus also. Their structure was elucidated by a complete spectroscopy and
the configuration of three of them was established by X-ray analysis. The dicetopiperazine cyclo-(L-
Proline-L-Tyrosine), isolated from both strains, was polymorphic showing different physical properties.
The synthesis has been successfully realized in two simple steps. Their biological activities were probed
against some Gram-positive and Gram-negative bacteria and six fungi. The results indicated that these
compounds had no antibacterial activity but they had antifungal activity.

� 2016 Elsevier Ltd. All rights reserved.
Diketopiperazines are relatively simple cyclodipeptides (Fig. 1)
which consist of rings obtained by the condensation of two
a-amino acids that are produced by fungi, bacteria, the plant king-
dom, and mammals.1–3 Diketopiperazines possess diverse biologi-
cal activities such as plant-growth promoters,4 antitumor,5

antifungal,6 and antibacterial.7 They are not only a class of natu-
rally occurring privileged structures that have the ability to bind
to a wide range of receptors but they also have a structure that
confers high stability and resistance to human digestion that make
them attractive scaffolds for drug discovery. In addition, the com-
pounds show a common scaffold, easily obtained by conventional
procedures, that favors structural diversity as a function of sub-
stituent side chains particularly orientated. Therefore, diketopiper-
azines are attractive structures for the discovery of new lead
compounds for the rational development of a new therapeutic
agent.

The genus Bacillus consists of a large number of diverse,
rod-shaped and spore forming Gram-positive bacteria that have
antagonistic activity against fungal and some bacterial pathogens.8

Bacillus thuringiensis is a well-studied bacterium which is biotech-
nologically employed due to its bioinsecticidal property.9 This bac-
teria can produce different kinds of antibiotics10 or other natural
products with different biological activities.11 Bacillus endophyticus
was first isolated from the inner tissues of cotton plants which gen-
ome sequence was recently reported.12,13 Multiple Bacillus species
have been identified as plant growth-promoting rhizobacteria
(PGPR) that promote growth by producing antibiotics, inhibiting
plant ethylene synthesis, and inducing plant systemic resistance
to pathogens.14

Recently we have reported the potential as antibiotic of Bacillus
thuringiensis strain against Gram negative and Gram positive bac-
teria, maybe due to the secondary metabolites secreted by this bac-
terium. This bacterium is naturally a melanin producer, which is a
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natural photo-protective agent.11 We extracted a brown pigment
corresponding to melanin, that was compared with a commercial
melanin.

We report herein the isolation of four diketopiperazines from
Bacillus thuringiensis and Bacillus endophyticus, their structure elu-
cidation, the establishment of their configuration by X-ray and bio-
logical activities of these compounds.

The bacteria were isolated from soil and were characterized as
Bacillus thuringiensis11 and Bacillus endophyticus. These strains were
cultured at 29 �C on a rotary shaker at 175 rpm. The fermentation
broths (1 L) were centrifuged to eliminate the cells and the sobre-
nadants were extracted with EtOAc (3:1) for three times to yield
400 mg of brown oily extract. The EtOAc extracts were then sub-
jected to silica gel column chromatographywith EtOAc and acetone
as a system of eluents to yield four diketopiperazines cyclo-(L-Pro-L-
Leu) 1, cyclo-(L-Pro-L-Val) 2, cyclo-(L-Pro-L-Phe) 3 and cyclo-(L-Pro-L-
Tyr) 4 from Bacillus thuringiensis and cyclo-(L-Pro-L-Val) 2, and
cyclo-(L-Pro-L-Tyr) 4 from Bacillus endophyticus. The structures of
these compounds were completely elucidated by using extensive
spectroscopic methods.

Diketopiperazine 1 was achieved as white crystals and its
molecular formula was assigned as C11H18N2O2 by high resolution
FAB-HRMS (m/z 211.1444 [M+H]+, Calcd for 211.1447. The molec-
ular formula allowed assigning the number of insaturations that
was four. In the 1H NMR spectrum, one broad signal at 5.78 ppm
was observed indicating the presence of an amino group and two
double signals at 1.01 and 0.96 ppm indicating an isopropyl group.
The 13C NMR spectrum showed 11 carbon signals, attributable to
two carbonyl carbons at 170.1 and 166.1 ppm, four methylene car-
bons (22.7, 28.1, 38.6 and 45.5 ppm), three methine carbons (24.7,
53.3 and 59.0 ppm), and two methyl carbons (21.2 and 23.2 ppm).
A detailed analysis of the 1H–1H correlation spectroscopy (COSY)
spectrum showed connectivity for two proton spin systems,
H3–H4–H5–H6 and NH–H9–H10–H11–H12–H13. These data defined
the presence of proline moiety and isopropyl moiety in 1 and
allowed to assign unequivocally all the signals of the 1H and 13C
NMR spectra.15 The compound 1 was crystallized confirming the
proposed structure and the absolute configuration was determined
as 6S,9S.16 This compound 1 was identified as cyclo-(L-Pro-L-Leu)
and was achieved only from Bacillus thuringiensis strain.

Diketopiperazine 2 was achieved as needle crystals and its
molecular formula was assigned as C10H16N2O2 by high resolution
EI-HRMS (m/z 196.1192, Calcd for 196.1212. The molecular for-
mula allowed assigning the number of insaturations that was four.
The IR absorptions of 3212, 1669, and 1426 cm�1 showed the pres-
ence of the amide group. In the 1H NMR spectrum, one broad signal
at 5.89 ppm was observed indicating the presence of an amino
group and two double signals at 1.1 and 0.9 ppm indicating an iso-
propyl group. The 13C NMR spectrum showed 10 carbon signals,
Figure 2. ORTEP representation of compound 2.
attributable to two carbonyl carbons at 169.9 and 164.8 ppm, three
methylene carbons (22.3, 28.5 and 45.1 ppm), three methine car-
bons (28.5, 58.7 and 60.1 ppm), and two methyl carbons (19.1
and 16.0 ppm). All recovered data indicated that compound 2 con-
tained two rings in the molecule and an isopropyl group. A detailed
analysis of the 1H–1H correlation spectroscopy (COSY) spectrum
showed connectivity for two proton spin systems, H3–H4–H5–H6

and NH–H9–H10–H11–H12. The heteronuclear multiple bond corre-
lations (HMQC) of H-3 to C-6 and H-9 to C-12, were observed.
These data defined the presence of a proline moiety and isopropyl
moiety in 2 and allowed to assign unequivocally all the signals of
the 1H and 13C NMR spectra.17 The compound 2 was crystallized
confirming the proposed structure and the absolute configuration
was determined as 6S,9S, as shown in Figure 3.19,20 This compound
2 was identified as cyclo-(L-Pro-L-Val). This compound was
obtained both with Bacillus thuringiensis and Bacillus endophyticus
strains.

Diketopiperazine 3was achieved as a white solid and its molec-
ular formula was assigned as C14H16N2O2 by high resolution
EI-HRMS (m/z 244.1177, Calcd for 244.1212. The molecular for-
mula allowed assigning the number of insaturations that was
eight. In the 1H NMR spectrum, a multiple signal at 7.29 ppm indi-
cating the presence of a phenyl group and one broad signal at
5.60 ppm, indicating the presence of an amino group, were
observed. The 13C NMR spectrum showed 14 carbon signals, attri-
butable to two carbonyl carbons at 169.3 and 165.0 ppm, four
methylene carbons (22.5, 28.3, 36.7 and 45.4 ppm), two methine
carbons (56.1 and 59.1 ppm), and six aromatic carbons. All recov-
ered data indicated that compound 3 contained two rings in the
molecule. A detailed analysis of the 1H–1H correlation spec-
troscopy (COSY) spectrum showed connectivity for two proton
spin systems, H3–H4–H5–H6 and NH–H9–H10–Ph0. The heteronu-
clear multiple bond correlations (HMQC) of H-3 to C-6, H-6 to
C-7, H-5 to C-7 and H-20 to C-60, were observed. These data defined
the presence of a proline moiety and phenyl moiety in 3.22 This
compound 3was identified as cyclo-(L-Pro-L-Phe) and was achieved
only from Bacillus thuringiensis strain.

Diketopiperazine 4 was achieved as white square crystals from
Bacillus endophyticus and as a white solid from Bacillus thuringiensis
and its molecular formula was assigned as C14H16N2O3 by high res-
olution EI-HRMS (m/z 260.1160, Calcd for 260.1161. The molecular
formula allowed assigning the number of insaturations that was
eight. The IR absorptions of 3292, 1632, and 1514 cm�1 showed
the presence of the amide group. In the 1H NMR spectrum of the
compound, two double signals at 7.07 and 6.80 ppm indicating
the presence of para-substituted phenyl group and two broad sig-
Figure 3. ORTEP representation of compound 4.
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nals at 6.36 and 5.79 ppmwere observed indicating the presence of
hydroxyl and amino groups respectively. An important difference
was noted in NMR 1H spectra of this compound from both strains;
the signal at 6.36 ppm of hydroxyl group corresponded to the com-
pound 4 achieved from Bacillus endophyticus; however, in NMR 1H
spectra of the compound 4 achieved from Bacillus thuringiensis this
signal corresponding to hydroxyl group appeared at 3.57 ppm
overlapped with the signals of H3 and H10. This could be deduced
by the integration of this signal which corresponded for four
hydrogens instead of three. The 13C NMR spectrum showed 14 car-
bon signals, attributable to two carbonyl carbons at 169.7 and
165.1 ppm, four methylene carbons (22.5, 28.2, 35.9 and
45.3 ppm), two methine carbons (56.1 and 59.0 ppm), and six aro-
matic carbons. All recovered data indicated that compound 4 con-
tained two rings in the molecule. A detailed analysis of the 1H–1H
correlation spectroscopy (COSY) spectrum showed connectivity for
two proton spin systems, H3–H4–H5–H6 and NH–H9–H10–Ph. The
heteronuclear multiple bond correlations (HMQC) of H-3 to C-6,
H-6 to C-7, H-5 to C-7 and H-20 to C-60, were observed. These data
defined the presence of proline moiety and phenol moiety in 4.23

The compound 4, extracted from Bacillus endophyticus, was crystal-
lized confirming unequivocally the proposed structure and the
absolute configuration was determined as 6S,9S, as shown in Fig-
ure 2.24 This compound 4 was identified as cyclo-(L-Pro-L-Tyr)
and was obtained both with Bacillus thuringiensis and Bacillus endo-
phyticus strains as white solid and square crystal respectively,
showing a difference in the displacement of hydroxyl group in
NMR 1H spectrum.

It can be noted from the above data that each strain produced
different diketopiperazines, secondary metabolite production
being strain dependent. Besides, diketopiperazine 4, cyclo-(L-Pro-
L-Tyr), was obtained as solid from Bacillus thuringiensis strain and
as square crystal from Bacillus endophyticus strain. All characteriza-
tion data were the same for this compound except the NMR 1H
spectrum which has a marked difference in the OH signal and
melting point which was different for the compound extracted
from both strains. This difference can be argued by polymorphism
of the compound that is the condition by which a solid chemical
compound exists in more than one crystalline form differing some-
what in physical and, sometimes, chemical properties.25,26

In order to obtain a major quantity of these compounds, their
synthesis was carried out following a modified method of Camp-
bell et al.27 Methyl ester of L-proline 5, was coupled with N-Boc
protected amino acids 6 and 7 (L-tyrosine or L-valine) using dicy-
clohexylcarbodiimide (DCC) mediated conditions to give the com-
pounds 8 and 9 in 58% yield. In contrast with other methods that
employed some steps, in only one step we achieved the cleavage
of the N-Boc group under acidic conditions and intramolecular
cyclization with NaOH generating diketopiperazines 2 and 4 in a
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Scheme 1. Reagents and conditions: (i) DCM, Et3N, 1 h, DMAP, DCC, rt 2 h; (ii) HCl
5 M, AcOEt, 1 h, NaOH 2 M, rt, 30 min.
moderate yield 78% (45% overall yield) for subsequent biological
evaluations (Scheme 1). Should be noted that synthetic compound
4 was obtained as a white solid and the NMR 1H was similar as the
compound 4 isolated from Bacillus thuringiensis confirming the
polymorphic property of this compound.

The compounds 1–4 were probed against Gram-positive bacte-
ria Staphylococcus aureus, Staphylococcus saprophyticus, and Listeria
monocytogenes and Gram-negative bacteria Escherichia coli, Sal-
monella choleraesuis and Vibrio cholera, by disk diffusion assay28

resulting in resistance of all probed bacteria to the four compounds
at 75 mg/mL. However, when the compounds 1–4 were probed by
disk diffusion assay29 against the fungi Fusarium oxysporum,
Alternaria sp., Rhizopus sp., Bipolaris sp., Mucor sp., and Penicillium
sp. at 75 mg/mL, the compound 2 showed a marked inhibition
against F. oxysporum and Penicillium sp. fungi whereas the com-
pounds 3 and 4 showed a slight inhibition against the same fungi,
showing the antifungal activity of these compounds.

In conclusion, we described the isolation of four diketopiperazi-
nes cyclo-(L-Pro-L-Leu) 1, cyclo-(L-Pro-L-Val) 2, cyclo-(L-Pro-L-Phe) 3
and cyclo-(L-Pro-L-Tyr) 4 from Bacillus thuringiensis and cyclo-(L-
Pro-L-Val) 2, and cyclo-(L-Pro-L-Tyr) 4 from Bacillus endophyticus
probing that biosynthesis of secondary metabolites is dependent
of the species. In addition the compound 4 was achieved as a poly-
morphic form showing similar spectroscopic data but with differ-
ent physical properties. A complete characterization of the four
diketopiperazines is also described and their easy synthesis in only
two simple steps. Their biological activities were probed against
some Gram-positive and Gram-negative bacteria and six fungi
probing their antifungal properties.

Acknowledgments

The authors thank VIEP project.

References and notes

1. Prasad, C. Peptides 1995, 16, 151–164.
2. Rudi, A.; Kashman, Y.; Benayahu, Y.; Schleyer, M. J. Nat. Prod. 1994, 57, 829–

832.
3. Strom, K.; Sjogren, J.; Broberg, A.; Schnurer, J. Appl. Environ. Microbiol. 2002, 68,

4322–4327.
4. Ortiz-Castro, R.; Díaz-Pérez, C.; Martínez-Trujillo, M.; del Río, R. E.; Campos-

García, J.; López-Bucio, J. Proc. Natl. Acad. Sci. U.S.A. 2011, 108, 7253–7258.
5. Nicholson, B.; Lloyd, G. K.; Miller, B. R.; Palladino, M. A.; Kiso, Y.; Hayashi, Y.;

Neuteboom, S. T. Anticancer Drugs 2006, 17, 25–31.
6. Houston, D. R.; Synstad, B.; Eijsink, V. G.; Stark, M. J.; Eggleston, I. M.; van

Aalten, D. M. J. Med. Chem. 2004, 47, 5713–5720.
7. Fdhila, F.; Vazquez, V.; Sanchez, J. L.; Riguera, R. J. Nat. Prod. 2003, 66, 1299–

1301.
8. Stein, T. Mol. Microbiol. 2005, 56, 845–857.
9. Bacillus thuringiensis Biotechnology; Sansinenea, E., Ed.; Springer: Netherlands,

2012. ISBN: 978-94-007-3020-5.
10. Sansinenea, E.; Ortiz, A. Biotechnol. Lett. 2011, 33, 1523–1538.
11. Sansinenea, E.; Salazar, F.; Ramírez, M.; Ortiz, A. Jundish. J. Microbiol. 2015, 8

e20910.
12. Reva, O. N.; Smirnov, V. V.; Pettersson, B.; Priest, F. G. Int. J. Syst. Evol. Microbiol.

2002, 52, 101–107.
13. Lee, Y.-J.; Lee, S.-J.; Kim, S. H.; Lee, S. J.; Kim, B.-C.; Lee, H.-S.; Jeong, H.; Lee, D.-

W. J. Bacteriol. 2012, 194, 5705–5706.
14. Figueiredo, M. V. B.; Martinez, C. R.; Burity, H. A.; Chanway, C. P. World J.

Microbiol. Biotechnol. 2008, 24, 1187–1193.
15. cyclo-(L-Proline-L-Leucine) 1; extraction yield 2.2%, mp 152–156 �C; 1H NMR

(500 MHz, CDCl3) d: 5.80 (1H, br s, NH), 4.13 (1H, br t, J = 8.0 Hz, H6), 4.01 (1H,
s, J = 10.0, 4.0 Hz, H9), 3.54 (2H, m, H3a, H3b), 2.35 (1H, m, H5a), 2.12 (1H, m,
H5b), 2.07 (1H, m, H10a), 2.05 (H, m, H4a), 1.91 (1H, m, H4b), 1.73 (1H, m, H11),
1.55 (1H, m, H10b), 1.00 (3H, d, J = 6.5 Hz, H12), 0.95 (3H, d, J = 6.5 Hz, H13);
13C NMR (125 MHz, CDCl3) d: 170.1 (C1@O), 166.1 (C7@O), 59.0 (C6) 53.3 (C9),
45.5 (C3), 38.6 (C10), 28.1 (C5), 24.7 (C11), 23.2 (C12), 22.7 (C4), 21.2 (C13).
FAB-HRMS: calculated for (C11H19N2O2), 211.1447; found, 211.1444.

16. Karle, I. L. J. Am. Chem. Soc. 1972, 94, 81–84.
17. cyclo-(L-Proline-L-Valine) 2; extraction yield 2.4%, mp 162–166 �C; [a]D25 = �129

(c 1, MeOH) (lit.,18 �128 in MeOH); 1H NMR (500 MHz, CDCl3) d: 5.89 (1H, br s,
NH), 4.09 (1H, br t, J = 7 Hz, H6), 3.97 (1H, s, H9), 3.67–3.53 (2H, m, H3a, H3b),
2.64 (1H, sept of d, J = 7, 2.5 Hz, H10), 2.40–2.33 (1H, m, H5a), 2.09–2.01 (2H, m,
H5b, H4a), 1.94–1.88 (1H, m, H4b), 1.07 (3H, d, J = 7 Hz, H11), 0.92 (3H, d,

http://refhub.elsevier.com/S0040-4039(16)30523-8/h0005
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0010
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0010
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0015
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0015
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0020
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0020
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0025
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0025
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0030
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0030
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0035
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0035
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0040
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0045
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0045
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0050
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0055
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0055
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0060
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0060
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0065
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0065
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0070
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0070
http://refhub.elsevier.com/S0040-4039(16)30523-8/h0075


E. Sansinenea et al. / Tetrahedron Letters 57 (2016) 2604–2607 2607
J = 7 Hz, H12); 13C NMR (125 MHz, CDCl3) d: 169.9 (C1@O), 164.8 (C7@O), 60.1
(C9) 58.7 (C6), 45.0 (C3), 28.5 (C5), 28.3 (C10), 22.3 (C4), 19.1 (C11), 16.0 (C12).
IRtmax: 3212, 2969, 1669, 1426, 1293, 791 cm�1; EI-HRMS: calculated for
(C10H16N2O2), 196.1212; found, 196.1192.

18. Takeda, Y.; Fujita, T.; Shingu, T.; Ogimi, C. Chem. Pharm. Bull. 1987, 35, 2569–
2573.

19. Crystal data for 2: C10H16N2O2, M = 196.25, colorless plate, colorless prism,
mp = 165.2 �C, 0.444 � 0.128 � 0.085 mm3, orthorhombic, space group P212121,
cell parameters a = 5.7929(4), b = 10.6294(11), c = 34.938(3) Å, Z = 8, Z0 = 2,
Dc = 1.212 g cm�1. 11,222 reflections collected on a Xcalibur, Atlas, Gemini
diffractometer at rt, with the CuKa radiation (k = 1.54184 Å) in the range
2h = 8.696–148.96�, of which 4389 are unique (Rint = 0.0275, Rsigma = 0.0297).
257 variables refined: R1 = 0.0604, wR2 = 0.1681 [I > 2r(I)] and R1 = 0.0906,
wR2 = 0.1988 [all data].21 The absolute configurationsofC6 andC9were assigned
by analysis of anomalous dispersion of data collected. CCDC-1439226 contains
the supplementary crystallographic data for this Letter. These data can be
obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif, by emailing
data_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic
Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK. Fax: +44 1223 336033.

20. Liu, X.-Y.; Wang, C.; Cheng, Y.-Q. Acta Crystallogr., Sect. E 2012, 68, o3182–
o3183.

21. Sheldrick, G. M. Acta Crystallogr., Sect. A 2008, 64, 112–122.
22. cyclo-(L-Proline-L-Phenylalanine) 3; extraction yield 3.32%, mp 128–131 �C; 1H

NMR (500 MHz, CDCl3) d: 7.29 (5H, m, Ph), 5.60 (1H, br s, NH), 4.28 (1H, dd,
J = 10.5, 3.5 Hz, H9), 4.08 (1H, dd, J = 7.5 Hz, H6), 3.64 (1H, m, H10a), 3.62 (1H,
m, H3a), 3.57 (1H, m, H3b), 2.77 (1H, dd, J = 14.5, 10.5 Hz, H10b), 2.34 (1H, m,
H5a), 2.03 (1H, m, H5b), 1.99 (1H, m, H4a), 191 (1H, m, H4b); 13C NMR
(125 MHz, CDCl3) d: 169.3 (C1@O), 165.0 (C7@O), 135.8 (C10), 129.3 (C30 , C50),
129.0 (C20 ,C60), 127.5 (C40), 59.1 (C6), 56.1 (C9), 45.4 (C3), 36.7 (C10), 28.3 (C5),
22.5 (C4). EI-HRMS: calculated for (C14H16N2O2), 244.1212; found, 244.1177.

23. cyclo-(L-Proline-L-Tyrosine) 4; extraction yield 2.9%, [a]D25 = �53 (c 0.7, EtOH);
mp = 142–147 �C, 1H NMR (500 MHz, CDCl3) d: 7.07 (2H, d, J = 8.5 Hz, H30 , H50),
6.80 (2H, d, H20 , H60), 6.36 (1H, br s, OH), 5.79 (1H, br s, NH), 4.21 (1H, dd,
J = 10.5, 3.5 Hz, H9), 4.09 (1H, br t, J = 7.5 Hz, H6), 3.68 (2H, m, H3a, H3b), 3.51
(1H, dd, J = 14.5, 3.5 Hz, H10a), 2.78 (1H, dd, J = 14.5, 10.5 Hz, H10b), 2.34 (1H,
m, H5a), 2.05 (1H, m, H5b), 1.90 (2H, m, H4a, H4b); 13C NMR (125 MHz, CDCl3)
d: 169.7 C1@O), 165.1 (C7@O), 155.5 (C40), 130.2 (C30 , C50), 127.1 (C10), 116.1
(C20 ,C60), 59.0 (C9), 56.1 (C6), 45.3 (C3), 35.9 (C10), 28.2 (C5), 22.5 (C4). IRtmax:
3292, 1632, 1514, 1433, 1227, 806 cm�1; EI-HRMS: calculated for
(C14H16N2O3), 260.1161; found, 260.1160.

24. Crystal data for 4: C14H16N2O3, M = 260.29, colorless plate, colorless prism,
mp = 147.2 �C, 0.752 � 0.533 � 0.366 mm3, orthorhombic, space group
P21212, cell parameters a = 11.8825(7), b = 12.0691(7), c = 18.5436(14) Å,
Z = 8, Z0 = 2, Dc = 1.300 g cm�1. 20,418 reflections collected on a Xcalibur,
Atlas, Gemini diffractometer at room temp, with the Cu Ka radiation
(k = 1.54184 Å) in the range 2h = 8.742–134.146�, of which 4754 are unique
(Rint = 0.0426, Rsigma = 0.0319). 354 variables refined: R1 = 0.0399, wR2 = 0.0878
[I > 2r(I)] and R1 = 0.0626, wR2 = 0.1024 [all data].21 The absolute configura-
tions of C6 and C9 were assigned by analysis of anomalous dispersion of data
collected. CCDC-1439218 contains the supplementary crystallographic data for
this Letter. These data can be obtained free of charge via www.ccdc.cam.ac.
uk/data_request/cif, by emailing data_request@ccdc.cam.ac.uk, or by contact-
ing The Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge
CB2 1EZ, UK. Fax: +44 1223 336033.
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27. Campbell, J.; Lin, Q.; Geske, G. D.; Blackwell, H. E. Chem. Biol. 2009, 4, 1051–

1059.
28. 7.5 mg of the compounds were dissolved in 100 lL of distilled sterile water.

Sterile filter paper disks containing 10 lL of crude extract (75 mg/mL) were
placed on plates of LB and Muller–Hinton agar seeded with 100 lL of
suspensions of one day old cultures of bacteria tested. The negative control
was a sterile disk impregnated with distilled water and control positive was
the antibiotic ampicillin (150 mg/mL) for Gram negative bacteria and
vancomycin (50 mg/mL) for Gram positive bacteria. The diameters of the
zones of inhibition of growth around the disks were measured after incubation
periods of one day at 29 �C.

29. 7.5 mg of the compounds were dissolved in 100 lL of distilled sterile water
(75 mg/mL). Fungal spore suspensions were prepared taking a small mycelial
fragment of 5 day old PDA plate cultures of each test fungal pathogen and
mixing with 6 mL of LB medium. The fraction of inoculated fungus was
disintegrated gently with the help of the handle, stirred vigorously for 30 s in a
45� angle and was left at rest in a rack to get the spores separated from hyphae
and remaining in the supernatant. The spore suspensions were adjusted to give
a concentration of approximately 106–107 spores mL�1. Sterile filter paper
disks, containing 10 lL of the compounds were placed on plates of PDA agar
seeded with 100 lL of spore suspensions of the fungal pathogens to be tested.
The negative control was a sterile disk impregnated with distilled water and
positive control was the antifungal agent miconazole (Neomicol Medix, 20 mg/
mL). The diameters of the zones of inhibition of growth around the disks were
measured after incubation periods of three days at 29 �C.
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