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Abstract. The chemical structure and absolute configuration of a
novel benzoic acid (1) which is the secondary metabolites from the
marine fungus Penicillium chrysogenum SYP-F-2720, has been de-
termined by experimental spectroscopic data and quantum chemical
calculations of its electronic circular dichroism (ECD). The configu-
rational assignments were further confirmed by the highly consistent
spectra between natural compound and synthetic compound which
from raw material with a definite configuration. Furthermore, The
target compound exhibited more significant anti-inflammatory and
analgesic activities than aspirin when administered at 100 mg/kg,
however, it behaved no ulcerogenic effect.
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Resumen. Se determind la estructura quimica y la configuracion ab-
soluta de un acido benzoico novedoso (1), presente en los metabolitos
secundarios del hongo marino Penicillium chrysogenum SYP-F-2720.
La determinacion se llevd a cabo mediante datos espectroscopicos
experimentales y calculos quimicos cuanticos de su dicroismo circular
electronico (DCE). La asignacién de la configuracion se confirmé
mediante la comparacion de los espectros del compuesto natural y el
correspondiente compuesto sintético. Ademas, el compuesto aislado
exhibe actividades anti-inflamatorias y analgésicas mas significativas
que la aspirina cuando se administr6 a una dosis de 100 mg / kg, y no
mostr6 ningun efecto ulcerogénico.

Palabras clave: (S)-2-(2-hidroxipropanamido) Benzoico, elucidacion
estructural, DFT, ECD, antiinflamatorio.

Introduction

The secondary metabolites of marine microorganisms is fairly
recognized as a potential source of original structure and bio-
logical activity substance due to its strain-specific [ 1-5]. Marine
fungus is a class of marine microorganisms, and its secondary
metabolites demonstrate biodiversity [6]. As the most primitive
multicultural marine fungus organisms, sponge is an important
source of natural active ingredients [7, 8]. To data, numerous
novel biological active substance with antitumor, antiviral, an-
tibacterial, anti-inflammatory, and enzyme inhibitory activities
have been isolated from sponge-derived marine fungus, such as
aspergione A-F from Aspergillus versicolor, evariquinone and
isoemericellin from Emericella variecolor, isocyclocitrinol A
from Penicillium citrinum, sorbicillactones A from Penicillium
chrysogenum [7-12]. SYP-F-2720 is a sponge-derived marine
fungus belongs to P. chrysogenum strain, which is no relevant
research on it so far. In the course of a program aiming at the
isolation of secondary metabolites from the fermentations of P.
chrysogenum, a novel benzoic acid (compound 1) was recently
isolated from the secondary metabolites of P. chrysogenum
SYP-F-2720 together with three known compounds, cycol-(Pro-
Leu), cyclo-(4-hydroxyl-Pro-Phe), (22E,24R)-Ergosta-5,7,22-
triene-3B-ol [13-15]. Yet its absolute configuration remained
unknown. Herein, we describe the absolute stereochemistry
of compound 1 by means of experimental spectroscopic data
and quantum chemical calculations. Configuration assignment
of the target compound was further verified by synthetic com-
pound which from raw material with a definite configuration.

Furthermore, the anti-inflammatory and analgesic activities of
1 were evaluated.

Results and Discussion

The chemical structure of compound 1 (Fig. 1) was elucidated
by a more detailed 'H and '3C NMR spectroscopic analy-
sis via 'H-'H COSY, HMBC, HSQC and DEPT experimental
finding (Table 1). "H NMR spectrum of compound 1 implied
that four aromatic proton signals at oy 7.17 (td, J = 7.8, 1.2
Hz), 7.61 (td, /= 7.8, 1.2 Hz) and 6 8.01 (dd, J = 7.8, 1.2
Hz), 8.71 (dd, J = 7.8, 1.2 Hz) which were assigned to a an
ortho-substituted benzene ring, besides, two hydroxyl groups
at oy 6.13 (2'-OH, s) and oy 11.99 (COOH, s), one methine
(0y 4.16, m), one methyl group (Jy 1.34, d) and amino proton
at oy 13.55 were also detected. The fact that the carboxylic
acid group connected to the phenyl group was confirmed by
the resonance at dc 168.9 ppm in the 13C NMR, the absorption
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Fig. 1. Chemical structure of compound 1.
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Table 1. 'H NMR and '*C NMR data of compound 1 (DMSO, 6,
ppm, J/Hz).

Atom  'HNMR 3CNMR  HMBC (H—C)
1 116.5 (C)

2 140.5 (C)

3 8.71 (d, J=7.8 Hz) 119.5 (CH) 168.9

4 761 (dd, J=7.8,12 Hz) 134.0 (CH)

5 7.17 (dd, J=7.8, 1.2 Hz) 122.6 (CH)

6 8.01 (d, J=7.8 Hz) 131.3 (CH) 1689
COOH  11.99 (s) 168.9 (C)

NH 13.55 (s)

I’ 174.4 (C)

2’ 4.16 (m) 68.0 (CH) 209, 174.4
2-0H  6.13 (s)

3 1.34 (d, J = 6.6Hz) 209 (CHy)  68.0, 174.4

bands at 3400.4 and 1660.6 cm™! in IR spectrum, which sug-
gested a conjugated nature, and also supported by the HMBC
correlation between H-3, H-6 and dc 168.9. The 'H-"H COSY
spectrum of the title compound demonstrated the presence of
two spin systems (H-2’—H3-3" and H-2’—H-2’-OH) (Fig. 2).
Associated with the HMBC correlations between H-3’ and
C-2’, 1’, H-2> and C-3°, 1’ illustrated the presence of CHj;-
CH-C = O. The structure assigned to 1 was also confirmed by
its HR-EI-MS (m/z [M + Na] 232.0580, calcd for C;oH;;O4N
209.0581).

The stereochemistry assignment of compound 1 was deter-
mined by electronic circular dichroism (ECD) spectra provided

MO 54

MO 56 LUMO

Fig. 4. The most important orbitals of the optimized conformer of (S)-1.
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Fig. 2. Key 'H-'"H COSY and HMBC correlations of compound 1.
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Fig. 3. Calculated and experimental ECD of compound 1.
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Scheme 1. Reagents and conditions: (1) acetyl chloride and L-Lactic,
THF, r.t. for 3 h; (2) thionyl chloride and (R)-2-acetoxypropanoic acid;
(3) methyl anthranilate and (R)-1-chloro-1-oxopropan-2-yl acetate,
ether, =5 °C, 30min; (4) NaOH and methyl (S)-2-(2-acetoxypropana
mido)benzoate, THF and MeOH, r.t., 3 h.

by measured and quantum chemical calculations which carried
out by TD-DFT/CAM-B3LYP/TZVP [16, 17]. The spectrum
simulated for (S)-1, reproduced the sign and intensity of mea-
sured positive CE at 237 and negative CE at 261 nm, is in excel-
lent agreement with the experimental pattern. On the contrary,
the calculated ECD spectrum for (R)-1 was almost opposite to
the experimental curve of (S)-1. Thus, the absolute configura-
tion of 1 was assigned to S.

In order to get reliable results, TD-DFT/CAM-B3LYP/
aug-cc-pVDZ ECD calculations were also performed for the
conformers of (S)-1 [18]. The Boltzmann-weighted ECD of
(S)-1 by different basis sets did not lead to notable changes in
the ECD curve profile (Fig. 3).

The origin of the CEs in the experimental ECD of 1 could
be explained by molecular orbital (MO) analysis at the same
level of ECD calculation (Fig. 4). As inferred from the MO
analysis, the significant positive CE at 211 nm was contributed
by the electronic transition (ET) from MO 54 to MO 57 involv-
ing the m—n* transition of phenyl ring and carbonyl group n—
n* transition. The positive CE at 237 nm is mainly dominated
by transitions from MO 54/MO 56 (50%) and MO 55/MO 57
(42%), which could be ascribed to the combination of a ben-
zene ring n—n* transition and the n—n* transition of amide
and hydroxy groups. Moreover, the strong negative CE at 261
nm in the measured spectrum also derived from the same ET
which causing the CE at 237 nm. According to the above data,
it was suggested that the CEs at 211, 237, 261 and 312 nm in
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Fig. 5. The stomach tissue biopsy of the positive control and test
groups. (a, b = positive control group; ¢, d = test group).

the ECD curve were determined by the configurational assign-
ment of C-2°, which was in accordance with the theoretical
ECD spectra for the two stereisomrs of (R and S).

In our research, compound 1 has been synthesized from
commercially available chiral precursors. Synthetic compound
presented remarkable similar spectroscopic parameters to com-
pound 1, particularly ECD spectral features (Fig. 3). The syn-
thetic procedure of compound 1 is shown in Scheme 1.

On the basis of the above evidence, the complete structure
of compound 1 was elucidated as (S)-2-(2-hydroxypropanami-
do) benzoic acid.

The anti-inflammatory, analgesic as well as the ulcero-
genic activities of compound 1 was investigated in vivo at 100
mg/kg dosage and compared with aspirin as reference standard
in all screenings. It is clearly seen from Fig. 5 that the positive
control group (a and b) demonstrates ulcerogenic and bleeding
points, versus test group (c and d); in addition, data showed in
Table 2 indicated that compound 1 exhibits considerable anti-
inflammatory and analgesic activities compared with aspirin,
indicating that it is an active substance with anti-inflammatory
and analgesic pharmacological activity.

Table 2. Anti-inflammatory, analgesic and ulcerogenic activities of compound 1 (100 mg/kg).*

Compound Anti-inflammatory activity Analgesic activity Ulcerogenic activity
Swelling rate (%) Number of writhing Lesion index (mm)

Control® 242.6 +£31.6 319+ 12.6 0.0 + 0.0

Aspirin 193.7 £ 27.4%* 7.3 £ 9.0%* 40+05

1 191.0 £ 47.7** 12.6 £ 9.9%* 0.0 £ 0.0%**

2Values represent the mean + S.E. of ten rats for each group. Oral administration for all test compounds.
bControl group animals were given suspension of 0.5% methylcellulose.

ek

**P < 0.01, Student’s t-test vs. control,

P < 0.001, Student’s t-test vs. aspirin.
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Experimental

General experimental procedures

NMR spectra were recorded on Bruker AVANCE-600 NMR
spectrometer, TMS as internal standard, J in ppm, J in Hz.
13C multiplicities were determined by DEPT spectra. COSY,
HMBC, HSQC and DEPT experiments were performed using
Bruker microprograms. The optical rotation degree was mea-
sured PERKIN-ELMER241M optical rotation spectrometer,
CD spectrum was recorded on Biologic MOS-450 CD spec-
trometer. The IR spectrum was recorded in the region 4000-400
cm! using KBr pellet technique with 1.0 cm™! resolution on
a BRUKER IFS-55V IR spectrometer. The FT-Raman spectra
was recorded using 1064 nm line of Nd:YAG laser as the exci-
tation wavelength in the region 3500-100 cm™! on a BRUKER
RFS 100/S FT-Raman spectrometer. The detector was liquid
nitrogen cooled Ge detector. Two hundred scans were accu-
mulated at 4 cm™! resolution with 50mW laser power. Mass
spectra were measured on Shimadzu 2010 LC-MS and a Bruker
ESI-Q-TOF-MS/MS high-resolution mass spectrometer. Col-
umn chromatography was performed on silica gel (200-300
mesh; Qingdao Haiyang Chemicals).

Fungal materials

SYP-F-2720 is a sponge-derived marine fungus which be-
longs to Penicillium strains collected in 2003, Off the North
Sea coast, China and deposited in School of Life Sciences,
Shenyang Pharmaceutical University, China. The strain was
maintained on Yeast extract-Malt extract Agar medium (0.09
g yeast extract powder, 0.09 g malt immersion powder, 0.15 g
peptone, 0.3 g glucose, 0.45 g agar and 0.9 g NaCl in 30 mL
distilled water) and cultivated at 28 °C for 5 days. Mycelial
agar plugs were inoculated into a 2000 mL Erlenmeyer flask
containing sterilized (glucose 1%, peptone 0.5%, yeast extract
powder 0.3%, malt immersion powder 0.3%, NaCl 3% in 700
mL distilled water) at 28 °C for 14 days.

Extraction and Isolation

The fermentation broth of SYP-F-2720 was extracted by add-
ing 1400 mL ethyl acetate (EtOAc) to the flask and then ho-
mogenized. The homogenized suspensions were collected, fil-
trated, and partitioned with water. Ethyl acetate portion was
evaporated under reduced pressure to give brown syrup (0.1 g).
Then the syrup was subjected to octadecylsilyl (ODS) column
with linear gradient elution with 40%-100% aqueous methanol
and 61 fractions were obtained. Fractions 1-4 were chroma-
tographed with preparative-HPLC (MeOH-H,O 40 : 60) to
produce compound 1 (1 mg).

Synthesic procedures of compound 1

Acetyl chloride (19.2 mL, 266.6 mmol) was added to the solu-
tion of L-Lactic (12.0 g, 133.3 mmol) and tetrahydrofuran (24
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mL) at —5 °C, then the solution was stirred at room temperature
for 5 h. The solution was evaporated under reduced pressure
to obtain intermediate II which as colorless oily liquid (14.6
g, 83.6%). Then, the reaction mixture refluxed at 50 °C for 2h
after added thionyl chloride (48 mL) to II (14.6 g, 110.6 mmol),
and evaporated under reduced pressure to gain intermediate 11
which as light yellow oily liquid (15.6 g, 93.7%). Next, added
the anhydrous ether solution of IIT (IIl: 15.6 g, 103.7 mmol,
anhydrous ether: 25 mL) to the solution of methyl anthranilate
(60.0 g, 395.8 mmol) and anhydrous ether (150 mL) at =5 °C,
and stirred for 3 h, filtered. The filtrate was washed by HCI
(100mL x 6, 1 mol/L), H,O (100 mL x 3) and NaCl (100
mL x 3), dried by anhydrous sodium sulphate, filtered and
concentrated to acquire intermediate IV which as pale yellow
crystalline (24.7 g, 89.9%). The sodium hydroxide solution (1
mol/L) was slowly dropped into the mixture of intermediate IV
(12.7 g, 47.92 mmol), tetrahydrofuran (60 mL) and methanol
(40 mL), and then stirred for 3h at room temperature. Next,
the reaction solution was extracted with CH,Cl, (200 mL x
3), and then adjusted the pH of the aqueous phase to 2 with
HCI (1 mol/L), standing for crystallization, filtrated, and dried
to afford (S)-2-(2-hydroxypropanamido)benzoic acid (8.79 g,
87.8%).

(S)-2-(2-hydroxypropanamido) benzoic acid (1)

White needle crystals; [a] —15.6°(c, 0.10, MeOH); IR
spectrum (KBr, vy cm™Y): 3400, 3267, 1689, 1660,1584,
1530, 1450, 1402, 1293, 1264, 1127, 876, 756; MS(ESI): m/z
= 232.0582 [M + Na] ; '"H NMR (600 MHz, DMSO, §): dy
13.55 (1H, s, NH), 11.99 (1H, s, COOH), 8.71 (d, J;, = 7.8
Hz, H-3), 8.01 (d, J5 5= "7.8 Hz, H-6), 7.61 (dd, J; ,= 7.8, J, 5=
1.2 Hz, H-4), 7.17 (dd, J55=7.8, J; s = 1.2 Hz, H-5), 6.13 (1H,
s, 2°-OH), 4.16 (1H, m, H-2), 1.34 (d, J = 6.6 Hz, CH;). *C
NMR (150 MHz, DMSO, 3): dc 174.4 (C-17), 168.9 (COOH),
140.5 (C-2), 134.0 (C-4), 131.3 (C-6), 122.6 (C-5), 119.5 (C-3),
116.5 (C-1), 68.0 (C-2"), 20.9 (C-3"), see Table 1.

Computational details

The conformational searching for a pair of enantiomers (R
and S) was performed by Spartan 10 program with MMFF
molecular mechanics force field [19, 20]. After surveying the
conformational space, the conformers within 5 kcal/mol enegy
window were re-optimized at B3LYP level of theory using 6-
311 + + G (2d, 2p) basis sets under PCM model by Gaussian
09 package program [21-23].

The Gibbs free energies were also calculated at the same
level and frequency calculations based on the previously
optimized geometries in order to ensure the minimum en-
ergy of the structure. Relative population of each conform-
er was valued on the basis of Boltzmann weighting factor
at 298K to simulate ECD. The Boltzmann weighting factor

exp(—G, / RT)

B| R =
E exp(—=G; / RT)
j

x 100% |, where Gi, R and T stand
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for the Gribbs free energy, gas constant and absolute tempera-
ture (298 K).

The ECD were simulated by the time-dependent density
functional theory (TDDFT) method at CAM-B3LYP/TZVP
and CAM-B3LYP/aug-cc-pvdz basis set, and methanol was
used as solution under PCM model. ECD curves were gen-
erated by Specdis with half bandwidth of 0.32 eV [16, 18,
19].

Biological activity assay

The anti-inflammatory and analgesic activities associated with
the ulcerogenic assay of compound 1 were ascertained com-
pared with aspirin which was used as positive control. The
xylene-induced mouse ear edema model, acetic acid-induced
writhing response model, and influence on the gastric irritation,
following the reported method [24-29]. Pharmacological tests
were conducted in Kunming mice weighing 20-25 g, and they
were divided into nine groups of 10 mice each, of which three
groups were all male mice for evaluating anti-inflammatory
activity, three groups were all female mice for testing analgesic
activity, the other three groups were either sex for evaluat-
ing ulcerogenic activity, pregnant female mice were excluded.
Animal room was maintained at 25 + 2 °C with a 12 hours
light/dark cycle. Food and tap water was freely available ex-
cept for the acute ulcerogenesis test. All test compounds were
suspended in a solution of methylcellulose (0.5%) and adminis-
tered orally at the dose of 100 mg/kg body weight. The results
were summarized in Table 2. The ethical guidelines described
in the NIH Guide for Care and Use of Laboratory Animals were
followed throughout the experiments.

Conclusions

In summary, this paper reports the isolation and structural iden-
tification of (S)-2-(2-hydroxypropanamido) benzoic acid which
was isolated from the fermentations of Penicillium chrysoge-
num SYP-F-2720. The structure with absolute configuration
was determined by spectroscopic data coupled with quantum
chemical calculations. Furthermore, the structural elucidation
as well as AC was confirmed by the strong correlation of spec-
tra between compound 1 and synthetic compound 1 which from
raw material with a definite configuration. The anti-inflam-
matory and analgesic activities of the compound were evalu-
ated and no ulcerogenic activity was observed simultaneously.
Taken together, the results provide a new active substance
which has anti-inflammatory and analgesic pharmacological
activity.
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