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Three new phthalate acid derivatives, 2,12-diethyl-11-methylhexadecyl 2-ethyl-11-methylhexadecyl
phthalate (1), 2-ethyldecyl 2-ethylundecyl phthalate (2), and bis(2-ethyldodecyl) phthalate (3), were iso-
lated from seahorse, Hippocampus Kuda Bleeler, together with a known natural analog bis(2-ethylheptyl)
phthalate (4). The structures of these compounds were elucidated mainly by means of the comprehensive

analysis of their NMR spectroscopic data. The four phthalate derivatives showed dose-dependent cathep-

Keywords:

Seahorse

Hippocampus Kuda Bleeler
Phthalate derivatives
Cathepsin B

respectively.

sin B inhibitions activities with ICso values of 0.13 mM (1), 0.21 mM (2), 0.18 mM (3), and 0.29 mM (4),

© 2008 Elsevier Ltd. All rights reserved.

Seahorse belongs to syngnathidae of syngnathiformes in Stei-
chthyes of vertebrate phylum. It has been widely used as a tradi-
tional medicine and/or invigorant for the treatment of erectile
dysfunction (ED) due to the compellent activity like hormone
from crude extract for thousands of years in the Orient. The
modern pharmacological study revealed that seahorse (Hippo-
campus Kuda Bleeler) had variously bioactivities such as anti-tu-
mor, anti-aging, and antifatigue.! However, the reports of
chemical components responsible to these effects are rarely
found so far. It greatly encouraged us to take it as our interest
target for further investigation deeply.

As part of an effort to discover bioactive natural products from
marine resources, we have investigated chemical constituents of
H. Kuda Bleeler, and obtained three new natural phthalate deriva-
tives, together with one known analogic derivative. In this paper,
we report the isolation and structural elucidation of three new
phthalate derivatives (1, 2, and 3), and one known derivative (4)
which was isolated from natural source for the first time. The stud-
ies on phthalate derivatives, which occurred from natural re-
sources such as plants,>* marine bacterium, marine fungi,®
marine animal, and marine algae, etc.° 2 are increasingly becom-
ing the focus corresponding to the variously interesting activities
and mechanisms reported recently,'>~!° especially their potential
mechanisms of hormone-like activity, as well as toxicity.?°->* Fur-
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thermore, Analysis of the natural abundance '“C content of the rel-
ative derivatives from two edible brown algae, supported that the
phthalates can be produced naturally and accordingly.?®> Mean-
while, the evaluation of cathepsin B inhibition activities of these
phthalate derivatives was also described herein.

Hippocampus Kuda Bleeler was extracted with methanol at room
temperature to give the methanol extract (ME). ME was subjected
to SiO, gel flash chromatography, followed by C-18 ODS gradient
chromatography and reverse-phase HPLC, to yield four phthalate
derivatives, three new compounds (1, 2, and 3) and one natural-
occuring known compound (4).

The live adults of sea horse were collected from Zhoushan Is-
land, Zhejiang, China, in October, 2005, and freeze-dried after
removing the internal organs locus in quo. It was identified as H.
Kuda Bleeler by Professor Ming-Lu Deng (Zoologist, Changchun
University of Chinese Medicine, China).

The freeze-dried H. Kuda Bleeler (2 kg) was ground into powder
and extracted at room temperature with MeOH (3x 5L) for 15d,
and the solvent was evaporated in vacuo to give a crude MeOH ex-
tract (138 g). The extract was subjected to silica gel flash chroma-
tography eluted with n-hexane/EtOAc/MeOH (gradient), and
afforded 18 main fractions. Fraction 8 (630 mg, n-hexane/EtOAc,
5:1) was chromatographed over ODS by elution with MeOH/H,0
to yield compounds 1-4, respectively. The isolates were further
purified by HPLC (Dionex, ODS, MeOH) utilizing a 40 min gradient
program of 50-100% MeOH in H,O to furnish compound 1
(15.6 mg), compound 2 (21.5 mg), compound 3 (20.2 mg), and
compound (4, 17.8 mg).
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12-Diethyl-11-methylhexadecyl 2-ethyl-11-methylhexadecyl
phthalate (1): yellowish oil; [cx]f,o 0.1° (c 2.0, MeOH); IR (neat) viax
2957, 2924, 2855, 1720, 1602, 1575, 1485, 1264, 1115, 1072, 1033,
965, 798, 741 cm™!; UV (CHCl5) Amax (loge) 274 (2.39) nm; HR-
ESIMS m/z 726.6547 [M]" (calcd for CsgHgs0s4, 726.6526, A
+2.1 mu), LREIMS m/z (rel. int.) 726 [M]* (2), 474 (2), 419 (2),
293 (17), 279 (8), 249 (2), 177 (3), 167 (21), 149 (91),127 (9),
113 (2), 98 (10), 85 (36), 71 (44), 57 (100); 'H NMR (400 MHz,
CDCls) 6 7.70 (2H, dd, J = 8.8, 2.2 Hz, H-3, 6), 7.52 (2H, dd, ] = 8.8,
2.2 Hz, H-4, 5), 4.27, 421 (4H, t, J=6.3 Hz, H,-1/, 1”), 1.68 (4H,
m, H-2/, 2", 11/, 11”), 1.45 (1H, m, H-12"), 1.33 (2H, m, H,-15"),
1.32 (2H, m, H,-15"), 1.29 (36H, m, H,-4, 4", 5, 5", 6, 6", 7', 7",
8,8",9,9" 13,14, 14", 17, 17", 20”), 1.25 (12H, m, H,-3', 3,
10, 107, 12/, 13”), 0.90 (21H, m, H3-16/, 16", 18/, 18", 19, 19",
21”); 13C NMR (100 MHz, CDCl;) data,?® see Table 1.

2-Ethyldecyl 2-ethylundecyl phthalate (2): Yellowish oil; [o]2
+0.0030 (c 1.2, CHCl3); IR (neat) vmax 2924, 1721, 1604, 1571,
1482, 1264, 1113, 1070, 1033, 951, 748, 701 cm™'; UV (CHCl3) Amax
(loge) 276 (2.95) nm; HR-ESIMS m/z 516.4168 [M]* (calcd for
C33Hs5604 516.4179, A —1.1 mmu), LREIMS m/z (rel. int.) 516 [M]*

Table 1

13C data for compounds 1-4 in CDCl;

Position 1 2 3 4

1 167.7 (s) 167.8 (s) 167.8 (s) 167.8 (s)
2 1323 (s) 1324 (s) 1324 (s) 132.4 (s)
3 12838 (d) 12838 (d) 12858 (d) 12858 (d)
4 130.9 (d) 130.9 (d) 130.9 (d) 130.9 (d)
5 1309 (d) 130.9 (d) 1309 (d) 130.9 (d)
6 1288 (d) 1288 (d) 12838 (d) 12858 (d)
7 1323 (s) 1324 (s) 1324 (s) 1324 (s)
8 167.7 (s) 167.8 (s) 167.8 (s) 167.8 (s)
1 66.2 (1) 68.1 (t) 68.1 (1) 68.1 (t)
2 387 (d) 38.7 (d) 38.7 (d) 38.7 (d)
3 319 () 303 (1) 303 (1) 303 (1)
Y 286 (1) 289 (1) 289 (1) 289 (1)
5 30.3 (t) 297 (¢) 297 (¢) 297 (¢)
6 297 (t) 29.7 (1) 297 (1) 229 (d)
7 29.7 (1) 297 (¢) 297 (¢) 14.0 (q)
g 29.7 (t) 293 (1) 297 (¢) 237 (¢)
9 27.0 (t) 31.9 (t) 29.4 (t) 10.9 (q)
10 343 (t) 229 (1) 31.9 (1)

11’ 33.1(d) 142 (q) 227 (¢)

12/ 36.6 (t) 237 (¢) 14.0 (q)

13/ 26.8 (t) 10.9 (q) 237 (1)

14/ 292 (1) 11.0 (q)

15' 22.7 (1)

16' 14.1 (q)

17' 23.7 (1)

18’ 11.0 (q)

19’ 19.6 (q)

17 66.2 () 68.1 (1) 68.1 (t) 68.1 (t)
2 38.7 (d) 38.7 (d) 38.7 (d) 38.7 (d)
3 31.9 (1) 30.3 (t) 303 (t) 303 (t)
4 289 (t) 28.9 (1) 289 (t) 289 (1)
50 30.3 (1) 297 (¢) 297 (¢) 297 (¢)
6" 29.7 (t) 297 (¢) 29.7 (¢) 22.9 (d)
7" 29.7 (t) 29.3 (t) 29.7 (t) 14.0 (q)
8 297 () 31.8 (1) 297 (t) 237 (t)
9 275 (t) 226 (1) 29.4 (1) 109 (q)
10" 36.5 (t) 14.1 (q) 31.9 (t)

117 39.4 (d) 237 (t) 229 (t)

12" 419 (d) 109 (q) 14.1 (q)

13" 325 (t) 23.7 (¢)

147 32.7 (1) 11.0 (q)

15" 23.0 (1)

16" 142 (q)

17 23.7 (1)

18" 11.4(q)

19" 19.1 (q)

20" 26.1 (t)

21" 12.2 (q)

Recorded in CDCl; at 400 MHz ('H) and 100 MHz (*3C).

(1), 491 (1), 429 (2), 355 (3), 334 (3), 279 (5), 167 (23), 149
(100), 113 (7), 97 (11), 84 (20), 71 (42), 57 (74); 'H NMR
(400 MHz, CDCl3) 6 7.70 (1H, dd, J = 8.8, 2.2 Hz, H-3, 6), 7.52 (2H,
dd, J=8.8, 2.2 Hz, H-4, 5), 4.21 (4H, t, ] =6.2 Hz, H>-1’, 1”), 1.66
(4H, m, H-2/, 2"), 1.25 (26H, m, H,-3', 3", 4, 4", 5, 5", 6, 6", 7',
8,7", 9, 8"), 130 (4H, m, H,-10', 9”), 0.87 (6H, m, H5-11’, 10"),
1.39 (4H, m, H,-12/, 11”), 0.89 (6H, m, H3-13, 12”), 13C NMR
(100 MHz, CDCls) data,?® see Table 1.

Bis(2-ethyldodecyl) phthalate (3): Yellowish oil; [o]2’ 0° (c 0.5,
MeOH)); IR (neat) vmax 2920, 1720, 1602, 1577, 1482, 1461,
1379, 1267, 1120, 1067, 1035; 956, 741, 702 cm~'; HR-ESIMS m/
7 558.4653 [M]" (calcd for C3gHg204 558.4686, 4 —3.3 mmu), LRE-
IMS m/z (rel. int.) 558 [M]" (5), 279 (8), 167 (32), 149 (100), 123 (3),
97 (11), 83 (19), 71 (45), 57 (72); 'H NMR (400 MHz, CDCl3) 6 7.70
(2H, dd, ] = 8.8, 2.2 Hz, H-3, 6), 7.53 (2H, dd, ] = 8.8, 2.2 Hz, H-4, 5),
421 (4H, t, J = 6.2 Hz, Hy-1', 1), 2.04 (2H, m, H-2’, 2, 1.25 (20H,
m, H,-3, 3", 4,4",5,5",7,7", 8, 8"),1.29 (12H, m, H,-6/, 6", 9/,
97,10, 10"), 1.31 (4H, m, H2-171/, 11”), 0.87 (6H, m, H5-12/, 12"),
1.60 (4H, m, H,-13’, 13”), 0.90 (6H, m, Hs-14’, 14”); 13C NMR
(100 MHz, CDCl;) data,?® see Table 1.

Bis(2-ethylheptyl) phthalate (4): Yellowish oil; [o2’ 0° (c 0.5,
MeOH)); IR (neat) vmax 2924, 1723, 1600, 1577, 1488, 1462,
1379, 1267, 1118, 1071, 1037; 956, 741, 702 cm™!; LREIMS m/z
(rel. int.) 418 [M]" (5), 279 (7), 167 (22), 149 (100), 113 (11), 83
(19), 71 (35), 57 (83); 'H NMR (400 MHz, CDCl3) 6 7.70 (2H, dd,
J=8.8, 2.2 Hz, H-3, 6), 7.53 (2H, dd, J=8.8, 2.2 Hz, H-4, 5), 4.21
(4H, t, J=6.2 Hz, H,-1’, 1”), 1.65 (4H, m, H,-2’, 2"), 1.25 (4H, m,
H,-3/, 3”), 1.29 (8H, m, H,- 4/, 4", 5, 5”), 1.31 (4H, m, H,-6/, 6"),
0.89 (6H, m, H3-7’, 7""), 1.40 (4H, m, H,-8', 8"), 0.90 (6H, m, H3-9’,
9); 13C NMR (100 MHz, CDCl;) data,?® see Table 1.

The molecular formula of compound (1) was determined to be
C4sHgeO4 (6 deg of unsaturation) by HR-ESIMS analysis [m/z
726.6547, A4 +2.1 mmu], which was supported by 'H, '3C, and '3C
DEPT NMR data. The IR spectrum of 1 showed absorptions for al-
kane (2924 cm~!, C-H stretch), carbonyl (1720 cm~!, C=0), aro-
matic (1602, 1575, 1485, 741 cm~!, C=C), ester (1264, 1115,
1072, 1033 cm™}, C-0) groups. The UV spectrum of 1 showed the
presence of conjugated system [274 nm (log¢ = 2.39)]. Analysis of
the 'H, '3C, DEPT, and HMQC NMR data of 1 revealed the presence
of seven methyl groups, 28 methylene units (two O-bearing meth-
ylene), four sp? aromatic carbons, five methines, two sp? quater-
nary carbons, and two carbonyl carbons. An AA’'BB’ system
existed in 'H NMR spectrum at 6 7.70 (2H, dd, ] = 8.8, 2.2 Hz) and
7.52 (2H, dd, ] = 8.8, 2.2 Hz). These data accounted for all required
the compound to have one benzene ring (three double bonds and
one ring, 4 deg of unsaturation), and side chain with two carbonyl
groups (2 deg of unsaturation). The NMR data for 1 were character-
istic of a disubstituted phenyl structure. Analysis of '"H and '3C
NMR chemical shifts and the coupling constants observed for four
aromatic protons led to the identification of one ortho-substituted
aromatic ring. These assignments were further confirmed by rele-
vant HMBC correlations of 1. Two aromatic protons (6 7.70) present
in 1 showed HMBC correlations with C-1, C-2, and C-4, respec-
tively, indicating that two carbonyl carbons were directly con-
nected to aromatic sp? quaternary carbons (C-2 and C-7). Due to
the 3C chemical shift of these two carbonyl carbons, and 'H and
13C NMR data of two O-bearing methylene units, the structure of
compound (1) was suggested to be a phthalate derivative, sup-
ported by HMBC correlations of H-1' and H-1" with C-1 and C-8,
respectively. The connections of the two side-chain moieties were
completely assigned by HMBC and COSY correlations. On the basis
of these data, the planar structure of compound (1) was established
as 2, 12-diethyl-11-methylhexadecyl 2-ethyl-11-methylhexadecyl
phthalate. The structure and key correlations from HMBC and
COSY spectra of compound (1) were described in Figures 1 and
2, respectively.
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Figure 2. Key HMBC and COSY correlations of compound 1.
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The relative stereochemistry was determined by 'H-'H NOESY
experiment, the correlations from H-2'/H-1/, 3’; H-2"[H-1", 3""; H-
11’/H-10, 12’, 19’; H-117/10",12", 19"”; H-12"/H-11",13" in NOESY
spectrum were observed indicating the same equator position for
those protons, however, no correlations were revealed for H-2'/
H-17’; H-2"/H-17"; and H-12"/H-20". Therefore, the stereo loca-
tions of the three ethyl groups at C-2/, 2”7, and 12" were different
from the two alkyl side chains. The four chiral carbons (C-2/, 2",
11/, 11”) existed in compound (1) were symmetric, the ethyl group
(R, C-12") attached to the other chiral carbon (C-12") led to the
molecular asymmetry, which was also supported by optical rota-
tion data, namely, [oqﬁo 0.1° (c 2.0, MeOH).

The molecular formula of compound (2) was determined to be
C33Hs604 (6 deg of unsaturation) by HR-ESIMS analysis (m/z
516.4168 M*, calcd for C33Hs604 516.4179, 4 —1.1 mmu), and this
conclusion was supported by 1D NMR data. The IR spectrum of 2
showed functional groups such as alkane (2924 cm™~!, C-H stretch),
carbonyl (1721 cm™!, C=0), aromatic (1604, 1571, 1482, 748 cm ™,
C=C), and ester (1264, 1113, 1070, 1033 cm™!, C-0), respectively.
The UV spectrum of 2 revealed the absorption at 276 nm
(loge =2.95) indicating presence of conjugated system. Analysis
of the NMR spectra including 1D and 2D showed the presence of
four methyl groups, nineteen methylene units (two O-bearing
methylenes), four sp? aromatic carbons, two methines, two sp?
quaternary Carbons, and two carbonyl carbons. '"H NMR spectrum
showed an AA'BB’ system at § 7.70 and 7.52 ppm. These data ac-
counted for all required the compound to have one benzene ring
(three double bonds and one ring, 4 deg of unsaturation), and side
chain with two carbonyl groups (2 deg of unsaturation). The NMR
data for 2 were characteristic of a disubstituted phenyl structure.
Analysis of "H and '>C NMR chemical shifts and the ] values ob-
served for four aromatic protons led to the identification of one
ortho-substituted aromatic ring. These assignments were further
confirmed by relevant HMBC correlations. Two aromatic protons
(6 7.70) present in 2 showed HMBC correlations with C-1, C-2,
and C-4, respectively, indicating that two carbonyl carbons were
directly connected to aromatic sp? quaternary carbons (C-2 and
C-7). Due to the '3C chemical shifts of these two carbonyl carbons
as well as 'H and '3C NMR data of two O-bearing methylene units,
the structure of compound (2) was suggested to be a phthalate
derivative, supported by HMBC correlations of H-1’ and H-1" with
C-1 and C-8. The connections of the two side-chain moieties were
completely assigned by HMBC and COSY correlations. The two chi-
ral carbons (C-2’ and 2"") existed in compound (2) were symmetric,
the two side chains with one methylene unit deference led to the
molecular asymmetry, and '>C NMR data at § 31.9 (C-9') and
31.8(C-8"),22.9(C-10’) and 22.6 (C-9”) as well as the two terminal
methyl carbons at 14.2 (C-11’) and 14.1 (C-10"). Therefore, the
comprehensive analyses of MS, 1D and 2D NMR data including
NOESY completely led to the elucidation of compound (2) as 2-eth-
yldecyl 2-ethylundecyl phthalate. The chemical structure of com-
pound (2) was described in Figure 1.

Compound 3 was isolated as yellowish oil. The molecular for-
mula was established as C3gHg,04 by HR-EIMS spectral data, which
showed a [M]" peak at m/z 558.8821. This formula was confirmed
by 1D NMR suggesting the presence of a phthalate derivative. The
fragmentation pattern of the mass spectrum in MS exhibited three
fingerprint ion signals at m/z 279.20, 167.10, and 149.15 corre-
sponding to the skeleton of phthalate derivatives. The molecular
formula also revealed the six unsaturated degrees produced from
two carbonyl groups, one benzoic ring. The IR spectrum of com-
pound 3 supported this result by the strong absorptions of car-
bonyl (1723 cm™!, C=0), aromatic (1600, 1577, 1488, 741 cm™!,
C=C), ester (1267, 1118, 1071, 1037 cm~', C-0), and aromatic
(956, 741, 702 cm~!, C-H, out-of plane bend) groups. The 'H
NMR spectrum of 3 showed a typical AA’BB’ system at § 7.70 and

7.53 ppm. The chemical shifts and coupling constants of these aro-
matic protons implied that the compound must have an ortho-
disubstituted benzene ring bearing the same substituents in both
side chains. The NMR (1D and 2D) signals indicated two carbonyl
carbons, four aromatic methine, two O-bearing methylene, four
methyl, two alkyl methine, and twenty alkyl methylene groups.
The HMBC and COSY spectra of compound 3 revealed the key cor-
relations, H-4/5 to C-2/7, 3/6, 4/5; H-3/6 to C-1/8; H-1'/1" to C-1/8,
C-2'/2"; H-13'/13"” to C-1’/1" and 3'/3". The stereochemistry was
completed by NOESY experiment due to the presence of chiral car-
bons. Accordingly, the structure of compound 3 was clearly eluci-
dated as a new bis(2-ethyldodecyl) phthalate, which was
described in Figure 1.

Compound 4 had the molecular formula CygH4,04 as deter-
mined from LREIMS, 'H, '3C, and '3C DEPT spectral data. The six
unsaturated degrees were from two carbonyl groups, three aro-
matic double bonds, and one aromatic ring. The IR spectrum of
compound 4 suggested the presence of alkane (2924 cm™!, C-H
stretch), carbonyl (1723 cm™~!, C=0), aromatic (1600, 15771488,
741 cm~!, C=C), methylene (1462 cm~!, -CH, bend), methyl
(1379 cm™!, —-CH; bend), ester (1267, 1118, 1071, 1037 cm™!, C-
0), and aromatic (956, 741, 702 cm™!, C-H, out-of plane bend)
groups. The 'H NMR spectrum of 4 showed a typical AA’BB’ system
at 4 7.70 and 7.53 ppm. The chemical shifts and coupling constants
of these aromatic protons implied that the compound must have
an ortho-disubstituted benzene ring bearing the same substituent
in both positions. The '*C, DEPT, and HMQC NMR signals indicated
the presence of two carbonyl carbons, four aromatic methine, two
0O-bearing methylene, four methyl, two alkyl methane, and ten al-
kyl methylene groups. The HMBC and COSY spectra of compound 4
revealed the key correlations, H-4/5 to C-2/7, 3/6, 4/5; H-3/6 to C-
1/8; H-1'/1” to C-1/8; H-8'/8" to C-1'/1", 3'/3"; H-7'[7" to C-5'[5",
6'/6"; H-9'/9” to C-8'/8", 2'[2"; and H-1’/1" to H-2'[2". Finally, the
structure of compound 4 was assigned as a known bis(2-ethylhep-
tyl) phthalate,?’ see Figure 1.

The lysosomal cysteine proteases cathepsin B (EC 3.4.22.1) is a
unique cysteine member showing dual roles as both endopepti-
dase and exopeptidase activities due to the presence of the occlud-
ing loop in structure.?® Inhibitors of cathepsin B include
endogenous inhibitors such as the cystatin superfamily, low
molecular weight natural, and chemical synthesis inhibitors.
Meanwhile, cathepsin B reveals a role not only in intracellular pro-
tein catabolism; but also in hormone activation and processing of
antigens in immune response. However, over-expression and mis-
location in cell membrane of cathepsin B can be donated to some
pathological processes that include cancer and neurogenerative
disorders.?®=3! The effective inhibition of cathepsin B can decrease
the severity of joint inflammation and to reduce the destruction of
particular tissues in the rat model of antigen adjuvant-induced
arthritis. Therefore, cathepsin B inhibitors are expected to be useful
for the treatment of inflammatory joint disease, invasion of cancer,
and other diseases related to cathepsin B disorder. In brief, to
search for new cathepsin B inhibitors, especially reversible non-
peptidal inhibitors, should be given increased attention.

Cathepsin B inhibitory assay of these phthalate derivatives was
carried out in 96-well black plate by the method of Barrett et al.%’
with some modifications.>? The four phthalate derivatives (1-4)
showed dose-dependent cathepsin B inhibitions activities with
0.13mM (1), 0.21 mM (2), 0.18 mM (3), and 0.29 mM (4), respec-
tively, see Figure 3. Among these compounds, compound 1 and 3
showed more interesting activity than others.

In order to prove the non-contamination process during the
sample collection (freshly live adults of sea horse were collected
and freeze-dried after removing the internal organs locus in
quo.), extraction, isolation, and purification (non-plastic wares), a
blank control without seahorse sample were carried out at the
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Figure 3. Dose-dependent inhibitions of cathepsin B by phthalate derivatives. The
values are means * SE.

same time, and the result of TLC and HPLC analysis indicated that
those phthalates derivatives were naturally produced from sea-
horse indeed.® In latest investigations, phthalates derives showed
the hormone-like activity among their various bioactivities. Be-
cause of the consideration of the treatment for erectile dysfunction
(ED) using sea horse as a traditional medicine with a long history,
these compounds should be more interesting and urgent for the
further study, especially the three new compounds (1-3) and com-
pound (4) with the detail elucidation by NMR spectra technology.
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