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Abstract—Four new norditerpenoids, designated as cespihypotins A (1), B (2), C (3) and D (4), were isolated from Cespitularia hypo-
tentaculata Roxas (Xeniidae) that was collected in Taiwan. Compounds 1 and 2 are unprecedented structures having 13- and 14-
membered lactone ring, respectively. Their structures were elucidated on the basis of extensive spectroscopic analysis. A plausible

biogenetic pathway for compounds 1-4 was also proposed.
© 2006 Published by Elsevier Ltd.

Norditerpenes possessing a 19 carbon skeleton are
relatively rare compounds. Some of them have been
reported from soft corals, especially members of the
genus Cespitularia." Biogenetically, they are derived
from geranylgeranyl pyrophosphate and 1S-verticillene

via loss of a methyl unit.>? These marine organisms pro-
duce structures very similar to those of taxane diterpe-
noids in Taxus.*> However, bicyclic norditerpenoids
have never been found in terrestrial plants. Previously,
three novel nitrogen-containing verticillene diterpenoids
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named cespitulactams A, B and C were isolated from
Cespitularia taeniata.® Our continuing investigation on
the constituents of Taiwanese soft corals has led to the
isolation of four novel compounds, cespihypotins A
(1), B(2), C (3) and D (4), from Cespitularia hypotenta-
culata Roxas (Xeniidae). Of particular interest are
compound 1 containing a novel 13-membered lactone
ring and 2 possessing a rare 14-membered lactone ring.
In this letter, we describe the isolation, structural eluci-
dation and plausible biogenetic pathway for 1-4.

The soft coral (0.8 kg, dry) collected at a depth of 20 m
was extracted with a mixture of CH,Cl, and MeOH,
and the extract (63 g) was partitioned between EtOAc
and H,O (1:1). The EtOAc-soluble portion (40 g) was
subjected to a Si gel column (n-hexane/EtOAc, 50:1 to
EtOAc/MeOH, 2:1) to yield fractions 1-12. Fraction
10 (7.13 g) was chromatographed on a LH-20 Sephadex
resin column (CH,Cl,/MeOH, 1:1) to give a residue
(4.89 g), which was separated by a Si gel column to
afford S7-7. Application of fraction S7-7 (20 mg) on a
HPLC column (Si gel, n-hexane/acetone, 4:1) furnished
cespihypotin A (1, 5.5 mg). Fraction 5 (1.1 g) was chro-
matographed on a LH-20 Sephadex resin column
(CH»Cl,/MeOH, 1:1) and a Si gel column (n-hexane/
CH,Cl,/EtOAc, 3:1:1), and further HPLC (n-hexane/
CH,Cl,/MeOH, 50:50:1 and n-hexane/EtOAc, 5:1) to
give cespihypotin B (2, 3 mg). Separation of fraction 7
(3.29 g) by a Si gel column (n-hexane/EtOAc, 1:1), a
LH-20 Sephadex resin column (CH,Cl,/MeOH, 1:1)
and HPLC (Si gel, n-hexane/CH,Cl,/EtOAc, 3:1:1)
yielded cespihypotins C (3, 3 mg) and D (4, 2 mg).

Cespihypotin A (1), [¢] —43.4 (acetone), possessing a
molecular formula C;9H»30,4, was deduced from HRE-
SIMS data.” The 'H NMR spectrum of 1 exhibited
signals including a doublet at 6 5.44 (J=8.4Hz), a
two proton singlet at é 5.03, a triplet at 6 4.60 (J =
6.3 Hz), a pair of doublets at 6 2.94 and 3.22
(/=14.8 Hz) in addition to three methyl singlets (6
0.99, 1.12, 1.73). The '*C NMR spectrum of 1 showed
signals of a ketone (0 206.9), an ester carbonyl (¢
169.3), a trisubstituted olefinic carbon (¢ 134.7, 129.1),
an exocyclic double bond (4 146.2, 114.2) and three
methyl carbons (0 25.3, 24.6, 17.3). The proton and car-
bon assignments were determined by the COSY and
HMQC, the former established the partial structures
as illustrated in Figure 1. HMBC data revealed correla-

Figure 1. Partial structures of 1 and 2 established by COSY (curve,
alylic correlation) and HMBC (arrow).

Table 1. 'H and '3C NMR data, HMBC and COSY correlations of 1

No. oy (mult, J, Hz) dc HMBC COSY
g 3¢ 'H_'H

1 1.30 (m) 423 11, 14, 15 2,14

2 1.90 (m), 2.05 (m) 26.3 3

3 2.02 (m) 39.0 2

4 146.2

5 2.38 (m), 2.50 (m) 42.1 3,4,6,7 6

6 4.60 (t, 6.3) 70.1 4,58 7

7 5.44 (d, 8.4) 134.7 6, 19

8 129.1

9o 2.94 (d, 14.8) 45.8 7, 8,10, 19 9B

9B 3.22 (d, 14.8) 90

10 169.3

11 4.44 (s) 84.5 1, 10, 12

12 206.9 11

13 2.55 (m), 2.13 (m) 33.1 12 14

14 1.95 (m), 1.73 (m) 29.4 12 1,13

15 42.0

16 0.99 (s) 253 1, 11, 15, 17

17 1.12 (s) 24.6 1, 11, 15, 16

18 5.03 (s) 114.2 3,4,5 3,5

19 1.73 (s) 17.3 7,8,9 7

#Chemical shifts (6) in parts per million, J values in hertz are in
parentheses. Assignment was made using HMQC and HMBC
techniques.

Figure 2. Key NOESY correlations and relative stereochemistry of 1.

tions of H-11 (§ 4.44)/C-1,C-10,C-12 (6 206.9); H-16/C-
1,C-11 (6 84.5); H-17/C-1,C-11; and correlations among
the right hemisphere of 1 as indicated in Table 1. The
stereochemistry of 1 was determined by NOESY experi-
ment (Fig. 2), in which correlations were observed
between H-11 and both the methyl groups H-16/H-17
and between H-1 and H-16/H-17. These findings estab-
lished the B-orientation of both H-1 and H-11. The cross
peaks among H-6, H-7 and H-19 were consistent with
the a-configuration of H-6 in 1. A computer generated
3D chemical model for cespihypotin A shown in Figure
4 by using MM2 force field calculation agreed with the
assigned structure of 1. The configuration of the hydr-
oxyl at C-6 was further determined by Mosher’s reac-
tions.® It was suggested that the C-6 has the S
configuration as illustrated in Figure 5.

Cespihypotin B (2), [«] —97 (EtOAc), had a molecular
formula C,;H3,Os as derived from HRESIMS data.’
The "H NMR spectrum of 2 exhibited a trisubstituted
olefinic proton (6 5.34, H-7), two oxygenated methine
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Figure 3. Selective HMBC (arrow) and NOESY (curve) correlations 2.

Figure 4. Computer-generated perspective models for 1 using MM2
force field calculation.

-0.07

5,R = R-MPTA
6,R = S-MPTA

Figure 5. 65 — 0 values for Mosher’s reaction products.

signals (6 5.48, H-6; 6 5.07, H-12), two exocyclic olefinic
singlets (0 4.90, 4.87, H-18) and three methyl singlets (o
1.23, 1.15, 1.78, H-16, H-17, H-19). As in 1, the '*C
NMR spectra revealed the presence of a ketone carbonyl
(60 211.1), an ester (6c 169.6), a trisubstituted olefin (6
133.1, 130.1), a 1,1-disubstituted olefin (§ 145.5,
112.5), two oxygenated methine carbons (éc 71.4, C-7;
72.2, C-12), in addition to an acetyl group (6 170.2
and 21.4). The COSY spectrum of 2 established the con-
nectivities of H-9a (6 2.88, d, J = 13.5 Hz)/H-9B (J 3.20,
d, J=13.5Hz), /H-19/H-7/H-6, /H-18/H-5/H-3/H-2/
H-1 and H-12/H-13/H-14/H-1 which are same as that

of 1 (Fig. 1). The HMBC data of 2 located the acetyl
group at C-6 because the correlation of H-6/OAc was
clearly observed. However, HMBC correlations of H,-
9/C-10, H-12/C-10, H-12/C-11, H-16/C-11, H-17/C-11
and H-1/C-11 assigned the ester carboxyl at C-10 and
the ketone at C-11. The configuration of cespihypotin
B (2) was elucidated by analyses of NOESY correlations
(Fig. 3). The presence of mutual correlations between H-
1, H-16, H-17 and H-12 agreed with all B-configuration,
while H-6 was a-configuration.

Cespihypotin C (3) had the molecular formula
Ci9H»305, as deduced from HRESIMS and DEPT
NMR.!® The UV absorption and IR bands indicated
the presence of an a,B-unsaturated ketone and a hydr-
oxyl functionality. The '"H NMR spectral data (Table 2)
revealed three olefinic singlets (dy 6.33, 4.92 and 4.84)
and two oxygenated methine protons at Jy 4.15 (H-6)
and 3.10 (H-7) in addition to three methyl singlets at
oy 1.57, 1.30 and 1.19. The "*C NMR spectrum exhib-
ited 19 carbons, in which six methylene groups (dc
53.1, 42.2, 32.3, 29.7, 24.0 and 22.7) were observed in
the DEPT spectra of 3. The two oxygenated methine
carbon signals at dc 70.0 and 66.5 were assigned to C-
6 and C-7, respectively, whereas the oxygenated quarter-
nary carbon at d¢ 60.4 was attributed to C-8. The COSY
spectrum of 3 revealed correlations of H-1/H-2/H-3, H-
1/H-14/H-13/H-12 and H-5/H-6/H-7. The HMBC cor-
relations between the carbonyl (6¢ 201.1) and the meth-
ylene AB quartet (dy 2.87 and 2.85, J= 15 Hz, H-9),
and the olefinic proton (dyg 6.33, H-12) indicated the car-
bonyl at C-10. The methyl proton at éy 1.57 (H-19) was
correlated to C-9 (d¢ 53.1), C-8 and C-7, whose proton
was, in turn, correlated to C-6, thus confirming the
hydroxyl group at C-6 and an epoxide ring between
C-7 and C-8. The HMBC correlations between

Table 2. 'H and '*C NMR data, HMBC and COSY correlations of 3?

No. &y (mult, J, Hz) Se HMBC COSY
g 13C H-'H

1 1.36 (m) 423 14,15 2,14

2 1.31 (m), 1.37 (m) 29.7 3

3 1.88 (m), 2.31 (m) 323 2

4 145.8

5 209 (m), 232 (m) 422 4,6 6,7

6 4.15(d, 14) 70.0 5

7 3.10 (s) 66.5 6 5

8 60.4

901 2.84 (d, 15) 531 8,10 9B

9B 2.87 (d, 15) 90t

10 201.1

11 6.33 (s) 148.9

12 1375 10 13

13 2.26 (m), 1.64 (m) 227 14, 12

14 1.38 (m), 0.95 (m)  24.0 1,13

15 352

16 1.30 (s) 323 1,11, 15, 17

17 1.19 (s) 248 1,11, 15,16

18 4.92 (s), 4.84 (s) 1139 3,4,5

19 1.57 (s) 171 78,9

#Chemical shifts (6) in parts per million, J values in hertz are in
parentheses. Assignment was made using HMQC and HMBC
techniques.
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H-16/C-1,C-11,C-15 and H-17/C-1,C-11,C-15 and
H-18/C-4,C-3,C-5 allowed positioning the C-16, C-17
and C-18, respectively.

The molecular formula of 4 was deduced from ESIMS
and DEPT NMR as C;9H»40,, indicating seven degrees
of unsaturation.!! The UV and IR bands, and NMR
spectral data of 4 were closely similar to those of 3 sug-
gesting a norditerpene skeleton with the function of o, 3-
unsaturated ketone as 3. The presence of an additional
o,B-unsaturated ketone was demonstrated by a proton
signal at dy 6.26 (H-7) along with an additional carb-
onyl signal at dc 198.3 (C-6) and lack of hydroxynated
carbons. The COSY spectrum showed the correlation
of H-12/H-13/H-14/H-1/H-2/H-3. Detailed inspection
of the HMBC spectrum of 4 revealed that both the H-
5 protons at dy 3.17 and 3.01 (d, J =11 Hz) as well as

OPP

Geranylgeranyl Diphosphate

the H-7 proton showed correlations with carbonyl
carbon at dc 198.3. Moreover, the methyl protons at
C-19 correlated with C-7 (6 131.2), C-8 (6 147.4) and
C-9 (0 55.1) confirming a double bond between C-7
and C-8. Thus the structure of 4 was established for
cespihypotin D.

A plausible biogenetic pathway of 1-4 was proposed as
shown in Scheme 1 based on the biosynthesis of taxane
diterpenes and recently published norditerpenoids.!-®
The precursor geranylgeranyl diphosphate is trans-
formed to an intermediate, 1.S-verticillene by the enzyme
cyclase. Subsequent steps involving rearrangement and
oxidation yield intermediate a, then decarboxylation
and hydroxylation produce intermediates b and ¢, which
may lead to cespihypotins C (3) and D (4). Cespihypo-
tins A (1) and B (2) might be derived from norditerpenes

',_

0 S
g\

1S-Verticillene

Rearragementﬂ Oxidation

HOOC

on Decarboxylation,
& Hydroxylatlon

a
Oxidation
(0]
Ho_ HQ
Ep0x1dat10n El
OH
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3and 4

Scheme 1. Plausible biogenetic pathway of 1-4.
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d via epoxidation, hydration, oxidation and lactoniza-
tion, which involves attack of the C-12 hydroxy or C-
11 hydroxy on the carbonyl at C-10 and subsequent
bond cleavage between C-10 and C-11.

This letter describes the first isolation of four new nor-
diterpenoids including the novel structures of 1 and 2
from C. hypotentaculata, which is a species closely
related to C. taeniata in the family of Xeniidae. The
occurrence of norditerpenoids 1-4 is of significance in
the chemotaxonomy of the genus Cespitularia.
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