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The first chloride-containing caryophyllane-type sesquiter-
penoid, designated as rumphellatin D (1), was isolated from gor-
gonian coral Rumphella antipathies. The structure of 1 was es-
tablished by spectral-data analysis. Rumphellatin D (1) showed
moderate inhibitory effects on elastase release by human neutro-
phils.

Previous chemical investigations of gorgonian coral R.
antipathies have revealed a series of interesting caryophyllane
derivatives, including kobusone,1 isokobusone,2 rumphellatins
A–C,3,4 and rumphellolides A–G.5,6 Caryophyllane-type natural
products exist widely in terrestrial plants, but are rarely found
in marine organisms.7–9

We describe herein the isolation, structure determination,
and bioactivity of an unprecedented sesquiterpenoid, rumphella-
tin D (1) (Chart 1), a chlorinated caryophyllane, from the further
studies of R. antipathies.

Sliced bodies of R. antipathies (wet weight 402 g, dry
weight 144 g) were extracted with a mixture of MeOH and
CH2Cl2 (1:1). The extract was partitioned between hexane and
9:1 MeOH–H2O; the MeOH–H2O layer was diluted to 1:1
MeOH–H2O and further partitioned against CH2Cl2. The
CH2Cl2 layer was separated on a silica gel column and purified
by normal phase HPLC to afford 1 (0.9mg, acetone–hexane,
4:1).

Rumphellatin D (1), ½��25D �4 (c ¼ 0:05, CHCl3), was
isolated as a colorless oil that gave a sodiated molecule
ðMþ NaÞþ at m=z 309.1234 in the HRESIMS, indicating the
molecular formula C15H23

35ClO3 (calcd C15H23ClO3 + Na,

309.1233) and implying four degrees of unsaturation. IR absorp-
tions were observed at 3417 and 1709 cm�1, suggesting the pres-
ence of hydroxy and ketone groups in 1. The 13CNMR and
DEPT spectra of 1 (Table 1) showed that this compound has
15 carbons, including three methyls, five sp3 methylenes (includ-
ing a chlorinated methylene), three sp3 methines (including an
oxymethine), four quaternary carbons (including two oxygenat-
ed quaternary carbons and a ketone carbonyl). Thus, from the
13CNMR data, one degree of unsaturation was accounted for,
and 1 must be tricyclic. The presence of an epoxide containing
a methyl substituent was confirmed from the signals of two oxy-
gen-bearing carbons at � 63.3 (s, C-4) and 62.8 (d, CH-3), and
further supported by the proton chemical shifts of an oxymethine
(� 3.02, H-3) and a methyl singlet resonating at � 1.65 (H3-12).
In addition, two germinal methyls, a pair of chlorinated methyl-
ene protons, four pairs of aliphatic methylene protons, and two
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Chart 1.

Table 1. 1H and 13CNMR data and HMBC correlations for 1

C/H 1Ha/� 13Cb/� HMBC (H!C)

1 2.20 ddd (12.8, 8.0, 1.6)c 40.1 (d)d C-2, -8, -9
2� 1.13 ddd (14.8, 12.8, 9.2) 30.5 (t) C-3, -4, -9, -11
� 2.15 ddd (14.8, 4.8, 1.6) C-1, -3, -4, -11

3 3.02 dd (9.2, 4.8) 62.8 (d) C-2
4 63.3 (s)
5 206.9 (s)
6 2.75 m 37.8 (t) C-5, -7, -8
60 2.30 m C-5, -7, -8
7 2.82 dd (9.6, 3.2) 31.5 (t) C-5, -6, -8, -9
70 2.38 m C-5, -6, -8, -13
8 83.1 (s)
9 1.85 ddd (8.0, 8.0, 8.0) 41.3 (d) C-1, -2, -8, -10, -13
10� 1.60 dd (10.4, 8.0) 35.3 (t) C-1 -11, -15
� 1.92 dd (10.4, 8.0) C-8, -9, -14, -15

11 33.4 (s)
12 1.65 s 19.4 (q) C-3, -4, -5
13 3.49 br s (2H) 65.2 (t) C-7
14 1.04 s 29.1 (q) C-1, -10, -11, -15
15 0.93 s 23.6 (q) C-1, -10, -11, -14

Spectra recorded at a400 and b100MHz in CDCl3 at 25 �C. respec-
tively. cJ values (in Hz) in parentheses. dMultiplicity deduced by
DEPT and indicated by usual symbols.
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aliphatic methine protons were observed in the 1HNMR spec-
trum of 1 (Table 1).

From the 1H–1HCOSY experiment of 1 (Figure 1), it was
possible to establish the spin systems that map out the proton se-
quences from H-1/H2-2, H2-2/H-3, H2-6/H2-7, H-9/H2-10, and
H-9/H-1. Based on these data and the HMBC correlations ob-
served between H-1/C-2, -8, -9; H2-2/C-1, -3, -4, -9; H-3/C-
2; H2-6/C-5, -7, -8; H2-7/C-5, -6, -8, -9; and H-9/C-1, -2, -8
(Figure 1 and Table 1), the connectivity from C-1 to C-9 within
the nine-membered ring was established. The presence of a
methyl group attached at C-4 was confirmed by the HMBC cor-
relations between H3-12/C-3, -4, -5. A cyclobutane ring, which
is fused to the nine-membered ring at C-1 and C-9, was elucidat-
ed by analyzing the HMBC correlations between H2-2/C-11; H-
9/C-10; and H2-10/C-1, -8, -9. The ketone group positioned at
C-5 was confirmed by the HMBC correlations between H2-6,
H2-7, H3-12, and the C-5 ketone carbonyl (� 206.9, s). The meth-
ylene unit at � 65.2 (t) was more shielded than would be expect-
ed for an oxygenated C-atom and was correlated to the methyl-
ene protons at � 3.49 (2H, br s) in the HMQC spectrum. The lat-
ter methylene signals were 3J-correlated with C-7 (� 31.5, t),
proving the attachment of a chloromethyl group at C-8
(Figure 1 and Table 1). Thus, the remaining hydroxy group
had to be attached at C-8, an oxygenated quaternary carbon res-
onating at � 83.1 (s).

The relative stereochemistry of five chiral centers at C-1, -3,
-4, -8, and C-9 in 1 was elucidated by analysis of NOESY inter-
actions (Figure 2) and vicinal 1H–1H coupling constants. The
trans geometry of H-1 (� 2.20, ddd, J ¼ 12:8, 8.0, 1.6Hz) and
H-9 (� 1.85, ddd, J ¼ 8:0, 8.0, 8.0Hz) is indicated by an
8.0Hz coupling constant between these two ring juncture pro-
tons, and H-9 and H-1 were assigned as �- and �-oriented, re-
spectively. It was found that H-9 showed correlations with H2-
13 but not with H-1, indicating that H2-13 should be positioned
on the �-face as well. A triple doublet coupling was found
between H-1/H-9 (J ¼ 8:0Hz) and H-1/H-2�=� (J ¼ 12:8,
1.6 Hz). By molecular modeling and dihedral angle analysis,
the proton chemical shift appearing at � 1.13 and 2.15 should
be assigned as H-2� and H-2�, respectively. Furthermore, the

epoxy proton H-3 was found to interact with H-2� and H3-12,
revealing the cis geometry of trisubstituted epoxy group and this
group should be �-oriented in the nine-membered ring. On the
basis of the above findings, the structure of 1 was established
and the configurations of the chiral centers of 1 were assigned
as 1R�, 3S�, 4S�, 8R�, 9S�.

It is worth noting that rumphellatin D (1) is the first caryo-
phyllane-type sesquiterpenoid possessing a chloride atom and
this compound was found to show 27.2% inhibitory effects on
human neutrophil elastase release at 10mg/mL.

This research was supported by grants from the TCRC,
NMMBA (Nos. 97100107 and 971001101); APORC, NSYSU
(No. 96C031702); and NSTPBP, National Science Council
(Nos. NSC 97-2323-B-291-001 and 95-2320-B-291-001-
MY2), Taiwan, awarded to P.-J.S.

References
1 L.-F. Chuang, T.-Y. Fan, J.-J. Li, P.-J. Sung, Biochem. Syst.

Ecol. 2007, 35, 470.
2 L.-F. Chuang, T.-Y. Fan, J.-J. Li, J. Kuo, L.-S. Fang, W.-H.

Wang, P.-J. Sung, Platax 2007, 4, 61.
3 P.-J. Sung, L.-F. Chuang, J. Kuo, T.-Y. Fan, W.-P. Hu,

Tetrahedron Lett. 2007, 48, 3987.
4 P.-J. Sung, L.-F. Chuang, W.-P. Hu, Bull. Chem. Soc. Jpn.

2007, 80, 2395.
5 P.-J. Sung, L.-F. Chuang, J. Kuo, J.-J. Chen, T.-Y. Fan, J.-J.

Li, L.-S. Fang, W.-H. Wang, Chem. Pharm. Bull. 2007, 55,
1296.

6 P.-J. Sung, L.-F. Chuang, T.-Y. Fan, H.-N. Chou, J. Kuo,
L.-S. Fang, W.-H. Wang, Chem. Lett. 2007, 36, 1322.

7 M. R. Kernan, R. C. Cambie, P. R. Bergquist, J. Nat. Prod.
1990, 53, 1353.

8 G.-H. Wang, A. F. Ahmed, J.-H. Sheu, C.-Y. Duh, Y.-C.
Shen, L.-T. Wang, J. Nat. Prod. 2002, 65, 887.

9 A.-F. Ahmed, J.-H. Su, R.-T. Shiue, X.-J. Pan, C.-F. Dai,
Y.-H. Kuo, J.-H. Sheu, J. Nat. Prod. 2004, 67, 592.

1
4

5

8

9

11

12

13

O

O

HO
Cl

15

14

: 1H-1H COSY
: HMBC (H C)

Figure 1. The 1H–1HCOSY and selective HMBC correlations
(protons and quaternary carbons) of 1.
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Figure 2. Selective NOESY correlations of 1.
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