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ABSTRACT

kitungolide A (1) kitungolide B (2) kitungolide C (3)

Three novel compounds, designated kitungolides A (1), B (2), and C (3), were isolated from a soft coral of a new genus collected at Kitungamwe,
Kenya. The three new compounds are of a unique heterotricyclic skeleton. The structures and relative stereochemistry of the compounds
were elucidated by interpretation of MS, COSY, HMQC, HMBC, and NOESY experiments.

In the search for bioactive substances from marine inverte- heterotricyclic skeleton consisting of an unprecedented
brates!? three novel diterpenoids designated kitungolides A hexahydrocoumarine system. In this paper we present the
(1,2 B (2),* and C @)®> were isolated from a Kenyan soft isolation and structure determination of these novel marine
coral of a new genusAll three compounds are of a unique metabolites.
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(1) Chill, L.; Aknin. M.; Kashman, Y Qugeait. 2003 5, 2433-2435.

(2) Rudi, A.; Chill, L.; Kashman, VY piaimiagl. 2003 66, 575-577.

(3) Kitungolide A (1): an oil; [0]2% +36.5 (c 0.71, CHC}); for *H and
13C NMR data, see Table 1; CIMBVz 489 [M + H]*, 429 [M + H —
Ac]t (15), 369 [M+ H — 2Ac]t (90), 327 (95), 309 [M+ H — 3Ac]*"
(100), 277 (45), 259 (30); HRCIM®BVz 489.2124 (calcd for &H330o,
489.2126 A = 0.1 ppm). i i 1 kitungolide B (2) [4(11

(4) Kitungolide B @): an oil; [o]?!p +70.6 (c 0.11, CHCY); for *H and Hihungolide A (1) e ((3; {4((1 1;?]
13C NMR data, see Table 1; CIM&/z 345 [M + H]* (60), 327 [M+ H S
— H20]* (100), 301 (90), HRCIMSWz 345.1702 (calcd for gH320o, o )
345.1702A = —0.1 ppm). " . The CIMS of1 exhibited a pseudomolecular ion [M

(5) Kitungolide C @): an oil; [o]?!p +54.5 (c 0.07, CHC}); for *H and +
13C NMR data, see Table 1: CIM&/z 345 [M + H]* (60), 327 [M+ H H]™ at m/z 489. The molecular formula £H3:0, was
—H,0]* (100), 301 (90), HRCIMSM/z 345.1699 (calcd for gH3.0,
345.1702,A = 0.8 ppm). (6) For description of the coral, see Supporting Information.
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5A (A and B denote downfield and upfield resonances,
respectively), and 5a. H-10a is a triplet presenting a coupling
constant of 12.1 Hz due to couplings to both H-1 and H-4a.
Therefore, H-10a, H-1, and H-4a should all be in the quasi-
axial position of the 3,4-dihydropyrane ring that adapts a
half chair conformatiori. H-5B is a quartet presenting a
coupling constant of 12.5 Hz due to coupling with H-4a,
H-5A, and H-5a, thus implying that H-5B and H-5a are also
guasi-axial. H-5a is a broad doublet presenting a coupling
constant of 12.1 Hz due to coupling to H-5B only. Therefore,
it was deduced that H-9a occupies the quasi-equatorial
position and the qausi-axial position of C-9a is occupied by
the oxygen atom of the lactone moiety. A set of correlations
observed in the NOESY experiment (Figure 1) further
corroborated the suggested structtire.

Noteworthy is the fact that id, the 3-substituted 1-ace-
toxy-3,4-dihydropyrane ring of the new tricyclic skeleton is
the same as in the xenicins as part of the 2-oxabicyclo[7.4.0]-
tridecane systerft.’® The side chain of the dihydropyrane
ring of 1, namely, C-11 to C-16, is regiochemically identical
to the side chain (C-12 to C-17) in the xenicins. The NMR
data of the dihydropyrane ring and the side chaid &illy
agree with those of the xenicins. The latter compounds appear
in two diastereomeric configurations of C-12 and C-13 in
different cases. In xenicihthe configuration is 1®*,13R*,
whereas in 13-epi-9-desacetylxeniéfrthe configuration is
12R*,13%. The differences in théH and**C chemical shifts
] of the diastreomeric centers C-12 and C-13 between xenicin
determined by HRMS. The IR spectrum (CH(Buggested 5 13-epi-9-desacetylxenicin are small, and therefore the
the presence of an ester group (1724°¢mas well as a  g|ative stereochemistry of the stereogenic carbons C-11 and
terminal methylene (890 cr). The*C NMR and'H NMR C-12 in 1 could not be determined.
experiments revealed the presence of three acetate groups tpe cimMS spectra of exhibited a pseudomolecular ion
(0c 169.7 s and 20.8 g; 169.8 sand 21.4 g; 170.0 s and 21.2[M + H]* atm/z 345. The molecular formulagH,.0s was
g; on 2.00, 2.01, and 2.11 s, 3H each, respectively), one determined by HRMS!C NMR and*H NMR experiments
acetal pc 90.7 d,on 6.20 J = 9.5 Hz)], one enol ethep revealed that #-methyl a8-unsaturated lacton&¢ 164.1
143.5 and 110.2 s)y 6.40d (0 = 2.0 Hz)], onef-methyl- g 1163, 160.6 s 21.9 @ 5.77 s, 1.99 s (3H)] and an
of-unsaturated lactoné{ 164.1 s, ]:16.2 d, 161.2s21.2q, exocyclic double bondd 142.4 s, 112.8 ty 4.71 s, 5.16
0n 5.87's, 2.05 s (3H)], one exocyclic double bond 141.2 oy \yere present i@, as well as another ester/lactone group
s, 112.7 1,04 4.75 s, 5.15 s) and aCH=C(CHs). group (6c 168.0) and a conjugated diene system. Since six of the
[0c 118.5d,140.3 s, 25.8 q, 18.8@ 5.13 d d :_5-2 Hz), nine unsaturations were accounted for by the above analysis,
1.74 s (3H), 1.69 s (3H)]. The above functionalities account compound2 was determined to be of a tricyclic nature.
for 8 of the 11 degrees of unsaturation bfsuggesting &  analysis of one- and two-dimensional NMR spectra (Table
tricyclic structure for kitungolide A. 1 and Figure 2) o led to the construction of two spin

The COSY spectrum revealed the presence of three spingysiemsq, €). HMBC correlations observed from both H-1A
systems §—c) as shown in Figure 1. HMBC por_relations (On 4.460¢ 68.0) and H-11 &y 7.24) to C-3 fc 165.0 s)
observed from both H-3 and H-11 to C-4a indicated the jgicated the connection between C-4 and C-3 and the
connection between C-4 (of fragmemtand C-4a (of frament  -ynnection of C-1 to C-3 (via O-2) to create th@-yo-

b). Another HMBC correlation from H-3 to C-1 established
the connection between O-2 (of fragménjtand C-3 ¢ (7) Antel, J.; Sheldrick, G. M.; Hartfiel, U.; Tietze, L. unioausatalan.

143.5, of fragment) to create the enol ether, closing a 1989 C45 1834-1836. _ _
(8) The NOE between H-18A and H-9a, which almost overlap in GDCI

1-acetoxy-3,4-dihydropyrane ring. HMBC correlations from was measured in DMS@s, where these protons are well separatég |
both H-7 and H-9a to C-8 determined the lactone functional- 4586 (H-9a)]and 5.26 (H-18A, which in DMS@-resonates at a lower field
i g than H-18B].
ity to be connected to C-7 ,and ,to C-9a. The ConneCtIVIty (9) Vanderah, D. J.; Steudler, P. A.; Ciereszko, L. S.; Schmitz, F. J.;
between C-5a and C-6 was implied by the correlation from Ekstrand, J. D.; van der Helm, (nniimmmio 977 99, 5780~
- - 5784.
H .17 to C-5a. Thu;, the plqnar sFructureloj/as complet(_ed _ (10) Konig, G. M. Coll, J. C.; Bowden, B. riaiaiiagl 1969 52,
(Figure 1), presenting a unique ring system, part of which is 294399
an unprecedented hexahydrocoumarine. w&lélzwilgi\évl@;;l gﬂgsuda, T.; Okamura, H.; Nakatani Siialasean
The relative stereochemlstry df was determined by (12) éraekman, J, C:; Daloze, D.; Turch, B.; Declercq, J. P.; Germain,

analysis of the coupling constants of protons 1, 10a, 4a, 5B, G.; Van Meerssche, M 11979 88, 71-77.

Figure 1. COSY (), selected HMBC+ (solid)), and NOESY
(<> (dashed)) correlations of kitungolide A)(
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Table 1. NMR Data of Kitungolides A 1), B (2) and C @) in CDCl;

12 2 3
oc OH oc OH oc OH
1 90.7 6.20 d (9.5) 68.0 4.46 dd (10.4, 2.6) 69.4 4.57 dd (10.8, 3.7)
4.10 t (10.4) 4.251(10.8)
3 1435 6.40d (2.0) 168.0 165.0
4 110.2 not observed not observed
4a 38.3 2.36 t(12.1) 40.9 2.55 bt (12.2) 42.3 2.37 bt (12.5)
5 30.4 2.52 bd (12.1) 32.4 2.30 bd (13.5) 30.2 2.22m
1.30 q (12.1) 1.42 q (12.8) 1.49 q (11.9)
5a 42.1 2.25bd (12.1) 42.1 2.36 dt (12.5, 4.3) 415 2.27m
6 161.2 160.6 160.0
7 116.2 5.87s 116.3 577t (1.3) 116.6 5.83s
8 164.1 164.1 165.0
9a 81.2 4.77 d (2.0) 80.3 4.76 d (3.2) 80.3 4.75d (2.8)
10 141.2 142.4 141.5
10a 41.6 2.75t(12.1) 39.9 2.71 bt (12.3) 375 2.70 bt (12.9)
11 72.7 5.26d (5.2) 142.2 7.24d (11.7) 142.6 6.52 dd (10.7, 2.0)
12 70.8 5.57 dd (9.3,5.2) 120.8 6.45 dd (15.0, 11.7) 123.7 7.50 dd (15.5, 10.8)
13 118.5 5.13d (9.3) 152.4 6.21 d (15.0) 151.8 6.17 d (15.7)
14 140.3 70.0 71.0
15 25.8 1.74 s 29.6 1.30s 29.3 1.35s
16 18.8 1.69s 29.6 1.30s 29.4 1.35s
17 21.2 2.05s 21.9 1.99s 21.5 2.05s
18 112.7 5.15s,4.75s 112.8 5.16s,4.71s 114.0 5.21s,4.78 s

a Acetate groups of: 1-OAc (O0c 170.0 s and 21.2 @)y 2.11 s), 11-OAc ¢c 169.8 s and 21.4 gyu 2.01 s), and 12-OAcdc 169.7 s and 20.8 gin
2.00 s).

unsaturated lactone system. Other HMBC correlations from both H-17 and H-7 to C-8. ThE geometry was assigned to
both H-7 and H-17 to C-5a established the connection the A*') double bond on the basis of NOESY correlations
between C-5a and C-6. The connectivity between C-8 and between both H-4a, H-5A, and H-12 as well as between H-11
C-7 was deduced on the basis of HMBC correlations from and H-13. In this configuration of the double bond, H-11
(0n 7.24) is closest to the carbonyl group and therefore
should be the most deshielded vinyl proton by the carbonyl
group, as is the case here. Analysis of the coupling constants
of protons 10a, 4a, 5B, 5A, and 5a established the relative
stereochemistry of the various asymmetric centers. H-10a is
a triplet presenting a coupling constant of 12.3 Hz due to
couplings to both H-1B and H-4a. Therefore, H-10a, H-1,
and H-4a should all be in the quasi-axial position. H-5B is
a quartet presenting a coupling constant of 12.8 Hz due to
coupling with H-4a, H-5A, and H-5a, thus implying that
H-5B and H-5a are also quasi-axial. H-5a is a double triplet
of 12.5 and 4.3 Hz due to coupling to H-5B, H-5A, and H-9a,
respectively. Therefore, it was deduced that H-9a occupies
the quasi-equatorial position. The quasi-axial position of C-9a
is occupied by the oxygen atom of the ester moiety.
Correlations observed in the NOESY experimern @Figure

2) further corroborated the suggested relative stereochemistry.
As in the case of, the unprecedented hexahydrocoumarine
system of the heterocycle is present also in compand
and the relative stereochemistries of the stereogenic centers
of this system in both compounds are identical.

The CIMS spectra 08 exhibited a pseudomolecular ion
[M + H]* atm/z 345. The molecular formula was determined
by HRMS to be identical to that a2, namely, GoH240s.
Figure 2. COSY (), selected HMBC{- (solid)), and NOESY € “C NMR and*H NMR spectra of3 were almost
(< (dashed)) correlations of kitungolide B)( identical to those of2, the only major differences were
observed in the vinyl proton and carbon regions. Therefore,
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Figure 3. COSY (), selected HMBC+ (solid)), and NOESY
(<> (dashed)) correlations of kitungolide G)(

it was concluded that and3 differ in the configuration of
the diene system. In the case3)fH-12 Oy 7.50) was the
most deshielded proton, which implies its spatial proximity
to the carbonyl group and thus establishes Ztgeometry
for the A*1D double bond. NOESY correlations between
H-11 and H-5 further corroborated this conclusion.

As mentioned above, ifh, the unprecedented hexahydro-

alcyonolide

AcO\\\ H

]
(OL=leaving group)

Bayer Villiger Ox. AcO

-H2O

ACO\\\ H

1

Figure 4. Suggested biogenesis of kitungolide A.

coumarine system is fused with a 3-substituted 1-acetoxy-suggested that theé\S-isomer () oxidizes to the 6,7-
3,4-dihydropyrane ring that is a characteristic of the xenicins dihydroxy-9-oxo derivativel(l ) which then, by an internal

as part of the 2-oxabicyclo[7.4.0]tridecane sysfefdIn 2,

nucleophilic reaction from C-10 (allylic andto the carbonyl

the hexahydrocoumarine system is condensed with a sub-group) to C-6 V), followed by Bayer-Villiger oxidation'®

stitutedod-lactone ring, a moiety that characterizes the [7.4.0]-
tridecane system of the xeniolidd*and the isoxeniolid&>1®
Moreover, in the xenicirfsas well as in the xeniolide’$ the
dihydropyrane and thé-lactone rings, respectively, are trans-

fused to the nine-membered ring. Thus, the relative stereo-

chemistry of C-4a and C-10a of the kitungolides is identical

to that of C-4a and C-11a of the xenicins and the xeniolides.

This implies that kitungolides AC are biogenetically related
to the xenia diterpenoids. It is suggested that kitungolide A
is obtained from 9-deacetoxy xeniciiY{via the A®-isomer

(1) as shown in Figure 4. The latt&f-isomer was assumed
to be the precursor of the seco-xenicin alcyonotitl. is

(13) Kashman, Y.; Groweiss, Alinitaimaggn 1980 45, 3814-3824.

(14) Vervoort, H. C.; Fenical, 1995 6, 49-55.

(15) Anta, C.; Gonzalez, N.; Santafe, G.; Rodriguez, J.; Jimeneg, C.
Nateiad 2002 65, 766-768.

(16) Miyaoka, H.; Mitome, H.; Nakano, M.; Yamada, Gaiiaaassan
200Q 56, 77377740.

(17) Kobayashi, M.; Yasuzawa, T.; Kobayashi, Y.; Kyogoku, Y.;
Kitagawa. |.jninninssasmmantt1981 44, 4445-4448.

(18) Dewick, P. M. InMedicinal Natural Products A Biosynthetic
Approach John Wiley & Sons: Chichester, England, 1997; pp-28.
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of the -hydroxyketoneI/) and water elimination, affords
compoundL. Kitungolides B and C are obtained in a similar
manner from xeniolide A and isoxeniolide A? respectively.
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