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ABsmcr . -Ery thpod ium c u r i b m m  obtained off the coast of Tobago has yielded the 
known diterpenes erythrolide A 111, erythrolide B 121, and erythrolide E 137 as well as a new 
diterpene designated erythrolide J [4]. T h e  structure of compound 4 was determined by high 
resolution nmr studies. 

Well over one hundred diterpenes possessing the briarane skeleton have been 
isolated from marine coelenterates mainly from the sub-class Octocorallia (1). Recent 
reports of seven new compounds of this type from Erytbropodium caribaemm Duchassaing 
& Michelotti (Gorgonidae) and nine from a Briareum sp. as well as twenty-five from the 
encrusting gorgonian Solenopodium stecbei collected on the Great Barrier Reef off Australia 
have added significantly to this group of diterpenes (2,3). 

E .  caribaeorum is an encrusting gorgonian that is not readily distinguished from 
Briareum asbartinum. Previous investigations of this organism have yielded erythrolides 
A-I (2,4). Erythrolides A E11 and B E27 have not been reported thus far from any other 
organism and may well be chemotaxonomic markers for E .  caribaeorum. We report here 
our investigation of E.  caribaeorum collected off the coast of Tobago. In addition to 
compounds 1 and 2, we also isolated erythrolide E 131 (2) and a new diterpene which we 
have named erythrolide J {47. 

Erythrolides A 117, B 127, and E 137 were identified by comparison oftheir respective 
H-nmr spectral data with those reported in the literature (2,4). The complete 'H and 1 
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Proton 

H- 1 ......................... 

H-3 ......................... 

H-4 ......................... 

H-6 ......................... 
H-7 ................... 
H-9 ......................... 
H-10 .............. 

H-12 ....................... 

H-14 ....................... 

H-16 ....................... 
H-16’ ...................... 

H-18 ....................... 

MeCO ...................... 

OMe ........................ 

T ~ L E  1. ’H-nmr Data for Compounds 14 in CDCl,.’ 

Compound 

1 

2.30 (8.0,7.0) 
6.45 (17.0,7.0,2.0) 
5.84 (17.0,2.0) 

5.99 (s) 

4.54 (9.8) 
5.13 (9.8) 
5.42 (2.0) 
2.94 (bs) 

- 

- 

- 
- 
1.92 (8.0) 

1.56 (s) 
5.59 (s) 
5.47 (s) 
3.14 (8.0) 
1.19 (8.0) 
1.37 (s) 
2.21 (s) 
2.12 (s) 

2.01 (s) 

- 

- 
- 

*Chemical shifts were measured at 400 

2 

- 
6.20 (16.0) 
5.51 (16.0) 

5.53 6 s )  

5.03 (2.0) 

5.47 (bs) 
3.78 (bs) 

- 

- 

‘5.64 (2.0) 

- 
- 
6.06 (10.0) 
6.60 (10.0) 
1.40 (s) 
5.55 (SI 
5.54 (s) 
2.74 (7.6) 
1124 (7.6) 
1.40 (5) 

2.15 (s) 
2.10 (s) 

1.96 (SI 
- 
- 

3 
- 
4.18 (1.7) 
3.96 (bs) 

2.73 (13.8,3.0) 
2.75 (13.8,4.1) 
4.78 (1.0) 
4.36 (1.0) 
5.72 (2.5) 
3.20 (2.5) 

- 

- 
- 
6.00 (10.1) 
6.63 (10.1) 
1.62 (s) 
5.67 (s) 
5.39 (s) 
2.68 (7.5) 
1.03 (7.5) 
1.45 (s) 
2.24 (s) 
2.10 (s) 
- 
- 
- 

4b 
- 
4.88 (8.5) 
2.91 (m) 
2.09 (m) 
5.82 (12.4,5.8) 

6.87 (10.0,l.l) 
5.60 (10.0) 
5.25 (bs) 
2.94 (4.0) 
1.99 (m) 
4.81 (2.0) 
1.99‘ (m) 
4.74 (3.1) 
1.14 (s) 

- 

- 
- 
2.56 (7.1) 
1.24 (7.1) 
1.13 (7.6) 
2.24 (9-Ac) 
2.04 (12-Ac) 
2.00 (14-Ac) 
1.95 (2-Ac) 
3.84 (s) 

iz. Coupling constants (in Hz) are in parentheses. 
bSee Figure 1, partial structure D for the assignment of the 3-acetoxybutanoyl moiety in erythrolide 

‘Average value for an incompletely resolved CH, group. 
J 141. 

C assignments for all three compounds were achieved by the use of COSY, HETCOR, 
and FLOCK (5) experiments. Our assignments were in complete agreement with those 
reported for erythrolide E 137. However, for erythrolides A 111 and B 127, our 
assignments (Tables 1 and 2), in a few instances, are at variance with those reported in 
the literature (2,4). 

An inspection of the HETCOR spectrum of 1 revealed that C-6 was directly 
attached toaprotonat 64.54. Thisprotonwascoupled(J=9.8 Ht)  toaprotonat 6 5.13, 
whose directly attached carbon resonated at 6 80.7, indicating that H-6 and H-7 should 
be interchanged. The HETCOR spectrum also revealed that H-1 (6 2.30) was directly 
attached to a carbon at 6 37.3, while H-13 (6 1.92) was attached to a carbon at 6 39.8. 
This observation indicated that the assignments for C-1 and C-13 should be inter- 
changed. In the FLOCK spectrum of 1, the C-14 carbon had long-range connectivity 
with methyl protons at 6 1.37, which were directly attached to a carbon at 6 21.7. In a 
similar fashion the C-11 carbon at 6 83.1 showed long-range correlations to methyl 
protons at 6 1.56. Again, from the HETCOR experiment, these methyl protons were 
directly attached to a carbon at 6 22.7. These observations indicated that the H-l5/C- 
15 and H-20/C-20 assignments should be interchanged. The HETCOR spectrum along 
with the COSY experiment also indicated that C-7 and C-9 should be interchanged. A 
detailed analysis of COSY, HETCOR, and FLOCK spectra of 2 revealed that H-6 and 
H-7 should be interchanged, as well as C-10 and C-17, and C-15 and C-20. 

13 
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3 

TABLE 2. 13C-nmr Data for Compounds 1-4 in CDCI,.' 

4b 
Carbon 

Irradiated 

6 1.13 (H-20) ................................... 

................................... 6 1.14 (H-15) 

6 1.24 (H-18) ................................... 

6 4.88 (H-2) ..................................... 

6 5.82 (HA) ..................................... 

c- 1 ................................................. 
c-2 ................................................. 

Observed % Enhancement 

6 5.25 (H-9) 3.0 
6 4.81 (H-12) 4.0 
6 2.24 (9-Ac) 0.8 
6 4.74 (H-14) 5.0 
6 2.24 (9-Ac) 1 .o 
6 1.95 (2-Ac) 0.6 
6 5.25 (H-9) 1 .o 
6 2.56 (H-17) 7.0 
6 5.82 (H-10) 3.0 
6 2.94 (HA) 3.0 
6 4.88 (H-2) 4.0 

c -3  ................................................. 
c-4 ................................................. 

C-15 ............................................... 

......................... 
C-19 ............................................... 
c-20 ............................................... 
Acetates 

OMe ............................................... 

1 

37.3 
126.7 
133.0 
75.7 

138.5 
59.4 
80.7 
87.3 
80.5 
43.7 
83.1 

205.0 
39.8 
29.7 
21.7 

127.9 
43.9 

9.5 
175.1 
22.7 

171.9 
20.9 

169.9 
21.2 

167.9 
21.7 
- 
- 
- 

2 

42.0 
144.9 
131.5 
73.6 

141.7 
65.7 
79.2 
81.1 
77.8 
48.8 
80.9 

195.5 
126.3 
154.5 
20.9 

115.8 
44.8 

9.3 
176.2 
22.8 

169.5 
21.0 

169.4 
21.2 

168.9 
21.2 
- 
- 
- 

36.3 
86.2 
69.9 
41.3 

138.3 
59.3 
85.7 
83.1 
68.8 
41.7 
80.5 

194.0 
124.5 
152.3 
21.2 

123.0 
48.9 

6.8 
174.0 
22.3 

169.9 
21.3 

169.9 
21.1 
- 
- 
- 
- 
- 

45.3 
73.7 
36.8 
67.9 

137.5 
138.4 
76.9 
82.6 
75.6 
33.4 
42.9 
72.7 
24.0 
74.4 
14.9 

167.2 
43.6 

6.4 
175.5 

15.1 
170.4 (12-Ac) 
21.4 

170.4 (14-Ac) 
21.1 

170.1 (2-Ac) 
20.9 

21.6 
52.9 

169.2 (9-Ac) 

'Chemical shifts were measured at 100.6 MHz. 
bSee Figure 1, pan structure I) for the assignments for the 3-acetoxybutanoyl moiety in erythrolide J 

{41. 

'NOe data obtained at 400 MHz using nOe difference spectroscopy. 
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Erythrolide J 141, [a711 + 17.3', was isolated as an amorphous solid and had the 
molecular formula C3,HeOl, on the basis of hrfabms (positive). 'H- and '3C-nmr data 
along with ir spectroscopy indicated the following functional groups: (a) six 0-acyl 
groups of which five were -OAc, (b) one -CO,Me, (c) one y- lactone (ir 1778 cm-'), (d) 
one hydroxyl (ir 3430 cm-'), and (e) a trisubstituted double bond. These accounted for 
all seventeen oxygen atoms in the molecule and for ten double bond equivalents, which 
suggested that compound 4 was bicarbocyclic. 

A combination of 'H nmr, COSY, HETCOR, and the FLOCK pulse sequence ( 5 )  
led to the partial structures shown in Figure 1. Partial structure A was supported by a 
uv absorption at A max (MeOH) 225 nm (E 3200), and the proton on the P-carbon (8 
6.87) of the conjugated system was shown from COSY data to be adjacent to a proton 
(6 5.60) on an oxygen-bearing sp3 hybridized carbon atom. 

. 1 7 )  

to H 
( 8 . 8 1 )  

A 

( 1 . 1 4 )  

( 1 . 1 1 )  )I' 1 4 . 8  

0 C H s  

C 

7 1 . 8  ( 1 . 2 1 )  

1 1 . 1  
( 1 . 1 J )  C H s  

1.44 ( 1 . 1 4 )  

B 

0 ( 2 . 0 1 )  0 ( 8 . 2 4 )  

I I  2 1 . 1  1 1  8 8 . 8  

C H S  C - O - C H - C H 2 C - O j -  
1 7 0 . 1  I 4 1 . 1  ( 8 8 . 8  

( 1  . I # )  

D 
FIGURE 1. Partial structures and n m r  assignments for compound 4. 

Partial structure B showed two secondary methyl groups and a tertiary C-0  moiety 
adjacent to a secondary C-0. The fragment C related the only quaternary carbon in the 
molecule with a methyl singlet and an adjacent secondary oxygenated carbon. Finally, 
an acetoxy-bearing four-carbon unit which must be aside chain on the main skeleton was 
revealed as the fragment D. In addition, from COSY data two three-carbon units, each 
showing a 1,3 relationship of two secondary oxygenated carbons separated in each case 
by a methylene carbon, were revealed. 

The partial structures A-D and the latter two 3iarbon fragments could be assembled 
as shown in Figure 2, in which all the direct connectivities were revealed by COSY and 
FLOCK data except C-l/C-lO and C4C-5.  The 3-acetoxybutanoyl moiety as well as the 
acetate groups were assigned on the basis of a series of selective INEPT experiments. 
Erythrolide J was thus shown to have structure 4 excluding the stereochemistry. 

The stereochemistry of erythrolide J was determined from a series of nOe difference 
experiments as follows. In the cyclohexane ring Me-15 and H-14 are on the same face 
of the molecule since there is an nOe relationship between the protons concerned. 
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0 
FIGURE 2. Assembly of partial structures for compound 4 based on COSY and FLOCK data. 

Similarly there is an nOe relationship between Me-20 and H-12; their cis relationship 
was supported by the lack of observable coupling between them. The nOe enhancement 
of H-10 when H-2 was irradiated confirmed that H-2 was trans to the methyl attached 
to C-1 and on the same side of the molecule as H-10; this also supported the attachment 
of c-1 to c-10. 

The large coupling between H-6 and H-7 ( J =  10.0 Hz) revealed their anti-parallel 
relationship. The acetate attached to C-9 had a p orientation since there was an nOe 
interaction between its methyl group (6 2.24) and both Me-15 and Me-20. The 
stereochemistry at C-7 and C-8 was assigned by analogy with related briaranes (6). 

The nOe interaction between Me-18 and H-9 was consistent with an a orientation 
of the methyl group interacting with a proton at C-9 in an a-pseudoequatorial 
disposition. The 3-acetoxybutanoyl moiety at C-4 had a p orientation since irradiation 
of the C-4 proton caused an enhancement of the proton at C-2, while irradiation of H- 
2 resulted in an nOe interaction with H-4. 

Erythrolide J C41 is only the second naturally occurring briarane diterpene so far 
reported with the Me-16 group oxygenated up to the level of a carboxylate moiety (6). 
While a large variety of 0-acyl groups other than the common acetate group have been 
observed in these compounds, (2, 7-11) this is the first report of a briarane diterpene 
bearing a 3-acetoxybutanoyl substituent. 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDLJRES.-MP’S were taken on a Kofler hot stage apparatus and are 
uncorrected. Uv spectra were obtained on a Cary 1 4 W  spectrophotometer in MeOH solutions. Ir spectra 
were obtained on a Nicolet 3DX FTIR spectrometer. The n m r  spectra were recorded on a Varian XL-400 
spectrometer in C X 1 ,  solutions with TMS as an internal standard. Nuclear Overhauser enhancements were 
determined from nOe difference spectra produced by on-resonance and off-resonance irradiation of the peak 
of interest. To obtain sufficient signal/noise ratio for accurate nOe measurements, 128 transients were 
collected per spectrum, with the acquisitions alternated in blocks of 16 to minimize effect of spectrometer 
instabilities. Exponential line broadening of 1 Hz was applied to each spectrum prior to generating 
difference spectra. A VG 70-2508 mass spectrometer operating at 70 eV was used to obtain ms. 

EXTRACTION AM) ISOLATION.-A sample of E .  curibueorrtm was collected at La Guira Reef (- 7 m) in 
southwest Tobago and was immediately stored in Me,CO. The organism was identified by Mr. Richard 
Laydoo of the Institute of Marine Affairs, Trinidad and Tobago, where a voucher specimen has been 
deposited. The sample was subsequently macerated in the solvent and exhaustively extracted with Me,CO. 
The extract was concentrated to a small volume, diluted with H,O, and extracted with EtOAc to give a 
brown oil (4.67 g). The crude extract was suspended in 95% aqueous MeOH and extracted with petroleum 
ether, h h e r  diluted with H,O, and re-extracted with EtOAc. T h e  EtOAc fraction was washed with 5% 
Na,CO,,driedoverN%SO,,and thesolventevaporatedtogiveadarkbrownviscousoi1(2.98g, 1.58% based 
on the dried wt of the extracted organism). 

The EtOAc extract (1.40 g) was chromatographed on Si gel using CH,Cl, with increasing concentra- 
tions of EtOAc as eluent. Fractions eluting wth 15% EtOAc were combined and separated by preparative 
tlc in petroleum ether-CH,CI,-Me,CO (4:l:l) to give erythrolides A [I] (18 mg) and B [2f (160 mg). A 
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&her portion (0.60 g) of the EtOAc extract was separated by preparative tlc in petroleum ether-CH,CI,- 
Me,CO (3: 1:l) followed by rechromatograph yon achromatotron [petroleum ether-CH,CI,-Me2C0(4:1:l)1 
and subsequent preparative tlc in CH,Cl,-MeOH (50:l) to give erythrolide E 131. 

ErytbroiideA [l].-Mp 177-179°(CHCI,/MeOH) (14 mg); ir (Nujol) 3420, 1765, 1745 cm-'; uv 
(MeOH) 215 nm (E 8600); eims mlz [MI' 538 (2%), 503 (6), 478 (12), 436 (61), 418 (27), 401 (26), 376 
(loo), 341 (bo), 323 (28). 

E r y t h l i d e B  [2].--Colorlessglass(l50mg): ir(neat) 3520,1785,1740,1690~m-~;uv(MeOH)224 
nm (E 9100); eims mlz [MI' 538 (2), 503, (7), 478 (3), 436 (651,401 (6), 376 (9), 186 (12). 

E r y t h i i d e  E [3].-Compound 3 was obtained as a white amorphous solid (7 mg): cims (isobutane) mlz 
(M+H]+ 497 (47%), 437 (loo), 377 (57), 135 (73); hreims 496.1484, calcd for C24H2909C1, 496.1500. A 
sample of E. can'baewrrm was collected at Milford Bay (- 15 m), Tobago, steeped in Me2C0, and extracted 
as before. T h e  final EtOAc extract gave an orange-brown viscous solid (1.23 g, 1.98% of the dried wt of the 
organism). 

Chromatography of the extract (0.95 g) was done with C6H6 containing increasing concentrations of 
EtOAc. T h e  fraction (38.9 mg) eluting with 40% EtOAc was subjected to preparative tlc on Si gel in 
petroleum ether-Me,CO-EtOAc (5:l:l) to give compound 4 as an amorphous solid (14.3 mg). 

Erytholide J [ 4 ] . 4 a ] D  4-17.3' (~0.33, CHCI,); ir (CHC1,) 3430, 1778, 1739, 1728 cm-'; uv 
(MeOH) 225 nm (E 3200); fabms (positive) mlz [M+H]+ 741 (0.5%), 681 (l), 621 (l), 595 (7) ,  534 (22), 
492 (35) 372 (23), 69 (100); hrfabms (positive) 741.3032, calcd for C35H4901, [M+H]+ 741.2970. 
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