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Abstract: Four new diterpenoids, junceellolides A-D (l-4). have been tsolated from the gorgonian 
Junceellafiagilis collected in the South China Sea The known metabolites praelohde (5) and 
junceellin (6) were also Isolated from the same organism. The structures of the new compounds 
were assigned on the basis of extensive NMR analyses and by comparison with analogous spectral 

data from other briarane diterpenoids. 

As part of a program to develop tbe biotical potential of marine secondary metabolites, we have focussed 

our recent attention on compounds wtuch possess anti-inflammatory and analgesic properties.’ Recently, we had the 

oppomuuty to explore collections of marme invertebrates from the South Chma Sea near the island of Hainan m the 

People’s Republic of Chma. In this region of southern China, many marine invertebrates were used as tradttlonal 

medicines for a variety of diseases including those producing inflammation and pain.2 On the basis of the reported 

mcdicmal use of gorgonian corals m thts region, we made collections of several marine invertebrates, includmg the 

abundant white sea wlup Junceeh fragilzs Ridley, which was a major inhabitant of the subtropcal waters of this 

reaon.3 In this paper we report the isolatton and structure determinahon of four new diterpenmds, Junceeuohdes A-D 

(l-4). from this latter source. The new compounds possess well-known briarane carbon skeletons and most of the 

metabolites possess significant antt-mflsmmatory pmperties. Diterpenoids of the brismne class have been investigated 

extensively because of their relatively complex stmctums and potent biological activities. Since the isolation of 

bnarek-A from the Canbbean gorgoman Briareum asbesnkum 4, briamne diterpenoids have been isolated from the 

related gorgomans B. polyanrhes 5-7, B. sreckei 8, Eryrhropodium caribaeown 9 and Solerwpohm sp.10. 

Diterpenoids of this class are also commonly encountered m related orders of octocorals such as the uue soft-corals 

(Alcyonacea) of the genus Minabea 11, the sea pansy Rendlu 12 and several sea pens (Pennatulacea) of the genera 

Prdosarcus 13.14, Stykatula 15.16, Scyralium 17~ Preroides 18 and Cavern&a. 19 

The natural products chemtstry of octocorals from the South China Sea is poorly known. Recently however, 

the structures of two new bnarsne dtterpenoids, praelolide (5) and junceellin (a), were mported from the related 

gorgonians Plexaureides praelonga mzl and Junceella squamata 22. Our collections of Junceellafraeih also contam 

these previously reported diterpenoids. 

Specimens of the white sea whip Junceellafrasilis we.re collected at the southernmost tip of Hainan Island. 

The animals were stored in isopropsnol and later extracted with dichloromethane. Compounds 1-6 were Isolated by 

slhca flash chromatography of the condensed extract, followed by successive sdica and reversed phase HPLC 

separauon of the relatively polar fractions. Junceellolides A-D composed, in total, approximately 1.5% of the dry 

waght of the animal and were isolated in roughly equal amounts. 

Junceellolide A (1) analyzed for C@&l0~0 by high resolution mass and 13C NMR spectrometry. 

Analyses of ‘H and 13C NMR data, combined with in- spectral features, illustrated 1 to possess three acetyl 

groups, one addmonal ester and two double bonds. On the basis of overall unsaturation data, junceellolide A was 

concluded to be a diterpenoid molecule possessing four rings. The infnued spectmm of 1 showed strong carbonyl 

absorption at 1790 cm-l indicatmg that the additional ester was a ~lactone. Another strong inframd absorption was 

observed at 3400 cm-l. Thts observation, in combination with a D+ exchangeable proton singlet at 6 6.81 in the 

‘H Nh4R spectrum (Table l), showed 1 to possess a hydroxyl functionality. llte hydroxyl group was concluded to 

be part of a hemiketal constellation on the basis of a cystic carbon signal at S 97.2 (a quaternary hemiketal 

carbon) in the 13C NMR spectmm (Table 2). These data, in combination with tH NMR, COSY and direct W/W 

correlation (XHCORR) NMR experiments, revealed 1 to possess six structural units as in (a) -(f), (Figure 1). 
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Combination of these structural units was made posstble by long range tH-t3C NMR correlation experiments 

(COLOC, 6 and 8 Hz. Table 3). Carbon signals at 8 74.4,72.9,47.6 and 43.7 (C-14,2, 1 and 10, respechvely) 

showed correlations with a common methyl signal at 6 1.12, assigned as C-15. Therefore, units (a), (b) and (e) 

must be connected to a quaternary carbon, (d). Several carbon-proton couplings between (a) and (c) also indicated 

that they were directly connected. A carbon signal at S 8 1.2 showed two- and three-bond couplmgs with protons at S 

5.97,4.45, 3.07 and 1.28 (H-9,7, 10 and 18, respectively). This is the only carbon resonance from the y-lactone 

functionality which could not be directly assigned by NMR COSY and XHCORR experiments. The downfield shft 

of this carbon (C-8) implied that it is derived from the ether carbon of the hemtketal group, (0. Another lmkage of 

(f) was determined by long-range couplings between the hemtketal carbon (8 97.2) ~th the termmal methylene 

protons at 8 5.94 and 5.65, assigned at C-16. In addtion, coupling between the carbon at 6 137.8 (C-5) and the 

hemlketal hydmxyl proton at 6 6.81 was observed. The only connectivity which could not be determined by COLOC 

experiments was that between (b) and (f). 

Junceellohde A possesses a hemiketal group at C-4 which is connected to C-8 by an ether h&age. To the best 

of our knowledge, this is the second example of a compound possessing this functionality mtbin the Briarane class of 

marine diterpenoids. The previous example is ptemidine, isolated from the sea-pen PIeroides I&outer 18. 

Junceellolide A (1) has several asymmetric carbon centers which have been assigned as m several common bnanan 

diterpenoids. The only unusual asymmetric center in 1 is the hemiketal carbon (C-4) The configuration at this carbon 

center was determined by Nuclear Overhauser Enhancement I)lfference Spectroscopy (NOBDS). lrradiahon of the 

hydroxyl proton at S 6.81 (C-4 OH) resulted in a 12.5% of enhancement of the proton at 6 5.34 (C-2), mdicatmg that 

Figure 1 Structural Components of Junceellolide A 
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they are. in close proxinuty. Consideratmn of a 3dimensional model of junceellobde A revealed that the additional 

ketal lib&age between C-4 and C-8 creates an overall ring conformation very different from that of the other briarane 

diterpenoids. Drawing C-4 closer to C-8 radically ahers the bond angles in the vicinity of C-4, and as a result, tbe 

hydroxyl group which is B_oriented to the C-3-5 plane, is drawn iu proximity to the a-proton at C-2. Thus, the 

configuratton of C-4 was assigned as S*. The overall relative stereochemistry for 1 IS thus proposed as: lR*, 2S*, 

4S*, 6S*, 7R*, 8R*, 9S*, l@S*, US* and 17R+. This conclusion was further supported by the subsequent 

tsolation of praelolide (S), whtch possesses most of the same configurations as deternutted by X-ray analysis. 

Table 1. Proton NMR Data for Compounds 1 - 6 

# 1 2 3 4 5 6 

2 5.34 d(7.2) 5.52 d(9.2) 5.61 d(9.2) 4.77 btd(5.3) 4.48 d(10.9) 4.48 d(10.9) 
3 3.34$16.3, 6.059&#16.0, 6.10 dd(15.9, 2.7;2y/14.0. 6.17 dd(10.9, 6.1;&&/10.9, 

9.2) 7.0) 
1.58 d(16.3) 1.9 m 

4 -___ 6.77 brd(l6.0) 6.80 brd(15.9) 5.19 d$$~2.7, 5.41 brd(7.0) 5.43 d(6.5) 
>.I, 

6 4 94 btd(l.9) 5.13 d(3.4) 5.09 d(3.5) 5.78 dd,‘iF2, 5.00 brd(3.2) 5.02 brd(2.8) 

7 4.45 brd(2.3) 
9 5.97 bls 

10 3.07brs 
12 2.3 m(2H) 

13 1.8 m 
1.7 m 

14 5.03 brs 
15 1.12s 
16 5.94brs 

5.65 brs 
17 2.75 q(7.0) 
18 1.28 df7.0) 
20 5.09brs ’ 

4.75 brs 

OAc 2.25 s 
2.09 s 
2.08 s 

OH 6.81 s 

4.26 d(3.4) 
5.67 d(4.3) 
3.48 brd(3.4) 
2.2 m(2H) 

1.8 m(2H) 

;g rd(2.6) 

5:40 brs 
5.31 brs 
2.79 q(7.1) 
1.11 d(7.1) 
5.05 brs 
4.97 brs 

2.12s 
2.09 s 
2.04 s 

3.38 s 

4.17 d(3.5) 
5.16 d(1.5) 
3.28 brs 
2.2 m 
1.2 m 
1.8 m(2H) 

4.97 brs 
1.15 s 
5.34 brs 
5.32 brs 
2.86 q(7.2) 
1.26 d(7.2) 
2.63 brd(2.9) 
2.58 dd(2.9, 

1.6) 
2.16 s 
2.12 s 
2.04 s 

3.04 s 

Y.“, 

5.59 brd(lO.4) $4$ ts3.2) 
5.26 d(5.0) . 

2.0 m 
1.7 m 
t;y frd(4.9) 

2:23 d(0.6,3H) 

4.88 brs 

2.80 brs 
2.2 m 
1.3 m 
1.9 m(2H) 

4.99 brs 
1.26 s 
5.37 d(1.9) 
5.59 d(1.9) 
2.79 q(7.0) 
1.33 d(7.0) 
2.68 brd(3.8) 
2.44 brd(3.8) 

2.25 s 2.32 s 
2.05 s 2.09 s 
2.00 s 2.04 s 
1.90s 1.98 s 
2.00 s ____ 

+;; $$.8’ 

3’11 brs 
2.3 m(2H) 

1.8 m(W) 

4.97 brs 
1.12 s 
5.56 d(1.9) 
5.36 brd(l.9) 
2.79 q(7.0) 
1.29 d(7.0) 
5.10 brs 
4.76 brs 

2.32 s 
2.07 s 
2.05 s 
2.00 s 

__-- 

Proton NMR data were obtained at 360 h4Hz iu CDCl3 solution. Asagnmenu were made by COSY 
experiments. 

Junceellolide B (2) analyzed for C$J33Cl~ by high resolution mass and 1%~ NMR spectromeuy. The 

mfrared spectrum of 2 showed strong absorpnons at 3500.1780 and 1730 cm-l inrbcatmg tbe presence of hydroxyl, r_ 

lactone and ester functionahties. Proton NMR COSY expenments, and comparison of overaU tH and 13C NMR data, 

revealed similariues between 2 and junceellolide A , and showed that partial structures (a), (c), (d) and (e) are also 

present in this compound. However, there were several srgnificant differences m the spectral data. Although 

hydroxyl absorption (3500 cm-l) was observed in the infrated spectrum of 2, the compound lacked the hemiketrd 

carbon found in junceellolide A. The 1% NMR spectrum of junceellolide B showed two additional resonances at 

6131.3(d) and 130.9(d). A corresponding difference was also observed in the tH NMR spectrum of this compound. 

Instead of htgher field methylene protons, junceellolide B showed two new olefinic protons at 6 6.77 (brd, J=16.0) and 

6 05 (dd, J=l6.0,9.2). Proton NMR COSY expenments showed couplings between protons at 6 6.77 and 5.40 (C- 

16). All of these changes were accommodated in junceellolide B by formation of a double bond between C-3 and 4, 

and positionmg the hydroxyl group at C-8. This conclusion was supported by the presence of UV absorption at x max 

230 nm (~=70). The large coupling constant (16.0 Hz) between the two olefinic protons suggested tbe uncommon E 

contiguratton. Overall, the relative stereochemistry of 2 is proposed as: lR*, 2S*, 6S*, 7R*, 8R*, 9S*, 

lOS*, 14s.. and 17R* 

Juncocllolide C (3) analyzed for C&-J$lOtu by high resolution mass and t3C NMR spectrometty. The 

spectral data for 3 were very stmilar with those from junceellohde B However, the t3C NMR spectrum of 3 showed 

that one of the two terminal vinyl groups in 2 was converted to a terminal epoxide group m this metabobte [S 57.2 (s) 

and 50.1 (t)]. Thus conclusion was supported by tH NMR features [ 6 2.63, brd (J=2.9) and 2.58, dd (J=2.9, 1.6)] 

characterisnc for this functionahty. Proton NMR COSY measurements revealed that the vinyl group identified in (a) 

had been oxidized. Thus was supported by tbe observation of UV absorption at 230 MI (E 7100) for this metabolite, 
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Table 2. Carbon Nh4R Data of Compounds 1-6 
t 1 2 3 4 5 6 

1 47.6 s 48.2 s 49.0 s 47.3 s 46.9 s 47.6 s 
72.9 d 
40.5 t 
91.2 s 

137.8 s 
55.3 d 
78.6 d 
81.2 s 
78.2 d 
43.7 d 

147.1 s 
21.6 t 
32.6 t 
74.4 d 
14.7 q 

117.8 t 
50.3 d 
7.0 q 

114.0 s 
111.8 t 
173.7 s 
169.9 s 
169.4 s 

80.9 d* 81.1 d* 73.8 d 
131.3 dA 133.0 d* 37.7 t 
130.9 dA 129.3 d” 
141.6 s 141.5 s 
63.6 d 63.5 d 
76.0 d* 
83.4 s 78;: F 
75.8 d* 
42.2 d 

;;:; i 

147.5 s 5712 s 
21.1 t 24.9 t 
30.0 t 30.1 t 
14.3 d* 72.0 d* 
15.0 q 14.9 q 

115.7 t 115.7 t 
49.7 d 50.1 d 
6.6 q 7.2 q 

174.3 s 174.8 s 
112.8 t 50.1 t 
170.2 s 170.3 s 
170.2 s 170.0 s 
170.0 s 170.0 s 

21.4 q 21.4 q 21.2 q 
21.2 q 21.2 q 21.1 q 
20.2 q 21.0 q 20.9 q 

12.5 d 
144.2 s 
123.6 d 
71.0 d 
82.6 s 
71.3 d 
42.1 d 

150.4 s 
25.9 t 
27.4 t 
73.6 d 
16.0 q 
25.8 q 
42.4 d 

6.3 q 
176.0 s 
112.9 t 
170.1 s 
170.1 s 
169.9 s 
169.1 s 
21.5 q 
20.8 q 
20.8 q 
20.5 q 

;:; $ 77.0 d* 

64:0 d 79.0 63.9 d* d 
134.2 s 134.5 s 
53.9 d 54.0 d 
79.1 d* 79.2 d* 
82.9 s 82.9 s 
72.9 d* 74.6 d* 
41.0 d 44.1 d 
56.2 s 147.4 s 
24.1 t 27.6 t 
29.8 t 32.7 t 
70.9 d* 73.0 d 
15.9 q 15.0 q 

119.4 t 119.4 t 
49.5 d 49.9 d 
7.3 q 7.1 q 

174.0 s 174.1 s 
51.3 t 111.8 t 

170.1 s 170.4 s 
170.0 s 170.0 s 
169.7 s 169.8 s 
169.7 s 169.8 s 
21.1 q 21.0 q 
21.0 q 20.9 q 
20.5 q 20.4 q 
20.4 q 20.4 q 

Carbon NMR data WQC obmmed in CDC13 mluhons. Mul~phc~ttes were obtsmed by SKRD expenments. 

Assig~~enm of compounds 1 aud 4 are based upon XHCORR and COL.OC expertments Assrgnmeuts of 
unnpoonds 2.3.5 and 6 am bed upon compansons with known compounds. ‘,A 111 the same column m&cates lhe 
assignmenlsmaybeln-v~ 

Table 3. Long Range Carbon-proton Correlations of Compounds 1 and 4 

carbon protons 

9, 10,15 
3, 10,15 
16 
6,7, 16, OH 
16 
____ 

7,9, 10, 18 
-__- 

15.20 
9 

:?I 
6 
9, 18 
18 
9 

3, 10, 13, 15 

;z 
16 
7, 16 
6, 9,17 
9, 17,18 
10.17 
-___ 

9.10.12 
15 
_--L 

P, 
18 
____ 

Expenments were performed fa couplmg constants of both 6 and 8 Hz. 

which confii the presence of the diene. Therefore, junceellolide C was identitied as C-l 1.2~epoxide derivative of 

2. 

Compound 3 possesses an additional asymmetnc center at C- 11. All of the known briarans have the same 

configuration at ths center; C-20 is always axial and S onented to cyclohexaue ring. An observed W coupling (J=1.6) 

between one of epoxide protons (S 2.58) and a methine proton at 6 3.28 (H-10) showed that 3 also has the same 

configuration at C-l 1. Thus, jtmceellolide C is proposed to possess the following overall relative stereochemistry: 

lR*, 2S*, 6S*, 7R*, 8R*, 9S*, lOS*, llR*, 14S* and 17R+. 

Junceellolide D (4) analyzed for t&H3aOt t by high msolutton mass and *3C NMR spectrometry. The 

infrared spectrum of 4, as with the other compounds, showed absorpdons at 3500,1775, and 1740 cm-l indicating 

the presence of hydroxyl, +%one and ester groups. However, stgnificsnt Merences were found in the NMR 

special data. The 13C Nh4R features of 4 showed that one of two terminal vinyl groups had been replaced by a 
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