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Abstract-Four steroids with mouhing hormone activity were isolated from Laurenciu pimata. These steroids are 
related structurally to /I-ecdysone. 

INTRODUCIlON 

We recently reported [l]’ the isolation of two sterols, 
acetylpinnasterol (1) and pinnasterol (t), from the title 
alga, which are the first marine phytosteroids with 
moulting hormone activity. These sterols are structurally 
related to #I-eodysone (2@hydroxyecdysone, 3) 123. but 
di!fer from 3 in the presence of a double bond at C-4/C-5 
and a trans-oriented 2Jdihydroxy moiety as well as the 
absence of 14x- and 25hydroxyl groups. In a continuing 
study on components of the alga, four phytoecdysones 
(4-7) with an a-hydroxyl group at C-14 were isolated. The 
present paper describes the structure and biological 
activity of these sterols. 

RESULTS AND DlSCU!BION 

The steroids were isolated from the neutral ether- 
soluble oil obtained from the methanol extracts of the title 
alga after repeated chromatography. The phytosteroid 4, 
mp 174176”, [a&, +91”, had molecular formula 
Ca9&0, and gave a diacetate 8. The ‘H NMR spectrum 
of 4 166.28 (lH, d, J = 2.5 Hz, H-7) and 3.57 (lH, ddd, J 
= 12, 7 and 2.5 Hz, H-9x)], compared with that of 1 
rb6.03 (lH, t, J = 2Hz, H-7)and 2.54 (lH,ddd, J = 12,7 
and 2 Hz, H-9a)] and combined with the UV and IR 
spectra of 4, indicated that 4 would be 14x- 
hydroxyacetylpinnasterol. Oxidation of 1 with SeCa gave, 
after chromatography, the corresponding 14a-hydroxy 
(20%) and 9gl4adihydroxy derivatives (9) (10%). The 
former was identified as 4 (IR, UV, ‘H NMR, MS, TLC 
and [a]& confirming the structure. 

The phytosteroid 5, mp 144-145”, [a&, + 65”. had the 
same molecular formula Ca9Hu0, as 4 and revealed 
almost the same FD-mass, UV and IR spectra as those of 
4. The chemical shifts [except the following two protons, 
S226(1H,dt,J= 13and5Hx,H-l2a)and270(lH,r,J 

*The stfllctures of 1 and 2 (H-22~) (us) given in ref. [l] are 
ineorTect (kause of the authors’ misundelst&uKling of the x-ray 
structure given in ref. Cl]), and should be revised to (H-228) (22R) 
as shown in this paper. 

OH OR4 I 

, R’=Ac, R2=R3=R4=R5=H, 22B-H(22R) 

2 R’=R2=R3=R4=R5=H, 226-H(22R) 

4 R’=Ac, R2=R4=R5=H, R3=OH, 2213-H(22R) 

5 R’:,&, R2=R4=R5=H, R3=OH, 22~H(22S) 

6 R’=R’=R’=H, R’=Ac, R3=OH, 22EH(22R) 

7 R’=R2=R4=R5=H, R3=0H, 22C-H(22R) 

6 R’=R2=R4=AC, R3=0H, R5=H, 226-H(22R) 

@ R’=Ac, R2=R4=H, R3=R5=OH, 226-H(22R) 
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= 9.3 Hz, H-l’la)] and splitting patterns of all observed 
protons in the ‘H NMR spectrum of 5 resembled closely 
those of 4 C62.56 (lH, dt, .I = 13 and 5 Hz, H-12a) and 
2.92 (lH, t, J = 9.1 Hz., H-17a)]. These spectra suggested 
that the sterol would differ from 4 only in the 
conliguration of C-22 Oxidation of 5 with acetic 
anhydride and DMSO afforded 3,6,22-triketone (10) 
(5 %), which was identical with the triketone obtained by 
the same treatment of 4, indicating 5 to be a 22-epimer of 
4. 

The phytosteroids 6, amorphous, [aIn + 92”, and 7, mp 
210-212”, [a]n +39”, had molecularformulaeC19~0, 
and Cl&~06, and gave the corresponding diacetate and 
triacetate, respectively. These two acetates were found to 
be identical with 8. The ‘H NMR of 6 [S4.23 (1 H, ddd, J 
= 10, 7 and 3.5 Hz, H-2.a) and 5.76 (lH, dd, J = 7 and 
2 Hz, H-3/I)] and 7 Cb4.21 (lH,ddd,J = 10,7and 3.5 Hz, 
H-h) and 4.64 (lH, dd, J = 7 and 2 Hz, H-3/3)] indicate 
that the steroids 6 and 7 are formulated as 3-O-acetyl-14a- 
hydroxypinnasterol and 14z+hydroxypinnasterol, 
respectively. 

The biological activities (BD~,,) of these compounds as 
moulting hormones, determined by a Sarcophaga method 
[3], were as follows: 1.0.54 ~(8; 3,0.018 m 4,6 m 5.2 pg; 
7, 0.25 /lg. 

EXPERIMENTAL 

Extraction and isolation. The plant material was colkctcd at 
onahams in Fukushiau~ Prefecture, Japan, early in July, 1982 
The wet material (12 kg) was digested with MeOH. Tbc McOH 
extracts were coned and extracted with Et,O. The Et20 soln was 
washed with 1 M aq. NaOH and 1 M HCI, dried and evaporated 
to leave a neutral oil (30.8 g), which was frwztionated by 
chromatography over silica gel (Merck, 70-23Omesh, 1 kg, 7 
x 58 cm) with C6HI, EtOAc and McOH as elumts. Fractions 

eluted with EtOAc (Fr. 11, 1.3 g) and with EtOAc-McOH (1: 1) 
(Fr. QO.24 g) were combined and separated by chromatography 
over silica gel (50g) with CHCls-McOH (100:3) to yield 1 
(400mg) and a mixture of steroids. The mixture was further 

separat4 by pnp. HPLC over p-Porasil with 

CHIC12-CHCls-McOH (20:20:1), yielding three new 
phytosteroids, 4 (18 mg), 5 (16 mg) and 6 (8 mg). On the other 
hand, fractions elutcd later with EtOAc-McOH (1: 1) (Fr. 13, 
3.8g) were likewise submitted to rechrometography with 
CHCls-MeOH (100:3) to give 2 (170 mg) and a mixture of 
steroids. The latter was further puritied by prep. HPLC over 
Hitachi-gel*301 1 (a copolymer of stynne and divinylbcnzene) 
with h&OH-HI0 (4: 1) to give phytostcroid 7 (9 mg). 

l401-HydroxyocetylpiMoslerol (4). MP 174-176 
(CHCls-Et,O); [a];P + 91” (MeOH; c 0.55); FD-MS m/z: 504 
[M-J’, 486,444,403,359,342 and 145; WI=” nm (loge): 257 
(3.99k IRvzcm- ‘: 3480,1730,1675,1645 and 1260; ‘HNMR 
(500 MHz, C,D,N): 60.88 and 0.89 (each 3H, d, J = 6 Hz, H-26 
andH-27), 1.21,1.25and 1.58(cach3H,s,H-18,H-19andH-21), 
1.64 (lH, dd, J - 14 and 10.3 Hz, H-1j.Q 2.00 (3H, s, OAc), 2.44 
(lH,dd,J= 14and3.5Hz,H-la),2.56(1H,d~,J = 13and5& 
H-12u), 292 (lH, I, ./ Q 9.1 Hz, H-1701), 3.57 (lH, ddd, J = l2,7 
and2.5Hz,H&),3.83(1H,d,J= lOHz,H-22S),4.69(1H.dd,J 
= 7 and 25 Hz, H-3@, 5.31 (lH, ddd, J = 10.3,7 and 3.5 Hz, H- 
2a),6.28(1H,d,J-25Hz,H-7)and6.72(1H,d.J=25Hz,H- 

4) 
Oxidation of 1 with SeOl. A soln of 1 (5Omg) in dioxane 

(0.5 ml) was stirred with ScO, (100 mg) in 50 % aq. dioxane (1 ml) 
at 60” for 24 hr under N,. The soln was evaporated and passed 
through a silica gel column with EtOAc to remove Se and SeO,, 

and the elucnt was separated by HPLC over p-Porasil 
(CH,Cl,-MeOH) lo give 4 (10 mg), mp 174-175”, [a]g + 54” 
(MeOH; c 0.27), and 9, mp 225-227” (CHsCls-MeOH), [a]: 
+ ll”~I$OH, c 0.10); FD-MS m/z: 521 [Ma*, 442 ~IKI 401; 

W&X nm (logs): 232 (3.82); IR v=cm-‘: 3460,1730,1675, 
1635 and 126% ‘HNMR (500 Mm C,DsN)z 6 0.84 and 0.85 
(each 3H. d, J = 6 Hz, H-26 and H-27), 1.24.1.30 and 1.56 (each 
3H, s, H-18, H-19 and H-21), 200 (3H, s, OAc), 285 (lH, 1, J 
=9.0-H-17a),299(lH,dd,J = 14and4&H-la),3.79(1H, 
d,J-lO~H-US),4.69(1H.d4J-7md2Hz.H-3B),600 
(1H.ddd.J = 10,7and4Hz,H-2a),6.3O(lH,s,H-7),6.95(1H,br 
s,OH)and7.06(1H,d,J=2Hz,H-4). 

Acetylotion of 4,6 and 7. Compound 4 (1 mg) was treated with 
AcsO (0.1 ml) and pyridine (al ml) at room temp. for 12 hr. The 
reaction mixture was worked up as usual and purified by 
chromatography over silica gel (CHCls-MeOH) to give 8 (1 mg), 
oil; [a]: + 98” (MeOH, c 0.10); EI-MS m/z: 588 [Ml’. 570,560, 
55f528.492and4~~IRv~a~cm-1;l74O,1665,164O,1255and 
lO~.‘HNMR(4OOM~C,DsPJ)E60.83and0.84(cach3H,d,J 
= 6m H-26and H-27), 1.15.1.2Oand 1.62(H-18, H-19and H- 
21), 203.205, and 207 (each 3H, s, OAck 287 (lH, 1, J - 8 Hz, 
H-17,x), 5.23 (lH, ddd, J = 11.7 and 3 Hz, H-a), 5.45 (lH, d, J 
= lOHz,H-22fi5.71 (lH,dd,J = 6and3HqH-3&,6.29(1H,d, 
J=2Hz,H-7),6.39(lH,d,J-3Hz,H-4),and6.63(1H,brs, 
OH). The same compound (8) was obtained by acetylation of 6 
and 7 under the same conditions. 

22spi-14cl-HydroxyocctylpiMprtrrol (Sj Mp l&l45 
(Me,CO-hexane); [u]g + 65” (MeOH; c 0.23); FD-MS (m/z: 504 
[Ml’? 486, 403 and 359; W AEH nm (loge) 253 (3.93); 

IRvzcm- ‘: 3490. 1730, 1675. 1638 sod 126% ‘HNMR 
(500 MHz.C,D,N)zb0.86and0.88(cacb3H,d, J = 6.5 HqH-26 
and H-27), 1.25.1.3Oand 1.52 (each 3H.5, H-18, H-19and H-21), 
2.01(3H,s,OAc),226(1H,dt,J = 13and5 WH-12a),270(1H, 
~,J-9.3Hz,H-17a),3.45(lH,ddd,J=12,7and25~H-A), 
3.75(1H,d,J = lOmH-22a),4.68(1H,dd,J - 7and25HqH- 
3/?), 5.26 (lH, ddd, J = 10. 7 and 3.5% H-h), 6.49 (lH, d, J 
=25Hz,H-7),and6.86(1H,d,J=25Hz,H-4). 

3-O-Acetyl-Ma-hydroxypinnasterol (6). w [a$” +92” 
(CHCl,; c 0.5); FD-MS m/z 505 

6 -’ 
MH]+ 487,486,145 and 101; 

W1~“,255(4.00~1Rv~ ‘cm ‘:3455,1680,1643and 
1270;‘HNMR (500 MHz,C,D,N)z60.84and0.85(each3H,d.J 
= 6.4 Hz, H-26and H-27), 120,126 and 1.60 (each 3H, s, H-18, 
H-19 and H-21), 294 (1H. 1. J = 9 Hz, H-17a), 3.83 (1H. d, J 
= 10 I& H-22@, 4.23 (lH, ddd, J = 10,7 and 3.5 Hq H-20), 5.76 
(lH,dd,J=7and2Hz,H-3/3),6.31(lH,d,J-25Hr,H-7),6.41 
(lH, d, J = 2 Hz, H-4) and 6.52 (lH, br s, OH). 

14c+Hydroxypinnasterol (7). Mp 210-212” (MeOH-H,O); 
[a]g + 39” (MeOH; c 0.35); FD-MS m/z 462 ih’, 444,351, 
317and145;WI~“nm(loge):256(3.88);1Rv_cm ‘:3450, 
1685,1655 and 107% ‘HNMR (500 MHz, C,DsN): 60.84 and 
0.85 (esch 3H. d, J = 67 & H-26 and H-27& 1.22.1.26 and 1.59 
(each3H,s,H-18,H-19andH-21),294(1H,f,J =9Hz.H-l’la), 
3.54(1H,ddd,J=12,7and2Hz,H-9a),3.83(1H,41=11Hz, 
H-22/3),4.21(lH,ddd.J= 10,7and3.5Hz,H-2u),4.64(lH,dd.J 
=7and2Hz,H-38),6.28(1H,d,J=2Hz,H-7)and6.79(1H,d, 
J=2HqH4). 

Oxfdotbnof4MdSwithAc,OMdDMSO.Asolnof4(l5~) 
in DMSO (0.5 ml) was treated with Ac10 (a5 ml) at 3” for 12 hr 
unda stirring. The mixture was evaporated in wcuo lo leave an 
oil, which was separated by prep. TLC (silica gel, EtOAc-C6HI, 
1:4), giving 10 (0.5 mg) with 4 (12 mg); 10, oil, [a]:: -21” 
(CHCls; c 0.3k FD-MS m/z: 501 EMW’, _\!3 and 100; 
UVAE”nrn (loge): 262 (3.523; IR vGa’cm . 1740. 1720 
and 125Q ‘H NMR (500 MHz, CDCI,): 60.91 and 0.92 (each 3H, 
d,J=6.8~H-26andH-27),0.94,1.21and1.28(each3H,s,H- 
18.H-19andH-21),219(3H,s,OAc),5.47(1H,dd,J- 13.2and 



Ecdysonc-like metabolitcs from Luwencia pinnata 1307 

5.4HzqH-2~),6.09(lH,d.I =20Hz.H-7),and6.26(lH,s.H-4). uEFERFNcps 
The aaox triketone (10.0.4 mg) was obtained by oxidation of 5 
(7 mg) under the ame conditions as thoac with 4 (3.5 mg). 
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