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Abstract - The wthnnol extract of the sponge .‘+ongia of,fidrtflliU from Pt. 
&i-r, Tenerife (Canary Islands) contained new diterpenoids which inhibited 
the Rrovth of microbes. The structures of the new diterpenes isolated were 
determined as: lit)_hydroxyspongi-IZ-en-16-one (21, 116-acetoxyspongi-12-e+ 
16-one (3). ?B,llS_dihydroxyspongi-l2-en-I6-one (1). and ?8,1lo-dihydroxy- 
spongi-I?-en-16-one (6). by spectral and chemical deRradation studies. The 
previously reported d?terpenes isosRatholactone (1) and aplysillin (5) wre 
also found in the extract. 

The sponge order Dictyoceratida has proved to be a fertile source of secondary metabolites with 

diverse and often novel molcculsr nrchitecture 
2) . The family spw@iidne has been particularly well 

ntudied and has produced an array of interesting terpcnoids 3) , soae of which were shorn to be active 

in bioassays employing adult and larvsl forms of common urine s1Rae and invertebrates 3f) . PollwinR 

the earlier isolst ion ‘) of isoqatholactone (1). a RrovinR group of tetrscyclic diterpencs has been 

more recently isolated fra Spongia officinalis 5-7) whose carbon skeleton of spongirn has Rmerated 
8) 

- 

much interest among synthetic chemists . 
In the course of studies on the chemical constituents of the Canary Island sponge Spoq@ offi- 

cinalis9’ , yc becaw swsre that the rNde methanol extract of this sponBe showed antimicrobial 

activity against Staphylococcus aureus. Pseudomonas nr~ginosa and Bacillus sphsericus in a disk -- 

assay. The extract also inhihited He1.s cells with values of IDSO l-SuR/ml. After the crude 

nethanol.cxtract YIB partitioned between cchrr and water. concentration of the ether layer yielded 

a dark brown oil. This oil was sepnrated by bcinR passed through a silirn gel colurr (hexsne-Et-c) 

and the active fractions were further purified by passing through a prepncked Merck Size C silica 

Be1 60 column (hexane-ether) to Rive the hioactivc compounds 10) IlB-hydroxyspongi-l2-en-16-one (2, 

2.52 dry WeiRht), 1I&~cctoxysponRi-12-cn-l6-onc (1, 3.6% dry veight). toRether with the inactive 

spongi-12-en-16-one (1, 0.62 dry weight). 12o,lk,16a-trincetoxysponRian (I. 0.2% dry ueight). !&J 

individual testing was carried out for the also isolated mixture of 7B.llf3-dihydroxyspongi-l2-en- 

16-one (5) and 71),IIa-dihydroxvsponRi-12-en-16-one (5) (1.22 dry WtiRht). Compounds 1 and 4 were 

respectively identified with the previously reported isoagarholartone h) and aplysillin 
11) from 

spectral data that were identical with literature values. 

The major tetrncyclic diterpene. II&hydroxyspoqi-12-en-16-one (1). had the molecular fomla 

C20H3003* l -p- 199-2OO’C. (ojD+76.6 (c. 1.22, CHC13). The IR spectrum showed absorption bands for 

hydroxyl (3360) and carhonyl (1770 cm-‘). The lH-WR spectrum showed the presence of four methyl 

rignals at 60.83 (8. 6H), 1.02 (8, 3H) sod I.32 (8, 3H). The l3 C-m spectrum contained signals at 

6170.5 (8) due to the lactose carbonyl. at 6136.5 (4 and 127.6 (8) for the olefinic csrhons at C-12 

and C-13. respectively, and at 065.3 (?) and 67.7 (t) l ssiBned to C-11 and the y-carbon on the 

y-lactone ring. In the ‘H-NHR spectrum, the proton at C-11 gave a #iRnal at Ah.75 (be). the olefinir 

proton at C-12 Rave a siRna1 at 66.76 (t. 1H. J l 1Hx). while the methylene protons in the lsctonr 
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ring gave aignala at Cb.ll and 6.41 (t. IH each. J - 10 Hz). Assuming the ilame skeleton of apongian 

present in isoagatholactone (1). which see-d moat likely from the 
13 

C-HMR spectrum (see Experiman- 

tal). we could plncc the hydroxyl group at C-11, which was chemically confirmed aa follwa. Treat- 

ment of 2 with AC O/Py gave the also isolated from the extract: acetate 3. 
2 

The infrared spectrum 

of 2 contained bands at 1760 and 1760 em 
-1 

for butenolide and acetate carbonyl groups. The ‘H-NPR 

spectrum contained an acetate signal at 62.09 (8. 3H). an a-acetoxy proton signal at 65.85 fm, IH). 

and the hutrnolidr methylene signals at 66.49 (t, 1~. J - 11 Hz) and 6.17 ft, lH, J - I1 Hz). Treat- 

mcnt of 2 with TosCl/pY gave the dienc 7 as a result of concomitant dehydration. Upon oxidation - - 

with Jonea reagent at 0’ compound 2 yields the a,&unsaturated keto lactone 8. The infrared spec- 

trum of 8 contained bands at 1770 and 1670 cm 
-1 

for butenolidr and keto functiona. The lII-N?R - 

spectrum of 8 contained an olefinic proton at 66.59 cd. IH, J - C HZ). 

The stereochemistry for C-11 (OH) show in 1 was dccerrined a* follows. Hydrobenation of 2 over 

10% palladium on rharcoal gave a 3:l mixture of the CYO isomeric acetoxy wlactoner 10 and 2, - 

together with a ems11 amount of the compound from hydroffenolisia 9. The downfield shift of the 

methyl groups at C-8 and C-IO obaervrd in the 
1 

H-N?44 spectra of g and fi (see Experimental) tan be 

explained in terms of the 1,3-tmna-diaxial configuration of cheat two methyls vith rrspect to the 

C-11 (OH). The C-A methyl group of fi was ohserved at El.15 (a, 3H). an extremely large dovnfirld 

shift which ia due co the added deshielding effect of the lartone carbonyl. 0n the basis of the 

above results, the most plausible alternative for the structure and crtereochemistry of these new 

diterpcnes seemed co be: llB-hydroxyaponxi-12-en-l&one and ll&aceCoxyspongi-12-en-l6-one as is 

nhoun respectively by formulas 3 and 2. This stereochemistry haa been established definitely by 

the X-ray single-crystal analysis of the pyratolinc derivative 12 
12) 

, a highly crystalline addurt 

obtained by treatment of 3 vith diazomethane in ether. 

The more polar fractions of the chromatography gave a cocryacallixing mixture of two hydroxy- 

butenolidcs. the high-resolution maw indicatink it to he an iso#ric mixture having molecular 

formula C20H300C. Treatment of the mixture with Ac20/F’y gave a non-crystalline mixture of 

diacetates which was further created with diaro#thane co give pyraxoline adducts which were 

isolated by chromatography. The more polar isomr was isolated aa a crystalline aolid. while the 

L & j$ R=H 

1s R=OAc 
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leas polar was purified to give an oil. ~eeruing the l pongian l kcleton, which acared wet likely 

from the 
13 C-m npectra and critical cowparison vfth thnt of compound 11, tha nmt plausible 

alternative for the structure and atereochmiatry of the crgatalline adduct ia 16, and Is for the 

non-crystalline i-r. me ‘H-KKR spectra indicated that the proton signal geminal to the C-11 

l cetoxy group appeared in the &isomer at 65.54 tbs. 1H) and in the a-ioamer at 65.35 (bd, lli, J - 

10 Hz); the gerinal proton to the acetoxy group at C-7 appears at 65.27 (dd. 1H, J - 18. 10 He) in 

fi and at 65.32 (dd. lH, J - 18, 12 Hz) in 11, vhich suggests that the C-7 (OAc) is @equatorial 

in both inacrs. 

EXPERIMENTAL 

I(ps were determined on a Kofler block and are uncorr. Infrared spectra were recorded on Perkin- 
Elmer Hod. 237 and Mod. 681 apectrophotortera. Optical rotations were determined for solutions 
in chloroform with a Perkin-Elmer 141 polarimeter. ‘H-NHR spectra were recorded on a Perkin-Elwr 
~-32 (90 Mir) and Bruker Mod. Vn 360 spectrowtern chemical shift8 are reported relative to Me4Si 
(60) and coupling constantn are givm in hertx. 13 _ C NMR spectra were obtained on a Bruker nod. Un 
360 and the chaical ehifta are reported relative to Ue4Si (60). Low and high renolution usa 
apcctra were obtained from a VC Micro-es ZAB-2F. Colum and dry-colum chromatography were per- 
forocd on silica gel C, all Merck products. Silica gel GF254 (‘Type 60) was utilized for thin- 
layer plates ULC), and apots were oinualired by staining with aniaaldehyde-sulfuric acid13). 
Combustion malystr were carried out by the Analytical Laboratory of C.S.I.C. Madrid). All sol- 
venta uasd ware either spectral grade or distilled from glass prior to we. Anhydrous sodium 
aulphate wan used for dving solutions. 

Collection. Extraction and Chrorutography. The sponge Spmgia officinalis “a# collected by hand 
uring SCUBA (-10 l j at Pt. Ciiiur (fenerife. Canary Islande) in April 1979, iudiately frozen 
and then lyophilixed. The sponge (42 8) wan placed in a Soxhlet apparatus and exhaustively 
extracted with hexane (2 L) and wthanol (3 L). The hexane and wthanol extracta ere evaporated 
to give a viscous oil (15.3 g, 362 dry weight) that “a* judged to contain the majority of secm- 
darp matabolites. The oil was preabsorbed onto silica gel and applied to a colum of silica gel 
(500 g) that waa eluted with solvents of increasing polarity fros hexane to ethyl acetate. One- 
litre fracticms were collected crploying the following elution schrw: hexane. fractions 1-6; 
hexane/ethyl acetate (20/l), fractions 7-10; hexane/ethyl acetate (10/l). fractions 11-14; 
hexane/ethyl acetate (4/l), fractions 15-18; huane/ethyl acetate (3/2), fractions 19-24; hexan=/ 
ethyl acetate (2/3), fractions 25-30; ethyl acetate, fractions 31-34. Fractions exhibiting simi- 
lar TLC profiles were combined. A portion of 1.02 8 of combined fractions 2-6 (2.32 g) was chro- 
utographed on 120 g of silica gel H using hexane-ethyl acetate (lo:11 as aolvmt and collecting 
20 ml fractions. Fractions 6-10 yielded apoqi-12-en-16-one (1, 118 -8). Fraction8 B-14 (4.42 & 
were chrosstographed on 300 g of silica gel H using hexane-ethyl acetate (S:l) aI) solvent and 
collecting 20 ml fractions; fractions 4-12 yielded ll&•cetoxyapoqi-12-en-16-one (1, 1.52 g); 
fractiona 16-18 yielded 12n,lb,l6a-triacetoxyspmgian (4, 112 m&; fractiona 26-34 yielded llB- 
hydroxyspongi-12-m-16-one (1, 1.04 g). A portion of 4.8 8 of combinad fractions 17-22 (5.31 8) 
was chraartographed on a colum (30 x 2 I.X) containing silica gel (40 8) in 101 ethyl acetate in 
hexane and collecting SO ml fractions. Fractions 18-27 (2.2 &) were rechratographed on a pre- 
packed Merck Sixe C silica gel 60 colum in 202 ethyl acetate in hexane. which allowed the iao- 
lation of a solid that was recryntallired from hexane-dichloraocthane to obtain a mixture of 78, 
Il&dihydroxyqxmgi-12-en-16-one (5) and 73,1la-dihydroxynpongi-12-en-16-one (5) (418 mg). 

~gi-12-en-I&one II): rsp 153~lSS*C; (a) +6.3 (c, 0.9. cHC13); IR (CHCl 1 1760, 1690 c.-l; 
lH-N?Ot (CC141 60.79 (e. 3H). 0.84 (8. ‘)H). 0.88 (8. 3H). 0.94 (8. 3H). 2.23 m, 2H), 2.75 (m, LH). ? 
3.93 (t, lH, J - 9 Hz). 4.24 (t. IH. J - 9 Hz), 6.69 (q, 1H. J - 3 Hz); 13C-N?4R (CDCl ) 639.7 
(C-l), 18.3 (C-2)). 41.7 (c-3)+, 33.1 C-4). 56.6 (C-5). 18.7 (C-6)‘. 40.7 (C-7)+, 34. a (C-8) 
51.1 (C-9). 37.2 (C-10). 24.1 (C-111, 136.2 (Gl2). 127.0 (C-13). 54.4 (C-14). 67.70 (C-15). i70.0 
(C-16). 14.0 (C-17). 33.4 (C-16). 21.6 (C-19). 2t.l (C-20) (chemical nhifts marked vith # and + 
are interchangeable). W~aa spect-, m/a 302 (n ), further peaka are found at m/x 287W. 192(100) 
191(40), 177(53), 137(28). Anal. Calcd. for C2OH 002: C. 67.24; H, 8.62. Found: C, 66.91; H 8.61. 
The physical and spectroscopic data were identica ‘i with thoae reported for isoagatholactone oj . 

II~-Acet~~ppongi-l2-e~-l6-au, (3): up 195-197.C; (a) +lB4.1 (c, 1.09, CHC13); IR (CHCl3) 1760, 
1740, 1390, 1170, 1225, 1160 cm-l; _IH-NMR (CDC13) 60.90D(s. 6~). I .OB (8. 3H). 1.22 (8. 3~1, 2.09 

Is* 
3H). 4.17 (t. 1H. J - 11 Hz), 4.49 t. lH, .I - 

h 
11 Hz), 5.85 (m, 1H). 6.70 (t, IH. J - 4 tic); 

C-W (CDcl ) 639.3 (C-l), 18.1 (C-2) , 41.5 (C-3)+. 33.2 (C-4). 57.4 (C-5). 18.6 (C-6)‘. 42.2 
(c-7)+, 34.3 ? C-R), 58.1 (C-9). 38.2 (C-10). 66.6 (C-111. 131.4 (C-121. 129.8 (C-13). 52.1 (C-141, 
67.3 (C-15). 169.6 (C-16). 15.7 (C-17). 33.6 (c-18). 21.7 (C-19). 16.5 (C-20). 169.5 (Cll-OAc), 
21.4 (Cll-OAC) (chemical shifts mrked with # and + are interchangublc). Maas npcctrum. m/a 360 
W?. further peakn are found at m/a 318(12), 301(11). 286(42), 192(80). 177(18), 137(21). Anal. 
Calcd. for C22H 204: C. 73.3; H. 8.88. 

31 
Found: C, 73.3S; H. 9.00. 

12a,Z5a,J6a- rioantazyapmgim (2): mp 169-171.C; (a) +13 (c. 0.5, CHC13); IR (ClK13) 1740. 
1440, 1360. 1350, 1230. 1150, 940, 880. 740 cm-l; ‘H-?MIDtCDCl 1 60.80 (8. 3H), 0.82 (8, 3H). 0.84 
(a. 3H). 0.92 (a. 3H). 2.04 (8. 3H). 2.05 (8. 3H), 2.08 (8, 3H , 2.58 (m. 1H). 5.08 (m. lH), 6.07 ? 
(0. 1H). 6.08 (d. IH. Jli,8 Hx). The physical and apectroacopic data were identical with those 
reported for aplysillin 

llt2-Hy~~~Rpongi-l2-nn~lt;-onn (2): up 199-2oO.C; (a) +74.6 (c, 1.22. CHCl3); IR (KBr) 3360, 
1770. 1690. 1430, 1385. 1375, 1220 ;m- ‘; IH-NWt (CDC13) to.63 (e. 6H). 1.02 (8, 3H), 1.32 (a. 3H). 
4.11 (t, lH, J - 10 Hz). 4.41 (t, 1H. J - 10 Hz). 4.75 (be. 1H). 6.76 (t, IH, J - 4 Hz); 13C-H)IR 
CDCl 639.b (c-1). 18.2 (c-2). 41.8 (C-3). 33.2 (C-4). 57.3 (C-5). 18.7 (C-6) 42.6 (C-7)+, 34.7 
(C-B?, 59.3 (C-9). 38.5 (C-10). 65.3 (C-11). 136.5 (C-12). 127.4 (C-13). 52.4 iC-14). 67.7 (C-15). 
170.5 (C-16). 16.0 (C-17). 33.7 (C-18). 21.8 (c-19). 17.9 (C-20) (chemical nhifts marked vlth # 
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and + are interchangeable). I~SS sptrtrm, da 318 (J?‘), further peaks are found at m/a 3Ol(lO), 
286(22), 192180). 177152). 137(12). anal. Calcd. for C2OH3OO3: C, 75.47; H. 9.43. Found: C, 75.34, 
H. 9.38. 

76, IIB-Dik~dmrye~gi-I2-~-7&-~ 15j cm P 78,Ila-dihy~spongi-f2-m-f(i-ons rg) : Thc 
dissttreoisoreric mixture of 2 and 6 vas-crystalliaed fr 

9‘ (K8r) 3350. 1770, 1750. 1690, 1390.-1220, 1100, 1020 cm- . 
acetone to give Cq6tah of up 6O.C; IR 

High resolution mass maaOurements: Found: 
334.2239; Calcd. for C20H30~4: 334.2240. Anal. tiled. for C20W300t: C. 71.86; H, 8.98. Found: C. 
71.88; H. 9.00. 

XcetyIatinn 0-f 2: A solution of ll6-hydroxyepongi-12-en-16-one (2) 110 mg. 0.035 -1) and acetic 
anhydride (0.5 ml)-in pyridine (0.5 ml) was stirred at 25.C for 7 h. The reagenta were evaporated 
under high vacuum. The residue was dissolved in dichloroscthane, and the solution filtered through 
a short colrmm of nilica gel to obtain ll&acetoxyspongi-12-en-16-one (2) (7 mg, 622 theoretical) 
with spectral data identical vith the natural product. 

SQagi-IO-en-l], 18-&one (8): A solution of 2 (30 sg, 0.1 -1) in acetone (10 ml) woe treated 
with CrO 
usual s 

(90 mg)-l120 (0.15 mf)-H SO (0.15 ml) and the ice-cooled mixture stirred for l h. After 
YO k-up the product vaa chr L4 ographed, clution vfth liaht petroleum yielding colourlees 

crystals of tJ (21 ag. 67X theoretical), l p 221-223’C; iof +34.5 fc, 

1670, 1450, 1370. 1350, 1170. 1050. 100O cm-‘. 
1.08. CHCl ); IR (KBr) 1770, 

1~-~ C&Cl,) 60.89 (8. 3H). B.92 (8. 3H), 1.01 (a. 
3~), 1.19 (a, 3x). 2.15 (n. 1~). 3.32 (rlt. lH, J - 10, 4 Hz), $20 (t. IH, J - 10 Hz). 4.60 (t. 1H. 
J - 10 Hz), 6.59 (d. lH, J = 4 Hz). has8 apectrm, m/a 316 (h 1, further peaks are found at m/x 
301(15), 286(22), 258(59). 275(32), 220(M), 202(27), 192(1O0), 167(24), 122(15). lO7(37). High 
resolution maea measurement: Found: 316.2033; Calcd. for C20Ha03: 316.2039. Anal. Calcd. for 
C20H2g03: C, 75.95; H, 8.86. Found: C. 75.63; H, 8.79. 

.~i-9lll),lZ-lfien-Ib-utts 171: A solution of lll3-hydroxyspongi-12-en-16-one (2) (40 mgBr 0.14 
lol) and rosy1 chloride (1 ml) ;n pyridine (0.5 al) was stirred at 2S’C for 12 h. ‘Ihe mixture van 
poured into water. extracted with ether and the crude product chroaatogrsphed “sin8 hexane-ethyl 
acetate (S:l) aa eluent. Recryatalliratitm gave 7 (12 98, 32% theoretical). a8 COlOUrlWs Crp 

mp 124-l26.C: (al +ll8 fc. 0.36, CHCl ); IR (Kgr)-1740, 1650, 1540. 1450, 1380, 1370, 1230 cm- f 
tAlS. 

‘H-WR (c~cl ) E&92 (n. 3H),. 0.95 (1, 6H). 1.21 (8. 3H). 3.05 (m. lH), 
. 

4.52 (t. 1H.3J 
4.28 (t, 1~. J - 10 Hz), 

- 10 HZ), h.15 (0, 1H. J - 6 Hz), 7.00 (m, 1H). High renolution uaa measurement: 
Found: 300.2092; Calcd. for C H 0 : 300.2089. 

Hydwgenatin of ucetute Ef”A2!otutio n of 3 (260 w, 0.67 sol) in methanol (30 11) containing 
10% palladium on charcoal caTalyat (6 mg) was-stirred under an atmosphere of hydrogen for 12 h. The 
catalyst uas removed by filtration and the solvent evaporated to obtain a solid residue (234 W3). 
The nolid obtained uaa applied to small preparative pttes and these were l luted with light Petro- 
leum-ether (20: 1). The band with highest Rf afforded the non-crystalline compound 2 (18 rg. 7.52 

0.09, c~C1 ); IR (KBr) 1775. 1640. 1370. 1180. 980. 
3H). o.823(e 3H). 2.30 (m, ZH), 4.05 Ct. 2H. J - 

are found a; m/a 289(14) , 287( 10). 260(49), 247 
(32). 205(21), 19l(lO0). 177. High resolution ~es.eeasurement: Found: 304.2412; Calcd. for 

The second band afforded the acetate 10 (110 DR. 46X) a8 a crystalline colpound. 
190.~; (n! +162 (c. 0.15, cHc13); IR (KBr) 1775, 163. 1660. 1390. 1380, 1170. lk0 cm-l. 

60078 (a, 3~), 0.80 (8. 3H), 0.98 (8, 3H). 1.25 (8, 3H). 1.95 (8. 3H). 2.35 (m. 2H). 
2.58 (a, IR), 4.25 (t, 2rr. J - 5 Hz), 5.45 (m, 1H). Haan spectrum, mla 362 W), further pca*s are 
found at PI/I 302(12). 287~41). 256(24). 218(15). 205(21), 191(100). 177(40), l52(38), l47(24), 136(P). 
Anal. Calcd. for C 

‘f 
H 0 : C. 72.93; H, 9.39. 

3f&lated as 
Found: C, 72.90; H. 9.35. The third band afforded the 

acetate 11, vhich Y s a crystalline substance (40 mg, 16.72). mp ldl-142.C; (a) +lgl (c, 
0.16. CRC1 ). IR (KRt) 1775, 1690. 1470, 1390, 1380, 1170, 1140 cr-‘. ‘H-?0lR (CIKl3) AO.s8 (a, 6H). 
1.06 (0. 3a). 1.45 (n. 3H). 1.98 (8, 3H), 2.40 (m, 2H), 4.80 (m, 2H). 5.75 (m, 1H). Maas apect rum. 
m/z 362 @I. further peaks are found at n/a 302(l8). 287(48), 256(25), 218(24), 2O5(30). 19l(lOO). 
177(35), 152(41), 137(22). C 72.93. H 9.39 Found: C 72.86. H 9.27. 

Ana1’ Calcd*‘for C2f!$4$~h &a~&&: Compound 3 (&O mg ‘O.i6 -1) Tmamnt of 11B-aroto~sp~2-12~~-rfi-ortr~ 
with diatowthane in ether va@ allwed to stand overnight at room tW. Usual &k-up gale 12 in 
colourlean crystals (187 I 

P 
84% theoretical); mp 175-l77.C; [ajO- (c. 1.0, CHC13); IR (I(83 1720. 

1650, 1370, 1360. 1160 cm- . IH-NMR (CDCl ) 60.87 (n, 6H). 1.11 (a. 3H). 1.24 (8, %I), 2.03 (8, 30. 

2.52 (t, 1H. J - 11 Hz), 4.11 (a lH, J - 1 8, 11 Ha], 5.35 (dd, lH, J - 18, 10 Hz). 4.56 (d, 1R. J - 
10 Hz), 4.88 (d, lli. J - 10. 6 Hf), 5.51 (8. IIf). ic-, (cncl ) 640.6(C-1) 18.3G2)’ 4l.S(C-3). 
33.3tC-4)+, 57.S(c-S), lg.G(C-6) . 43.7(C-7), 34.6(C-8)+. 55.2 (&9), 38.2(C-i0). 66.3&l), 37.9 
(c-12). 91.6(+13). S3.l(c-14). 67.8(C-15). 174.0 (C-16). 17.l(C-17). 33.7&la). 2l.7(C-19). 17.8 
(C-20). 82.5(C-21). 170.0 (C 

tt 
-OAc), 21.6 (C -OAc). haas spectrum m/a 374 Rc -N2), further pcaka 

are found at m/a 332(hS), 31 59). 299(2l), 1$1(48), l92(95), l77(37), I37(23). Treatwant of 
acetate 12 (35 mg) in acetone vith potaseium carbonate (100 mu) gave after 2 h the correspondin 
alcohol Ts. After usual uork-up the product vaa chromatographad, l lution with light petrolera 
ethyl acetate (5:l) gave pure 13 (97 mg). which was crystslli*ed from wetone to give lorig crystala: 
rp 165-lb7.C; (a)U-40.6 (c. 0.5, CHCl3). IR (KBr) 3490, 1755, 1435. 1380. 1360, 1150, llO5, 960~~~l. 
‘H-N?lR (COC13) 60.84 (a, 611). 1.26 (8. 3H). 1.30 (a,3H), 2.55 (t, lR, J - 11 Hz), 3.99 (a. lH, J - 
10, 0.5 HZ), 4.52 W’%, IH, J - 10. 0.5 HZ), 4.55 (8, lH), 4.82 (&f. 1H, J - 10, 6 Ha), 5.22 (dd, 1H. 
J - 18. 10 HZ). harrs spectrumm/a 332 (H+-N2f, further peaks are found at m/a 3l7(58), 3l4(41), 192 
(24). 177(49), 137(32). 

An?CyZuticm and reaction with diaxcmothano o, * the diasterwoieCZneric mirtuw of Q3,flf+dih&Mq/- 
Rporrgi-IO-en-lb-one f_J) and 7~,lfa-Rihy~.mryaporrgi-l~m-16-as (61: A solution of the diaetareo- 
isomeric mixture of 1 and 5 (400 a& 1.2 al) and acetic anhydri& (2.0 ml) in pyridine (2.0 al) uaa 
stirred at 25°C for 12 h. fhe reagents were evaporated under high vacuum. The residue wae dissolved 
in dichloromethane and the l oluticm filtered through a short colum of silica Be1 to obtain a dfa- 
stereoisacric mixture of diacetates as an oil (387 q). which without further purification *as dias- 
olved in ether and alloved to stand with diarowthane overnight at roo1 temp. Usual work-up gave the 
mixture of 14 and 15 aa a ctyscalline solid (328 mg). The residue obtained was applied to two large 
preparative platrn<nd these were eluted four timen with light petroleus-ether (20:l). The major 



band afforded compound 14 (123 18) as 8 cvstalline 
t 

olid, wp 170-172.1~. (a)D-72.6 (c, 1.24, CHCI ); 

IR (KBr) 1780, 1730. 1600, 1390, 1380. 1020, 745 co- . h-mm (cDC13) 60.81 (8. 3H). 0.86 (8. 3H?, 
1.09 (0, 3~). 1.37 (8, 3H), 2.04 (e, 3H). 2.12 (8. 3H). 2.53 (t. lH, J - 10 Hs), 4.02 (a. 1H. J - 

‘9* 
10 Hz), 4.50 b%f. 1H. J - 18, 10 Hz), 4.70 (m, 1H). 5.27 (dd. 1H. J - 18. 10 HZ). 5.54 (be, 1H). 

1 c-m (cw13): 640.3(C-1). le.c(C-2). &1.1(c-3). 33.4(c-6). 51.4(c-5). 25.O(C-6). 84.5(C-7). 39.2 
(C-a), 5&.2(C-9). 38_3(c-lo), 65.4(C-1). 37.B(C-12). 90.9(C-13). 53.O(C-14)) 68.6(C-15). 173,2(C-1% 
L2.4O(C-17). 33.&(~-113)~ 21.7(C-19). 17.&(C-20). 81.5(C-21). L69.7(Cll-OAc) . 164.43(C7ac) . 21.5 

c 1-w)+. 
) 

21.4(C7-OAc) (chsical shifts vrktd vich I and + are intcrchsngesble). -0 spcctrm 
m s 432 (d-N2), further vaks are found st m/x 390(52). 372(27), 330(69), 312(100), 297(63). 

A minor band nfforded compound 15 ( 93 rS) as an oil; (a) -77 
1730. 1410, 1390, 1380 cm-l. lH-fi (CDc13) 60.82 (a. 3H), P 

(c. 1.69. QlCl 
.12 (8, 3H), 0.87 7 

); IR (neat) 1780. 
8. 6H). 2.07 (e. 

3H). 2.13 (8. 3H), 2.55 (c. lH, J - 10 Hz), 4.31 (dd, 1H. J - 18. 10 Hz), 4.50 (dd, 1H J - 18, 10 

Hz). L.90 (d, LH, J - 5 Hz), 5.32 Wd. 1H. J - 18, 12 HZ). 5.35 (bd. 1H, .’ - 10 Hz). i3C-N= 
(CDCI ) 660.5(c-1). le.z(c-2). lO.Z(C-3). 34.O(c-4). 52.l(C-5). 26.2(C-6). 84.6(C-7). 39.8(C-B), 
53.7($-9). 39_1(c-10). 62_6(C-11). 39.3(C-12). 90.8(C-13). 52.8(C-14). 67.8jC-15). 174.O(C-10). 
12.45(C-17). 33.2(C-la), 22.1(~-19). 19.2(C-20). 81.3(C-21). I7O.O(Cll-OAc) , 166.5 (C7-QAc) . 21.3 
Cll-OAc)+, 22.0 (C7_oAc)+ (chedcal shifts rarked vith g and + are interchangeable). &as aPectr_ 
m/a 432 (FI+-N2), further peaks are found at m/a 390(58), 372(21), 330(74), 312(100), 297(38). 
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