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Abstract—Ethanolic extracts of Lactarius vellereus gave, in addition to known sesquiterpenes, one new highly
oxygenated marasmane lactone and two new 13-normarasmane sesquiterpenes, which are the first representatives of
such a class of compounds. Molecular configurations and conformations have been established by spectroscopic

methods.

INTRODUCTION

Lactarius vellereus Fr. is one of the most thoroughly
investigated species of mushroom because of its peppery
taste and apparent resistance to attack by predators such
as insects, snails and mammails (1, 2]. Originaily only a
single marasmane sesquiterpene, the chemically very
labile velutinal (1a), was isolated from the mushrooms,
where it is present as the stearic acid ester 1b [3].
Whenever fresh mushrooms are injured and then extra-
cted with organic solvents, different sesquiterpenes are
isolated which are believed to be formed from stearoyl!
velutinal (1b) by chemical and/or enzymatically triggered
reactions [4]. For instance velleral (2) and isovelleral (3),
two biologically active pungent-tasting dialdehydes, are
considered to take part in a chemical defence mechanism
which is activated when the mushrooms are damaged
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[4, 5]. The present paper describes the results obtained in
a study of the polar sesquiterpenes of L. vellereus extra-
cted with ethanol. They could well have escaped detection
in earlier investigations because of their tiny amounts {(ca
30-60 mg each from 52 kg of mushrooms!).

RESULTS AND DISCUSSION

Following the MPLC separation of the extract on a
silica gel column, fractions containing dihydroxy sesqui-
terpenes were collected and further separated by prep.
HPLC using reversed phase RP-18 columns (see Experi-
mental). Lactarorufin A (4), isolactarorufin (5) and furan-
diol (6) were identified by comparison with our own
authentic samples isolated from other mushrooms [6, 71.
Besides a mixture of monoglycerides, three new sesquiter-
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penes 7a, 8a and 12a were isolated and their structures
were established in the following way.

The first isolated compound (7a) is a sticky oil with
molecular formula C, ;H,,0, (high resolution MS, NMR
counting of H and C atoms) and two casily exchangeable
protons (M " increased by two units alter deuteration). IR
bands were attributable to alcoholic hydroxyl and
lactone carbonyl stretchings and to oletinic bonds. These
features were confirmed by the appropriate signals in the
P3C NMR spectrum at 61768 (C=0). 141.5 and 1154
(C=CH-),86.4(- CHO), 78.1 {-C-O})and 68 8{CH,0). On
acetylation with pyridine -acetic anhydride at room tem-
perature a mixture of two compounds was ohtained. the
less polar compound 7b contained no f{ree hydroxyl
groups {IR), but mstead two new acety! groups (NMR
01.96s and 2.055) were present. Moreover, on acetylation,
a significant downfield shift was observed for only one
methine proton indicating the presence of one secondary
and one tertiary hydroxy! group.

The chemical shift of the olefinic proton in the NMR
and the end absorption in the UV spectra of compound 7a
exclude any conjugation of the --lactone carbonyl with
the double bond: furthermore, useful structural inform-
ation was inferred from the presence of an allylic coupling
between the olefinic CH and the Jactone methylene
protons. The remaining signals of the high resolution
'H NMR spectrum (300 MHz) were assigned to three
quaternary methyls, to an isolated -CH,~CH system
(AMX pattern) and to onc isolated methylene group. The
last of these gave rise to an ABq system whose small
coupling constant (3.4 Hz) 1s characteristic for two gemi-
nal cyclopropane protons, Their unusually rather low
chemical shifts (1,64 and 1.92 i CI (Y, 1"cspectivelv)
could indeed be due to the withdrawing effect of the
carbonyl group [compare isovelleral {3): doublets at 50.95
and 1.88 [8], and methy! marasmate: doublets at 4118
and 2.34 [9]]

Attempts to draw the entire structure of the compound
also had to accomodate the presence of four quaternary
sp” carbon atoms ('*C NMR spectrum) and the absence
of any coupling of the secondary CH- O

These restrictions and obvious biogenetic consider-
attons made 7a the structure of choice, not excluding the
alternative possibility of placing the twe hydroxyl groups
atC-1and C-2instead of C-9 and C-100 In fact the absence
of any vicinal coupling of H-8 does not exclude a priori the
presence of & proton at -9, as the Jy , can became
negligibly small for some conformations of compounds of
this type [17]. In either case the two hydroxyl groups niust
be vicinal and xyn to each other. in order to explain the
easy acetylation of the tertiary hvdroxyl group by -
10 — C-9 migration of the acety] group {107

The structure of sesquiterpene 7a. including the relative
configuration at the stereogenic centres, was confirmed by
NOEDS cxpcrimcnh in C. D, solution The selective
irradiation of the olehinic proton {H-83 induced in fact a
positive NOE on the €13 protons {1.53%3 and on the
CH-OH signal (7.3%). indicating that ail these protons
were on the same stde of the polycyclic system. e the 1,2-
diol system was at (-9 and C-10. Moreaver. irradiation of
the methyl signal at 00.94 resulted in an enhancement of
H-2 {6.1%) and only one of the protons at C-1 (5.2%]),
whercas the saturation of the methyl group at 00.79
affected the signals of H-& {2.4%), H-10 (6.1 ") and the
other proton at C-1 {4.4%), but left H-2 unaffected. These
effects clearly indicated that H-2 and H-1) are rrans to

cach other on the cyclopentane ring and allowed the
assignment of the chemical shifts for H-1. H-t" and the
geminal methyl groups. Fmally. the small but clean
enhancement of H-2 (2% by irradiation of H-4 endo at
A 1.83 established the cis relationship between H-2 and the
("\'C]o propane methylene group. The values of /,
T4 Hzand J, 5= 7.5 Haom addition 1o the obser-
.ui NOE™s showed that H-1 and H-2 are psendoaxially
oriented and that the cyclopentane ring posstbly exists in
the “ T, ar “F conformation [for five- and six-membered
rings conformation nomenclature, we followed the rules
given ungmdli for .m!ohn; wes and aldopyranoses, J
Chem. S, 4 Cemomn, (19730 5057 For such a
conformations H-1 hes in the shielding cone of the -7
double bond, which explains the unusual high ficld shift of
this proton (80,94 nstead of cu E.,w in CDCL, solution).
Compound Ba. contumed bydroxsl and saturated
ketone groups. bur no Lucmm hnuu,n (IRi. From the
NMR data the formula O, 1, O, was caleulated. which
corresponds o a4 norsesquiterpene  structure. The
'HONMR spectrum showed the presence of one CHL,OH
and one CHOH group. both attached to fully substituted
carbon atoms as deduced from !h'c absence of any \icinle
couphing. Tn the dacetare 8b the methine proton of the
secondary acetate ¢4 3871 showed a long range coupling
(J = 2.0 H» high field shifted signal {00.52)
which, with the proton at o008 formed an AR system
attributable  to o covelepropane  methyviene  group
{18.96 ppm in the " NMR spectrumi. Interestingly
these two protons showed an accidental chemical equival-
ence in the original compound 8a. The remaming features
of the NMR spectra best fitted o tricarboeyvelic structure
with a t3-normarasmane skeleton, Indeed, direct compar-
ison of the "H NMR signal pattern with that of the
marasmane lactaropatlidine (93] 11 clearly indicated that
C-7 of sesquiterpene 8a carries o hvdrovyl group instead
of the CH,OH group found for structure 9. Selective
trradiation of the H-7 signal (marasmane numbering)
produced an enhuncement of the resonances H-3
(1.3%, H-1 and H-10 (2.3% 0 whereas H-20 H-9 and
CUH2H, were not affected. The observed NOEDS ceffects
(performed on diacetate 8by firmiy established that H-7
was trans to the bridgehead protons H-2 and H-9 and that
the CHLOH proup hud to be placed at C-6,and the methyl
at C-3not rice rersad. Morsover. 1o account for the long-
range coupimmg constant of F-7 {xee abovel u
relattonship must exist botween H-7 und CehiH L so that
H-7 and H-4, ., could mteract through o four-hbond 1
pathway [12] Reduction of dicetate 8b with sodnum
borohydride in methano! gave o complex mixture of four
compounds, 10a.b and Tha b ux o rosuit of o non-
stereoselective reduction of the carbonyvi group and acyl
migration from Ci70OH o CoUOH Acetylaton of this
mixture gave an inseparable mxture of two stereoisomers
10¢ and 1le. 1 the ratw 104 The major womer 1le
showed Jy o= Hia My and 7o = 43 Hzo o accor-
dance with an axial axud and axwl-equatoral mterac-
tion of fH-8 with H-9 and H-7 f;\pcc!i‘ cly, whereas, for
the mmor stereowsomer N)c, Jy o= TOHz and J. oy
= 9.5 Hz suggested an z axuf /v"icumlmn or H-K These
data confirmed the xd ative contiguration of H-7 and H-9
and the focation of the carbony! group at C-% w the
starting compound Ba. Frally the caleulated values of
dihedral angies and the observed NOLBDS effects suggest.
by analogy with lactaropalhdine 9 that the ovelohexan-
vtie ring approaches the shew conformation *S . and that
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the cyclopentane ring probably adopts the envelope
conformation ''E or E,.

The last product isolated from L. vellereus was an
isomer of the normarasmane 8a. Detailed analysis of the
NMR data showed no proton at C-7 and the presence of a
secondary hydroxy! group at C-8, the two protons H-8
and H-9 mutually interacting with J = 11.5 Hz. Reduc-
tion of the diacetate 12b with sodium borohydride in
methano! followed by acetylation, gave an inseparable
mixture of two triacetyl derivatives, in the ratio 2.5:1. The
minor compound showed NMR signals identical with
those of 1le¢, previously obtained from ketone 8b by
analogous reactions, while the major isomer is the C-7
epimer 13. These data are consistent with structure 12a for
this new 13-normarasmane. The reversed hybridation of
C-8 and C-9, with respect of ketol 8a, has a marked effect
on the molecular shape of compound 12a. The coupling
constants J, _, = 13.0 and J,_,, = 1.1 Hz indicate that
H-2 and H-1 are trans diaxially oriented while H-9 and H-
10 are trans diequatorially oriented, therefore the cyclo-
pentane ring probably exists in the Eg or *T, conform-
ation. Dreiding models showed that in either conform-
ation Me-14 and H-8 are close in space, while Me-15 and
H-9 are much more distant. This conclusion has been
confirmed by the appropriate NOE effects: enhancements
of H-1 (3%), H-10 (5.3%) and H-8 (6%) by irradiation of
Me-14; enhancement of H-1", (5.7%), H-2 (7.3%) and

H-10', (8%) by irradiation of Me-15. Moreover the pre-
ferred conformation of the cyclohexanone ring now ap-
proaches the chair-boat with C-8 below the mean plane.

Sesquiterpene 7a is the first marasmane with an
oxygenated function on the cyclopentane ring, while
compounds 8a and 12a represent the first examples of the
13-normarasmane class; the latter ketones can derive
form lactaropallidine 9 by f-elimination and oxidation at
C-7. As they are not formed during the solvolysis of
stearoyl velutinal in alcohols [13], we believe they are
formed from stearoyl velutinal by some enzyme catalysed
reactions. For biogenetic reasons the formulae 7a, 8a and
12a must then represent the absolute configuration of the
molecules. The new compounds showed no activity
against Bacillus subtilis, Staphylococcus oxford, Escheri-
chia coli and Candida albicans.

EXPERIMENTAL

Mps (Fisher Johns hot plate): uncorr.; 'H NMR: 300 MHz, in
CDCl, soln unless otherwise indicated with TMS as int standard.
13C NMR: 75.47 MHz, CDCI, (which also provided the lock
signal), TMS as int. ref. Assignments of !3C chemical shifts were
made with the aid of off-resonance and noise decoupled
13C NMR spectra. Compounds were visualized on GF, s, silica
gel plates as coloured spots by spraying with a vanillin-H,SO,
soln and then heating at 120° for 10 min. The identity of the
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mushroom was checked by Prof. A. Skirgiello (University of
Warsaw).

Extraction and isolation of sesquiterpenes from L. vellereus.
Fresh mushrooms (52 kg) collected in Zalesie mixed forest near
Warsaw (Poland) in September 1985 were ground and then
soaked in EtOH for 45 days and the extract was processed
essentially in the same way as described in a previous paper [ 14].
The residue (25 g), by MPLC on 4 silica gel column (1 kg) with a
C H¢-Me,CO gradient system (TLC mounitoring), gave a frac-
tion containing dihydroxy sesquiterpencs (R, 0.2-0.4,
CegHg~-Me,CO 4:1). The latter (4.8 g) was separated into 5 groups
of compounds {I-V) on a reversed phase RP-18 column
(15-25 um, MeOH-H,0O 3:2). 1 (1.1 gk mainly isolactarorufin {5);
IT (550 mg): a mixture of lactarorufin A (4) and compound 7a; 11
(400 mg): mixture of 8a and 12a; IV (950 mg): furandiol (6); V
(2.0 g): monoglycerides, washed out with MeOH. Fraction [I was
separated using a series of five HPLC columns (30 cm length
x 8§ mm 1.d.; Waters instrument, RI detector). filled with Lichro-
sorb Si 60 (10 um) and a mixture of CHCl,~hexane -iso-PrOH
(12:12:1) as cluant, to afford 43 mg of pure diol 7a. Analogous
prep. HPLC of fraction II, with the same solvent system, gave
5, 7a-dihydroxy-13-normarasman-&-onc {8a. 62 mgj and the cor-
responding isomer 12a (32 mg).

92,100, 13- Trihydroxy-marasm-7(8)en-S-oic acid -lacrone (7a).
Sticky oil which could not be induced to crystallize, [2]2° + 11.2

(CH,Cl, =051 IRvIM™em ' 3420 (OH), 1760 (y-lactone
(C=0j, 1685 (C=C), 1455, 1400, 1380, 1365, 1330, 1290, 1215,
1150, 1065, 1005, 930, 910, 880, 845, 800, 768, 735; 'H NMR

(CeDyg) 60.60 (1H. 1.0, ., = J, ;= 12.4 Hz H-1), 0.79 (3H. s.
H,-14), 0.94 3H. 5. H-18). 134 (1H, dd. J, |, =124, J, ,
= 7.5Hz, H-1'), 1.41 (3H. s, H;l’; P49 (M. o, J, 4 = 34 Hz,
H-4,,). L83 (1H, d, J,_, = 34 Hz Hed,,, ), 226 (1H, dd. J, _,
=124 Hz, J, _, =75Hz H-2) 238 and 2.73 {2 x 1H, 2 hrs
exchangeable with D,0. 2 OH), 3.00 (1 H. 5. H-10) 4.26 (1H. Jd.
Jisove =135 T4 = L8 Hz. H-13), 437 (IH. dd, Jiy oo
=135, J,,. ,ﬁvsﬂz H-13), 465 (1H. hre. iy =25,
Jyy .y = L8 Hz, H-8); 1C NMR: 17.05 (¢, C-12), 23.97 {q. C-13),
29.73 (5, C-3 or C-6), 30.15{y. C-14), 35.63 (5, C- 111 36.81 (1. C-4),
38.46 (s, C-6 or C-3), 42.37 (1, C-1), 46.05 (d, C-2), 68.84 1, C-13),
78.06 (5, C-9), 86.40(d. C-10). 115.35(d, C-8). 141.34(s5,C-7). 176.77
(s, C-5) ppm; HR EIMS (probe} 70 ev. m. z {rel. int): 264.1362
[M", calculated for C; H,,0,: 264.1361.] {20}, 249 [M —Me]| "~
(19),246 {M —H,0]" (41), 231 [M — H,G - Me]" {691 213 [M
=2H,0—Mel ™ (10). 208 [M —isobutene]® (11), 203 [231
—~COY" (210, 193 (31, 177 (33). 164410)) 149(22), 119430y, 117
(30). 105 (37). 101 (53), 77 (47). {42y, 43 (53), 41 (67). On
deuteration, peaks at m;z 264, 249 346 231, 164 and 101 were
shifted to m/z 266, 251, 247, 232, 165 and 103 respectively.

Acetylation of compound 7a with Ac,O'Py at room temp.
afforded a4 mixture of the mono- and diaceiyl derivatives. which
could be separated on a short column of silica gel 60
(0.040-0.063 mm) eluted with C H,~FtOAc (3: 1),

Diacetyl derivative of compound 74 7b. Sticky oil. IR vifimem - 1
1775 {-lactone CO), 1740 {acetate COY, 1245 (C-O; H ’\JMR
G094 (t1H. . J, . =J,_ , =127 Hz H-11. 096 and 1.07 (3H
each, sand s, H ,-14 and Hj—lh}. P32 (3HL « H; 123, 1.65{1H. 4,
Ja-s = 37Hz H-4) L74 (H, dd, J, | = 127Hz J,
=80 Hz H-1', 179 (1H, d. J, , - 3.7 Hz. H-4', 1.96 3H. &,
MeCO).2.05 (3H, 5, MeCO). 277 (1H. dd, ], , = 127 Hz. J,.
=8.0Hz H-21,493(1H.dd.J,,. , = 138 Hed,, , = |8 He
H-13). 500 (IH. dd. J,, |, = 138 Hz, J,, == 2.5 Hz, H-13,
S25(1H. 5, H-10), S.75(1H, bri.J = 2.2 Hz. H-8). FIMS (probe)
15eV. m/z (rel. int) 306 [M—CH,CO}" (20), 264 (M--2
x CH,CO1" (8). 246 [M —AcOH —~ CH,CO} {15,228 [M -2
X AcCOHT" (1001 213 [M — 2% AcOH - Me] ™ (931,164 (183,119
(20,

3.7x-Dihvdroxyv-13-normarasman-$-one (8a). Mp 88 91 {z5"
12597 (CHCly; ¢ 1ok TR vRBrem 13350 (OH). 1712 (ketone
CO), 1380 and 1365 [ “C(Me, 17, 1140, 1100, 1082, 1060, 1030,
1018, 910, 882 "H NMR: 9043 {2H, «. H-4 and H-4), 0.7 and
PITGBHeach vand s Hy-15and Hy- 4L T2 GH s H - 1001 .37
(THL ddd, oy, = 130 e J L = N7 He gy, e = 053 He
H-100 147 (1H. 1, J, Iy 120 Hz  H-11 L <'k){iH hr s,
OHL L2 UIH. ddd. P50 Hz /., - H) Hz. Jy,
22 Hzo H-t LES (LD Jdd ML, = 120 H T,
6.7 Hzo J, o= 22 HA HA L 244 (TH, br 5. ()H) 283 (1H,

ddd. 7, L = 120877, HA J 100 Hz, H-2). 2.94
(IHL dr S WOHz o o~ Ju. 0 =90 Hz H-91 375
(U, d S, = 105 Hz HeS) 393 00H. br o, J, 11.5Hz H-

59491 (TH, brsc H-71 VO NMRIR66 (1, C-4), 1983 (g, C-1),

249445, C-3 or C-01 26,49 (g, C-15 or C-14y, 288K ig. C-14 or C-
15y, 34,61 (o C-1 i HUS3 0y, Co6 o LA 4529 (1 Cul0 or C-1y,
46,19 {d. C-9 or -2 or CL91 A8 36 (1 O or Uk

64154, C-5), 70714

{ S8 ppm HR ETMS (proboe)
m o drel ity

eV, 6 M- HL,O. caleudated for
CoHLO0 22001463] 114, IM O Me]T (12 202 M
HLOT™ (45 192 {M - COT™ 230187 [M - Me — HLO]7 (81,
I7’7 (M~—CO- ‘\k’ C2d 16T pde) 123 {caleulated for CyH o
1174 found: 1231174101001 107 (24), 96 {533, 95 (394, 81 56).

Y (33). 77
5.72-Diacetoxy

270 n‘) lj‘))w f?” (3555 L4330 41 74

-V 3-normarasmun-8-one (8b). Prepared from 8a

in the usual way. sticky ol [a]i" - 7ed (CHCL: ¢ = LO%
7RO and 1720 jacetate and ketone CO) 1370,

1230, 1190 1155,

]‘4" HO45. Eﬁ‘v?..*. G75, 890 TH NMR: 0052 (1H,
did o Jyogoe 0S5 He Joowow ZOHA HA L 068 (LHL ddy,

() 5 Hz H-4 endop 097 and L } {3H cach, s and s, H;-15 and
H‘- 4)13"1” H 20030 0H L, =4, . = 118 Hz,

H-1h, 157 (TH, dd. 1., PO M A, - 85 Ha Ho10
S3OOH. ddd oy o o 1304 ey = 90Hz Iy,
25 Hy HA0 ) 191 01 Hoddd g, = 1L Hz J, 6.5 Ha,

Jyooeos= 2S5 He HAD) 200 3HL s,
MeCOO- ) 282 (HH, m. H-2y,

MeCOO -1, 218 (3H.
i
<120 Ha HS) 457 5

IS m H-9L 370 (THL dL T
TUH brd Je I"UH/ -5 582 (1H,

dod g, ZOHLH- T EIMS tprobe) 13 eVom o irel int) 280
[M—CH,C ()7] (8). 262 [M - AcOH]” I)). 247 [M - AcOH
= Med (75 220 [M - CHLCO - AcOH] T (100). 174 (43), 167
(31159 (300 1234915 90 < 81 5L 67 (21 S5 (21 4323

5. 79 8% Triacetoxy- 1 3-normarasmane (11cr. Compound 8b, by
reduction with NaBH, in McOH. followed by acetvlation with
Ac,O Py yvielded a stichy ol consisting of an inseparable
mixture of e and 10e (601 "H NMR signals of mujor
stereoisomer He 0039 (1H 4./, 58 H/ H-41 1.00, 1.07
and [O8 (3H cach. 35, H,-135 21d and 120 TO3 (IH. 4

44
= 53Nz H-A L3200 ML T L, = 135 H,“,f“. 2.7 Hz
H-10) L33 (HHL dd. 1, T3S Hz T, 7.5 Hr, Hotn
ESS (MM, oo o= dy oo 126 Hzo Hoh 167 (THL dd, J,

126 Hzo J, = 7.0 Hyo H-170 202, 2.06 and 208 GH each. 3x,
I MeCOG L2820 H m B9 263 (1H, de J, , + 12.6 Hz,
Jioosedy = TOHZ HA2L 38 H G e 120 Hao -5
43601H. d, 4 POHz M-S 479 (I H Jdd J o - 1ES Ha
Joow= 43 Hz HeRL Sde (tHL 4 UL L = 43 Ha HOTy
IR oM om0 1735 facetate COL 1365 1240, 1105, 1020, 970,

S.8a-Dikydroxy-13-normuarasmz- 7 -«
12a, obtained from prep. HPLO of fraction T was further
purificd by "flash” chromatography (Silica Woelm TSC). using
hexane-EGO (11 as eluant, Thick oil 237 - 8333 (CH(Cl,.
O3 IR YR e s 3430 {OH3. 1695 (cvclopropyl Ketone ), 1430,
PINS 1365 13200 12058, 1225, 1192, (150, 1130, 1092, 1070, 1050,
1030, 1000, 970,916, 520: "H NMRIA0OR6(TH 4./, | - 3.4 Ha
H-dh LO9(GTHL G S, = S Mz H-d 109 OHL s B 15 117
3H s Hg- by L2803 s B I20 TR0 (TR 1, =
Joopo = 30 Hz M bee b Wl R

sre (12a) Sesquaterpene
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= 6.8 Hz, H-10), 1.83 (1H, dd, J, -, = 130 Hz, J,._, = 6.5 Hz,
H-1'), 1.87 (1H, dd, J 4_ 1o = 13.8 Hz, J,,_g = 1.1 Hz, H-10),
196 (1H,dt,Jg_y = 11.5Hz,J, _4=65Hz,Jy_,o = 6.8 Hz, H-
9).263 (1H,dt, J, o =65Hz, J,_, = 130Hz, J,_,. = 6.5 Hz,
H-2), 3.59 (IH, d, Js_5 = 11.8§ Hz, H-5), 3.73 (IH, d, Jg_,
= 11.5 Hz, H-8), 420 (1H. d, Js_5 = 11.8 Hz, H-5); EIMS
(probe) 70 eV, m/z (rel. int.y: 238 [M]* (1), 220 [M —H,0]* (23),
205 {M —H,0—Me]"* (20), 202 [M ~2H,0]" (7), 192 (26}, 191
(24),187(15),177(22), 167(28), 163 (14), 161 (23), 159 (19), 149 (16),
137 (14), 135 (18), 124 (25), 123 (100), 121 (28), 119 (17), 109 (30),
107(41), 105(26),97(25),96(29), 95(53),93(27),91(30), 85 (19), 83
(25), 81(69), 79(32), 77 (21), 71 (16), 69 (48), 67 (37), 57(43), 55(61),
43 (98), 41 (79).
5,8a-Diacetoxy-13-normarasman-T-one (12b). Obtained from
compound 12a in the standard way. Oil [«]3° —-22.3° (CHCl,,
c1); IR vl cm ™! 1740 (acetate CO), 1710 (ketone CO), 1385,
1365, 1330, 1230, 1130, 1075, 1050, 1030, 980, 930, 895, 815;
'H NMR: 60.87 (1H, d, J,_, = 5.4 Hz, H-4), 1.9 3H, 5, H,-15),
118 (3H, s, H;-14), 1.23 (3H, s, H;-12), 1.31 (1H, d, J,_,.
=54Hz, H-4), 148 (IH, dd, J,o 10 =139Hz, J_
=12Hz, H-10), 1.62 (1H, dd, Jio-,o =139 Hz, Jp _,
= 6.2Hz, H-10),1.64(1H,1,J,_,. = J,_, = 12.5 Hz, H-1), 1.85
(1H, dd, J,_, =125Hz, J,.., = 6.5 Hz, H-1'), 204 (3H, s,
MeCOO-), 2.15 (3H, 5, MeCOO-), 2.22 (1H, dt, Jg_g = 11.9 Hz,
Jy_o=065Hz,J,_4 =62Hz, J,_,, =12 Hz, H-9),2.70(1H,
dt, J, g =J, . =65Hz J,_, = 12.5 Hz, H-2), 3.81 (1H, d,
Js_s =116 Hz,H-5),495(1H, brd, J s . 5. = 11.6 Hz, H-5),4.95
(1H, 4, Jg_o = 11.9 Hz, H-8); *C NMR: 19.54 (g, C-12), 20.62
“and 20.77 (g and g, 2 COMe), 23.56 (t, C-4), 27.57 (s, C-3 or C-6),
32.62 and 32.70 (¢ and ¢, C-14 and C-15), 36.36 (s, C-11), 37.15 (s,
C-6 or C-3), 39.22 (d, C-2 or C-9), 43.91 (z, C-1 or C-10) 44.51
overlapped d and t, C-9 or C-2 and C-10 or C-1), 73.79 (¢, C-5),
74.79 (d, C-8),170.38 and 170.80 (s and s, 2-OCOMe), 201.34 (s, C-
7) ppm.
5,78,8a-Triacetoxy-13-normarasmane (13). The diacetyl deriva-
tive 12b was reduced with NaBH, in 95% EtOH, according to
the standard procedure, followed by acetylation with Ac,O in Py.
An inseparable mixture of two diastereomeric triacetates was
obtained, in the ratio 2.5:1, showing a molecular ion at m/z 366
(EIMS) and IR bands at 1730 and 1245cm ™. The '"H NMR
signals of the minor isomer corresponds to 5,7«,8a-triacetoxy-13-
normarasmane (1le), whereas the major stereoisomer is
S,78,8a-triacetoxy-13-normarasmane (13). '"H NMR: §0.60 (1H,
d, J4-4 = 54 He, H-4),090 (1H, 4, J,_,.=5.4 Hz, H-4'), 0.98,
1.10 and 1.15 (3H each, 3s, H;-15, -14 and -12), 1.33 (1H,

dd, J,o-10-=13.6 Hz, J4_,o =4.5Hz, H-10), 1.50-1.70 (3H,
m, H-10, H-1 and H-1'), 192 (1H, gd, J,_,, =4.5Hz
Jig~Jy_ 1o =Jg g = 8.0Hz, H-9) 202, 203 and 2.04 3H
each, 3s, 3 MeCOO-), 257 (IH, dr, J,_,=129Hz,
Ja_g~Jy 1 = 75Hz H-2),408(1H,d, J5 -5 = 120 Hz, H-5),
412(1H,d, Js_5 = 120 Hz, H-5),4.81 (1H, dd, J3_, = 8.0 Hz,
J._g = 65Hz, H-8),5.14 (1H, d, J, _5 = 6.5 Hz, H-7).
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