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GLYCOSIDES FROM M USCARI COMOSUM—I

THE STRUCTURE OF FURTHER AUTHENTIC AGLYCONES+

M. PARRILLL* R. LANZETTA, M. ADINOLFI and L. MANGONI
Istituto di Chimica Organica e Biclogica dell ‘Universita', Via Mezzocannone 16, 80134 Napoli, Italy

(Received in the U.K. 26 February 1980)

Abstract— From the glycosides mixture contained in the bulbs of Muscari comosum four aglycones were
obtained by enzymatic hydrolysis. The structure of the two major ones, 1a and 1b, has been reported
previously. This paper deals with the spectral and chemical evidence which led us to assign the two minor
ones the structures 2a and 3a. with the same 27-norlanostane skeleton as 1a and 1b.

The extraction of a complex mixture of glycosides from
the bulbs of Muscari comosum has been recently
reported.’ The structural elucidation of the acid-
catalyzed methanolysis products allowed us to
propose that one of the authentic aglycones could be
already known? eucosterol 1a. The latter was actually
found among the products of the enzymatic hydrolysis
of the glycosides mixture. Later on, another aglycone
was assigned structure 1b.* Two other minor
aglycones had also been isolated by careful chromato-
graphic fractionation of the enzymatic hydrolysis
products. The present paper deals with the spectral
and chemical evidence which led us to assign them
structures 22 and 3a, with the same 27-norlanostane
skeleton as 1a and 1b. However, they differ from these
latter in lacking the ketonic function at C-15 and in

having a hydroxymethylene group in place of the
(30)CH; group.

Compound 2a, [x], —27°, had the molecular
formula C,6H,60s, as deduced by HRMS (m/e calc.
474.33450, found 474.33473). ' 3C NMR (Table 1) and
'"H-NMR (Table 2) spcctra exhibited signals whose
chemical shifts and multiplicities were easily in-
terpreted by comparison with the corresponding
signals shown by the spectra of eucosterol la. In
agreement with the '*C-spectrum, the proton spec-
trum of 2a displayed the signals of only five methyl
groups: of these three are tertiary (6 0.896, s; 0.959, s;
1.226, s). one is secondary (61.055. d) and one is
primary (o 1.068, 1). In the lowest field zone, in addition
to the signal due to the 23-H (8 4.540, dd) the signals of
two (and not one as in 1a) CH,OH groups as AB q’s

Table 1. '*C-NMR {67.88 MHz) chemical shifts of compounds Ia, Ib, 2a and 3a in CDCI,°

1 1 a £ 1 I 2 2
1 35.39 t 35,43 t 35.30 t 35,94 t €-16 51.85 ¢t 51.75 t 39.70 t 39.67 t
c-2 28,28 t 34,47 ¢ 27.51 t 3%.21 ¢t C-17 91,19 s 91.12 s 97.18 s 97.08 s
c-3 80.73d 219,93 s 77.86 d 216,40 s C-18 20.43 g 20.59 g 19.51 q 19.32 q
c-4 42,86 ¢ 51,35 s 45,96 s 55.99 s C-19 19.80 q 19.45 q 19.23 q 19.32 g
c-5 50.78 d 51.62 d 47.29 d 47.36 d C-20 43.46 d 43.49 d 43.63 d 43,65 d
C-6+ 18.26 t 18,92 t 18.72 t 19.32 t ¢-21 17.17 g 17,18 q 17.18 q 17.22 q
c-7 26.28 t 26,24 t 26.24 t 25.95 t C-22 36.78 t 36.77 ¢ 36,77 t 36.78 t
C-8 133,19 s 134,14 s 134,07 s 133.02 s c-23 3.1 d 81.72 d 81.52 d 81.52 d
€-9 135,99 s 134,48 s 135,45 5 136,35 s C-24 212.03 s 211.92 s 213.63 s 213.54 s
C-10  37.30 s 37.17 s 36.50 s 36,78 s C-25 32.40 t 32.44 t 32,30 t 32.34 t
C-11  20.52 t 20.59 ¢ 20.78 t 21.01 t C-26 7.38 q 7.28 q 7.39 q 7.44 q
C-12 22,97t 23.01 t 24.91 t 24,93 t C-30 22.28 g 21.88 g 71.27 t 68.94 t
C-13 47,57 s 47.56 s 48.69 s 48.69 s C-31 634.41 ¢t 65.81 ¢ 63.81 t 65,37 t
C-14 §57.88 s 57.88 s 50.55 s 50.68 s C-32 23.78 g 23.78 q 25,91 q 25.97 q
C-15 215.08 s 215.13 s 31.70 t 31.74 t

2 Chemical shifts are given in 5 (ppm) relative to TMS. s = singlet, d = doublet, t = triplet, q =

quartet in the off resonance spectra. The assignements of the signals of 2a and 3a are based on

the comparison with the spectra of la and 1b. A detailed study of these latier has been reported

in ref 3

+ Preliminary communication: XI Convegno Nazionale di
Chimica Organica, Societa’ Chimica Italiana. Sorrento 1979,

3591



M. PARRILLI, et al.

3592

ovre=""c | 60c0-"'r mm.o?mw.wmﬁ . .
b gy b gy v "oz og
. . JEED 002°h ST G IS Dt o IRAL SR SR, _
s 9pp L {-0-)07HD|S pE2"L 3216°E wwmm.m 3 000" L] b 6¥s 2 PP 995"V P {901 ]S v¥6°0 |5 968°0 LPP 1987 22
s=Tr o™ ;.o?mm.ww,. coe ]
s ap° b oew b v v Tz g
mc.m . . 6=, O b= o6} /o, s, ot
s 90°2 £ £9°y L2y 92752 £z*zz ¥adi'd 977 0¢ _
S 202 -003 HIXE| s ¥2°1 [0 S0'% | % L0°t] b i§°2 PP £S°Y PLOTLY S 90°L] s Z6%0 PP 8'v] @
cort="e s szemye e
by b ay Le Mm
T PRTY BRI TIE R Bl TR Rt _
$ 922°1 08L°¢ 00L°c 13 890° L} b /552 PP OpS Y P SSOLIS 6560 ]S 96870 wm.m g
SE*e¢ H-02
zuteLr 5
DoAY g6L°2 ‘12272 “H-91 ov.peun<n
e gt 5 b gy
LY. ] . - LY S 6= . U* O
€66 .0 ‘PP ¥66°1 n: 22 (20 AT IO 2 L B
5 1L271 TH-0ELS (0B 69b°¢ 3 690°L! b /v6°2 31 869°b PSELTL}sB80°L|S 09670 Sl
ge"e H-02
prsu=p 2
oAV 2L°z ‘22tz “Hal A
Vgt 2 h gy Ve’
%yl PP SO W €2y T I I TR
S €2°L H-0E[ S 9E°L 9e e 3180°L] bs2 1LY PEL"L] $96°0) S $6°0 LU G I
steubys 4ay3p mx:mm N:;pn Nzt¢m mz:mm Nxzmw H-€2 Mx:—m mx;®~ m:xm— H-€

o 120D U1 (RIBP P2IOIDS) SYIYS [PIIWSYD (LHIN 0LT) WN-H, T S1q8L




3593

sum -111

SCUrt como.

*(1%83 33s) H-0€ Bu0 yjim Bur|dnod Aq (zn L£°€ = r) 31ds

<(1%93 295} H-UE 8y3 yIim Buiidnod Aq {(zy p8 L = ) 110

“(1x83 395) W€ 9uo yiim Burionod AQ (zy L€ = P) 3114S

“[3x23 @35) H-|€ Buc yiiM Eutpdnod Aq {zy $8°L = ) 3L Lds

4343404
agygany
43ygang

43Y3aAn4

TleUCLS wxgwm ayy Aq patung

‘£ 8suauaay

EE:IEREYEN

Glycosides from Mu

q
*483{qnop ajgnop = pp ‘jaldenb = b £331d143 = 3 ‘3B|GNOP = P *33[SULS = § “sjuawiJecxs Bul{dnodep jusuilusy
WOJ) PRULDIUL Du4dM pue ZH ul uaath aue saniea sjueisuod Bui{dno) 'L 03 BALle(3d4 {wdd) 9 uL udalb B4R SaN[BA 13LYS [EILURBYD |1y o
NN,FVBQQn muu~«1w<a AN xaw
U oy » Ay Loz
AN iy serse XY
690" ¢ gy 8252 ETAY 4 m
syl 826°¢ (69°¢ {3 0L0°L] b ss572 PP €957y S 9S0°1 |S 0¥6°0 ag
\m,rvnc<n mu._rimam 627 0b=_ .xma
L av 5 8y " ek
5E0 /= r SET = xve
£y o'y ” ¢ iz : £z'zz _
S 6£2° L 298°¢ S18°¢ |3 020 L] b 6pvs 2 pp 8Y5° ¥ S 28l°L |S 926°0 ef
um<n Mw.nrvmqq wn«ow»ﬁ "wmn aees
L gy Eoav < xm ki r‘am.w:mﬂ
996°¢ wee | 7 Cazsdt |V Teered PR I
s 28271 122°08% 109°€ |3 €40 L ] b 0ss°2 pp LE97Y S 0l6°0 |5 01670 PP O¥E'E | PC




R=R'=R"=H
R R =R A
>
2¢ R R.A'm—C-CM,

2d A=H, RLRTm TCRND,

3_9 R=x R"=H

b R.R = _CCH,

(63.700, 54.148, J = 1029 and §3.750, 64.344,
= 1103} were present {corresponding '*C-signals:
86381, t and 71.27, t). One of the two AB (s
overlapped the signal of the carbinolic proton at C-3
{corresponding ' *C-signal: § 77.86, d). The presence of
three hydroxyl groups in 2a was confirmed by the
formation of the tri-acetyl derivative 2b upon
treatment with Ac,O/Py. In addition to the signals due
to the three CH;COO- groups the signals of the two
pairs of acetoxymethylene protons (64.05 and §4.27,
AB q;34.30 and §4.43, AB q) and of the 3a-H (6 4.87,
dd. W, , = 17 Hz) can be easily distinguished in the
"TH-NMR spectrum of 2b (Table 2).

The broad absorption in the IR spectrum of 2a at
1725cm ™" was shown to be due to only one keto
group by the *¥C-spectrum (& 213.63). The elimination
of a propionyl radical in the mass spectrum (m/e 417,
M?* —57) and the signals of an ethyl ketone in the 'H-
NMR spectrum (8 2.557, q; 6 1.068, t; J.,. = 7.35Hz)
indicated the location of the keto group at C-24, as in
1a.

Having been thus established the nature of four out
of the five oxygen functions implied by the molecular
formula of 2a, the ethereal nature of the remaining
oxygen atom was deduced from the '*C-spectrum.
This, in addition to the signals of the three carbinolic
carbon atoms. exhibited two further signals (8 97.18, s;
0 81.52, d) for carbon atoms adjacent to oxygen (C-17
and C-23, resp.). as for 1a. The chemical shift of the C-
17 atom (6 97.18), moved downfield ascompared to the
resonance of the C-17 of 1a (0 91.19). is justified by the
absence of the 15-keto group in 2a.

The downfield shift of the ' *C line of the C-4 carbon
of 2a (44596) as compared with the line of the
corresponding carbon of 1a (842.86) suggested that
this carbon carrics both hydroxymethylene groups in
2a. Accordingly, the arrangement of the two primary
hydroxy!l groups was shown to be suitable for the
closure of an orthoacctate structure with the 3z-OH. as
an orthoacetate {(m.p. 168-70"; MS. m/e: 498: 'H-
NMR, o: 1.446, 3H, s, CH;C(-O-);) was obtained
upon treatment of 2a with CH,C{OCH ;),/pyridinium
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p-toluenesulfonate. Furthermore, from the 'H-NMR
spectrum of the orthoacetate evidence was achieved for
the location of the two primary oxygen atoms at C-31
and C-30 and not at C-31 and C-19, this latter being
the only other possibility left by the closure of the
orthoester cage system. In fact, the 11.03 and 5.88 Hz
values for Jy, ;5 and 1, ,,, respectively, are consistent
only with the normal trans-diaxial and axial-
equatorial relationship present in the structure 2c (A-
ring in a chair conformation, see Fig. 1), a severe
distortion being implied by the alternative closure of
the orthoacetate system at the positions 32, 31 and 19.
In addition, the 3x-proton gave rise to an eight-line
signal centered at 4 3.867 as the four-line X-part of an
ABX system with vicinal coupling constants of 5.88
and 11.03 Hz further split with an 1.84 Hz coupling
constant. Also the AB q (J,;. = 8.46) due to one
oxymethylene group was further split, the A-part
{(04.337) with a J = 3.31 Hz and the B-part (83.912)
with a J = 1.84 Hz. The AB q (J,;c = 8.09 Hz) due to
the second oxymethylene group presented its B-part
(6 3.598) further split with a J = 3.31 Hz, the A-part
{04.200) not being further split. Decoupling cxperi-
ments showed the 3x proton and one proton of the
former AB-system to be coupled with the J = 1.84 Hz
and the second proton of the same AB-system and one
proton of the other AB-system to be coupled with the J
= 331 Hz. Each of these two couplings can be
rationalized as a coupling across four single bondsin a
planar W-path* In the orthoacetate 2¢ such a
relationship occurs (see Fig. 1) between the 3z-proton
and the 31-Hg and between the 31-H, and the 30-Hq.
Further support to the structure 2a came from the
results of some decoupling experiments and NOE
measurements carried out with acetonide 2d (m.p.
123-5%; [alp —1.97; MS, m/e: 514; "H-NMR, é: 1.356,
s

6 H, (CH3)2C\ )} obtained from 2a upon treatment
with dry acetone/CuSQ,. In the 'H-NMR spectrum
of 2d (Table 2, Fig. 2a) the 3x-proton gives a dd at
& 3.340 with vicinal couplings of 12.00 and 3.68 Hz. The
oxymethylene protons of the -CH,0--C(CH;),-
(CH;),-OCH,-grouping appear as two AB g’s, whose
A and B lines (centered at 3.601, 63914, J_,,,, = 12.13
Hz and §3.844, 33.964, },.., = 12.13Hz, respectively)
were identified through pertinent decoupling experi-
ments (successive irradiations at $3.964, 3.914, 3.844
and 3.601 caused the signals at 4 3.844, 3.601, 3.964 and

Fig. 1. Perspective view of the A ring of 2¢c.
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Fig. 2. "H-NMR (270 MHz) spectrum (a) of acetonide 2d in CDCl, and NOE-difference spectra upon
irradiation at & 3.340 (b), 60.910 (c)® and 9 3.94 (d).

3.914, resp., to coalesce into singlets). Significant
nuclear Overhauser effects were measured (Fig. 2b, ¢,
d) between the signal centered at § 3.914 and the 32-H
signal at 63.340 and between the signal centered at
6 3.964 and the angular methyl signal at §0.910. This
result showing the spatial proximity of one oxy-
methylene group to the 3a-H and of the other to an
angular methyl group is consistent only with the
arrangement of the -CH,0-C(CH,),-OCH,- group-
ing in a spirane ring at the 4-carbon, the signal at
4 3.914 being due to the 30-Hy, (and therefore the signal
at 6 3.601 to the 30-Hy), the signal at § 3.964 being due
to the 31-Hg (and therefore the signal at & 3.844 to the
31-Hg) and the signal of the 19-CH; being at §0.910,

Compound 3a, m.p. 156-8°, [a]p, —33°, was
assigned the molecular formula C,oH,,O5 by HRMS

{mfe calc. 472.31885, found 472.31898). The *H-NMR
and '3C-NMR evidence suggested that 3a was the 3-
keto counterpart of 2a. In fact, in addition to a general
correspondence of the signals in the proton spectrum
(Table 2) the 3-H signal was absent and in the }3C-
spectrum (Table 1) a second line due to a ketonic
carbon (d 216.40) was present in addition to the (24)C
= O line (6 213.54). Decisive chemical evidence in this
regard came from the formation of acetonide 3b (m.p.
144-6°; [alp +9.3°; MS, m/e: 512) upon both
treatment of 3a with dry acetone/CuSO, and
oxidation of 2d with pyridinium chlorochromate.
The rather remote possiblity that 2a and 3a could
have either an euphane or an ent-lanostane skeleton in
spite of cooccurrence with the lanostane triterpenes la
and 1b could be excluded asfollows. The methyl singlet
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at 31.182 in the 'H-NMR spectrum of 3a was
attributed to the (19)CH ; as its irradiation caused the
cnhancement of the signal of one hydroxymethylene
proton (34.243, A-part of an AB g) consequently
identified as one 31-H. The enhancement of the methy!
singlet at 60.926 which must be assigned to the
(18)CH , owing to its highest field position?* was also
detected. This latter result is consistent only with a
lanostane skeleton for 3a. Finally, the Horeau
method® applied to 2d allowed the determination of
the chirality at C-3 as S. Therefore, the two novel 27-
norlanostane triterpenes isolated from Muscari com-
osum have the same absolute configuration as 1a and
1b, as depicted in formulas 2a and 3a.

EXPERIMENTAL (with the assistance
of ftalo Giudicianni)

General, Me. ps were determined on a Kofler block and are
uncorrected. Reaction products were purified on silica gel
thin layers {thickness 0.25mm, Merck 60F ;). IR spectra
were measured in chloroform solutions on a Perkin Elmer
mod. 399 spectrometer. Rotations were determined with
chloroform solutions on & Perkin Elmer mod. 141
polarimeter. Mass spectra were measured on an AEl mod.
902 instrument. 'H-NMR (270 MHz) and !’C-NMR
{67.88 MHz) spectra were recorded on a Fourier transform
Bruker WH 270 spectrometer with ASPECT 2000 computer
with 48 K memory (32K data).

The nuclear Overhauser effect difference FID's were
obtained by gated decoupling {decoupler on for 10s before
every scan) with a microprogram virtually identical with the
one described in the Bruker Aspect 2000 NMR Software
Manual | (4). For each measurement, 200 scans with
irradiation off resonance were subtracted from those with
irradiation on resonance. A decoupler amplitude up to 15Hz
was utilized. A flip angle of about 50" was applied. The sample
concentration was 3+ 6mg in 0.5ml CDCl, with TMS as
internal reference.

Ketotriol 2a and diketorriol 3a. These compounds were
obtained by silica gel column and preparative thin layer
chromatography of the aglycone mixture prepared by
enzymatic hydrolysis of the glycosides cxtracted from
Muscari comosum, as described elsewhere.!

Ketotriol 2a was an amorph sohid. [21; =27 {c = 0.5).
MS, m/ie: 474.33473 (basc peak. M ", cale. for Cy9Hy O
474.33450), 459 (M~ —15.CH,), 441 (M ' —15 — 18 CH;
+ H,0). 417 (M~ —57, CH,CH,CQ), 320, 305, 129. IR,
cm™': 3625, 3500, 1725. 'H-NMR: Table 2. "*C-NMR:
Table 1.

Diketotriol 3a had m.p. 156 8 {from ethanoly. (2], —33°
{c = 0.5 MS, mie: 47231898 (M ", cale. for CyoH 404
472.31885), 442 (M " -30, CH,0), 424 (M"' 30 ~18,
CH,0 + H,0), 367 (base peak, M - —30 — 18 —~ 57, CH,0O
+ H,0 + CH,CH,CO0), 255, 167. IR, cm "': 3620, 3520,
1725, 1695. "H-NMR: Table 2. '’C-NMR: Table I.

Triacetate 2b. A solution of 2a (10mg) in dry pyridine
{0.5ml) and acetic anhydride {1ml) was kept at room
temperature overnight, Usual work up afforded triacetate 2b
(10mg) as an amorph solid. [x]p —1LS5 (c = 0.4). MS, m/e:
600 (A *. base peak), 585 (M~ ~ 15, CH,). 543 (M ' - 57,

M. PaRRILLL et al.

CH,CH,CO), 483(M" —60~57, CH,COOH + CH,-
CH,CO), 446, 405, 363. IR, cm ~': 1720. '"H-NMR: Table 2.

Orthoacetare 2¢. To a solution of ketotriol 2a (8 mg) in dry
benzene (8 mi) pyridinium p-toluenesulfonate (traces) was
added.” After benzene (2ml) was distilled, methyl or-
thoacetate (0.3ml, freshly distilled) was added. The solution
was refluxed for 60 min. After 30 min benzene (2ml) was
distilled. To the cooled solution sat. NaHCOj and ether were
added. Evaporation of the organic layer yielded a solid
(10mg). PLC (7:3 hexanc/ether, | run) afforded pure
orthoacetate 2¢ (§ mg). M.p. 168 70 (from hexane). MS, mye:
498 (M "), 483 (M ' — 15, CH;), 441 (base peak, M* - 57,
CH,CH,CO0). 423, 167. IR. cm™ *: no hydroxyl bands, 1725,
1408, 1236. '"H-NMR: Tablc 2.

Acetonide 2d. A solution of ketotriol 23 (6mg) in dry
acetone (8 ml) was stirred with anhydrous CuSO, (100mg) at
r.t, for 24 h, Filtration and ¢vaporation gave a solid (6 mg).
PLC (1:1 hexanejether, 3 runs) afforded pure acetonide 2d
(6mg). M.p. 123-5 (from hexane/benzene). [a], ~1.9" (¢
= 0.3). MS, mje: 514 (M ™), 457 (M~ -57, CH,CH,CO),
441, 423, 345 (base peak). 'H-NMR: Table 2.

Acetonide 3b. (A) Diketotriol 3a (8 mg) was treated with
anhydrous CuSQ, in dry acetone as above. Filtration and
evaporation afforded a solid (8 mg). PLC (1:1 hexane/cther, 3
runs} yielded purc acetomide 3b (6 mg). M.p. 144 & (from
hexane/benzene). (a)p +9.3° (¢ = 04). MS, m/je: S12 (M ™).
'H-NMR: Table 2.

{B) A solution of acetonide 2d (4 mg} in dry dichlore-
methane (1 ml) was stirred with pyridinium chlorochromate
(4 mg) at room temperature for 24 h. After addition of ether,
filtration and evaporation, a solid {4 mg) was obtained. PLC
(1:1 hexanesether, 2 runs) gave acetonide 3b (3mg). M.p.
144-6 (from hexane/benzene), undepressed by mixture with
a sample prepared as in A). MS, m/e: 512 (M ")

Determination of the absolute configuration of C-3 in
acetonide 2d. A solution of 2d {18 mg, 0.035mM) and racemic
x-phenylbutyric acid anhydride (58.5mg, 0.188mM) in
pyridine (1 ml) was left at r.t. for 24h. Work up as usual®
afforded a-phenylbutyric acid (41 mg), [x]p —1.1" {c = 0.9;
benzene). Fully stereospecific esterification should yield [z ]p
= 95.6/72(5.371)1] = —9.8"; therefore the optical yield is
11.2%,. The neutral fraction contained no starling material
{('H-NMR),
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