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Abstnct From the bulbs of Muscariormeniacwn and of .%I. horrroides 10 novel homolsotIavanones were isolated. All 
these new 3-bcnzyl-Qchromanone were substituted with hydroxy or methoxy groups in the 3’- and 4’qositions. 
- - --_- .- -._ .-.- -- -- --- 

IZTRODI CTIOS 

WC have recently [I 31 dcscrlbed the isolation and rhc 
structure clucldatlon of a number of homoisotIavanoncs 
of 3-bcnzyl+chromanonc and sclllascillin type [4] from 
bulbs of Muscari comosum Miller (Liliaccac). The extcn- 
slon of this study IO bulbs of other Muxari species. 
namely Muscoti armeniacum Lclcht and Muscari bar- 
ryoides Miller, gave IO novel homoisoflavanoncs of both 
types (1-7 and 13- 15) rn addition IO some 3-bcnzyl4 
chromanones (8 12) already found in Muscari comosum 
[I 3].Thedlstributlon of homoisoflavanoncs in the bulbs 
of the IWO plants cxammcd is shown in Table I. IIS 
noteworthy that all the novel 3-bcnzyl4chromanone 
described m this paper bear oxygen functions at both 
positions 3’and 4’. Thisconsrltutcsa unusual substlrurlon 
pattern of the R rmg [ 1 61. 

The structures of the novel compounds 1 7 and IS15 
were elucidated by spectral analysis (‘H and “C NMR. 
MS and [IV). The known compounds 812 were idcnti- 
ficd by comparison of rhclr physical propcrtlcs with those 
of authcntlc omplcs. 

RESULTS ASD DISCLSSIOV 

The molecular formulae of all the compounds dc- 
scribed m rhls paper have been csrablishcd by high 
rcsolurlon mass spc~tromerry. 

E/ucidorfon o/ fhe corhon skeleron oj 1 7 and 13.15 

The 3-benzyl-4-chromanonc structure of com- 
pounds 1 7 was deduced from the presence in their 
‘H NMR spectra (Table 2) of the signals of the 
-(Z)CH, (3)CH (9)CH, grouping. which wcrc clearly 
seen as clght lines at ci 4.0 4.3 [AB of ABX. (Z)CH,]. one 
mulrlplct a~ 62.5 2.9 [(3K‘H] and IWO double doublets 
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ccntred in the ranges 62.5 2.7 and 63.c3.1 [(9)CH,], 
respectively. On the other hand. the mcthylene protonsat 
C-2 and C-9 in scillaxillinolds 13.14 and 15 appeared as 
IWO AB quartets (the former was anlred al dca 4.5; the 
signals of the latter were antred ar dco 3 and dca 3.5 with 
J,, = co I3 Hz), due IO rhc absence of a proton at C-3. 
The signal of the 3-carbon appeared asa singkt (dco 55) m 
the “C off-resonance NMR spectra (Table 3: compare 
with the known compound 16). 

Elucidation of the B ring substitution pattern o/ 1-7 

The B ring of 3-benzyl4chromanone 1 7 bears two 
oxygcnakd functions. In fact. the base peak in the mass 

Table I Homo~soflavanoncs in M. armcnbcun and M. borr)~idts 
- _._~ -~ - _ .- _- -~ 
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‘Tabk 3. Carbon shifts of homoisotlavanones In CD,OD* 
-- -- .-__._ 

c I 

2 10.2 

3 § 
4 2at I 
4a 102.9 

5 156.8 
6 130.5 
7 160.9 
8 95.8 

8a 160.1 

9 33.2 
I’ 130.9 
2’ 117.1 

3’ 146.4 
4’ 145.1 

5 116.5 
6 121.5 

CH, - 
_H, 61.0 
1-OCH, 
3*-&H, -- 
4-&H, 

2 3 4 5 6 7 8t I01 I3 14: IS Ibt 
--... _ - .- 

10.4 70.3 70.5 70. I 

5 § 8 § 
199.5 200.0 2al.l 199.4 
103.0 103.0 103.2 102.8 
156.7 156.8 158.2 165.8 
130.8 129.2 93.5 97. I 
160.8 160.9 158.0 168.2 
95.8 95.8 127.6 95.8 

I59.W 160.1 149.3 164.7 
33.5 33.1 33.0 33.2 

130.6 132.3 131.0 I309 
113.7 117.0 117.2 117.1 
14a.9 147.8 146.4 146.4 
146.1 147.8 145.1 145.1 
116.3 112.9 116.5 116.5 
l2L7 121.3 121.5 121.5 

- 

61.0 

- 

61.0 

56.5 - 

56.4 

56.1 
_- 

- 
- 

- 

10.2 69.9 

50.7 § 
194.5 194.0 
105.6 105.4 

166.9 166.8 

97.1 96.8 
167.3 166.8 
94.6 94.6 

164.9 164.6 

34.0 33.6 
131.7 132.9 
117.5 117.1 

146.8 141.8 

145.4 147.6 
116.8 113.1 
121.8 121.4 

56.6 56.5 

- 

- - 

56.2 

70.2 70.5 75.0 14.4 14.9 14.1 

49. I 48.8 55.3 54R 55.3 55.2 

199.9 200.1 198.5 197.7 198.4 191.9 

102.1 103.2 103.2 102.8 IO?_6 102.4 

I%.7 158.2 165.6 164.9 165.9 165.8 

130.4 93.5 95.8 95.6 97.3 97.3 

161.1 158.1 169.6 168.8 168.4 Ifs.5 

95.9 121.6 94.1 94.6 96.0 %.O 

160.0 149.2 164.8 164.0 165.0 165.0 

32.9 32.8 35.6 35.9 36.0 35.9 

130.0 130.2 134.0 134.7 135.7 134.1 

131.0 131.1 112.0 Ill.7 112.1 109.0 

116.3 116.4 148.4 148.8 149.6 150.8 

157.1 157.2 146.7 148.8 149.6 148.1 

116.3 116.4 110.1 106.5 107.3 110.1 

131.0 131.1 135.9 134.7 135.7 1372 
- 

a.9 

- 

- 

56.7 
- 

- 

- 

56.3 

- 

- 

56.6 

%.I 

- 

- 

56.9 

- 

56.7 
- 

-- - _. 

l Chanical shifts arc given in b@pm) relative to TMS. 

t Ref. [7). 
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spectra was due to the dlhydroxytropylium fragment 
(m:z 123) in the case of 1.4,s and 6, and to the hydroxy- 
methoxytropyhum fragment (m:r 137) in the case of 2.3 
and 7. None of the two oxygenated functions IS orrho to 
the I’-positlonand thcrcforc thcyarcat positions 3’and 4’ 
smcc in the “CNMR spectra the signal of the I’arbon 
was at 6 I30 133, which IS the same chemical shift range of 
the I’-carbon of the 3-bcnzyl4chromanoncs bcarmga 4’- 
hydroxyl group only [7]. The signals of the three protons 
at positions 2’ (d, J,, = I.8 Hz), 5’ (d. J,, = 8. I Hz)and 
6’ (dd. J,,, = I.8 HI., J,, = 8.1 Hz) were clearly dis- 
ccrned in the zone 66.5 6.8. The NOE cnhanccments of 
the 5’-proton signal of 3 and of 7 and the 2’-proton signal 
of 2 upon irradiation of the methoxyl proton signal at 
63.82 (3). 63.82 (7) and 63.83 (2). respcctlvely, indicated 
the attachment posmon of the B rrng mcthoxyl group in 
the compounds. 

Elucrdarion o/the A ring suhsrirurion pattern uj I 7 

Compounds I 3 bear one methoxyl and IWO hydroxyl 
substituents. This was indicated by the presence in the 
mass spectra of the peak m,‘z 183, due to hydrogen shift 
and rctro-Diels Alder cleavage of thcchromonc fragment 
143. One of the hydroxyl proton signals appears at 6 12.22 
(S-OH, chelated). The assignment of the second A ring 
hydroxyl group at the ‘I-posltion of 1.2 and 3 was 
indlcatcd by the chemical shifts of the A ring methine 
hydrogen (6 < 6.00) and carbon (695.8 95.9) atoms [7]. 
The mcthoxyl group must be at C-6 and the 8-position 
must be unsubstitutcd since the “CNMR signal of the 5- 
carbon was displayed at 6 156.7 156.8, in good agrcrmcnt 
with the value cxpcc~d oil the basis of substituent effects 
[7]. Accordingly. the chemical shifts of the remaining A 
ring carbons were very similar to those of known 8. 

The mass peak at m/z 167, derived from hydrogen shift 
and RDA cleavage of the chromonc fragment, indicated 
that both 6 and 7 bear one mcthoxyl and one hydroxyl 
substitucnt at the A ring. The IJV absorptions at 284 nm 
(6) and at 285 nm (7) remained unaffected upon additlon 
of aluminium chloride (absence of S-OH, confirmed by 
the absence of proton signals at 6 > I I ). but were shifted 
(+ 30 nm) upon addition of sodium acetate (presence ofa 
free hydroxyl at C-7) [8]. Tbc NMR signals of the IWO A 
ring mcthinc protons appear as an AB system with J 
= I.8 Hz in both compounds indicating their meta lo- 
cation and therefore that the methoxyl group is at 
position 5. Intcrcstmgly.although both Qand 7 bear a free 
hydroxyl group at C-7. their NMR spectra display the 
signals of one of the two A ring mcthinc protons at 6 
> 6.00 [7]. This is clearly due to its orrho location with the 
5-mcthoxyl as dcduccd by the NOE enhancement of its 
signal upon Irradiation at the 5-mcthoxyl proton 
frequency. 

The presence of two fret hydroxyl groups as the only 
substituents of the A rmg of 5 was deduced from the MS 
peak m:‘: 153 One hydroxyl group is located at C-5 
(proton NMR slgnal at 612.17). The locatlon of the 
second was established to bc position 7 on the basis of the 
chemical shift values of the 6- and R-protons and of 
the 5-. 6- and l-carbons [7]. 

The peak m:r I83 in the mass spectrum of 4 indicated 
that the A ring bears two hydroxyl and one mcthoxyl 
group. The NMR signals of the hydroxyl proton at d 12.5 
and of the A ring methinc proton at 6 > 6.00 revealed that 

one hydroxyl group isat C-5 and the methoxyl goupat C- 
7. The chemical shifts of the A ring carbons are very 
similar IO those of IO. Therefore, the remaining hydroxyl 
group is linked at C-8. 

Elucidarion ojrhe suhsrirurion pattern oj 13 15 

The A ring substitution pattern was deduced from the 
mass peaks m/z 167 (13 and 14) and miz I53 (ISA from 
the hydroxy-proton NMR signalsat &a 12 (13 IS. S-OH) 
and from the chemical shifts of the A ring proton and 
carbon atoms [7]. 

The mass spectra of 14 and 15 displayed the ((Z)C- 
ring D-ring B) peak at m.!z 162 which isalso present in the 
spectrum of 16 and is indicative of one mcthoxyl and one 
hydroxyl B ring substitucnt [2]. The singlet appearance of 
the NMR signals of the two B ring protons rcvcalcd thclr 
para location. The NMR signals of the two methoxyl 
groups of 14 were distingulshcd by measuring the NOE 
enhancement of the signals of the two protons at C-6 and 
C-8 (66.08.66.05. ABq) and the B ring proton at 66.65 
upon irradiation at 63.83 and 63.76. respectively. In 
addition, upon irradiation of the methoxyl signal at 63.77 
of 15 an NOE enhancement was measured for the singlet 
at 66.65. For both 14 and IS a long-range ZD- 
homonuclear correlation experiment revealed the coup 
lmg of the 66.68 B ring proton with the Y-protons. 
Therefore. the ring-B mcthoxyl group must bc at the 4’- 
position and the hydroxyl group at the 3’-position In both 
compounds. 

A mass peak m/z 148 (two B ring hydroxyl groups) for 
the ((2)C-ring D-ring B) fragment and the singlet appcar- 
ante of the two ring-B protons (location at Z’and 5’)could 
be considered convincing evidence for the B ring substi- 
tution pattern of 13. 

Assignment oj “C chemical shifis 

The assignments of the “C chemical shifts of com- 
pounds 1-7 and 1315 were based on comparison with 
other homolsoflavanona [7] and on consideration of 
known substituent effects [9, IO]. In some cases ad- 
ditional experiments wcrc required. They are dcscTibed 
below. 

For the 3’ 4’-dihydroxy compounds I. 4.5 and 6. by a 
carbon-proton long-range 2D shift correlation cxpcr- 
lmcnt the 3’- and 4’carbon lines were found to be 
correlated to the 5’- and to the 2’- and 6’-proton lines, 
rcspeclivcly. This experiment was unsuccessful in assign- 
ing the remaining B ring methine carbon signals owing to 
the close proximity of the relevant signals in the proton 
spectra. However, the signal at 6ca I I6 was safely as- 
signed to S’-carbon since it did not display a J:,, in the 
gatcd fully coupled spcstra of the four compounds. 
Distinction between the 2’- and 6’-carbon lines was made 
easy by consideration of the shieldmg clT=t of the orrho- 
hydroxy group. The signal of the methoxy-bearing 3’- 
carbon of 2 was distingulshed from that of the 4’-carbon 
since It exhibited coupling with the methoxy protons in a 
@cd coupled spectrum. 

Appropriate NMR experiments were needed for the 
assignment of all the B ring carbons of 13. A sclcctivc 
INEPT experiment with Irradiation at 62.93 (upfield 
signal of 9-H,) led to the identification of the 3’-carbon 
line (6 148.4) through correlation ciu J:.,,, coupling and. 
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consequently, to the assignment of the 4’carbon line 
(6 146.7). Distinction between the signals of C-l’and C-6 
and of C-Z’and C-S’ was obtained by analysis of the signal 
multiplicity in a pled fully coupkd spectrum. 

EXPERIMeNTAL 

“C and ‘H spectra were recorded In CD,OD (when 

no01 otherwIse specified) soluuons al 30‘ and 

67.88’270.13 MHz (“Ci’H) wnh a WH-270 bT NMR spcclro- 

meter (Bruka) equipped with a dual-probe. Oncdrmenslonal 

spcc~ra were ryplczally obramcd with 3CUOHz (‘H) and 

13ooO Hz (“C) spectral widths. Nuclear Ovcrhauscr cnhancc- 

mcnts were obramcd m the ddfcrcnce mode as reported In 

ref. [I I]. Fully coupled spccrra were measured in the gatcd mode 

at 67.88 MHz usmg a p&c width of 4 )csaz. a sweep width of 

I3 000 Hz and blocks of 32 k data points of memory. 

Sckctive INEPT [ 121 cxpcrlmenls were pcrformcd wlrh the 

Bruker INEFTRD mmoprogram usmg delays D, = D, 

= 30 mscc corrcspondmg IO I,, - 8 Hz Long-range 2D 

carbon proton shift correlauon [ 131 experiments were pcr- 

formed with the Brukcr XHCORR mlaoprogram uung delay 

D, - IO0 mscc corrcspondmg IO Jc.,, - 5 Hz Long-range 2D 

proton-proton shift correlation [ 141 experiments were pcr- 

formed wlrh the Brukcr COSYLR microprogram uwngdclay D, 

I 80 mscc corresponding IO I,.,, = 3 Hz 

Imolarion ojhomoq%wnon~s. Fresh bulbs (I8 kg) of Muscor~ 

armenitzcwn Lctcht (purchased from Srassen Itahana. Como. 

Italy. and authentIcatcd by the BotanIcal Garden of fbc 

L’nivcrslty of Naples) were homogcnucd in a mechanical stirrer. 

frcczedrlcd and cx~rac~cd In a Soxhkt with light petrol (I2 hr). 

wtrh EI,O (12 hr) and then with McOH (I2 hrl 

The Er,O extract was cvapd (5 g) and chromatographcd on a 

sihca gel (120 g)column with a gradient mixture of hexane El,0 

and then of Et,@McOH. Homoisollavanones werecontained tn 

rhc fractions elurcd with loO”, Et,0 (fraction A, I.5 g) and wrth 

Y. I El,0 McOH (fraction B, 800 mg). 

Fracuon B was further purifkd by CC (sihca gel; l9:l 

CHCl, MeOH) and HPLC (LrChroCan-NH, 7pm (Merck). 

2sO Y 4 mm. 60 atm. UV 260 nm; I: I CHCl, MeOH) IO give 

compound 6 (26 mg) Fraction A on rechromatography (hcxanc 

wlrh incrasing amounts of Me,CO) yielded fractionsAl 

(4:1 hcxanc Mc,CO; 200 mg). A2 (7:3; 80mg) and A3 (3:2; 

60 mg). Tbc latter was crystallized from MeOH-hexant IO give 

compound 4 (54 mg). HPLC (conditions as abovr. 7:3 

MeOH CHCI,) of fraction A2 ylcldcd compound 5 (24 mg) and 

compound I (22 mg). HPLC (condlrlons as above; 

3.2 McOH CHCl,)offractlon Al gave IWO rnam fractions. Al A 

(90 mg) and AIB (102 mg). By repetitive PLC (silica gd; 98:2 

ClfCI, Mc,<‘O) compounds IS (6 mg). 13 (6Omg). 9 (I2 mg) 

and I2 (I 5 mg) were obtamcd from lhc former and compounds 8 

(I2 mg). 2 (6 mg) and 3 (5 mg) from the larla. 

The McOH extract of the bulbs was cvapd (9.5 g) and 

submlrtcd IO CC (sd~a gel). The fractions eluted with 

9: 1 CHCI, McOH were cvapd (103 mg) and then purified by 

subsequent CC (s~lm gel; 9: I CHCI, A&El) and HPLC (con- 

druons as above. 3:7 YeOH CHCI,) IO yield compound 7 

(7 mm). 
A slmdar lsolallon procedure was adopted IO obtain homolso- 

tlavanoncs from bulbs of Muscmi borryoides M~lkr (2 kg; 

colkctcd In May 1985 near Formia. Lauo. Italy and authentl- 

~rcd by the Botamcal Garden of rhc Umvcrwry of Napks). 

Compounds 9 (I5 mg), 10 (IOmg). 11 (24 mg). 13 (52 mg), I4 
(43 mg) and 15 (23 mg) were ~scdakd. 

On TLC (srka gel: 4: I C,H, AcOEt) homotsollavanonrs 

I IS exhIbital the following mcrcasing polarity order: 6 5 4 > 7 

> s > I > I3 > 2 > 3. 12 > IO. II > 9 > IS > a > II. 

Compound I had mp I79 181’ (from CHCl, McOH). [210 

-65” (MeOH. c - 0.6). F.IMS, 7OcV. m!z (ret ml ): 
332.0885 ([hi]‘. cak. for C,,H,,O, 332.08%) (80). 210(100). 

_m (30). I95 (60). 183 (40). I67 (30). I49 (701. I23 (85). 

Compound 2 had mp 205 206” (from McOH hcxanc). [ 2&, 

37’ (MeOH. c _ 0.5). EIMS. 70eV. m z (rcl. ml.): 
306 1044 ([Ml ‘: cak. for C,,H,,O, .346.1052) (25). 210 (451. 

209 (20X IY5 (200). I83 (30). I67 (20). 149 (35). 137 (100) 

Compound 3 was a powder. EIMS. 70 cV. m : (rcl. ml ) 
346.1049 ([Ml’; cak. for C,,H,,O. 346.1052) (30). 210 (501. 

,m (20). I95 (40). Ig3 (40). I67 (20). 149 (.30). I37 (100). 

Compound 4 had mp I38 I41 (from McOH hcxane), 1211, 

-43 (McOH. c - 0.7) IfIMS. 70cV. m z @cl. ml.): 

332.0899 ([Ml’; talc for <‘,:H,,O, 332.08%)(95). 210(100). 

IY5 (15). IX3 (50). 167 (35). l4Y (20). I23 (9s). 

Compound S was an 011. EIMS. 70 eV. m:: (rel ml.). .302.0781 

([MC]‘; cak. for C,,H,,O, 302.0790) (65). 180(100). I79 (80). 

153 (50). I23 (85). 

Compound 6 was a VII~COUS solid. [2],,-SY (M&H. c 

= 0.6). UVi.zFH nm (log c): 284 (4.2). shrfkd IO 314 upon 

addltlonofNaOAc EIMS.70cV.m.z(rcl. ml.).316.(W39([M]‘. 

cak. for <‘,,H,,O, 316.OY47) (25). IY4 (4OoL IV3 (40). I67 (1001 

I23 (40). 

Compound 7 was a powder IJV .izH nm (log c). 285 (4.2). 

shifted IO 315 upon addmon of NaOAc. EIMS. 70eV. m ‘: 

(rel ml): 330.1095 ([Ml’; cak. for C,,H,,O, 3.w 1103) (30). 

I93 (IO). 167 (95). I37 (100). 

Compound I3 was a powder. EIMS. 70eV. m : (rcl. Int ): 

314.0785 ([Ml’; cak. for C,.H,.O, 314.0790) (20). 167 (25). 

I48 (100). 

Compound I4 had mp 187-188 (from MeOH). [21D+9. 

(McOH, c - 0.2). EIMS. 70 eV. m ‘z @cl. ml ). 328.0940 ([Ml ‘; 

talc for <‘,,H,,O, 328.0947)(40). I67 (100). 162 (15). 

Compound IS had mp 209-21 I ’ (from &OH-hcxane). [21D 

+ I I (McOH. c - 0.4). EIMS. 7OcV. m;z @cl. 1nl.b 314.0788 

([Ml’; talc. for C,,H,,O, 314.0790)(65). 162 (40). 153 (100). 
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