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tg (250 °C) 4.16 min; 'H NMR (60 MHz) § 1.05-2.08 (m, 9), 2.25
(br s, 1), 2.55 (br s, 1), 2.81 (m, 1), 2.91-3.28 (m, 2}, 3.80 (s, 3),
6.55 (br s, 1.5), 6.70 (d, J = 2 Hz, 0.5), and 7.48 (d, J = 8 Hz, 1).
Anal. Caled for C,;HpOy: C, 79.65; H, 7.86. Found: C, 79.35;
H, 8.01.

Epimerization of 10 to 11. The ketone 10 (130 mg, 0.5 mmol)
was heated under reflux with a solution of NaOMe in MeOH (25
mL, 2%) for 3.5 h. After removing most of the MeOH, the residue
was diluted with H,O (10 mL) and extracted with Et,0 (3 X 15
mL). The Et,0 extract was washed with brine and dried. Re-
moval of solvent followed by column chromatography of the
residue afforded 11 (110 mg, 84%): IR 1660 (s), 1600 (s) cm™;
tg (250 °C) 1.7 min; 'H NMR (60 MHz) & 1.05~2.65 (m, 12), 3.05
(d, J = 4 Hz, 2), 3.73 (s, 3), 6.43 (m, 1.5), 6.60 (d, J = 2 Hz, 0.5),
and 6.91 (d, J = 8 Hz, 1). Anal. Calcd for C,;H,,0,: C, 79.65;
H, 7.86. Found: C, 79.37; H, 7.93.

Epimerization of 12 to 13. Following the above procedure,
the ketone 12 (130 mg, 0.5 mmol) was epimerized to give, after
column chromatography, the trans-ketone 13 (100 mg, 77%): mp
85 °C; IR 1670 (s), 1600 (s) cm™?; tg (250 °C) 4.08 min; 'H NMR
(60 MHz) 6 1.13-2.23 (m, 11), 2.56-3.46 (m, 3), 3.85 (s, 3), 6.65
(m, 1.5), 6.85 (d, J = 2 Hz, 0.5), and 7.98 (d, J = 8 Hz, 1). Anal.
Calcd for CsHxO4: C, 79.65; H, 7.86. Found: C, 79.78; H, 8.19.

Cycloaddition of 6a with Maleic Anhydride to 14, A
suspension of the dienone 6a (50 mg, 0.3 mmol) and maleic an-
hydride (30 mg, 0.3 mmol) in xylene (2 mL) was refluxed for 22
h. In the beginning all of the solid was dissolved, but after 2-3
h refluxing, the adduct started crystallizing out. The crystals were
collected by filtration and dried to afford 14 (70 mg, 87%): mp
188 °C; IR 1855, 1775 cm™; 'H NMR (100 MHz) § (CDCly) 3.72
(narrow t, J = 1 Hz, 2), 3.88 (s, 3), 4.16 (br t, J = 8 Hz, 2), 6.32
(t,J =8Hz 1),6.74 (t,J = 8 Hz, 1), 6.88 (m, 2), and 8.12 (d, J
=8 Hz, 1). Anal. Caled for C,¢H;;,05 C, 67.60; H, 4.26. Found:
C, 67.13; H, 4.27.
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Many terpenoid quinones and phenols from marine
sponges have been shown to exhibit interesting biological
activities.2 We have also reported the isolation and
structural elucidation of three novel antineoplastic ses-
quiterpenocids, metachromins A, B, and C, from the Oki-
nawan marine sponge Hippospongia metachromia.® In
our continuing studies on bioactive metabolites from ma-
rine organisms,* we further examined extracts of the same
sponge H. metachromia to obtain five new cytotoxic ses-

(1) (a) Hokkaido Umverslty (b) Kanazawa University.

(2) Nakamura, H.; Deng, S.; Kobayashi, J.; Ohizumi, Y.; Hirata, Y.
Tetrahedron 1986, 42 4197—4201 and references cited therem

(3) (a) Ishxbashl, M.; Ohizumi, Y.; Cheng, J.-F.; Nakamura, H.; Hirata,
Y.; Sasaki, T.; Kobayashi, J. J. Org. Chem. 1988, 53, 2855-2858. (b)
Kobayashi, J.; Murayama, T.; Ohizumi, Y.; Ohta, T.; Nozoe, S.; Sasaki,
T. J. Nat. Prod. 1989, 52, 1173-1176.

(4) (a) Kobayashi, J. Itagakl, F.; Shigemori, H.; Ishibashi, M.; Tak-

i, K.; Ogura, M.; Naga.sawa S, Nakamura, ,Hirota, H.; Ohta, T.;

Nozoe,S J. Am. Chem Soc 1991, 113, 7812—7813 (b) Kobayashi, J.;
Kanda, F.; Ishibashi, M.; Shlgemon, . J. Org. Chem. 1991, 56,
4574-4576. (c) Kobayashi, J.; Shigemori, H.; Ishibashi, M.; Yamasu, T.;
Hirota, H.; Sasaki, T. J. Org. Chem. 1991, 56, 5221-5224. (d) Shigemori,
H.; Wakuri, S.; Yazawa, K.; Nakamura, T.; Sasaki, T.; Kobayashi, J.
Tetrahedron 1991, 47, 8529-8534.

quiterpenoids, metachromins D-H (1-5), together with
known related compounds metachromins A (6) and B (7).
In this paper we describe the isolation and structural
elucidation of 1-5.
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The purple-colored sponge H. metachromia was col-
lected at Unten Harbour, Okinawa, and kept frozen until
required. The methanolic extract of the sponge was par-
titioned between EtOAc and H,O. The EtOAc-soluble
fraction was subjected to silica gel column chromatography
followed by silica gel TLC to yield metachromins D (1,
0.0037%, wet weight), E (2, 0.0076%), F (3, 0.0026%), G
(4, 0.0010%), and H (5, 0.0013%) together with meta-
chromins A (6, 0.17%) and B (7, 0.014%).

Metachromin D (1), a colorless oil, was shown to have
the molecular formula C,H;0; by HREIMS (m/z
402.2408, M*, A 40.2 mmu). The IR spectrum (p,,,, 3400
cm™) suggested that 1 possessed hydroxyl group, and the
UV absorptions (A, 226, 280, and 320 nm) were indicative
of the presence of a phenol moiety. The !H NMR spec-
trum of 1 in CDCl, showed signals due to a secondary
methyl (6 1.03), two tertiary methyls (6 1.01 and 1.41), three
methoxy groups (6 3.82, 3.85, and 3.94), an exomethylene
(6 4.69 and 4.76), one singlet deuterium-exchangeable
proton (6 5.58), and two doublet olefinic protons (6 5.52
and 6.62, J = 10.3 Hz; cis-oriented). These data were
reminiscent of a chromenol ring system.> The 'H and 3C
NMR (Table I) data of 1 were similar to those of meta-
chromin B (7), while three methoxy signals (5 3.82, 3.85,
and 3.94; 6. 61.3, 61.4, and 61.5) in place of two methoxy
signals (6 3.82 and 3.83; ¢ 56.8 and 58.4) and an aromatic
proton signal (6 6.47) in 7 were observed for 1. Irradiation
of a hydroxyl proton (6 5.53) caused 2.0 and 2.8% NOE
of the olefinic proton at 6 6.62 (H-11) and the methoxy
protons at § 3.85 (CH30-22), respectively, since the hy-
droxyl group was attached to C-17. This result was coin-
cident with the HMBC correlations for OH-17/C-16, OH-
17/C-18, and H-11/C-17. Thus the structure of meta-
chromin D was concluded to be 1. Configurations of C-4,
C-6, and C-9 in 1 were tentatively assigned as R, R, and

(5) (a) Mayer, H.; Metzger, J.; Isler, O. Helv. Chim. Acta 1967, 50,
1376-1393. (b) Amico, V.; Piattelli, M.; Cunsolo, F.; Neri, P.; Ruberto,
G. J. Nat. Prod. 1989, 52, 962-969. (c) Amico, V.; Oriente, G.; Piattelli,
M.; Ruberto, G.; Tringali, C. J. Chem. Res. S 1982, 262-263.
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Table I. 3C NMR Chemical Shifts of Metachromins A (6), B (7), and D-H (1-5)

1 2 3 4 5 6 7
position 0° mb ) m ) m ) m 8 m d m é m
1 38.72 t 38.70 t 38.70 t 38.67 t 38.76 t 38.68 t 38.68 t
2 21.89 t 22.68 t 21.90 t 21.87 t 21.95 t 21.88 t 21.76 t
3 37.20 t 37.07 t 37.26 t 37.24 t 37.32 t 37.24 t 37.10 t
4 33.98 d 33.94 d 33.97 d 33.94 d 34.02 d 33.94 d 33.94 d
5 159.42 8 158.95 8 159.75 8 159.76 8 159.81 8 159.70 8 159.37 8
6 39.05 s 39.05 s 39.25 8 39.23 s 39.32 ) 39.22 ) 38.97 8
7 35.35 t 35.95 t 39.99 t 40.03 t 40.11 t 39.98 t 34.82 t
8 35.40 t 34.91 t 34.04 t 34.01 t 34.01 t 34.02 t 35.17 t
9 78.90 8 84.31 s 138.37 8 137.37 8 137.85 s 138.47 8 78.24 ]
10 127.27 d 128.04 d 118.92 d 119.41 d 119.75 d 118.72 d 129.58 d
11 116.93 d 115.19 d 21.90 t 21.87 t 21.95 t 21.87 t 117.17 d
12 19.61 q 19.61 q 19.62 q 19.59 q 19.68 q 19.61 q 19.48 q
13 103.71 t 103.95 t 103.47 t 103.42 t 103.52 t 103.46 t 103.59 t
14 24,98 q 24.95 q 24.66 q 24.63 q 24.72 q 24.65 q 24.81 q
15 26.13 q 27.54 q 16.40 q 16.33 q 16.39 q 16.40 q 256.80 q
16 104.99 8 115.07 s 118.12 8 119.41 8 119.75 8 118.25 8 110.20 8
17 140.42 8 178.60 8 151.11 ] 154.00 8 156.00 8 151.23 8 140.81 8
18 132.94 8 158.89 8 183.16 8 184.55 8 182.31 8 183.00 8 135.96 8
19 135.09 8 105.39 d 102.39 d 91.83 d 91.53 d 102.20 d 101.01 d
20 146.21 8 181.45 8 160.58 8 149.55 8 150.01 8 161.10 8 139.35 8
21 142.83 8 151.86 8 181.62 8 182.25 8 178.90 8 181.54 8 137.36 8
22 61.28 q 56.47 q 69.85 t 43.93 t 41.08 t 56.77 q 56.83 q
23 61.41 q 29.23 t 34.30 t 37.32 t 58.41 q
24 81.52 q 19.09 t 137.37 8 25.95 d
25 1366 q 12856 d 2239 q
26 128.96 d
27 127.09 d
25 in ppm. ®Multiplicity in DEPT.
S, respectively, since 1 was considered to be generated Scheme I
through the same biosynthetic path as that of 7.2
Metachromin E (2) was obtained as an orange oil. The
molecular formula of 2 was determined as C;,H,50, by o
HREIMS (m/z 356.1996, M*, A +0.9 mmu). The UV (A, 7 P

260, 290, 360, and 483 nm) and IR (v, 1670, 1610, and
1580 cm™) data of 2 indicated the presence of a benzo-
quinone moiety.! Comparison of the !H and *C NMR
(Table I) data of 2 with those of 7 revealed that the
structure of terminal cyclohexane ring (C-1-C-6) of 2 was
identical with that of 7, and the prominent differences were
the presence of the benzoquinone moiety [é; 105.4 (d),
115.1 (s), 151.9 (s), 158.9 (s), 178.6 (s), and 181.5 (s)] for
compound 2. The connectivities around quaternary car-
bons, C-5, C-6, and C-9, of the sesquiterpene moiety were
established by cross peaks of H;-12/C-5, H-13/C-4, H-
13/C-6, Hy-14/C-1, H;-14/C-7, H-8/C-6, H;3-15/C-8, and
H-11/C-9, while cross peaks of H-11/C-17 and H-11/C-21
allowed connection between the sesquiterpene moiety and
the benzoquinone ring (C-11-C-16). The correlations of
H-19/C-17, H-19/C-18, H-19/C-20, and H-19/C-21 ob-
served in the HMBC spectrum of 2 established that a
methoxy group (dy 3.82, Me0-22) was attached to C-18.
Thus the structure of metachromin E was suggested to be
2. This was confirmed by conversion of metachromin B
(7) into metachromin E (2) through oxidation with ceri-
um(III) ammonium nitrate (CAN)? (Scheme I). Treat-
ment of metachromin B (7) with CAN in CH;CN/H,0
(2:1) afforded a quinone compound, whose optical rotation
and other spectral data were completely consistent with
those of natural metachromin E (2). Thus the absolute
configuration of 2 was determined to be 4R,6R,9S.
Each of compounds 3-5 showed a characteristic EIMS
fragment ion at m/z 123, which was attributed to a C;H,;

(6) Kazlauskas, R.; Murphy, P. T.; Warren, R. G.; Wells, R. J.; Blount,
J.F. Aust. J. Chem. 1978, 31, 2685-2697. (b) Luibrand, R. T.; Erdman,
T. R.; Vollmer, J. J.; Scheuer, P. J.; Finer, J.; Clardy, J. Tetrahedron 1979,
35, 609-612. (c) Capon, R. J.; MacLeod, J. K. J. Org. Chem. 1987, 52,
5059-5060.

(7) Molinski, T. F.; Ireland, C. M. J. Org. Chem. 1989, 54, 4256—-4259.

alkylated cyclohexane unit in the terminal part as observed
in the EIMS of metachromin A (6).3 The molecular
formula of metachromin F (3) was determined to be Cy-
H30, by HREIMS (m/z 400.2622, M*, A +0.8 mmu). The
IR and UV spectra of metachromin F (3) were indicative
of the presence of a hydroxy quinone moiety (vy,, 3400,
1640, and 1600 em™; A,,, 290 and 455 nm). The 'H and
13C (Table I) NMR data of 3 resembled those of meta-
chromin A (6), while in place of a methoxy signal [5y 3.86
(8); 6c 56.8 (q)] in 6, signals due to a butoxy group [6y 3.94
(t), 1.85 (m), 1.44 (m), and 0.97 (t); oc 69.9 (t), 29.2 (t), 19.1
(t), and 13.7 (q)] were observed for 3. The presence of a
butoxy group in 3 was confirmed by EIMS fragment ions
[400 (M*), 385 (M* - CH,), 372 (M* - C,H,), 358 (M* -
C;Hg), and 344 (M* - C,Hg)]. The EIMS fragment ion at
m/z 210 (M* - C,,H,, + H) supported the quinone moiety
(C-11-C-25). The chemical shift for H-19 (y 5.80) of 3
was similar to that (5y 5.84) of 6, implying that the sub-
stitution pattern of the benzoquinone group was the same
as that of 6. This was confirmed by the HMBC correla-
tions of H-19/C-17 and H-19/C-21. Thus the structure
of metachromin F was concluded to be 3.

Metachromin G (4) was obtained as a purple oil. The
molecular formula of 4 was determined as C,yHy7NO; by
HREIMS (m/z 447.2768, M*, A —0.5 mmu). The IR and
UV spectra suggested that 4 possessed a benzoquinone
moiety (v, 3300, 1590, and 1510 cm™; A, 324 and 508
nm). The 'H NMR spectrum of 4 was similar to that of
metachromin A (6) except for the signals for two sp® me-
thylenes [y 3.42 (q) and 2.95 (t)], aromatic protons [éy
7.20 (2 H, d), 7.27 (1 H, t), and 7.34 (2 H, t)], and one
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Scheme 11

1) O3/ MeOH 1) O3/ MeOH
3,4ad§f —0M M= -—o . B

2) (CHy)2S ] 2) {CH3):S

additional deuterium-exchangeable proton (8y 6.45). This
suggested that 4 possessed a sesquitepene moiety (C-1-C-
11), a benzoquinone ring (C-16-C-21), and a phenethyl-
amine unit (C-22-C-27). The EIMS fragment ion at m/z
257 (M* - C,,Hy; + H) supported the amino quinone
moiety (C-11-C-27). The assignment of all the protonated
carbons in 4 (Table I) was made by the HSQC experiment.
The HMBC spectrum of 4 revealed the connectivities from
C-20 to C-27 (cross peaks: H-22/C-20, H-22/C-24, H-
23/C-25, H-25/C-24, H-26/C-24, and H-27/C-25). Thus
the structure of metachromin G was concluded to be 4.

The molecular formula of metachromin H (5) was de-
termined as CysH3NO; by HREIMS (m/z 413.2820, A -1.0
mmu). The IR (v,,, 3300, 1570, and 1520 cm™) and UV
(Amax 324 and 512 nm) of 5 suggested the presence of hy-
droxyl and/or amino groups and a benzoquinone ring. The
18C signals due to C-1-C-21 of 5 resembled those of me-
tachromin G (4). The EIMS fragment ion at m/z 223 (M*
- C,,Hy; + H) supported the amino quinone moiety (C-
11-C-25). The extensive analysis of the H-'H COSY
spectrum of 5 allowed assignment of all protons and es-
tablished the following proton connectivities: H-1/H-2,
H-2/H-3, H-3/H-4, H-4/H-12, H-7/H-8, H-10/H-11, H-
92/H-23, H-23/H-24, and H-24/H-25,25'. The only
structural difference between compounds 5 and 4 was the
presence of an isobutylamino group [6y 0.94 (6 H, d,
H;-25,25’), 1.40 (1 H, m, H-24), 1.56 (2 H, m, H,-23), 3.15
(2 H, m, H,-22), and 6.40 (1 H, brs, NH)] in 5 in place of
a phenethylamino group in 4. The structure of meta-
chromin H was, therefore, assigned as 5.

The absolute configurations of metachromins F, G, and
H (8, 4, and 5) were established as follows. Ozonolysis of
metachromin A (6) followed by reduction with (CHj),S
gave compound 8 ([a]**p -89°)% (Scheme II). Each of
metachromins F, G, and H (3, 4, and 5) was ozonized by
the same method to afford compound 8, whose optical
rotation and other spectral data were completely consistent
with those of 8 derived from 6. Thus the absolute con-
figurations of 3, 4, and 5 were determined to be 4R and
6R.

Metachromins D-H (1-5) contain the same unusual
carbon skeleton as that of metachromins A (6) or B (7).%
Amino quinones such as metachromins G (4) and H (5)
are very rare from natural sources and are known only
avarol derivatives® and smenospongine® from marine origin.
Metachromins D-H (1-5) exhibited cytotoxicity against
murine lymphoma 1.1210 cells with IC;, values of 3.0, 0.2,
0.6, 1.3, and 2.0 ug/mL, respectively, and human epider-
moid carcinoma KB cells with ICy, values of 10, 0.4, 1.9,
>10, and 6.4 ug/mL, respectively.

Experimental Section

General Methods. The 7.26 ppm resonance of residual CHCl,
and 77.1 ppm of CDC]; were used as internal references for 'H
and !3C NMR spectra, respectively. Wako C-300 silica gel was
used for glass column chromatography. TLC was carried out on
Merck silica gel GFy,.

(8) Cimino, G.; De Rosa, S.; De Stefano, S.; Cariello, L.; Zantti, L.
Experientia 1982, 38, 896.
(9) Kondracki, M.-L.; Guyot, M. Tetrahedron 1989, 45, 1995-2004.
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Collection, Extraction, and Separation. The purple-colored
sponge H. metachromia was collected by netting at Unten
Harbour (-70 m), Okinawa Island, and kept frozen until used.
The sponge (1.0 kg, wet weight) was extracted with methanol (1.5
L x 2). Evaporation of the extract afforded a residue (59.7 g),
which was dissolved in a mixture of EtOAc (500 mL) and 1 M
NaCl (500 mL). The aqueous layer was extracted with EtOAc
(400 mL X 3). The EcOAc-soluble fraction was evaporated under
reduced pressure to give a residue (8.1 g), part of which (1.0 g)
was subjected to a silica gel column (2.4 X 39 cm) eluted with
hexane/EtOAc [3:1 (600 mL) — 2:1 (200 mL) — 1:1 (150 mL)
— (:100 (100 mL)]. The fraction eluting from 130 to 210 mL was
subjected to a silica gel column (1.4 X 24 cm) with CHClj, and
the fraction (80-120 mL) was chromatographed on a silica gel
column (0.5 X 11 cm) with toluene/MeOH (80:1) to give two
fractions of a (4-10 mL) and b (10-30 mL). The fraction a was
further separated on silica gel TLC with hexane/CHCl,/acetone
(3:1:1) to afforded metachromins G (4, 1.2 mg, 0.0010%, wet
weight) and H (5, 1.6 mg, 0.0013%), and the fraction b was
separated on silica gel TLC with toluene/EtOAc/CHZCN (8:1:1)
to give metachromins D (1, 4.7 mg, 0.0037%) and E (2, 9.5 mg,
0.0076%). The fraction (40-80 mL) of the second silica gel column
(eluent, CHCl;) was further purified by silica gel TLC with
toluene/EtOAc (9:1) to afford metachromins F (3, 3.2 mg,
0.0026%) and B (7, 18.0 mg, 0.014%), and the fraction (220-300
mL) of the first column was evaporated under reduced pressure
to afford a solid, which was crystallized from hexane to give
metachromin A (6, 213 mg, 0.17%).

Metachromin D (1): a colorless oil; [«]Zp +15° (¢ 0.7, CHCly);
IR (neat) v, 3400, 1460, 1420, 1380, 1280, 1120, and 1040 cm™;
UV (MeOH) A, 226 (¢ 25000), 280 (10000), and 320 nm (3000);
!H NMR (CDCly) 6 0.86 (1 H, m, H-2),0.97 (1 H, qd, J = 12.2
and 5.52 Hz, H-3), 1.01 (3 H, s, H;-14), 1.03 (3 H,d, J = 7.0 Hz,
H;-12), 1.25 (1 H, td, J = 12.7 and 4.9 Hz, H-1’), 1.41 (8 H, s,
H;-15), 1.46 (1 H, m, H-1), 1.59 (1 H, m, H-2), 1.63 (1 H, m, H-7"),
1.66 (2 H, m, H-8), 1.74 (1 H, m, H-3), 1.86 (1 H, ddd, J = 12.0,
10.3, and 5.9 Hz, H-7), 2.32 (1 H, m, H-4), 3.82 (3 H, 5, Me0-23),
3.85 (3 H, s, Me0-22), 3.94 (3 H, s, Me0-24), 4.69 (1 H, 5, H-13),
4.76 (1 H, s, H-13), 5.52 (1 H, d, J = 10.3 Hz, H-10), 5.58 (1 H,
s, OH-17), and 6.62 (1 H, d, J = 10.3 Hz, H-11); EIMS m/z (%)
402 (M*, 20), 387 (2), 279 (15), 263 (5), 251 (100), 213 (10), and
149 (25); HREIMS m/z 402.2408 (M*, caled for C,HjyO,
402.2406); HMBC (H/C) 1//6, 1'/14,7/8,7/9, /5, 7'/6, T'/8,
7/14,8/7,8/9, 10/8, 10/9, 10/16, 11/9, 11/17, 11/21, 12/4, 13/4,
13/6, 14/6, 14/17, 15/8, 15/9, 17/16, OH-17/17, and 17/18.

Metachromin E (2): an orange oil; [a]?p -54° (¢ 0.3, CHCly);
IR (neat) v,,, 1670, 1610, 1580, 1460, 1120, and 1040 cm™; UV
(MeOH) A, 260 (¢ 6000), 290 (8700), 360 (500), and 483 nm (300);
!H NMR (CDCly,) 6 0.86 (1 H, m, H-2’), 0.94 (1 H, m, H-3’), 1.01
(3H,d,J = 6.8 Hz, Hy-12), 1.02 (3 H, 5, Hs-14), 1.22 (1 H, m, H-1'),
1.43 (1 H, m, H-1), 1.50 (8 H, s, H;-15), 1.54 (2 H, m, H,-8), 1.56
(1H, m, H-2),1.60 (1 H, m, H-7), 1.71 (1 H, m, H-3),1.90 (1 H,
m, H-7), 2.31 (1 H, m, H-4), 3.82 (3 H, 5, Me0-22), 4.67 (1 H, s,
H-13), 4.69 (1 H, s, H-13), 5.57 (1 H, d, J = 10.3 Hz, H-10), 5.79
(1H,s, H-19),and 6.51 (1 H, d, J = 10.3 Hz, H-11); EIMS m/z
(%) 356 (M*, 12), 341 (3), 237 (20), 205 (100), and 160 (10);
HREIMS m/z (%) 356.1996 (M*, calcd for CoHy50,, 356.1987);
HMBC (H/C) 1'/14, 7/14,10/9, 10/11, 11/9, 11/21, 12/3, 12/4,
14/5, 13/4, 13/6, 14/1, 14/6, 14/7, 15/9, 15/10, 19/17, 19/18,
and 19/21.

Metachromin F (3): a yellow oil; [a]?p —4° (¢ 0.2, CHCl);
IR (neat) vy, 3400, 1640, 1600, 1370, 1300, and 1200 cm™; UV

- (MeOH) Ap,, 290 (e 16 400) and 455 nm (250), '"H NMR (CDCl,)

5 0.83 (1 H, m, H-2"), 0.96 (1 H, m, H-3'), 0.97 3 H, t, J = 6.6
Hz, Hy-25), 1.01 (3 H, s, Hy-14), 1.02 (3 H, d, J = 6.6 Hz, H,-12),
1.21 (1 H, m, H-1’), 1.4 (2 H, m, H,-24), 1.47 (1 H, m, H-1), 1.48
(1 H,m, H-7’), 1.57 2 H, m, H-2, 7), 1.73 (1 H, m, H-3), 1.77 3
H, s, Hy-15), 1.85 (2 H, m, H,-23), 1.96 (2 H, m, H,-8), 2.32 (1 H,
m, H-4), 3.15 (1 H, d, J = 7.3 Hz, H,-11), 3.94 2 H, t, J = 6.6
Hz, H,-22), 4.68 (1 H, 5, H-13"), 4.70 (1 H, s, H-13), 5.16 (1 H, ¢,
J = 7.3 Hz, H-10), and 5.80 (1 H, s, H-19); EIMS m/z (%) 400
(M*, 40), 385 (3), 372 (3), 358 (3), 344 (3), 210 (65), 166 (30), 123
(55), 109 (100), and 57 (35); HREIMS m/z 400.2622 (M*, caled
for CasHgs0,, 400.2614); HMBC (H/C) 1/14, 8/9, 8/10, 10/8,
10/15, 11/9, 11/10, 11/17, 11/21, 12/3, 12/4, 14/1, 14/6, 14/7,
15/8,15/9, 15/10, 19/17, 19/20, 19/21, 22/20, 22/23, 22/24, 23/22,
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23/24, 23/25, 24/22, 24/23, 24/25, 25/23, and 25/24.

Metachromin G (4): a purple oil; [¢]®), -18° (¢ 0.2, CgHp);
IR (neat) v, 3300, 1590, 1510, 1380, and 1210 cm™; UV (MeOH)
Amex 211 (e 29700), 324 (14700), and 508 nm (800); 'H NMR
(CDCl,) 4 0.83 (1 H, m, H-2), 0.99 (1 H, m, H-3), 1.01 (3 H, s,
Hy-14), 1.02 3 H, d, J = 6.6 Hz, Hy-12), 1.19 (1 H, m, H-1'), 1.46
(1 H, m, H-1), 1.50 (1 H, m, H-7"), 1.57 (1 H, m, H-7) 1.58 (1 H,
m, H-2), 1.73 (1 H, m, H-3), 1.75 (3 H, s, H3-15), 1.97 2 H, m,
H,-8), 2.33 (1 H, m, H-4), 2.95 (2 H, t, J = 7.0 Hz, H,-23), 3.09
(2H,d,J = 7.0 Hz, H-11), 3.42 (2 H, q, J = 7.0 Hz, H,-22), 4.68
(1H,s, H-13",4.71 (1 H, s, H-13), 5.16 (1 H, t, J = 7.0 Hz, H-10),
5.39 (1 H, s, H-19), 8.45 (1 H, brt, NH), 7.20 (2 H, d, J = 8.0 Hz,
H-25, 25'), 7.27 (1 H, t, J = 8.0 Hz, H-27),and 7.34 (2 H, t,J =
8.0 Hz, H-26, 26'); EIMS m/z (%) 447 (M*, 90), 356 (60), 296 (20),
257 (60), 166 (90), 123 (30), 105 (100), and 91 (45); HREIMS m/2
447.2768 (M*, caled for CogHg;NO,, 447.2673); HMBC (H/C) 1/14,
1'/14,7/6,7/14, 8/9, 8/10, 10/8, 11/10, 11/16, 11/21, 12/3, 12/4,
13/4, 13/6, 14/1, 14/6, 14/7, 15/8, 15/9, 15/10, 19/17, 19/21,
22/20, 22/23, 22/24, 23/22, 23/24, 23/25, 25/26, 25/21, 26/24,
26/25, and 27/26.

Metachromin H (5): a purple oil; [«]!%, -9° (¢ 0.2, CsHy); IR
(neat) vy,, 3300, 3250, 1570, 1520, 1380, and 1200 cm™; UV
(MeOH) A, 324 (¢ 12800) and 512 nm (700); 'H NMR (CDCly)
50.83 (1 H, m, H-2),0.94 (6 H, d, J = 6.6 Hz, H-25, 25') 0.98 (1
H, m, H-3") 1.01 (3 H, s, Hs-14), 1.02 (3 H, d, J = 6.6 Hz, H;-12),
1.21 (1 H, m, H-1), 1.40 (1 H, m, H-24), 1.46 (1 H, m, H-1), 1.52
(2 H, m, H,-7), 1.56 (2 H, m, H,-23), 1.58 (1 H, m, H-2), 1.73 (1
H, m, H-3), 1.76 (3 H, s, H;-15), 2.31 (1 H, m, H-4), 3.10 (2 H,
d, J = 7.0 Hz, H,-11), 3.15 (2 H, m, H,-22), 4.68 (1 H, 5, H-13),
471 (1 H,s, H-13),5.17 (1 H, t, J = 7.0 Hz, H-10), 5.35 (1 H, s,
H-19), 6.40 (1 H, brs, NH), and 8.20 (1 H, brs, OH); EIMS m/2
(%) 413 (M™, 65), 356 (8), 289 (15), 275 (12), 262 (30), 223 (100),
166 (30), 152 (80), and 123 (15); HREIMS m/z 413.2920 (M*, caled
for 023H39N03, 413.2930).

Conversion of Metachromin B (7) into Metachromin E
(2) by Oxidative Demethylation. Aqueous ceric ammonium
nitrate (24 uL, 0.5 M, 12.0 umol) was added to a solution of
metachromin B (7, 1.5 mg) in CH,CN/H,0 (2:1, 1 mL) at 25 °C.
After 30 min the mixture was diluted with water (2 mL) and
extracted with EtOAc (4 mL X 2). The combined organic extracts
were washed brine and dried over magnesium sulfate, and the
solvent was removed to give metachromin E (2, 1.1 mg, 74%).

Ozonolysis of Metachromins A (6) and F-H (3-5). A so-
lution of 6 (20.0 mg) in MeOH (4 mL) was saturated with ozone
at -78 °C for 10 min. After excess ozone was removed by a
nitrogen stream, dimethy! sulfide (0.04 mL) was added, and the
mixture was stirred at 0 °C for 30 min and then at room tem-
perature for 30 min. The solvent and excess reagent were
evaporated under reduced pressure. The residue was purified
by a silica gel column (1.0 X 20 cm), eluting with hexane/EtOAc
(3:1) to afford compound 8 (6.7 mg, 61%): a colorless oil; [«]'®
-39° (c 1.0, CHCLy); IR (neat) v, 1700, 1450, 1350, and 990 cm™;
'H NMR (CDCl,) 6 0.98 (3 H, d, J = 6.2 Hz, H;-12), 1.17 (8 H,
s, H;-14), 1.30 (1 H, qd, J = 13.1 and 3.7 Hz, H-3'), 1.556 (1 H, m,
H-1),1.61 (1 H, m, H-1), 1.65 (1 H, m, H-2"), 1.71 2 H, t, J =
8.1 Hz, H,-7), 1.88 (1 H, tt, J = 13.1 and 3.7 Hz, H-2), 2.04 (1 H,
dddd, J = 12.1, 6.2, 5.5 and 2.9 Hz, H-3), 2.15 (3 H, s, H,-15), 2.42
(1H,dt,J = 16.8 and 8.1 Hz, H-8'), 2.55 (1 H, dt, J = 16.8 and
8.1 Hz, H-8) and 2.62 (1 H, qd, J = 6.2 and 5.5 Hz, H-4); *C NMR
(CDCly) 6 14.87 (q, C-12), 21.21 (t, C-2), 23.32 (q, C-14), 29.83 (q,
C-15), 32.28 (t, C-7), 36.53 (t, C-3), 39.09 (t, C-1), 39.22 (t, C-8),
41.08 (d, C-4), 47.56 (s, C-8), 209.26 (s, C-9), and 216.71 (s, C-5);
EIMS m/z (%) 196 (M*), 139 (3), 126 (10), 111 (5), 95 (15), and
43 (100); HREIMS m/z 196.1478 (M*, caled for C;5Hy0,,
196.1463). .

According to essentially the same procedure as described above,
3 (6.5 mg), 4 (3.0 mg), and 5 (7.4 mg) afforded 8 [2.7 mg (85%)
from 3, [«]'®p -32° (¢ 0.4, CHCly); 0.6 mg (46%) from 4, [a]''p
-32° (¢ 0.05, CHCl,); and 1.0 mg (29%) from 5, [«]*p -32° (¢ 0.1,
CHCly)]. Spectral data *H NMR, IR, and EIMS) of the ozonized
compounds were identical with those of compound 8 derived from
6.
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Flavonoids are natural compounds widely distributed
in higher plants. Many of them possess biological activities
potentially exploitable in the biomedical field as antiin-
flammatory,!® antiinfluenza virus,* antiulcer,? capillary
protecting,? antitumor,>7 and in radical scavanger activ-
ity.#1®  Inhibition of protein-tyrosine kinase!''? and
phosphatidyl-inositol kinase!® by flavonoids has also been
reported.

Chemical elaboration of the basic flavonoid structure to
obtain either rare natural compounds, for instance O-
methyl flavonoids, or semisynthetic products often requires
protection/deprotection of specific hydroxyl function(s).
In a previous work we have investigated the partial hy-
drolysis of peracetylated di- and trihydroxyflavonoids
catalyzed by a lipase from Pseudomonas cepacea (referred
to as Pseudomonas sp.!*) and we have found that this
reaction takes place with a high degree of regioselectivity.
In the present paper we report the results obtained by the
application of this method to peracetates of additional
hydroxylated compounds of the same class, namely lu-
teolin, kaempferol, kaempferide, and quercetin. The
synthesis of an O-methyl flavonoid, ombuin, is also de-
scribed.

A flavone ester, luteolin tetraacetate (1), and three fla-
vonol esters, kaempferol tetraacetate (2), kaempferide
triacetate (3), and quercetin pentaacetate (4), were sub-
jected to alcoholysis catalyzed by P. cepacea lipase in THF.
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