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Abstract—The isofation of the aew triprenylated anthranoids—ferruginin A and B and ferruanthrone-—and the
known harunganin is reported. The structure of the ferrugining was established by chemical and spectroscopical

methods and by their thermal rearrangement to anthrones.

On the besis of the PMR spectra in CDN of the rearmangement products and of ferruanthrone, a revised

structure of haroogio anthrose is proposed.

In previous papers we mported the isolation and
identification of the sesquiterpenes,’ as well as the
structure determination of the two new pigments,’ vis-
mione A 1 and B 2, isolated from the berries of Vismia
baccifera var. dealbata (Guttiferae).

In view of the interest in the particular structures of
the pigments, we have examined other Vismia sp. and
the present paper is concemned with the constituents of
Vismia baccifera var. ferruginea, collected near Caracas
(Venezuels).

By conventional procedures we isolated from the
chioroform extract of the berries four isomeric pigments
{CxoHs04), which were denominated ferrugining A, B
and C and ferruanthrone, as well as & small quantity of
vismione B, vismione A and its artefacts.?

The IR spectra of ferruginins showed H- bonded CO
bands and their UV visible spectra provided evidence of
s common feature for each of the compounds (Table 1).
These data show a close similarity to those of the vis-
miooes, with some difference in the second band of the
UV spectra.

The PMR spectrum in acetone-ds of the main com-
ponent, ferruginin A, showed evidence of an aromatic
Me group, three aromatic/olefinic protons, one y-y
dimethylallyl side chain on an aromatic nucleus (8 S.10,

o Ol OH

1H,t,J 7THz; 8 3.47,2H,d, ] THz; 8 1.80, 3H, s; § 1.67,
3H, s) and two phenolic OH groups, one of which was
highly chelated (8 10.35 and 17.75, 33). The presence of a
third phenolic or enolic OH group, not evidenced in the
PMR spectrum in acetone —de, was established by
methylation with ethereal diazomethane, which gave ia-
ter alic » monomethyl derivative still containing two
phenotic OH groups. The remaining PMR resonances in
the spectrum of ferruginin A were a two proton triplet (3
4.65, 1 THz), a four proton multiplet (centered at § 2.86)
and a twelve proton broad singlet (3 1.43), which were
attributed to two gem-di-C-prenyls, & fact in accordance
wrthapredommnllouof&mulmmthemo!eannm
in the mass spectrum.’ The presence of three prenyl
chains was confirmed by catalytic hydrogenation to give
a hexahydro derivative (M* at m/e 466) with loss of
70mu both from the molecular ion and from the base
peak (m/e 409; M* —57mu). The literature reports a
substance, CsoHO4, barunganin, isolated from Harun-
gana madagascariensis, which shows spectroscopic
chanctcmbu similar to ferruginin A. By X-ray chrys-
tallography Stout et al.* proved that it has the rather
uncommon structure 3 and Richtic and Taylor repor-
ted™ chemical and spectroscopical studies.
Because a direct comparison between ferruginin A and

= R
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Table 1. UV-visible (EtOH) and IR spectra (CHCh) of anthrancids from Vismia sp

A max, e

-1
v max, om

63, 321, 412
2, 321, St
22, 323, 412
243, 291, 410
21, 278, V10
260, 256, 275, 313, 365

3380, 1630, 1590-1570
3350, 1630, 1500-1560
3350, 1630, 1600-1590
3350, 1720, 1620-1600
00, 1610-1600
3370, 1610-1590

harunganin was not possible on the basis of differences
of m.p. and solubility and in its behavior on methylation,
it can be inferred that ferruginin A is an isomer of
harunganin where the aromatic prenyl chain is in a
different position,

The most interesting observation® on the chemistry of
harunganin was the rearrangment of its 3-methylether, 4,
to the anthrone 5 (R = Me) by brief heating at 180",
Similar treatment of ferruginin A afforded three isomeric
products (M* at m/e 460), which were named arithrones
A:, A; and As ou the basis of their UV visible spectra
{Experimental).

The PMR spectra (CDCl;) of the anthrones A, and A,
showed oaly one aromatic proton, three prenyls on the
aromatic nucleus and the characteristic® singlet (8 ~ 4.0)
due to the methyiene on Cye.

On the other hand the PMR spectrum of the anthrone
A; displayed two aromatic protons, two prenyls on the

sromatic nucleus and the sequence >CH—Pr. F

established by decoupling experiments and confirmed by
the loss of 68 mu from the molecular ion in the mass
spectrum. As in the PMR spectrum'® of the anthrone 8,
the unusual chemical shifts of the allylic Me signals (8
1.50 and 0.97) of the preayl chain on C,e were observed.

These findings prove that ferruginin A rearranges by
heating to anthrone, while one of the prenyl chain oa C,
shifts to one of the {ree positions.

The structures of the anthrones A, A; and A, were
established as 6, 7 R=R,=H and 8 respectively by
PMR spectra in pyridine-d, (see below); it follows that
ferruginin Ais 9 (R=R, = H).

Further confirmation of the structure of the anthrones
A; and A; was obtained from their acetyl derivatives.
While the anthrone A, gave a tetraacetyl derivative 10,
having a typical anthracene UV spectrum, the anthrone
A, yielded a diacetyl, 7, (R = Ac, R, = H) and a triacetyl
derivative, 7 (R = R, = Ac), both maintaining an anthrone
UV visible spectrum. Evidently as reported’ for similar
compounds, the presence of a chain at Cyo prevents the
equilibrium anthrone-anthrol. Final proof of the location
on C, of the aromatic preayl of ferruginin A was
obtained through its acid catalyzed cyclisation to
chromane. The anthrone A, gave with triffuoroacetic acid
two products: the first one, 11 (M* at m/e 460), showed
in the PMR spectrum one unaffected aliphatic preayl
chain and two chromane ring systems; the second, less
polar product, 12 exhibited M” at m/e 476 (i.c. addition
of one mole of water to the aliphatic preny! chain) and
twochmmmeringsystemshthePMRlpeamm.
Moreover only one cbelated OH group was present in
PMR spectra of both the anthrones 11 and 12; that
means that one chromane ring is closed on the phenolic

OH at Cq (not at C, because ferruginin A had an un-
substituted C;).

By the same treatment the anthrone A, yielded the
anthraquinone 13, M* 492 (i.c. addition of one mole of
water to a prenyl not adjacent to OH and oxidation to
anthraquinone by atmospheric oxygen), also exhibiting &
swechehted()ﬂmupmthe?m;pecmun'l‘he
isomeric ferruginin B, CyxHyxO4, (UV, visible and IR
spectral data in Table 1) also displayed in the PMR
spectrum two gem-di-C prenyl chains and one prenyl on
an unsaturated carbon.

The signal due to the protoa on the C; being absent in
the PMR spectruni, we located the third phenyl chain in
this position; thus to ferruginin B the structure 14 was
assigned. Thermal rearrangement of ferruginin B
afforded three products, which were indicated as anth-
rones By, B, and B,.

The anthrone B, proved ideatical to the anthrone A,
(6). The anthrones B: and B, have been assigned the
structures 15 and 16 respectively on the basis of the
spectral data and particularly of the PMR spectra in
pyndmc—ds(wcbeloW)

The third isomer ferruginin C, CaoHsOs, m.p. 170-5°,
also contained two aliphatic and one aromatic prenyl
chains. Although it gave a single spot on tic, the PMR
spectrum evidenced that the sample was contaminated
with a compound lacking the aromatic preayl chain: this
follows from the intensity of the aromatic prenyl signals
with respect to those of the two aliphatic preayls (ratio
<1/2), from the presence of two series of aromatic
protons and of an additional aromatic proton signal (8
7.05, integrated for 0.3 proton). Two further crystal-
lizations from acetone raised the m.p. to 185-8° and a pure
compound was obtained. From the above data ferruginin
C was identified with harunganin 3. Brief heating of
ferruginin C, m.p. 170-5°, yielded four products, which
were named anthrone HR,, HR;, HR, and HR..

The anthrones HR, and HR; proved to be identical to
the anthrones B, (16) and A, (8) respectively. To the
anthrone HR; the structure § (R = H) was. assigned on
the basis of the spectroscopic data. On the other hand to
the anthrone HR, (M~ at m/e 392 in the mass spectrum),
showing two aromatic protons and only fwo prenyl
chains, the structure 17 was attributed. The isolation of
the anthrone 17 from the thermal rearrangement of the
crude ferruginin C, was considered to be confirmation of
tbepmmofanimpuritywithomthexmmnﬁcprenyl
chain.

Finally, ferruanthrooe, CyoHO., was characterized as
a triprenylated anthrone an aromatic Me and
three phenolic OH groups (two of which chelated) from
its UV visible and PMR spectra. Formation of a
tetraacetyl derivative with light absorption properties
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typical of an anthracene and the presence in the PMR
spectrum of a signal (8 3.90, 2H) corresponding to the
Ci-methylene, suggest that ferruanthrone is an isomer
of the anthrones A,, A; and Bs, from which it differs in
both m.p. and chromatographic bebavior. Consequently
the only possibie structure of the ferruanthrone is 18.

A study of the PMR spectra in pyridine —ds of the
four isomeric triprenylated anthrones A,, A,, B, and
ferruanthrone supported the assigned structures. It is
known® that the aromatic solvents cause large shifts of
the PMR signals and in the case of phenolic compounds
in pyridine this was attributed® to the formation of a
collision complex between the phenolic OH and
nitrogen of the solvent. Recently this method
elaborated"® for the study of prenylated phenols and
different behavior of the benzylic methylene of
prenyl, according to its closeness to two, one or no OH
group, was evidenced.

Table 2 shows the chemical shifts in pyridine —ds of
the prenyls and of the aromatic proton of the four
isomeric triprenylated anthrones A,, A,, B, and fer-
ruanthrone. The above data indicate that it is possible to
distinguish by this method a prenyl on C; (between two
OH groups), from one on C, or C, (adjacent to oaly one
OH group) and from one on C; (without adjacent OH
group). Indeed one C,-prenyl gives in the PMR spectrum
signals at 3 ~ 3.84 (benzylic methylene, d, J 7 Hz) and at
8 ~ 5.65 (unsaturated proton, t, J 7 Hz); one C, - prenyl
gives the same signals at 8§ ~ 3.67 and 8 ~ 5.30, while ooe
such group on C; signals at § ~3.35 and 8 ~ 5.0. Further
support for the structures of the four isomeric anthrones
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was obtained from the values of A3 =&

because a value of AS=+0.53 for the C-H, of A8=+

0.30 for the Co or C-H, and of A= +0.07 for the
can be calculated. It is noteworthy that the anth-

rones B, and ferruanthrone give practically the same

PMR spectra (chemical shifts and fingerprint) both in

pyridinotd, and in chioroform-d, and they can be

ics, particularly for the Co~ and Cr-sub-
stituent, which do not give the same values. It can be
underiined that structure 16 was previously* assigned, as
the most likely, to harongin anthrone, m.p. 208°. Un-
fortunately a direct comparison was not possibie, but it is
our opinion that, having now available all four isomers,
the correct structure of harongin anthrone should be 8
(anthrone A;) on the basis of the following con-
siderations: (1) the anthrone A, has m.p. very pear to
that reported* for harongin anthrone; (2) the m.p. 127-30"
of the anthracene tetraacetyl derivative 10 of the anth-
rone A, is almost the same as reported* for the cor-
responding derivative (m.p. 130") of harongin anthrone;
(3) the chemical shifts (8 6.33) reported” for the aromatic
proton of harongin anthrone, even in a different solvent,
seems 10 us more correctly attributable to a Cr-H (be-
tween two OH groups) than to a C-H. The finding of
poly-prenylated derivatives in Vismia genus is a com-
mon feature of the metabolism of all the
plants of the family of Guttiferae.'’ The vismiones and
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Tabie 2. Chemical shift (CsDsN) of the preayls and 48 of the aromatic protoes

c c c a
Mothrone B, $.67 () 5.27 () 6.95 5.00 (1H)
.83 (2H)  3.70 () 3.30 (M)
hd 176 () 1.76 () 8 O% 1.76 (6H)
Arthrone A, 6.62 5.35 (1) 5.35 (1H)  5.05 (1H)
. 28 %0.55 .67 () 3.67 () 3.80 (2H)
. 1.70 (6H)  1.70 (6H)  1.70 (6H)
Ferrumnthrore 5.63 (1H) 6.91 $.25 (1K) $.00 (1H)
3.85 (M) . .91 () 3.3 ()
¥ 1.75 (6H) 88 0.3 1.75 (6H) 1.75 (6H)
Mothrone A, 5.65 (1) $.30 () 5.0 () 6.7
3.8u(2H) 168 (2D 68 @) o o
& 1,75 (6H) 1.7 (BH)  1.7w (6H) .
Anttoone MR, 6.80 5.3 (1)  6.92 5.00 (1H)
* 3.65 (M) M 3.35 (M)
v 48~ 0.50 1.00 (1) 48 0 1.80 (64)
Mthrone HR, 6.7 5.47 (1H)  6.93 5.10 (1H)
.77 (B 3.53 ()
§.RzH 88 0.46 PB o ot
Arttrore A, 6.73 5.53 ()  5.27 () 6.73
.70 () 3.0 ()
LRRH 88 0.47 Ny 0.
Attrone B, 5.5 (1) S.47 (1) 6.83 6.7
.83 (ZH)  3.83 (&)
T3 Th e Lmen M0 88 0.10

2 Calculated from the spectrum in CDC1

ferruginins are tetrahydroanthracencs possessing new
structures, although closely related to the anthrones,
anthranols and antraquinones.

lnordatohaveabettertmdennndxncofthereh-
tionship between natural anthracene derivatives in
different oxidation states (tetrahydroanthranols, anth-
ranols, anthrones, anthraquinones) present in many plant
families, we propose for these group, in amalogy with
flavonoids, the comprehensive name of anthranoids. The
occurence and the distribution in various specics of these
particular substances may be of some interest for the
chemotaxonomy of Vismia genus, being the sole mor-
phological approach msufficient to discriminate among
thevalnomspecnesandvumofthucompbw.e
genus.

EXPERIMENTAL

UV spectra were recorded on & Beckmann Acta 111, IR spectra
on a Perkin-Elmer 247, mass spectrs on as AEl 12, and PMR oo
a Vanian EM 360 spectrometers (TMS as internal standard; s,
singiet; d, doublet; t, triplet; q, quartet; m, multiplet). SiO; MN
Kieselgel was for column chromatography sad Kicsclgel 60 Fay
for tic. M.ps are uncorrected.

Plant material. The berries of Vismia baccifera var. ferrugines
(H.BK.) were collected o February 1976 mear Caracas
(Venezuela) and ideotiied in lnstitto Veoezolano de In-
vestigaciones Cicatificas. A voucher sample is in the Herbarium
of Centro Chimica dei Recettori uader the cipher VBF.

Extraction and separation. The berries (2kg) were extracted
with CHCY, to give a dark orange grease after removal of the sol-
vent reduced under . The crude extract was dissolved in
hot petrol ether and the insoluble material was discarded by filtra-
tion. The filtrate was coocentrated to a small volume and left
standing overnight at —20°. Orange crystals (2.3 g) were separated

3-(1)3(!), instead of (1!:13.

by fiitration and the mother liquors evaporated (20 g). The crys-
tals gave two spots on tic, which were separated oo a silica-gel
columa efuted with CHC, to give ferruginin A (1.4 g) and crude

~lcm¢th(0£g)Themo(hetbmonnnpmﬂedona

silica-gel column eluting with CHCl, cootaining increasing quan-
tities of MeOH. The fractioas were collected as shown in Table
3. The fractions 1, II, IV and V were again chromatograpbed
giving for each compound the quantitics reported in the last
column in Table 3.

Ferruginin A, 9 (R=R=H). Yellow crystals from CH/Clr-hep-
tane, m.p. 168-70". (Found: (Calk. for CxHy04): C, 78.32 (78.23);
H, 7.75 (7.88%) UV (EtOH) and IR spectra in Table 1. UV
(CHCL), Aqas: 245, 267 sh, 200 sh, 320sh, 420 8m (log ¢: 4.49;
4.9, 4.32, 1.93, 4.02). PMR (scetone-dy), 8: 17.75 (1H, 3), 10.38
(1H, 3), 7.26 (Hyw. 3), 7.02 (Hs, s, long range coupling with
Ce-CH,), 5.77 (Ha, 8), 5.1 (1H, t, ] TH2), 4.65 QH, t, ) THZ), 3.7
(2H, 4, J 7Hz), 2.96 (4H, beptet), 24 (3H, 9), 1.8 3H, 3), 1.67
(3H, ), 1.43 (12 H. broad 5). M/S, m/¢ (%): 460 (M". 23), 417 (3),
404 (12), 392 (100), 391 (38), 361 (13), 349 (20), 348 (18), 336 (20),
335 (13), 323 (12), 305 (14), 293 (48), 281 (25), 280 (8). &9 (26).

Methylation of ferruginin A with CH;N,. To ferruginin A
(210 mg) in CH,C};, was added an excess of CH;N,; in Et,0. The
mixture was left to stand overnight at room temp. and the solvent
evaporated. The residuc was passed through a silica gel column
cluted with CH,Cl,. 3-methyl-ferruginin A (13 mg), 1.9-dimethyt-
isoferruginin A mm). and 3.9-d'nethyl-lem:¢ini: A (36 mg)
were successively cluted together mimor quantities of uni-
deatified products. 3-Methyl-ferruginin A (9, R =CH,, R, = H),
od. UV (EtOH), Ao, 243, 283, 420om. PMR (CDCYy), 8: 1635
(1H, s), 10.10 (JH. ), 3 74 (3H, 3). MS, m/e (%): 474 (M°, 14), 419
(5), 406 (34), 405 (100), 375 (6), 363 (18), 362 (15), 350 (12), 349 (9),
342 (13), 337 (13), 326 (16), 319 (15), 307 (30), 301 (10), 298 (16),
295 (28), 294 (9). 1.9 Dimethyl-isoferruginin A, oll. UV (EtOH),
Amas: 245, 303, 383 am. PMR (CDCY,), 8: 993 (1H, 3), 3.91 (3H.
s). 3.6 (3H. s). MS, m/e (%): 488 (M°, 56), 420 (100). 419 (72),
405 (6), 391 (16), 365 (24), 363 (14), 341 (16), 32! (2), 301 (22), 287
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Table 3. Chromatographic separation of the mother liquors of V. baccifers var. ferruginea

Fractions Weights (gr) Eluition (% Me(H)

Carsposi tion (T1L) nd purification (gr)

L

I 5.6 0.7
IT 1.8 0.7
I 2.5 0.7
v 0.8 1.0
v $.8 1.0
vl 2.2 1.0
vII 0.5 5.0

Sesqui terpsnes -
Artefacts of Yismicne A

Seaqui terpenes -
Ferrusnthrone 0.40
Ferruginin B 0.60
Trigiycsrides

Triglycerides -
Viamdone A

Fatty acids
Unidentified pigment

(64). 3.9 Dimethyl-ferruginin A (9, R= R, = CH)), m.p. 93-§°
(petrol ether). UV (E1OH), A,a, 241, 265, 389 nm. PMR (CDCIy),
8: 1022 (1H, 5), 4.0 3H. 9), 3.71 (3H, 35). MS, m/e (%): 488 (M°,
50, 433 (4), 420 (100), 419 (56), 405 (16), 389 (9). 377 (8), 376 (6),
364 (52). 363 (100), 355 (18), 333 (20), 331 (30), 321 (14).
Hexahydro-ferraginin A. Ferruginin A (J00mg) in McOH)
(S ml) was hydrogenated over C/Pt 10% (100 mng). Standard work-
up and crystaltisation from CH,C1, afforded bexahydroferruginin
A, m.p. 200-5° (subl.). UV (CHCl), A... 241, 263, 282, 42 am
(log e: 445, 4.34, 4.27, 3.98). IR (CHCLy), v,., 3350, 1630, 1610,
1590, 1570 cm ™. PMR (acetone-dy), &: 17.78 (IH, 8), 103 (1H, 5),
72 (Hyp 8), 705 (Hy, 3), 583 (Hy, ), 3-2.5 2H, m), 24 (3H, 3).
235-11(13H, m), 1.O(6H.d,J Hz2), 0.78 (6H,d, ] 7 H2), 0.70 (6H,
d, J THz). MS, mie (%): 466 (M*, 100), 409 (89), 396 (13), 339
(100), 329 (13), 283 (6), 282 (6), 281 (18), 296 (18): metastable
pesks were observed st m® 359 (466 - 409), m® 336.5 (466 — 396),
m® 290 (396 -+ 339), m® 28] (409 339) and m® 213.5 (339 269),
Thermal recrrangment of ferruginin A. Ferruginia A (120 mg)
in soblimator was kept at 140° (15 min), then at 170" (10 min)
usder vacuum (0.0¢ mmHg). The crude product was purified oo s
silica-gel column. Methyleoe chioride cluted successively the
anthrooe A, (l0mg), A; (42mg) and A, (5Smg). in other
experiments the ratio between the astihrones A; and A, was
reversed depending by the manner of beating. Anthrone A, (6),
brick red crystals, m.p. 146-50° (CH,Cly-heptane). UV (CHCYy),
Amas 241, 263, 276, 319, 365 om (log «: 4.03, 3.92, 3.87, 4.01, 4.09).
PMR (CDCYH)., 8: 13.15 (IH, 5), 1270 (IH, s), 6.63 (IH, 3), 6.2
(1H, 3), 5.30-4.83 (3H, m), 4.03 (2H, 3), 3.50-3.18 (6H, broad m),
2.3 (OH, 3), 1.87-1.68 (18H). With D;O the pesk at § 6.2 disap-
pears and those at 8 13.15 and 12.70 become less bigh. PMR
(CsDsN) in Table 2. MS, m/e (%): 460 (M”, 64), 417 (13), 405 (40),
404 (100), 389 (10), 361 (26), 349 (52), 348 (64), 333 (28), 305 (40),
293 (40): 2 metastable peak was observed at m® 334.8 (460 - 404).
Anthrome Ay, (TR =R, = H), odl. UV (CHCY), A, 299,253, 277
370 am (log «: 4.07, 4.03, 3.96, 4.28). IR(CHCI,). Yma: 3550, mo
1600 con . PMR (CDCly), §: 1263 (1H, 5), 1236 (1H, 5), 6.54 (H,,
s), 6.26 (H,, 3), 6.1 (OH, broad 3), 5.0 (2H, broad t, ] 7 Hz), 4.60
(1H.t, ] TH2), 420 (1H, t, J SHz), 3.37 (4H, broad d, J 7H2),
2.45-2.15 (2H, m), 2.3 (3H, s), 1.83-1.70 (12H), 1.5 (3H, 1), 0.97
(OH, 3). Imadiating the multipiet ceatrated at 8 ~2.3, both the
triplets at & 4.6 and 4.2 become broad singlets. PMR (C,DiN) in
Table 2. MS, mie (%): 460 (M, 22), 407 (25), 392 (50), 391 {100),
349 (17), 348 (20), 347 (20), 336 (29), 323 (16), 305 (%), 293 (30), 28}
(26), 69 (15): metastabie peaks were observed at m® 334 (460 -
392), ©® 311.5 (392~ 349) and m* 288.7 (392 -+ 336). Acetylation
with py-Ac/O overnigt at room afforded the
diacetyl-derivative 7 (R = Ac, R, = H): PMR (CDCly), 8; 12.58
(IH, s), 6.80 (H,, 1), 656 (H,, 3), 2.37 (3H. ), 2.30 (6H, 3).
Acetylation with ACONa-Ac,0 1h on reflux gave the triacetyl-

derivative 7 (R = Ry = Ac): UV (CHCly), Agus: 243, 285 am (bog ¢:
4.04, 4.07): PMR (CDCly), 8: 693 (Hy, 3), 6.72 (H,, 3), 2.33 (OH,
s} 223 (3H, s). Anthrone A,, 8, light yellow crystals, m.p.
198-201° (MeOH). UV (CHCYy), Ay, 238,258,277, 3%0 am (log ¢:
411, 415, 401, 425). IR (KBr), ve.. 1610-1600cm™’'. PMR
(CDC1-CD,OD), 8: 12.78 (1/3H, OH, partially exchanged with
the solveat), 12.5 (I/3H, s, OH), 6.3 (H,, 3), 5.0 (3H, broad
signal), 3.9 (2H, 5), 3.3 (6H, broad d), 2.2 (3H, ), 1.76 (18 H, d, )
8 Hz). PMR (CsIxN) in Table 2. MS, m/e (%): 460 (M°, 82), 417
(16), 405 (45), 404 (100), 389 (20), 36! (X2), 349 (90), 348 (12), 336
(30), 335 (55), 305 (26), 293 (22), 281 (10): metastable peals were
observed at m® 374.5 (404 - 389), m* 354.8 (460 - 404), m* 301
(404 < 349), m*® 2778 (404 335), m® 257.7 (361 -+ 205, and m*
U6 (349 -+293). Acetylation with py-Ac,0O overmight at room
temperature gave the (tetracetyl-devivative, 18, m.p. 127-30°
(CHCir-hexane). UV (CHCly), Anq, 270, 386, 407 am (log ¢: 5.0,
386, 175). IR (CHCly), waas 1770-1750, 1620, 1360, 1350,
1170 cm™". PMR (CDCYy), 8: 859 (Hy, 3), 6.85 (H,, 1), 5.2-48
(3H, m), 3.9-3.6 (4H, m), 3.45-3.35 2R, m), 233 (12H), 2.23 (3H,
s), 1.83-1.66 (18H).

Cyclisation of the anthrone A;. The anthrone A; (120 mg) was
dissolved in TFA (I ml) and the disappearance of the vasaturated
protoms at 8 ~5.0 was foBowed by PMR. After 1S min the soln
was cvaporated and the residue was dissolved in CHy(ly-
MeOH-2N NoOH and stirred 1k at room temp. Acidification
with 2N HCI and standard work-up gave the raw product, which
mmm;&o,mmmmcuosdm

the cyclized anthrooes 11 and 12. Asthrone 11, oll;
UV (CHCL), Ay, 241,263,275,356 am (Jog ¢: 4.11, 4.0, 3.96,4.16);
PMR (CDCYy), 8: 13.13 (1H, »), 6.63 (Hs, ), 6.2 (H2, 9), 4 8 (1K, ¢,
J7Hz), 4.03 (Hy, t, ] 6 Hz), 2.75 and 2.63 (2H each, two partially
superimposed t, J 7.5 Hz), 2.3 (2H, d, ] 6 Hz), 2.25 (3H, s), 1.28
(2H, 1, J 7S Hz), 1.83 (2H, t, ] 7.5H2), 1.5 3H, 1), LI (12H, »),
1.0 3H, s); MS, m/e (%): 460 (M*, 17), 392 (100), 91 (57}, 378
(3). 349 (2), 337 (10), 336 (19, 321 (D), 319 (D), 07 (4), 93 (6), 281
(19). Axthrone 12, brown crystals from CH Clr-heptanc, mop.
102-8°; UV (CHCY), Awas 241, 262, 276, 355 am (log ¢: 4.14, 4.02,
4.0, 4.18). IR (CHCL), vaa:: 3600, 1620cm™". PMR (CDCYy), 8:
13.1 (1H, 1), 663 (Hs, 3), 620 (Hy, 3), 401 (Hy, t, J 6H2),
29-2.45 (4H, m), 2.3 2H, m), 2.23 (3H, »), 2.0-1.7 (6H, m), 1.50
(3H, 3), LA (6H, 3), 1.23 OH, ), 1.0 (6H, 3); MS, m/e (%) 478
OM", 48), 392 (39), 391 (100), 349 (2), 337 (2), 336 (B), 321 (1), 319
(1. 307 (), 93 (3), 281 (12). .

Cyclisation of the anthrome A;. The anthrone A, (100 mg)
treated as above for 30 min, gave after puriication the anth-
raquinone 13, red-orange crystals (CH,Cly-heptane), m.p. 108-
11°. UV (CHCY), Agex 241, 272, 298 sh, 4400 (log ¢: 4.01, 4.12,
3.98, 3.79). IR (CHCY), vaax 3550, 1620, PMR (CDCly), 8: 1295
(1H, ), 6.50 (H;,5), 3.1 2H, ¢, J THz), 278 2H, ¢, ] 7TH2), 2.3
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(3H, ), 2.2-18 4H, m), 1.9 (4H, 1, J TH2), 143 3H. s), 1.37 OH,
s), 1.25 (6H, 3). MS, mje (%): 492 (27), 474 (29), 457 (15), 432 (15),
431 (27), 419 (52), 418 (100), 363 (29), 308 (15): metastable pab
were observed at m® 315.2 (418 - 363), m® 456.1 {492+ 474) and

n® 368.6 (474 418). Ferrmginin B, 14, Red-orange crystals (hep-
tane), m.p. 110-4". (Found: (Cak. for CxHy04): C, 78.15 (78.23),
H, 7.72 (7.88)%) UV (EtOH) and IR spectrs in Table 1. UV
(CHCL): Amas 242, 261, 4110m (oge: 4.19, 4.0, 3.66). PMR
(CDCY), 8: 17.1 (1H, 3), 10.0 (1H, broad s), 7.08 (H s, 3), 6.93 (Hs,
s, long range coupling with C-CH,), 6.62 (H,, 3, long range
coupling with Ce~CHy), 5.08 (1H, t, ] 7Hz), 433 QH, t, ) TH2),
325 (2H, d, } 7Hz), 293-25 (4H, m), 2.35 (3H, ), 1.78 (6H,
broads), 1.42 (12H, 5). MS, m/e (%): 460 (M, 27), 404 (1), 392
(100), 391 (56), 375 (22), 361 (6), 349 (25), M48 (17), 336 (68), 335
(70), 324 (21), 323 (29), 321 (i), 319 (19), 305 (1), 293 (90), 292
(23), 281 (54), 280 (94).

Thermal rearrangesent of ferruginin B. Ferruginin B (120 mg)
in sublimator was kept at 180" (0mia) under vacuum
{0.04 mmHg). The product was purified oo 2 silica-gel columa
with CiHe-bexane, 1-2. Anthroves B: (3 mp), B; (0 mg) and B,
(85 mg) were successively eluted. The asthrone B; resulted iden-
tical (c, RMN, mixed m.p.) to the anthroae A;, & Axthrone B;,
15, orange crystals (heptane), m.p. $8-60°. UV (CHCY), A uas 241,
260, 272, 365 om. IR (CHCY), rpas 3400, 1620-1600cen™'. PMR
(CDCh), 8: 129 (1H, 3), 12.1 (1H, 9), 6.6 (H, and H,, m), 6.2 (1H,
disappears with D/0), 5.1 (2H, t,J THz), 4.6 (1H, t, ] THz), 42
(Hw, t.J SHz), 3.4 (4H, d, ] THz), 24 QH, d, } THz), 232 3H,
), 1.53-1.70 (12H), 1.52 (3H. 35), 0.96 (3H, 3). PMR (C;DsN) in
Table 1. Anthrome B, 16, light yellow crystals (CH:Ch), mp.
175-7. UV (CHCYy), A uus 240, 236, 274, 315, 366 (log «: 4.14, 4.06,
391, 4.0, 4.20). PMR (CDCYy), 8: 13.0(1H, 3), 124 (IH, 3), 663
(Hy, 3), $3-4.75 (3H, m), 392 QH, 5), 3.5-32 (6H. m), 23 OH, ).
1.85-1.70 (18H). PMR (CsDsN) in Table 1. MS, m/e (%): 460 (M°,
34), 417 (2), 405 (80), 404 (93), 389 (13), 361 (34), 350 (60), 389
(9%), 348 (80), 333 (42), 305 (57), 293 {100). Acetylation of the
sothrone B, with py-Ac;0 ovemight af room temp. gave &
tetracetyl derivative, solid; UV (CHCYL), A, 700,
387, 410 nm; PMR (CHCly), 8: 8.85 (H\,. 5), 6.90 (H,, 5), 2.45-23
(15H).

Ferruginin C (harungenin), 3 (R = H). Crude ferruginin C,
spot oa tic, orange crystals (CHCh), m.p. 170-5*. PMR
manneetono—d‘mdmC,Danvemforme
presence of aa impurity: double signals for Hy, Hi, Hy and
mﬁc“c(odymCMWu&?.ﬂS(bJH H;o(tht

ring. Two further crystallisations {rom acetone yieided the pore
product (karungsnia), orange crystals, m.p. 185-8° (HL*® lm
UV(E!OH)mﬂlRmTabkl UV (CHCY), Amae 2, 323,
Al2nm (oge: 4.61, 4.06, 4.16). PMR (acetone—dy), 8: 172, (1H,
s), 100 (1H, 5), 7.37 (Hu, 8), 663 (Hy, 9), 583 (H,, 5), S.02(1H, 1,
J7H2), 40 QH, 1, ] TH2), 3.63 (ZH, d, ] 7 Hz), 2.9 (4H, beptet),
24 (3H,9), 1923H, 9), 1.68 (3H, ), 1.43 (12H, broad 3).
Thermal rearrangement of [errnginin C. Ferrugaim C, mp. 170~
5, was kept in sublimator at 150° (20 min) then at 1" (10 min)
under vacuum (0.04 nmHg). The crude product was purified oa »
sitica-gel coloamn. chioride eluted successively the
asthrooes HR, (31 mg), HR; (9mg), HR; 23mg) and HR,
(34mg). The antivones HR, and HR; resulted ideatical (tc,
PMR, mixed m.p.) t0 the anthrones By, 16, and A,, 8, respec-
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tively. Anthrone HR;, 3 (R = H), oll. UV (CHCY), A 241, 299,
8, MNom (b,c 4.02, 3.96, 3.97, 4.12). IR (CHQY), vae 3600,
3200, 1600cm™ . PMR (CDCly), 8: 1257 (1R, 9), 1230 (IH, s},
w a*" ‘)t m (H)' ’)a 5.0(2!(, Mq ‘.70 m”‘ t' 1 5 Hl)o 4.50
(IH, 1, ] TH), 342 (4H,d, J THI), 235QH, 4, ] THY), 230 (3H,
s), 1.85-1.70 (120), 1.50 (3H, 3), 0.92 (3H, 9). Anthrone HR,, 17,
amorphous sobtid, m.p. 185-97°. UV (CHCY), Awe: 241, 299, 303,
8 am (oge: 395, 395, 3.4, 3.99). IR (CHQY), Yea 3390,
1600cm™'. PMR (CDCH-CD,OD, 4-1), 8: 12.67 (0.2H, s, OH,
partially exchanged with the solveat), 12.4 (0.2H, ), 6.66 (H,, s),
63 (Hy, 8), SO(IH, t, J THz), 487 (1H, t, ] THz), 40 (2H, ),
3.50-3.28 (4H, m), 2.30 (3K, 3}, 1.87-1.70 (12H). Acetylation of
the anthrooe HR, with py-Ac,O overnight st room temp. gave a
tetraacetyl derivative, amorpbous sobid; UV (CRCY), Aaus 267
387, 408 nm. PMR (CDCly), 8: 8.63 (Hy, 8), 698 m,.s),asom,.
8), 247 (3H, 3), 240 (6H,5), 236 3H, s), 20 (3H, »).
Ferruanthrone, 18. Yelow-orange crystals (CHClr-beptase),
n.p. 166-70". (Fousd; (Cak. for CaHywOJ: C, 7835 (8.23). H,
7.72 (1.88/%. UV (CHCly), Awas 240, 256, 275, 313, 365 (loge:
409, 404, 194, 396, 4.15). IR (CHCYL), v 33790, 1610-
190 cm™', PMR (CDCh), 8: 1307 (1H, 5), 1243 (1H, ), 6.60 (M.,
), 620 (OH, s, dissppears with D;0), 520 (1H, t, J THz),
5.05-4.65 (2H, m), 3.9 (2H, 3), 3.50-3.18 (6H, m), 225 OH, »),
1.90-1.70 (18H). MS, m/e (%): 460 (M, 40), 405 (31), 404 (100),
39 (9), 387 (18), 361 (25), 345 (59), 348 (62), 338 (27), 336 (15), 333
(24), 323 (14), 319 (11), 309 (15), 305 (33), 295 (49), 293 (50), 292
(33), 283 (42), 282 (73), 200 (19). Acetylation of {ermuanthrone
with py-Ac0 overnight st room temp. gave a tetrascetyl deriva-
tive, m.p. 110-8" (CH:CQlr-hexane); UV (CHCY), Apes 271, 384,
409 om; TR (CHCh), raus 1770-50, 1620, 1360, 110 con™'; PMR
(CDCYy), 8: .58 (Hye. 9), 6.91 (Ha, 5), 240 (6H, 3), 233 (6H, 5).
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