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Abstract—The root system of Lachnanthes tinctoria (Haemodoraceae) contains lachnanthoside, a glycoside of
trihydroxy-9-phenylphenalenone, lachnanthofluorone, a red-fluorescent compound having a novel naphthoxan-
thenone structure, and a naphthalide related to the phenalenones.

MaANY plants of the small monocotyledonous family Haemodoraceae are distinguished by
colorful root systems.” This is true of all the species of the Australian Haemodorum®* (the
only relative large genus of the famuily), the South African Wachendorfia and Dilatris, the
South American Pyrrhorhiza, and the North American Lachnanthes tinctoria (redroot), the
single species of the family to occur in the Northern temperate zone. From the bright
red tubers of Haemodorum spp., Cooke et al * have 1solated the cellobioside haemocorin
(1), the first phenalenone pigment found mn a higher plantt In earher papers of this
series, we have described the 1solation of several 9-phenylphenalenones, and of compounds
presumably derived from them, from the roots,® flowers* and pericarp® of L. tinctoria;
during unpublished work to be reported elsewhere, we have observed similar pigments 1n
species of Xiphidium, Wachendorfia and Angiozanthus of the same family. Of these plants,
we have studied L. finctoria in detail, since fresh material is available 1n abundance in the
Pine Barrens area of New Jersey, and since a remark 1n Darwin’s “Origin and Species”,®
suggestive of phototoxicity” to pigs, made this plant appear particularly interesting.
Photodynamic activity against Staphylococcus epidermidis has indeed been observed® in
various extracts from red-root.

* Part V 1n the series “Pigments of L rinctoria EIl” For Part 1V see Ref 4

t Isolation of haemodorin, a second plant pigment of this type, from Haemodorum sp, was reported by BICK,
I R C and BLACkMAN, A T (1973) Australian J Chem 26, 1377, while the present communication was being
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In a study of extracts from the roots of L. tinctoria. Cooke? isolated 4-hydroxy-3-meth-
oxy-5-phenylnaphthalic anhydride (2) and. after methylation. the three naphthalides (3a-c):
1solation of the naturally-occurring phenolic precursors of these latter compounds was
not reported, nor were any phenalenone pigments encountered
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We now wish to present the results of an investigation of the fresh root system of L.
tinctoria. The short roots of the plant and the inside of a small, flattened, bulb-like aneur-
ism at the common base of the leaves are bright orange; the underground runners (usually
close to the surface) have a thin purple outer layer and an orange core The pigment mix-
ture, obtained by extraction of the fresh root system with acetone, was separated into
water- and chloroform-soluble fractions. From the former, a red-brown phenalenone bio-
side. lachnanthoside (4). was 1solated. The chloroform-extract gave a number of colored
fractions on chromatography over S10, (see Experimental), from which two major com-
ponents have so far been 1solated the naphthahide (5), related to Cooke’s substances
(3a-c),” and the red-fluorescent compound lachnanthofluorone (6).> with a structure closely
analogous to that of a compound obtamned? on irradiation of lachnanthocarpone (7).
the main phenalenone of the pericarp® of L. tinctoria

Water-soluble fraction

Lachnanthoside (4), C3,H;3,0,,.2H,0, 1s readily cleaved by dilute acid [c f the behav-
1or” of (1)] into a purple aglycone C, ,H,,0,(8). mp 219-222 and a sugar fraction which
on more energetic hydrolysis yields only glucose. The properties of (8) suggest a phenyl-
phenalenone closely related to (9), the aglycone of (1); detailed spectroscopic investigation
(see Experimental) proved 1t to be 2.5.6-trihydroxy-7(or 9)-phenylphenalenonc (8a or b),
the tautomerism of compounds of this type 1s well known * ' This formulation was further
proved by the methylation of (8) to the two 1someric trimethyl ethers (10) and (11), 1dentical
(m p.. mm.p, TLC) with the two dimethyl ethers? of (9)*, this aglycone 1s thus the 5-methyl
ether of (8) Methylation of (4) with CH,N,, followed by hydrolysis. gave a crystalline
dimethyl ether of (8), identical with 6-hydroxy-2,5-dimethoxy-7-(or 9)-phenylphenalenone
(12a, b). This compound (“haemocorin aglycone monomethyl ether C”) was obtained mde-
pendently by Laundon and Morrison'' through demethylation (HC1) of synthetic (10) or
(11). The structure of our sample was indicated by spectroscoprc findings The v (CO) 1645
cm” ' shows that the carbonyl 1s not hydrogen-bonded Both methoxyl resonances (8 3 92,

* See Acknowledgements
® Cookr, R G (1970) Phyrochemisty 9, 1103

10 Re. D H (1965) Quart Rev 19, 274
"' Launnon, B and Morrison, G A (1971)J Chem Soc C, 1694
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3-83) are shifted upfield by ca 05 ppm on addition of benzene to a CDCl; solution of (12);
both methoxy groups must therefore have unsubstituted ortho-positions.'? The tautomer-

ism (12a) = (12b), which in itself proves the structure, 1s shown by the methylation to both
(10) and (11), and the formation of two different mono-acetates (of which, however, we iso-
lated only one); both reactions have already been described.!! Further evidence for this
tautomerism 1s provided by the occurrence of M™ and (M-1)* peaks of about equal inten-
sity in the MS of (12). The appearance of (M-1)* peaks 1n the spectra of phenylphena-
lenones having phenyl and carbonyl in peri-relationship is well documented.®>* This
peak is the base-peak of the spectrum in those compounds where tautomerism is 1mposs-
ible or is restricted by, e.g. hydrogen-bonding, as in (7); in compounds which can tautomer-

1ze readily, such as (8), the situation resembles the one found in {12).

12 Farps, H M and WARREN, K S (1967) J Org Chem 32, 501
13 ByckLE, D R and WAIGHT, E S (1968) Orgamic Mass Spectrometry t, 273
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The formation of the di-methyl cther (12) shows that (4) 1s a bioside rather than a diglu-
coside of (8). The sugar present in (4) has not yet been 1dentified, chromatographic evi-
dence indicates that 1t 1s not cellobiose. the biose of the closely related (1). From the forma-
tion of (12). 1t follows that the sugar in (4) must be attached to position | or 6. All attempts
to decide between these possibilities through chemical tansformations or MS faded but
NMR evidence suggests that (4) 1s a 6-bioside of (8) This tentative conclusion 1s based
on the finding, made on suitable pairs of phenalenones. that the signal of the proton at
C-7 occurs between J 8 57 and 8-68 (in CD;0D), 1n those compounds which have an OMe
group at C-6 [e.g at 8 57 1n (10) and at 866 1n the corresponding ether of (7)]. while 1t
1s consistently found further downfield by about 01 ppm n the 1somers with a carbonyl
at C-6 (8-70 and 878 n the 1someric ethers corresponding to the examples quoted above)
In (4), this signal occurs at 6 8 46 This value suggests that the carbonyl group 1s nor at
(-6, and hence that (4) 1s a 6-bioside Admittedly, however, methyl ethers arc less than
1deally suited as model compounds for a glycoside

Chloroform-soluble fraction

A chromatogram (TLC, S10,-EtOAc) of the chloroform-soluble root pigments shows
the presence of non-glycosidic colored compounds, the major colored zones were: (1) a
yellow band, R, 0 8. which proved to be the naphthalide (5). (2) a purplish red, intensely
red-fluorescing band. R, 0 73, lachnanthofluorone (6), and (3) a green band. R, 047. which
was due to a chelate of the aglycone (8). There were, in addition. two minor components
#hich turned from mauve to blue on exposure to NH; vapor (a reaction typical of 2-hyd-
roxyphenalenones) and small amounts of several other, more polar compounds which
have not yet been mvestigated, two of these exhibited an intense red fluorescence similar
to that of (6)

The phenylnaphthalide (5), which 1s clearly the naturally occurring compound from
which (3a) was generated in the work of Cooke,® was readily 1solated by chromatography
of the non-glycosidic mixture over S10, with C,H, as solvent Methylation of (5) yielded
(3a);* hence the only question was the position of the methoxyl group 1n (5) The NMR
spectrum of (5) contains a single OMe resonance at ¢ 395, and further methylation mtro-
duces a second signal at ¢ 3 17, the free hydroxyl group in (5) 1s thus at C-6, smce the
mtroduced methoxyl group at this position in (3a) 1s shielded by the phemy! ring n the
peri-position.

Lachnanthofluorone (6. dark purple crystals, mp > 300 . 15 a naphtho-(8.1.2-jA/}-xan-
thenone which shows a very striking bright-red fluorescence The compound analyzed for
CoH,,O, and cxhibited the expected chemical reactions and IR characteristics (sce
Experimental) of a 2-hydroxyphenalenone, the formation of one single dimethyl cther
demonstrated the presence of two phenolic hydroayl groups and showed that (6) could
not tautomerize i the manner observed with (8), (9). and other surtably substrtuted
phenalenones.” ¥ '* Since (6) 15 stable when refluxed with dilute acid or alkal. the fourth
oxygen function 1s assigned to an ether hnkage The structure (6) 15 supported by the
NMR spectrum, which shows the expected AB quartet (6 7 92,6 64.J 9 S Hz) for the protons
atC-11and C-10, two broadencd singlets 6 8 20and 7 66 (peri-couphng), a compley aromatic
band (3H), and a doublet at & 910 (J 8 Hz) which 15 attributed to the proton at C-6
This unexpected tow -fickd resoraiee hias beerr show i by double-resorarnce experments to

* See Acknowledgements
T IARCHO M(1968) | L € e Soe 90 4644
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be associated with the aromatic system; however, its assignment to the C-6 proton is only
tentative A similar doublet has been observed in the analogous photoproduct derived from
(7).3 Controlled photolysis of (8) produces (6) in low yield.* This oxidative ring closure,
which parallels the 1on-reaction observed 1n the MS?, 1s less pronounced in the case of (8)
than n that of (7); this 1s expected, since (8) can exist in both tautomeric forms (82 and 8b),
whereas the (a) form 1s favored for (7) because of the possibilities for hydrogen-bonding;
indeed, the base peak in the MS of (8) 1s the molecular ion (with the M-1 peak ca 85%), while 1t
1s the (M-1)* peak 1n the case of (7).

The green bands seen in the TLC examination of the root pigments demonstrated the
presence of free (8), which has a very strong affinity for metal ions Attempts to chromato-
graph the compound on commercial SiO, or Al,Oj; resulted in the formation of the polar
green complexes from which (8) could not readily be regenerated; these bands had the
same R; values as those from the plant extract. It was not possible to decide whether (8)
exists as such in the extracts or whether it is an artifact formed from (4) during workup.

The root system of Lachnanthes thus contains as its major constituents a bioside (4) of
trihydroxy-9-phenylphenalenone (8), a compound (6), which also forms in the laboratory
from (8) on wrradiation, and a naphthalide (5), obviously related to the same ring system.
Although we have observed that the concentration of (5) is greatest in the roots of very
young plants, the compound is presumably derived from a 9-phenylphenalenone oxy-
genated at 5 and 6 by oxidative clearage of ring C The distribution of pigment types in
Lachnanthes is unexpected: the roots contain the pigments just enumerated; the flowers
have yielded pigments (e.g. 13) in which C-5 is replaced by O or N,* and the naphthalic
anhydride (14)'° but, so far, no compounds contaming the mtact 9-phenylphenalenone
skeleton ; i contrast, the pericarp contains large quantities of (7) and smaller amounts of
its S-methoxy denivative (9).!> The pigmentation at the flowering stage 1s thus less close
to that of the root system than 1s that of the subsequent seed-bearing stage. In view of
the formation of naphthalic anhydrides by irradiation of phenalenones in vitro,'® it might
be suspected that the naphthalides, naphthopyrans (13) and naphthoic anhydrides could
be artifacts, however, the abundant occurrence of (5) m extracts from fresh roots rapidly
worked up mulitates against this. The various oxidative stages occurring mn the Lachnanthes
pigments are shown below

Possible relationship between the Lachnanthes pigments (14) 0

15 BazaN, A C and Epwarps, ] M (1973) Unpublished work
16 NARASIMHACHARL N, JosHi, V B and KRISHNAN, S (1968) Experientia 24, 538
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EXPERIMENTAL

Isolation of the 100t pigments The washed fresh roots and rhizomes of Lachnanthes tinctoria were extracted
3x with acetone 1n a Waring Blendor The acetone was removed and the aq residue extracted with CHCI;
The CHCI; was dried and evaporated and the residue was chromatographed over S10, The aqueous phase was
continuously extracted with EtOAc for ten days to yicld the glycoside (4)

Isolation of (4) and (8) Attempied recrystallization of the crude glycosidic fraction from EtOH gave lachnan-
thoside (4) as a red-brown hygroscopic solid, mp ca 200" Chromatography over polyamide with FtOAc and
increasing amounts of MeOH., followed by recrystallization from EtOAc, yielded crystals mp 265 268" retaming
solvent of crystallization The compound was homogeneous on TLC (MeOH, polwamxdc R, 065) and PC (n-
PrOR-H.O. 3 11 R; 0.8 MeOQH-n-BuOH-H.Q (24 5} R, 085, v, 1625 cm” Vo 463 372365 oA O335.
258 and 220 sh nm, (Log e 3 76. 4 11, 382, 380, 437, and 44’} ) (CDCl5) 846 (d, J 8 Hz IH). 750 (d, J 8 Hz,
PREY T2 6e SEER 727 6o bH &92 0 ‘h‘ (Fownd €£.55%, 055 €, '%3,:,5}1‘4. 2O regmes. €960 HS )
Acetylation of (4) gdve a yeuow peracetare, recrystatized from ‘i‘br{b hexane mp 178 (Found C.598, H. 52,
MW. 1029 by osmometry CyoH;00,, requires C,594, H,5 1, MW.991) The glycoside was hydrolvzed by boil-
ing with 10°, HCl for 5 mm The cooled soln was extracted with CHCly and after evaporation the residue was
chromatographed over dry TLC cellulose with C,H, as eluant The purple aglycone (8) was recrystallized from
CHCl;- hexane m p 217 222 (decomp), v, 1620 cm ™1, A, 545, 383, 364 300 sh 276 and 237 nm (Log e 374
37 fLL 161‘}/_ L[%l,/: fzf,déhL lﬁpzwﬁn AH\—I”‘!’}<35 T ¥ bl
tHY (Foumnd €74 &, 42, MW, 304 6728 € H,,0, requires €756, L3O, MW 304 07345 The aghycone (8
gave a blue solution in NaOH, unchanged on addition of dithionite, a red-fluorescent solution n concentrated
H.SO,. and a black ppt with CuSO,

6-Hvdroxy-2 5-dimethoxy-T(or 9)-phenylphenalenone (12) Methylation of (4) with an excess of CH.N,, fol-
lowed by hydrolysis (10°, HCL). extraction with CHCly, chromatography over S10, i C H, with 10° EtOAc,
and recrystattization from EtOH gave 6-liydroxy-2.5-dmmethoxy-Hor 9)-phenylphenalenone (12) as purple crys-
talsmp 170-172 v 1645 cm 7 mM478 369, 352, 308 sh, 275 and 245 nm (Log € 372 384,382 410.440.
4 36y, 0, 864 ¢d, F 8 Hz, i‘H);_/'ﬁJ\) THy 732 (s, 5H, 685 (s, tH), 6864, S 8 Hz, tHy, 398 (5 JHR 392 @5,
3H)(Found MW = 3321042 C,,H,,O4requires MW = 332 1044) The compound was homogmcom by TLC
(S10,, EtOAc, R, 0 5) and gave a bright-blue color with NH3 vapor Acctylatlon of (12) gave a mixture ofagetoxy
dervvatrses from which 2 5-dmmethoxy -6-acetoxy-9-phenylphenaienonet was solated by recrystathization from
cyclohexane Compound (12) was also prepared by demethylation of (11) '! The product of this demethylation
wads spectioscopically and chromatographically identical with the compound derived from lachnanthoside

Isolation of (5) Chromatography of the CHCl;3-soluble fraction over silica gave the naphthalide (5) as the
least polar colored compound. cluted with C,H, Recrystallization from MeOH yielded the lactone as yellow
crystals mp L70-173 v, 3635 1720 cm ™! 38& 342 327. 268 and 213 nm (Lng €379, 360, 356, 447
auu 5 -; u 8 F (d. s 7‘5 H‘Z, l‘H')', 7 4‘3' (» 5H'), r A‘J \u, J‘ 75 ﬂ'z. 1h‘y. 57'8 [ 1}1;, 578 Uu’\,l_y :pnl smgwn ._H')’
397(s.3H)(Found M = 3060859 C,oH,,0,requues MW = 306 0892) The compound gave a green solution
with NaOH Methylation with an excess of CH, N, gave a yellow monomethyl ether mp 165 L6R from cyclo-
hexane 1dentical (IR spectrum) with the compound (3a) 1solated by Cooke °

I'solation of Lachnanthoffuorone (6) Elution with 2", MeOH in C H, gave a brlghl -red fluorescent soln from

355 467 <1uu41-0| ¢

,,m

W fac r'muuu’ruuumulu \6) wds iegrated ¥ gy 1"0\:‘1“vsuuualuk}ll fror NMeOH and sublimd G (.z/\' VO mm‘r as
mauve crystals mp > 300 mx]ﬁ()() 3450 hroad, 1620 em™ ' 4542 375 360. 281 and 237 nm (Log € 381
323 3536392 au\ﬁ]‘ 423 (’;‘_, 1 3G g HOG {"l’)‘ﬁ'ld:d: . ZH, ﬁ‘&uLmﬁgﬁaﬁ’m Wittt D}_(}\I P l\U}' s P2 Hz Lf{,l & }\’)

(s, 1H) 808 (d. J 95 Hz, tH)., 715 (s, 1H). 732 (m, 3H). 682 (d J 95 Hz, 1H) (Found MW = 302 0567
CoH 1,0, requires MW = 30205797 Methylation wrthh CH, N, gave a donetiret ether, pcrrrued by preparatrse
TLC (10, C.H,- E[OAL 20 1) and recrystalized from MeQOH mp 287- 289 v 1625 em™ ', 3 890 (4. 19
b7 All} Li‘—tulﬁ K u /\7?\11 F& e, ‘LH\I 75'!\ LHI’ rj‘lr‘iL_ Ihl u%'!u '(’%HL XE“E\ “ffull\ ft‘i ¢
3H) Irradiation of (8) mn non- dq,asxcd MeOH (Pyrex glass, high-pressure Hg lamp) resulted n the tonmmon
of (6, mwotated by TLE, i low yiehd {39, the reaction was very rapid and the muror part of (8) was converied to
vellow products presumably naphthoic anhydrides 1©
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