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Ahfracc-From callus cultures of CinchoM pubcscens seven known anthraqttinona, rlinrin-2-tncthyktbcr. 
anthragallol-l,2dimethykther, purpurin, purpurin-I-methykther. I-hydroxy-2-hydrory~~~ 2- 
hydroxy-1.3,~trimcthoxyanthraquioonc and 2,5-(or 35)dihydroxy-1.3.4(or -1,ZC)trimctboxyanthraqui~ and 
five new aothraquiooncs, 2-hydroxy-1.3.4.6(or -1,3.4.7-tetnmethoxyanthroquia I&or 1.7~Pihydroxy-2- 

mcthylanthraquinonc, S-hydroxy-purpurin-I-methylether, 4.6(or 4,7)dihydroxy-2,7-(or -2,b)dimcthoxyanthra- 
quinonc and 6,7dihydroxy-1-mcthoxy-2-mcthylanthraquinone have been isolated. 

INlRODUCnOS 

Many genera within the Rubiaceac contain considerable 
amounts of anthraquinoncs, both free and as glycosidcs 
[I, 21. Also in tissue culture several Rubiaaae spazks 
produce large amounts of anthraquinoncs, ranking 
among the highcst producing all lines known today [3]. 
Many species produce even more anthraquinoncs on a dry 
weight basis in tissue culture than does the parent plant 
133. Despite the enormous amount of literature that has 
been publishcd on the chemical constituents of Cinchona 
sp. until now there seems to haveappeared only one report 
indicating that the genus Cinchwtu might also contain 
anthraquinoncs 141. 

During the course of our investigations in the bio- 
synthesis of the Cinchona alkaloids and the production 
thereof in tissue culture systems of Cinchona sp. we 
observed that in callus and ccl1 suspension cultures of 
both Cinchona Iedgeriana and C. pubescvns quite large 
amounts of colourcd material were prcscnt. A more close 
examination showed that thcsc compounds were anth- 
raquinoncs. In previous publications we have reported 
on the identification of anthraquinoncs from callus 
cultures of C. ledgeriana [S. 61 and on a preliminary study 
on the anthraquinoncs from C. pubuscens callus cultures 

PI. 
In the prcscnt study we report on a more detailed 

examination of an anthraquinonc extract obtainal from 
callus cultures of C. pubescens Vahl. Twelve anthra- 
quinoncs were isolated by means of preparative TLC in 
sufficient amounts to allow their identification by means 
of spectroscopic methods. Seven of them are known 
compounds. five have not been reported before. 

RFSULTS 

Twelve compounds wcrc isolated in stBcicnt amounts 
to allow their identification by means of spectroscopic 
methods. Sewn of them wcrc known compounds, which 
wcrc identified by comparison of their spatral data with 

those rcportcd in the literature and partly by co-TLC with 
rcfcrcncc compounds obtained from C. Iedgeriatta 6 . 
These were: purputin [6,8], purpurin- I -methylether 11 6 , 
anthragallol-l.2dimcthylethcr [6 , 

\ 
I-hydroxy-2- 

hydroxymcthylanthraquinonc [6,8,9 , 2-hydroxy-1.3.4 
trimcthoxyanthraquinonc [6], 2,5-(or 35jdihydroxy- 
I ,3.4-(or -I,2,4-)trimcthoxyanthraquinonc [6] and 
alizarin-2-mcthylcthcr [IO]. 

Slrucrwes of the new anlhraquinones 

2-Hydroxy-l,3,4,G(or -I .3,4,7-)rerranWhox yanthra- 
@none (8). This anthraquinonc has an [M] l at m/z 344. 
Its ‘H NMR spectrum shows four three-proton singktsat 
63.91. 3.94, 4.04 and 4.06 due IO four mcthoxyl groups, 
IWO a-positional to the carbonyl groups (64.W. 4.06) [2] 
and two /I-positioned to the carbonyl groups (63.91,3.94) 
[2]. Also the ‘HNMR spectrum shows signals due to 
three aromatic protons at ca 67.5. From thcsc signals, a 
double doublet (J = 8.0 Hz, J = 1.5 Hz) at 67.26, a 
doubkt showing merocoupling (I = I .S Hz) and a daub- 
ICI with orrhocoupling (J = 8.0 Hz) at 67.66 and 7.72 
respectively, the substitution pattern of ring A can bc 
dcduccd. i.e. one substituent at C-6. The UV spectrum 
(McOH-OH-) shows a maximum at 476 nm indicating 
that the hydroxyl group is in the 2-position. From thcsc 
spectral data it can bc conctudcd that this compound is 
either 2-hydroxy-1,3,4,6tctramcthoxyanthraquinonc or 
6-hydroxy-1.2.3.4tctramcthoxyanthraquinonc. If this 
compound has the latter structure then the chemical shifts 
of both the I- and Qmcthoxyl groups and of both the 2- 
and Emethoxyl groups would bc essentially the same 
bccausc of the syamc~ty of ring C. Since the chemical 
shifts differ by 0.02 and 0.03 ppm rcspaztively it is most 
probabk that this compound is either 2-hydroxy-1,3.4.6- 
tctratncthoxyanthraquinonc or 2-hydroxy- I .3.4.7-tctra- 
mcthoxyanthraquinonc. between which strwturcs it IS 
almost impossible to distinguish [2]. 

l&(or 1,7-)Dihydroxy-2-mPfhylonrhroqui (9). The 
[M] l of this compound is found at m/t 254. Its ‘H NMR 
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spectrum shows a thra-proton singlet at 62.38 due to a 
methyl group. In the aromatic region two doublets with 
an orlhocoupling (J = 7.5 Hz) are found and again the 
pattern which is indicative of an A-ring substituted in the 
6 or ‘I-position (cf. compound 6). The methyl group is 
always in the 2-position on the basis of the biosynthetic 
pathway leading to the anthraquinoncs in the Rubieceae 
[ 11, 121. From the M, of this compound it is concluded 
that two hydroxyl groups are present in the molecule. On 
the basis of biogenetic reasoning and ‘H NMR spectral 
data it is concluded that the hydroxyl group must be in 
the I- and the 6- or 7-positions. This is in good agreement 
with the maximum in the UV-VIS spectrum ncordal in 
&OH-OH _ at 5lOnm [2]. With the spectral data 
available it is not possible to distinguish between the two 
possible structures, viz l&dihydroxy-2-methylanthra- 
quinonc (soranjidiol) or l,7dihydroxy-2-methylanthra- 
quinonc. Sina no reference sample of soranjidiol was 
availabk both possibilities are left open for this 
compound. 

I -Mcihoxy-~4,4.5-ln’hydroxy~f~~u~ (10). This 
compound has an [Ml+ at m/t 2% Its ‘HNMR 
spectrum shows a thra-proton singlet at 64.04 due to an 
a-positional methoxyl group, a one-proton singlet at 
67.30 and the pattern characteristic of an A-ring sub- 
stituted in the a-position. The MS shows a peak of rather 
high relative intensity due to the loss of water from the 

molecular ion, indicating that the methoxyl group is in the 
a-position [13]. From the M, it is concluded that three 
hydroxyl groups must be present in the molecule. The 
shift of the proton in the substituted C-ring is more likely 
to be due to a proton at C-3 than at C4 and shows 
reasonably good agrament with the shift of the proton at 
C-3 in purpurin-1-methylether (compound 2). In the IR 
spectrum two absorption bands are present between 1600 
and 1700 cm - ’ indicating that only one carbonyl group is 
chclatai [l]. On the basis of these spectral data it is 
concluded that this compound is I-mcthoxy_2,4,S- 
trihydroxyanthraquinonc or 5hydroxypurpurin. I - 
methylether. 

I,b(or 1,7-)Dihydroxy-3,7-(or -3,6)d~thoxyanthra- 
9uLuM (11). The ‘HNMR spectrum of this 
compound having an [Ml’ at m/z 300 shows signals 
due to two mcthoxyl groups at 63.94 and 3.99. In the 
aromatic region signals due to four aromatic protons are 
observed. Two signals show mete-coupling (I - 1.5 Hz) 
indicating mefa substitution, the other two protons give 
rise to two singkts at 67.56 and 7.64. Since the two 
mcthoxyl groups only account for half of the substitucnts 
and the [M] l is found at m/z 300 two hydroxyl groups 
must be present in the molecule. From the maximum 
(486 nm) in the UV spectrum recorded in MeOH-OH- it 
can be concluded that the hydroxyl groups are present in 
the l- and 3-positions or in the I- and b or 7-positions 
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Prep. TLC. The plates used and the solvent systems employed 

wcrc the same m In ref. [6]. After detection in daylight. the 

various bands were scraped off and the anthnquinones dutcd 

with mulurcs of CHCIs and McOH. varying from 90’; CHCI, 

for the mos1 non-polar compounds IO 90”, McOH for the most 

pohr on-. Analytical TLC w= performed usmg the same TLC 
syskmsasin ref. [6] incombination with ready madcTLCpla~a 

(Merck K&l@ 60 F 254) Anthraquinones were dctaztcd by 

their colours in daylighl. their Ruorertnce in UV lighI(366 nm) 

and afrcr exposure IO NH, vapour. 
EIMS were raordal on a Kntos M9/50 instrumcnI using a 

direct ink1 system and an ionizing energy of 70eV. 200 MHz 

‘HNMR spectra were recorded on a Jwl JNM appanrus 
opcratmg In ~hc Founcr-transform mobs. 300 MHz ‘H NMR 

spectra were recorded on a Bruka WM 3OOinsIrummt operating 

in the Fourier Innsform mode. Chemical shifts arc given in b 

values (ppm) relative IO TMS. UV-VIS spectra were recorded on 

a Gary I I5 spccIrophoIomeIcr. IR spectra were recorded as KBr 

disc. 
Purpurm (1). The spcctroscopcc data agrees wdl with those in 

the literature [6.8]. 

Pwpwvc-l-mrthylcrher (2) MS m/z (ml inr.): 270 [Ml’ (IOOL 

252[M -H,O]’ (6OL241 [M -HCO]’ (10),227(SS), l99(25), 

1% (28k ‘H NMR (300 Me CDCl, CD,OD): 64.10 (3H. s. 
GMc), 7.40 (H. I. H-3). 7.78 (2H, as. H-6, H-7). 8.27 (2H. m, H-S. 

H-8k UV-VISIE” nm: 240. 243.283. 313 (sh), 415,474 (sh) 

Aruhragallof-1,2dlm*hyleIhrr (3). The spectroscopic data 

agrees well with those reported in the lit. [6]. 

I-H~drox)~2-hydroxymrrhy~~~~ (4). Tbc spcctro- 

scopr data a- well with whose In the lit. [6.8.9]. 

2-Hydr0x)~l.3,CIrim*hoxycmrhroqvlnorv (S) The spectra- 
scopic data agrees well with those In Ihc lit. [6]. and the 

chromatographk behoviour (T’LC) conelates well with a refcr- 

cncc compound. 

ZS(cW 3.~)Bihydroxp I .3.4-(or -I ,2+)frimrthoxycafhe 

qwnorcp (6). The spaztroscopicdata correlates very well with those 

from ref. [6] and the ctuomatographic bchaviour (TLC) is the 

same as rhar of a rdcrenoc compound. 

Alirwin-2-mnhykther (7). The spaztroscopic data agrees well 

with those reported in the lit. [IO]. 

2-H~droxy-l.3,4,6IeIrc~rwIhox~muboquvwrv (8) MS m/z 

(rel.inI.):344[M]’ (1oOA329[M -Me]’ (303326[M -HxO]’ 
(3).301(13).283(10).200(10k’HNMR(200MHz.DMSO-d.s): 
63.91 (3H. s. OMe-6). 3.94 (3H. J. OMc-3). 4.(w (3H. s. OMc-l), 

4.06 (3H. s. OMe-4). 7.26 (IH. dd. I - 8.0 HtJ - 1.5 ti H-7). 

766(1H,d,J = I.5 Hr.H-5).7.72(IH.d.J - 8.0&H-8kUV- 
VIS IzH nm 224.259.290 (sh.),402 UV-VIS iEHaH nm 
224. 259.476. C,,HIeO,: cak. 344.@3%. found 344.0906. 

I.&@ 1.7-)Duydrox)~2-mcrhy~~~~ (9) MS m/z (rel. 

inI.): 254 [Ml’ (63). 239 [M -MC]’ (6). 226 [M-CO]’ (IO). 

225 [M -HCO]’ (IO), 2fb8 (13k ‘HNMR (300MH~ 

CDCl,CD,ODk62.38 (3H.s. Me-2L7.5O(IH.d.J - 7.5 Hz. H- 

3), 7.57 (1H. d. J - 2.OHz. H-5). 7.63 (IH. dd. J - 7.OHz, J 

- 2.0Hz.H-7L7.71 (1H.d.I = 7.5 Hr.H4).8.23(lH.d.J - 7.0. 
H-8k UV-VIS i=” nm:213(shL260.29O(shL417(shL437.464 

(shL473 (shk UV-VISiEHeH nm: 224.305510. CisHiOO.: 

ak. 254.0579, found 254.0575. 

I-MeIho~y-24.5-1rih~tox~~~~oqvinonr (10) MS m/r (ml. 

inI.)286[M]’ (70),271 [M-Me]’ (7).268[M-HsO]’ (58). 
258 [M -CO]’ (5). 257 [M -HCO]’ (II), 243 (lo). 240 (17). 

215 (19). 212 (IS). ‘HNMR (2CKI MHz. CDCi,-CD,OD): 64.04 
(3H. s. OMc), 7.23 (lH.dd. I - I.2 Hz. H-6)*. 7.30 (1H. J. H-3). 

7.64 (IH. I. 117.5Hz. H-7). 7.80 (IH. dd, J-7.5& I 
- I 2 Hr. H-ftk UV-Visit nm 247.278.314 (sh), 428 UV- 
vrs;~R OH’ nm 249. 310, 522; IR vzcm- ‘: 34m. 29m. 
1672 1630. 1270. C,,H,,Os: cak.. 286.(w77, found 286.0473. 

(*Part of the doublet is MI ohsaved bcuuu rhc CHCl, signal is 
superimposed on i1) 

l&or l.7-)Dihydtoxy3,7-(a -3,6)dimerhoxyun1hroqui 
(Il).MSm/r(rd.inI.~XXJ[M]‘(l00).285[M-Me]’ (78),282 
[M-HsO]’ (200). 271 [M-HCG]’ (8). 257 (17), I86 (16). 

‘H NMR (200 MHz_ DMSG-dsk 63.94 (3H. I. OMe-6 or OMc 

7),3.99(3H,s.OMe-3),7.27(lH,d.I - l.SHz.H-2),7.%(lH,s. 

H-S or H-8). 7.64 (I H. s, H-8 or H-5). 7.67 (I H. d, J - I .5 Hz_ H- 

4k UV-VIS1~“nm: 212 245. 308, 4la; UV- 

VISA~H~H- nm 240. 310. 48.6. CirH,sOI: ak. 300.0634. 
found 300.0629. 

67-DUt)ulroxy-l-mnhoxy-2-~hyktrul (12) MS 

m/z (ml inI& 284 [Ml’ (IOO), 269 [M-Me]’ (41 266 [M 
-HsO]’ (IL 2% [M-CO]’ (3L 255 [M-HCO]’ (Sk 
‘H NMR (300 MHr. CDCI, CD,OD): 62.37 (3H. s. MC-~). 4.99 

(3H.s.OMe-1),7.5O(IH,d.J-7.SHz,H-3),7.70(IH.s.H-Sor 

H-8). 7.72 (H. J. H-8 or H-5), 7.72 (H. d. I = 7.5 Hz_ H4k UV- 

VISiE”nm 215 (sh), 282.106; UV-VISIEHa” nm: 247. 

312 307. Cd,10,: ak 284.0685. found 284.0680. 
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