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Abe&act-The preparations of several cldorinakd derivatives of norlicbcxxntbooc 6a by unambiious methods are 
dcscni. The ‘I4 NMR spectra of these compounds are discussed rod several stnrcture~ previously assigned for 
lichen xantbom are questioned. The s-ted revisions are summarized in Table 3. 
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All lichen xanthones found to date can be regarded as 
ring-chlorinated (la Cl atoms) and/or O-methylated 
derivatives of norlichexanthone 6a (13.6trihydroxy8 
methylxantbene-9-one). A great number of lichen xan- 
tbones have been isolated and structurally determined at 
this institute.~’ The structural elucidation was based 
mainly on ‘H NMR studies of the acetyl and/or methyl 
derivatives. Only a few, however, have been syn- 
thesized. By applying Shahs’ method’ (POCI, and 
ZnCIJ. onellinic acid and phloroglucinol could be con- 
densed to norlichexanthone 6a, which, upon chlorination 
in acetic acid. yielded three different chloroxanthones all 
of which were found to be identical with natural 
products? Attempts to prepare other chlorinated lichen 
xanthones by Shahs’ method have proven unsuccessful 
and a convenient method for the ultimate confirmation of 
their structures was need& 

In a search for suitable precursors for biosynthetic 
studies on lichen xanthones, benzophenone Sa was syn- 
thesized.’ Condensation of the benzyletber of phloro- 
glucinol carboxylic acid la with the same ether of orcinol 
t using trifluoroacetic anhydride (TFAA) gave hen-. 
zophenone Sb which, after hydrogenolysis, yielded 
ketone 51. Sa, however, was found to be very unstable 
and underwent facile cyclization to xanthone 6a. This 
finding provided a convenient way to obtain chloroxan- 
thones and, in cases in which ringclosure does not take 
place easily, alternative precursors for biosynthetic stu- 
dies. 

Motwchbrincrtad xanthones. 
Condensation of the acid 4a with the et&r jl in the pre- 

sence of TFAA gave the benzophenom SC (95%). SC was 
also obtained from 2b and la (65%) and therefore the 
sm~cture of k is established. Hydrogenolysis rfforded 
ketone Sd which was found to dehydrate easily to xanthone 
6b. In the condensation of lb with 2a, using the same 
conditions, the pcntabenzyloxy benzophenone formed 
gave !k after removal of the bcnzyl groups. Even in this 
case ringclosure took place easily and of the two 
tbeoreticaBy possibk structures only xanthone (e (ap. 

twi Ci Q/..” USi- tb’St4dCr 1dySi.S. Suplestd qlld 

cwpli~ (0.6 Hz) of oho lad porn protons to fbe methyl group 
in orchol deriveha. 0tbt.r exampks. bowever. show that he 
oh couph is either epproximately equal lo. or larger thxn. 
the pQfU CUtI&&” 

313-14.50) was formed. The structure of 6c was established 
by the following synthesis. Acid 4b was reacted with the 
symmetrical ether 3b and the tetramcthoxy benzophenonc 
formed after hydrogeoolysis was converted to the tri- 
methoxy xantbone Ca after prolonged heating in 
methanol/NaOH. This product was identical (m.m.p., IR) 
with the trimethyl ether obtained by methylation of (e, 
which therefore proves the structure of (c as 2chloronor- 
lichexantbone. 

In the next synthesis acid 4c was condensed with the 
symmetrical ether 3b. Hydrogenolysis of the benryl- 
ketone formed gave 51, which was found to be stable 
even in boiling water. Treatment of 51 in alkali, however, 
converted it to a monomethylxanthone (m.p. 249-W). 
Demetbylation of this xanthone with AK& gave a 
chloroxanthone that was not identical with 6c and which 
is therefore 4-chloronorlichexanthone (6e). Evidentally. 
ring-closure of benzophenone 51 occurs with methanoly- 
sis and not with dehydration and the monomethylxan- 
thonc formed is therefore (1. U has been given the trivial 
name griseoxanthone B. a metabolitc of cettain strains of 
Penicillivm grisrof~/ourn.‘~To the author’s knowledge this 
compound has not been synthesized before. 

ZChloronorlichexanthonc (6c) has been reported as a 
metabotite of the lichen Lccanom stmminca.’ A rein- 

vestigation of the original sample (2 mg) by FT ‘H NMR 
(Fig. lb). however, showed that it most likely consists of 
a mixture of two monochlorinated xantboncs. Attempts 
to separate them by TLC were not successful but the 
existence of two compounds was established using 
analytical HPLC (Experimental). One of the xanthones 
should by comparison be 4-chloronorlichexanthone 6. In 
the aromatic region of the spectrum of 6e (Fig. la) a 
sharp signal for the H-2 proton appears at S = 6.39 (all 
shift values mentioned in the text refer to spectra 
obtained in acetone4 unless otberwisc stated). Centered 
at 8 - 6.78 is a partiauy resolved multiplet corresponding 
to the protons in positions 5 and 7. This multiplet results 
from long-range coupling of the aromatic protons lo the 
methyl group (ABX,-system) and is often observed with 
orcinol derivatives.“. Irradiation at 166 Hz afforded an 
ABquartet with parameters PA.1 = 2.3* 0.1. 8, = 6.80 
and 8. = 6.73. Using these values with an NMR simula- 
tion program (Jeol FX 60/100 System Program) the cal- 
culated spectrum with best agreement to the observed 
(Fi. la) displayed ortholpam long-range couplings of 
magnhudes 10.1 and (0.4(Hzt. and therefore the shift 
values for the H-S and H-7 protons of 6e are d = 6.80 and 

5-n 



2.78 

6.73. All signals for Cc arc found in the spectrum of the 
mixture Pii lb) (also in DMSt&@ which therefore 

. certaitdy contains this xanthone. By exclusion the other 
xanthone should be 5~~~~rlic~~~ne 6g and this 
is further supported by the s~~t-v~u~ obtained on 
subtra&irm the spectrum of (t from that of tbc mixture. 
An ~q~et centered 8t d = 6.33 (JAB = 2.3 t 0.1 Hz, 
meta couplina) is in got~! agreement with the aromatic 
protons in positions 2 and 4 of nori~h~xan~~ @a, 
Tahk 1) and the low-fkld part of the aromatic region 
displays a quartet (not ~mpletely resolved) at 8 = 6.88 
(J = 0.7 f 0. I Hz) which rnsuhs from long-range coupling 
between the proton in pos. 7 and the aromatic mcthyt 
BfouP. 

L ~~0~~ has been reported ta um8in a monoch- 
lorinated xanthork, vinctorin (m.p. 24~57,” for which 

the structure 2_chlor~methyl-norlichcxanthotn! has 
been suggested. ‘H NhiR data, hind& supplied by Dr. 
-Huncck arc, however, in better a~ment with a 5 or 
7chloro derivative of grkeoxanthone C &h, Tabk I). An 
ABquartet at 8 = 6.40 ~~~s~s the ~or~~~-~ 
of the mokcuk and a singkt at 6 = 6.87 lks in the region 
for a proton in both 5 and 7 positions. Therefore xantone 
64, the 7chkro analognc, was prepared from acid k and 
ether 3~. ~y~~~lysis of the ~~y~to~ formed 
gave, after r@-cksure, dimcthykanthone 61. which, 
after &e&e deme~y~ation (BBr,) of the Me group in 
pas. 1, yielded 6t Spectroscopic data and m.p, (28349 
are not identical with those of vinctorin which therefore 
most cart&y is 5~0~3~~tbyl-~rIi?chexantbone. 

A~~rnp~ to prepare a ~~~o~~n~ne were not 
successful, Condensation of 2c with lr did not take place 
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and prolonged heating resulted in complex mixtures. In 
the condensation reactions with TFAA better results 
were usually obtained with orscllinic acid derivatives 
than with phloroglucinol carboxylic acid derivatives; the 
acid of choice would therefore be the benxyletha of 
~hlor~~l~c acid (St). k&nation of orseltinic acid 
followed by ~hlo~tion and deiodination has been re- 
ported to give the desired product.“ The “C NMR spcct- 
rum of the product was, however. identicaI with that of 
5~~oro~~llini~ acid, obtained by direct chlo~~on 
of orsellinic acid. From the shift valuts in Table 2, it is 
casiIy seen that the iodination product of orscllinic acid 
is Ziodoorscllinic acid. This findiug was uncxpcctcd 
since substitution of orscllinic acid derivatives usually 
take place in the 5 position.” 

If B Cl E 

H x ii Cl 

H H R Cl 

If ff Cl Cl 

Di- and trichlmxanthones 
With an increasing number of Cl atoms in the sub- 

strstes longer reaction times in the coronations with 
TFAA had to be used. In acylations of phloroglucinol 
derivatives however, the reaction has been shown to be 
nverstbfe and cleavage of the benxopbcnones on both 
sides of the CO function results in formation of sym- 
metrical and isomer&d bcn~ophcaoms as by- 
products." A compromise thus bad to be made in 

c~si~~pro~rreactionco~~ns. Inthcsyntbcses 
of bcnzophcnones with two Cl atoms the method was 
still found to be of preparative value. 

In tk next synthesis 4d was reacted with the sym- 
metrical 3b. After hy~o~nolysis and methanolysis, 
xanthone Lt (total yield 39%) was obtained. Selective 
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Ttbk 1. ‘H NMR shift values of norfichcxmthonc derivatives* 

HO OH 

4QrpormdB 

Iaolr*nt) 8-I H-2 08-f 8-1 s-5 OH-6 R-7 Qf, 

13.M 6.d -..I 6.32' 6.WM -- 6*?tb' 2*7gb" 

13.42 6,27d 3.92* 6.43d 6.72' - 6.?0= 2.7? 

13.36 6,2Od 9.d 6.32* 6.SdD 3.94' 6.7P 2.TPa 

t4.39 Cl 9.87 6.51 6,‘?lb' 9.87 6.?lb' 2.7ebs 

t4.25 C1 rt.63= 6.49 6.67 i0,97= 6.67 2.73 

4.05c'6 Cl 4.03C'e 6.67 6.69 3.96' 6.69 2.w 

13.38 6.34 11.2E Cl 6.76 -..' 6.70 2.73 

13.58 6.52 4me C1 6.Sra -- 6.75" 2.79= 

13,so 6.33 

13.29 6.19d 

t3.24 Ei.?ld 

3.LWc" 6.4Sd 

13.26 6.2gd 

14.04 cl 

13.99 Cl 

4*OOC" Cl 

13.31 6.33 

13.40 6.50 

.w- 6.58 

3.94* Cl 

_- 6.30d 

-C 6.28' 

3.S4C'" 6.60d 

3.93' 6.45' 

6.55 

..s 6.48 

4*ocJC*' 6.69 

5.31 Cl 

4.04' Cl 

3.9ge Cl 

6.65 -0 6.65 2.63 

6,92b" -- Cl 2,96b' 

6.87 to.9C Cl 2.90 

6.84 11.4 CI 2.82 

6.97 -- Cl 2.99 

6.97 - Cl 2.99 

6.St -- Cl 2.89 

6.75 4.02e'* $1 3.00 

7.m 5.34 ii 2.95 

7.dO -- trl 2.96 

CL -- 01 2.78 

OrrrB~h%OMid w.9 162.2b roo,7d t64.8b 111.2d 1113.2 23.7 tn*s 

t6ikl0ro- 'ftl,o**6 1#,2b t01.4d 15S*tb ttP.I*"~ 137.0 is.5 t71.0 

3..iodc 104.5 161.11b 72.2' lb&lb 110.26 t43.t 23.8 t73.3 
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demethylation gave a diiethyl ether (2,7dicb- 
lorolichexanthone Q), which was found to be identical 
(m.m.p., IR) with the dichloroxanthone of L. populicola’ 
for which the structure 2,Sdichlorolichexanthone has 
been suggested. This structure is therefore wrong and 
should be 4. 

Condensation of 4a with 36 gave, after hydrogenolysis 
and q ethanolysis, a monomethyl xanthone (6m) which, 
upon demethylation. gave 4.7dichloronorlichexanthone 
C with the shift-values shown in Table I. This com- 
pound has not been found in Nature When lb and 241 
were reacted, a pentabenxyloxy benxophenone was 
formed which, after removal of the ben.zylgroups. gave 
S. This compound underwent cyclixation in the same 
manner as Se to form (9 (2.7dichloronorlichexanthone. 
m.p. 29&W. This substance was not identical with the 
dichloroxanthone (m.p. 273-4”) isolated from L 
stromineu and for which structure (0 has been sugges- 
ted.’ The ‘H NMR spectrum of the lichen xanthone 
showed two singlets, one at 6 = 6.42 which places one Cl 
in the 4 position (set Table I) and one at 6 = 6.93. This 
peak was broader suggesting coupling to the Me group 
but the peak could not be resolved. The shift value for 
the Me group (d = 2.76) is, however, a good indication 
that the Cl is in the j-position. A chlorine ortho to the 
Me group of orcinol derivatives was found to cause a 
downfield shift for the Me group (0.17ppm for S- 
chloroorsellinic acid and 7-chloronorlichexanthone 6b) 
but not with a Cl in the porn position (e.g. Cchloroor- 
cinol). The proper structure for the lichen xanthone 
should therefore be 4,Sdichloronorlichexanthone. 

Monochlorination of the dichloroxanthone of L. 
stmminco yields arthothelin.” a trichloroxanthone 
(suggested structure 2.4.7~trichloronorlichexanthone) 
isolated from several Lrconom species.” The ‘H NMR 
spectrum of arthothelii displays a quartet at d = 6.95 
with a coupling constant (0.7 Hz) as expected for long- 
range coupling of an ortho proton to the Me group as 
descni above. The shift-value for the Me group is 
d = 2.78 (doublet) and therefore the proper structure of 
arthothelin should be 2,4,%richloronorlichexanthone. 

581 

The chemical evidence which has been used for struc- 
tural assignments of lichen xanthones. has been based on 
the finding of Zchloroorcinol in the alkali melt of attho- 
thelin.” This reaction was re-investigated and 4 
chloroorcinol was prepared as a reference substance by 
demethylation of the dimethyl ether k with AICI, in 
benzene. The xanthone was treated at 27tY with a mix- 
ture of NaOH and KOH and samples were taken after 5 
and 25 min. After 5 min. trace amounts of 4-chloroor- 
cinol could be detected (TLC, MS) but only orcinol after 
25 min. 2-Chloroorcinol was not detected in any case. 

The shit-values for the trichloroxanthone of L cap& 
trod (given the structure ~methyl-ZJI-eichloronor- 
lichexanthone) ate by inspection (xanthone 6p. Table I) 
in better agreement with a 43.7~trichloroxanthone. The 
suggested revisions for the structures of chlorinated 
lichen xanthones are summarked in Table 3. 

Since no ‘H NMR data were availabk in the literature 
for xanthone 6q” (6-O-methylnorlichexanthone) it was 
needed as a reference substance. Condensation of Y 
with 3a gave a benzyl ketone which, after bydro- 
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mixture of cont. HCI (5 ml) mod ice (5 3); gave after work-up and 
~c~s~~~tion ~~or~rciuot (32 mg. 90%). m.p. 13~138.5*. 
TLC (silica gel. benxenekther F7:3) R,~2~hior~rcinoil= 0.38, 
R~~~roorcinoi)~ 0.58; ‘H NMR (~~D‘D) d = 2.16 (3H, t, 
I = 0.6 Hz). 6.36 (2H. q. J = 0.6 Hz), 8.37 (2H. bs): MS(M+) 158 
KrR7cw3L 

O,O,O,-~~e~~~o~~uc~~ (30). 3a was obtained by melt&t 
laz at 145” during 4Smin. Recrystallizatio~~ from benxene! 
petrokum ether afforded 3a, m.p. 94-S” (lit.” 86%p). 

‘Iyu er!recr 3b was prepared according to Ref.? 
Gem& pnrcedarr for synthcsk and h~~eao~ys~ of benzyf- 

~nrop~o~s {acmes I and 51. ~~0~ any (3mmol) 
of substrates were dissolved in CHrClz (5 ml) ad a Z-fold excess 
freshly distifkd TFAA was added under N,. After reaction 
(2~min) the mixture was poured into MeOH (lOOm1) and the 
soln was evaporated at 2Y in uacuo to approx IOmI. Water 
(SO ml) was added and the mixture extracted &h ether: tbc ether 
layer washed with 5% NaHCO, and water, then dried (&SO,) 
and evaporated. In reactions VI and VII precipitation (of sym- 
metrical ~~~heno~s) occured when ether was added to the 
MeOH solo. The ppts were filtered off before wubina the ether 
iaycr. Hy~~~~~sis of the ~~~l~~o~no~ 0. I mmoi) 
was done at 25’ in ErOAc (So& with addition of THF when 
solubiiy was low) over 10% PdlC (5 mg!benzyl group) untii HI 
uptake ceased. The yiekis were ~95% (IO-3056 was lost after 
~~~s~~~n). AU by~oxy~~opheno~s were light-ytliow 
COtfKMIdS. 

(A) Ring-closun of hydtoxybmzophcnonu. Xonfhoner Lb 
and 60 were obtained by rccrystallixing the hydrogenolysis 
products from ~eto~/watcr. xoethonc 6q (m.p. 263.&S*, lit.” 
2wm and xuntk011e 6c fchromatograohed on silica nl, metby- 
iene c~~de~~eto~ 4: 1; total yield &!%) from M~ON~at~r. 

X~t~~ U. 61 and Cr were obtained by nluxino the 
by~~nolysis products in cthaoolic KOH (146 soln) loi I hr. 
After work-up the products were recrystallii from acetone 
t&n) and MeOH tU and 6f). The vklds were > 95%. 

X~thoa~ &I. and & 100 I& h~oxy~~o~~no~ was 
relh~xed in a $0111 of MeOH (IS ml) and 3% NaOH q (5 ml) 
ovemigbt. The ppt was lutered off and the soln reiluxod for another 
12 hr and filtered again. The ~rnbi~ ppt was washed with water. 
dried and rccrystallizcd from beozenc, yields 70% (6d) and 7856 
(4). 

(8) ~~hy~t~ax. Xantbones 4 ad (r win demc~ylat~ 
with AICI, (2 moles) in rciluxin& benxene. Recrystal&&ioa (after 
work-up) from aceto~~water gave x~~~~s 6e (82%) and rk 
(74%}. Xantbones 6j and ct were dtmethyla~d with 3Br, 
(1.5 moks) in mctbykne chloride under nitrogen for 10 min. 
After work-up xa~r~o~~ If was rccrystallii from acetone and 
LI was purified by sublimation fm.p. 292-93”. lit.’ 290-93”). 

(C) ~~hy~~~~. Xantbone 6~ was rnc~y~~d with ~methyl 
sulphate in DMF by usual methods. R~~s~l~~~n from bcn- 

zendpetroleum ether afforded xaathmte 46 (499b). X~~tbo~e Lo 
was metbylat~ with d~~~aoe as in Ref.” to give xunfhonc 
4. 

Ackaoukdg458eats-K wish to express my sincere thanks to Dr. 
J. Santesson for all facilities put at my disposal and for us@ his 
lichen products for comparison and Dr. S. Huncck for the ‘H 
NMR spectrum of vinetorin. The costs were defrayed by a grant 
from the Swedish Natural Science Research Council to Dr. G. 
Bend2 at this Institute. 
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