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STUDIES IN THE XANTHONE SERIES-III* 

PREPARATION AND REACTIONS 

OF I-ACETYL-2-HYDROXYXANTHONE 

F. LAW and H. SIXIIITZKY 

I+ of Chcmisq and Applied Chemtstry, Koyal Twhnical College, 

Salford, Lmcs 

(RrceiceJ 3 July 19%) 

Abstnwl The orientation and reactions of I-accryl-2-hydroxynanrhone (I; R, Ac,R, .- R, -- 14) 

leading 10 the synthesis of angular furanoxan~hona (III ; R Me) and (IV) and pyronoxanthoncs of 

rhc [y-x (V) arc drzcribcd. The ultra-violet spectra of thcsc extended xanthonc systems arc discussed. 

REACT-KISS of I-acetyl-2-hydroxyxanthmc (I; R, AC. Rz -- R, - H) were studied 

in an attempt to preparc physiologically active molcculcs of simple chemical structure. 
analogous to biologically active chromones such as khcllin.’ The kctonc itself could 

not bc obtained from 2-hydroxyxanthonc (I; R, ‘.- R, R, .-- H) (or from its 
acetyl or methyl derivative) which, unlike the I-hydroxy-isomcr,a did not undergo 
acetylation under Fries or F’riedel .Crafts conditions. In another unsuccessful attempt 

at preparing the ketone. the diphcnyl ether (II; R, -.. Rz - H, R, - OMc) (obtained 
from o-chlorobcnzoic acid and p-mcthoxyphcnol)10 was treated with a mixture of 
aluminium chloride and acetyl chloride, but gave only 2-methoxyxanthonc (I; R, 
MC, R, .- R, H). When, in order to prevent this premature cyclisation. the ethyl 
ester (II; R, -: Et, R, :.- H, R, OMc) was used, the following products wcrc 
obtained : Two diphenyl ethers (II ; R, -- Et. R,. AC. R,-: OH and R, H. 
R, =- AC, R, -7 OH), a diacetyldiphenyl cthcr of unknown constitution, and the 
rcquircd ketone (I : R, - AC, R, - : R, -: H). but in small yield only. The incidental 
formation of the ketone under Fricdcl-Crafts conditions prompted cyclisation of 
the acetyl compound (II; R, - H, R, AC, R, OH) with aluminium chloride- 
acetyl chloride which gnve the kctonc in 37 9,; yield. I’o!,*phosphoric acid, could also 
be used as a cyclising agsnt when the reaction tcmpcrature was kept within the range of 
60-80’. No reaction occurred below 6OO”, while above 80” phosphono-2-oxyxanthonc 

(I; R, R, H, R, -- P(O)(OH),) together with some 2-hydroxyxanthonc 
(I; R,-R,- R, H) wcrc the main products. The latter two products wcrc also 
formed when I-acctyl-2-hydroxyxanthonc was hcatcd with po[\*phosphoric acid 
above 80”. thus demonstrating the lability of the I-acctyl-group. By contrast, the 
2-acctyl and the 4-acetyl-I-hydroxyxanthone proved to bc stable to hot po&phos- 
phoric acid.3 De-acylation in sterically hindered aromatic ketones by &phosphoric 
acids’ and other acids” has been reported previously. 

l Part II was pubhshcd in 1. Chhrm. SIX. 1790 (1956). 

’ C’. P. Huttrcr and II. Dale. Chrm. Rrr. 48, 543 (1951). 
’ J. S. H. Dawcc. I;. Schcinmann and H. Suschltzky. J. Chcm. Ser. 2140 (1956). 
’ I.. Schcinmann and H. Suschnrky. Unpubhshcd results. 
’ II. R. Snyder and R. W. Rwskc. /. Amer. Chrm. Ser. 74, 5820 (IYS2). 
’ W. M. Schubert and tl. K. L.a~ourc~tc. 1. Amer. Chrm SW. 74, 1829 (1952). 
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Since cyclisation of the diphenyl ether (II; R, H, R, := AC, R, OH) may 
occur in two directions yielding two isomers (I; R, ..: AC, Rz R, -: H or R, .- 
R, -- H, R, 2 AC), the resulting ketone had to be orientated. It was not possible to 
show the presence of a 1 :Cdiketonc structure by means of hydrazinc or o-phenylene- 
diamine. In an unsuccessful attempt to prepare the I-acetyl-isomer (I; R, - AC, 
R, 2 R, 7. H) unambiguously, I-formyl-2-hydroxyxanthonc (I: R, .- CHO, R, .-. 

R, 2 H) was made to react with diazomcthane yielding the oxide (I; R, -: CH-CH, 
R, = K, 7: H) which, on treatment with 2-N-sulphuric acid gave the furanoxanthone 
(III; R - H). The reaction of diazomethanc with o-hydroxy-aldehydes as a pre- 
parative route to furanocompounds is being investigated by us. Formation of 
furanostructures by hydrolysis of ethylene oxides in the case of a benzene and also a 
phcnanthrcne cthylcne oxide IL’ has been observed previously. In another unsucccss- 
ful synthesis of the I-acetyl compound the acid chloride (I ; R, - COCI, R, - AC. 
R, 7. H), obtained by pcrmanganate oxidation of the aldehyde (I; R, - CHO. 
K, : AC, R, : H) followed by treatment with thionyl chloride, could not bc made 
to react with dimcthyl cadmium or with diazomethanc. 

Structural assignment of the ketone was next attempted by oxidation experiments 
but none of the standard methods applicable to ketones was of any avail. A 
modified hypobromite oxidation described recently for sterically hindered ketones” 
afforded a I-tribromo-acctyl-2-methoxyxanthone (I: R, :- COCBr,, R, = MC, 
R, -- H). Formation of an ~-halo acctophenone type of compound actually supports 
placing the acetylgroup in the l-position, since only methyl arylketoncs with two 
or&+substituents are known to form stable trihalo-acetyl-dcrivativcs in haloform 
rcactions.g Attempts to hydrolyse the tribromocompound proved abortive. When, 
however. a cold solution of the mcthoxykctone (1; R, = AC, R, - MC. R, - H) in 
concentrated sulphuric acid was treated with chromium trioxidc 2-methoxy-xanthonc-I 

carboxylic acid (I ; R, - CO,H. R, MC, R, - - H) identical with the oxidation- 

product of I-formyl-2-methoxyxanthonc (I; R, CHO. Rz - Me, R, - H) was 
obtained. Additional constitutional evidence for the structure of the hydroxy ketone 
also follows from its lack of reactivity towards kctonic reagents. the absence of 
chelation (negative ferric reaction), the case of de-acylation (cf. above) and finally from 
the similarity between the ultra-violet spectrum of its methyl ether and that of 
I-formyl-2-mcthoxyxanthonc (Fig. 1). 

The hydroxykctone proved a useful starting material for the preparation of 
angular furano- and pyrono-xanthones. It condensed readily with ethyl bromoacetatc 
to give the xanthyloxyacetatc (I: R, - AC, R, - CH,CO,Et, R, H) and by 

*J. W. Cook ant1 W. tt. S. ‘Ihomson. 1. C’hrm. Ser. 395 (1945). 
’ V. I. Panxvich-Kolyada and %. B. Idcl’chtk. Lh. ohrhth khim. Z!J. 2215 (1955) 
” 1. I). f:dwnrds. Jr. and J. 1.. C‘ashaw. /. Amrr. (‘hem. Sot. 78. 3821 (19%). 
’ R. C. Fuson and B. A. Rull. Chcm. Ret. 15, 275 (1934). 
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hydrolysis of the latter the corresponding acid (I; R, - AC, K, : CH,COsH, 

R, - H). Cyclisation and dccarboxylation occurred when the latter compound was 
heated uith a mixture of sodium acetate and acetic anhydride yielding 4’-mcthyl- 
furano(3’:2’-1:2)xanthonc (III; R :-‘: MC). Its ultra-violet absorption spectrum 
(Fig. 2) resembles that of the angular furano(3’:2’-1:2)xanthonc (III; R -- H) 
prepared unambiguously lo from I -formyl-2-hydroxyxanthone. This incidentally 

5:,_ ---___ ~_ ., 

1:~;. I. Ultra-wolct absorption spccrra of I-acctyl-2.mcthoxyxamhonc ( ) and of 
I-formyl-2-mcrhoxyxanthone ( ) cn methanol. 

-__ __ _ _-____. _____ 

;I;;:‘;;--\ 
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FIG. 2. Ultra-v~olci absorprlon spectra or I’mcihylfurano (3’:2’ I :2) xanthonc ( - -) 
and of furano(3’:2’-1:2)xanrhonc ( -) m methanol. 

affordsadditional confirmation for the constitution of the hydroxykctone (I; R, AC. 
R, - R, - H). 

Bromination of the ketone in acetic acid gave the c+bromocompound (I; R, -- 
COCH,Br. R, = R, - H) which was readily cyclised with sodium acetate in boiling 
aqueous ethanol to 4’:5’dihydro-4’-oxofurano(3’:2’--1:2)xanthone (IV). 

Two methods for making angular y-pyronoxanthones from the ketone were 
examined. In the first the impure ester (I; R, 7 COCH,COCO,Et. R, - R, -- H) 
obtained by a Claisen condensation with dicthyl oxalate. was ring-closed in ethanol 
with hydrochloric acid to the y-pyronoxanthone (V; R, :- H, R, - CO,Et). In 

“J. S. H. Daws, F. Lamb and H. Suschnzky. /. Chrm. Sot. 1790 (1958). 
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the second, the ;t-py ronoxanthone (V; R, COPh. R, Ph) was prepared by a 
Kostanccki- Robinson reaction from the ketone with benroic anhydride and sodium 
benzoate. 

Comparison between the ultra-violet absorption spectrum of xanthonc and those 
of its extended ring-systems possessirg a conjugated arg*Jlar ring in the 1 :2positions 
reveals an intercstirg feature: the latter compounds show a marked depression in the 
intensity of the principal absorption band without appreciable charge in the location 
of the maximal absorption (see Table I), e.g. xanthone absorbs maximally at 238 rnp, 
F - 44,200, while furano(3’:2’-I :2)xanthone (III: R L H) absorbs maximally at 
233 my, E := 25,800. A similar spectral behaviour is obscrvcd in I-formyl-2-hydroxy- 
xanthonc which, owing to chelation, may be rcglrdcd as equivalent to a xanthonc 
with a fused conjugated angular ring. The intensity depression in the oxofurano- 

xanthone (IV; see Table 1) suggests predominance of the conjugated cnol- over the 

Xanthonc 
Furano(3’:2’-1:2)xanthonc 
4’-Mcthylfurano(3’:2’-I :2)xanthonc 
4’:5’-Dihydro_4’oxofurand3’:2’ I :2)xanthonc 
I-Formyl-2-hydroxyxanthonc 
I-i:ormyl-2-merhoxy~nthone 
l-AmyI-2-hydroxyxanthonc 
I-Acutyl-2-methuxywnrhonc 
6’-Erhoxycarbonyl-%‘-pyroncX3’:2’ I :2+.anthonc 
4’-Pyrono(3’:2’ I :2)xanthonc-6’erboxylic acid. hydrate ’ 
6’-Pyrono(3’:2’. I :2)xanthonc 
S’-Methyl-6’-pyrono(3’:2’- I :2)xanthonc 

23x 44.200 
233 25.800 
235 27.300 
229 2v.m 
241 32.600 
239 41,oaI 
237 35.700 
23x 41,800 
218 26.000 
221 24.600 
245 44.600 
246 42.700 

keto-form. In contrast 6’-pyrono(3’:2’-I :2)xanthonc and its methyl-homologue10 

which have a non-conjugated angular ring and also I-formyl- and -acctyl-2-mcthoxy- 
xanthone in which chelation is prevented, show no significant reduction in the intensity 
of their chief absorption band relative to that of xanthonc. The absence of any 
marked intensity changes in I-acetyl-2-hydroxyxanthonc is probably due to steric 
effects which interfere with effective chelation by dislodging the acctyl-group from the 
plane of the xanthone ring. 

Inspection of molecular models (Courtaulds) reveals that the presence of a conju- 
gated angular ring next to the xanthonc carbonyl group moderately opposes adoption 
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of uniplanarity of the xanthone system, thus causing the molecule to assume a non- 
planar structure. This stcric hindrance of resonance is associated with intensity 

decreases which are more pronounced than the change in the wavelength of maximum 
absorption (cf. Table I). The spectroscopic behaviour of I :2-substituted xanthones 
appears to be analcgous to that of orrho-substituted kctoncs rclatcd to acctophenoncs 
in which similar changes in their electronic spectra on or&o-substitution arc intcr- 
prctcd as moderate spatial intcrfcrcnce Hith a uniplanar arrangcmcnt of the molc- 
c~le.~~~‘* Henzo- and naphtho-cyclenones have reccntlv been found to show on , 
substitution similar charges in their ultra-violet spectra, which is taken as indicative of 
steric interference with n~csomcrism.13*1( 

FXPERIMENTAI. 

I,Ttra-violet absorption spectra were measured in methanol and arc quoted as &,a 

(mp) with F in parentheses. 

fries rearrungemenrs of 2-acc~roxl.xcl?rIhone 

2-Acctoxyxanthonc l5 did not undergo rearrangement in nitrobenzcne with 
aluminium chloride at room tcmpcraturc nor in the absence of a solvent at 100-l IO”, 
nor on treatment in acetic acid with BPS-ether catalyst at 90’ for 2 hr. Starting material 

and 2-hydroxyxanthone were the only products. 

At fcmp fed Friedel-Crafts acet!lalion 

(a) 2-Acetoxy-, 2-hydroxy-, and 2-mcthoxyxanthonc g.tve only starting material 
on acctylation under Fried&Crafts conditions. 

(b) To a solution of 2’carboxy-4-methoxydiphcnyl etherlo (244 g) in synr-tctra- 
chloroethanc (50 ml) was added a suspension of powdered aluminium chloride (3.2 g) 
in the same solvent (70 ml) containing acetyl chloride (0.94 g). The mixture was 
stirred for 4.5 hr at room temperature and then allowed to stand for 3 days. Starting 
material and 2-methoxyxanthonel” (74 y,) only were obtained. 

The parent acidlo (56.2 g) in ethanol (215 ml) was esterificd with dry hydrochloric 
acid gls for I2 hr. The solvent was driven off, and the residue taken up in chloroform 

(I 50 ml) and starting material removed by extraction with sodium hydroxide solution 
(2 N). Evaporation of the organic layer gave the crude ester (84;;) m.p. 3942”. 
On distillation (210”/9 mm) the ester solidified as white crystals, m.p. 43” (b’ound: 
C, 70.2; H, 5.9. C,,H,,OI requires C, 70.6; H, 5.9%). 

3-Acef~,l-4-t!,,dro.~~- _ 2’-ethox,~carhan~l~iiphe~t~l ether 

Powdcrcd aluminium chloride (64 g) carbon disulphide (550 ml), acetyl chloride 
(14.4 ml) and crude ester (25 g) were rcfluxcd with stirring for 3 hr and then left 
standirg overnight. The residual gum, obtained by driving off the solvent, was 
treated with hydrochloric acid (30 ml) and crushed ice, and the resulting reaction 

I’ 1:. A. Hraudc. F. Sondhcimcr and W. I’. IForbes. Norwe. Lo&. 173. 117 (19%). 
‘* <i. I). Ileddcn and W. Ct. Brown. 1. Amer. Chrm. Sot. 75, 3744 (1953). 
la R. Hu~sgcn. I. Ugi. E. Raucnbusch. V. Vorrius and II. Ckncl. Ber. Drsrh. Chrm. &I. 90. I946 (1957). 
” R. Huqcn and U. Rwr. Rrr. Duch. Chcm. &I. 90, 2768 (1957). 

” SI. van Kosrancckt and R Ruc~shouser. Rrr. Drxh. Chrm. Cu. U, 164X (1892). 
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mixture extracted with chloroform (230 ml), leaving an insoluble substance A (I.42 g). 
From the chloroform layer an alkaline extract B was produced with 2 N-sodium- 
hydroxide (3 Y 250 ml). Removal of the chloroform and fractional distillation of 
the residue furnished pure 3-acrr~~l-2’-erho.r)~~arb~n~~l~-h~~~ru.~~~~iiphen~l ether as a 
yellow liquid (14.7 g). b.p. 199-200’,!2 mm (Found: C, 68.3; H. 5.4. C,,H,,O, 
rcquircs C, 68-O; H, 5.4:;). It gave a green-brown cthanolic ferric reaction and a 

red precipitate with Brady’s rcagcnt. 

I -Acer~,l-2-h~(iro,~,.xanrhone 

(a) Acidification of the alkaline extract B (see above) gave a solid which, after 
trituration with sodium hydrogen carbonate. left l-rrcel?l-2-h,~dro.~~~u~thone as palc- 
yellow nccdlcs (0.61 g) (ethanol), m.p. 237”, identical with the insoluble substance A 

(see above) 1,, 237 (35,700), 303 (3600), 366 (6700) (Found: C, 71.0; H. 4.0. 
C,,H,,O, requires C, 70.9; H. 4*0”:,). It had a negative ferric reaction and gave no 

prccipitatc with Brady’s reagent. Its acetvl derivative obtained from acetic anhydride 
and pyridinc or by the boric acid-acetic anhydridc method cry5tallised as white needles 
(ethanol), m.p. 160’ (Found: C. 69.2; H, 4.2. C,,H,,O, requires C, 68.9: H. 4.1 ‘Z/A). 

Its me&?*1 ether prepared with dimethyl sulphatc had m.p. 185” i.,,,, 238 (41,800). 
300 (3600), 363 (6900) (Found: C, 71.5; H, 4.6. C,,HizO, rcquircs C. 71.6; 
H, 4.5:“). 

(b) 3-Acctyl-2’-carboxy-4-hydroxydiphenyl ether (see next experiment) (2.72 g), 
aluminium chloride (6.92 g). and acetyl chloride (I.72 g) in carbon disulphidc (50 ml) 
Here heated under rcflux with agitation for 3 hr and then set aside over-night. After 
dccantation of the solvent the rcsiduc was worked up in the usual way yielding I-acetyl- 

2-hydroxyxanthonc (37”“). 

3-Ac.e1).l-2’-curho.r)‘-4-h~~(fr(~.~~(fiphen~~l ether 

The sodium hydrogen carbonate extract of the previous experiment described 
under (a) gave on acidification a gum (5.2 g) which was separable into two components 
as follows: recrystallisation of the residue (aqueous ethanol) followed by extraction 
with petroleum ether (b.p. 1 OO- 120’) left a 2’-ccJrhox?,~iucer?~l~-h~~ro,~~,f~iphen~l 

ether ( 1.8 %). m.p. 209’ (Found : C, 65.2; H, 4.6. C,,Hr,O, requires C, 65.0; H. 
4.5 7,:). It gave a green cthanolic ferric reaction and an orange prccipitatc with Brady’s 
reagent. From the petroleum ether extract 3-acef~I-2’-curho.~~~-4-h~~Jrox,~~iphen~l 

ether (5.4 0;) was obtained as white crystals, m.p. 172”. identical with the hydrolysis 
product from the ethyl ester described above (Found: C. 66.2; H, 4.5. C,,H,?O, 
requires C, 66-2; H, 4.49,). It gave a positive reaction with Brady’s reagent and a 
dark-green ethanolic ferric reaction. 

Acrion of po!vphosphoric ncid on 3-acet~l-2’-carho.~~~-h~~~r(~x~~iphen~l ether 

(a) Reaction temperature 55”. The cthcr (O-68 g) and po!rphosphoric acid (made 
from l-9 g P,O, and l-6 ml syrupy phosphoric acid) were heated at 55” for 0.5 hr with 
occasional stirring. On diluting the reaction mixture with water (50 ml) only starting 
material was recovered. 

(b) Reaction remperuture below 80’. A reaction mixture similar to that under (a) 

was hcatcd between 60 70” for 0.5 hr,watcr (50 ml)addcd and the precipitate extracted 
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several times with chloroform and sodium hydrogen carbonate. The insoluble 
residue pro\,cd to be I-acetyl-2-hydroxyxanthone (31 y/I). The sodium hydrogen 

carbonate extract yielded starting material. From the chloroform layer a yellow 

substance was obtained on evaporation which was not further investigated. 
(c) Reaction remperarure ahore 80’. A reaction mixture as described under (a) was 

heated for 1 hr between 90 I IO”. Extraction of the insoluble residue, obtained by 
addition of water. with sodium hydrogen carbonate left some 2-hydroxyxanthonc. 
Acidification of the alkaline extract (hydrochloric acid) precipitated phosphono-2- 
o.r,~.ranrhonc~ as small white needles (acetic acid) (l:ound: C. 53.0; H, 3.2; P, 10.5. 
C,,H,O,P requires C. 53.4; H, 3.1; I’, 10.6”,,). Its m.p. remained at 226-227” on 
admixture with a spccimcn prepared unambiguously by heating polyphosphoric acid 
and 2-hydroxyxanthone for I hr at 1 IO”. 

Acrion of polyphosphoric acid on I -ace~?~l-2-h,~dro,~~~xanthone 

A mixture of polyphosphoric acid (from P,O, I.9 g, and syrupy phosphoric acid 
I.6 ml) and the ketone (0.63 g) was heated at 1 IO” for 1 hr. The precipitate obtained 
by pouring the reaction mixture into water yielded 2-hydroxyxanthone and phosphono- 
2-oxyxanthone separable with sodium hydrogen carbonate. 

Reaction of I -forn~~~l-2-h~~dro.r~xanrhone wilh dia:omethane 

To an ice-cold solution of I-formyl-2-hydroxyxanthonc (060 g) in chloroform 
(ethanol free; 70 ml) an ethereal solution of diazomethane (0.11 g in 20 ml ether) was 
added in one portion and set aside for 24 hr in the dark. From the precipitate 
2-lr~~dro.~~-Y-oxo-l-xanrh~~le~h~~/ene oxide (0.1 g) was obtained as white nccdlcs 
(ethanol) m.p. 198-200” (Found: C, 70.5; H, 4.1. C,,H,,OI requires C, 70.9; H, 4.09:). 
A further quantity (0.4 g) of crude oxide resulted from evaporation of the filtrate. The 
substance had a negative ferric chloride reaction. Its acet$ derivative was prepared 
by the acetic anhydride-pyridinc method as white nccdlcs, m.p. 211” (Found: 
C, 68.8: H. 4.1. CI,H,,O, requires C, 68.9; H, 4.1 S;). 

firrano(3’ :2’- 1:2)xanrhone 

A suspension of the above hydroxycthylcnc oxide (0.02 g) in.2 N-sulphuric acid 
(10 ml) was rcfluxcd for 5 min, cooled, and filtered. Removal of starting material from 
the precipitate by extraction with 2 N-sodium hydroxide left furano(3’:2’-I :2)xan- 
thonc (0.01 g) i.,, 233 (25,800), 250 (23.100). 305 (1 l,OOO), 351 (9800), m.p. 144’. 
undcprcsscd on admixture with an authentic samplc.1° 

2- Aceroxy 1 -carhox,vxanrhone 

To a soll;iion of 2-acetoxy-l-formylxanthone*” (I.4 g) in boiling acetone (200 ml) 
finely powdered potassium pcrmanganate (2-5 g) was added over I hr. After addition 
of water (100 ml) sulphur dioxide was passed through the reaction mixture and the 
solvent was driven off. The rcsiduc was collected and taken up in chloroform (50 ml). 
Acidification of a stiium hydrogen carbonate extract gave 2-aceruxpl-carhoxy 
xanthone (41 O,,) as white needles (ethanol). m.p. 172-5” (decomp) (Found: C. 64.7; 
H. 3.3. C,,H,,O, requires C, 64.4; H, 3*4?/,). Hydrolysis (2 N-sodium hydroxide) 
furnished I -carhox~-2-h~r~rox~xanrhone as yellow needles, (benzene) m.p. 185- 186” 
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(dccomp) (Found : C. 65.4; H, 3.2. C,,H,O, rcquircs C, 65.6; H, 3.1 “/,). When 
2-acctoxy-I-carboxyxanthone (0.5 g) was hcatcd with thionyl chloride (I.0 g) in dry 
benzene (40 ml) at reflux temperature for 0.5 hr a crude. unstable acid chloride m.p. 
160-l 65” (dccomp) was obtained. It give 2-ncero.r,*- 1 -etho.r,~~c~rhon~l.~anrirone when 
rcfluxcd in ethanol as white needles. m.p. 190” (Found: C, 66.1: H. 4.3. C,,H,,O, 
rcquircs C, 66.3; H. 4*39,,). An unidentified pale-yellow solid. m.p. 175-190 was 
obtained when the acid chloride was made to react with diazomethanc. From the 
reaction of the acid chloridcwithdimcthylcadmiumonly I-carboxy-2-hydroxyxanthone 
could bc isolated. 

I-Formyl-2-mcthoxyxanthonc was prcparcd from dimcthyl sulphate and I-formyl- 
2-hydroxyxanthonc as white nccdlcs, m.p. 207” (ethanol) (Found: C. 70.9; H, 3.9. 
CISH,,,OJ requires C, 70.8; H, 4-O”:,). The mcthoxy-compound (0.1 g) was oxidiscd 
in rcfluxing acetone (25 ml) with powdered potassium permanglnatc (0.18 g) and 
worked up as dcscribcd for 2-acctoxy-I-carboxyxanthonc. I-~‘urhox~~-2-merhox~- 
xan/honc~ was obtained as w hitc nccdlcs (66 y,,;) m.p. 246’ (dccomp) (Found: C. 66%: 

H. 3.9. C,,H,,O, requires C, 66.7; H, 3.7’;,,). 

(a) Conventional Dakin reactions (in pyridinc or aqueous sodium hydroxide). 

oxidation of the ketone in pyridinc with iodine, or by hypobromitc or treatment of 
I-acctyl-2-mcthoxyxanthone with potassium pcrmangmatc in pyridinc g?vc starting 
material only. In a modified hypobromite oxidation ,# to a suspension of the ketone 

. (0.27 g) in dioxan (8 ml) an ice-cold mixture of potassium hydroxide (0.5 g), water 
(2.5 ml) and bromine (0.5 g) was added dropwisc and stirred at room tcmpcraturc 
for 1 hr. Crystallisation (ethanol) of the rcsultipg white prccipitatc afforded I-/ri- 

hro,,~oncc~t?.l-2-n~etlros,~.mnrhone (74 ::,) as plates, m.p. 204” (Found : C, 38.4; 
H, 1.Y; Br, 47.4. C,,H,O,Br, requires C, 38.0; H. 1.8: Br, 47.5 P,,). Hydrolysis of the 
bromokctonc (aqueous potassium hydroxide. 89/i,) glvc mainly starting material. 

(b) I-Acetyl-2-mcthoxyxanthonc (0.1 g) in concentrated sulphuric acid (3 ml) was 
oxidiscd with chromium trioxidc (0-I g) at 5’ with stirring for I hr. The mixture was 
then diluted with water (50 ml) and the prccipitatccollcctcd. Extraction ofthe residue 
with sodium hydrogen carbonate. followed by acidification of the extract, yicldcd 
I-carboxy-2-mcthoxy.xanthonc. m.p. and mixed m.p. 244-245‘. 

4’ : 5’- Dill~.[iro-4’-oso/urclnl~~ :2’- I :2)xanthone 

To I-acctyl-2-hydroxyxanthonc (0.25 g) in acetic acid (25 ml) kept at 60’ was added 
a solution of bromine (0.16 g) in acetic acid (IO ml) in one portion. When by raising 
the temperature to 75” the reaction mixture had bccomc yellow, it was poured onto ice. 
The crude tribromokctonc (0.27 g) m.p. 147-150”. which scparatcd as a yellow prccipi- 
tatc was collected and dried but couldnot bcpurificd The bromo compound (0.8g) was 
rcfluxcd in ethanol (600 ml) in prcscncc of sodium acetate (0.8 gl for 0.75 hr. After 
treatment with charcoal most of the solvent was removed and 4’:5’-dihydro-4’- 
oxofurano(3’:2’-I :2)xanthonc (0.40 g) was prccipitatcd by addition of water. It 
crystalliscd as nccdlcs (ethanol). m.p. 208”. i.,,, 229 (29,500), 250 (30,900), 300 (3000). 
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358 (9500) (Found: C. 71.2; H, 3.4. C,,H80a requires C, 71.4; H, 3.2%). It gave 
a precipitate with Brady’s reagent. 

4’-,Uerh~lfurancl(3’:2’-1 :2)xanthone 

I-hcctyl-2-hydroxyxanthone (I.02 g), ethyl bromoacctate (1.01 g) and anhydrous 
potassium carbonate (2.76 g) wcrc boiled under rcdux with acetone (30 ml) for 0.5 hr. 
The filtrate from the reaction mixture yielded after removal of the solvsnt a past) 
residue which afforded erlI.+ I -acetvI-9-oxo-2-. rartrlt~lox~acertte (95 “,A) as wllitc 

needles from ethanol, m.p. 151” (Fo.und: C, 67.1; H, 4.6. C,,H,,O, requires C. 
67.0, H, 4*7”,/,). Hydrolysis with 2 &odium hydroxide g?vc the acid m.p. 210’ 
(dccomp) (Found: C, 65.3: H, 3.7) CI,HIZOd rcquircs C, 65.4; H. 3.90,;). The 
acid (0.3 g) and sodium acetate (0.75 g) were boiled under rcflux in acetic anhydride 
with stirrirg for 2 hr. The crude product obtained by the procedure described for the 
parent compoundlo gave 4’-ntc~rlt~l/urano(3’:2’-I :2)sattthone as white needles from 
ethanol. i.,,, 235 (27,300). 318 (9600). 354 (10,600). m.p. 137” (Found: C. 76.8: 
H. 3.9. C,,H,,O, requires C, 76.8; H, 4+0”,,). 

6’-Etho.r?.carhon?.l-4’-p~,r~n(~3’ :2’- I 12)santhone 

I-Acctyl-2-hydroxyxanthone (0.5 g), sodium cthoxidc (0.3 g), diethyl oxalak 
(044 g) and xylcnc (40 ml) wcrc heated and agitated on a steam-bath for 3 hr. F’il- 
tration of the reaction mixture gave a residue which was acidified (dilute hydrochloric 
acid) and then extracted with chloroform (25 ml). The chloroform layer was then 
repcatcdly extracted with aqueous sodium hydrogen carbonate (3 I< 10 ml). Acidi- 
fication of the precipitate formed during this extraction yielded a white substance 
(0.16 gj, m.p. 100 110“. On boiling it with a mixture of ethanol (8 ml) and concen- 
trated hydrochloric acid (0.4 ml) for 10 min a pale-yellow precipitate was produced 
which g?ve 6’-c~thox~~carhon~(-?‘-p~~ron~~S’:2’ I :2)xan/hone from ethanol, m.p. 
252-253 ’ (dccomp) i.,,,, 218 (26,000). 273 (20.500), 346 (6500). 362 (6500) (Found: 
C. 67.8: H, 3.8. CI,H,.JI, requires C, 67.X; H. 3.60:). Hydrolysis of the ester 
(hydrochloric acid and acetic acid) furnished the acirllt~~drare, m.p. 202 203’ (dccomp) 
J .max 22 I (24.600). 275 (20,700). 313 (6500). 345 (6WO). 360 (6200) (Found: C. 
63.0; H, 3.4. C,,l~loO, rcquircs C, 62.5: H. 3.1 :<). 

5’-Rc~n=c~~.l-6’-phen~,l~‘-p~.r[)~~3’ :2’- 1 :2)xanrhone 

I-Acctyl-2-hydroxyxanthone (0.51 g). bcnzoic anhydridc (2.7 g) and sodium 
bcnzoatc (0.58 g) were heated at IEO-190‘ in an air-bath for 6 hr. The reaction product 
was then boiled with 2 N-sodium hydroxide (IO ml) for 0.5 hr and extracted with 
chloroform (I 5 ml). Evaporation of the solvent and repeated crystallisation (ethanol) 
of the resulting residue g?vc 5’-hen:o~*I-6’-phen~i-l’-p~rono(3’:2’-I :2)xanrhone as 
pale-pink needles. m.p. 280” (t:ound: C. 78.3; H. 4.2. C,H,,O, requires C, 78.4; 

H, 3.6 “,,,). 
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