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Two heteroantl~racyclinones, namely 4-demethoxyxanthodaunomycinone (29) and its epimer 4-demethoxy-7-epixantho- 
daunomycinonc (30),  were synthesized using 2-acetyl-5.8-dimethoxytctralin (12) as starting material. Condensation of 12 with 
2-methoxybenzoic acid followecl by hydrolysis and oxidative cyclization gave xanthones 17 and 18 which were converted to 
19 and 20 for the purpose of separation and structure assignment by dipole moment. Hydrolysis of 19 followed by alkylation 
with chloronlcthyl n~cthyl ether and oxidation with molecular oxygen gave 26 and 27, which on acid hydrolysis gave 
4-demethoxyxanthodaunon~ycinone (29) and 4-demethoxy-7-epixanthodaunon~ycinone (30). Preliminary biological assays 
with MCF-7, a human breast cancer cell line, showed that both 29 and 30 were weakly active while daunomycinonc, the 
aglycone of 2, showed no activity under similar conditions. 

CHIU-MING WONG, WASIMUL HAQUE, HING-YAT LAM, KIRK MARAT, E. BOCK et AI-QIAO MI. Can. J.  Chenl. 61, 1788 
(1983). 

On a synthdtisC deux hdtdroanthraeyelinones: la ddnldthoxy-4 xanthodaumyeinone (29) et son Cpimkre la dCmCthoxy-4 dpi-7 
xanthodaumycinone (30) en partant de I'aedtyl-2 din1Cthoxy-5.8 tCtraline (12). La condensation du composd 12 sur l'aeide 
mdthoxy-2 benzoi'que, suivie d'une hydrolyse et d'une eyclisation oxydante conduit aux xanthones 17 et 18 que I'on transforme 
en composds 19 et 20 pour Ies besoins de stparation et d'identifieation de structure par le moment dipolaire. L'hydrolyse du 
composd 19 suivie de I'alkylation avee I'Cther chloromdthyle mdthyle et de l'oxydation subsCquente du produit obtenu avee 
I'oxygkne molCculaire donne les eo~nposds 26 et 27 qui par hydrolyse aeide donnent accks h la dCn1dthoxy-4 xan- 
thodaunomycinone (29) et h la ddmdthoxy-4 dpi-7 xanthodaunomycinonc (29) et h la ddmdthoxy-4 Cpi-7 xanthodauno~nyeinone 
(30). Un essaie biologique prdlinlinaire avec Ie MCF-7, une des eellules du cancer du sein. montre que les deux conlposds 29 
et 30 sont faiblement aetifs tandis que la daunomycinonc, I'aglycone du composC 2 dans les mErnes conditions n'a aueune 
aetivitd. 

[Traduit par Ie journal] 

Introduction drogen bonding. and inversion at C-7 prevents intercalation 

The rewarding results of clinical application of some anti- 
turnor anthracyclines such as adriamycin (1). daunomycin (2),  
and carminomycin (3) and their simple derivatives are well 
documented ( I ) .  Efforts to improve the potency and efficacy of 
these first generation anthracycline antitumor drugs also met 
with encouraging results. Synthetic analogues such as 4- 
den~ethoxydaunomycin (4),  4-demethoxy-4'-deoxyadria~nycin 
(5). and 4-demethoxy-1 I-deoxydaunomycin (6) are much more 
potent than the first generation natural anthracyclines (2,  3). 
However, both the synthetic and natural products are cardio- 
toxic and prolonged administration invariably leads to con- 
gestive heart failure (3). 

Adriamycin and daunomycin bind strongly to chromoson~al 
DNA (4), inhibiting its template function and mitotic process, 
causing the degeneration and destruction of cells. X-ray crys- 
tallography indicated that daunomycin n~olecules sit in the ma- 
jor groove of the DNA double helix intercalating successive 
base-pairs. The basic nitrogen atom of daunosamine together 
with the chromophore of the aglycone are involved in inter- 
calation (5). The C-9 hydroxy and the acetyl groups are impli- 
cated to help stabilize the intercalation, possibly through hy- 

(6). 
It was proposed that adriamycin stimulated the generation of 

superoxide in the heart cells, which have low superoxide dis- 
mutase activity. Accumulation of the highly toxic superoxide 
and hydrogen peroxide is responsible for the cardiotoxicity (7). 

A reasonable suggestion linking the adriamycin n~olecule 
with the superoxide formation is that the quinone moiety of 
adriamycin may function as an electron acceptor, taking elec- 
trons from a specific site of the NADH dehydrogenase. The 
resulting semiquinone 7 then participates in a nonenzymatic 
redox reaction with molecular oxygen leading to superoxide 
and subsequent hydrogen peroxide formation (8).  In addition, 
i t  is also possible that 7 may become an active precursor of the 
quinone methide (8) which is less likely to form when the 
quinone is strongly hydrogen-bonded with the C-6 phenolic 
function. Quinone methides are powerful alkylating and cyto- 
toxic agents (9). 

It is therefore reasonable to speculate that cardiotoxicity and 
intercalating and alkylating properties are three different char- 
acters of antitumor anthracycline antibiotics. Recently, ad- 
riamycin was found to exert its cytotoxic action by interaction 
with cell membrane (10). The mechanism of interaction is not 
known. Lipid peroxidation triggered by the formation of 7 ,  as 

'Presented at the 63rd CIC Conference, Ottawa, June 1980. suggested by Bachur ( 1  I ) ,  Hochstein (12), and Myres (13), 
'Author to whom all correspondence should be addressed. could be responsible for the membrane damage. In this case, 
'American Leukemia Society Scholar. Department of Medicine, the quinone chromophore becomes responsible for the super- 

University of Manitoba, Winnipeg, Manitoba. oxide formation which in turn becomes responsible for both 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

13
2.

17
4.

25
5.

11
6 

on
 1

1/
09

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



~ ' B C H ~ R ~  
R1 0 OH 0 1 R 1  = OCH.. R' = R' = I<'  = OH 

2 R 1  = OCH,. R' = H. R '  = R '  = OH 

OH ? OMe 

I 

OR 

13 R = CHI 
1 5 R = H  

cytoxicity and cardiotoxicity. Making hcte~.oantliracyclines, 
such as 4-demethoxyxanthoclaunomycin (9) .  4-clcn~ethoxythio- 
xanthodaunomycin (10). and 4-demethoxy-5-sulfoxodauno- 
mycin ( l l ) ,  available could help clarify the origin of cardio- 
toxicity and cytotoxicity of anthracyclincs. 

Results and discussion 
The tetracyclic xanthone skeleton of 9 was constructed using 

the versatile 2-acetyl-5,s-dimethoxy tctralin (12) (14) as start- 
ing compound. Condensation of the tctralin (12) with 
2-methoxybenzoic acid in tritluoroacetic acid solution gave a 
mixture of two isomers 1 3  and 14. The reaction temperature 
was maintained at 20-24°C. Below 15°C. the reaction was 
very slow and at 4OoC, trifluoroacetylation of the tetralin (12) 
was a major reaction. The two isomers were separated by high 
performance liquid chromatography on silica and were charac- 
terized by ir. 'Hmr,  and ms. However, separation at this stage 
for preparative purposes is not practical. The isomeric mixture 
(13 and 14) was hydrolysed by aluminium chloride to the 

26 R' = OH, R 2 =  H 
27 R '  = H, R 2  = OH 

phenols 15 and 16; hydrolys~s by tr~mcthyl chloro51lnne (15)  o r  
potassium cyanide in dimetliylsulfoxide ( 16) gave only a mix- 
turc of partially demcthylatcd products. 

Oxidative cyclization of 15 and 16 by Icad tctracctate gave 
the tctracyclic xantlioncs 17  and 18 in cxccllcnt yiclcl. Large 
scale separation of 17  and 18  was accomplishccl easily by 
column chromatography of their corresponcling dibenzyl ctliers 
19 and 20  on silica, followed by acid hydrolysis. Structure 
assignment to 19 and 20 based on spectroscopic data was in- 
conclusive. However, the first isomer collectcd had a dipole 
moment of 3 . 5  D and was assigned structure 20,  thc calculatecl 
value of which was 3.48 D. The second isomcr collcctccl from 
the column hael a dipole momcnt of 4.1 D and was assigned 
structure 19,  the calculated value of which was 4 .9  D. Dipole 
moments of 19 and 20 were calculated using tlic rcportcd dipole 
moment of xanthone. 3 .14 D (17), and publislicd valucs for 
benzene solution group moments ( 18). 

Oxidation of 1 9  by n~olecular oxygen in the presence of 
potassium tert-butoxide in N,N-dirnethylfor~iia~iiidc solution 
gave a good yield of the dihydroxyxanthonc 21 (19). Attempts 
to form an isopropylidene derivative of,  or to dcbenzylatc 2 1  
invariably led to aromatization of ring D (23). Oxitlation of 
isomer 20  under similar conclitions yielded the mono- 
hydroxylated xanthone (24) or the aromatized product (22) 
depending on the length of the oxidation process. However. 
methoxymethylation of 17  with chloromethyl ~ncthyl  ether un- 
der proper conditions gave an excellent yield of 25 which, 
under similar oxidation conditions, gave 26 as the major prod- 
uct and 27 as the minor product. The cis-geometry of the C-7 
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FIG. I .  (a)-(d) Bruker WH-400 ' ~ m r  spectrum of 26 ant1 the first order analysis of C I S .  C , , .  anti D-ring protons. (a) Complete spcctrurn of 
26 in CDCI3. 

I . . , .  . . I . .  5 . .  , I , . , . ,  , . .  I , . , , , , , ,  , I , , ,  , I , . , .  I . . ,  . . .  , . , I  , . , . , .  , . . I . .  . . , . . .  I . ,  
545 535 52 5 Y 5 50 5 495 485 L75 465 

FIG. I .  (b) Expanded area between 4.65-5.45 ppm corresponding to C7-H,, C7-OH, C15-0CH20-, and CI(,-OCHIO- 

and C-9 hydroxy functions of 26 was established by detailed gen and revealed by the coupling constants. The J7c.St, = 4.5 Hz 
analysis of the high field 'Hmr spectrum and computer sirnu- corresponds to a dihedral angle of 45" and J7c.Xc = 3.1 HZ 
lated 'Hmr spectrum of the D-ring of 26 (Figs. l(a)- l(d) and corresponds to a dihedral angle of 60". The J7c,7011 = 4.6 Hz 
2). corresponds to a dihedral angle of 40°, which agrees well with 

The e7-He appears as doublets of a triplet at 5.343 ppm. Its the H-O-C7-H angle when the hydroxy proton hydrogen- 
quasi-equatorial position is locked by the hydrogen-bond for- bonds the C6 oxygen. The C7-OH appears as a quartet at 
mation between the C7-OH proton and the C6-phenolic oxy- 4.665 ppm due to coupling with C7-H, (J7,,70,, = 4.6 Hz) and 
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FIG. I .  (c) Expandcd arca bctwccn 3.0-3.4 ppni corrcsponding to 
CIo-H.,H,. 

FIG. I .  (d) Expanded arca bctween 2.05-2.35 pprn corrcsponding 
to C8-H.,H,. 

Cx-H, (J7011,X;, = 1.2 HZ). The latter is a four-bond coupling 
which is discernible only if the C7-OH is locked by hydrogen 
bonding as suggested. The C,-H, appears as triplets of a 
doublet at 2.305. Its geminal coupling is Js:,,s, = 14.4 Hz and 
its vicinal coupling is JXs,7c = 4.5 Hz and its four-bond coupling 
is J,,,,,, = 2.1 Hz. The Cx-H,, appears at 2.092 as doublets of 
a quartet due to couplings with C,-H, (Jx,,xc = 14.4 Hz), 
C7-H, (Jx,,,,, = 4.5 Hz), and C7-OH (JXa.7011 = 1.2 HZ). The 
C,"-H, appearing at 3.335 pprn as a quartet couples with 
Clo-H, (Jlo,,,o, = 17.7 Hz) and Cs-H, (Jlo,,,, = 2. 1 Hz). 
The Clo-H,, at 3.04 pprn appearing as a doublet couples to 
Clo-H, only (J lo,,,loc = 17.7 Hz). Figures I and Fig. 2 show 
the 'Hmr spectrum, including the conforn~ation of the D-ring, 
and the computer simulated spectrum of the D-ring of 26, 
respectively. The complete analysis of the 'Hmr spectrum of 27 
is difficult due to the presence of a slow equilibrium between 
27 and 28. The infrared spectrum shows a weak absorption at 
1715 cm-'; two methyl peaks at 2.39 pprn and 1.36 pprn 
integrated for 3 protons correspond to the C13-CH, of 27 and 
28; two peaks at 3.60 pprn and 3.66 pprn integrated for 3 
protons are tentatively assigned to C16-0-CH, and two 
peaks at 3.703 and 3.708 pprn integrated for 3 protons are 
tentatively assigned to CIS-0-CH, of 27 and 28; a quartet at 

I .  
O H  R' 

29 R '  = O H ,  R' = H 
30 R '  = H ,  R' = O H  

5.324 pprn (J15a.15b = 6.1 HZ, A8H,,.14b = 0.152 ppm) and a 
singlet at 5.21 1 ppm, together integrated for 2 protons, are 
assigned to the CIj-HZ of 27 and 28, respectively; a quartet at 
5.159 pprn (J16a.lbb = 6.2 Hz, A811a.llb = 0.034 ppm) and a 
singlet at 5.169 ppm, together integrated for 2 protons, are 
assigned to the CI6-HZ; a doublet at 5.475 pprn (J70H.7t~ = 5.8 
Hz) and a singlet at 4.16 ppm, together integrated for one 
proton, are assigned to the C7-OH of 27 and 28; a broad 
doublet pf a triplet at 5.432 pprn integrated for one proton is 
assigned to the C7-H which is spin-spin coupled to C7-OH 
(J7H,70H = 5.8 Hz), Cx-H, (J7k1,8a = 6.3 Hz), and Cx-H, 
(J7H,8c = 2.0 HZ). The C9-OH appears as two singlets at 3.0 
and 3.10 ppm, integrated for one proton. Similar equilibrium 
also exists in the thioxanthodaunomycinone derivative (31) 
which reacts with excess 2,2-dimethoxypropane in the pres- 
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1792 CAN J CHtM VOL 61. 198.1 

FIG. 2. Computer simulated spectrum of C7-H,, C7-OH, Cn-H~,H,. and CI0-H,,H,. 

ence of anhydrous p-toluenesulfonic acid to give exclusively 
32." 

Hydrolysis of 26 in dilute hydrochloric acid - acetone solu- 
tion gave 29, while 27 under similar conditions gave 30. Both 
26 and 27, upon dissolving in trifluoroacetic acid followed by 
the addition of water, could be converted to a mixture of 29 and 
30. Reaction of 29 or 30 with di~nethoxypropane in the pres- 
ence of p-toluene sulfonic acid gave two isopropylidene deriv- 
atives, 33 and 34, instead of 35. This conclusion was arrived 
at solely on the basis of the coupling constants of the C7-H of 
33 and 34. A Dreiding model of 33 shows that the 
H7-C7-C8-Hue extends a dihedral angle of about 180" and 
H7-C7-C8-HXc extends a dihedral angle of 60°, while 34 
has the two corresponding dihedral angles of 160" and 40". 
Thus, it is possible to come to a conclusion, according to the 
Karplus approximation, that the C7-H spin-spin coupling 
constants of 33 and 34 will not differ greatly. However, in the 
case of 35, the H7-C7-Cx-Hue and H7-C7-Cx-Hxc can 
each extend a dihedral angle of about 60" and the C7-H is 
likely to appear as a triplet (J = 2 Hz approximately) rather 
than as a quartet, in the case of 33 at 4.88 ppm ( J 7 a &  = 11 HZ, 
J7a,nc = 5.5 Hz) and in the case of 34 at 5.26 ppm (J7;,,Xc = 7 
Hz). The isopropylidene methyl groups of 33 seem to be equiv- 
alent and appear as a 6-proton singlet while the isopropylidene 
methyl groups of 34 are nonequivalent. One methyl group 
appears at 1.72 ppm and the other is moved upfield to 1.63 ppm 
due to the shielding effect of the C-ring. 

Preliminary in vitro cytotoxicity assays done in our laborato- 
ry using tumor cells MCF-7, a human breast cancer cell line, 
as indicator showed that both 34-demethoxyxanthodauno- 
mycinone (29) and 4-demethoxy-7-epixanthodaunomycinone 
(30) were weakly cytotoxic. Daunomycinone, the aglycone 
of daunomycin (2), showed no cytotoxicity under similar 
conditions. 

A more detailed study of the biological properties of 

4~npublished work by the authors; see also ref. 19b. 

4-den~ethoxyxanthodaunomycin (9), 4-clen~ethoxythioxantho- 
daunornycin ( lo ) ,  and 4-denietlioxy-5-sulfoxodaunoniycin 
(11) will be reported in later communications. 

Experimental 
All melting points wcrc rccordctl on a Fischcr-Johns apparatus and 

were uncorrcctcd. Nuclear magnetic resonance spcctra wcrc rccordctl 
on a Varian spectrometer A56/60A or a HA 100, Bruker WH-90, or 
Bruker WH-400 spcctromctcr, using tctramctl~ylsilanc as internal 
standard unless otherwise spccificd. Infrared spectra were rccordcd on 
a Pcrkin-Elmcr 710 infracord and tlipolc morncnts wcrc taken o n  a 
DM01 Kahl dipolomctcr. Mass spectra wcrc rccortlcd on a Finnigan 
1015 or a A.E.I. MS-50. Elelncntal analyses wcrc performed by C.  
Dacsslc or Gcllcr Laboratorlcs. 

Prepar.atiarr qf 2 - a c ~ e t y l - 5 . 8 - c I i 1 r 1 e t I ~ o . v y - 7 - ( ~ l ) t c ~ t r c i l i r ~  
(13) c~rrel 2-ercepl-5.~-elirt1et/1o.q\.-6-(2-rr1etho.vy/~er~:o~I)tc~trc~lirr 
(14)  

To a solution of trifluoracctic anhydride (38 mL) and 
2-methoxybenzoic acid (40 g) was addcd 2-acctyl-5,8-dimcthoxy- 
tctralin (12 g) followcd by trifluoracctic acitl (5 mL), kccping the 
temperature of thc solution at 18-20°C. A second portion of tri- 
fluoroacctic acid (10 mL) was addcd after the solution was stirred for 
I h and stirring was continucd for a total of 9 11. Thc trifluoroacetic 
acid was rcmovcd undcr rcduccd prcssurc and thc rcsiduc was dis- 
solved in chloroform (300 mL). Thc chloroform solution, washcd with 
watcr, saturatcd sodium bicarbonate solution (3 X 100 lnL), and dried 
ovcr magnesium sulfatc, was evaporatcd undcr rcduccd prcssurc to 
give a tinted clcar residuc (23 g); ir (em-'): 1710 (COCH3). 1660 
(phenone); ' ~ m r  (6 ) :  7.6-7.35 (In, 2H, aromatic), 7.15-6.83 (m, 
2H, aromatic), 6.90 (s, IH, aromatic), 3.77 (s, 3H. --OCH2), 3.70 
(s, 3H, OCH,), 3.46 (s, 3H, OCH,). 2.22 (s, 3H, COCH,); ms: 368 
(M+), 353, 325. Mol. Wt. (high resolution 111s) calcd. for CLZHZ405: 
368.1624; found: 368.1630. 

2-czcetyl-5,8-dih~clro.~-7-(2-hydro.ryberr:oj~I)tetrc1iir~ (15) nrrd 2- 
acetyl-5,8-di/~ydroUrj~-6-(2-/~~cIro.rj~be~~zoyI)tetrc~lr (16) 

Aluminium chloride (40 g) was addcd to a chloroforni solution (400 
mL) of 13 and 14 (13 g) and stirred mechanically at room tcmpcraturc 
for 25 h. Thc excess of aluminium chloridc was dccomposcd by watcr 
and the chloroform solution washcd with saturatcd oxalic acid solu- 
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tion. watcr. and s;~turated sotliuln bicarbonate solution anti tlrictl ovcr 
magnesium sulfate, thcn cvaporatctl undcr rcduccd prcssurc. The rcs- 
iduc was dissolvctl in mcthylcnc cliloritlc (20 mL) and ctlics (20 1nL) 
from which a ycllow crystalline protluct (3 g) was collcctcd. The 
mother liq~lor Wi1S s~~bjcctcd to column chrornatogl.apliy on silica and 
;In atltlirional amount of ycllow cryst;~llinc product ( I  .5 g) was iso- 
latctl. Isorncr 15 co~~l t l  be isolatetl after tedious rccrystallizatio~is ( 5 x )  
from acetone, mp 224-227°C; iricrn I ) :  3570 (phenol -OH), 
3600-2900 (chclatctl phcnolic H). 1705 (-COCH :). 1620 (plic- 
nonc), 1600, 1580 (aromatic); 'Hmr (6): I I .i (chclatcd OH). 9.60 (br 
s. chclatcd OH), 8.05 (br s. nonchelatcd OH). 7.7-7.3 (m.  2H, 
aromatic). 7.15-7.85 (m, 3H, aromatic), 2.24 (s,  3H, COCHI). ms: 
326 (M*) ,  309, 279, 232. Mol. Wt. (high rcsolution ms) calcd. for 
C1,,H180s: 326.1 153; found: 326.1 154. Atltrl. calcd. for CloHls05 :  C 
69.93. H 5.52; found: C 70.1 I .  H 5.44. Tlic combincd niothcr licp~or 
was cvaporatcd to dryness and somc ol'thc solid rcsiduc was s~~b.jcctcd 
to high prcssurc liquid chromatographic separation 011 a silica colulnn. 
The first isomer (16) collcctcd was rccrystallizcd from acetone, rnp 
208-21 1°C. Spcctroscopic propcrtics arc similar to thosc of 15. Struc- 
turcs wcrc cstablishcd by comparing the oxidative cyclization p r ~ d ~ c t s  
with tliosc obtaincd from the hytlrolysis of 19 and 20 (liclc it!/i.tt). 

7.8,9,10-7'c~tt~tr11j~tlt~o-6. I I - t l ih !~ t l r~o . v~ -9 -c1~~er j~ l . v~ t t~r I1c~ t r - I -o t1e  (1 7) 
0t1d 7,8,9, 10-rc~rt.tt11xtlr.o-6, I I -tlil1~tlt~o.v~-9-t~cet~l.vttt1tl1et1-S-~~t1e 
(18) 

'Thc isomeric mixturc of 15 and 16 (3  g) togcthcr with lead tct- 
racctatc (4.4 g )  in glacial acctic acid (8 luL) was ground in a mortar 
for 20 min at ambient tcmpcraturc. Thc acidic slurry was waslicd into 
a scparatory funnel and cxtlxctcd with cthyl acctatc (4 x 200 mL). 
Thc combined cthyl acctatc solution was stirrccl with sodium thio- 
sulfr~tc solution (lo%, 100 niL) for 2 11 at room tcmpclxturc. washed 
with watcr, and dricd ovcr magnesium sulfate. Evcipot.ation of the 
solvcnt to dryncss gavc a ycllow solitl rcsiduc (2.6 g) whicli was 
purified by rccrystallization from acetone, mp 219-225°C: separation 
could be donc casily via the dibenzyl dcrivativcs 19 and 20. 

Sq)ot.cttiot~ (!/' 1 7  ctttd 18 
Thc isomeric mixturc of 17 and 18 (4 g) ,  bcnzyl bromide (8 mL). 

and pulvcrizcd anhydrous potassium carbonate (20 g) in acctonc (300 
mL) was licatcd undcr rcflux for 14 I1 in a nitrogen atrnosphcrc. The 
acctonc solution was coolcd. filtcrcd, and cvaporatctl to givc an oily 
rcsiduc which was subjected to furtlics evacuation ant1 hcating to 
rcmovc the cxccss bcnzyl bromide and acctonc dimcs. Thc rcsiduc. 
which c o ~ ~ l d  be casily crystallizctl from cthcr on standing, was scpa- 
rated by column chromatography on silica (DSF-256 Mcrck) into its 
components (19 and 20) using tolucnc as clucnt. lso~ncr 20 (2.6 g) was 
rccrystallizcd frorn mcthylcnc chloridc - cthcr, mp 119- 120°C; ir 
(em I ) :  I710 (COCH,). 1660 (phcnone), 1600 (arornatic); 'Hmr (8): 
8.35 (dd. IH. Cl-H, J , ?  = 7 Hz, J l , l  = 2 Hz. aromatic). 7.78-7.33 
(m,  14H, aromatic). 5.17 (s, 2H, C,-0-CH2Ph), 5.09 (q,  2H, 
CIZ-0-CH2Ph. J ,c,.,,, '= 10 HZ, A8 = 0.14 ppni). 2.18 (s, 3H, 
COCH,); ms: 504. 413. 323. Mol. Wr. (high rcsolution ms) calcd. for 
C,,HZxO5: 504.1937: fount1 504.1942: dipolc moment cstimatcd for 
20: 3.5 D; found: 3.48 D. 

Hcating 20 (2.2 g) in an acidic mcthanolic solution (conccntratcd 
hydrochloric acid 25 mL, mcthanol 50 mL) undcr rcflux for 16 I1 gavc 
thc xanthonc 18 (1.4 g) whicli was purifictl by rccrystallization from 
acctonc. mp 239-242°C: ir (cm-'1: 3650 (OH), 3400-2900 (chclatcd 
yhcnolic H). 1705 (COCH;), 1650. 1630 (phcnonc). 1610 (aromatic); 
Hmr (8): 12.10 (s, IH, chclatcd, OH), 8.26 (d,d IH, J,., = 7 Hz, J2.4 
= 1.8 Hz, aromatic), 7.30-7.80 (m, 3H, aromatic), 5.25 (br s,  IH, 
-OH), 2.31 (s,  3H. COCH,); ms: 324 (M'), 309. 281. Mul. Wr. 
(high rcsolution ms) calcd. for C19HI~,05:  324.0998; found: 324.1002. 

Isorncr 19 (2 g) was rccrystallizcd from mcthylcnc chloridc -ether, 
mp 138- 140°C; cstimatcd dipolc moment for 19: 4 .9  D, found: 4.19 
D. Spcctroscopic data arc similar ro thosc of 20 abovc. At~al. calcd. 
for C,,HZx05: C 78.57, H 5.56; found: C 78.47, H 5.65. Dc- 
bcnzylation as in thc case of 20 gavc 17 (1.2 g), which was also 
purificd by rccrystallization from acctonc, rnp 264-267°C; spec- 
troscopic data arc similar to thosc of 18. 

7.8,9, IO-Tet1~tr l1 j t l1~o-9-~t~~c~t j~l-h,  I l - ~ l i ~ ~ ~ e t l ~ o . v ~ ~ ~ t ~ t ~ r I ~ ~ ~ I t ~ ~ ~ o . \ - ~ . v ~ ~ ~ ~ t l i e ~ i -  
1_7-o11tl (25) 

Chlororncthyl rncthyl ethcr (5 mL), freshly prepared by passing 
distilled cliloromcthyl rncthyl cthcr through an alumina column (G-I ,  
neutral). was atltlcd tlropwisc uncles a nitrogen atrnosphcrc to an anhy- 
drous acctonc solution (200 nrL) containing frcslily baked pulvcrizcd 
potassium carbonate (20 g) ant1 17 (1.2 g).  Thc solution was hcatcd 
~~nt lor  ~ C S I L I X  for 4 11, coolcd, filtcl.ccl. and co~~ccntratcd. Mcthylcnc 
chloridc was atlded to the rcsiduc and the solution was filtcrctl to 
rcluovc tile potassium carbonate, cvaporatcd undcr rcduccd pressure, 
ant1 finally subjcctctl to furthcr evacuation and hcating to rcmovc thc 
acctonc dirncr. The clcar rcsiduc (1.48 g) ,  upon addition ot cthcr, 
crystallized ancl was recrystallized from mctliylcnc chloridc - ether, 
mp 152- 154°C; ir (cm ' ) :  1710 (COCH,), I660 (phcnonc), 1605 
(aromatic); ' ~ m r ( 6 ) :  8.27 ((Id, IH, J1 .?  = 8 Hz, J , ,  = 2 Hz. CI-H), 
8.0-7.33 (m.  3H. z~romntic). 5.22 (s. 2H. - O C H 2 - 0 - ) ,  5.20 
(s. 2H. -OCH2-0-). 3.70 (s, 3H. -0CHI). 3.66 (s. 3H, 
OCH;). 2.28 (s. 3H. COCHj): 111s: 412 (Mi ). 381.367, 337. Mol. Wt .  
(high rcsolution ms) calccl. for C2.\HZ1O7: 412.1515; found: 412.1519. 

4-Det11~~rl1o.1-y-I~i~s-O-111etI10.r~tt1etI1~I.rt1t1tI1~~tIc1~tt1ott1yc~it1o11e 126) c1t1d 
4-c/itt1tlo.r-lis-O-tt1etl1o.1tt1etlijl-7-e~~i.r~tt1rl1udt~~it1~~t~i~~cit1u,lc) 
(2 7) 

Potassium te1.t-butoxidc (850 mg) was atldcd to a solution of anhy- 
~ ~ O L I S  dinicthylfornii~midc (150 mL) and ttlrt-butyl alcohol (20 mL). 
The solution was stirrcd with occasional warming until the solid ma- 
tcsial was complctcly dissolved and thcn coolcd in a -25°C cold bath. 
Trimcthyl phosphitc (2.7 mL) was acltlctl. followed by thc xanthonc 
(25) (900 mg). Dry oxygcn was introtluccd into the solution through 
a gas-dispersion tubc. kccping thc cold bath bctwccn -25°C and 
- 15°C for 1.5 11. Cold dilute hydrochloric acid (0.1 M )  was addcd to 
thc solution. with vigorous stirring. until thc pH = 8. 

Watcr (300 mL) was ;~ddcd to thc solution which was cxhaustivcly 
cxtractcd with chlorofor~n (3 x 200 mL). Thc combincd chloroform 
cxtracts. washctl with watcr and tlricd ovcr magncsiurn sulfatc. wcrc 
conccntratcd undcr rcduccd prcssurc to givc a rcsiduc which was 
subjcctcd to furthcr hcating undcr vacuum until i t  was frcc of dimcthyl 
form;lmitlc. Thc semi-solid rcsiduc was subjcctcd to prcparativc thin- 
layer chromatograpliic separation and 26 (420 mg) was isolatcd and 
I-ccrystallizcd from acctonc-cthcr, mp 162- 164°C; ir (cm- I): 3430 
(OH). 17 15 (COCH ,). I660 (phcnonc), 1605 (aromatic): 'Hmr (8): 
8 .236(dd,CI-H,J1.2 = 7.8 H Z , J ~ . ~  = 2.0Hz),  7.70-7.33 (m, 3H, 
aromatic). 5.324 (q .  2H. J ,y,.,,, = 6. I Hz, A8 = 0.148 ppm, 
C I  I--O-CHz-O-). 5.345 (dl, IH. C7-He. J7c .7011  = 4.6 Hc, 
J7v.S;, = 4.5 HZ, J7<.*< = 2. I Hz). 5. 151 (q .  2H. Cf,-OCH20-, J ,y,.,,, 

= 6.7 Hz, A6 = 0.034 ppm), 4.98 (s, 1 H, Cs-OH), 4.665 (q ,  IH, 
C?-OH, J7c . ( ) l l  = 4.6 HZ, J7(.111.s:, = 1.2 HZ). 3.66 (s, 3H, 0CH3), 
3.57 (s. 3H. OCH,) 3.335 ((I. lHl  CIo-He. Jlo.,.l(lc = 17.7 HZ. JIoC.fie 

= 2.1 Hz), 3.04 (d, IH, Cltr-H;,, JIo.,,IoC = 17.7 HZ), 2.38 (s, 3H, 
COCH2), 2.305 (td, IH, C8-H,. J,;,,,, = 14.4 HZ, JsC.7~ = 2.1 HZ, 
J8,,lo, = 2. 1 Hz). 2.092 (dq, IH, Cs-H,,, J,;,.,, = 14.4 Hz, J,;,.,, = 
4.5 Hz, JH.,,7()11 = 1.2 HZ) (Fig. I); ms: 444(Mt) ,  414,426. 382. Mol. 
Wr. (high rcsolution ~ n s )  calcd. for CZ,H2J0,,: 444.1413: found: 
444.141 1. 

'The minor isolncric product (27) ( 140 mg) was isolatcd and purificd 
by rccrystallization from acetone-cthcr. mp. 156- 158°C; is (cm-I): 
3560 (OH), 3470 (OH). 17 15 (COCH:, wcak), 1660 (phcnone), 1605 
(aromatic); 111s: 444 (M'), 414, 382; ' ~ m r :  the prcscncc of a slow 
equilibrium bctwccn 27 and 28 niakcs thc complctc analysis of the 
'Hmr spectrum difficult. Reaction of 26 and 27 with trifluoroacctic 
acid followcd by watcr Icd to thc formation of both 29 and 30 in the 
sanic ratio. 

4-Det~1erl~o.vy.v~lt1tIzodc1~i11o~n~~~itotie 129) ert~tl 4-tlet)1etho.ry-7- 
q~t.mt~rl~oelc~~~t~otny~~it~o~~e 130) 

To a stirrcd solution of acctonc (20 mL) containing 26 (I80 mg) was 
addcd dropwisc conccntratcd hydrochloric acid (112 mL) at room 
tcmpcraturc and thc stirring was continued for 6 h. Thc solution, 
diluted with watcr (50 mL), was extracted with cthyl acetatc (3 X 100 
mL). Thc combincd extracts, washcd with saturated sodium bicar- 
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bonatc solution and dricd over magncsium sulfatc, wcrc cvaporatcd to 
dryness to give thc ycllow crystallinc 4-dcmcthoxyxanthodaunomy- 
cinonc 29 (130 mg) which was purified by rccrystallization from 
acctonc. mp 2 16-21 8°C: ir (cm-I): 3550-2900 (OH), 17 10 
(COCH,), 1660 (wcak), 1635 (strong) (hydrogen-bonded phcnonc), 
1615. 1600 (aromatic); ' ~ m r  (6) (DMSO-tlh): 12.17 (s,  IH, 
hydrogen-bonded C I  I-OH), 9.24 (br s,  I H, C(,-OH), 8.20 (tltl I H. 
CI-H, J1 .?  = 8 Hz, J,, = 1.5 Hz), 8.02-7.41 (111, 3H, aromatic), 
5.97 (s, 1 H. C,-OH), 5.63 (br s. I H, C,-OH), 5.13 (br t ,  I H, 
C7-H, J = 5 Hz), 2.87 (q, 2H, Cl,,-H,,H,. J,,.,,, = 8 Hz, A6 = 0.12 
ppm), 2.26 (s, 3H, COCH,). 2.12 (br d, 2H. CX--H;,H,, J,,.,,, = 5 Hz); 
ms: 356 ( M i ) ,  338, 320, 305, 295. At~trl. calcd. for CloH1(,O7: C 
64.05, H 4.53; found: C 64.09. H 4.5 1 .  

Hydrolysis of 27 to 4-dcn~ethoxy-7-cpixanthodauno~nycinone (30) 
was done similarly; rnp 199-202°C. Mol. W t .  (high resolution ms) 
calcd. for CI9HI,O7: 356.0891: found: 356.0893. 

1.sopro~~ylidene.s 33 ntld 34 
The xanthonc 30 (15 mg) was addcd to an anhydrous bcnzenc 

solution (20 mL) containing tolucncsulfonic acid (10 mg) and freshly 
distilled 2,2-dimethoxypropane (0. I mL). The solution was stirred for 
5 h at room temperature, washed with saturated sodium bicarbonate 
solution, dricd over magncsium sulfatc. and cvaporatcd to dryness 
under reduced pressure. Two crystallinc products 33 (3  mg) and 34 (4 
mg) in addition to two othcr minor compounds wcrc isolated by tlc on 
silica. The isopropylidene (33) was recrystallized from rncthylene 
chloridc and cthcr, mp 204-206°C; ir (cm I): 3550 (C(,--OH). 
3550-2900 (CI  I-OH), 17 10 (COCH,). 1650 (wcak). 1630 (strong) 
(phenone), 1610, 1600 (aromatic); 'Hmr (6): 12.39 (s, IH, 
Cll-OH), 8.28 (dd, IH, Cl-H, J1 .2  = 8 HZ, JI., = 2 HZ), 
7.86-7.30 (m, 3H. aromatic), 5.25 (dd, IH, C7-H, J7e.Hc = l l HZ, 
J7c.8i, = 6 HZ), 4.28 (s, IH, C(,-OH), 3.01 (4. 2H, CI,,-H,H;,, 
J 10,,1o;, = 18 HZ, A6 = 0.55 ppn~) ,  2.26 (s, 3H. COCHI), 2.12 (dq, 
2H, J7,.,, = l l HZ, J,,.,:, = 6 HZ, J,,,, = 18 Hz. A6 = 0.33 ppm), 
1.71 (s, 6H, CHI-C-CHI); ms: 396 (M'), 338, 320, 277. Mol. W t .  
(high resolution ms) calcd. for CzzH2(,07: 396.1203; found: 396.1208. 

The isopropylidene 34 was rccrystallizcd from mcthylcnc chloridc 
- ether, mp 193-195°C; ir (cm-I): 3480 (Co-OH), 3500-2900 
(CI  I-OH), 17 10 (COCH.,), 1650, 1630 (hydrogen-bonded phc- 
none), 1610, 1600 (aromatic); ' ~ m r  (6): 12.42 (s, IH, C I  '-OH), 
8.29 (dd, IH, CI-H, J I .2  = 8 Hz, J , . ,  = 2 HZ), 7.88-7.31 ( n ~ ,  3H, 
aromatic), 4.88 (dd, IH, C7-H, J,,.,, = 10 Hz, J7C.Xi, = 7 HZ), 3.01 
(s, IH, Cq-OH), 2.93 (q, 2H, Clo-H,H,. Jl,l.r.l(lc = 16 HZ. A8 = 

0.50 ppm), 2.41 (s, 3H, COCH,), 2.27 (dq. 2H, C,--H;,H,, J,,.,;, = 
7 Hz, J7,,,, = 10 Hz..J,,,,, = 15 Hz, A6 = 1.0 ppm). 1.70 (s. 3H, 
C-CH,), 1.61 (s, 3H, C-CHI); ms: 396 (M'), 338, 320, 295,277. 
Mol. W t .  (high resolution ms) calcd. for C22HZL,07: 396.1203: found, 
396.1206. 
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