This article was downloaded by: [University of Illinois Chicago]

On: 18 May 2012, At: 00:57

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry

Publication details, including instructions for authors
and subscription information:
http://www.tandfonline.com/loi/lsyc20

Studies on Quinones. Part. 33.1
Synthetic Approach to Podands
Containing Quinone Fragments

Jaime A. Valderrama ? , Hilda Leiva ® & Ricardo Tapia
a

® Facultad de Quimica, Pontificia Universidad
Catolica de Chile. Casilla 306, Santiago-22, Chile E-
mail:

Available online: 04 Dec 2007

To cite this article: Jaime A. Valderrama, Hilda Leiva & Ricardo Tapia (2000): Studies

on Quinones. Part. 33.! Synthetic Approach to Podands Containing Quinone Fragments,
Synthetic Communications: An International Journal for Rapid Communication of
Synthetic Organic Chemistry, 30:4, 737-749

To link to this article: http://dx.doi.org/10.1080/00397910008087376

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397910008087376
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Illinois Chicago] at 00:57 18 May 2012

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Illinois Chicago] at 00:57 18 May 2012

SYNTHETIC COMMUNICATIONS, 30(4), 737-749 (2000)

STUDIES ON QUINONES. PART. 33.1 SYNTHETIC APPROACH TO
PODANDS CONTAINING QUINONE FRAGMENTS

Jaime A. Valderrama,* Hilda Leiva, and Ricardo Tapia
Facultad de Quimica, Pontificia Universidad Catélica de Chile. Casilla 306,
Santiago-22. Chile. E-mail: jvalderr@puc.cl

Abstract: The preparation and oxidative demethylation attempts of podands 3-§, and 9
containing the 2,5-dimethoxyphenyl substituent are described. The reaction of alizarine 13 with
chloroethanol afforded compounds 14 and 1S. The pathway formation of heterocycle 15 from 14
is proposed. The synthesis of podand 16 containing the cytotoxic 1-hydroxy-9,10-anthraquinone
fragment as the terminal groups is reported.

The symmetrical dimerization of a ligand can lead to a very large increase
of its binding affinity for a biological receptor as shown for example by dimers of

daunomycin, 9-aminoacridine and pyridocarbazoles.2 Continuing with our work on
the synthesis of quinones with biological relevance we have initiated studies on the
synthesis of quinone dimers joined by spacers with ability to interact with cations

and small molecules. The podands,3 a sort of acyclic crown ethers which has

received little attention? in the design of new potentially bi-intercalant agents, was
selected as a spacer for our purpose.

There are literature reports on the synthesis of podands linked to quinone
nuclea via the reaction of 2,5-dimethoxybenzyl alcohol derivatives with glycol
ditosylates and sodium hydride, followed by oxidative deprotection with cerium
ammonium nitrate (CAN). Depending upon the structure of the podand precursors
the oxidative demethylation provide macrocycles quinonoid compounds or podands

bearing one or two 1,4-benzoquinone fragments as terminal groups.5:6

*To whom correspondence should be addressed.
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Recently we have reported the synthesis and in vitro antiprotozoan activity
of podands linked to one and two benzo[b]thiophene fragments. These podands
showed potent activities as cell growth inhibitor of the Leishmania.” In this
communication we wish to describe our efforts on the synthesis of podands linked
to a 2,5-dimethoxyphenyl group and the results on their oxidative deprotection. Also
is reported the synthesis of a podand armed with the 1-hydroxy-9,10-
anthraquinone cytotoxic fragment as terminal groups.

The synthesis of podands containing a latent 1,4-benzoquinone nucleus was
firstly attempted by reaction of di-, tri- and tetraethylene glycol ditosylates with 2,5-
dimethoxyphenol. The ditosylates were obtained by reaction of tosyl chloride with
the corresponding glycols in pyridine solution following the reported procedure.8
The preparation of 2,5-dimethoxyphenol 2 was performed by Bayer-Villiger
reaction of 2,5-dimethoxybenzaldehyde 1 with m-CPBA according to the described
method.? The reaction of 2 with the corresponding ditosylates (n = 1, 2, 3) was
carried out in DMF in the presence of potassium carbonate at reflux for 24 hours.
Under these conditions the corresponding podands 3-5 were generated in 89, 83 and
60% yield respectively (Scheme 1).

When the reaction of 2 with the corresponding ditosylates was carried out in
aqueous sodium hydroxide solution for 12 hours at reflux, podands 3-5 were
obtained in 83, 74 and 61% yield respectively.

Me Me Me / E \ / 1 \ Me
CHO OH o "
a,b c
— e
OMe OMe OMe OMe
1 2 3.5

Reagents: a) m-CPBA, CHyCly ; b) NaOH, HyO; ) . t \O/ ],,\0T , DMF, K,CO;
S

Scheme 1
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The synthesis of compound 9 containing a semirigid podand spacer was
also envisaged; the strategy planned to prepare 9 is outlined in Scheme 2.

The reaction of catechol with chloroethanol in the presence of sodium
hydroxide in 2-methoxyethanol gave the monosubstitution product 10 in low yield
(14%). All attempts to induce the formation of compound 7 by increasing the time
reaction, or using chloroethanol as the solvent were unsuccessful. Nevertheless,
when the reaction was carried in aqueous sodium hydroxide under nitrogen
atmosphere, product 7 was isolated in 66% yield (Scheme 3).

Compound 7 was converted to the corresponding ditosylate 8 in 66% yield

by reaction with tosyl chloride in pyridine solution. 10 Subsequent reaction of 8 with
2,5-dimethoxyphenol 2 in DMF provided podand 9 in 61% yield.

In order to release the quinones from the corresponding dimethylethers 3-5
the oxidative deprotection of podand 3 with nitric acid impregnated manganese
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Reagents: a) CICH,CH,0H, NaOH, MeOCH,CH,0H; b) CICH,CH,OH, NaOH, H,0

Scheme 3

dioxide!! in dichloromethane was attempted. Tlc analysis of the reaction mixture
indicated that a complex mixtures of products was generated. From this mixture,
compound 11 was isolated in low yield. Podand 11 was prepared in 64% yield,
however, by nitration of 3 with nitric acid in acetic acid solution. Oxidative
deprotection of 3 with impregnated reagent under ultrasonic irradiation and also
with CAN were unsuccessful.

The oxidative deprotection of podand 9 was examined in two parallel
experiment with both oxidant reagents. The reaction with impregnated reagent
afforded a complex reaction mixture; however, the reaction with CAN afforded the
macrocycle 12 in 24% yield. The structure of compound 12 was established by the
presence of two carbonyl carbons at 8179.2 and 180.4 ppm corresponding to the
quinone nucleus. The presence of the substituted biphenyl system was deduced by

Me /— \/ \ Me o] O
O OMe
0 0]
i eTe
OMe OMe
(¢) OMe

11 12
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the signals of two aromatic protons at 8 6.73 and 6.68 ppm and two vinylic protons
at 5 6.35 and 5.84 ppm.

The above results indicate that the synthesis of podands having 14-
benzoquinone nucleus as terminal groups by oxidative deprotection of podands type
3 is unsuccessful. On the basis of these results we decided to prepare podands
linked to quinones by employing a strategy based on the coupling of functionalized
quinones to the polyoxyethylene spacer.

The occurrence of the 1-hydroxy-anthraquinone system in a variety of

cytotoxic compounds!2 led us to investigate the synthesis of podands containing
this type of quinone substituent. Alizarin 13 was selected as a suitable precursor
because it is easily available and the hydrogen bond interaction of the 1-hydroxy
group would facilitate the selective alkylation of the 2-hydroxy group with glycol
ditosylates. In order to confirm the major reactivity of the 2-hydroxy group to the O-
alkylation we examined the reaction of alizarine 13 with chloroethanol. The reaction
was carried out in DMF-potassium carbonate to afford two products which were
isolated by preparative TLC. The more polar compound was characterized as the
expected anthraquinone 14 (36%) and the less polar compound was identified as the
angular quinone 15 (10%). Chang et al have reported the preparation of the
cytotoxic quinone 15 in 21% yield, by reaction of alizarine 13 with 1,2-

dibromoethane in DMF-potassium carbonate.!3

This result confirm the reluctance of the peri hydroxy group of alizarin 13
to the alkylation reaction with chloroethanol. The formation of angular tetracyclic
quinone 15 was rationalized by considering a tautomeric equilibrium between 14a
and the ana-quinone 14b.

The unstable tautomer 14b can undergo a base-induced cyclization to
produce an hemiketal intermediate which via dehydration affords the angular
tetracyclic quinone 15 (Scheme 4).

We investigate the reaction of alizarine with ethylene glycol ditosylate,
potassium carbonate in DMF. The reaction gave the expected podand 16 in 31%
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yield accompanied by alizarin 13. Attempts to improve the yield of 16 either by
using prolonged reaction times or excess ethylene glycol were unsuccessful.

OH CF\OH

13 14 15

The structure of dimer 16 was confirmed by !H NMR. The appearence of a
singlet at §12.93 ppm corresponding to the chelated protons together with the
signals of the methylene protons of the spacer at 34.09 and 4.36 ppm confirmed that
the two quinone fragments in 16 are linked to the 2-position of the anthraquinone
skeleton.
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In summary, we have prepared a variety of podands bearing aromatic and
quinone substituents as the terminal groups. These results could be extended to the
preparation of podands containing bioactives quinones for biological and host-guest
supramolecular studies.!4 The synthesis of new podands containing carbo- and
heterocyclic cytotoxic fragments are in progress.

Experimental

Melting points were determined on a Kofler hot-stage apparatus and are
uncorrected. FTIR spectra were recorded on a Bruker vector 22-FT
spectrophotometer for KBr disc and the wave numbers are given in cm-!. The 1H-
and 13C-NMR spectra were determined on a Bruker AC-200P spectrometer in
deuteriochloroform. Chemical shifts are reported in & ppm downfield to TMS, and
J-values are given in Hertz. Low resolution mass spectra were obtained on a VG-12-
250 spectrometer at 70 eV. Silica gel Merck 60 (70-230 mesh) and DC-Alufolien
60F254 were normally used for preparative column and analytical TLC,
respectively. Elemental analysis were done at Instituto de Quimica General
(C.S.I.C), Madrid Spain. All reagents were commercial quality. Solvent used in
extraction were distilled prior to use. Silica gel Merck 60 (70-230 mesh) and DC-
Alufolien 60F254 were normally used for preparative column and analytical TLC,
respectively. Preparation of di-, tri- and tetraethyleneglycol ditosylates were
performed according to a reported method.®8 Compound 2 was obtained from
commercially available 2,5-dimethoxybenzaldehyde by using the reported

procedure.?
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Preparation of podands 3-5. Typical Procedure
Method A:

A suspension of diethylene glycol ditosylate (300 mg, 0.725 mmol), 2,5-
dimethoxyphenol 2 (230 mg, 1.52 mmol), potassium carbonate (210 mg) in DMF
(10 mL) was refluxed under nitrogen atmosphere for 24 h. The reaction mixture was
diluted with water and extracted with chloroform (3 x 20 mL). The organic extract
was washed thoroughly with 5% hydrochloric acid and finally with water. The dried
solution was evaporated in vacuo to yield crude 1,5-bis(2,5-dimethoxyphenoxy)-3-
oxapentane 3 (244 mg, 89%). Podand 3 was purified by column chromatography on
silica gel (4:1 petroleum ether-chloroform); white needles mp: 103-105 °C (ethanol);
Anal. Caled. for CpoHO07: C, 63.49; H, 693. Found: C, 63.71; H,
7.10%;Vmax: 1520, 1230, 1040 and 1020: 8y: 3.74 (s, 6H, 2 x OMe), 3.80 (s, 6H, 2 x
OMe), 3.95 (1, 4H, J = 5 Hz, 2- and 4-H), 4.18 (t, 4H, J = 5 Hz, 1- and 5-H), 6.41
(dd, 2H,J = 8.7 and 3.0 Hz, 4’-H), 6.56 ( d, 2H, J = 3 Hz, 6’-H), 6.79 (d, 2H, J =
8.7 Hz, 3°-H); 8¢: 55.6, 56.7, 68.6, 69.8, 102.4, 104.1, 113, 144, 149, 154.2.

1,8-Bis(2,5-dimethoxyphenoxy)-3,6-dioxaoctane 4

Prepared from triethylene glycol ditosylate (300 mg, 0.655 mmol), 2,5-
dimethoxyphenol 2 (200 mg, 1.31 mmol), potassium carbonate (180 mg) in DMF
(10 mL). The crude podand 4 (229 mg, 83%) was purified by column
chromatography on silica gel (chloroform); white plates mp. 110-112 °C (ethanol);
Anal. Calcd. for C22H300g: C, 62.55; H, 7.16. Found: C, 62.81; H, 7.30%; Vmax :
1500, 1230, 1040 and 1020: 8y 3.74 (s, 6H, 2 x OMe), 3.74 ( s, 4H, 4- and 5-H),
3.80(s,6H,2 x OMe ), 3.88 (t,4H, J = 5 Hz, 2- and 7-H), 4.16 (1, 4H, J = 5 Hz, 1-
and 8-H), 6.41 (dd, 2H, J = 8.7 and 3 Hz, 4’-H), 6.55 (d, 2H, J = 3 Hz, 6’-H), 6.78
(d, 2H, J = 8.7 Hz, 3°-H); 8c: 55.7, 56.8, 68.6, 69.7, 70.9, 102.4, 104.2, 113, 144.1,
149.3, 154.3.

1,11-Bis(2,5-dimethoxyphenoxy)-3,6,9-trioxaundecane 5

Prepared from tetracthylene glycol ditosylate (300 mg,0.60 mmol) 2.,5-
dimethoxyphenol 2 (184 mg, 1.20 mmol), potassium carbonate (160 mg) in DMF
(10 mL). The crude podand 5 was isolated as an oil (167 mg, 60%) and an analytical
sample was obtained by column chromatography on silica gel; HRMS Calcd. for
C24H3400: 466.22083. Found: 466.22095; Vmax : 1500, 1220, 1110 : 8y: 3.74 (s,
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6H, 2 x OMe), 3.79 (s, 6H, 2 x OMe), 3.62-3.88 (m, 12H, 2-, 4-, 5-, 7-, 8-,10-H),
4.15(t,4H,J=5Hz, 1- and 11-H), 640 (dd, 2H, J= 8.7 Hz, 4°-H), 6.54 (d, 2H, J =
3 Hz, 6’-H), 6.78 (d, 2H, J = 8.7 Hz, 3’-H); &¢: 55.7, 56.8, 68.5, 69.6, 70.6, 70.8,
102.3, 104, 112.9, 144, 149, 154.

Method B:

A mixture of diethylene glycol ditosylate (300 mg, 0.725 mmol), 2,5-
dimethoxyphenol 2 (230 mg, 1.52 mmol), sodium hydroxide (61 mg, 1.52 mmol) in
water (4 mL) was refluxed under nitrogen atmosphere for 12 h. The reaction mixture
was acidified with dil. hydrochloric acid, extracted with chloroform and the dried
extract was evaporated affording podand 3 in 83 % yield.

Under similar conditions podands 4 and 5§ were prepared in 74 and 61 %
yields respectively.

1-Hydroxy-2-(2-hydroxyethyloxy)benzene 10

A solution of catechol 6 (300 mg, 273 mmol), chloroethanol (436 mg, 5.45
mmol), sodium hydroxide in 2-methoxyethanol (7 mL) was heated to 100-102°C for
2 days. The reaction mixture was diluted with water and extracted with ethyl ether
(3x20 mL). The dried extract was evaporated in vacuo and the residue was purified
by column chromatography (chloroform) to afford 10 (168 mg, 40%) as a white
solid mp 96-99 °C; Anal. Calcd. for CgH003: C, 62.31; H, 6.54. Found: C, 62.46;
H, 6.16%; vmax: 3400-3200, 1490, 1260, 1110 and 1040; dy: 3.99 (t, 2H, J = 4 Hz,
2°-H), 4.14 (1, 2H, J = 4 Hz, 1"-H), 6.90 (m, 4H, 3-, 4-, 5-, and 6-H); 8¢: 61.4, 70.7,

1135, 115.6, 120.2, 122.5, 145.9, 146.5; LRMS, m/z (%): 154 (27.4, M*), 110
(100).

1,2-Bis(2-hydroxyethoxy)benzene 7

A solution of cathecol 6 (600 mg, 5.46 mmol), sodium hydroxide (437 mg,
10.9 mmol ) and water (12 mL) was magnetically stirred under nitrogen atmosphere
for 1h. To this mixture was added chloroethanol (0.98 g, 11.9 mmol) and then
refluxed for 24 h. The resulting mixture was acidified with diluted hydrochloric acid
and extracted with chloroform (3x20 mL). The dried organic extract was evaporated
in vacuo and the residue was purified by column chromatography on silica gel
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(chloroform) to provided pure 7 (713 mg, 66%); mp 82-84 °C (1it.10 93-94°C);
Anal. Caled. for C1gH1404: C, 60.59; H, 7.12. Found: C, 60.24; H, 7.23%; v-
max:3600-3200, 1490, 1260, 1110 and 1060: 8y: 3.35 (br s, 2H, exchangeable with
D20,2x OH),3.93 (¢, 4H, J = 4 Hz , 2-H), 4.13 (t, 4H, J = 4 Hz, 1"-H), 6.98 (s,
4H, 3,4, 5, 6-H); 8C: 61.3,72.2, 116.5, 122.7, 149.3.

1,2-Bis(2-hydroxyethoxy)benzene ditosylate 8

To a stirred solution of 7 (300 mg, 1.52 mmol) in pyridine (1 mL) at 0°C
was added tosyl chloride (696 mg, 3.65 mmol) and the mixture was left with stirring
for 3h at 0°C and then was freezing overnight. The mixture was diluted with ice-
water (10 mL), stirred for 1h and extracted with chloroform (3 x 20 mL). The extract
was washed with 5% hydrochloric acid (5 x 20 mL), water and dried. Evaporation of
the solvent afforded compound 8 as white solid (445 mg, 58%). Compound 8 was
purified by column chromatography on silica gel (chloroform), mp:87-90 °C (lit.10
95.5-97°C) ; Anal. Calcd. for C24H2608S2: C, 56.90; H, 5.17; S, 12.66 Found: C,
56.92; H, 5.18; S, 12.73%; 3y: 2.43 (s, 6H, 2 x Me), 4.16 (1, 4H, 5 Hz, 2'-H), 4.33
(t,4H,J = 5 Hz, 1"-H), 6.86 (m, 4H, 3-, 4-, 5-, 6-H), 7.34 (d, 4H, J = 8 Hz, Ar-H),
7.80 (d, 4H, J = 8 Hz, Ar-H); 8¢: 21.6, 67.4, 68.3, 116.4, 122.7, 128, 130, 133, 145,
148.5.

1,2--Bis [2-(2,5-dimethoxyphenoxy)ethoxylbenzene 9

A mixture of ditosylate 8 (329 mg, 0.65 mmol), 2,5-dimethoxyphenol 2
(200 mg, 1.3 mmol), potassium carbonate (180 mg) in DMF (10 mL) was refluxed
under nitrogen atmosphere for 14 h. The reaction mixture was acidified with dil.
hydrochloric acid and then extracted with chloroform (3x20 mL). The organic
extract was washed thoroughly with 5% hydrochloric acid and with water. The dry
solution was evaporated in vacuo to yield 9 (236 mg, 77%) which was purified by
column chromatography on silica gel (chloroform), mp 121-123 °C; Anal. Calcd. for
C6H300s: C, 66.37; H, 6.43. Found: C, 66.25; H, 6.35%; vmax:1500, 1250, 1220
and 1040: 8y: 3.73 (s, 6H, 2 x OMe), 3.80 (s, 6H, 2 x OMe), 4.38 (m, 8H, 1°- and
2°-H), 6.42 (dd, 2H, /= 8.8 and 3 Hz, 4"-H), 6.61 (d, 3H, J = 3 Hz, 6"-H), 6.80 (d,
2H, J = 8.8 Hz, 3°-H), 6.96 (m, 4H, 3-, 4-, 5-, 6-H); d¢: 55.6, 56.8, 67.7, 68.0 102.6,
104.3, 113.2, 115.6, 122.0, 144.0, 149.0, 149.2, 154.3.
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Reaction of podand 3 with cerium ammoniun nitrate

To a solution of compound 3 ( 100 mg, 0.264 mmol) in acetonitrile ( 6 mL)
was added with stirring a solution of CAN ( 600 mg, 1.09 mmol) in water (6 mL).
The mixture was mantaining with stirring for 30 min at rt and diluted with water.
The mixture was extracted with chloroform (3x10 mL) and the dry organic layer
evaporated under reduced pressure. The residue was cromatographied on preparative
TLC (chloroform) and from the yellow band (Rf = 0.42) 1,8-bis(2,5-dimethoxy-4-
nitrophenoxy)-3,6-dioxaoctane 11 was isolated as yellow solid (4 mg); mp 200-202
°C; HRMS Calcd. for CooH4N201: 468.13801. Found: 468.13864 : vmax: 1520,
1265 and 1025; 8y: 3.86 (s, 6H, 2 Hz, 1- and 5-H), 6.65 (s, 2H, 6’-H), 7.57 (s, 2H,
3’-H). Podand 11 was prepared in 64% yield by nitration of 3 ( 290 mg, 0.794
mmol) with concentrated nitric acid (0.1 mL) in acetic acid solution (1 mL) at 5-12°C
for 1 h.

Reaction of podand 9 with cerium ammoniun nitrate

To a solution of compound 9 ( 100 mg, 0.212 mmol) in acetonitrile ( 5 mL)
was added with stirring a solution of CAN ( mg, mmol) in water (4 mL). The
mixture was mantaining with stirring for 30 min at rt and diluted with water. The
mixture was extracted with chloroform (3x10 mL) and the dry organic layer
evaporated under reduced pressure. The residue was cromatographied on preparative
TLC and from the red-brown band compound 12 was isolated as a brown solid
(16.15 mg, 24%); vmax : 1620, 1600, 1510 and 1210; dy: 3.77 (s, 3H, OMe), 3.84
(s, 3H, OMe), 3.89 (t, 2H, J =4 Hz, CH)), 4.13 (t, 2H, J = 4 Hz, CH)), 4.40 (m, 4H,
2 x CH2), 5.84 (s, 1H, vinylic), 6.35 (s, 1H, vinylic), 6.68 (s, 1H, Ar-H), 6.73 (s, 1H,
Ar-H), 6.98 (m, 4H, Ar-H); 8¢c: 56.6, 56.9, 61.3, 67.9, 68.2, 71.8, 100.2, 102.6,
114.2, 114.9, 115.7, 122.2, 122.3, 129.5, 143.7, 148.9, 1504, 151.8, 168.8, 179.2,
180.4. Compound 12 turned black-green upon exposure to atmosphere for 12-24 h.
As a result of its instability, a satisfactory elemental analysis for this compound
could not be obtained.

Reaction of alizarin 13 and 2-chloroethanol

A solution of 13 (300 mg, 1.25 mmol), potassium carbonate (180 mg) in
DMF (5 mL) was magnetically stirred at rt for 3h under nitrogen atmosphere.
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Chloroethanol (120 mg, 1.49 mmol) was added to the mixture a then refluxed under
nitrogen atmosphere for 48 h. The resulting mixture was acidified with 12N
hydrochloric acid and extracted with chloroform (3 x 20 mL). The organic extract
was washed with 5% hydrochloric acid, water and dried over sodium sulfate. The
solvent was evaporated off to afford a residue (0.143 mg) which was
chromatographied on silica gel. Elution with chioroform gave angular quinone 15
(Rf=0.60 , 34 mg, 10%), m.p: 230-232 °C (lit.!2 233-235 °C ), alizarin 13 (Rf =
0.33, 15 mg) and anthraquinone 14 (Rf = 0.16, 90 mg, 36%), mp 203-205 °C;
HRMS Calcd. for C1gH1205: 284.06847. Found: 284.06870 : vmax: 3576, 3552,
3422, 1666, 1634 1590, 1458, 1267; 8y: 3.92 (quint, 2H, J = 5 and 5 Hz, 2"-H),
4.25 (t, 2H, J = 5 Hz, 1-H), 4.99 (t, 1H, J = 5 Hz, exchangeable with D0, OH),
7.41(d, 1H, J=8.5 Hz, 3-H), 7.82 (d, 1H, J = 8.5 Hz, 3-H), 7.92 (m, 2H, 6- and 7-
H), 8.29 (m, 2H, 5- and 8-H), 12.91 (s, 1H, OH).

Reaction of alizarin 13 with diethylene glycol ditosylate

A suspension of alizarine 13 (200 mg, 0.833 mmol), diethylene glycol
ditosylate, (157 mg, 0.416 mmol) potassium carbonate (120 mg) in DMF (3 mL)
was refluxed for 26 h under nitrogen atmosphere. Work-up afforded a crude that
was cromatographied on silica gel (chloroform) to gave alizarin 13 and 1,5-bis(1-
hydroxy-8,10-dioxo-2-anthroxy)-3-oxapentane 16 ( 71 mg, 31%, Rf = 0.20); mp
238-241 °C; LRMS: 550.2 (M, 17%); Vmax : 3440, 1665, 1636, 1591; 8x: 4.09 (.
4H, J = 4 Hz, 2- and 4-H), 4.36 (t, 4H, J = 4 Hz, 1- and 5-H), 7.19 (d, 2H, J = 8.5
Hz, 3’-H), 7.73 ( m, 6H, 4’-, 6’- and 7°-H), 8.36 (m, 4H, 5’- and 8’-H), 12.91 (s,
2H, OH); 8¢: 69.1, 69.8, 116, 117.5, 120.8, 125.3, 126.8, 127.2, 133.2, 133.7, 133.9,
134.6, 152.9, 153.1, 181.2, 188.9.
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