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Abbreviations
TLC
NMR
LC-MS
THF
Mp
DMSO
Cys155
Cysteine
155
Tyr-pair

Thin Layer Chromatography
Nuclear Magnetic Resonance
Liquid Chromatography-Mass Spectrometry
Tetrahydrofuran
Melting point
Dimethylsulfoxide
amino acid
The position in the active site where the amino acid is anchored.
Tyrosine pair
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Abstract
This undergraduate thesis is concerned with the design and development of synthetic
methodologies of new cofactors mimicking the Tyr-pair of epoxide hydrolase.
These cofactors could then mimick the function of the Tyr-pair in a mutant enzyme to
investigate the catalytic properties and substrate specificity of the native enzyme. Several
potential target compounds and methods for preparation of these from xanthene and its
derivatives have been investigated.
Ortholithiation/hydroxylation was suggested for introduction of hydroxyl groups on
xanthene aromatic ring system. To test the method, anisole 4 was chosen to start with.
Ortholithiation of anisole followed by boronation and in the end an oxidation reaction
gave 2-hydroxyanisole in 50% yield. This method was thereby confirmed.
Compound 1, 9-iodo-xanthene-4,5-diol has an iodine in the benzylic position. This
electrophilic position could react with sulphur from Cys155 residue in the active site of the
mutant enzyme.
Synthetic studies towards 1 has been carried out. When heating 9-hydroxyxanthene 6
with KI in the presence of RSO3H, the desired 9-iodoxanthene 7 formed together with
xanthene 8 and xanthone 9 as determined by 1H NMR and LC-MS spectroscopy on the
reaction mixture. Pure 7 could not be obtained by column chromatography on silica.
Ortholithiation/hydroxylation was tried on xanthene 8 and xanthone 9 to obtain
compound 2 1,9-dihydroxyxanthene and compound 3 1,9-dihydroxyxanthone.
A general observation is that the xanthene system is quite unreactive of most conditions
tried.
An alternative target structure 9,10-dihydroanthracene-1,8,10-triol, 21 with a completely
different reaction path was suggested (scheme 9). The first step was carried out with
success.
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1. INTRODUCTION
Development of optically pure drugs are one the major afford for the pharmaceutical
industry, that is because drugs that has the incorrect stereochemistry may cause severe
side effects. Stereospecific synthesis of a certain compound is not always an easy task for
organic chemists. Compounds containing chiral atomic centres are often disregarded
simply to avoid separation and purification of racemic mixtures.
Enzymes specificity that can be used for synthesis of optically pure compounds. [1]
Epoxide hydrolases catalyze hydrolysis of epoxides to form the corresponding vicinal
diol (figure 1). These enzymes are found in various species such as plants, bacteria ,
insects, fungi, yeasts and mammals. These enzymes have a rather strict substrate
specificity and are therefore not useful tools for organic synthesis. The demand for
conversion of other desired substrates results in efforts to generate new tailor made
biocatalysts.
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Figure 1. The catalytic cycle of the StEH1.

1.1 The catalytic mechanism and substrate specificity of the epoxide hydrolase
The plant epoxide hydrolase StEH1, from potato is functionally and structurally quite
similar with mammalian and bactrial isoenzymes, but it is of special interest because of
its potential use as stereo-selective biocatalyst of organic reactions. [2]
The active site of the StEH1enzyme (figure 2) contains a aspatric acid, Asp105 with a
nucleophilic carboxylate group and two tyrosin residues Tyr154/Tyr235 with phenols.
The two phenolic groups form hydrogen bonds to the negative charged oxygen of the
epoxide molecule and facilate epoxide ring opening.
The suggested hydrolysis mechanism involves a nucleophilic attack from Asp
carboxylate group on the electrophilic carbon of bound substrate (epoxide) to form a
covalent bond an alkylenzyme intermediate (figure 3). A water molecule acts as a
nucleophile and attacks the alkylenzyme to produce the diol.
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Figure 2. The active site of the native enzyme, StEH1. Picture from Widersten et al1
(with permission)
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Figure 3. A key step in the hydrolysis mechanism of epoxides as catalyzed by StEH1.
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After determination of the first three-dimentional structure of an epoxide hydrolase the
role of the Tyr pair as acid in the hydrolysis mechanism was suggested. These tyrosyls
have been observed in all characterized epoxide hydrolases. This observation indicates on
the functional importance of the tyrosyl pair but it is not clear whether both are required
for catalysis or if there are other structural reasons for their presence. The suggested
mechanism of epoxide ring opening require a certain distance between the two phenol
groups. [2] It seems that a demand for similar chemical properties may have driven the
structural evolution of epoxide hydrolases, which all contain a tyrosyl pair in their active
site. To further investigate the role of the tyrosyls and their structural significance, a
replacement of the Tyr pair with an auxillary organic compound is attractive.

1.2 Biphenols
Introduction of auxiliary groups in enzymes is still a relatively unexplored field compare
to non-proteinaceous compounds such as vitamins and transition metal ions aiding
catalysis of difficult chemical reactions.
The different residues in the active site of epoxide hydrolase give rise to different
chemical functionalities. The Tyr pair may act as a Lewis acid catalyst, the Asp
carboxylate nucleophile and the His 300 imidazole base. In theory any of these native
catalytic components could be replaced by compounds giving similar functionality but
contributing new properties.
A well studied organic Lewis acid, 1,8-biphenylenediol (figure 4a) was recently pointed
out to structurally and functionally resemble the Tyr154/Tyr235 pair of StEH11. This
compound is also an efficient Lewis acid catalyst of epoxide ring opening reactions.[1]

OH

OH
Figure 4a. 1,8-biphenylenediol

Figure 4b. The tyrosyl pair of StEH1
resembles 1,8-biphenylenediol. Picture
from Widersten et al1 (with permission).
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Introduction of synthetic cofactors opens possibilities for analysis of the influence of
shape, size and charge properties on substrate specificity and reaction rate by altering the
structure of model organic compounds. The acidity of the phenolic groups could also be
manipulated by flourination of the aromatic rings.
For the current investigation a mutant of StEH1, Y154A/Y235A, (figure 5) has been
constructed, purified and is ready for characterization and possible functional
complementation by organic cofactors. [1]

Figure 5. The active site of mutant epoxide hydrolase. Picture from Widersten et al1
(with permission).

1.3 The aim of this project
The specificity of epoxide hydrolase is limited to hydrolysis of epoxides to produce diols.
The aim of this project was to construct organic model molecules that could be
introduced in the active site of the mutant epoxide hydrolase and possibly function as the
tyrosyl pair.
The concept also gives the opportunity to generate enzymes with new catalytic
properties. Manipulation of catalytic parts of enzymes could broaden the substrate range
and make it possible to form new products.
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2. RESULTS AND DISCUSSION:
2.1 Design of target compounds
2.1.1 General structure of target compounds
The distance between the two phenolic groups is important for the catalytic mechanism
of epoxide hydrolysis. The distance has to be close enough for hydrogen bonding to a
substrate. The molecule also has to fit in the active site of the enzyme, if the phenol
groups are to close or to far away from each other the flexibility and movement of the
biphenol would be affected. [1]
Biphenols with features and functions mimicking the Tyr pair that might be introduced
and covalently anchored into the active site of a tyrosine deficient enzyme would be
particularly interesting.
The active site of the enzyme contains a cysteine residue, Cys155. A nucleophilic attack
from the thiol unit could occur if there was an electrophilic position on the target
molecule. The suggested lead compound,1,8-biphenylenediol has the correct distance
between the hydroxyl groups and is rigid in structure but it cannot be covalently linked in
the desired manner to the mutant enzyme. An electrophilic position could be a methylene,
carbonyl or a good leaving group positioned on a carbon atom. By SN1 or SN2 reactions a
covalent bond could be formed between the thiol and the organic model molecule.
The middle ring could be expanded to increase the flexibility of the molecule, that could
affect enzyme efficiency and substrate specificity, either positively or negatively.
The X substituent could be an oxygen, sulfur or a methylene group. The designed general
target of this project is shown in Figure 6.

OH

OH

OH

OH
X
Y

X = O/ S/ CH2
Y=Electrophilic position
Figure 6. Lead structure (left) and general structure (right) of designed model
compounds.
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There are two major tasks in this project that concerns all of our target structures. The
two hydroxyl groups with a certain distance between them (figure 8) are necessary for the
catalytic work of the enzyme. Introduction of hydroxyl groups at ortho position on the
aromatic ring is one the main tasks. To place the hydroxyl groups at ortho position we
would of course need an ortho- directing group, like oxygen.
The other task is making the benzylic position electrophilic, a feature common in all
structures. An electrophilic benzylic position facilitates formation of a covalent link to an
appropriate functional group in the active site of epoxide hydrolase.
Three different biphenols (figure 7) which all contain a xanthene skeleton were chosen as
targets for the present project. These were considered to fulfill the basic criterias for
insertion into the active site of the mutant epoxide hydrolase enzyme.
Three compounds, shown in Figure 7 were chosen as targets. The 9-iodo-xanthene-4,5diol, (1) could react with the Cys155 by nucleophilic substitution, 1,9-dihydroxyxanthone
(3) by thiohemiacetal formation, it could also be transferred to 1.
Compound 2, 1,9-dihydroxyxanthene has no ability to bind, it was suggested as a more
flexible molecule with free motion to see how this could affect epoxide catalysis.
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OH

OH
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OH

OH
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OH

OH
O
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2
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Figure 7. Xanthene and suggested target structures: 9-iodo-xanthene-4,5-diol (1), 1,9dihydroxyxanthene (2), 1,9-dihydroxyxanthone (3).
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Figure 8. The O-O distance between the Tyr-pair of StEH1 is measured to be 4.6Å
according to X-ray crystallography, that feature is common in all our target structures.

2.2 Ortholithiation
After some reaserch and with consideration to the structure of our target molecules
ortholithation was found to be a good way to make organometallics by deprotonating the
aromatic ring. [3] Such reactions has been reported for xanthene derivatives ref .The
organolithium formed could then change place with a hydroxyl
Li
group. Ortholithiation is a well established methodology to
Bu
introduce substituents in ortho positions to an existing functional
OMe
OMe
group on aromatic rings. The functional group must contain
oxygen or sometimes nitrogen to have the ability to interact
H
Li
BuH
with the lithiation reagents. The Li forms then a complex with
oxygen of the functional group, thereby it is only the protons
ortho to the functional group that can be removed (figure 9).
A typical lithiation reagents is butyllithium which deprotonates
Figure 9. Ortholithiation of
an sp2 hybridized carbon atom to give an aryllithium.
anisole
2.2.1 Ortholithiation/hydroxylation
To test the suggested method, anisole 4 was chosen to start with. The step-by-step
transformation of anisole into 2-methoxyphenol (5) is described in scheme 1.
Ortholithiation of anisole followed by boronation and in the end an oxidation reaction
gave 2-hydroxyanisole in 50% yield.

OMe

OMe

OMe

B(OH)2

Li

a

OMe

b

OH

c

4
5
Scheme 1. Conversion of 4 into 2-hydroxyanisole 5. Reaction conditions: (a) TMEDA,
BuLi, -78°C (b) B(OiPr)3, HCl/H2O, 10% (c) NaOH/H2O2.
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2.2.2 Ortholitiation/oxidation
Another method outlined in scheme 2 to introduce hydroxyl groups on aromatic rings
was also tested. The synthesis involves ortholithiation, performed as previously with
oxidation as the second step, carried out by passing oxygen gas through the reaction flask
for 1hour. Some kind of polymer was observed on NMR spectra. This method was not
further investigated.

OMe

OMe

OMe

OH

Li
b

a

4

5

Scheme 2. Attempted hydroxylation of anisole. Reaction conditions: (a) TMEDA, BuLi,
-78°C (b) O2, 1h, -78°C.
Ortholithiation/hydroxylation has shown to be a fast and efficient method to introduce
hydroxyl groups on aromatic rings. We will thereby applicate this method to obtain the
suggested target compounds.
2.3 Towards 9-iodo-xanthene-4,5-diol, (1)
2.3.1 outline of synthesis
The successful ortholithiation of anisole made us plan a synthetic route towards 1,
described in scheme 3. Compound 6, 9-hydroxyxanthene could be converted into 9iodoxanthene 7 by substitution reaction. The orhto-positions on the aromatic rings of 7
could be lithiated by treatment with BuLi, the Li is then substituted with a hydroxyl
group by further treatment with triisppropylborate and NaOH/H2O. [3]
OH

OH
O

KI, RSO3H

O

Heat

O

2.Oxidation
I

OH

6

1.Ortolithiation

7

I

1

Scheme 3. Possible synthetic route for 9-iodo-xanthene-4,5-diol
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2.3.2 Microwave assisted synthesis
A noticeable increase in demand for more reproducible preparation methods is observed
in the last 10 years. Milder reaction conditions, lower energy usage and reaction rate
acceleration is always worth striving for. This has resulted in development of a rather
new technique, microwave assisted synthesis. Conventional heating usually involves the
use of a heating jackets or oil bath, which heats the walls of the vessel first. The core of
the sample takes much longer to achieve the set temperature.
Microwave irradiation transfers energy to a sample by dipolar polarization. An oscillating
electric field causes collisions and molecular friction when the dipoles of a sample try to
align themselves with the alternating field. This gives rise to intense internal heating.[4]

2.3.3 Results
Commercially available 9-hydroxyxanthene 6, KI and p-tolSO3H was heated by
microwaves under solvent free conditions. [5] A mixture of products was obtained, Figure
10. 1H NMR analysis indicated that the expected compound 7 was present. Column
chromatography on silica was used to separate the components of the crude mixture. The
fractions collected were analyzed but unfortunately the product was decomposed on the
column. The proton next to the iodine was no longer visible on NMR spectra. Another
attempt to synthesize 9-iodoxanthene without any purification procedure was carried out,
the crude product was analyzed by NMR and LC-MS confirmed the formation of the
desired product 7. Two other compounds, xanthene 8 and xanthone 9 were identified.

O

O

I

7

O

O

8

9

Figure 10. Identified products from reaction of 6.
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This reaction was repeated several times with modifications of the practical procedure.
Tables 1 and 2 below show the results of microwave-assisted transformation of 6
performed at different temperatures with variation of reaction times.
Temperature 100°C
Time(min)
9-Iodoxanthene 7 Xanthene 8
Xanthone 9
0.5
2.34 (46%)
0.7 (14%)
2 (40%)
1
0.87 (21%)
1.3 (31%)
2 (48%)
2
0.93 (32%)
n.d
2 (68%)
3
1.13 (25%)
1.4 (31%)
2 (44%)
Table1. Integral relationship of identified products100° C.
Temperature 150°C
Time (min)
9-Iodoxanthene 7
Xanthene 8
Xanthone 9
0.5
0.79 (21%)
0.92 (25%)
2 (54%)
1
0.91 (26%)
0.59 (7%)
2 (57%)
2
0.80 (21%)
1.04 (27%)
2 (52%)
3
0.72 (20%)
0.95 (6%)
2 (55%)
Table2. Integral relationship of identified products, temperature150°C.
The sample heated for a half minute in 100 degrees gave the most yield of 7 but there is
no pattern in reactivity due to time and temperature. None of this reaction gave
satisfactory results. During the course of reaction substantial amount of iodine was
observed indicating further as yet unexplained reactions.

2.4 Attempted hydroxylation of 1,9-hydroxyxanthene, (2)
In order to see if hydroxylation[3] would work as described for the xanthene system, the
reaction conditions that were successful for anisole was tried on 8, (scheme 4).

OH

OH
O
i

8

O

2

Scheme 4. Attempted preparation of 2. Reaction conditions: (a) TMEDA, BuLi, -78°C
(b) B(OiPr)3, HCl/H2O, 10% (c) NaOH/H2O2.
A test reaction to determine which step in the sequence of reactions that failed was
carried out. Xanthene was treated with BuLi, and the deeply red reaction mixture was
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quenched with D2O. Successful ortholithiation would be seen as a lack protons in the 1H
NMR spectrum (figure 11). This was not the case, in fact no particular position was more
deuterated than another (figure 11). This method for hydroxylation will thus not work for
xanthene with benzylic hydrogens. This indicates that the benzylic protons are more
acidic than the aromatic protons ortho to the bridging oxygen.
Benzylic proton are then first to be deprotonated, giving a negative ion which can not
react at the aromatic rings because of the delocalized negative charge (figure12). The
aromatic rings are then deactivated for deprotonation.

D

D
O

O

D

Figure 11. Expected product from successful ortolithiation (left), formed product (right).

- Li+

O

Figure 12. Delocalization of the negative charge over the aromatic rings.
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2.5 Towards 1.9-Dihydroxyxanthone, (3)
2.5.1 Outline of synthesis
A synthetic route to 3 is described in scheme 5. The ortholithiation necessary for
hydroxylationrequire BuLi which would prefer direct addition at the carbonyl, the
carbonyl group had to be protected. Protection of ketones is usually done by
transformation into a cyclic acetal.
OH

OH
O

O
Protection
O

O
9

O

O

O

OH

OH
Deprotection

O

Hydroxylation

O

O
3

Scheme 5. Synthetic route to 3.

2.5.2 Carbonyl protection by dioxolane formation
Acetals are formed from aldehydes or ketones plus alcohol in presence of acid. When the
diol is ethylene glycol, the resulted five membered cyclic acetal is known as a dioxolane.
Cyclic acetals are more resistant to hydrolysis than acyclic ones and are easier to make,
they form quite readily even from ketones. Water forms in the reaction and needs to be
removed, to help the reaction to go to completion. This can be done by distillation if the
aldehyde or ketone is not too volatile. This is possible because ethylene glycol have a
boiling point above that of water (the boiling point of ethylene glycol is 197°C). One
very useful piece of equipment for removing water from reaction mixtures containing
only reagents that boil at higher temperatures than water is called a Dean Stark trap
(figure 13).
The reaction is carried out in a refluxing solvent, (often toluene or benzene) that forms an
azeotrope with water. When the mixture is heated the toluene/water is vaporized, then
condensed and collected in the trap. When condensed the azeotrope is collected in the
trap. The mixture toluene/water separate out into two layers with the water below. By
using a Dean Stark apparatus the toluene layer can be returned to the reaction mixture
while the water is removed. The reaction progress can be monitored by recording the
volume of water collected or by waiting until the milky heterogeneous azeotrope is no
longer produced.
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Figure 13.
Heating of xanthone 9 with ethylene glycol and an acid catalyst in toluene did not give
any dioxolane, instead 9 was recovered. This was surprising since this method is the most
common way to protect carbonyls.[6] This outcome made us search for further examples
and we found that benzophenone which is quite similar to xanthone in structure does not
react either under these conditions. [7] We also found one method which reported
excellent result for acetalisation of benzophenone[8], with a polyaniline-sulfate salt as an
acid catalyst.
The reported procedure was attempted as described in scheme 6, surprisingly and
unfortunately the starting material was recovered. This reaction was also tried with
xanthone with corresponding less encouraging results.

NH
(H2SO4)x

n

Polyaniline-sulfate
O

O

O

a

11
Scheme 6. The synthetic route to protect benzophenone. Reaction conditions: (a) 1.2
ethanediol, polyaniline-sulfate, dry toluene.
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2.5.3 Attempted hydroxylation on unprotected xanthone
An attempt to hydroxylate xanthone 9 without protecting the carbonyl was made as
described in scheme 7. The practical procedure applied was the same as for synthesis of
hydroxyanisole, see scheme 1. This reaction resulted in formation of the expected
compound 12 , 9-butylidene-9H-xanthene in 99% yield.

OH

OH
O
i

O
9

O

O
3
O

Isolated

12

Scheme 7. Attempt to hydroxylate 9. Formed product 9-butylidene-9H-xanthene 12.
Reaction conditions: (a) TMEDA, BuLi, -78°C (b) B(OiPr)3, HCl/H2O, 10% (c)
NaOH/H2O2.
Product 12 originates from the predicted direct addition of BuLi to the carbonyl carbon as
described in Figure 14. Since this reaction consumes 1eq of BuLi, a larger excess might
result in the desired o-lithiation.
Reactions with 9 and 12 using excess BuLi were carried out, however the desired
products could not be detected by NMR.
Xanthone is apparently very unreactive at the aromatic rings in line with the previous
observations for xanthene.
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Figure 14. Mechanism for formation of 12.

2.6 Studies towards 9,9-dimethyl-9H-xanthene-4,5-diol, 15
At this point several variations and modifications to the experimental procedure of
ortholithiation/oxidation had been investigated. We now turned back to the original
reference of successful dihydroxylation on a xanthene derivative to find an explanation
for the outcome of concerning experiments. It soon come to our realization that the
starting material used in the reference, 2,7,9,9-tetramethyl-9H-xanthene-4,4-diol, 13 is
blocked at the benzylic as well as the meta positions.
To test the reliability of the reference, xanthene derivatives 14 (the most commercial
material found) was subjected to the o-lithiation-boronation-oxidation sequetnce (scheme
8).

OH

OH
O

O

i
R

R

13 (R= CH3)
14 (R = H)

R

R

9,9-dimethyl-9H-xanthene-4,5-diol 15,
not formed

Scheme 8. Literature process starting material 13 and attempted dihydroxylation of
benzylic blocked xanthene 14. One pot reaction sequence: (a) TMEDA, BuLi, -78°C (b)
B(OiPr)3, HCl/H2O, 10% (c) NaOH/H2O2.
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The result was however not satisfying as no reaction occurred at all.
This reaction was also repeated using larger excess of BuLi but the result was not
different.

2.7 Towards an alternative target molecule, 9,10-dihydroanthracene-1,8,10-triol (21)
Since o-hydroxylation of xanthene apparently is not a feasible route, an alternative
approach was designed, starting from 1,8-dihydroxy-9,10-anthraquinone 16 (scheme 9).
Methylation of 1,8-dihydroxy-9,10-anthraquinone is carried out by pyrolysis of 16 mixed
with p-TsOCH3. [9] The reduction of 1,8-dimethoxyanthracenedione 17 with zinc dust and
aqueous ammonia could give 1,8-dimethoxyanthracene 18. Furthermore the reduction of
18 with SnCl2 in HCl and acetic acid could lead to 1,8-dihydroxy-9(10H)-anthracenone
19.

OH

O

OMe

OMe

OMe O

OH

OMe

b

a

O
18

O

O
16

17

c

OH

OAc

OAc

OH

OH

OH

d

e
OH

OAc

O

21

20

19

Scheme 9. Suggested synthetic route towards 21. Reaction conditions: (a) p-TsOMe,
Na2CO3, heat (b) Zn, NH3 (C) SnCl2, HCl, HOAc (d) Ac2O, pyridine (e) NaOH/H2O
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2.8.1 Results
The first step of the sequence has been attempted. Pyrolysis of a mixture of 16, pTsOMe
and NaCO3 in a test tube gave a mixture of products, as seen by TLC analysis. NMR
analysis confirmed the formation of the desired compound 17 and the biproduct 1hydroxy-8-methoxy anthraquinone, 22 (figure 15). Column chromatography was
attempted, but due to time limitation a suitable eluent system was not found.

OMe O

OMe O

OMe

OH

+
O

O

17

22

Figure 15. Identified products in mixture from pyrolysis of 16 in the presence of
pTsOMe. Compound 17 was formed in 26% crude yield and 22 was formed in 42% crude
yield.
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3. CONCLUSION
•

Several biphenols mimicking the tyrosin pair of StEH1were proposed and
synthetic routes were suggested.

•

Reaction conditions were tried for the preparation of 9-iodoxanthene using
microwave assisted synthesis. In addition to 9-iodoxanthene, produced in
moderately yield the unexpected formation of xanthene and xanthone was
observed.

•

Ortholithiation/hydroxylation was the chosen method to introduce hydroxyl
groups on xanthene aromatic ring system. The validity of reaction conditions was
verified by a model reaction with anisole, producing the desired product 2methoxyphenol in good yield. This method showed to be fast and efficient as
applied on anisole.

•

Ortholithiation was shown to be non-productive when applied to the xanthene
system.

•

Xanthone was surprisingly unreactive in acetalisation reaction under various
conditions.

•

Compound 21, 9,10-dihydroanthracene-1,8,10-triol was suggested as an
alternative target structure with a completely different reaction path (scheme 9).
The first step was carried out with success.

4. FUTURE WORK
The synthetic route towards 9,10-dihydroanthracene-1,8,10-triol, 21 described in scheme
9, has to be optimized and continued. An appropriate and efficient eluent system for
purification of the product has to be prepared.
Dimethyldioxirane, (figure 16) is a reagent which has been used extensively for
introduction of hydroxyl groups into aromatic systems and which also shows a preference
for orthohydroxylation. Since this works by completely different mechanism compared to
ortholithiation it would be worth try it on xanthene and its derivatives.

O
O

Figure 16. Dimetyldioxirane, DMD
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5. EXPERIMENTAL PART
General.
The microwave heating was carried out in a Biotage Initiator microwave using 2-5 ml
Biotech microwave vials. 1H and 13C NMR spectra were recorded on a Varian Unity 400
( 1H, at 399.95 MHz, 13C at 67.8 MHz) or on a Varian Mercury Plus spectrometer ( 1H,
300 MHz, 13C, 75 MHz). 1H NMR spectra were referenced internally using CDCl3 (δ
7.26) or d6-DMSO (δ 2.50). J-values are given in Hz. Melting points were determined
using Stuart Scientific melting point apparatus (SMP10). Analytical TLC was carried out
on 0.25 mm precoated silica gel plates (MN SIL G/UV254 ). All the chemicals were
purchased from Aldrich Chemical Co. and Lancaster synthesis Co. and used without
further purification.
Synthesis of 2-hydroxyanisole (5)
A hexane solution of BuLi (17.3 ml, 0.028 mol) was added dropewise to a cold solution
(-78°) of anisole (1 g, 0.009 mol) and TMEDA (4.2 ml, 0.028 mol) in Et2O (50ml). The
mixture was stirred and the color was yellow. After 5 hours, B(O-iPr)3 (8.4 ml, 0.037
mol) was added resulting in the formation of a white suspension. After 0.5hours, a
solution of NaOH (2.2 g, 0.056 mol) in H2O (14 ml) was added. After 20 minutes
stirring, followed by careful addition of an aq. 34% H2O2 solution (5.5 ml, 0.055 mol),
the mixture was left to stir vigorously over night. The aq. phase was washed twice with
Et2O (20ml) to remove organic impurities. The diol was isolated from the aq. layer by
acidification with 10% HCl until complete precipitation of the product was observed.
After evaporation the product was obtained as a white solid, 0.5g (0.004 mol, yield 40%)
1
H NMR (400 MHz, DMSO): δ 6.59 (dd, , J = 1.7 Hz, 7.7 Hz, 1H), 6.53 (ddd, , J = 1.7
Hz, 7.6 Hz, 7.7 Hz, 1H), 6.33 (dd, , J = 1.6 Hz, 7.7 Hz, 1H), 6.08 (ddd, J = 1.6 Hz, 7.6
Hz, 1H), 3.60 (s, 3H).
Attempted microwave assisted synthesis of Iodoxanthene, (7)
A mixture of 9-hydroxyxanthene (2 g, 0.01 mol), PTSA (2.879 g, 0.015 mol) and
potassium iodide (3.349 g, 0.020 mol) was grinded in a mortar. The color was dark
brown. The reaction mixture was poured in a 2-5 ml vial and placed in a microwave.
Temperature was set to 160°, reaction time 80 seconds, and normal absorption and fixed
holed time on. On completion of the reaction, the product was extracted with CH2Cl2 and
washed with water (20ml). The organic layer was separated and dried over NaSO4. The
crude product was dissolved in dichloromethane and extracted with NaHCO3 (50ml) to
get rid of excess PTSA. The solution was however not further purified.

Attempted synthesis of 1,9-dihydroxyxanthone, (3)
A hexane solution of BuLi(15.7 ml, 0.025 mol) was added dropewise to a cold solution (78) of xanthone (2 g, 0.01 mol) and TMEDA (3.8ml, 0.025 mol) in dry THF (48 ml). The
mixture was stirred and the color was brown-orange. After 5 hours,
B(O-iPr)3 (9.1 ml, 0.04 mol) was added resulting in the formation of a white suspension.
After 0.5 hours, a solution of NaOH (2.4 g, 0.06 mol) in H2O (15 ml) was added. After 20
minutes stirring, followed by careful addition of an aq. 34% H2O2 solution (6 ml, 0.06
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mol), the mixture was left to stir vigorously over night. The aq. phase was washed twice
with Et2O (20 ml) to remove organic impurities. The product was isolated from the aques
layer by acidification with 10% HCl until complete precipitation of the crude product was
observed. After evaporation the crude was chromatographed on silica using
dichloromethane and three major fractions were collected. Fraction 1-6 contained a
yellow solid product 12, 2g (0.008 mol, yield 96%). 1H NMR (400 MHz, CDCl3): δ 7.54
( m, 2H), 7.30-7.22 (2m, 2H), 7.15 (ddd, J = 8.3 Hz, 1.3 Hz, 0.3 Hz, 1H), 7.13-7.08 ( 3m,
3H), 5.90 (t, J = 7.1 Hz, 1H), 2.52 ( m, 2H), 1.59 ( m, 2H), 1.00 ( t, J = 7.2, 3H). 13C
NMR (400 MHz, CDCl3 ): 128.60, 128,17, 128.13, 127.26, 123.89, 123.68, 122.80,
116.81, 116.64, 77.59, 77.27, 76.95, 32.16, 24.00, 14.28.
Synthesis towards 9,10-dihydroanthracene-1,8,10-triol, (21)
1,8-dihydroxy-9,10-antraquinone (5g, 0.02mol) was mixed and morted in a grind with
TsOCH3(11g, 0.06mol) and Na2CO3 (3.5g, 0.033mol). The yellow solid was placed in a
round bottom flask and heated with a heat gun for 5 minutes, the reaction mixture became
dark and then yellow. The flask was cooled to room temperature, the solid was
transferred to a mortar and grinded with a another portion of TsOCH3 (11g, 0.06 mol).
The mortar was covered with a watch glass to protect against moisture. The mortar was
placed into freezer for 10 minutes. The orange solid was transferred to a flask and heated
for 5 minutes. The flask was cooled to room temperature, H2O (30ml) was added, the
mixture was filtered and washed with H2O (20ml). The crude was left to dry for 0.5hour.
One gram of the crude was sublimed in a vacuum sublimator and then chromatographed
on silica using Et2O/Pentan (1:2). Compound 22, 1-hydroxy-8-methoxy anthraquinone
was isolated, 0.1g (3.9 ×10-4 mol, yield 6%). 1H NMR (400 MHz, CDCl3): δ 7.98 (dd, J =
7.7 Hz, 1.1 Hz), 7.78 (dd, J = 7.5 Hz, 1.2 Hz), 7.76 (dd, J = 7.7 Hz, 8.4 Hz), 7.64 ( dd, J
= 7.5 Hz, 8.4 Hz), 7.38 ( dd, J = 8.4 Hz, 1.1 Hz), 7.30 ( dd, J = 8.4 Hz, 1.2 Hz), 4.09 (s,
3H).
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