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as exemplified with hypericin
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Abstract The synthesis of hypericin, one of the most

important phenanthoperylene quinones used in photo-

dynamic therapy, could be highly improved by using

either a microwave-assisted dimerization of emodin-

anthrone, or a mixed dimerization of emodinanthrone

with emodin in the presence of potassium t-butoxide

as the key-step.
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Introduction

Hypericin (1; 1,3,4,6,8,13-hexahydroxy-10,11-di-

methyl-phenanthro[1,10,9,8-opqra]perylene-7,14-

dione) and several of its derivatives are highly potent

photosensitizers for photodynamic therapy [1]. The

synthesis of this pigment 1 and most of its deriva-

tives is commonly achieved by a dimerization of two

precursor ‘‘halves’’ [1]. These synthons are either

produced by total synthesis or are available as deriv-

atized natural products (e.g., emodin).

With respect to the chemistry involved in the key

dimerization step the coupling can be achieved on

three paths: (i) starting from suited bromo substituted

anthraquinones (Scheme 1, R¼H, R0 ¼Br) by means

of an Ullmann coupling [2], (ii) from anthraquinones

(Scheme 1, R0 ¼H) by reductive dimerization in a

strongly alkaline solution using hydroquinone as

the reducing agent [3, 4], and (iii) by a biomimetic

sequence starting from an anthrone derivative

(Scheme 1, R ¼ H or certain substituents) [5–14].

Although the latter methodology as the most suited

one has been used several times, it suffers from the

rather modest yields that could be achieved. Moreover,

only hypericinoid compounds derived from identi-

cally substituted ‘‘halves’’ are accessible if the rather

tedious separations of the otherwise formed isomers

should be avoided. Therefore we followed the quest

for a more efficient methodology of hypericin syn-

thesis focusing on the dimerization key-step.

Results and discussion

A recent communication on microwave-assisted con-

densations yielding sterically overcrowded ethylenes

[15] prompted us to investigate this possibility with

regard to the formation of the phenanthroperylene
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skeleton. For the key-step of dimerization we first

pursued the coupling of two identical ‘‘halves’’ of

emodinanthrone (2) as shown in Scheme 2. Interest-

ingly enough, in the presence of potassium t-butoxi-

de in DMF microwave irradiation for 20 min and

usual work-up provided protohypericin (3) in 78%

yield, and not the sterically congested ethylene de-

rivative. Also, addition of an oxidizing agent was

not necessary to achieve the reaction. Obviously, this

reaction condition even furthered a regioselective

phenol coupling after the initial condensation step.

The formed protohypericin (3) could then be photo-

cyclized in the usual way [8] with 95% yield of

hypericin (1) providing an overall yield of 1 starting

from 2 of 74%, a value that is superior to the yield

(�50%) on the route established before.

Because a mixed dimerization step could open the

way to unsymmetrically substituted hypericin deriv-

atives, such a mixed coupling between emodinan-

throne (2) and emodin (4) – see Scheme 3 – was also

tried. Thus, in the presence of potassium t-butoxide

in DMF microwave irradiation for 20 min afforded a

mixture of 2 and 4. Again, this single reaction pro-

ceeded regioselectively in a 72% yield of 3. The

latter could be converted to 1 by photocyclization

with an overall yield of 68%. That the described re-

action was the result of microwave assistance was

proven by heating the corresponding reaction mix-

tures at 130�C for 9.5 h providing 3 in yields of only

20 and 13% when the symmetrical and the unsym-

metrical educts were used.

In conclusion, we present a novel microwave-

assisted preparation of hypericin (1) by either dimer-

ization of identical ‘‘halves’’ (anthrones) or mixed

‘‘halves’’ (anthroneþ quinone) via the correspond-

Scheme 2

Scheme 3

Scheme 1
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ing protohypericin (3) in overall yields superior to

the hitherto described synthesis. The latter method-

ology has also the potential to prepare unsymmetri-

cal hypericin derivatives.

Experimental

Microwave assisted syntheses were performed on a MLS-
ETHOS 1600 microwave unit with Terminal 320 from
MLS-Milestone with temperature monitoring and control.
The identities of hypericin (1) and protohypericin (3) were
proven by comparison of their mp (Kofler microscope,
Reichert), 1H NMR (Bruker Avance DPX, 200 MHz, DMSO-
d6), IR (Bruker Tensor 27, KBr), MS (Thermofinnigan LCQ
Deca XP Plus), and UV-Vis data (Varian Cary 100 Bio, ethanol)
with those of authentical samples [16]. Emodin (4) and emodin-
anthrone (2) were prepared according to Refs. [8, 9].

Dimerization of emodinanthrone (2)

A mixture of 512 mg emodinanthrone (2) (2 mmol), 38 mg K-
t-butoxide (0.34 mmol), and 1 cm3 DMF was irradiated in the
microwave unit at 150 W under Ar (t¼ 130�C) for 20 min.
After melting within the first few minutes the mixture gently
boiled under reflux. After cooling the mixture was quenched
with deionized H2O and acidified with 2N HCl. The residue
was centrifuged and dried (P2O5) overnight. The precipitate
was dissolved in CHCl3=MeOH 4=1 and purified by chroma-
tography over silica to yield 393 mg protohypericin (3) (78%).

In a conventional run 1 mmol 2 and 36 mg K-t-butoxide in
0.5 cm3 DMF were heated to 130�C for 9.5 h yielding 20% 3.

Mixed dimerization of emodin (4) and emodinanthrone (2)

A mixture of 256 mg emodinanthrone (2) (1 mmol), 270 mg
emodin (4) (1 mmol), 38 mg K-t-butoxide (0.34 mmol), and
1 cm3 DMF was irradiated in the microwave unit at 150 W
under Ar (t¼ 130�C) for 20 min. After melting within the first
few minutes the mixture gently boiled under reflux. After
cooling the mixture was quenched with deionized H2O and
acidified with 2 N HCl. The residue was centrifuged and dried

(P2O5) overnight. The precipitate was dissolved in CHCl3=
MeOH 4=1 and purified by chromatography over silica to
yield 365 mg protohypericin (3) (72%).

In a conventional run 0.5 mmol 2 0.5 mmol 4, and 36 mg
K-t-butoxide in 0.5 cm3 DMF were heated to 130�C for 9.5 h
yielding 13% 3.

The protohypericin (3) obtained on both ways was then
photocyclized in the usual way [9] with 95% yield.
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