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The synthesis of anilinoanthraquinones 3a -z was achieved by a new, Cu(0)-catalyzed, microwave-assisted Ullmann coupling reaction of
bromaminic acid (1) with aniline derivatives 2a -z in phosphate buffer. Good to excellent isolated yields were obtained within only 2 —20 min
at 80—120 °C and 40—-100 W. The new procedure provides the first general access to anilinoanthraquinones, furnishing a number of previously
inaccessible compounds. It is superior to classical methods in all aspects, including yields, reaction time, and versatility.

play a crucial role with respect to selectivity for certain
targetsta Furthermore, anilinoanthraquinone derivatives are
used for coloring natural and synthetic fibers (e.g., cotton,
silk, wool, polyamide, and polyester), and there is a continu-
ous interest in optimizing this class of compounds as
documented by recent pateftas a result of their significant
potential as therapeutics and as coloring agents, interest has
grown in the development of methods for the efficient and
rapid synthesis of derivatives of anilinoanthraquinones,
especially because the current methods are unsatisfactory and
insufficient. The most widely employed strategy for the
synthesis of anilinoanthraquinone derivatives utilizes the
Ullmann coupling reactiof,which involves the treatment

of sodium 1-amino-4-bromo-9,10-dioxo-9,10-dihydroan-

Anilinoanthraquinone derivatives, such as Acid Blue 2B (
and Acid Blue 129 3o) (Figure 1), have recently been
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Figure 1. Acid Blue 25 @I) and Acid Blue 129 30).
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identified as new lead compounds in drug discovéryThe (2) (a) Schmiedl, J.; Schoehn, D.; Koch, K. Reactive dyes for dyeing or
printing synthetic fibers and their preparation. WO 2004050769 A2, 2004.

substitution pattern of the aniline residue was reported 10 () o /i ™) - Nowack. P. Anthraguinone dyes. US 2005/0150061 AL, 2005,
(3) (a) Ullmann, F.Chem. Ber1903,36, 2382. (b) Ullmann, FChem.

(1) (a) Brown, J.; Brown, C. AVascul. Pharmacol2002,39, 309. (b)
Tuluc, F.; Blltmann, R.; Glanzel, M.; Frahm, A. W.; Starke, Maunyn-
Schmiedeberg’s Arch. Pharmacol998, 357, 111. (c¢) Gléanzel, M
Biltmann, R.; Starke, K.; Frahm, A. VEur. J. Med. Chem2003, 38,
303. (d) Glénzel, M.; Blltmann, R.; Starke, K.; Frahm, A. Bar. J. Med.

Chem.2005,40, 1262. (e) Glanzel, M.; Biltmann, R.; Starke, K.; Frahm,
A. W. Drug Dev. Res2003,59, 64. (f) Pearson, J. C.; Burton, S. J.; Lowe,

C. R. Anal. Biochem1986,158, 382.
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Ber.1904 37, 853. (c) Ma, D.; Xia, COrg. Lett.2001, 3, 2583. (d) Lindley,
J. Tetrahedron1984, 40, 143. (e) Kwong, F. Y.; Buchwald, S. 1Org.
Lett. 2003,5, 793. (f) Xu, G.; Wang, Y.-GOrg. Lett.2004,6, 985. (g)
Yuhong, J.; Varma, R. Sl. Org. Chem2006, 71, 135. (h) Yuhong, J.;
Varma, R. SGreen Chem2004,6, 219. (i) Wu, Y.-J.; He, H.; L'Heureux,
A. Tetrahedron Lett2003,44, 2417. (j) Ma, D.; Cai, Q.; Zhang, HDrg.
Lett.2003,5, 2453. (k) Ma, D.; Cai, QOrg. Lett.2003,5, 3799. () Li, F
Wang, Q.; Ding, Z.; Tao, FOrg. Lett.2003,5, 2169.



thracene 2-sulfonate (bromaminic acid sodium sgltyith s

an arylamine in.the pr_esence of.a copper Cata'}’?t (SChemeTabIe 1. Comparison of Yields of Classical Methods (A and
1).2¢7"The reaction typically requires harsh conditions, €.9., B) and Method C without or with Application of Microwaves
(AMW BMW - CMW) for Selected Compounds

" method (catalyst)

Scheme 1. Syntheses of Anilinoanthraquinone Derivatives (CuCl) (CuSO,) (Cud)

O NH, NH,

SO,Na § products Ab AMW B BMW C cMw

O‘O + | R 3a 0% nd  <5% 0%  <5% 0%

3b 0% nd 0% 0% 15% 76%

o Br ) 3¢ 0% nd 0% 0%  <10% 70%

1 2a’ 3d 0% nd 0% 10%  <5%  58%

A: CuCl, Na,CQOs, Na,S0s, H50, 3e 0% nd <5% 5% 20% 70%

rt8-24 hor 120 °C, 8-10h 3f 0% nd 0% 20%  40% 43%

B: %”31‘2344;“:2003’ H20, 120 3g <10% nd  <5% 0%  50%  64%

C: CLJO, sodium phosphate buffer Sh nd nd nd nd 80% 83%

oH 6-7. 120 °C, 2-15 h 3i 5% nd  20% 60% 0% 58%

3j 40% 0% 30% 60% 0% 72%

2 For reaction conditions A, B, and C, see Scheme 1. Reaction conditions

AMW BMW "and MW: same reagents as for A, B, and C, but application of

\j
O NH, [¢] NH, ) \
SO.Na SO-Na microwaves, 40—100 W, 80—12T, 1—20 min.P General procedure A:
O‘O 3 O‘O s rt; heating did not affect the yields significantly.
+
N O OH
| —R 4

O HN

3a \O tory vyield of 40% (Table 1). Subsequent rise of the
Z temperature from room temperature to 40, 60, 80, 100, up

to 120°C did not alter the yields. Results with the classical

. o ) method B applying copper(ll) sulfate and sodium carbonate

high temperatgres anfd long reaction times, and it suffers from 5, temperatures up to 12@ were similarly disappointing

mostly poor yieldss™ _ _ ~ (Table 1). A thorough search of the patent literature yielded

Our group has been interested in the preparation of a seriegyints that the use of Cu(0) might be advantaggoWée
of anilinoanthraquinone derivatives derived from the dye inerefore performed the reactions in the presence of Cu(0)

Reactive Blue 25 3l) (Figure 1) for pharmacological 4 sodium phosphate buffer, pH-&, at 120°C for 2—15 h
evaluation as antagonists of purine P2 receptard as (method C).

potential ectonucleotidase inhibitérg study their structure
activity relationships.

In comparison to the classical methods A and B, method
Initiall . tigated two diff t classical d C appeared to be superior. Only the phenolic prod3cts
. rT ' ﬁ’n""i:”‘r’ﬁsn'ﬁﬁie ‘i"éo ! dierrf]” ;?S;:fr? ﬁrc’rﬁe ti“res and3j were obtained in higher yields by methods A and B.
or reacting bromaminic acid sodium s )(_ aromatic This may be explained by the basic conditions applied in
amines (2a—j) as outlined in Scheme 1: methodcA, .

N . methods A and B (pH~ 9) but not in method C (pH67).
reaction in the presence of CuCl, )}&D;, and NaSQG; in . .
The phenolate anion formed at pH 9 increases the electron

H,O at room temperature for-84 h, or under reflux at 120 density in the ri q ) th
° for 310 and metno B reacton o presenc o %21 1, 1 1 e 5 = comseto Dorases e
CuSQ and NaCGQ; in H,0O at 120°C for 12—48 h. In man . ' ' ;

usQ ac0sin H, y the classical methods A and B but also method C, despite

cases, no products or only poor yields could be obtained. . o . : .
The main undesirable product identified in all reactions was its superiority, were siill unsatisfactory. Recently, microwave

1-amino-4-hydroxy-9,10-dioxo-9,10-dihydroanthracene 2-sul- (MW) irr'adiation. has emgrged as an efficient tool in organic
fonate @, Scheme 1) formed by attack of the competing synthesis, and its benefits have been well documehted.

nucleophile hydroxide. A comparison of the two standard !N @ number of studies, it has been shown that microwave

methods A and B for the preparation of a set of 10 selected irradiation can circumvent the need for prolonged heating
compounds3a—j is shown in Table 1. Method A using and it generally accelerates the rate of chemical reactions,

copper(l) chloride as a catalyst performed in the Ioresence01‘ten with _increased yields. The use of MW irradiation for
of sodium carbonate and sodium sulfite did not lead to the formation of carboncarbon as well as carberhetero-

detectable conversion in most cases (monitoring by RP-TLC).

Only thep-phenol derivative §j) was obtained in a satisfac- (6) Eltz, A. Reactive dyes useful for dyeing and printing e.g. cellulose,
polyamide or polyester. DE 4417719A1, 1995.
(7) (a) Kappe, C. O.; Dallinger, DNat. Rev. Drug Disceery 2006,5,

(4) (a) Miller, C. ECurr. Pharm. Des2002,8, 2353. (b) Brunschweiger, 51. (b) Lidstrém, P.; Tierney, J.; Wathey, B.; WestmanTdtrahedron

A.; Miller, C. E. Curr. Med. Chem2006,13, 289. 2001,57, 9225.

(5) (a) Igbal, J.; Vollmayer, P.; Braun, N.; Zimmermann, H.; Mller, C. (8) Xu, G.; Wang, Y. GOrg. Lett.2004,6, 985.
E. Purinergic Signalling2005, 1, 349. (b) Midiller, C. E.; Igbal, J.; Baqi, (9) Hayes, B. L.Microwave Synthesis, Chemistry at the Speed of
Y.; Zimmermann, H.; Réllich, A.; Stephan, Hioorg. Med. Chem. Lett. Lightt CEM Publishing: Matthews, North Carolina, 2002; Chapter 1,
2006,16, 5943. p 16.
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Table 2. Synthesized Anilinoanthraquinories

O NH, NH, O NH,
SO3;Na RS R! SO3Na
SO —
R4 R2
O Br R3

R‘l
O HN R?
1 2a-z 3a-z RS R?
R4
products 3
entry R! R2 R3 R* R5  (yield [%])®
1 H COOH H NH; H 3a (70)
2 H COOH H H H 3b (76)
3 H H COOH H H 3¢ (70)
4 NH, H H H H 3d (58)
5 H NH H H H 3e (70)
6 COOH H Cl H H 3f (43)
7 COOH H H Cl H 3g (64)
8 COOH H H H H 3h (83)
9 OH H H H H 3i (58)
10 H H OH H H 3j (72)
11 H H NH, H H 3k (90)
12 H H H H H 31 (55)
13 H H Cl H H 3m (87)
14 H H ~~COOH H H 3n (44)
15 CHs H CHs; H CHs 30 (77)
16 OMe H H H H 3p (79)
17 H OMe H H H 3q (67)
18 H H OMe H H 3r (85)
19 H H F H H 3s (76)
20 H Br H H H 3t (41)
21 H CHs H CHs H 3u (32)
22 H Cl H H H 3v (56)
23 CH; NH; H H H 3w (34)
24 H COOH OH H H 3x (30)
25 SOsH H H H H 3y (30)
26 H H SOsH H H 3z (40)

a Reaction mixtures were irradiated for-20 min in sodium phosphate
buffer, pH 6-7, in the presence of Cuat 80—120°C. P Isolated yields
(purity of products>95% as determined by HPLC-UV (254 nm) ESI-MS)
calculated based on eduttrue yields were higher because commertial
was only 90% pure (main contaminant: desbromo derivative, 8%).

atom bonds has been successfully demonstféfédihus
we expected that microwave irradiation could improve the
Ullmann coupling reactions. Consequently, the reaction
mixtures were subjected to microwave irradiation, typically
for only 2—20 min at 80—120C applying 40—100 W (see
Table 1 and Figure 2). All other conditions (catalyst, salts,

solvent) were the same as in the classical methods A and B
and the improved method C. Table 1 shows the results for
the 10 selected products applying methods A, B, and C

1004 B Conventional heating

[ Microwave

Yield %

il il

3a 3b 3c 3d 3e 3f 3g 3h 3i 3j
Compounds synthesized by method C: conventional heating versus microwave

Figure 2. Comparison of yields: microwave and conventional
heating using method C (€uphosphate buffer, pH-67).

In the case of method A, heating had not affected the yields
significantly in comparison to reaction at room temperature,
and therefore we applied microwavesM®) only for one
example (3j). In fact, microwaves even reduced the yield,
probably because the degradation of bromo derivdtite
hydroxy derivatived was faster under these conditions than
reaction ofl with the aniline derivative, and therefore no
product of3j could be detected after applying methot"A

In method B, microwave irradiation {(88) in most cases
moderately improved yields (Table 1). The most pronounced
effect, however, was seen in combination with the superior
method C. Microwave irradiation (method€&, Scheme 2

Scheme 2. Microwave-Assisted Cu(0)-Catalyzed Synthesis of
Anilinoanthraquinone Derivatives in Phosphate Buffer
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SO3N3
X
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MW = 40-100 W, T = 80-120 °C,
t = 2-20 min Cu(0), sodium phosphate
buffer pH 6-7, yield 30-90%
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SO0
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compared to the corresponding microwave-assisted methods

(AMW, BMW g (W),

(10) (@) Ju, Y.; Varma, R. Srg. Lett.2005,7, 2409. (b) Varma, R. S.
Green Chem.1999, 1, 43. (c) Varma, R. S. Organic Synthesis using
Microwaves and Supported ReagentsMicrowaves in Organic Synthesis
2nd ed.; Loupy, A., Ed.; Wiley-VCH: Weinheim, 2006; pp 36215.

(11) (a) Petricci, E.; Mann, A.; Schoenfelder, A.; Rota, A.; Taddei, M.
Org. Lett.2006,8, 3725. (b) Varma, R. Sl. Heterocyclic Chen999,36,
1565. (¢) Hamilton, S. K.; Wilkinson, D. E.; Hamilton, G. S.; Wu, Y.-Q.
Org. Lett.2005,7, 2429. (d) Shi, L.; Wang, M.; Fan, C.-A.; Zhang, F.-M.;
Tu, Y.-Q. Org. Lett.2003,5, 3515.
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and Table 2) dramatically increased yields, especially of those
compounds that were only poorly accessible without micro-
waves.

A comparison of yields obtained by methods C an{'C
is shown in Figure 2. For example, compourgisand 3c
that could be obtained by all other methods investigated in
only less than 10% yield were obtained in 70% yield by the
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microwave-assisted method"®. Figure 2 also shows that Future studies will be directed toward the elucidation of
the anthranilic acid derivative3f—h were already obtained  the mechanism of the newly developed microwave-assisted

in good yields by method C without application of micro- Cu(0)-catalyzed variant of the Ullmann reaction in phosphate
waves, which could only be slightly improved by method buffer.

chY. ) ) ) In conclusion, we have developed a new, fast, mild,
It should be not.ed' that the.mlcrowave-assste'd ref"‘C“O”Seﬁicient, and high-yielding procedure for the synthesis of
were completed within 220 min, and longer reaction times 5 ijinoanthraquinone derivatives, which is superior to previ-
did not increase the yields. This means there Wz_atsadramat|<:ous|y published methods in all aspects, including yields,
acce_leranon OT the UI_Imann reaction in comparison ttzfcon- reaction time, and versatility. It is the first truly general access
ventional heating, which takes-28 h until completiort® to this class of compounds providing access to a number of

Thethsupen?rlcsmfetrt]r? d ”@"_I\_Nas stl;]bseqyently dus_e d tfor the previously inaccessible derivatives. New compounds (entries
synthesis o urther anilinoanthraquinone derivatives (see7’ 9, 14, 19-21, 23, and 24) that have, to the best of our

Table 2). The desired producBswere obtained in good to K led b d ived in the li I
excellent yields (30—90% isolated). The main side product nowledge, not been described in the fiterature as wefl as
. several compounds (entries 1, 3, 5, 15, and 17) which have

was the 4-hydroxyanthraquinone derivatgScheme 1) . : : . I
which can be recognized by its typical dark red color (RP- only been.descrlbed in patgnts without a detailed description
of synthetic procedures, yields, or spectral data have been

TLC), whereas product3a—z are blue. The commercially . .
available starting compound was only 90% pure as prepared. The new procedure, which can easily be upscaled,

determined by HPLC-MS, and thus the true yields are even MV find industrial application for the preparation of dyes,
higher. We did not purifyl because the contaminants (mainly and it will aIIow-a broad evaluation of this highly promising
the desbromo derivative) did not interfere with the investi- ¢/ass of potential drugs.
gated transformations. Reactions were typically performed
using 0.2 mmol (81 mg) of starting compoudd but the Acknowledgment. Y.B. thanks the Deutscher Akade-
reaction can be upscaled to multigram amounts with similarly mischer Austauschdienst (DAAD) for a PhD Fellowship.
high yields as demonstrated for several examples (compoundsSupport by the Deutsche Forschungsgemeinschaft (DFG,
3a,g,h,p). GRK804) is gratefully acknowledged.

Mechanistic studies of Ullmann reactions have previously
identified Cu(l) as the catalytic species under various Supporting Information Available: Experimental pro-
conditions!? However, the formation of an organometallic cedures and analytical data for all compour@s-z). This
intermediate from Cu(0) is also conceivabte. material is available free of charge via the Internet at
http://pubs.acs.org.

(12) Paine, A. JJ. Am. Chem. Sod 987,109, 1496.
(13) Lewin, A. H.; Cohen, TTetrahedron Lett1965,50, 4531. OL070102V
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