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Abstract: Chemistry has been developed that allows for the synthT-he reported syntheses of similar 3-halo-thioxanthenone

sis of a series of novel tricyclic thioxanthen-9-one-10,1O-di0xide§.ng systems utilize as theirst step the reaction of the

A regioselective synthesis of the novel core substrate 3-chlorothidx@TréSpondingm-halo-benzenethiol substrag with 2-
anthen-9-one-10,10-dioxide was achieved in 85% vield over thré@l0o-benzoic acidl. Subsequent treatment with mineral
steps without the need for chromatographic purification. Subsacid, affords the desired Friedel-Crafts product 3-halo-
quent microwave-assisted coupling methodology afforded the dérioxanthenone ring systefn(Scheme 2§94 While ef-
sired novel 3-substituted tricyclic compounds in good to excellefictive, this methodology invariably yields a mixture of 3-
yield. and 5-regioisomeric product§g andéb) that require te-
Key words: catalysis, heterocycles, palladium, Suzuki reactiordious chromatographic and/or recrystallization in order to
thioxanthenone dioxide obtain the products in pure form. Alternative protocols, al-
though efficient, make use of both reagents and reaction
conditions (e.g. low temperatures, pyrophoric bases such
The facile assembly of therapeutically valuable moleculast-BulLi, longer reaction time$)which can be incompat-
entities such as thioxanthen-9-one-10,10-dioxides is #ile with both scale-up and parallel synthesis.
important goal. Thioxanthenones as well as thioxanthen-
9-one-10,10-dioxides have been shown to possess pot~—* HO,C
antitumor! antiallergi@ and monoamine oxidas@VAOQ) /©\+ j@ base /@\
inhibitory activity. A facile approach to this class of mol-x SH  x reflux s
ecules is essential for the development of better drug c: 3 4 5
didates based on this motif. Herein we report a versatil
expedient and efficient route to this class of molecules al
demonstrate its utility with a small library of novel thiox-

¢} (0] X
anthen-9-one-10,10-dioxides derivativgs SO X
. 29Uy + |
The approach that has been developed relies on the us O s O « N
6a 6b

COH

X =Cl, Br

the Suzuki reaction on a 3-halo-thioxanthen-9-one-10,1

dioxide (L, Scheme 1). The Suzuki reaction was chosen

part for the large number of commercial boronic acids ang,cne 2
esters available. For this to be a viable approach to this
class of molecule, a reasonable quantity of the halide was ) )
required. Consequently, the initial goal became the dev&igcause of these problems a route starting from thiophe-

opment of a practical, efficient and expedient route to t | and 2-iodo-3-chlorobenzoic acid was developed. Un-
core halo substrate er basic conditions the nucleophilic substitution of

thiophenol7 with the suitably substituted 2-iodo-3-chlo-
o o robenzoic acid building blocRin the presence of a cata-

o lytic amount of coppét—* for eight hours affords the
+ RBOH), _ Catalyst desired coupled sulfid@® in virtually quantitative yield
s « S — | (Scheme 3).
R
o o}

S

N X The presence of catalytic copper powder is crucial to the

1 2 efficiency of this synthetic step, presumably via the in situ
formation of the corresponding cupric benzdéte.

Scheme 1
Treatment o with concentrated sulfuric acid at 100 °C
over four hours affords the Friedel-Crafts adduct, thiox-
anthenond 0. Upon pouring the reaction mixture onto ice,
SYNLETT 2006, No. 18, pp 3045-3048 the product precipitates out as an off-white solid. No fur-
Advanced online publication: 25.10.2006 ther purification is required, although copious amounts of
DOI: 10.1055/s-2006-951520; Art ID: S02206ST water were vital to remove adventitious sulfuric acid.
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cl In-house or readily available catalytic palladium sources
HOC were used under several conditions. When using catalysts
©\ + D\ _KoH /@\ such as Pgdba), Pd(OAc), Pd(dppf)CJ, Pd/C and Fi-
sH | cosaLcy x s breca® (encapsulated palladium; Johnson Matthey Inc.)
; 8 s  CoM isolated yields of coupled product were modest, ranging
from 40-60%. These results were not significantly affect-
ed by variation of solvent, temperature, base used or reac-
o 0 tion times. In all cases a substantial amount of unreacted
1504 H,0,-ACOH sulfonell was observed and recovered.
T07C, O < O o 0T O < | o The best results were obtained using a combination of
4h s Pd(PPh), as catalyst, EtOH as solvent,,C®, as base
10 1 (1.0 M solution in HO) and a reaction temperature of

Scheme 3 110 °C for a period of 10 minutes (Table 2, entry 6). The
use of CgCO, as a solution rather than a solid reagent

Oxidation of10to the desired key sulfone substratee- proved fo be a S|gn|f|(_:ant_|mprov_ement in the overall
quired fine-tuning of the oxidative protocols reported fopethodology with the yield increasing from 65% to 87%.
similar deactivated aromatic ring systems (TabléThe The use of a polymer-supported (PS) surrogate of this cat-
majority of the probed systems led to mixtures of sulfoX@lyst system, PS-RHPd (Argonaut Technologies;
ide and sulfone derivatives ranging from 45:10% tdable 2, entry 9) resulted in an isolated yield of 78% of
80:5%. The effects of reaction time, temperature, solve@@upled product. In general, the use of PS—Pd catalyst sys-
and oxidant stoichiometry were monitored for each oxid4ems is well known to provide cleaner reaction mixtures in
tion method but no significant improvement on the sufoupling reactions, such as the Suzuki coupling, due to
fone:sulfoxide adduct ratio was evident. Ultimately, thigher stability of the former to potential decomposition.
H,O,—AcOH (1:2 v/v) oxidative system (Table 1, entry 5However, in this case simple Pd(RRIprovided products

by means of slow addition as well as an optimal reactiéf equivalent purity.

temperature of 90 °C was selected to be the method gfour hands, the use of simultaneous cooling (air stream
choice. Worth noting is the fact that, previously reportegk 40 psi) while running this microwave-assisted Suzuki
oxidations of similar thioxanthenone tricyclic systeiha, coupling reaction led to a yield increasel& by 10%

30% HO, (v/v) solution, does not effect the oxidation ofyhen compared to standard reaction conditidns.
this system as efficiently as the 50%Hherein reported.

In addition to being inexpensive and practical this meth
afforded 80% of isolatetil and only a small amount (5%)
of sulfoxide by-product. Sulfongl could be purified by

recrystallization from ethyl acetate—hexane, providin

compoundl1 in pure form as yellow needles in 70%, - : .
P P y OIadlum—cataIyzed reactions, it was deemed superfluous to

y'?Id' . N _ . proceed with the degassing of solvent used for this reac-
With 11 in hand, conditions for the microwave-assisteggn.

Suzuki coupling to give novel 3-substituted thioxanthe
9-one-10,10-dioxides were screefiekhis effort utilized
the model reaction of sulforid with commercially avail-
able phenyl boronic acid (Table 2).

O(aiven the efficiency of the reaction, it was decided that
screening of additional catalytic systems known to en-

hance coupling of less reactive chloro Suzuki substfates
as not necessary. For the same reason, and although it is
nown to often play a crucial role in the efficiency of pal-

"he optimized conditions for the synthesid8f{Table 2,

entry 6) were utilized in the synthesis of novel analogues,
which were obtained in isolated yields varying from 20—
87% (Table 3). We believe that both the inherent lack re-
activity of 11 and the boronic acid were the chief reason

Table 1 Selected Oxidation Screening Conditions 0f

Entry Oxidant Conditions Yield of1 (%)2° Yield of sulfoxide (%
1 PIFA CHCL,, r.t. 45 10
2 Oxone DMF, 80 °C 60 10
3 MCPBA CH,Cly, r.t. 42 15
4 RuCl—NalO, CCl,—MeCN-HO (1:1:2 v/v), r.t. 66 5
5 H,0,~AcOH H,0,~AcOH (1:2 viv), 90 °C 80 5

@ Reactions were carried out at 0.81 mmol of 10 and using 2.2 equiv of oxidant as starting point whilst screening foroaghiorakstic
values.
b |solated yields after reverse-phase preparative HPLC.
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Table 2 Selected Examples of Protocols Screened for Microwave-Assisted Suzuki Coupling R&action

o] o)
B(OH)
CLICL, U7
O//S\\O 11 i 12 o//s\\o 13 a

Entry Catalyst Catalyst (mol%) Solvent Temp (°C) Base Yield ®{%)
1 Pd(dba), 3 DMF 155 K,CO;, 40
2 Pd(dba)s 3 DMA 177 CsCO, 55
3 Pd(dba), 3 EtOH 110 CsCO, 52
4 Pd(dppf)C} 10 DMF 155 CsCO; 56
5 Pd(PPY), 3 EtOH 110 CsCO, 65
6 Pd(PPhy), 3 EtOH 110 1.0 M soln of CsCO; 87
7 Pd/C 10 DMF 155 C£0; 50
8 Fibrecat 5 DMF 155 CsCO, 48
9 PS-Ph,-Pd 10 EtOH 110 C£O0, 78

10 Pd(OAc) 3 EtOH 110 CsCO, 60

a2 Reactions were carried out at 0.81 mmol@find using 2.2 equiv of oxidant as starting point whilst screening for optimal stoichiometric
values.
b |solated yields after reverse-phase preparative HPLC.

for the lower yield observed for compou®d Addition- Table 3 Synthesis of Novel 3-Substituted Thioxanthen-9-one-
ally, reported low yields such as wift6 (Table 3) are 10,10-dioxide Analoguégcontinued)
commonly associated with electron-rich boron reagents,

R Yield (9)°
In summary, utilizing our strategy, intermediatecan be
easily and expediently obtained as a single regioiso 2 55
and in multigram quantities. This key intermediate can \©\
then be used in the synthesis of a wide variety of deriva- +Bu
tives of novel tricyclic thioxanthen-9-one-10,10-dioxide$6 o 30
by means of microwave-assisted Suzuki coupling meth- \©\
odology. This methodology makes literally hundreds of SMe
novel thioxanthen-9-one-10,10-dioxides available from g, 56
single precursor. The development of other alternative an- = AN
alogues ofLl1 such as its 3-boronic acid congener is under | P
way. Given the wider commercial availability of halides NHz
(vs. boronic acids), the 3-boronic acid substrate will allows R 44
for the introduction of a mordiverse set of functionality. \©\
Table 3 Synthesis of Novel 3-Substituted Thioxanthen-9-one- NMez
10,10-dioxide Analogués o 61
Product R Yield (%6)° \©\C02H
13 Ky 87 20 o 80
© Q.
14 (\5‘ 59 21 y‘J 40
. O

OPh
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Table 3 Synthesis of Novel 3-Substituted Thioxanthen-9-one- (2) For representative examples, see: (a) Rokach, J.; Rooney, C.

10,10-dioxide Analoguégcontinued) S.; Cragoe, E. J. US 453650885 Chem. Abstr. 1985 104,

19801124. (b) Rokach, J.; Rooney, C. S.; Cragoe, E. J. US

Yield (%)° 77-773232198Q Chem. Abstr. 198Q 93, 46648.

(c) Batchelor, J. F.; Gorvin, J. H. DE 73-234480@74

7 Chem. Abstr. 1974 80, 133449. (d) Hodson, H. F.;
Batchelor, J. F. US 4103015978 Chem. Abstr. 1979 90,
22816.

42 (3) For selected examples, see: (a) Harfenist, M.; Heuser, D. J.;
Joyner, C. T.; Batchelor, J. F.; White, H.J.Med. Chem.
1996 39, 1857. (b) Harfenist, M.; Joyner, C. T.; Mize, P.D.;
White, H. L.J. Med. Chem. 1994 37, 2085.

(4) (a) Miller, T. C.; Collins, JC.; Mattes, K. C.; Wentland, M.

P.; Perni, R. B.; Corbett, H.; Guiles, J. W. US 5346917,

43 1994 Chem. Abstr. 1994 122, 55895. (b) Mahishi, N. B.;
Sattur, P. B.; Nargund, K. S.Karnatak Univ. 1957, 2, 50.
(c) Okabayashi, I.; Fujiwara, H.; Tanaka,JCHeterocycl.
Chem. 1991, 23, 1977.

54 (5) (a) Zhao, J.; Larock, R. Q@rg. Lett. 2005 7, 4273.
(b) Kristensen, J. L.; Vedso, P.; Begtrup, MOrg. Chem.
2003 68, 4091. (c) Kwon, C.-H.; He, H.-Bynth. Commun.
2003 33, 2437. (d) Beaulieu, F.; Snieckus,VOrg. Chem.
1994 59, 6508.

87 (6) (a) Costantino, L.; Ferrari, A. M.; Gamberini, M. C;
Rastelli, G.Bioorg. Med. Chem. 2002 10, 3923.
(b) Bonnet, B.; Soullez, D.; Girault, S.; Maes, L.; Landry,
V.; Davioud-Charvet, E.; Sergheraert,Bloorg. Med.

20 Chem. 200Q 8, 95. (c) Slight variation of reported reaction
between 2-iodo-5-methylbenzoic acid and thiophenol:
Valenta, V.; Jilek, J.; Pomykék, J.; Dlabg, A.; Valch&,
M.; Metys, J.; Protiva, MCollect. Czech. Chem. Commun.

53 1979 44, 2677; and references cited therein.

(7) Hodson, H. F.; Batchelor, J. F. GB 144708276 Chem.

Abstr. 1976 86, 55284.

71 (8) (a) Balicki, RJ. Prakt. Chem. 1999 341, 184. (b) Su, W.

Tetrahedron Lett. 1994 35, 4955. (¢) Denny, W. A;;

Rewcastle, G. W.; Atwell, G. J.; Palmer, B. D.; Boyd, P.D.;

Baguley, B. CJ. Med. Chem. 1991, 34, 491. (d) Carpino,

L. A.; Gao, H.-S.; Ti, G.-S.; Segev, D.Org. Chem. 1989

2 Reactions were run using 0.089 mmol of chlorosulfbhe).089 54, 5887. (e) Varvoglis, A.; Spyroudis, S.; Barbas,JD.

mmol of corresponding boronic acid or boronic ester, 3 mol% Chem. Res., Synop. 1985 186.

Pd(PPh),, 0.107 mmol of C&£O; (1.0 M solution) and 1.5 mL of (9) Kappe, C. OAngew. Chem. Int. Ed. 2004 43, 6250.

EtOH. A microwave irradiation of 200 W was used the temperature (10) Sauer, D. R.; Wang, Yorg. Lett. 2004 6, 2793.

being ramped from r.t. to 110 °C in 1 min where it was then held for (11) For a recent reported example on the use of simultaneous
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a total reaction time of 10 min. Simultaneous cooling was used (pow- cooling in microwave-assisted chemistry, see: Arvela, R. K.;
ermax option on CEM discover microwave unit) for all reactions. Leadbeater, N. EOrg. Lett. 2005 7, 2101.

b solated yields after chromatography. (12) Yields of Suzuki coupling reactions utilizing non-activated
¢ Unoptimized yields except for the caselsf chloro substrates can be often optimized by using

palladacyclic complexes, palladium complexes of phosphine
oxides or di(2-pyridyl)methylamine-based palladium
Acknowledgment complexes. For selected reported examples, see: (a) Chen,
C. L. Liu, Y. H.; Peng, S. M.; Liu, S. Tetrahedron Lett.
2005 46, 521. (b) Miao, G.; Ye, P.; Yu, L.; Baldino, C. M.
J. Org. Chem. 2005 70, 2332. (c) Njera, C.; Gil-Molté, J.;
Karlstrom, SAdv. Synth. Catal. 2004 346, 1798.
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