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1-(Phenylthio)-3-(pyridin-3-yl)-2-naphthol was obtained as an unexpected result of a nucleophilic
aromatic substitution reaction of 3-(pyridine-3-yl)naphthalene-2-yl trifluoromethanesulfonate with
thiophenol. This observation led to the discovery of an easy to handle method to synthesize 1-aryl-
thio-2-naphthols. It has been revealed that electron withdrawing groups on the aryl thiol promoted
the yields and heterocycle substituents at the 3-position of the naphthalene core are tolerable by the
reaction. This reaction can thus serve as a corner stone in the structural diversification of 3-heterocycle
substituted 1-arylthio-2-naphthols as potential inhibitors of cytochrome P450.

© 2013 Elsevier Ltd. All rights reserved.

Cytochrome P450 (CYP) enzymes are a large family of
heme-containing enzymes that are present in nearly all forms of
life (animals, plants, fungi, and bacteria). Most of them act as mon-
ooxygenases, catalyzing a variety of reactions such as hydroxyl-
ations, epoxidations, N- and O-dealkylations, and S-oxidations.
Some CYPs are responsible for the metabolism of xenobiotics. Thus,
they are able to oxidize different substrates. Other CYPs only con-
vert specific substrates. They catalyze certain steps in the synthesis
of secondary metabolites (e.g., in plants), and in the biosynthesis
and metabolism of sterols, steroid hormones, and other lipid
biomolecules (e.g., in mammals).!

Selective inhibition of a single CYP enzyme is a therapeutical
option for different diseases as well as a possible mechanism for
herbicides or fungicides to block plant or fungi growth. A design
concept for non steroidal reversible CYP inhibitors consists of a
heterocycle containing an sp?-hybridized nitrogen, being able to
coordinate to the prosthetic heme iron in the active site of the en-
zyme. The heterocycle is linked to a rather non-polar core structure
comprising one or more aromatic rings.

In the last years, such inhibitors were developed for different
CYP enzymes. Examples are aromatase (CYP19)? and CYP17° inhib-
itors for the treatment of breast and prostate cancers, respectively.
Inhibitors of aldosterone synthase (CYP11B2)* and inhibitors of
cortisol synthase (CYP11B1)° have also been proposed as treat-
ments for several cardiovascular diseases and Cushing’s syndrome,
respectively.

* Corresponding author. Tel.: +49 681 302 70300; fax: +49 681 302 70308.
E-mail address: rolf.hartmann@helmholtz-hzi.de (R.W. Hartmann).
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In 2008, 3-benzylated 2-pyridylnaphthalenes were described as
inhibitors of human CYP11B2.%® For further optimization of this
compound class, a bioisosteric replacement of the linker Y by a sul-
fanyl-, sulfinyl-, or sulfonyl-bridge X was intended (Chart 1).

A synthetic route (Scheme 1) was therefore designed for phen-
ylthio-compounds, for example, 4, which can be further oxidized to
other desired products. Firstly, 2-methoxynaphthalene 1 was
transformed into the boronic acid via ortho-lithiation® and subse-
quently converted into 3-(3-methoxynaphthalen-2-yl)-pyridine 2
via a Suzuki cross coupling reaction with 3-bromopyridine. After
the cleavage of the methyl ether by refluxing in aqueous hydrobro-
mic acid, the resulting alcohol was reacted with triflic anhydride to
give 3a with an overall yield of 52% (four steps). Subsequently, this
triflate was supposed to be replaced by thiophenol after refluxing
in 1,4-dioxane in the presence of 2.5 mol % Pd,(dba)s;, 5 mol %
Xantphos, and 2 equiv of DIPEA as described by Itoh and Mase.”
However, only unreacted 3a was recovered after 24 h. Changing
the reaction conditions to those of ‘classical’ nucleophilic aromatic

N N
oo,

Y =CH, CHOH,CO X =S§, SO, SO,

Chart 1. Planned bioisosteric replacement.
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Scheme 1. Reagents and conditions: (a) n-BuLi, B(OMes), THF, —78 °C; (b) 3-
Bromopyridine, Pd(PPhs),, toluene/ethanol, aq Na,COs, 90 °C; (c) aq HBr (48%),
reflux; (d) Tf,0, pyridine, DCM, 0°C; (e) PhSH, i-Pr,NEt, Pdy(dba);, Xantphos,
dioxane, reflux; (f) PhSH, K,CO3, DMF, 100 °C; (g) m-CPBA, DCM, rt.

substitution, that is, omission of catalyst, change of solvent from
1,4-dioxane to DMF and replacement of DIPEA by K,COs, resulted
in a new product 5a. ESI-MS showed a mass (m/z) of 329.94
[M+H]" which was not consistent with the calculated mass of sub-
stitution product 4 (314.42 [M+H]"). Oxidation with one equivalent
of m-CPBA yielded product 6 exhibiting a mass of 346.01 [M+H]".
The structures of these two compounds were determined by X-
ray diffraction® with crystals obtained from dichloromethane. It
turned out that the trifluoromethanesulfonyl group was cleaved
to expose the phenol group, while the aromatic proton ortho
to the trifluoromethanesulfonyl group was displaced by the
phenylthio moiety. Other than the desired phenylthio-analogue,
compound 5a (Fig. 1) turns out to be 1-(phenyl-thio)-3-(pyridin-
3-yl)-2-naphthol and compound 6 (Fig. 2) is actually 1-(phen-
ylsulfinyl)-3-(pyridin-3-yl)-2-naphthol. Although the compounds
are different from the originally designed inhibitors, compound 6
showed potent inhibition of human CYP11B2 with an ICso value
of 33 nM, which is in the range of the lead compounds’ activity.

This interesting unexpected Sya-reaction provides a novel syn-
thetic approach to 1-arylthio-2-naphthols. Since the reported
methods to synthesize this class of compounds either employed
expensive catalyst VO(acac),®® or involved complicated photo-
chemistry,®® our approach is apparently cheaper and easier to han-
dle. More importantly, this approach and the route shown in
Scheme 1 are suitable for the synthesis of 3-aryl substituted
1-phenylthio-2-naphthols, which are rarely reported. The only
example in the literature, to the best of our knowledge, is 3,4-
bis(4-methoxyphenyl)-1-(p-tolylsulfinyl)-2-naphthol'®  prepared
via a palladium-catalyzed annulation, which is obviously not
feasible for structural diversification.

Encouraged by these advantages, we further optimized the
reaction conditions and investigated the reaction scope'' before
initiating an extensive synthetic program and subsequent screen-
ing of this new compound class for biological activity. Various
bases (including K,COs, NaH, K5PO,4 and Et;N) and different sol-
vents (e.g., DMF, DMSO, THF, and 1,4-dioxane) were employed to

Figure 1. X-ray structure of compound 5a.

Figure 2. X-ray structure of compound 6.

explore the influence on the conversion of 3a-5a (Table 1). It
turned out that the use of Et3N, THF, and 1,4-dioxane did not
achieve the reaction, whereas K3;PO,4 in DMF or NaH in DMSO led
to low yields (22%). In contrast, K;CO3; or NaH in DMF gave similar
high yields (73-79%).

Furthermore, triflate 3a was treated with various thiophenols in
the presence of K,CO3 in DMF (Table 2). Both thiophenols with
electron donating (OMe, entries 2-4) and electron withdrawing
groups (CFs, entries 5-7) resulted in the desired products. Never-
theless, CF3 analogues generally presented higher yields (around
85%) compared to the OMe ones (yields ranging from 34% to
62%). Thiophene-2-thiol, in contrast, only gave a modest yield of
34%. Employment of aliphatic thiols (cyclohexanethiol, entries 9
and 10) or other nucleophiles, such as phenol (entry 11) and ani-
line (entry12) did not yield the desired products. Replacement of
the substituent at the 3-position of the naphthalene core (3-pyri-
dyl) by a bulkier 4-isoquinolinyl (3b, entry 13) or removal of it to
H (3¢, entry 15) gave similar yields of around 60% when reacted
with thiophenol. 4-Isoquinolinyl triflate 3b even showed a higher
yield of 71% (entry 14) compared to 3-pyridyl triflate 3a (42%, en-
try 3) when treated with 3-methoxybenzenethiol. However, after
the triflate core was altered to benzene, no reaction occurred
(entry 16). Moreover, using mesylates instead of the corresponding
triflates was also attempted, however, this procedure did not yield
the desired products.

A hypothetical mechanism for this atypical nucleophilic substi-
tution reaction is proposed in Scheme 2. Thiophenol was first

Table 1
Optimization of reaction conditions®
73
=
«_N __solvent, base OO SN
OO thiophenol,reflux OH
OTf }
3a Ph™ 54
Entry Base Solvent Yield® (%)
1 K,CO3 DMF 73
2 NaH DMF 79
3 K3PO,4 DMF 22
4 NEt3 DMF 0
5 NaH DMSO 22
6 NaH THF 0¢
7 NaH 1,4-Dioxane 0°

2 Conditions: 0.5 mmol base, 0.3 mmol thiophenol, 0.25 mmol 3a, 2 ml solvent,
100°C, 1 h.

b Yields after purification by flash-chromatography on silica gel (0.5% methanol
in DCM), purity >95%.

¢ No product was detected by TLC and LC-MS (ESI).
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Table 2
Investigation of the reaction scope®

Entry Triflate Core R Ar X Base Product Yield® (%)
1 3a Naphthalene 3-Pyridyl Ph S K,CO5 5a 73
2 3a Naphthalene 3-Pyridyl 2-OMe-Ph S K,CO3 5b 34
3 3a Naphthalene 3-Pyridyl 3-OMe-Ph S K,CO5 5¢ 42
4 3a Naphthalene 3-Pyridyl 4-OMe-Ph S K,CO5 5d 62
5 3a Naphthalene 3-Pyridyl 2-CF3-Ph S K,CO3 5e 83
6 3a Naphthalene 3-Pyridyl 3-CF3-Ph S K>CO3 5f 82
7 3a Naphthalene 3-Pyridyl 4-CF3-Ph S K>CO5 5g 85
8 3a Naphthalene 3-Pyridyl 2-Thienyl S K5CO5 5h 34
9 3a Naphthalene 3-Pyridyl c-Hexyl S K,CO3 5i 0°
10 3a Naphthalene 3-Pyridyl c-Hexyl S NaH 5i o¢
11 3a Naphthalene 3-Pyridyl Ph 0 NaH 5§ 0!
12 3a Naphthalene 3-Pyridyl Ph NH NaH 5k 0¢
13 3b Naphthalene 4-Isoquinolinyl Ph S K>CO3 51 64
14 3b Naphthalene 4-[soquinolinyl 3-OMe-Ph S K>CO5 5m 71
15 3c Naphthalene H Ph S NaH 5n 58
16 3d Benzene 3-Pyridyl Ph S NaH 50 0¢

2 Reactions were carried out with triflate (1 equiv), base (2 equiv), and nucleophile (1.2 equiv) in DMF at 100 °C for 0.5-3 h.

b Yield of isolated products (purity >95%).
¢ 3-(Pyridin-3-yl)-2-naphthol was isolated in 72% yield.
4 No product was detected by TLC and LC-MS (ESI).

Scheme 2. Proposed mechanism for the nucleophilic attack of thiophenol to triflate
3a.

deprotonated by the base before the nucleophilic attack to the
ortho-position of the triflate. Subsequently, trifluoromethanesulfi-
nate was eliminated yielding a ketone, which was converted into
the phenolic compound via rearomatization due to the tautomeric
equilibrium.

In conclusion, an easy to handle method to synthesize 1-aryl-
thio-2-naphthols via the nucleophilic substitution of aryl thiol to
2-naphthol triflate was discovered. This method facilitated the
preparation of 3-heterocycle substituted 1-arylthio-2-naphthols,
which are potential CYP11B2 inhibitors.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.tetlet.2013.09.
111.

References and notes

1. Estabrook, R. W. Drug Metab. Dispos. 2003, 12, 1461-1473.

2. (a) Le Borgne, M.; Marchand, P.; Duflos, M.; Delevoye-Seiller, B.; Piessard-
Robert, S.; Baut, G. L.; Hartmann, R. W.; Palzer, M. Arch. Pharm. (Weinheim)
1997, 5, 141-145; (b) Gobbi, S.; Cavalli, A.; Negri, M.; Schewe, K. E.; Belluti, F.;
Piazzi, L.; Hartmann, R. W.; Recanatini, M.; Bisi, A. J. Med. Chem. 2007, 50, 3420~
3422; (c) Gobbi, S.; Hu, Q.; Negri, M.; Zimmer, C.; Belluti, F.; Rampa, A.;
Hartmann, R. W.; Bisi, A. J. Med. Chem. 2013, 56, 1723-1729; (d) Abadi, A. H.;

Abou-Seri, S. M.; Hu, Q.; Negri, M.; Hartmann, R. W. MedChemComm 2012, 3,
663-666; (e) Al-Soud, Y. A.; Heydel, M.; Hartmann, R. W. Tetrahedron Lett.
2011, 52, 6372-6375.

3. (a) Hu, Q.; Negri, M.; Olgen, S.; Hartmann, R. W. ChemMedChem 2010, 5, 899-
910; (b) Hu, Q.; Jagusch, C.; Hille, U. E.; Haupenthal, J.; Hartmann, R. W. J. Med.
Chem. 2010, 53, 5749-5758; (c) Hu, Q.; Yin, L.; Jagusch, C.; Hille, U. E.;
Hartmann, R. W. J. Med. Chem. 2010, 53, 5049-5053; (d) Hu, Q.; Negri, M.; Jahn-
Hoffmann, K.; Zhuang, Y.; Olgen, S.; Bartels, M.; Miiller-Vieira, U.; Lauterbach,
T.; Hartmann, R. W. Bioorg. Med. Chem. 2008, 16, 7715-7727; (e) Pinto-Bazurco
Mendieta, M. A. E.; Negri, M.; Hu, Q.; Hille, U. E.; Jagusch, C.; Jahn-Hoffmann, K.;
Miiller-Vieira, U.; Schmidt, D.; Lauterbach, T.; Hartmann, R. W. Arch. Pharm.
(Weinheim, Ger.) 2008, 341, 597-609; (f) Hille, U. E.; Hu, Q.; Pinto-Bazurco
Mendieta, M. A. E.; Bartels, M.; Vock, C. A.; Lauterbach, T.; Hartmann, R. W. C. R.
Chim. 2009, 12, 1117-1126; (g) Hille, U. E.; Hu, Q.; Vock, C.; Negri, M.; Bartels,
M.; Mueller-Vieira, U.; Lauterbach, T.; Hartmann, R. W. Eur. J. Med. Chem. 2009,
44,2765-2775; (h) Jagusch, C.; Negri, M.; Hille, U. E.; Hu, Q.; Bartels, M.; Jahn-
Hoffmann, K.; Pinto-Bazurco Mendieta, M. A. E.; Rodenwaldt, B.; Miiller-Vieira,
U.; Schmidt, D.; Lauterbach, T.; Recanatini, M.; Cavalli, A.; Hartmann, R. W.
Bioorg. Med. Chem. 2008, 16, 1992-2010; (i) Krug, S. J.; Hu, Q.; Hartmann, R. W.
J. Steroid Biochem. Mol. Biol. 2013, 134, 75-79; (j) Pinto-Bazurco Mendieta, M. A.
E.; Hu, Q.; Engel, M.; Hartmann, R. W. J. Med. Chem. 2013, 56, 6101-6107; (k)
Yin, L.; Hu, Q.; Hartmann, R. W. Int. J. Mol. Sci. 2013, 14, 13958-13978.

4, (a) Lucas, S.; Heim, R.; Ries, C.; Schewe, K. E.; Birk, B.; Hartmann, R. W. J. Med.
Chem. 2008, 51, 8077-8087; (b) Yin, L.; Hu, Q.; Hartmann, R. W. PLoS ONE 2012,
7,e48048; (c) Hu, Q.; Yin, L.; Hartmann, R. W. J. Med. Chem. 2012, 55, 7080-
7089; (d) Yin, L.; Hu, Q.; Hartmann, R. W. J. Med. Chem. 2013, 56, 460-470; (e)
Yin, L.; Hu, Q. Future Med. Chem. 2013, 5, 359-362.

5. (a)Yin, L.; Lucas, S.; Maurer, F.; Kazmaier, U.; Hu, Q.; Hartmann, R. W. J. Med.
Chem. 2012, 55, 6629-6633; (b) Emmerich, J.; Hu, Q.; Hanke, N.; Hartmann, R.
W. J. Med. Chem. 2013, 56, 6022-6032.

. Chowdhury, S.; Georghiou, P. E. J. Org. Chem. 2002, 19, 6808-6811.

. Itoh, T.; Mase, T. Org. Lett. 2004, 24, 4587-4590.

. Crystallographic data (excluding structure factors) for the structures in this
Letter have been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication CCDC 936616-936617. Copies of the data can be
obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK. Fax: +44 (0) 1223 336033 or e-mail: deposit@ccdc.cam.ac.Uk.

9. (a) Maeda, Y.; Koyabu, M.; Nishimura, T.; Uemura, S. J. Org. Chem. 2004, 69,
7688-7693; (b) Blanco, G. A.; Baumgartner, M. T. J. New Chem. 2010, 34, 2306~
2309.

10. Tsukamoto, H.; Kondo, Y. Org. Lett. 2007, 21, 4227-4230.

11. Procedure A: (Used for all reactions in Table 1, and entries 10-12, 15 and 16 in
Table 2) The utilized base (0.5 mmol, 2 equiv) was suspended in 1 ml solvent
under an atmosphere of nitrogen. Nucleophile (0.3 mmol, 1.2 equiv) and
triflate (0.25 mmol, 1 equiv) dissolved in 1 ml solvent were added. The mixture
was stirred at 100 °C for 1 h before cooling to rt. Subsequently it was diluted
with water and extracted with ethyl acetate. The combined organic layers were
washed with brine, dried over anhydrous MgSO,4 and the solvents were
removed under reduced pressure. The products were obtained by flash
chromatography on silica gel (CH,Cl,/methanol 99.5:0.5).

OND


http://dx.doi.org/10.1016/j.tetlet.2013.09.111
http://dx.doi.org/10.1016/j.tetlet.2013.09.111
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0005
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0010
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0010
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0010
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0015
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0015
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0015
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0020
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0020
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0025
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0025
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0025
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0030
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0030
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0035
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0035
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0040
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0040
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0045
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0045
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0050
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0050
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0050
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0055
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0055
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0055
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0055
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0060
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0060
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0060
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0065
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0065
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0065
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0070
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0070
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0070
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0070
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0075
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0075
http://refhub.elsevier.com/S0040-4039(13)01676-6/h9080
http://refhub.elsevier.com/S0040-4039(13)01676-6/h9080
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0080
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0080
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0085
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0085
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0090
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0090
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0095
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0095
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0100
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0105
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0105
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0110
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0110
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0115
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0115
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0120
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0125
http://deposit@ccdc.cam.ac.Uk
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0130
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0130
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0135
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0135
http://refhub.elsevier.com/S0040-4039(13)01676-6/h0140

6618

Procedure B: (Used for entries 2-9, 13 and 14 in Table 2) Dry potassium
carbonate (2 equiv) and the corresponding thiol (1.2 equiv) were added to a
solution of triflate (1 equiv) in dry DMF under an atmosphere of nitrogen. The
mixture was stirred at 100 °C for 0.5-3 h and subsequently cooled to room
temperature before water was added. The aqueous layer was extracted with
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ethyl acetate and the combined organic layers were washed with brine, dried
over anhydrous MgSO,4 before the solvents were removed under reduced
pressure. The products were obtained after purification by flash
chromatography on silica gel (petroleum ether/ethyl acetate or CH,Cl,/
methanol mixtures).
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