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lonic hydrogenation of naphthyl tetrafluoropyridin-4-yl ethers
as a new route to 5,6,7,8-tetrahydronaphthols
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O-Tetrafluoropyridin-4-yl-protected naphthols undergo
regioselective reduction with cyclohexane in the presence of
aluminium chloride to afford the corresponding
5,6,7,8-tetrahydronaphthyl ethers.
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cyclohexane.

Naphthols and naphthalenediols undergo selective reduction
with cyclohexane in the presence of aluminium halides or
HUSY zeolites to afford tetralones 1 and 2 through the
formation of intermediate dicationic superelectrophiles A or B,
respectively (Scheme 1).! Obviously, the regioselectivity of
these reactions is determined by the strongly electron donating
hydroxy group playing a decisive role in stabilizing of
intermediates A and B. Hence, one would expect that protection
of the hydroxy group with an electron withdrawing substituent
should have an effect on the reactivity of naphthols. In this
connection, it is important to note that the tetrafluoropyridine
moiety is a rare example of an easily installable and removable
phenol protecting group? also being resistant to drastic acidic
conditions.3

Herein, we report that the use of tetrafluoropyridin-4-yl
protecting group completely changes the regioselectivity of the

OH
= | % cyclo-CgHyn
—_—

% Y acid

R

.
0—7Z
)
S 7 7
e b
R A R B
O
= = 0
— - Y
VA A
R R
1 2

R =Hor OH
Z = H, Al,Halj, or Lewis acid site

Scheme 1

© 2020 Mendeleev Communications. Published by ELSEVIER B.V.
on behalf of the N. D. Zelinsky Institute of Organic Chemistry of the
Russian Academy of Sciences.

reduction of 1- and 2-naphthols with cyclohexane producing
5,6,7,8-tetrahydronaphthol core (Scheme 2).

Apparently, the reduction of ethers 3 and 4 into products 5
and 6, respectively, involves protonation on the benzene moiety
of the starting ethers leading to generation of electrophilic
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Scheme 2 Reagents and conditions: i, pentafluoropyridine (PFP), K,COs3,
DMEF, 20 °C, 1 h; ii, AICl;, cyclohexane, pressure tube, 110 °C, 0.5 h.

' 2,3,5,6-Tetrafluoro-4-(5,6,7,8-tetrahydronaphthalen-1-yloxy )pyridine
5 (typical procedure). A mixture of compound 3 (0.293 g, 1 mmol), AICl;
(0.8 g, 6 mmol) and cyclohexane (5 ml) was stirred at 110 °C (oil bath
temperature) for 0.5 h in a 15 ml pressure tube. After cooling, the upper
transparent layer (mixture of alkanes) was removed by decantation. The
residue was carefully treated with ice (several grams), and the mixture
was extracted with Et,O. The organic phase was dried over anhydrous
MgSO, to give a mixture consisting mainly of product 5 and isomeric
alkanes Cj,H,,.! Purification by flash chromatography (cyclohexane)
afforded product 5 (0.193 g, 65%). HRMS, m/z: 297.0773 (calc. for
C,sH,F,NO, m/z: 297.0774). 'H NMR 6: 1.79-1.90 (m, 4 H), 2.76-2.85
(m, 4H), 6.62 (d, 1H, J 8 Hz), 6.95 (d, 1H, J 8 Hz), 7.05 (t, 1H, J 8 Hz).
I9F NMR 6: 8.86 (m, 2F), 75.41 (m, 2F). 3C NMR (selected data for
tetraline moiety) J: 22.4, 22.6, 23.0, 29.4 (CH,), 112.5, 126.0, 126.1
(=CH), 127.4, 140.0 (=C), 154.1 (=C-0).
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species 7, followed by hydride transfer from cyclohexane to a
carbocation center of 7 (Scheme 3). The thus produced
intermediates 8 undergo additional protonation and react with
the second molecule of cyclohexane. All this explains the
necessity to use an excess of AICI; for performing these reactions.
Indeed, a catalytic amount of protic superacid
(HCI-ALCl;, or H,0-Al,Cls,, H, = —18) is normally present in
such reaction media due to the in situ reaction between the
excess of aluminium chloride and traces of water in the starting
materials.* Overall, the mechanism suggested is similar to that
for analogous reaction of 2,3-naphthalenediol.’

In conclusion, the protection of hydroxy group in 1- and
2-naphthols with tetrafluoropyridine moiety can affect the course
of ionic hydrogenation with cyclohexane under superacidic
conditions to reverse the reaction regioselectivity. This offers a
new indirect method for regioselective reduction of naphthols to
provide straightforward access to the 5,6,7,8-tetrahydro
derivatives, which, in general, is not a trivial task.®

2,3,5,6-Tetrafluoro-4-(5,6,7,8-tetrahydronaphthalen-2-yloxy)pyridine
6 was prepared similarly from compound 4. HRMS, m/z: 297.0772 (calc.
for C;sH, F,NO, m/z: 297.0774). 'H NMR 9: 1.75-1.83 (m, 4H),
2.7-2.77 (m, 4H), 6.73 (d, 1H, J 2.5 Hz), 6.78 (dd, 1H, J 2.5, 8 Hz), 7.04
(d, 1H, J 8 Hz). 'F NMR 6: 9.94 (m, 2F), 75.51 (m, 2F). '3C NMR
(selected data for tetraline moiety) d: 22.8, 23.0, 28.7, 29.5 (CH,), 113.9,
116.8, 130.4 (=CH), 134.1, 139.2 (=C), 153.7 (=C-O).

For more details, see Online Supplementary Materials.

This work was supported by the budget project
no. AAAA-A17-117041710083-5 for G. K. Boreskov Institute
of Catalysis.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2020.03.020.

References

(a) K. Yu. Koltunov, E. N. Subbotina and I. B. Repinskaya, Russ. J. Org.

Chem., 1997, 33, 689 (Zh. Org. Khim., 1997, 33, 750); (b) K. Yu. Koltunov,

L. A. Ostashevskaya and I. B. Repinskaya, Russ. J. Org. Chem., 1998, 34,

1796 (Zh. Org. Khim., 1998, 34, 1870); (¢) Z. Zhu and K. Yu. Koltunov,

Mendeleev Commun., 2016, 26, 79; (d) G. A. Olah, Angew. Chem.,

Int. Ed., 1993,32,767;(e) G.A.Olahand D. A. Klumpp, Superelectrophiles

and Their Chemistry, Wiley, New York, 2008.

2 (a) W. D. G. Brittain and S. L. Cobb, Org. Biomol. Chem., 2019, 17,
2110; (b) M. Jarman and R. McCague, J. Chem. Soc., Chem. Commun.,
1984, 125; (c) R. D. Chambers, P. R. Hoskin, G. Sandford, D. S. Yufit and
J. A. K. Howard, J. Chem. Soc., Perkin Trans. 1, 2001, 2788;
(d) R. D. Chambers, J. Fluorine Chem., 2010, 131, 665; (¢) V. V. Litvak,
I. Ya. Mainagashev and O. G. Bukhanets, Russ. Chem. Bull., Int. Ed.,
2007, 56, 980 (Izv. Akad. Nauk, Ser. Khim., 2007, 945).

3 K. Yu. Koltunov, G. K. S. Prakash, G. Rasul and G. A. Olah, Eur. J. Org.
Chem., 2006, 21, 4861.

4 (a) G. A. Olah, G. K. S. Prakash, A. Molnar and J. Sommer, Superacid
Chemistry, 2™ edn., Wiley, New York, 2009; (b) G. P. Smith,
A. S. Dworkin, R. M. Pagni and S. P. Zingg, J. Am. Chem. Soc., 1989,
111, 525; (¢) G. P. Smith, A. S. Dworkin, R. M. Pagni and S. P. Zingg,
J. Am. Chem. Soc., 1989, 111, 5075; (d) M. N. Vo, Y. Basdogan,
B. S. Derksen, N. Proust, G. A. Cox, C. Kowall, J. A. Keith and
J. K. Johnson, ACS Catal., 2018, 8, 8006.

5 Z. Zhu, L. A. Ostashevskaya and K. Yu. Koltunov, Tetrahedron Lett.,
2015, 56, 2254.

6 (a) T. Tsukinoki, T. Kanda, G.-B. Liu, H. Tsuzuki and M. Tashiro,

Tetrahedron Lett., 2000, 41, 5865; (b) Y. He, J. Tang, M. Luo and X. Zeng,

Org. Lett., 2018, 20, 4159.

—_

Received: 27th September 2019; Com. 19/6031

- 191 -



