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Isomeric 1- and 3-isoquinolinols (11 and 12) when activated in CF3SO3;H—SbFs acid system undergo
selective ionic hydrogenation with cyclohexane to give 5,6,7,8-tetrahydro-1(2H)- and 5,6,7,8-
tetrahydro-3(2H)-isoquinolinones (22 and 27). Under the influence of aluminum chloride similar
products were also obtained along with 3,4-dihydro-1(2H)- and 1,4-dihydro-3(2H)-isoquinolinones
(23 and 28), respectively. Compounds 11 and 12 also condense with benzene in the presence of
aluminum halides, under mild conditions, to give 3,4-dihydro-3-phenyl-1(2H)- and 1,4-dihydro-1-
phenyl-3(2H)-isoquinolinones (24 and 29), respectively. Prolonged reaction time or catalysis under
strongly acidic HBr—AIBr; provides an alternative reaction pathway to yield 5,6-dihydro-6,8-
diphenyl-1(2H)- and 5,6,7,8-tetrahydro-6,8-diphenyl-3(2H)-isoquinolinones (25 and 30), respectively.
Products 24 and 29 were also found to revert back to 11 and 12 in the presence of aluminum
halides in o-dichlorobenzene. The mechanism of these intriguing reactions, which involves
superelectrophilic dicationic intermediates, is discussed.

Introduction

Isomeric naphthols have been found to form C-mono-
protonated cations (structures 1, 2 (X = H)) in Bronsted
superacids? or similar complexes (1, 2 (X = Al,Clz,™ or
AlBrz,7)) with aluminum halides.® They were also found
to condense with benzene®# and undergo selective ionic
hydrogenation with cyclohexane® in the presence of
excess aluminum halides. The key reactive intermediates
of these reactions were, however, found to be superelec-
trophilic® C,C-diprotonated dications 3 and 4.7

(1) Chemistry in Superacids. Part 61. For part 60, see: Olah, G. A,;
Prakash, G. K. S.; Rasul, G. J. Org. Chem., in press.

(2) (a) Olah, G. A.; Mateescu, G. P.; Mo, Y. K. J. Am. Chem. Soc.
1973, 95, 1865. (b) Kamshii, L. P.; Mamatyuk, V. I.; Koptyug, V. A.
Izv. Acad. Nauk SSSR, Ser. Khim. 1974, 6,1440. (c) Repinskaya, I. B.;
Shakirov, M. M.; Koltunov, K. Yu.; Koptyug, V. A. J. Org. Chem. USSR
1988, 24, 1719. (d) Repinskaya, 1. B.; Shakirov, M. M.; Koltunov, K.
Yu.; Koptyug, V. A. J. Org. Chem. USSR 1992, 28, 778. (e) Repinskaya,
1. B.; Koltunov, K. Yu.; Shakirov, M. M.; Koptyug, V. A. J. Org. Chem.
USSR 1992, 28, 785.

(3) (a) Koptyug, V. A;; Andreeva, T. P.; Mamatyuk, V. I. Izv. Acad.
Nauk SSSR, Ser. Khim. 1968, 2844. (b) Koptyug, V. A.; Andreeva, T.
P.; Mamatyuk, V. I. J. Org. Chem. USSR 1970, 6, 1859.

(4) (@) Methoden der Organischen Chemie; Thomas, H. G., Ed,;
Thieme: Stuttgart, 1976; Vol. 7, 2b, p 1710. (b) Repinskaya, I. B.;
Koltunov, K. Yu.; Shakirov, M. M.; Shchegoleva, L. N.; Koptyug, V. A.
Russ. J. Org. Chem. 1993, 29, 803. (c) Koltunov, K. Yu.; Repinskaya,
I. B.; Shakirov, M. M.; Shchegoleva, L. N. Russ. J. Org. Chem. 1994,
30, 88, and references therein.

(5) (a) Koltunov, K. Yu.; Subbotina, E. N.; Repinskaya, I. B. Russ.
J. Org. Chem. 1997, 33, 689. (b) Koltunov, K. Yu.; Ostashevskaya, L.
A.; Repinskaya, I. B. Russ. J. Org. Chem. 1998, 34, 1796.

(6) Olah, G. A. Angew. Chem., Int. Ed. Engl. 1993, 32, 767.

(7) Dications 4 (X = H, CHj3) and the derivatives of dications 3 (X =
H, CH3) bearing an electron-donating substituent at C* were generated
as long-living species by protonation of respective naphthols and their
methyl ethers in HF—SbFs(1:1)—SO,CIF and HSO3F—SbF5(1:1)—SO,-
CIF acid systems at low temperature, see refs 2c,e.
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Recently, we have shown that 5-amino-1-naphthol,
isomeric 5-, 6-, 7-, 8-quinolinols, and 5-isoquinolinol
containing a nitrogen atom and a hydroxy group in
different rings of the naphthalene (quinoline, isoquino-
line) system produce superelectrophilic N,C-diprotonated
dications 5—10, which were recognized to be somewhat
weaker electrophiles than dications 3 and 4. However,
they were electrophilic enough to react with benzene and
cyclohexane.»® The practical importance of compounds
with the isoquinoline skeleton (including partly hydro-
genated and arylated derivatives) as bioactive substances
and pharmacophores® attracted our interest in investi-
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gating the analogous reactivity for isoquinolinols contain-
ing the hydroxy group in the pyridine ring of the
isoquinoline system. We now report a study of the
superacid-catalyzed reactions of 1- and 3-isoquinolinols
(11 and 12) with cyclohexane and benzene to synthesize
such useful intermediates.

Results and Discussion

NMR Study of Protonation of 1- and 3-Isoquino-
linols and Theoretical Study of Possible Diproto-
nated Forms. In contrast to the ease of formation of
dications 5—10 as long-living species,*® protonation of
1-isoquinolinol 11 in a similar manner in CF3SOzH (triflic
acid, Ho = —14.1) as well as the CF;SO3H—SbF5 acid
system produced only the N-protonated monocation 11a.
Protonation of 3-isoquinolinol 12 in triflic acid and in CFz-
SO3H—SbFs gave the N-protonated monocation 12a along
with an additional ion 12b (5 and 30%, respectively), a
dicationic species, which undergo rapid proton exchange
with the acid. Similar dicationic species were observed
with other isomeric quinolinols and 5-isoquinolinol.82 All
the signals of ion 12b in the *H and 3C NMR spectra
were found to be shifted downfield (deshielded) with
respect to the signals of the monocation 12a, indicating
an additional positive charge. However, no clear signal
corresponding to the appearance of a CH, group was
observed. At the same time the signal of the hydrogen
atom attached to C° was absent, clearly indicating a
proton exchange process at this position with the acid.

In principle, additional protonation of monocations 11a
and 12a could lead to a number of isomeric dications,
among which structures 13—17 and 18—21, respectively,
seemed the most probable (Table 1). Dications 16 and
20, for example, were preferred as analogues of ions 1
and 2 or respective dications 5—10. Dication 15 can be
considered as an analogue of the dication 3. C-Protona-
tion of the benzene ring of 11a and 12a, as well as the
additional N-protonation producing dications 13, 14, 19,
20 and 17, 21, also seemed probable due to participation
of the lone electron pairs of both heteroatoms in charge
delocalization. Depending on their relative electrophi-
licities and concentrations in the reaction media, dica-
tions 13—21 (or similar complexes with aluminum ha-
lides) could give respective products with the nucleophiles.

To understand the relative stabilities and electrophi-
licities of dications 13—21 we have computed their
relative energies, the energies of the lowest unoccupied
molecular orbital (e umo), the squares of the coefficients
of carbon atoms at the LUMO of electrophilic centers (c.?),
and the atomic charges of electrophilic centers (q.)
localized at carbon atoms and pendent hydrogen atoms.
Calculations were performed with the Gaussian 98
program system.® The geometry optimization was car-
ried out using the DFT*! method at the B3LYP?/6-31G*
level.®* Vibrational frequency at the B3LYP/6-31G*//
B3LYP/6-31G* level was used to characterize the station-

(8) (a) Koltunov, K. Yu.; Prakash, G. K. S.; Rasul, G.; Olah, G. A. J.
Org. Chem. 2002, 67, 4330. (b) Koltunov, K. Yu.; Repinskaya, I. B.
Russ. J. Org. Chem. 2002, 38, 437. (c) Koltunov, K. Yu.; Repinskaya,
I. B. Russ. J. Org. Chem. 2000, 36, 446.

(9) (a) Hazai, L. Adv. Heterocycl. Chem. 1991, 52, 155. (b) Katritzky,
A. R.; Lan, X.; Zhang, Z. J. Heterocycl. Chem. 1993, 30, 381. (c)
Yokoyama, A.; Ohwada, T.; Shudo, K. J. Org. Chem. 1999, 64, 611,
and references therein.
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ary point as a minimum (number of imaginary frequen-
cies (NIMAG) = 0). The values of g. were obtained using
the natural bond orbital analysis'* (NBO) method. Re-
sults of calculations are summarized in Table 1.

All dications 13—21 according to the calculated values
of €Lumo (—12.71 to —12.31 eV) must be stronger electro-
philes than isomeric dications 6—10 (e umo = —12.263
to —11.988 eV)..2 Moreover, the values of ¢ ywo Of
dications 15 and 16 are close to that of parent C,C-
diprotonated dication 3 (e_umo = —12.936, g4 = 0.46 eV),82
indicating their similar electrophilicities. Surprisingly,
dications 18—21 were found to be kinetically and ther-
modynamically (according to their g. and €_ymo values,
respectively) more electrophilic than the parent C,C-
diprotonated dication 4 (e_umo = —12.244 eV, g, = 0.38).82

The computed relative energies show the N,C-dipro-
tonated dications 13—16 and 18—20 to be energetically
similar. Furthermore, due to their effective delocalization
of positive charge, they are more stable than N,N-
diprotonated dications 17 and 21 (almost by 37.5 kcal/
mol compared to 13). According to theory all dications
13—21 appear to be electrophilic enough to react with
benzene and cyclohexane; however, the kinetic factors for
their generation is the key.

On this basis, the dications 15, 17, and 21 seem to be
unfavorable candidates for the real reactive intermedi-
ates.'s

Previously, we have shown that a good correlation
exists between the computed distribution of values of g;
as well as ¢i? at the LUMO of dicationic superelectrophiles
and their experimentally found positional selectivity in
their reactivities with nucleophiles.1#*¢825 The reason for
the significant contribution of the orbital control (c? at
LUMO) along with the charge control (q;) is explained
by close energetic levels of the LUMO of strong electro-
philes and the HOMO of such nucleophiles as benzene
and cyclohexane. Moreover, in the case of the one-electron
transfer pathway of these reactions the positional selec-
tivity would mainly correlate with the values of ¢;? at the
LUMO. The significant values both of c.? and q. predict
electrophilic (reaction) centers C® and C8, C8, C4, C3, and
C! for dications 13—17, respectively. Similarly, one can

(10) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A,;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels,
R. E.; Kudin, K. N.; Strain, M. C.; Farcas, O.; Tomasi, J.; Barone, V.;
Cossi, M.; Cammi, R.; Mennucci, B.; Pomelly, C.; Adamo, C.; Clifford,
S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma,
K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B,;
Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G., Liashenko, A.;
Piskorz, P.; Komaromi, I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith,
T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkarra, A.; Gonzalez, C.;
Challacombe, M.; Gill, P. M. W.; Jonson, B.; Chen, W.; Wong, M. W.;
Andres, J. L.; Gonzalez, C.; M. Head-Gordon, M.; Pople, J. A. Gaussian
98 (Revision A.5); Gaussian, Inc.: Pittsburgh, PA, 1998.

(11) Ziegler, T. Chem. Rev. 1991, 91, 651.

(12) Becke's three-parameter hybrid method using the LYP correla-
tion functional: (a) Becke, A. D. J. Chem. Phys. 1993, 98, 5648. (b)
Lee, C.; Yang, W.; Parr, R. G. Phys. Rev. B 1988, 37, 785. (c) Stephens,
P. J.; Devlin, F. J.; Chabalovski, C. F.; Frisch, M. J. J. Phys. Chem.
1994, 98, 11623.

(13) Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, J. A. Ab Initio
Molecular Orbital Theory; Wiley-Interscience: New York, 1986.

(14) Reed, A. E.; Curtiss, L. A.; Wienhold, F. Chem. Rev. 1988, 88,
899.

(15) Obviously, the additional protonation of C2 of ion 11a as well
as the nitrogen atom of ions 11a and 12a, producing dications 15, 17,
and 21, respectively, requires overcoming significant charge—charge
repulsion.
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TABLE 1. Energies of the LUMO (eLumo), the Square of the Coefficients on Carbon Atoms at the LUMO (c;2),2 NBO
Charges on CH Groups (qi),2 and Total Energies (—au), ZPE, and Relative Energies of Dications 13—21 Calculated by the

DFT Method
dication, q. and (c.%) £LUMO» B3LYP/6-31G*// ZPE rel energy,
eV B3LYP/6-31G* kcal/mol
0.38 (0.43) y 0.43 (0.14)
WTH -12.31 477.70210 100.9 2.2
0.35(0.52) &y
13 *
030015, 042(029)
W@H -12.332 477.69489 100.7 6.6
0.41 (0.50) O
14 °*
0.4 (0.56)
@pr -12.71 477.69245 101.3 8.7
“H
15 QH
0.65 (0.74)
@q‘ -12.653 477.67974 100.7 16.1
16 OH
0.27 (0.25) 0.28 (0.09)
@E:[;HZ -12.354 477.64651 1013 375
0.22 (0.19) op 069 (0-58)
17
0.39 (0.47) +
OH
@Cﬁ 12312 477.70597 101.1 0.0
H
0.34 (0.54)  0.49 (0.18)
18
0.28 (0.05) .
i I ;Nf
0az 08 oethn -12.377 477.69571 100.7 6.0
19
<o)
N,
H -12.581 477.69601 101.4 6.6
20 052(053)
OH
<)</\EH2 -12.629 477.64668 101.4 37.5
0.43 (0.5)

a These parameters are given for positions with the most significant values of ¢;2 at the LUMO or g;.

easily predict a single electrophilic center C* for dications
20 and 21. The dications 18 and 19, according to their
considerable values of g;, s and gg, could have electro-
philic centers at C?, C% and C& On the other hand,
position C! of the dication 18 and position C® of the
dication 19 are unlikely to be real reaction centers
according to their negligible values of c.2. Moreover,
reaction with the electrophilic center C! in dications 18
and 19 will lead to the destruction of aromaticity of both

rings, clearly unfavorable on the basis of energy consid-
erations.

Summarizing the results of calculations, the super-
electrophiles derived from isoquinolinols 11 and 12 seem
to be N,C-diprotonated dications 13, 14, 16, and 18—20
with reaction centers C or C8C8C3and Céor C2C,8
C1, respectively. Relative reactivity of considered dica-
tions based on theory can be presented as follows: 16 >
14 > 13 and 20 > 19 > 18.

J. Org. Chem, Vol. 67, No. 25, 2002 8945
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Reactions of 11 with Cyclohexane and Benzene.
Isoquinolinol 11 does not react with cyclohexane and
benzene in triflic acid. However, 11 readily reacts with
cyclohexane in the CF3SO3;H—SbFs system at room
temperature to give 5,6,7,8-tetrahydro-1(2H)-isoquinoli-
none (22) in 90% vyield. The likely mechanism of this
reaction, according to Scheme 1, includes generation of
dication 13 or 14 followed by their selective ionic hydro-
genation with cyclohexane. Reaction of 11 with cyclohex-
ane in the presence of aluminum chloride at 90 °C gave
a mixture of 22 and 3,4-dihydro-1(2H)-isoquinolinone (23)
(molar ratio ~5:4) in 96% overall yield.'® Formation of
23 can be explained by participation of dicationic species
16' as a key intermediate (Scheme 1). It is gratifying to
note that theoretical estimates of higher electrophilicity
of dications 13, 14, and 16 in comparison with that of
dications 5—10 are in agreement with the observed
experimental results. For example, the time to complete

(16) Under the reaction conditions cyclohexane exists in an equi-
librium with methylcyclopentane, see: Nenitzescu, C. D.; Cantuniari,
R. Chem. Ber. 1933, 66, 1097.
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the reaction of 11 with cyclohexane in the presence of
aluminum chloride required only 2 h. However, to
complete similar reactions of 8-quinolinol, 5-isoquinolinol,
5-quinolinol, and 5-amino-1-naphthol at the same tem-
perature (90 °C) required much longer time (15, 50, 90,
and >150 h, respectively). This roughly correlates with
the values of ¢ ymo and g. of their dications 9 (—12.263
eV and 0.36), 10 (—12.157 eV and 0.36), 6 (—11.988 eV
and 0.34), and 5 (—10.979 eV and 0.3), respectively.1-8

Reaction of 11 with benzene was also found to follow
two pathways. In the presence of 4 molar excess of
aluminum halides at room temperature, dicationic spe-
cies 16' is considered to be the key intermediate reacting
with benzene to give 3,4-dihydro-3-phenyl-1(2H)-iso-
quinolinone (24) in ~75% vyield (Scheme 2). Further
experiments, however, have shown that the reaction is
reversible and the yield corresponds to the equilibrium
concentrations of the products obtained over 70 and 15
h reaction time in the case of AICI; and AlBr3, respec-
tively. Increasing the reaction time did not change the
ratio of 11 and 24. Moreover, 24 gave precursor 11 in
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~20% equilibrium concentration in the presence of
aluminum chloride over 220 h of reaction time under
conditions similar to that of condensation. The analogous
behavior was found previously in the case of 5-amino-1-
naphthol, isomeric quinolinols, and 5-isoquinolinol, which
gave respective condensation products in 15—40% yields.8
The higher yield of 24 is also is in accord with the
recognized higher electrophilicity of dication 16 in com-
parison with that of 5—10. The reversibility of the
reaction can be utilized for a reversed synthesis of
isoquinolinol 11. The latter was obtained in quantitative
yield by reaction of 24 with aluminum halides in o-
dichlorobenzene medium.

Prolonged reaction time or, more effectively, catalysis
with highly acidic HBr—AIBr; results in an alternative
pathway of the reaction of 11 with benzene to give 5,6-
dihydro-6,8-diphenyl-1(2H)-isoquinolinone (25) as the end
product in ~70% vyield.'” Obviously, this pathway is
possible due to the reversibility of the former reaction
path. Dication 13" or 14' is considered to be the key
intermediate of this reaction. The preferred mechanism
including generation of 14' is shown in Scheme 2.
Formation of the C’—C8 double bond in 25 might be
explained by ionic dehydrogenation of the intermediate
26 with acid or, more likely, as a result of side reactions
including ionic hydrogenation—dehydrogenation pro-
cesses.® On the other hand, the double-bond formation

(17) The detailed mechanism of this reaction was not explored, and
intermediate products were characterized only by NMR and TLC
monitoring. Hydrogenation of the product 25 in ethanol over Pd/C (5%)
at room temperature and 1 atm of hydrogen for 8 h gave 5,6,7,8-
tetrahydro-6,8-diphenyl-1(2H)-isoquinolinone (mixture of cis/trans
isomers 10:1) in quantitative yield.

(18) (a) Olah, G. A.;Prakash, G. K. S.; Sommer, J. In Superacids;
Wiley: New York, 1985. (b) Benner, L. S.; Lai, Y.-H.; Vollhardt, K. P.
C. J. Am. Chem. Soc. 1981, 103, 3609, and references therein.

is less likely when compared to disproportionation reac-
tions of 1,2-dihydronaphthalenes under the action of
strong acids.’® The unique behavior can be better ex-
plained by the oxidative dehydrogenation of 26 as a result
of its protonation or protosolvation according to Scheme
3.

Reactions of 12 with Cyclohexane and Benzene.
Similar to 11, isoquinolinol 12 also does not react with
cyclohexane in triflic acid, but readily reacts in the CF;-
SO3H—SbFs system to give 5,6,7,8-tetrahydro-3(2H)-
isoquinolinone (27) in 94% yield. The mechanism of this
reaction, according to Scheme 4, includes generation of
dication 18 or 19 followed by their selective ionic hydro-
genation with cyclohexane. Reaction with cyclohexane
under aluminum chloride catalysis at 90 °C gave a
mixture of 27 and 1,4-dihydro-3(2H)-isoquinolinone (28)
(1:4, respectively) in quantitative overall yield.’® The
main pathway of this reaction corresponds to the par-
ticipation of dicationic species 20" as a key intermediate
(Scheme 4).

Isoquinolinol 12 also readily reacts with benzene in the
presence of 4—6 molar excess of aluminum halides. Full
conversion of 12 required only 1.5 h in the presence of
aluminum chloride at room temperature to give 1,4-
dihydro-1-phenyl-3(2H)-isoquinolinone (29) in ~80% yield
along with 5,6,7,8-tetrahydro-6,8-diphenyl-3(2H)-isoquino-
linone (30) (~15% yield). Dicationic species 20" and 19’
(or 18") are considered to be the key intermediates of the
reaction leading to products 29 and 30, respectively
(Scheme 5). Increasing the reaction time (>70 h) as well
as the use of AIBr; instead of AICI; makes the latter
pathway predominant and gives product 30 in quantita-

(19) Tournier, H.; Longeray, R.; Dreux, J. Tetrahedron Lett. 1969,
21, 1629.
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tive yield. This can be explained by reversibility of the
former reaction pathway. Analogous to the behavior of
compound 24, product 29 gave precursor 12 under the
influence of aluminum halides in o-dichlorobenzene, but
in comparatively lower yields (<62%) due to the parallel
formation of 30. Nevertheless, this reaction seems to be
interesting as a new synthetic route to 12 and its
derivatives from corresponding arylisoquinolinones.

Compound 12 also slowly reacts with benzene in triflic
acid. The disappearance of starting material was ob-
served over a period of ~750 h at room temperature to
give a mixture 29/30 (~1:1) along with byproducts. This
is in accord with the earlier observations.® Reaction of
12 with benzene with AIBr;—HBr at room temperature
or AICI; at 90 °C gave 30 and its reaction products. The
reaction, however, was not further explored.

The experimentally found high reactivity of isoquino-
linol 12 (appears to be even more reactive, than 2-naph-
thol“c5) also correlates with the significant electrophi-
licity of dications 18—20, in accordance with the theoreti-
cal calculations.

Conclusions

In summary, we have found that isoquinolinols 11 and
12 undergo ionic hydrogenation with cyclohexane and
condense with benzene in superacids to give respective
products 22—25 and 27—30 depending on reaction condi-
tions. All the experimental results can be successfully
explained by involving the intermediacy of N,C-diproto-
nated dications 13, 14, 16, and 18—20 or analogous
complexes with aluminum halides. The experimental
data are also supported by the results of the theoretical
calculations on these dications. lonic hydrogenation with
cyclohexane can be conveniently used in selective reduc-
tion of 11, 12, and their derivatives. Reactions with
benzene provide new, effective and simple ways for the
synthesis of arylisoquinolinones. The reversibility of

reactions can be useful for the synthesis of 11, 12, and
their derivatives from the corresponding arylamides.

Experimental Section

'H and 3C NMR spectra were recorded on a 300 MHz
superconducting NMR spectrometer. High-resolution mass
spectra were measured at the Southern California Mass
Spectrometry Facility at the University of California at
Riverside. Triflic acid, aluminum halides, 1-isoquinolinol 11
(mp 211-214 °C), and 3-isoquinolinol 12 (mp 192—194 °C)
were purchased and used as received. Antimony pentafluoride
was distilled under argon. Elevated temperature reactions
were carried out in 15 mL pressure tubes.

Procedure for the protonation of 11 and 12 was similar
to that for quinolinols as previously reported.8

lon 11la: *H NMR (CF3;SOzH) 6 6.8—6.9 (m, 2H), 7.03 (t, J
8.7 Hz, 1H), 7.15 (d, J 8.7 Hz, 1H), 7.22 (t, J 9.3 Hz, 1H), 7.56
(d, J 9.3 Hz, 1H), 10.2 (br s, 1H);?° 13C NMR (CF3SO3H) 6 116.8,
117.6, 124.1, 124.8, 127.1, 129.9, 136.7, 139.5, 158.9.%

lon 12a: 'H NMR (CF3SO3H) 0 6.67 (d, J 2.2 Hz, 1H), 6.84
(t, 3 8.3 Hz, 1H), 7.03 (d, J 8.3 Hz, 1H), 7.12 (t, J 8.3 Hz, 1H),
7.27 (d, J 8.3 Hz, 1H), 8.08 (d, J 7.1 Hz, 1H), 10.8 (br s, 1H);2°
13C NMR (CF3sSOsH) 6 106.5, 123.2, 125.7, 128.7, 129.2, 137.6,
1425, 143.3, 151.3.%

lon 12b: *H NMR (CF3SO3H) 6 7.02 (t, J 8.1 Hz, 1H), 7.38
(s, 1H), 7.67 (d, J 8.1 Hz, 1H), 7.92 (d, J 8.1 Hz, 1H), 8.36 (d,
J 7.2 Hz, 1H), 11.4 (br s, 1H);?° 13C NMR (CF3sSOsH) 6 104.7,
123.7,127.3, 130.4, 137.4, 138.3, 140.5, 144.5, 153.4.%

5,6,7,8-Tetrahydro- and 3,4-Dihydro-1(2H)-isoquinoli-
nones (22 and 23). Method a. To a solution of 11 (0.025 g,
0.17 mmol) in CF3SO3H (0.7 g, 4.7 mmol) was added SbFs (0.33
g, 1.5 mmol) at room temperature. Subsequently, cyclohexane
(0.3 mL) was introduced, and the reaction mixture was stirred
at 25 °C for 1 h followed by a quench with several grams of
ice. The resulting mixture was neutralized with NaHCO3; and
extracted with CHCIs;. The organic phase was dried over

(20) Protons bonded to oxygen are not observed due to rapid proton
exchange with the acid.

(21) The chemical shifts were measured with reference to the signals
of (CD3),CO as external standard (2.04 and 206 ppm in the 'H and
13C NMR spectra, respectively).
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anhydrous MgSO,. Concentration in vacuo provided a residue
that was washed by hexanes to obtain 22 (0.023 g, 90%) as a
crystalline product: mp 211—-213 °C (acetone), lit.22 mp 212—
214 °C; 'H NMR (CDCls3) 6 1.65—1.85 (m, 4H), 2.5—2.65 (m,
4H), 6.12 (d, J 6.5 Hz, 1H), 7.28 (d, J 6.5 Hz, 1H); 13C NMR
(CDCl3) 0 21.8, 22, 23, 29.4, 109.7, 126.6, 130.2, 150.2, 164.5.

Method b. To a suspension of AICI; (0.68 g, 5 mmol) in
cyclohexane (3 mL) was added 11 (0.1 g, 0.7 mmol). The
resulting mixture was stirred at 90 °C for 2 h, followed by
cooling, and the mixture was poured over several grams of ice
and extracted with CH,Cl,. The treatment of the organic phase
with 20% aqueous NaOH gave a precipitate, which was filtered
off and combined with the alkaline aqueous phase. The
combined mixture was neutralized with hydrochloric acid and
extracted with CH,Cl,. The obtained organic phase was dried
(MgS0O,4) and concentrated to afford 22 (0.057 g, 55%). The
residual organic phase was washed with water, dried (MgSQ,),
and concentrated to provide 23 (0.042 g, 41%) as a crystalline
product: mp 67—69 °C (cyclohexane), lit.2®> mp 64—66 °C; 'H
NMR (CDCls) 6 2.99 (t, J 6.6 Hz, 2H), 3.58 (td, J 6.6, 2.3 Hz,
2H), 6.94 (br s, 1H), 7.21 (d, J 7.6 Hz, 1H), 7.35 (t, J 7.6 Hz,
1H), 7.45 (t, J 7.6 Hz, 1H), 8.05 (d, J 7.6 Hz, 1H); *3C NMR
(CDCl3) 6 28.3, 40.1, 127, 127.3, 127.8, 128.9, 132.1, 138.9,
166.6.

3,4-Dihydro-3-phenyl-1(2H)-isoquinolinone (24). To a
suspension of AICI; (0.27 g, 2 mmol) in benzene (4 mL) was
added 11 (0.073 g, 0.5 mmol). The resulting mixture was
stirred at 25 °C for 72 h,?* followed by pouring the mixture
over several grams of ice and its subsequent extraction with
CHCIs. The organic phase was washed with aqueous NaHCOs3,
then dried (MgSO,) and concentrated to give the mixture,
which was separated by silica gel column chromatography?
with CCl4—CHCI; (10:1), providing precursor 11 (0.016 g, 22%,
mp 210—212 °C) and crystalline product 24 (0.083 g, 74%):
mp 129-130 °C, lit.?® mp 130—131 °C; *H NMR (CDCl3) 6 3.1—
3.3 (m, 2H), 4.86 (dd, J 12, 5.5 Hz, 1H), 6.15 (br s, 1H), 7.18
(d, 3 8.3 Hz, 1H), 7.3—7.4 (m, 6H), 7.46 (td, J 8.3, 1.5 Hz, 1H),
8.12 (dd, J 8.3, 1.5 Hz, 1H); *C NMR (CDCls) 6 37.4, 56.1,
126.4, 127.2, 127.3, 128, 128.3, 128.4, 128.9, 132.5, 137.5,
140.9, 166.3.

1-Isoquinolinol (11). Method a. A mixture of AICI; (0.1
g, 0.75 mmol) and 24 (0.04 g, 0.18 mmol) in o-dichlorobenzene
(1.5 mL) was stirred at 25 °C for 300 h, then poured over ice
and extracted with CHCIs. The organic phase was separated,
washed with water and aqueous NaHCOg3, dried (MgSOQ,), and
concentrated. The crystalline residue was washed with ether
to provide isoquinolinol 11 (0.025 g, 96%): mp 210—212 °C.

Method b. A mixture of AIBr; (0.5 g, 1.9 mmol) and 24 (0.04
g, 0.18 mmol) in o-dichlorobenzene (1.5 mL) was stirred at 25
°C for 24 h and after workup as described above gave 11 (0.026
g, 100%).

5,6-Dihydro-6,8-diphenyl-1(2H)-isoquinolinone (25). To
a solution of AIBr; (1.33 g, 5 mmol) in benzene (2.5 mL) was
added 11 (0.145 g, 1 mmol). The resulting mixture was
saturated with gaseous HBr (0.16 g, 2 mmol) and stirred at
25 °C for 24 h, then poured over ice and extracted with
benzene. The organic phase was separated, washed with water
and aqueous NaHCOs3, dried (MgSQ,), and concentrated. The
crude material was dissolved in acetone (1.5 mL). After 10 h
at room temperature the precipitated crystalline product 25
(0.126 g) was filtered and washed with cold acetone. The
combined acetone solution was concentrated, and the residue
was purified by silica gel column chromatography (10:1 CCly—

(22) Kametani, T.; Sugahara, H. 3. Chem. Soc. 1964, 4, 3856.

(23) Girard, Y.; Atkinson, J. G.; Belanger, P. C.; Fuentes, J. J,;
Rokach, J.; Rooney, C. S.; Remy, D. C.; Hunt, C. A. J. Org. Chem. 1983,
48, 3220.

(24) After 24 h of the reaction the molar ratio of 11/24 was 1:2.3.

(25) The treatment of an ether—chloroform solution of a similar
reaction mixture with 20% aqueous NaOH (3 x 3 mL) easily removes
precursor 11, providing the pure product 24.

(26) Davis, F. A.; Andemichael, Y. W. J. Org. Chem. 1999, 64, 8627.
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CHCIs), providing an additional portion of 25 (0.09 g) in 72%
overall yield: mp 188—-189 °C (acetone); *H NMR (CDCl3) 6
2.61 (dd, J 13.3, 8.8 Hz, 1H), 3.05 (dd, J 13.3, 6.4 Hz, 1H),
3.77 (ddd, J 8.8, 6.4, 2.2 Hz, 1H), 6.2 (dd, J 6.8, 1.7 Hz, 1H),
6.41 (d, J 2.2 Hz, 1H), 6.44 (br s, 1H), 7.18—7.42 (m, 8H), 7.48—
7.56 (m, 3H); 13C NMR (CDCls) ¢ 37.8, 48.4, 108.7, 119, 120.6,
123.3, 125.2, 126.9, 127.6, 127.7, 128.5, 133.8, 134.1, 135.4,
143.2, 144.8, 147.3, 155.4, 165.2; HRMS C,;H17NO calcd
299.1310, found 299.1307.

5,6,7,8-Tetrahydro-3(2H)-isoquinolinone (27). To a solu-
tion of 12 (0.03 g, 0.2 mmol) in CF3SOzH (0.7 g, 4.7 mmol)
was added SbFs (0.33 g, 1.5 mmol) at room temperature. After
subsequent addition of cyclohexane (0.3 mL) the reaction
mixture was stirred at 25 °C for 1 h, followed by pouring over
several grams of ice. The resulting mixture was neutralized
with NaHCO; and extracted with CHCI;. The organic phase
was dried over anhydrous MgSO,. Concentration in vacuo
provided a residue that was washed by hexanes to obtain 27
(0.029 g, 94%) as a crystalline product: mp 199-201 °C
(acetone), lit.?” mp 201—-203 °C. *H NMR (CDCl3) 6 1.6—1.8
(m, 4H), 2.53 (m, 2H), 2.66 (m, 2H), 6.31 (s, 1H), 7.11 (s, 1H);
3C NMR (CDClg) 8 22.1, 22.7, 25.2, 29.4, 117.2, 117.5, 132.1,
154.4, 164.4.

1,4-Dihydro-3(2H)-isoquinolinone (28). To a suspension
of AICI; (0.68 g, 5 mmol) in cyclohexane (3 mL) was added 12
(0.1 g, 0.7 mmol). The resulting mixture was stirred at 90 °C
for 3 h until two distinct layers were formed, followed by
cooling. Then the mixture was poured over several grams of
ice and extracted with CHCI;. The organic phase was dried
(MgS0O,) and concentrated to give a residue that was washed
by hexanes to obtain a crystalline crude product? (0.1 g). The
latter was recrystallized from benzene to provide 28 (0.068 g,
67%): mp 146—148 °C, lit.?® mp 150—151 °C; 'H NMR (CDCls)
0 3.6 (s, 2H), 4.52 (s, 2H), 6.95 (br s, 1H), 7.1-7.3 (m, 4H); 3C
NMR (CDCl3) 6 36.4, 45.3, 125.4, 126.7, 127.5, 127.8, 130.9,
131.6, 173.4.

1,4-Dihydro-1-phenyl-3(2H)-isoquinolinone (29). To a
stirred suspension of AICI; (0.75 g, 5.6 mmol) in benzene (4
mL) at 0 °C was added 12 (0.145 g, 1 mmol). The resulting
mixture was stirred at 25 °C for 1.5 h, followed by pouring
the mixture over several grams of ice and its subsequent
extraction with CH,Cl,. The organic phase was washed with
aqueous NaHCO;3, then dried (MgSQO,) and concentrated to give
the residue,® which was recrystallized from benzene (1 mL)
to provide 29 (0.172 g, 77%): mp 165—167 °C, lit.%> mp 165—
167 °C; 'H NMR (CDClg) 6 3.7 (AB, J 20.5 Hz, 2H), 5.65 (s,
1H), 6.6 (br s, 1H), 6.96 (d, J 7.5 Hz, 1H), 7.15—7.4 (m, 8H);
13C NMR (CDCls) 6 36.5, 60.2, 126.7, 126.8, 127.4, 127.8, 127.9,
128.3, 129.1, 131.7, 134.6, 141.3, 171.4.

3-Isoquinolinol (12). Method a. A mixture of AICI; (0.15
g, 1.1 mmol) and 29 (0.04 g, 0.18 mmol) in o-dichlorobenzene
(3 mL) was stirred at 25 °C for 240 h, then poured over ice
and extracted with CHCI;. The organic phase was extracted
with 20% aqueous NaOH. The alkaline aqueous part was
washed with CHCI; and neutralized with hydrochloric acid,
followed by the extraction with CHCI3. The obtained organic
phase was dried (MgSO,) and concentrated to provide 12 (0.016
g, 62%): mp 194—196 °C (benzene), lit.’* mp 195—196 °C.

Method b. A mixture of AlBr; (0.2 g, 0.75 mmol) and 29
(0.04 g, 0.18 mmol) in o-dichlorobenzene (1 mL) was stirred
at 25 °C for 1 h and after workup as described above gave 7
(0.09 g, 35%).

5,6,7,8-Tetrahydro-6,8-diphenyl-3(2H)-isoquinolino-
ne (30). Method a. To a solution of AlBr; (1.2 g, 4.5 mmol) in

(27) Ershov, L. V.; Bogdanova, G. A.; Granik, V. G. Chem. Heterocycl.
Compd. 1990, 26, 183.

(28) The mixture of 28 /27 (83:17), according to 'H NMR data.

(29) Gramain, J. C.; Simonet, N.; Vermeersch, G.; Febvay-Garot,
N.; Caplain, S.; Lablashe-Combier, A. Tetrahedron 1982, 38, 539.

(30) The mixture of 29/30 (84:16), according to 'H NMR data.

(31) Baumgarten, H. E.; Murdock, W. F.; Dirks, J. E. J. Org. Chem.
1961, 26, 803.
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benzene (3 mL) was added 12 (0.145 g, 1 mmol). The resulting
solution was stirred at 25 °C for 4 h, then poured over ice and
extracted with CH,Cl,. The organic phase was washed with
water and aqueous NaHCOs, dried (MgSO,), and concentrated
to provide crystalline product 30 (0.292 g, 97%) as a mixture
of cis—trans isomers (~3:1). HRMS: C,;H;9NO calcd 301.1467,
found 301.1470. Recrystallization of the mixture from acetone
gave cis-30 (0.15 g, 50%): mp 258—260 °C; *H NMR (CDCl3)
02.03(q,J 12.4 Hz, 1H), 2.25-2.35 (m, 1H), 2.85-3.2 (m, 3H),
3.95 (dd, J 12.4, 4.5 Hz, 1H), 6.31 (s, 1H), 6.81 (s, 1H), 7.2—
7.4 (m, 10H); 3C NMR (CDCls) ¢ 38.5, 40.4, 40.5, 44.7, 116.8,
121.1, 126.6, 126.8, 127.1, 128.4, 128.7, 128.9, 134.6, 144.4,
144.9, 153.8, 164.1.

Method b. To a suspension of AICI; (0.7 g, 5.2 mmol) in
benzene (2 mL) was added 12 (0.145 g, 1 mmol). The resulting
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mixture was stirred at 25 °C for 72 h, then poured over ice
and after workup as described above gave the product 30
(0.285 g, 95%).
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