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STUDIES ON THE SYNTHESES OF HETEROCYCLIC
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Abstract-—4-Cyano-3-phenylisoquinoline derivatives were prepared by the regiospecific intermolecu-
lar thermal cycloaddition reaction between a 1-cyanobenzocyclobutene derivative and Schiff bases.

We have recently reported a new synthesis of pro- -

toberberine  alkaloids (5a,b,¢)*** and an
ochotensine-type model compound (10)° by the in-
tramolecular thermal rearrangement of benzocyclo-
butene derivatives.

More recently we found an intermolecular ther-
mal cycloaddition between benzocyclobutenes
(11a,b) and 3, 4 - dihydroisoquinoline (13) to afford
13 - substituted protoberberines (14a, b) in excellent
yield in a highly regiospecific manner.*

As an expansion of the thermal intermolecular
cycloaddition of a benzocyclobutene derivative toa
C=N double bond, the present study provides a
new regiospecific cycloaddition for the synthesis of
3, 4 - disubstituted isoquinoline derivatives.

-

The reaction of a benzocyclobutene derivative
(11a) with Schiff bases (15a, b} at 150-160° without
solvent afforded two compounds, an isoquinoline
derivative (16a, b) and a dimer of the benzocyclo-
butene (11a), respectively.

The structure of the former isoquinolines (16a, b)
was deduced from their NMR spectra which
showed two pairs of AB type splittings due to two
isolated methylene groups eliminating isoquinoline
(17a,b) as possible structures. However, a
stereochemical relationship between C-3 and C-4
substituents could not be made clear since the ob-
served coupling constant (8 Hz) between C-3 and
C-4 protons indicated two possible stereostructures
with the dihedral angles 0° and 150° (on the basis of
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the Karplus equation) which seemed to be almost
equally stable from the appropriate model examina-
tion. Since the isoquinoline (16a, b) was obtained as
a single stereostructure, we may conclude that the
cycloaddition proceeded in both a regio- and
stereospecific manner,

Although a stereochemical assignment could not
be made, the benzocyclobutene dimer, which was
also obtained quantitatively on heating of 11a with-
out solvent at 150-160° under an atmosphere of nit-
rogen, was assigned the dibenzocyclooctene struc-
ture (18), and not the alternate structure (19), since
its NMR spectrum showed two broad singlets due
to methylene and methine protons at 3-15 ppm and

4-48 ppm. In this case, no interaction between two
signals was observed by the decoupling experi-
ment. Furthermore, this assignment may be also
supported by a comparison of the “CMR spectra of
the dimer (18) and the amide (20), in which the ob-
served relative chemical shift of the methine car-
bons between 18 and 20 was almost identical with
that of reported values.’

Under the same condition, the reaction of ben-
zocyclobutene (11a) with an oxime (21) did not give
an isoquinoline derivative, but a mixture of the ben-
zocyclobutene dimer (18), the half amide (23) of 18
and a benzonitrile (22) was obtained.

The observed regio- and stereospecific formation
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Table 1
NMR data (8)
Starting  Reaction Products Methylene protons Methine protons
materials time and yield Chemical shift Coupling constant Chemical shift Coupling constant
16a+ 18 318 385 J=14Hz
11a+15a 1hr 16a 396 426 J=8Hz
41-8% 446%  3-52 375 J=16Hz
16b+ 18 316 3-89 J=14Hz
1la-+ 15b 2h 16b 390 424 J=8Hz
250% 652% 349 377 J=16Hz
18 broad s broad s
ila 2h i8 3-15 4-48
93:-1% 4 Ho)* (7Hz)*
*Width at half-height.
of 3, 4 - disubstituted isoquinoline derivatives de- EXPERIMENTAL*

scribed herein should be applicable to the synthesis
of isoquinoline alkaloids, e.g. the benzophenan-
thridine alkaloids. An extensive study of the appli-
cations of benzocyclobutene derivatives is cur-
rently under investigation.

*IR spectra were measured with a Hitachi EPI-3 and
UV spectra on a Hitachi 124-spectrophotometer. NMR
spectra were measured on a Hitachi H-60 using TMS as an
internal standard. The mass spectra were taken with a
Hitachi RMU-7.

2 - Benzyl - 4 - cyano - 1,2, 3, 4 - tetrahydro - 6,7 -
dimethoxy - 3 - (4 - methoxyphenyl) isoquinoline (16a). A
mixture of the Schiff base 15a (496-4 mg: 2:2 m mol) and
to remove benzocyclobutene derivative 11a (415-8 mg; 2-2
m mol) was heated at 150~160° for 1 h under an atmos-
phere of N.. The mixture was chromatographed on silica
gel (40 g) with CH,CI, to afford 381-4 mg (41-8%) of 16a as
pale yellow plates (from EtOH), m.p. 158-5-160°; IR
(CHCL,) 2245 cm™ (CN); NMR (CDCl,) 8 3-52 H, d, d,
internal chemical shift with 67 Hz, and J=14 Hz,
2 x methylene protons), 3-64 (2H, d, d, internal chemical
shift with 23 Hz, and J = 16 Hz, 2 X methylene protons),
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3.80(6H, s, 2 X OMe), 3-88 3H, s, OMe), 3-96 and 4-26 (2H,
each d, J =8 Hz, methine protons of C-3 and C-4), 6:49
(14, s, ArH), 6:88 (2H, s, 2 X ArH), 6-97 (1H, s, ArH), and
7-32ppm (7TH, m, 2x ArH +CH,CH,); m/e 414 (M").
(Calc. for C:6H,eN,0.: C, 75-34; H, 6-32; N, 6:76. Found:
C, 75-64; H, 6:35; N, 6:90%).

Furthermore, 18 (185-3 mg; 44-6%) was obtained as
prisms (benzene-CHCL), m.p. 100-102-5°; IR (CHCI,)
2245 em™ (CN); NMR (CDClL) 6 3-15 (4H, broad s, 2 X
methylene protons), 3-79 (12H, s, 4 x OMe), 4-48 (2H,
broad s, 2 X methine proton), 6:47 (2H, s, 2 X ArH), 6-64
(2H, s, 2 X ArH), "CMR (CDCL) 8 33-06 (—CH.—), 39-85

CN

and 40-46 (—éH—) 55.99 (OMe), 111-93 and 113-99
(ArH), 117-99 (R-Ar), 118-48 and 121-76 (CN), 128-31 (R-
AD), 130-86 (ArH), 131:83 (R-Ar), 147-72, 14918 and
149-42 (MeO-Ar); mje 378 (M%), 18% (M"-C,;H,;NO,}.
(Calc. for C,,H,N,O,: C, 69-82; H, 5-86. Found: C, 69-99;
H, 595%);.

2 - Benzyl - 4 - ¢yano - 1,2, 3, 4 - tetrahydro - 6,7 -

dimethoxy - 3 - (3, 4 - methylenedioxyphenyl) isoquinoline
(16b). A mixture of Schiff base 15b (1005-1 mg; 4-2 m mol)
and 11a (795 mg; 4-2mmol) was heated in the similar
manner as described above for 2 h. The mixture was
chromatographed on silica gel (72 g) with CH,Cl, to afford
423-3 mg of piperonal as needles and 443-8 mg (25-0%) of
16b as pale yellow needles (from EtOH), m.p. 156~157°;
IR (CHCl) 2245 cm ™' (CN); (CDCL) 6 3-53 (2H, d,
d, internal chemical shift with 73 Hz and J = 14 Hz, 2 X
methylene protons), 3-63 (2H, d, d, internal chemical shift
with 28 Hz, .and J=16Hz, 2Xx methylene protons),
3-80 and 3-88 (6H, each s, 2xOMe), 390 and 424
(2H, each d, J =8 Hz, methine protons of C-3 and C-4),
5.97 (2H, s, —OCH,0—), 6-49 (IH, s, ArH), 6-87 (4H, m,
4 x ArH), 7-32 (SH, m, C:H,CH,), "CMR (CDCL) 5 39-06
and 53-19 (N—CH;—), 55-86 and 58-53 (MeO), 66-42 .

(OCH,0), 10125 (R-Ar), 107-68 and 10841 (->(_3H),

109-13, 110-23 and 119-69 (ArH), 120-05 (CN), 121-87 and
122-12 (ArH), 126-36 (R-Ar), 127-21 (p-ArH or benzyl
group), 12843 (C,H.CH.), 131-95 and 13826 (R-Ap);
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147-84, 148-33 and 148-93 (RO-Ar); m/e 428 (M"). (Calc.
for C,HaN204: C, 72-88:; H, 5-65; N, 6-54. Found: C,
73-20; H, 5-68; N, 6:58%). Furthermore, 518 mg (65-2%) of
18 was obtained as prisms (benzene-CHCL), m.p.
100-102-5°, which was identical with the authentic sample.

5, 6 - Dicyano - 2, 3, 8, 9 - tetramethoxydibenzo [a, e]
cyclooctene (18). The nitrile 11a (100 mg; 0-53 m mol) was
heated under the same conditions as above for 2h to
afford 18 (93-1mg; 93-1%), identical with the above
sample.

5, 6 - Dicarboxamido - 2, 3, 8, 9 - tetramethoxydibenzo
[a, e] cyclooctene (20). To 18 (207 mg; 0-55 m mol), 2 m! of
conc H,SO, was added dropwise under ice-cooling. After
standing overnight at room temp, 100 ml of water was
added to the mixture, followed by extraction with CHCL.
The extract was washed with water, dried (K,;CO,), and
evaporated to afford 228-6 mg of a pale yellow mass. Re-
crystallisation from CHCl,-MeOH left 131-6 mg (58-1%%)
of 20 as granules, m.p. 298-299° (dec.); IR (CHCIl;) 3530
and 3415 (amide NH), 1680cm™ (amide C=0); NMR
(CDCL + CF,COOH) & 3-08 (4H, broad s, 2 X methylene
protons), 3-77 (12H, s, 4 x OMe), 4-64 (2H, broad s, 2 X
methine proton), 6-51 (2H, s, 2 X ArH), 6-66 (2H, s, 2 X
ArH); "CMR (CDCL + CF,COOH) § 3281 and 3317

(—CH;—), 51-36 and 53-15 (>CH——), 55-86 (MeO), 109-01

(R-Ar), 114-35 (ArH), 120-42 and 127-09 (R-ADn), 131-82,

. 147:23 and 148-08 (MeOAr), 178:90 (CONH.): m/e 414
(M*). (Calc. for CH,sN,0..H,O: C, 61:10; H, 6-53; N,
6-48. Found: C, 60-78; H, 6-65; N, 6-57%).

5 - Carboxamido - 6 - cyano - 2, 3, 8, 9 - tetramethox-
ydibenzo [a, e] cyclooctene (23). A mixture of 21 (800 mg;
6 mmol) andil1a (1135 mg; 6 m mol) was heated in a simi-
lar manner as described above for 1-5 h. The mixture was
chromatographed on silica gel (80 g) with CH,Cl, to afford
295-5 mg (33-5%) of 22 as prisms and 331-0 mg (41-:4%) of
the starting oxime 21 as pale yellow needles. Furthermore,
263-8 mg (46-5%) of (18) was obtained.

Elution with CH,CI-CHCl; (1:3) afforded 4724 mg
(39-8%) of 23 as granules (MeOH-CHCL), m.p. 288-289°
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(dec.); IR (KBr) 3470 and 3370 (primary amide NH,), 2245
(CN), 16%0cm™ (amide C=0); NMR (CDCL+
CF,COOH) § 2-80-3-44 (4H, m, 2 X methylene protons),
377 (6H, s, 2 x OMe), 3-80 and 3-83 (6H, each s, 2 X OMe),
425 and 4-90 (2H, each d, ] = 10 Hz, 2 X methine proton),
6-48 (1H, s, ArH), 6:56 (3H, s, 3 X ArH), 6-48 and 7-56 (2H,
each broad s, NH,); “*CMR (CDCl, + CF,COOH) & 5611
(MeO), 108-76 and 109-01 (R-Ar), 114-47 (ArH), 120-29
(CN), 12357, 125-27 and 131-21 (ArH), 132-06, 148-57 and
148-93 (MeQAr), 176:72 (CONH,); m/e 396 (M™). (Calc.
for C,H.N,Os: C, 66:65; H, 6-10; N, 7-07. Found: C,
66-74; H, 6-14; N, 6:93%).

Hydrolysis of 23. To 23 (10 mg; 0-025 m mol), 0-1 ml
conc H;SO, was added under ice-cooling, and the mixture
was treated in the same way as in the case of 18 to give
82 mg (79-2%) of 20, identical with the above sample by
IR spectrum and TLC.
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