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Abstract - The hamophthalic anhydrides la,b react with the 1-chloro-
isoquinolines 2a,b to give the 8H-dibenzola,g]lquinolizin-8-ones 3a,b,c
in high yields. The same products 3a,c are obtained fram the isoquino-
line N-oxides 6a,b and la,b in the presence of acetic anhydride. 3c is
converted into the tetrahydroprotoberberine alkaloid (%)-caseadine in
two steps.

Recently we  have shown that the reaction of homophthalic anhydrides with imi-
dates or imidoyl chlorides used as individual campounds or unstable intermediates
is a new method for the synthesis of 5,6-dihydro-8H-dibenzo(a,glquinolizin-8-ones
and related isoquinolincnes, For example, treatment of 3,4-dihydro-1(2H)-isogqui-
nolinones (3,4—dihydroisocarbostyrils) with phosphoryl chloride in pyridine led
to the formation of unstable cyclic intermediates with a possible structure shown
below. These intermediates, without isolation, were treated with hamophthalic
anhydrides to give 5,6-dihydro-8H-dibenzola,g]quinolizin~8-ones in high yields.
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It is known that 1-chloroisoquinolines corresponding in structure to the imi-
doyl chlorides shown above are stable compounds and can be easily obtained
either from iscquinoline N—oxicilesz"’l or from isocarbostyrils3 by treatment with
phosphoryl chloride. Suitably substituted isccarbostyrils can be efficiently
prepared using different synthetic procedure53'4. Moreover it is known that the
reaction of a—chloro-substituted nitrogen heteroaromatics with active methylene
campounds leads to the introduction of carbon substituents into the heterccyclic
nucleis's. On the other hand, it is shown that hamophthalic anhydride is also
capable of reacting as an active methylene carpoundT.

We investigated the reaction of the homophthalic anhydrides la,b with 1-chloro-

isoquinclines 2a,b under reflux in an inert solvent. Fram la,b and 2a were cbtai-
8,9

ned the 8H-dibenzola,glquinolizin-8-ones 3a and 3b in 83 and 80% yields, res-

pectively.

G
la,b
a:R=H a:R1=
b:R=CI'.‘H3 b.RT- = H
= OCH,C.H

2765

Using this approach for the synthesis of 8H-dibenzo[a,glquinolizin-8-ones we de-
cided to transform a suitably substituted compound of the type 3, namely 3¢, into
a tetrahydroprotoberberine alkaleid (f) -caseadine (4}. The levorotatory isamer of
4 has been isolated from Corydalis caseana A. Gray and several authors performed

the synthesis of racemic 4 using Mannich condensation of suitably substituted

benzylisoquimlinesw .
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For the synthesis of (*) -caseadine (4) it was necessaty to prepare the 1-chloro-
isoguinoline 2b having a protected phemolic function as a starting campound. For
this reason the easily accessible, according to the method of Jackson and Steward,
isoquinoline QH was treated with m-chloroperbenzoic acid to give the N-oxide 6b
in 91% yield. On treatment of 6b with phosphoryl chloride, the 4~chloroisoqui-
noline 7 was cbtained in 51% yield. In order to prepare the desired 2b from
6b, the isccarbostyril § was prepared fram 6b in 24% yield according to the known
procedureZb. Treatment of 8 with phosphoryl chloride led to formation of the 1-
chloroisoquinoline 2b in 81% yield.
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From the reaction of 2b with the homcphthalic anhydride 1b under the conditions
already described for the synthesis of 3a,b, the BH-dibenzola,g]lquinclizin-8-one
3c was obtained in 59% yield,

As it is known, Hamana and coworkers have found that quinoline N-oxide readily
reacts with active methylene campounds in the presence of acetic anhydride to
give 2-substituted quinolines, the reaction being accampanied by deoxygenation
of the N-oxide functionua. The same authors have studied the reaction of diffe~
rent aramatic N-oxides with active methylene compounds in the presence of acyla-
ting agents and have shown that it is a useful method for s—alkylation of the

heteroaramatic ring1 2b'c.

On these grounds it seemed reasonable to examine the reaction of isoquinoline
N-oxides with homophthalic anhydrides as active methylene compounds in the pre-
sence of acetic anhydride. Thus, by treatment of the isoguinoline N-oxide (6a)
with the homophthalic anhydride la in the presence of acetic anhydride, the pro-
duct identical with the already described 3a was obtained in 55% yield. Under
the same conditions fram the N-oxide 6b and 1b a product identical with the al-
ready described 3c was obtained in 53% yield.

1. (CHy00),0
= 2. la,b
—
R1 /‘0
R2
_ga,b
a:R =R =H a: -8 =
b:R1=CCH3,R2=CX:HCH C:R=R1=OCH3,R2=CX:HCH

27675 27675

The relatively lower yields of 3a,c may be due to some side reactions as it is
known that homophthalic anhydrides undergo acylation, dimerisation or autocon-
densation under the influence of acylating agents and/or basesG'13.

In comparison with the known methods for the preparation of 8H-dibenzola,glqui-
nolizin~8-cones as the cyclization using Reissert ccmpou.ndsa and the Pomeranz-
Fritsch cyclization of 3-arylisocarbostyrils14, the presently described proce-
dures starting from hamophthalic anhydrides and 1-chloroisoquinolines or isogui-

noline N-oxides are convergent syntheses.
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The 8H-dibenzo{a,glquinolizin-8-one 3c was converted into (t) -caseadine in two
steps. By catalytical hydrogenation of 3c in the presence of 5% PA/C, the 5,6-
dihydro-8H-dibenzola,glquinclizin-8—one 9 was obtained in 90% yield. The latter
was transformed analogously to a known approach15 into the product identical
with an authentic sample (})—caseadine (4) 10 41 763 yield.

Experimental

All melting points are not corrected. The IR spectra were recorded on a
SPECORD 71-IR instrument using 1% chloroform scolutions. The 1H-NMR spectra were
taken on a TESLA BS-467 (60MHz} or BS-487-C (80MHz) or BRUKER SPECTROSPIN {250MHz}
spectrometers using TMS as internal standard.

Synthesis of the starting compounds:

7-Methoxy—8-benzyloxyisoquinoline N-oxide (6b). To 2.650 g (10 mmol} of
7-methoxy-8-benzyloxyisoquinoline (3) 11 in 100 ml of chloroform was added 4.936 g

(20 mmol) of 70% m-chlorcperbenzoic acid with stirring at room temperature. Stir-
ring was continued for 4 h and the resulting clear solution after standing over-—
night was chramatographed through a basic alumina ("Reanal") column with chloro-
form. After evaporation of the solvent under reduced pressure, the resulting oil
was recrystallized fram dry benzene/dry ether to give 2.575 g (91%) of 6b, mp 100-
102°C. Found: C, 72.45; H, 5.31. Calc. for C17H15NO3 (281.30): C, 72.58; H, 5.37%.
IR cm-l: 1555, 1610, 1635. 1H-—NMR (CDC13, 80MHz) s: 3.95 (s, 3H, OCH3); 5.14 (s,
2H, OCHy); 7.2-7.6 (m, 8H, aram-H); 7.89 {4, J = 6Hz, 1H, 3-H); 8.89 (s, 1H, 1-H).
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4—Chloro-7-methoxy-8-benzyloxyigsoquinoline (7). To a cocled solution of

0.562 g (2 mmol} of 6b in 15 ml of dry chloroform was added 1.50 ml of phospho-
ryl chloride and the resultant mixture was refluxed for 5 h. After cooling, the
reaction mixture was evaporated under reduced pressure and crushed ice was added
to the residue. The mixture was neutralized with aqueous sodlum carbonate and-ex-
tracted with chloroform. The combined chloroform extracts were dried over sodium
sulphate, the solvent was removed and the crude product was chromatographed on
silica gel 60 Merck with n-hexane:ether 7:3 to giwve 0.307 g (51.2%) of 7, mp 77-
79°C (ether/n~hexane}, Found: C, 68.23; H, 4.76. Calc. for C”HMCINO2 (299,75}«
C, 68.11; H, 4.708. IR cn™': 1560, 1580. 'H-MMR (80MHz) s: 3.96 (s, 3H, OCH);
5.23 (s, 2H, OCHZ); 7.1-7.6 {m, 8H, arom-H); 9.25 (s, 1H, 1-H).
7-Methoxy-8-benzyloxy-1(2H) -isoquinolinone (8). A mixture of 0.562 g (2 mmol}
of 6b and 5 ml of acetic anhydride was refluxed for 5 h. After removing the rea-

gent under reduced pressure, 10 ml of 10% agqueous sodium hydroxide was added,

the mixture was heated on a steam bath for 1 h, cooled and extracted with chlo-
roform. The canbined extracts were washed with water , dried over sodium sulpha-
te, the solvent removed and the crude product was chromatographed on silica gel
60 Merck with ether to give 0.137 g (24.3%) of 8, mp 173-175°C (benzene/n~hexa-
ne). Fourd: C, 72.85; H, 5.43. Calc. for C1_‘,,H15NO3 (281.30): C, 72.58; H, 5.37%.
IR cm_1: 1655 (C=0), 3400 (NH). 1H-—NI\’IR (CDC13, 60MHz) 5: 3.73 (s, 3H, OCH3); 5.00
(s, 2H, OCHZ); 6.21{4, J=7Hz,1H4-H); 6.79 (4, J=VHz, 1H, 3-H); 7.0-7.8 {(m, 7H,

arcm-H); 11.91 {(broad s, 1H, NH).

1-Chloro—?—methoocy—s—benzylmtyisoquinoline (2b}. A mixture of 0.281 g

(1 mmol) of 8 and 5 ml of phosphoryl chloride was refluxed for 0.5 h. After coo-
ling the reagent was removed under reduced pressure and crushed ice was added to
the residue, The mixture was neutralized with aqueous sodium carbonate, extrac-
ted with chloroform and the cambined extracts were dried over sodium sulfate. The
residue from the extract was chromatographed on silica gel 60 Merck with ether: n—
hexane 1:2 to give 0.243 g (81%) of 2b, mp 61-63°C (n-hexane/ether). Found: C,
68.21; H 4.80. Cale. for C,.H,,CINO, (299.75): C, 68.11; H, 4.70%. IR cm_1: 1520,
1540, 1590. 1H—NIVIR (CDC13, 60MHz) 6 : 3.84 (s, 3H, OCH 5.01 (s, Z2H, OCHZ); 7.1-

7.7 (m, 8H, aram-H); 7.98 (4, J=6Hz, 1H, 3-H).

3);

Synthesis of the 8H-dibenzo[a,g]quinolizin-8-ones 3a,b,c fram the hcmophtha-
lic anhydrides la,b and the T1-chloroisoquinolines 2a,b (Methed A) or the isoqui-
noline N-oxides 6a,b (Method B):
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General procedure for method A: The hamophthalic anhydride 1a,b (2 mmol)

was added in small porticns for 10 min to a solution of 1-chloroisogquinoline
2a,b (2.2 mmol) in dry chlorcbenzene (1 ml) at 130°C. The reaction mixture was
then heated under reflux for 1 h and then cooled. The solvent was removed under
reduced pressure and the residue recrystallized from a suitable solvent.

General procedure for method B: To a solution of isoquincline N-oxide

6a,b (2.2 mmol) in dry chloroform {2 ml), acetic anhydride (2.2 mmol} was added
at room temperature. The solution was stirred for 15 min, hamophthalic anhydride
Ja,b (2 mmol) was added, Stirring was continued at room temperature for 1 h and
the mixture was alloved to stand overnight. After removing the solvents under
reduced pressure, the residue was recrystallized from a suitable solvent.

The results of the general procedures for methods A and B are summarized

in TABLE 1.
TABLE 1
Product  Yield[%] mp [°Cla/ IR (CHCL,) TR
by method
A B (solvent) ve =0[cm”] (CDCT;, 80MHz) 4 :
3a b/ g1.4 s5.1 146-148 &/ 1655 6.49 (d, J=8Hz, 1H, 5-H);
(CH30H) 7.0-7.6 (m, 9H, arcm-H +
13-H); 7.9 (broad s, 1H, 9-H);
8.43 (4, J=8Hz, 1H, 6-H).
3b 9 g.3 - 197-199 1650 3.98 (s, 6H, 20CH,); 6.60
(CH,OH-CHCL (d, J=BHz, 1H, 5-H); 6.81 +

7.18 + 7.70 (3s, 3H, arom-H +

13-H}; 7.3-7.6 (m, 3H, arcm-
Hy; 7.9 {broad s,H, 9-H);
8.76 (d, J=BHz, 1H, 6-H).
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3c e/ 58.8 53.2 184-185 1645 3.87 + 3.95 + 4.01 (3s, each

(CH3OH—CHC1 3H, 3OCH3): 5.02 (s, 2H, OCHZ);
6.41 + 7.10 + 7.83 + 8.52 {4s,
5H, arom-H + 13-H); 6.56 (d,
J=8Hz, 1H, 5-H); 7.2-7.7(m,
SH, CcH:): 8.50 (d, J=8Hz, TH,

6-H} .

3)

a/ Mixture mp of products cbtained according to the methods A and B not depressed.
b/ Found: C, 83.44; H, 4.73. Calc, for C”HﬂNO (245.27}: C, 83.24; H, 4.52%.

c/ Lit.8 mp 143-145°C (CH30H).

4/ Found: C, 74.61; H, 5.14. Calc. for C,.H..NC, (305.32): C, 74.74; H, 4.95%.

19715773

e/ Found: C, 73.37; H, 5.25. Calc. for C27H23N05 (441.46): C, 73.45; H, 5.25%.

Transformation of 3¢ into (¥)-caseadine (4):

1-Hydroxy—-2, 10, 11-trimethoxy~5,6-~dihydro-8H-dibenzo[a,glquinolizin-8-cne (9).
A solution of 0.884 g (2 mmol) of 3¢ in 50 ml of chloroform was catalytically hyd-
rogenated in the presence of 5% PJ/C at ordinary pressure and temperature to give
0.614 g (90%) of 9, mp 261-263°C (chloroform/methanol). Found: C, 68.11; H, 5.15.
Calc. for CZOH‘IQNOS {353.36): C, 67.98; H, 5.42%. IR cm—1: 1645 {C=0}, 3500 (CH}.
"HNR (CDCL,, 60MHz) 6t 2.78 (t, J=6Hz, 2H, 5-#); 3.83 (s, 3H, OCHj); 3.92(s, 6H,
2(13{3); 4.27 (t, J=6Hz, 2H, 6-H); 6.63 (s, 1H, OH); 6.69 + 6,70 + 6.87 + 7.63 +
7.75 (58, S5H, aram-H + 13-H).

{1) ~Caseadine {4) . A mixture of 0.353 g (1 mmol) of 3 in 12 ml of dry chloro-
form with 12 ml of phosphoryl chloride was refluxed for 0.5 h, cooled and the
reaction mixture evaporated under reduced pressure to give a product, which was
dissolved in 30 ml of dry methanol. To the cooled methanolic solution 0.456 g
{12 mmol) of sodium borohydride was added in portions with stirring. The reaction
mixture was stirred then at room temperature for 0.5 h, the solvent was distilled
off, 10 ml of water was added and the crude product was extracted with chloroform.
The combined chloroform extracts were dried over sodium sulphate and the solvent
removed under reduced pressure, The residue was chromatographed on silica gel 60
Merck to give 0.258 g (75.6%) of 4, mp 90-92°C (ether /hexane). Mixed mp with an
authentic sample of (1) -caseadine!? was not depressed., Found: C, 70.42; H, 7.02,

Calc. for C NO4 (341.39): C, 70.36; H, 6.79%. IR cxn—1: 2755, 2785, 2815 (Bohl-

2023
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mann bands), 3545 (CH). H-MVMR (CyD,, 250MHz) 6 : 3.20 + 3.38 + 3,49 (35, each 3H,
30CH;) , 4.25 (a4, J=11.9 and 3.3z, W, 13a-H); 6.44 (4, J=8.3Hz, 1H, 3-H); 6.43 +
6.54 {25, each 1H, 9-H and 12-H); 6.62 (d, J=8.3Hz, 1H, 4-H).

ACKNCOWLEDGEMENT

We are thankful to Prof. B.R. Pai (Department of Chemistry, Presidency College,
Madras, INDIA) who kindly sent us an authentic sample of (f)-caseadine together
with its IR and 1H—NMR spectra.

We would like also to thank BUL/77/00% project “"Centre of Phytochemistry and
Chemistry of Natural Products™ of UNDP/BULGARIA/UNESCO for the partial support
of this work.

REFERENCES

1. M.A. Haimova, V.I, Ognyanov and N.M. Mollov, Synthesis, 1980, 845.

2. a/ A.R. Katritzky and J.M. Lagowski, "Chemistry of the Heterocyclic N-oxides",
Academic Press, London and New York, 1971, p. 266; b/ p. 282.

3. F. Eloy and A. Deryckere, Helv. Chim. Acta, 1969, 52, 1755, and references
cited therein.

4. R. Lenaers, E.H. Deruiter and J.J. Van de Walle, Fr. Demande, 2,119,025, C.A..
1973, 78, 84276 r,

5. E.C. Taylor and 5.F. Martin, J. Amer. Chem. Soc., 1974, 25, 8095 and referen-
ces cited therein.

6, F. Mossini, C.A. Maggiali and M.R. Mingiardi, Ateneo Parmese, Acta Nat., 1978,
14, 239, C.A., 1978, 89, 210306 t.

7. V.P. Oskaja, "Condensation of Anhydrides", Sinatne, Riga, 1973.

8. S. Ruchirawat, W. Lertwanawatana and P. Thepchumrune, Tetrahedron Lett., 1980,
189.

9, D.E. Ames and O. Ribeiro, J. Chem. Soc. Perkin 1, 1976, 1073.

10. T. Govindachari, B.R. Pai, H. Suguna and M.S. Premila, Heterocycles, 1977, 6,
1811 and references cited therein.

11. A.H. Jackson, G.W. Stewart, G.A; Charnock and J.A. Martin, J. Chem. Soc. Per-
kin 1, 1974, 1911,

12. a/ M. Hamana and M. Yamazaki, Chem. Pharm. Bull., 1963, 11, 41%, 415,
b/ M.M, Yousif, S. Saeki and M. Hamana, J. of Heterocyclic Chem., 1980, 17,
305, 1029, and references cited therein.
¢/ M.M. Yousif, S. Saeki and M. Hamana, Heterocycles, 1981, 15, 1083,

13. R.B. Tirodkar and R.N. Usgaonkar, J. Indian Chem. Soc., 1969, 46, 935.

14. D.W. Brown, S.F. Dyke, M, Sainsbury and G. Hardy, J. Chem. Soc. (C), 1971, 3219.

15, T. Kametani, I. Sugai, Y. Shoji, T. Honda, F. Satoh and K. Fukumoto, J. Chem.
Soc. Perkin 1, 1977, 1151.

Received, 19th November, 1981

— 1077 —

6, 1982




