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Abstract: Cycloaddition of imines with homophthalic anhydride in the presence of BF, leads to the
trans isomers of isoquinolonic acids with a high stereoselectivity and avoids the formation of
homophtalic amides. This catalyst extends the scope of the reaction to imines which did not react under
previously described conditions. © 1998 Elsevier Science Ltd. All rights reserved.

The cycloaddition of homophthalic anhydride with imines to give 2,3-disubstituted-3.4-

dihydroisoquinolone-4-carboxylic acids is an important tool in the synthesis of heterocyclic compounds
. i . .

presenting various biological activities . The reaction products resulting from these condensations possess two

c S ther ) 3 1g k I X reo1sSorIy al
relatlonshm between solvents Dolarmeq and the ratios of dlastereoxsomels formed has been ecognlbed in t he

condensation of Schiff bases and homophthalic anhydride . Although a study of the mechanism was described’,
the factors that determine the stereochemical outcomes of the reactions remained to be confirmed. When reactions
are performed under classical conditions® using no catalyst or basic catalysts, mixtures of isomers are generally
obtained with cis-compounds being the main products. To our knowledge. no control of the stereochemical
outcomes was previously described. Usually, the thermodynamically more stable trans-products were prepared
by treating the mixture of isomers in refluxing acetic acid".

We report here a fast and efficient procedure, using the boron trifluoride diethyl ether complex (BF,-
Et,0) as a Lewis acid catalyst (Scheme 1), allowing the direct formation of trans-isoquinolonic acid derivatives.

—CHO CH.CN T +« BF./Et,O PN )L..,/Rz
+ 3N R CH= N—R I S T I T ﬂ \T N
P - ———— -R
Re—NH, 22504 & ’ o % l‘R’ VYL‘ |
- 2 1 PN /u\ \/Y' i W H
I N HOOC H HOOC H
Z not observed

0 2

Qohomeoe 1
APLAITIIIC A

Imines 1 were prepared according to the literature® with minor modifications. Acetonitrile or

dichloroethane were used as solvents and Na,SO, was added to trap the water generated during the reactions.
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he cyclisation of various imines 1 directly to t
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corresponding trans-isoquinolonic
y cis-diastereoisomers. Table 1
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summarises the yields obtained from a representative set of 9 imino compounds.
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Table 1 : Cycloaddition of imines and homophtalic anhydride
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*** method B was applied, but the reaction needed two equivalents of R,-NH, and the final
product was isolated as the carboxylic salt of the starting amine.

The usefulness of BF,-Et,O as a catalyst is exemplified by compounds 2d to 2i which were obtained as
the trans-isomers with satisfactory yields, while no cycloaddition products were isolated under previously
described conditions. Various catalysts including Lewis acids (FeCl,, AICl,, ZnCl,), protic acids (CH,COOH,
HC1), or bases (TEA, DIEA) etc., were tested: in most cases the reactions gave mixtures of cis- and frans-
products or very complicated mixtures.

The reason for this high stereoselectivity is not yet clear but isomerisation of the isoquinolonic acids is

not the key step. Under the conditions allowing the condensation, in the presence of BF;-Et,O, some cis-



products (R,= R,=C¢H,) can not be isomerised to their trans-isomers. The pure cis-isomer of 2a was stired
with BF;-Et,0, in acetonitrile, similarly to condensation conditions during 2 day d we did not detect any

According to this proposal, reaction of homophthahc anhydride with BF; leads to highly reactive intermediates

3. These intermediates, in which steric factors are increased by BF;, react with imines, which are classically
obtained in the reaction medium as Z isomers, to give the less sterically hindered intermediates 4 and finally
compound 2 as the trans--isomers.
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In conclusion, this method uses boron trifluoride etherate which has the advantage of being readily
available, inexpensive, stable and easy to handle. The present procedurc using a Lewis acid as a catalyst leads to

s o sonrminimialoarns 3 o
rrans-isoquinotonic acid derivatives in moderate to excellent yields, avoiding the formation of homophthalic
amides and other side reactions. Moreover optically pure derivatives 2 have considerable potential in drug

and simplicity, can be used to prepare a wide variety of 1soqumolomc acids, even some which can not be
obtained otherwise. Further results on the mechanism and
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General pr ure :
In a typical procedure, 2,4-dichlorobenzaldehyde (3.5 g, 20 mmoles), orthomethoxyaniline (3.6 ml, 20

mmoles) and sodium sulphate (10 g) were added in THF (50 mL) and the reaction was stirred at room
temperature for 14 hours. The sodium sulphate was filtered off and the filtrate was added to a solution of
homophthalic anhydride (3.2 g, 20 mmole) in acetonitrile (50 mL) and boron trifluoride etherate (14 mL) at room
temperature. The progress of the reaction was monitored by HPLC, following the consumption of homophthalic
anhydride. Usually most of the reactants disappeared in the first few minutes. After 3 hours, the solvent was
evaporated at reduced pressure (~20 mm Hg). Water (50 mL) and ether (50 mL) were added, with vigorous

stlrrmg for J mmutes and then the mxxture was allowed to stand at - -5 nC Wl[nOUL stirrin g 11
product was obtained in 96% yield, as a white, crystalline solid by filtration, washed three times with ether (90

mL) and dried under vacuum.
The other reactions gave very similar yields, using isolated imines or working on crude compound. The

all-trans stereochemistry of cycloadducts 2 was attributed from the two doublets (J = 0-2 Hz) observed close to
4 ppm and 5.5 ppm, respectively for the H-3 and H-4 hydrogens.
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Product 2a : H-NMR : 4.26 (1H, d, H-3, I=1.5Hz), 5.75 (1H, d, H-4, J=1.5Hz), 7.16-7.53 (14H, m)
8.03 (1H, m), 13.21 (1H, s, COOH). IR (cm™) : 3120, 1735 (COO 1).

Product 2b : H-NMR: 084a 118 (2 x 3H, 2 x d, J=6.9H2), 4.05 (IH, d, H-3, J=1.1Hz), 484 (IH,
septet, J=6.8 Hz), 5.38 (1H, d, H-4, J=1.1Hz), 7.08-7.96 (9H. m), 13.08 (1H, s, COOH). IR (cm’) -

3050, 1720 (COOH).

Product 2c¢ : H-NMR: 4.25 (iH, s, H-3), 5.99 (iH, s, H-4), 7.14-8.05 (12H, m), 13.48 (iH, s).
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Product 2d H-NMR: 403 ¢t 5.11 (2 x 1H, 2 x d, CH,, }J=14.6Hz), 4.05 (1H, d, H-3, }=1.7Hz), 5.56

(1H, d, H-4, J=1.7Hz), 6.64-8.06 (12H m) 13.3 (1H, broad s, COOH) IR (cm™) : 3200, 1730 (COOH).
Product 2e H-NMR : 4.16 (1H, d, H-3, J=1.2Hz), 5.74 (1H, d, H-4, J=1.2Hz), 6.69-7.99 (12H, m).
IR (cm™) : 3050, 1720 (COOH).

Product 2f : H-NMR : 3.72 (3H, s), 4.21 (1H, s, H-3), 5.91 (iH, s, H-4), 6.91-8.15 (i1H, m), 13.45
(1H, s, COOH). IR (cm™) : 3220, 1735 (COOH).

Product 2g : H-NMR: 3.78 (3H, s, OCH,), 4.13 (1H, d, H-3, J=1.6Hz), 5.86 (IH, d, H-4, J=1.6Hz),
6.83-8.04 (I1H, m). IR (em") : 3125, 1725 (COOH).
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.86 and 1.20 (2 x 3H, 2 x d, J=6.8 Hz), 4.04 (1H,
:,eptet J—6 8Hz) 64 (IH , H-4, J=1.1 Hz), 6.73-7.98 (7H, m), 13.25(1

-3, J=1.1Hz), 4.86 (1H,
IR (em™) : 3150, 1735
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