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Abstract: Homophthalic anhydride reacts with benzaldehyde, in the presence of boron trifluoride - diethyl 
ether complex to give the cycloadduct 3-phenyl-3,4dihydroisocoumarin-4-c~xylic acid in good to 
excellent yield. Under these conditions, we did not observe the formation of Perkin-type products. The 
reaction can be extended to a wide variety of akiehydes and to some ketones in synthetically useful yields. 
Amides can be obtained in good yields after activation of the carhoxylic function with DCC at 0°C. 
0 1999 Elsevier Science Ltd. All rights reserved. 

INTRODUCTION 

Cycloaddition of homophthalic anhydride with methylene double bonds has been recognised as an 

important tool for the preparation of heterocycles with various biological activities.‘-’ Moreover, these reactions 

give rise to compounds having a carboxylic function, which can be used to anchor additional building blocks, 
increasing the chemical diversity. 

Among these, the reaction with carbon-nitrogen double bonds has been thoroughly explored and much 

work has also been dedicated to cycloaddition of carbon-carbon double bonds.&’ By contrary, the cycloaddition 
of homophthalic anhydride with carbon-oxygen double bonds from aldehydes and ketones has been less 
documented.“-‘” The previously described reactions had been performed in basic media, where carboxylic 
anhydrides are expected to react with carbonyl compounds according to the Perkin reaction, leading to CL, p 

unsaturated carboxylic acids. A survey of the literature revealed that the reaction of homophthalic anhydride 1 
with aldehydes in the presence of pyridine or sodium carbonate,’ was reported to give the C-4 methylene 

condensed products 2, as well as the desired cycloaddition products 3 (Scheme 1). 
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When catalysed at low temperature by strong bases, e.g. sodium hydride (NaH) or lithium 
diisopropylamide (LDA),” this reaction yielded 3 as the main product, but when the reaction was performed 

at room temperature, the strong base-induced reaction gave mainly the product 2. 

In a precedent study of the cycloaddition reaction of homophthalic anhydride with carbon-nitrogen 
double bonds, we have demonstrated that the BF,* Et;?0 complex could induce the cycloaddition of imines, 

even in cases where they did not react according to other conditions.” As part of our investigation of the 
reactions of homophthalic anhydride with various double bonds, we now report that under the presence of 
BF,* EGO, the cycloaddition reaction of 1 with aldehydes occurs with good to excellent yields to giving 3 
under mild conditions. The reaction has been extended to some aliphatic ketones which afford products in 
lower yields (Scheme 2). 
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Scheme 2 

3 COOH 

This reaction gives access to three centers of chemical diversity around the heterocycle, which can be 

further increased due to the presence of the carboxylic function, leading to derivatives such as amides or 
esters. 

However, these compounds have two reactive functional groups: the lactone, that is a part of the 
heterocyclic ring, and the carboxylic function that needs to be activated, so that 3 different products could be 
expected (Scheme 3). 

COOH 
3 4 0+.&z 

H 
5 COOH 6 &h$Z 

Scheme 3 

We have demonstrated that the reactivity of 3 towards amines depends on the reagents used to activate 
the carboxylic group and that dicyclohexylcarbodiimide (DCC) at OT allows the selective formation of the 
monoamides 4. 

RESULTS AND DISCUSSION 

Synthesis of isocoumarin-4-carboxylic acids 

We first used cyclization conditions similar to those used for the reaction with imines (BF,*E50 - 

MeCN).” When the reactions were performed in acetonitrile, the expected products were obtained. However, 
the presence of minor by-products made their isolation difficult. Modifications of either reagents ratios or 

temperature from 0 T to reflux were unsuccessful in avoiding their formation. By contrary, modifying the 
solvent of the reaction led to satisfactory results. According to our optimised method, the reactions of 

homophtbalic anhydride with aidehydes were carried out by stirring the reactants in dichloromethane at 25 
35T for 5- 14 hours. Under these conditions, we did not detect the formation of any Perkin product. All the 
isolated cycloadducts gave satisfactory spectroscopic data (IR, ‘H NMR and MS). 

In all cases two diastereomeric cycloadducts were formed as shown by HPLC, and ‘H NMR analysis of 
the crude reaction mixtures and of the purified products. Although in few cases cis and trans products were 
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isolated, they were generally characterized by ‘H NMR analysis of the mixture. me ‘H-NMR spectrum of cis- 
diastereoisomers showed two doublets (J >5 Hz) closed to 6 = 6.5 ppm and 5 ppm, respectively for the H., 

and H, hydrogens, while the rrrPzs-diastereoisomer gave two doublets closed to 6 = 6.0 ppm and 5 ppm, with 

a coupling constant J,.,<4 Hz. 
This reaction has also been extended to ketones. With dialiphatic ketones, the reactions proceed 

smoothly leading to the correspondent cycloadducts. By contrary, in our hands, benzophenone, acetophenone 
and aromatic ketones did not react or gave very poor yield of complex mixtures that cannot be used for 
synthetic purpose. Table I summarises the reactions of homophthalic anhydrides with aldehydes and ketones. 

Table I : Reaction of Homophthalic Anhydride with Carbonyl Compounds 

1 3 EOOH 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . . . . . . . .._ . . . . . . . . . . . . 

RI R? & Reaction Yield* 

1 

RI R2 R3 
. . . . . . . . . . . . . . . 

Reaction Yield’ 
Time % Time % . .._..................................................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . . . . . . . . . . . . . . . ... .. 

a I-I CJ-4 H 5h 81 f H C,H, CH, 24h 0 

b H 2,4-C&H, H 7 h 71 g NO? C,H, H 14h 90 

c H CH, CH, 14h 50 h NO* 3-NO&H, H 14h 65 

d H CH,-CH, CH, 14 h 22 i NO2 CH, CH, l4h 50 

e H C,H, C,H, 24 h 0 Ik NO* CH,-CH, CH, - 

Yields of isolated pro&b, without optimisation 

Synthesis of mides 

In order to increase the chemical diversity, the dihydroisocoumarine-4-carboxylic acids 3 were further reacted 
with N-nucleophiles. 

We have observed that their reactivity depends on the nature of the activating agent (Table 2). In the 
absence of activating agent, the lactone ring did not react with amine;, and the reaction mixture remained 
unchanged. Use of dicyclohexylcarbodiimide (DCC) as an activating agent, at O’C, led to the formation of 4 in 

excellent yields. 

Using the more reactive 2-(lH-benzotriazol-l-yl)- 1,1,3,3-tetramethyluronium hexafluorophosphate 
(HBTU) or DCC at higher temperature led to a mixture of two products 4 and 6. Interestingly, when 4 was 
treated with amines, in the presence of various activating agents including DCC, HBTIJ, N,N’- 
carbonyldiimidazole (CDI), etc., no reaction occurred even after refluxing in tetrahydrofurane. This indicates 

that 4 is not an intermediate in the formation of the double substituted 6. 
Reaction of the amines with the more reactive nitro compound 3g, activated with DCC, led to an 

unusually fast rearrangement of the intermediate 0-acylisourea to the unreactive N-acylurea which was in all 
cases the only product to be formed. 
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Table 2: Reactivity of 3,4-Dihydroisocoumarin-l-carboxylic Acids with Amines. 

COOH 
1*,.-fi\4 

+NRRd &- NKR, 
‘+ 

. N, cyc101 

3 4 6 7 0 ANHcyl 

3 R4 activation 

3a Ph -CH(COOMe)- none 

3a Ph -CH(COOMe)- CD1 

3a C,H,-CH,- none 

3a C,H,-CH2- HBTU: DIPEA 

3a C,H,-CH,- DCC 

3a Ph -CH(COOMe)- IXX 

3g C,HS-CH,- DCC 

3g use of HN(C,H,), IXC 

solvent 

DCM 

DCM 

DCM 

DMF 

DCM 

DCM 

DCM 

DCM 

4* 6* 7* 

50% 

40% 

> 95% 

> 95% 

0% 

0% 

no reaction 

50% 

no reaction 

60% 

< 5% 

< 5% 

0% 

0% 

0% 

0% 

0% 

0% 

100% 

100% 

* Estimated conversion h-om HPLC of the new pm&us related to 4 + 6 + 7 in the reaction mixture 

CONCLUSION 

We have presented a new procedure for the synthesis of isocoumarin-4-carboxylic acid derivatives by a 

cycloaddition reaction catalyzed by BF,a EhO complex, of homophthalic anhydrides with aldehydes. Our 
method is easy to handle and applicable to robotic parallel synthesis. Due to its mildness and the acidic media, 

this procedure should be specially useful when basic catalysts must be avoided. This procedure can be 

extended to a wide variety of aidehydes and to some ketones. Moreover, we have shown that 

dihydroisocoumarin-4-carboxylic acids 3 when activated at 093 by DCC only react with amines by their free 
carboxylic function, leading to carboxamides 4. 

Acknowledgements. The authors thank CEREP France for their financial support and especially for the 
research grant of Niefang Yu, G. Montagne for NMR spectra, C. Landry for LC-MS and Guy Ricart for 
MALDI TOF mass analysis. 

EXPERIMENTAL 

Melting points were measured on a BiiCHI SMP 20 melting point apparatus, and are uncorrected. The 

infrared spectra were carried out on PERKIN 6 ELMER 297 in the Faculty of Pharmacy of Lille, and 

expressed in cm-‘. ’ H-NMR spectra were recorded in DMSCld6 on a BRUKER 300 MHz in the Laboratoire 

d’ Applications RMN de I’Universite de Lille 2 and in the Pasteur Institute of Lille, France and chemical shifts 

are determined relative to solvent and converted to ppm. LC/Ms were carried out in Cerep, Lille, on a HP 
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I 100 HPLC and APCI Micromass. MALDI TOF spectra were recorded in the Laboratoire de Spectrodtrie de 

Masse de I’Universiti de Lille 1 on a Finnigan Mat Vision 2000 (Bremmenn), without matrix, UV (Nz) 337 

nm. 

General Procedure for the preparation of 3: A round-bottom flask equipped with a magnetic stirring 
bar was charged with equimolar amounts of cycloanhydrides and aldehydes or ketones (25 mmoles) in 
dichloromethane and added with BF,* EGO (175 mmoles). The mixture was stirred at room temperature or 
35°C for several hours and monitored by HPLC. The products were obtained either by filtration or by 
removing the solvent under reduced pressure and the residue purified by precipitation or qstallisation. 

3-Phenyl-3,4-dihydroisocoumarin-4.carboxylic acid (3a): cis-diastereoisomer was obtained by 

filtration, purity : 100% by HPLC. Isolated yield: 43%. mp: 180.2-181.6sC. IR : 3250, 1735 (OH) ‘H- 

NMR:s=4.66(1H, d,H,, J=6.6Hz), 6.04(lH, d,H,, J=6.6Hz), 7.30-7.55(7H, m), 7.72 (IH. dt, J 

= 1.2 and 7.8 Hz), 7.99 (IH, dd, J = 1.2 Hzand 7.8 Hz), 13.00 (lH, s, -COOH). MS (LCMS) m/z: 251 

(M-OH)‘. 292 (M+H+Na)‘. Trans-diastereoisomer: after isolation of the &-isomer, the solvent was removed 
under reduced pressure and the oily residue was triturated in diethyl ether until precipitation. Purity by HPLC: 
100%. Yield: 38%. mp: l89-190.3C IR : 3250, 1735 (COOH) . ‘H-NMR: 6 = 4.32 (IH, d, H,, J = 3.5 

Hz), 5.99(1H, d, H,, J=3.5Hz), 7.36-7.67(7H, m),7.72 (lH, dt, J= 1.1 and7.2Hz). 8.07 (IH, dd, J = 
I. I and 7.2 Hz), 12.71 (IH, s, -COOH). MS (LCMS) m/z: 223 (M - CO*)+, 25l(M - OH)+, 292 (M+H+Na)‘. 

Anal. CalcdforC,,H,,O,:C,71,64;H,4,51. Found:C,71,32;H,4,54. 

3-(2’,4’-DichlorophenyI)-3,4-dihydroisocoumarin-4-carboxyIic acid (3b): Precipitated as the 
trans isomer, in a solution of diethyl ether. Yield: 71%. IR: 3215, 1745 (COOH). ‘H-NMR: 6 = 4.34 (IH, d. 

H,, J=3.4Hz), 6.22 (IH, d, H,, J=3.4Hz), 7.58-7.76(5)3, m), 7.78 (lH, d, J= 1.8). 8.06 (IH, dd. J = 
1.2 and 8.3 Hz), 12.98 (IH, s, -COOH). MS (LCMS) m/z: 337(M)+. Anal. Calcd for C,,H,,CI,O,: C, 57,00; 
H. 2.99. Found:C, 56,46;H, 3,02. 

3,3-Dimethyl-3,4-dihydroisocoumarin-4-carboxylic acid (3~): Precipitated in a solution of diethyl 
ether jligroin (1 :I ). Yield: 50%. IR: 3150, 1730 (COOH). ‘H-NMR: 6 = 1.28 (3H, S, -CH,), 1.52 (3H, s, - 

CH,). 3.98 (lH, s. H,), 7.41 (lH, dd, H,, J = 1.3 and7.7 Hz), 7.52 (IH, dt, H,, J = I.1 and 7.6 Hz), 7.67 
(lH, dt, H,, J = I.3 and 7.6 Hz), 7.97 (lH, dd, H,, J = 1.1 and 7.6 Hz), 12.87 (IH, S, -cOOH). MS 

(LCMS)dz: 234(M)+. Anal. CaIcd forC,,H,,O.,: C, 65.45; H, 5.49; 0, 29.06. Found: C, 65.46; H. 5.39; 
0, 29.15. 

3-Ethyl-3-methyl-3,4-dihyd~isocoumarin-4-carboxyIic acid (3d): Precipitated as a mixture of 
cis- and rrcrzs-diastereoisomers, which were not isolated, in methanol at -15qC for 1.5 days. Yield: 22%. ‘H- 

NMR, ROESY rrcpts -dias tereoisomer; 6 =: 0.83 (3H, f J = 7.4 Hz, CH,-CH,), 1.45 (3H, s, CH,), I .55 and 

1.60 (2x IH, 2 x m, CH,- CH,), 3.99 (IH, s, H.,). &-diastereoisomer; 6 = 1.04 (3H, t, J = 7.5 Hz, CH?- 

CH,). 1.20 (3H, s, CH,), 1.80 (2H, cl, CH,- CH,), 4.00 (lH, s, H,). both-diastereoisomer; 6 = 7.44, 7.52, 

7.67 and 7.97 (4 x IH, Ar -H), 12.80 (lH, s, -OH). MS (MALDI TOF) m/z: 235 (M+H)‘, 257 (M+Na)+. 

273 (M+K)+. Anal. Calcd for C,,H,,O,: C, 66.66; H, 6.02. Found: C, 66,54; H, 6, IO. 

7-Nitro-3-pheny1-3,4-dihyd~isocoumarin-4-carboxyIic acid (3g): Precipitated as the mm- 
product (Purity by HPLC: 100%). Yield: 90%. m. p.: 207-208qC. ‘H-NMR, 6 = 4.55 (IH, d, J = 3.3 Hz, 

H,). 6.05 (IH, d, J = 3.3 Hz, H,), 7.30-7.51 (5H, m, Ar-H), 7.81 (lH, d, J = 8.5 Hz, H,), 8.49 (IH, dd. J 
= 2.4 et 8.5 Hz, H6), 8.67 (IH, d, J = 2.4 Hz, H,), 13.00 (IH, s, -OH). MS (MALDI TOF) m/z: 314 

(M+H)‘, 336(M+Na)+. Anal. CalcdforC,,H,,NO,:C, 61,35;H, 3,54; N, 4,47. Found: C, 61,61; H, 3,5l; 
N, 4.58. 
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7-Nitro-3-(3-nit~phenyl)-3,4-dihyd~isocoumarin-4-ca~oxylic acid (3h): Precipitated a+i the 
trans-product (Purity by HPLC : 100%). Yield: 65%. ‘H-NMR, 6 = 4.74 (lH, d, J = 3.3 Hz, H,), 6.24 

(IH, d, J = 3.3 Hz, H,), 7.76 (lH, t, J = 7.9 Hz, O,NC,&-), 7.84 (lH, d, J = 8.5 Hz, H,), 7.99 - 8.39 

(3H, m, OZNC&,-), 8.52 (IH, dd, J = 2.6 et 8.5 Hz, H6), 8.68 (lH, d, J = 2.6 Hz, Hs), 13.19 (lH, s, - 
COOH). MS (MALDI TOF) m/z: 353 (M+K-CO,)‘, 381 (M+Na)‘, 397 (M+K)+. Calcd for C,,H,,N,O,: C. 
53,64;H, 2.8l;N. 7.82. Found:C,53,79;H,2,66;N, 7,79. 

3,3-Dimethyl~7-nitro-3,4-dihydroisocoumPrin-4-ca~oxylic acid (3i): Precipitated. Purity by 

HPLC: 100%. Yield: 50%. m. p.: 198-201@. ‘H-NMR, 6 = 1.26 (3H, s, CH,), 1.51 (3H, s, CH,), 4.21 

(IH, s,H,-),7,70(IH,d, J=8.4Hz,H,),8.46(lH, dd,J=2.2and8.4Hz,Xj),8.58(lH,d, J=2.2 

HZ, Hs). 13.25 (IH, S, -COOZf). MS (MALDI TOF) m/z: 288 (M+Na)‘, 304 (M+K)‘. Anal. Calcd for 
C,zH,,NO,:C, 54.34;H. 4.1&N, 5.28;0,36.19.Found:C,54.28;H,4.08;N,5.47;0,36.17. 

General Procedure for the reaction with amines: To a solution of cis-3-phenyl-isocoumarine-4- 

carboxylic acid in dichlorometbane was added 1.2 eq. of activating reagent, mixed for IO min. and then I .5 
eq. of amine was added and stirred for 12 hours. After addition of water, the products were extracted with 

DCM. 

N-Benzyl-3-phenyl-3,4-dihydroisocoumarinoxamide (4a): 3a (trans-diastereoisomr, leq) 

and DCC (I,05 eq.) were mixed at O@ in DCM and then added benzylamine (I,5 eq.). The mixture was 
stirred at Or for 2 hours and then filtered off DCU. The filtrate was evaporated and the product was 
crystallized from THF - ether (1:l) as white needles. (Purity by HPLC: 100%). Yield: 37%. ‘H-NMR, 6 = 

3.88and4.20(2~ lH,2xdd, J=4.4and 15.2 Hz, N-CH,-Ph), 4.28 (lH, d, J=3.4Hz, H,), 5.98 (IH, 

d, J = 3.4 Hz, H,), 6.72 - 8.06 (13H, m, Ar-H), 8.49 (lH, broad s, NH). MS (MALDI TOF) m/z: 380 
(M+Na)+. 396 (M+K)‘. Calcd for C,,H,,NO,: C, 77.29; H, $36; N, 3,92. Found: C, 77,25; H, 5,25; N, 
;,96 

I. 

2. 

3. 
4. 

5. 

6. 

I. 

8. 
9. 

IO. 
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