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ABSTRACT

Reaction of homophtalic anhydrid with aliphatic or aryl anhydrids (or acid
chlorides) and an appropriate base gives 4-acyl and 4-aroylisochroman-1,3-diones.
The structure of these isochroman-1,3-diones was determined by 1H, 13C and 170
NMR spectrometry. In solution, among the three possible tautomers , only the enolic
one with exocyclic double bond was observed. These results are in good agreements
with AMI calculations ones.

* Author to whom correspondence should be addressed.
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INTRODUCT]ON:

4-acyl and 4-aroylisochroman-1,3-diones are important intermediates for the
synthesis of isocoumarins, 2-carboxybenzyl alkyl ketones, 3-alkyl-1-isoquinolones
(1), etc. Nevertheless, only two methods of preparation were described by R. N.
USGAONKAR et al. (2) and by J. SCHNEKENBURGER (3) and two structural
studies of these compounds have been published (4)(5).

As observed by J. SCHNEKENBURGER, these compounds present a tautomeric
equilibrium. The three possible tautomeric forms are reported in Scheme 1

In crystalline state, these compounds seemed to be in I tautomeric structure
while in solution, an equilibrium between the two others forms II and III has been
found(4). From electronic and infrared analysis,, USGAONKAR (5), suspected that
the isochromandiones were in the tautomeric forms I and I1.

To our knowledge, however, no NMR studies of the structures of these
compounds have so far been reported. The aim of this work was to identify the
stereoisomers present in solution. We report in this paper, the first study of 4-acyl
and 4-aroylisochroman-1,3-diones by 1H, 13C and 170 NMR spectrometry. For a
better understanding of the parameters which play a role on the stability of these
tautomers, AM1 semi-empirical calculations were performed

EXPERIMENTAL
Materials

Compounds studied in this work are described in Scheme 2

Aliphatic acid anhydrids react with homophtalic anhydrid 1 in diethyl ether and
pyridin at room temperature for 2 hours to give the corresponding 4-acylisochroman-
1,3-diones in good yield (2). 4-aroylisochroman-1,3-diones are obtained in good
yield (3)(6) by reaction of aromatic acid anhydrids or aromatic acid chlorides with
homophtalic anhydrid at reflux in diethyl ether or tetrahydrofuran for 2 hours. In both
case, two molar equivalents of base (triethylamin) are required.

Isochromandiones 2 are colourless when R is aliphatic and yellow in other cases.
They were obtained in solid state and identified by IR and |H NMR spectrometries,
melting points and elementary analysis. IR data , melting points and elementary
analysis data for isochroman-1,3-diones 2 are reported in Table 1.

IR spectra were recorded both in KBr pellet and in solution in CHCI3 on a
Mattson 1000 FTIR spectrometer. The following features were evidenced: all spectra
present a strong band for C = O vibration in 1700-1770 cm-! region and a weaker
band at 1640-1650 cm-1 for C = C. As previously observed (4,5), in both cases, no
bands were observed for the O-H vibration in the 3600- 3200 c¢m-! region (Cf. Table 1).

NMR measurements

The IH NMR spectra were recorded in CDCI3 solution on BRUKER AC-80
spectrometer. The 1H chemical shift parameters are reported in Table 2. The 13C NMR
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X =Clor OCOR
2a: R=CH3; 2b: R=C2Hs; 2¢: R=CgHs;
2d: R=pCH3CgH4;  2e: R=p(CH3)3CCgH4; 2f : R=pCH30C¢H4;
2g: R=pNO2CgcH4; 2h: R=pCICcHg4. 2i : R=pFCgH4.

Scheme 2

spectra were recorded both on BRUKER AMX-400 and BRUKER AC-80
spectrometers and the 170 NMR spectra on a BRUKER AMX-400 spectrometer. In this
latter studies, saturated sample solutions in CDC13 were used. Assigment of 13C and 1H
chemical shifts follows from the concerted use of homonuclear (COSY) (6) and both
direct (HMQC) (7) and long range (HMBC) heteronuclear correlation experiments (8) .
Typical spectra setting for 170 and 13C NMR experiments were as follow: Sweep
width 45000 and 25000 Hz; pulse delay P90 20 ps and 4.5 ys; acquisition time 0,09
and 0,3 5. 13Cand 170 NMR data are reported inTable 3.

RESULTS AND DISCUSSION
NMR analysis

In the |H NMR 'spectra of isochromandiones, the most striking features were as
follows:
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TABLE 1 Melting points, elementary analysis and characteristic vco wave numbers of
isochroman-1,3-diones 2

Yield % | mp.°C |IRcm! |elementary analysis
(lit) vC=0 |calculated % _ found %
98 162-163 C: 64,70 C: 64,75
2a (162) 1740 H: 3,92 H: 3,89
90 116-118 1730 C: 66,055 C:66,11
2b - H: 4,587 H:4,61
94 130-132 1760 C:72,18 C:72,21
2% (132,5) H: 3,76 H: 3,86
70 114-115 1762
2d - - .
60 137-139 1766 C: 74,53 C:74,25
2¢ - H: 5,59 H :5,65
85 194-195 1762 C: 68,92 C: 68,89
2f (192-193) H: 4,05 H: 4,20
C:61,73 C: 60,65
2g 90 190-192 1762 H: 2,89 H: 3,04
- N: 4,50 N: 4,53
87 159-160 1761 C: 63,89 C: 63,80
2h - H: 2,99 H: 3,10
85 151-153 1766 C: 67,605 C: 67,62
2i - H: 3,169 H: 3,18

The aliphatic groups (R) appear between 1,3 and 3,3 ppm as singlet for methyl
groups, triplet and quadruplet for ethyl, while the other protons appear between 6,8 and
8,3 ppm as two or three multiplets. Among these latter resonances, the signal which
appears at 6,8-6,9 ppm was attributed to an hydroxylic proton. Effectively, by treatment of
the sample with D20, this signal disappears. This result suggests an enolic form like II or
III for isochromandiones.

In 13C NMR spectra, the most shielded carbons are C4 , C5 and C9, The chemical
shift of C4 is about 94 + 4 ppm, the carbon C9 resonates between 114 and 120 ppm and
Cs resonated between 120 and 130 ppm. The more deshielded carbons are Cjp1 (170-192
ppm), C3 (163-169 ppm) and C] (159,5-163 ppm)

The chemical shifts of the three carbons C3, C4 and C]] are in very good
agreement with those of the carbons of the enolic form of compounds like the B—keto-
ester (7) described in the Scheme 3.
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TABLE 2 : 1H NMR data of isochroman-1,3-diones 2. & in ppm from TMS.

12
13 13
R =
14 14
1
¥ S
Hg and/or H}3 Hg other Ar-H [ H aliphat.

8,2 d IH |68 m IH |71-78 m 3H |27 s 3H

[

8,2 d IH 69 m IH |73-78 m 3H |29 q 2H
1,6 t 3H

2c 8,2 m 2H |68 m 1H |7,2-7,7 m 7H

2d 882 m 2H |69 m IH |7,2-78 m 6H |25 s 3H
2e 8,0 m2H [69 m IH |72-75 m 6H |13 s 9H
2 8,0 m2H (68 m IH |69-75 m 6H |33 s 3H
2g 8288 m 2H |69 m 1H [|7,5-82 m 6H
2h 8,0 m 2H [68 m IH [7,3-75 m 6H
2i 8,1 m 2H |68 m IH {7,2-7,7 m 6H

The chemical shifts of C4 ( 90-97 ppm) evidence a sp2 hybridization state, as the
chemical shifts of C1] between 170 and 192 ppm are indicative of its enolic structure (7).
Subsequent DEPT experiments confirm the lack of methine aliphatic resonance. These
results suggest the structure III for isochroman-1,3-diones 2:

Isochromandiones have three possible kinds of oxygens: two anhydrid carbonyl
oxygens (C=0), one anhydrid oxygen (-O-) and one enolic oxygen (-O-H).

By comparison with the chemical shift data of other aromatic anhydrid oxygens (8),
the O; and O3 chemical shifts are easily assigned (298 <801 < 305 ppm and 356 <
803 < 361 ppm). These values are substantially different from those reported for
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TABLE 3 : 13C and 170 NMR data of isochroman-1,3-diones 2 . & en ppm from TMS
and Water respectively

12
13¢ 13
14 14
15
2a | 2b | 2c |20 | 2 2 |2 |20 J2i

C1 159,71 159,80 | 159,84 | 159,95 | 159,99 |160,94 | 162,87 {161,98 | 159,76
C3 |168,51 | 168,68 | 168,85 | 168,76 | 1682 1163,77 | 163,57 | 162,81 [168,74
Cq 97,28 |96,67 196,47 9598 9606 [90,20 92,41 196,26 |96.47

Cs 124,34 [ 124,35 | 125,82 | 125,82 | 125,82 [ 120,81 | 122,97 | 125,38 | 126,83
Ce 135,21 135,20 | 134,02 | 133,94 | 133,95 {133,42 | 129,09 | 134,64 | 134,14
C7 126,46 { 126,46 | 126,64 | 126,44 | 126,44 | 123,34 | 123,81 | 125,63 | 125,74
Cg |131,30 {131,22 | 130,61 | 130.40 [ 130,42 }128,39 | 128,31 |129,47 {130,72
Co9 119,23 ]119,30 | 119,57 [ 119,55 [ 119,36 | 114,52 | 116,37 | 118,53 | 119,66
C10 | 135,04 | 134,84 1134,77 | 134,98 [ 13500 | 131,42 1140,2]1 | 137,52 | 134,58
C11 |[182,84 | 187,00 | 179,72 {170,93 | 179,88 | 192,03 [ 184,56 | 178,58 [ 178,13
C12 {2435 29,49 1134,43 1143,35 | 131,28 ] 135,78 | 146,98 | 137,08 | 166,42

Ci13 - 10,29 129,32 |129,89 | 128,75 129,96 |134,46 [ 129,98 | 131,58
Ci4 - - 128,83 | 128,92 [ 126,15 | 112,81 [123,17 | 128,46 | 116,78
Cis - - 132,39 {131,32 | 156,47 | 142,62 | 150,16 [ 134,75 | 163,89
Ciq - - 128,83 [ 128,92 | 126,15 | 112,81 | 123,17 | 128,46 | 116,57
Ciz | - - 129,32 [129,89 1 128,75 | 129,96 | 134,46 129,98 | 131,49
X - - - 21,742 135222 | 56,00 ] - - -
31,152
01 - 298,94 |304,48 | 304,81 - - - - -
02 - 25898 |260,41 |260,52 - - - - -
03 - 356,74 | 360,10 | 357,15 - - - - -
04 - 166,99 1161,92 [ 162,59 - - - - -
50,5ppm 21,1ppm 50,5ppm

CH:Y‘\r OR ng\/\(OR
- |

/0 RN 168ppm /0\ \\\\“O 177ppm

202ppm 174ppm

Scheme 3



03:38 30 January 2011

Downl oaded At:

NMR AND AM1 STUDY 1655

R o )
0 0
(0] ———— (o]
0 0
Ia b
R_ _O 0y _R
i i
~r° ~
o o
0 0
Oa Ib
ROn, LO_R
I T
O 0
0 0
Y 0
Ia 1Ib
Scheme 4

homophtalic anhydrid ( 372 ppm for O and 397 ppm for O3). These results show a 70
ppm shielding difference for O1 and a 40 ppm shielding difference for O3. The chemical
shift of anhydrid oxygen ( -O-) is about 259 * 1,5 ppm for isochroman- 1,3-diones and 273
ppm for homophtalic anhydrid.

The signal observed in the 164 * 3 ppm area is assigned to the enolic oxygen. It is
the more shielded one. However, it is known that an enolic system with chelated hydroxy
group shifted strongly the hydroxy oxygen resonance (8, 9). These results are in good
agreement with the proton and carbon 13 NMR results and are indicative that the
isochroman-1,3-diones are in enolic tautomeric form I1L

AM1 study of isochroman-1,3-diones

AMI calculation is a successfull method in determining the more stable isomer of
polar compounds (10, 11). To obtain a further proof of the stable structure of isochroman-
1,3-diones, we have calculated the Heat of Formation (AH) of the different conformations
of each tautomers of compounds 2a and 2¢ by the AM1 semi empirical method. The
possible structures are represented in scheme 4.
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TABLE 4 Heat of formation values versus ¢ for 2a (R = CH3) and 2¢ (R=CgH5)

R_11 Q‘
S0
)
o
compound ] isomers ¢ (degree) | AH (Kcal/mol)
2a Ia 0 -113,750
" Ib 180 - 58,147
" Ila 0 -115,610
" 1Ib 180 no conv.
! IIla 0 -121,240
" 1IIb 180 -119,210
2¢ IIla 0 -84,337
" 1T 180 -71,105

For each structure, the diedral angle ¢ = 04-C] 1-C4-C3 was varied from 0° to 180°.
The results obtained are reported in Table 4. They confirm that the enolic structures III of
isochroman-1,3-diones are the more stable.

CONCLUSION
The IH, 13C and 170 NMR and the AM1 calculation results show that the
enolic structures I1I of isochromandiones with an exocyclic double bond are the more

stable.
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