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Abstract—The X-ray analysis of 1-oxo-3-thiophen-2-yl-isochroman-4-carboxylic acid methyl ester 1 confirmed its frans-configura-
tion and a conformation with diaxial H-3 and H-4 atoms in solid state. NMR experiments indicated that frans-1 exists in solution in
both expected conformers. In CDCl; and especially in CD;0D or DMSO, the conformational equilibrium is shifted towards the
conformer with diequatorial H-3 and H-4, which was also determined by 2D NOESY experiments. The shift is due to the greater

polarity of that conformer deduced by ab initio calculations.
© 2004 Elsevier Ltd. All rights reserved.

The dihydroisocoumarin (isochroman) fragment is the
core of various natural compounds,!> which exhibit a
wide variety of pharmacological activities.!® Most of
these natural 3,4-disubstituted dihydroisocoumarins
possess an aryl substituent in position 3. The relative
configuration can be defined on the basis of the value
of the vicinal couphng constant (J3 4) between H-3
and H-4 atoms in the "H NMR spectra. In general, val-
ues of 3-4.4Hz’ '3 suggest cis configuration and pre-
ferred synclinal (s¢ or gauche) conformation and
values of 8—13Hz’!3 suggest trans configuration and
preferred antiperiplanar (ap or trams) conformation.
The synthesis of 3,4-dihydroisocoumarins has been
achieved by different methods.®>!'® We recently
reported'® a diastereoselective reaction between homo-
phthalic anhydride and thiophene-2-carboxaldehyde
leading to one isomer of 1-0xo0-3-thiophen-2-yl-isochro-
man-4-carbocylic acid. The trans configuration vas
proposed for its methyl ester 1'® on the basis of J34
(6.3Hz in CHCl5).
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In this letter we continue studying the conﬁguratlon of
compound 1 owing to its intermediate value of *Js4
within the relevant values for the cis and trans diastereo-
mers of this type. The conformation of 1 in the solid
state and conformational equilibrium in solvents of dif-
ferent polarity is dlscussed The study is based on data
from X-ray diffraction, '"H NMR, 2D NOESY spectra
and quantum chemical ab initio calculations and is
related to our recent studies on reactions of homophtha-
lic anhydride.!3-2°

Compound trans-1 is one of the possible racemic diaster-
eomers. It is a conformationally flexible compound exist-
ing as two conformers: 1a and 1b (see Fig. 1). According
to the Karplus equation,?!-??> 1a with antiperiplanar H-3
and H-4 (torsion angle 180°) is expected to show a high
J3 4 of about 13 Hz. Alternatively, - 3, .4 for 1b with syn-
clinal H-3 and H-4 (torsion angle 60°) should be small
(about 34 Hz). The values of J3 4 observed will depend
on the conformatlonal equlhbnum that is, on the indi-
vidual values 3J; 4(1a) and 35 4ap) of any conformer
and its mole fraction nga) O ne1p).

sa = n1a) 1a + Ry 1 (1)

The structure and trans configuration of 1 were charac-
terized by a single-crystal X-ray diffraction study (see
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Figure 1. Structure and conformational equilibrium of trans-1. For
simplicity, the pseudoaxial and pseudoequatorial positions are shown
as axial and equatorial, respectively.

Fig. 2). The molecules are packed into two separate
layers along the b-axis and are stabilized by intermolecu-
lar O3---H10-C10 hydrogen bonds (see Fig. 3) with a
length of 2.507A. The crystal structure contains only
molecules of 1 without any solvent. The pyranone ring
is in a distorted twist conformation. Note that the
hydrogen atoms at C10 and CI11 are in an ap conforma-
tion and the thiophenyl and methoxycarbonyl groups
occupy equatorial and pseudoequatorial positions,
respectively.

The angle between the plane of the equatorial thiophene
ring at C10 and the plane of the fused benzene ring is
78°, that is, both planes are almost perpendicular to
each other. Each of the stereogenic atoms C10 and
Cl11 is in R configuration in the enantiomer used for
refinement. The torsion angle H10-C10-C11-HI11 is
179.0(1)°. This angle is in agreement with the expected
value of about 13Hz for *Jyo 1, (or *J34).2** Thus in
the solid state, trans-1 exists entirely in conformation 1a.

Figure 2. ORTEP plot and numbering of trans-1. The thermal
ellipsoids are scaled to the 40% probability level.

Figure 3. Part of the crystal packing for trans-1 showing the presence
of intermolecular hydrogen bonds and surrounding atoms and
functional groups.

The conformational equilibrium of trans-1 in solution
was studied by '"H NMR spectra in different solvents:
CDCl;, CD30OD and DMSO-dg, these solvents being
nonpolar aprotic, polar protic and polar aprotic, respec-
tively. The data observed are shown in Table 1. The dif-
ference in the chemical shift (Ad) within the three
solvents is almost negligible for the methoxycarbonyl
group and smaller or greater for the individual protons.
This indicates that the chemical shift of the OCHj;
protons is more suitable for configuration assignments
than those of H-3 and H-4°"!! having greater AJ values.
Usually, the signals of the OCHj protons in cis esters
appear about 0.2ppm at a higher field than in trans
esters. The most interesting result from Table 1 is the
solvent induced decrease of 3J3’4 from 6.3 to 4.5Hz the
latter value being characteristic for the cis configuration
in sc¢ conformation. Thus, if we had first taken the NMR
spectrum of 1 in DMSO we would erroneously propose
the cis configuration. A hypothetical question can arise:
could the small 3]3,4 in DMSO be attributed to an
epimerization of trans-1 in this solvent. The answer is
negative since in the isochroman series the trans isomers
are thermodynamically more stable than the relevant cis
isomers.!!:!415 These data show that attention should be
paid in ascribing configuration of isochromanones when
the values of 3J3,4 correspond to sc¢ conformation both
for cis and trans isomers, namely 2-6 Hz.!3

The observed values of 3J3,4 allowed us to characterize
quantitatively the conformational equilibrium of frans-
1 in the three solvents on the basis of Eq. 1 and
Nay + nap = 1. Concerning 3J3,4(la) and 3J3,4(1|,), we
took into account the data for 1-oxo-3-phenylisochro-
man'® where the values of couplings for diastereotopic
H-4 protons (ax and eq) were 13 and 3 Hz, respectively.
The calculations (deviation range *10%) showed the
presence of 67% of 1b in chloroform and a greater shift
of the conformational equilibrium to 1b for methanol
(81%) and especially for DMSO (85%).
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Table 1. '"H NMR parameters of 1-oxo-3-thiophen-2-yl-isochroman carboxylic acid methyl ester (1) at room temperature in different solvents

Solvent J34 Chemical shifts (ppm), multiplicity and coupling constants (Hz)
H-3 H-4 H-5 H-6 H-7 H-8 H-9 H-10 H-11 OCHj3;
CDCl; 6.3 6.19 4.35 7.30d 7.64 dt 7.51 dt 8.16 dd 7.05 dd 6.93 dd 7.27 dd 3.76 s
7.7 1.5;7.8 1.0; 7.5 1.5;7.8 1.2; 3.5 3.5;5.0 1.2; 5.0
CD;OD 49 6.30 4.58 7.43d 7.69 dt 7.53 dt 8.05 dd 7.08 dd 6.94 dd 7.36 dd 3.74 s
7.8 1.5;7.5 1.0; 7.5 1.3;7.8 1.0; 3.5 3.5;5.0 1.3;53
DMSO-dg 4.5 6.36 4.79 7.47-7.50 m 7.73 dt 7.55 dt 7.97 dd 7.15 dd 6.98 dd 7.47-7.50 m 3.69 s
1.5;7.5 1.3;7.8 1.5;7.8 1.0; 3.5 3.5;5.0
Ao 0.17 0.44 0.18 0.09 0.04 0.19 0.10 0.05 0.21 0.07
Table 2. Energy difference (A¢), dipole moments (x in D) and were performed at the HF/3-21G?” and HF/6-

percentage of conformers of trans-1 in gas phase

Ae? Hia Hip Yorp
HF/3-21G 1.64 3.72 4.37 66
HF/6-31 + G(d.p) 1.59 4.13 5.04 65

3 A€ = e1p—€1q in kJmol ™!

In an attempt to rationalize the shift of the conforma-
tional equilibrium of trams-1, ab initio calculations at
HF/3-21G and HF/6-31 + G(d,p) approaches were per-
formed. The calculations showed that the diequatorial
conformer 1b is more stable than the diaxial 1a and
the difference in Ae of their minimum conformational
energies is about 1.6kJmol~' (see Table 2). The values
of Ae allowed us to determine the conformer population
using Eq. 2.

Ae = —RTInK (2)

where K = ngy)/na) 1 the equilibrium constant, R is the
gas constant (8.33x 10kJmol™'K™") and T is the
temperature (298.5K). The data obtained from the theo-
retical calculations are summarized in Table 2.

In addition, both basis sets used showed that 1b is more
polar than 1a. These data agree with the position of the
equilibrium. The nonpolar chloroform shifts it to a
smaller extent than the polar methanol and DMSO.
The latter two solvents will solvate 1b better, having
the larger dipole moments. For methanol with lower
polarity than DMSO, solvation by intermolecular
hydrogen bonds is mainly to be expected.

The configurational and conformational assignments for
trans-1 were also made on the basis of 2D NOESY spec-
tra, which proved that 1b is the preferred conformer in
solution. The correlation observed in the NOESY spec-
tra of frans-1 made it possible to estimate the through-
space interactions of H-4 with H-3 and H-5. The
NOESY spectrum in DMSO-ds showed cross-peaks
between these protons, being more intensive than in
the case of CDCl;. It is worth noting that a NOE was
observed® between the equatorial H-4 and the aromatic
H-5 proton, while such an effect between the axial H-4
and H-5 was not seen. The NOE established in the case
of trans-1 both in CDCl; and DMSO proved the equa-
torial orientation of H-4 in these solvents.

Ab initio computations were carried out with the GAUs-
SIAN 98 program package.?® The theoretical calculations

31 + G(d,p)?® level of theory. The structures 1a and 1b
were further characterized by analytic computations of
harmonic vibrational frequencies at the same level/basis
sets.

Crystal data for trans-1: Clear, colourless single crystals
were obtained by slow evaporation of a chloroform—
ethyl acetate solution of 1. C;sH;,04S, M = 288.31,
monoclinic, P21/c, a=28.5027(10), b = 20.8161(10), ¢ =
8.6174(10), p=118.971(10)°, V' =1334.4(2Q)A°, Z=4,
Dx = 1.435gem 2. Crystals of 1 were checked for singu-
larity and an X-ray diffraction data set was collected for
the best crystal (0.2 X 0.19 x 0.12mm) on an Enraf-Non-
ius CAD-4 diffractometer with monochromated MoK,
radiation (4 =0.71073 A) at room temperature (half of
a sphere, w-20 scans, 0, = 25.8°). The raw data were
corrected for absorption with the aid of the average of
three -scans. The structure was solved and refined on
F2 by means of SHELXTL-v5.l software package.?’
Direct methods provided all sulfur and oxygen positions
while the carbons were later identified from difference
Fourier maps. The positions of hydrogen atoms were
calculated and included as fixed contributors to the
structure refinement. A total of 2629 independent reflec-
tions were measured in the range 2 < < 25.8.

Full crystallographic details, excluding structure factors,
have been deposited at the Cambridge Crystallographic
Data Centre (CCDC). Any request to the CCDC for this
material should quote the full literature citation and the
reference number 226895.

Conclusions

The X-ray analysis of (*)-trans-1-oxo-3-thiophen-2-yl-
isochroman-4-carboxylic acid methyl ester confirmed
its configuration and conformation as la. In contrast,
in solution the conformational equilibrium is shifted to
1b in agreement with the ab initio calculations per-
formed and NOESY experiments. The data for *J34 in
the three solvents show a decrease in the order chloro-
form, methanol and DMSO and the value for the latter
coincides with the value characteristic for the cis isomers
of isochromans.
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