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The dynamic fliplike motion in theR)-thalidomide dimer
has been reported for the first time. The vibrational circular
dichroism (VCD) spectrum off)-thalidomide in DMSOds
indicates the characteristigo bands with opposite signs and
reflects the structural property of the equatorial configuration
of the phthalimide ring. On the other hand, the VCD
spectrum of R)-thalidomide in CDC exhibits a different
pattern ofvco bands and suggests the fliplike motion in dimer
forms. This novel insight for the dimer forms would be
helpful for the understanding of the structwiactivity
relationship for thalidomide.

Thalidomide is a tragic-historical compound as a human

teratogert. Recently, however, this compound has been reviewed

again for its immunosuppressive, immunomodulatory, or anti-
angiogenic effect on Hansen’s disease, rheumatoid arthritis
Behcet's syndrome, aphthous ulcer, and multiple myel®fize

versatile potency suggests the biological action of the simple

structure of thalidomide, especially the imido part, on the
important point of the human network system. The dimer form

Note

action in the solution state has not been considéfdthe basic
property of the interaction of the imido part has not been
reported in detail. The antiangiogenic activity of thalidomide
is a consequence of metabolic activation as demonstrated by in
vivo studies®® However, the biotransformation of thalidomide
is very complex: R)-thalidomide is preferentially metabolized

in the 2,6'-dioxopiperidine-3yl moiety, whereas$)-thalido-
mide is mainly transformed by hydroxylation in the phthalimide
ring. Further, (3R,5R)-trans-5'-hydroxythalidomide epimerizes

to the thermodynamically more stable$% R)-cis-isomerta At
present, the identity of the active species has not been
confirmed#

Vibrational circular dichroism (VCD) spectroscdig highly
sensitive to the conformations of chiral molecules. Recently,
we have shown that the well-known oddven effect of chiral
alcohols in the solution state can be theoretically interpreted
using VCD in terms of their conformations and associated
vibrational mode patterrfsVCD spectroscopy is also effective
in analyzing highly assembled forms of supramolecular spécies.
Here, we show the VCD spectra dR)(thalidomide () and
demonstrate theoretically the dynamic fliplike motion of tRg (
thalidomide dimer Z) in CDCl; for the first time.

Figure 1a shows the VCD and IR spectralofDMSO-ds,
0.50 M, Cak, 5um path length). The characteristieo VCD
bands with opposite signs (1721 chAe = 1.6 x 107% 1709
cml, Ae = —1.7 x 1071) were observed. To assign these
bands, the conformational and vibrational analyses of monomer
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out? nevertheless, the contribution of the dimer structure to the
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FIGURE 1. (a) Comparison of the measured VCRe) and IR €)
spectra ofl (DMSO-ds, 0.50 M, Cak, 5 um path length) with the
predicted spectra fata (B3LYP/6-31G*). (b) Optimized geometry of
conformersla and 1b (B3LYP/6-31G*).

1 were carried out using density functional theory calculatfons.
Two major conformerslaandlb, were optimized (Figure 1b).
The difference between the two conformers was the configu-
ration (axial or equatorial) of the phthalimide rings. Conformer
lais more stable thathb due to the diminished steric repulsion
(AG = 2.16 kcal/mol). The measured VCD spectrunia$ in
good agreement with the predicted VCD spectrunifofFigure
1la). The VCD spectrum of strongly reflects the structural
property of the equatorial configuration of the phthalimide fing.
On the other hand, the different pattermeb bands for the
VCD spectrum ofl (0.005 M, Bak, 489 um path length) in
CDCl; was observed (1748 cth Ae =5.8 x 107% 1728 cn1?,
Ae =1.4x 107% 1719 cnt?, Ae = —1.6 x 107Y) (Figure 2a).
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FIGURE 2. (a) Comparison of the measured VCRe) and IR €)

spectra ofl (CDCl;, 0.005 M, Bak, 489 um path length) with the
predicted (population weighted) spectra @®i(B3LYP/6-31G*). (b)
Predicted VCD A¢) and IR €) spectra oR-AA, 2-AB, 2-BB, andla

(B3LYP/6-31G*).

The VCD spectra ofl in CD,Cl, and CIXCN also indicate a
similar pattern ofvco bands. The/co VCD bands for a higher
concentration ofL (0.04 M) were slightly broadened but not
essentially changetThe twovco positive VCD bands and the
vau IR band at 3366 cmit strongly suggest the existence of
the (R)-thalidomide dimer 2).° (R)-Thalidomides1 can be
connected with each other through the imido partsr B. The
density functional theory calculations indicate the existence of
three conformational isomers & 2-AA, 2-AB, and 2-BB
(Figure 3). The predicted (population weighted) VCD bands of
2 (three conformers) correspond well to those observed in €DCI
solution (Figure 2a). Theco band at 1748 crrtt is assigned as
the contribution of conforme2-BB, but in contrast, theco
band at 1728 cmmt is assigned as the contribution of conformers
2-AA and2-AB (Figure 2b). The observed VCD spectrumlof
suggests the fliplike motion of dimer form8 in CDCls.
Recently, Vass and co-workers have reported fhigctams
also tend to form H-bonded dimers in CRQbut the population



FIGURE 3. (a) Optimized geometry of conform@rAA (B3LYP/6-
31G*). (b) Optimized geometry of conform@rAB (B3LYP/6-31G*).
(c) Optimized geometry of conform&-BB (B3LYP/6-31G*).

of H-bonded dimers is smalf.In the case of thalidomide, only

one observeayy IR band suggests that the contribution of the
entirely free monomer is small. The planarity of the CONHCO
moiety is high, and the inversion around the N atom is
suppressed. The predicted (population weighted) IR banés of
(three conformers) are slightly different from the observed IR

ones (Figure 2a). This suggests the contribution of the H-bonded

species among conformegsAA, 2-AB, and 2-BB. The vy

(10) Vass, E.; Hollsi, M.; Forrg E.; FU6p, F.Chirality 2006 18, 733~
740.
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IR band was slightly shifted in higher concentration (0.046 M,
3368 cntl). The increased force constant of the-N bond

for 2 suggests the further intermolecular interaction such as that
seen in the crystal structufe.

From these results, we revealed the dynamic intermolecular
interaction of the imido part forR)-thalidomidel. This novel
insight for the dimer forms2 would be helpful for the
understanding of the structuractivity relationship for thali-
domide. VCD spectroscopy would be available as a powerful
complement to NMR spectroscopy that leads to significantly
improved SAR studies. Further conformational analysigRpf (
thalidomidel in DMSO-ds is now in progress.

Experimental Section

Measurements.All reagents were of commercial grade. The
VCD spectra of the solution state were recorded wittb3 data
collection time at 4 cm! resolution. The DMSQi; solutions were
placed in a 5um path length cell with CaFwindows. The CDG,
CD,Cl,, and CXCN solutions were placed in a 72 or 48 path
length cell with Baf; windows. The VCD baseline was obtained
from the average spectrum Bf and S-enantiomers.

Calculations. All geometry optimizations, conformer searches,
vibrational frequencies, and absorption and VCD intensitiedl for
and2 were calculated using the Gaussian 03 pro§rama Pentium
4 (3.2 GHz) PC. Density functional theory with B3LYP functional
and 6-31G(d) basis sets was used for the calculations. The
theoretical absorption and VCD spectra were simulated with
Lorentzian band shapes and 6 ¢nfull width at half-height. The
ab initio frequencies were scaled by 0.97, and the thermal
corrections to Gibbs free energies were scaled with 0.9989.
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