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Abstract: The absolute configuration of the furan-derived hydroperoxide 1 and its 
alcohol 2, readily available in optically active form by kinetic resolution of the racemic 
hydroperoxide with horseradish peroxidase (HRP), was determined by the exciton-coupled 
circular dichroism (ECCD) method on their 2-naphthoate derivatives 4. © 1997 Elsevier 
Science Ltd 

Recently we showed ! that the optically active hydroperoxide (S)-(-)-I  and the alcohol (R)-(+)-2 are 
readily accessible by the enzymatic kinetic resolution of the racemic hydroperoxide 1 with horseradish 
peroxidase (HRP) on a preparative scale (Scheme 1). These optically active furan derivatives were 
independently reported in the Ti(OIPr)4-catalyzed enantioselective oxidation of allylic alcohols and 
sulfides. 2 Since the absolute configuration of these optically active compounds was unknown, we 
decided to employ the well established exciton-coupled circular dichroism (ECCD) 3 for this purpose. 
Recently, ECCD was applied successfully for the configurational assignment of optically active, 
functionalized compounds like ct- and 13-hydroxy carboxylic acids, homoallylic hydroperoxy alcohols 
and their corresponding diols, and acyclic hydroxy-substituted dienes, a 

To apply the ECCD method on the hydroperoxide 1 and alcohol 2, a second exciton-coupling 
chromophore with a large ~ value and known direction of the transition dipole had to be introduced 
(Scheme 1). 3 This was achieved by reduction of the hydroperoxide (S)-(-)-I  and subsequent acylation s 
of the alcohol 2 with 2-naphthoylimidazole 3 to the naphthoate derivative 4. 6 

The CD and UV of 4 are shown in Figure 1 a. In the chromophoric derivative (S)-4, the long-axis 
I Bb transition (Scheme 1) of the 2-naphthoate chromophore couples with the rr- r r*  transition of the 
furan chromophore (ca. 225 nm) to give a positive split CD curve with extrema at 236 nm (A~=+21.1) 
and 212 nm (AE=-19.3) with an amplitude A of +40.4. This positive CD shows that the electric 
transition dipole of the 2-naphthoate and the furan 7 chromophores constitute positive chirality. The 
enantiomer (R)-4 exhibits an opposite bisignate CD curve with a negative Cotton effect at 235 nm 
(AE=-21.0) and a positive one at 216 nm (A~=+5.3) with an amplitude A=-26.3. The underivatized 
alcohol 2 show only very weak Cotton effects around 216 nm which do not affect the exciton coupling 
CD spectra of the naphthoate derivatives 4. 

Since the ECCD method depends on the conformation of the molecule under examination, MM2 
calculations (Macro Model 5.0) were conducted to assess the conformational preference of the 
naphthoate 4, in an effort to reconcile the observed Cotton effects. These calculations have revealed 
the two planar conformations A and B, which give rise to Cotton effects of opposite signs. In these 
conformations the H-2 atom lies in the plane of the furan ring, in A it faces the H-1 atom and in B 
it points in the direction of the furan oxygen atom. An NOE experiment established conformation A 
as the preferred one for the naphthoate 4 with a 2% enhancement between the H-1 and H-2 atoms. 
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Scheme 1. Synthesis of  the optically active hydroperoxide (S)-(-)- I  and its alcohol (R)-(+)-2 and their derivatization to the 
naphthoates 4 ( - -  transition dipole). 
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Figure 1. UV and CD spectra of  the furan derivatives 4--6 in MeCN (1 cm cell). 
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The preference for conformer A also agrees with the literature data of furylcarbinols, a Thus, the 
hydroperoxide ( - ) -1  possesses the S configuration and the alcohol (+)-2 the R configuration. 
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To provide additional support for this configurational assignment, the commercially available 
enantiomers of 1-furylethanol (5) were derivatized s to the naphthoate 6 and the benzoate 8 (Scheme 2). 
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As shown in Figure lb, the enantiomer (S)-6 revealed a positive Cotton effect at 235 nm (At=+17.7) 
and a negative effect at 211 nm (At=-33.5) with A=+51.2, whereas the optical antipode (R)-6 exhibited 
a mirror image CD at 234 nm (At=-21.1) and 213 nm (At=+27.5) with A=-48.6. The CD spectra 
of the benzoates 8 (Figure lc) displayed the same shape as the corresponding enantiomers 6, but with 
a smaller amplitude A [(S)-8: positive Cotton effect at 230 nm (A~=+5.1) and a negative effect at 
215 nm (At=-6.0) with A=+I 1.1; (R)-8: negative Cotton effect at 231 nm (At=-6.4) and a positive 
effect at 214 nm (At=+3.5) with A=-9.0]. These results match those obtained for the enantiomers 4 
and, thus, confirm the configurational assignment. 
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Scheme 2. Derivatization of l-furylethanol (5) to the naphthoate 6 and the benzoate 8 ( - -  transition dipole). 

The ECCD method has already been applied to 2-furylcarbinols, but only for the benzoate 
chromophore. 8 Since the UV absorption of the benzoate chromophore is relatively weak (t=15,300), 
the resulting CD effects are also very small. 8 As shown here with the 2-naphthoate derivatives 6 and 
the benzoate derivatives 8 as model compounds, the 2-naphthoate chromophore (t=54,000) yields the 
same but much stronger Cotton effects than the benzoate chromophore. These findings are in agreement 
with the fact that the direction of the dipole moments of the two chromophores are the same. 9 Since 
the CD spectra are often perturbed by other weak transitions in the 200-210 nm region, the sign of 
the first Cotton effect at around 236 or 230 nm is sufficient to deduce the absolute configuration of 
the optically active furans presently studied. 

The above data clearly demonstrate that the absolute configuration of the optically active furane- 
derived hydroperoxide 1 and its alcohol 2 may be conveniently determined by the ECCD method after 
their derivatization to the naphthoate 4. The presented microscale method should also be useful for 
other furyl alcohols and similar structural units. 
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