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summary: The infrared circular dichroism (IRCD) due to the R-stretching vibrational modes of 

calycanthine originates principally from chromophore-substituent coupling and not from the 

degenerate interchrowphore coupling mechanism particular to dissyxunetric dimers. The 

general non-degenerate mechanism provides a procedure for the determination of absolute 

configuration from the IRCD associated with a localised characteristic vibrational mode. 

Absolute stereochsmical configuration from electronic optical activity was first deter- 

mined non-empirically for calycanthine, 
1 

the assignment being subsequently supported by a 

Bijvoet anomalous X-ray diffraction study, 
2 

and by extensions of the electronic CD spectrum 

and of the method of analysis. 3 In a dissyarnetric dimer, such as calycanthine (Figure) and 

other natural products 
4 

and biaryls, 
5 

an electronic excitation with a given energy in each 

monomer chromophore Coulombically couple to one another, giving two resultant transitions 

with oppositely-signed rotational strengths , separated by the exciton splitting energy. 

The observable expected from this mechanism is a pair of oppositely-signed CD bands with 

a commn magnitude, centred on the monomer transition frequency, and with a sign-order 

along the frequency ordinate reflecting the particular absolute configuration of the dimer. 
1 

The excitin CD couplets are generally observed in the electronic CD spectra of dissymmetric 

diners, and are widely used for non-empirical configurational determinations. 
4-6 

Infrared absorption bands at a characteristic group frequency are due to an electric- 

dipole vibrational transition largely localised in a particular group of atoms, i.e., in a 

vibrational chromophore, so that a CD couplet associated with each group IR absorption is 

expected in the IRCD spectrum of a dissymmetric dimer. Over the IR region of the R- 

stretching modes it is found that calycanthine and other dimar systems give generally a 

single CD absorption at a characteristic group frequency, and not an exciton CD couplet 

(Figure). A calculation by the standard procedure 
4-6 

of the rotational strengths and the 

frequency-splitting of the sxciton CD couplet expected from the Coulombic coupling of the 

two N-R stretching modes of calycauthine, based upon the observed isotropic absorption 

intensity of the mode at 3440 -' cm (Figure), gives the rotational strengths + 4.8 x 10m4 

Debye Bohr magneton (d@D, with the negative higher in frequency than the positive strength 

by 0.70 cm-'. Since the frequency interval is small relative to the spectral band-pass of 
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-1 
the IRCD instrument (7 cm for a lmm slit-width) and the band width of the R-H stretching 

IRCD absorption (32 cm-'), the mutual cancellation of the oppositely-signed rotational 

strengths is so extensive that the CD couplet is not observable. Analogous factors account 

for the absence of an exciton CD couplet associated with any of the C-H stretching modes (Fig). 

The band areas of an electronic exciton CD couplet are not generally equal, 
4-6 

owing 

to the superposition of optical activity originating from the non-degenerate substituent- 

chromophore coupling mechanism, which is not confined to dissymmetric dimers. According 

to the latter mechanism, 
7 
the rotational strength of an electric dipole transition derives 

from the Coulombic coupling of the chromophore transition dipole with an electric dipole 

or dipoles induced non-resonantly by the radiation field in other groups of the chiral 

molecule. The corresponding observable is a single CD absorption at the chromophore 

transition frequency with a sign reflecting the particular enantiomeric disposition of 

the substituents relative to the chromophore in the optical isomer studied. 

For the N-H stretching mode of calycanthine, the non-degenerate interaction which 

accounts for the major part (+l.l x 10B3 d$,) of the observed rotational strength (+1.4 x 10m3 

d@,) consists in the Coulombic coupling of the Z-polarized dipole transition moment of the 

N-H group substituted into one benzene ring with a dipole induced by the radiation field in 

the other benzene nucleus (Figure). Taking the benzene ring to have cylindrical symmetry, 

the induced dipole has one component directed parallel to the cylinder axis, proportional to 

ell, and other, proportional to aL, directed in the molecular plane, and the effective 

moment contributing to the vibrational CD is proportional to the anisotropy, (a,, - a,) = 6E, 

where Zi represents the mean polarisability and 6 the anisotropy factor. 
7 

The polarizability 

anisotropy of benzene at zero frequency has the value, ' B?i= -5.62(;)3 , and a correction to 

the transition frequency of the N-H stretching mode involves a negligible increase in the 

value by 0.2%. For the two N-H groups of calycanthine, the total rotational strength, Rol, 

at the fundamental stretching mode wavenumber, ii01 , is given by the e~ression, taken over 

for a vibrational chromophore in a chiral molecule from that for the corresponding electronic 
7 

case, 

Rol 
= (?r/2)~olDol[~(~ol)][Y(3X2-R2)sin2~ - 6XYZsinZB]R-5 (1) 

In equation (11, Do1 
-3 

refers to the dipole strength (7.81 x 10 square Debye) of the iso- 

tropic IR absorption at To1 (3448 cm-'), and X,Y,Z, to the Cartesian coordinates of the 

centre of one benzene ring in a frame with the nitrogen atom of the N-H group substituted 

into the other nucleus as its origin , at a separation R (Figure). The X and the Y axes of 

the frame are so chosen that the cylinder axis of the benzene substituent lies parallel to 

the XX-plane, thus reducing the angular variables to one, 6, the angle between the cylinder 

axis of the substituent and the Z-axis of the chromophore transition dipole direction. 
7 
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The evaluation of analogues of equation (1) for the groups in calycanthine other than 

the benzene nuclei shows that the latter dominate the rotational strength ROl of the N-H 

stretching mode, partly on account of the small polarizability anisotropies, [(Sa = -0.12, 

+0.72 (ji)3, and zero, for the C-N, C-C, and C-H bond, respectively'] , and partly because 

the contributions of the bonds making up the N-methylpiperidine rings of calycanthine largely 

cancel one another, leaving the aromatic ring contributions dominant. A similar but more 

complex analysis based upon the analogues of equation (1) accounts satisfactorily for the 
-1 

large positive CD at 2935 cm -1 
and the weaker negative CD at 2045 cm associated, respect- 

ively, with the antisymmetric and the symmetric stretching modes of the CIi2 groups. 

The following principal conclusions emerge. Firstly, the vibrational CD associated 

with a characteristic group mode accessible with an IRCD instrument employing a conventional 

black-body radiation source is mainly that deriving from the general chromDphore-substituent 

coupling mechanism. The dominance of that mechanism arises from the relatively weak depen- 

dence of the molecular or group electric-dipole polarisability upon the radiation frequency, 
2 -1 

3, over the range from the rock-salt IR to the quartz W region, i.e. [vo2 - v I , where 

", lies in the vacuum W close to the ionisation frequency. In contrast the frequency- 

splitting of an exciton CD couplet is proportional to the corresponding dipole strength, 

which is typically larger by Q lo3 for electronic than vibrational transitions, as in the 

case of calycanthine where CD couplets are observed in the electronic but not in the vibra- 

tional CD spectrum. Secondly, a procedure for the determination of the absolute stereo- 

chemical configuration from the IRCD spectra of chiral molecules generally, not only di- 

symmetric dimers, is provided by analogues of equation (1) in the analysis of the generally- 

unique CD band associated with a given characteristic group-mode IR absorption. Thirdly, 

the chromophore-substituent coupling providing the major contributions to the IRCD derive 

from aromatic or other substituents with a large polarisability anisotropy. 

The IRCD spectrum of calycanthine in CDC13 solution was measured with an IRCD spectro- 

photometer affording random noise less than As = 2 x 10 
-4 

peak to peak at the absorption 

maxima in the spectrum recorded (Figure). The design of the instrument is analogous to that 

of recently-described 
10 IRCD spectrometers, with differences in the demodulation and signal 

processing systems which will be described elsewhere. 
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