
Determination of the Absolute Configuration of (�)-Mirtazapine by
Vibrational Circular Dichroism

by Teresa B. Freedmana), Rina K. Dukorb), Peter J. C. M. van Hoofc), Edwin R. Kellenbachd),
and Laurence A. Nafie*a)b)

a) Department of Chemistry, Syracuse University, Syracuse, NY 13244-4100, USA
b) BioTools Inc., 22960 N. Quentin Road, Lake Zurich, IL 60047 USA

c) Organon Laboratories, P.O. Box 20, NL-5340 BH Oss
d) Organon Laboratories, Chemistry Dept. 63203 Zl de la Varenne, 22 Rue H. Goudier, BP 140,

F-63203 Riom Cedex

The absolute configuration of the (�)-enantiomer of mirtazapine was determined by means of vibrational
circular dichroism (VCD). The observed VCD of (�)-mirtazapine showed excellent correlation with the
calculated VCD of the (R)-enantiomer. This is in agreement with the absolute configuration as determined by
independent synthesis starting from (R)-phenylglycine.

Introduction. ±Mirtazapine, the structure of which is shown in Fig. 1, is a compound
with antidepressant therapeutic effects. Mirtazapine is a racemate consisting of two
pharmacologically active enantiomers, both of which contribute to the therapeutic
effect [1] [2].

We have determined the absolute configuration of the (�)-enantiomer of
mirtazapine by vibrational circular dichroism (VCD) [3 ± 6]. Circular dichroism
(CD) is the difference in absorption of left and right circularly polarized light. Only
chiral molecules display CD, and enantiomers have CD of equal magnitude but
opposite sign. In contrast to VIS/UV CD, which arises from electronic transitions, VCD
originates in vibrational transitions. Recently, commercial VCD spectrometers have
become available [3]. At the same time, developments in quantum-chemistry software
have allowed the reliable calculation of VCD spectra by density-functional theory

Fig. 1. Structure of (� )-mirtazapine
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(DFT) [7] [8]. Comparison of the observed and calculated VCD spectra enables
determination of the absolute configuration of chiral molecules without the need to
obtain crystals of the compounds suited for single-crystal X-ray analysis. These two
developments, VCD instrumentation and software, will increase the applications of
VCD to stereochemical problems in general, and the determination of absolute
configuration in particular. In addition, the determination of the absolute configuration
by VCD also yields a close approximation of the conformation, or conformational
distribution, of the sample molecule in solution.

Experimental. ± Racemic mirtazapine was obtained as described in [9] [10]. The (�)-enantiomer of
mirtazapine was obtained from the racemate by dissolution of the racemate with 0.5 equiv. of (�)-
dibenzoyltartrate in EtOH and subsequent crystallization by the addition of Et2O. The compound was treated
with aq. base and extracted with an org. solvent to yield the free base [11]. This material had a specific optical
rotation of � 528.1� at the sodium D line, at a concentration of 1% in CHCl3.

The (�)-enantiomer was dissolved in CDCl3 at a concentration of 0.10� (4.5 mg/170 �l solvent). The IR
and VCD measurements were carried out with a Chiralir Fourier transform VCD spectrometer (Bomem/Bio
Tools, Quebec, Canada) at a full-bandwidth resolution of 8 cm�1, with an IR cell equipped with BaF2 windows
and a path length of 72 �m. The photoelastic modulator was optimized for spectral VCD measurement at
1100 cm�1. The VCD spectra were collected as three blocks of 60 min each. The blocks were averaged to obtain
the final VCD spectrum and appropriately subtracted to obtain the estimate of the noise included in the figure
with the experimental VCD spectrum. The VCD intensities were calibrated with software associated with the
Chiralir. The VCD calibration method used by these routines is based on the crossing points of a multiple
waveplate, as described in [3]. The VCD baseline was obtained by a small correction from the VCD spectrum of
the CDCl3 solvent.

To obtain the calculated VCD and IR spectra, the (R)-enantiomer was first built with Hyperchem
(HyperCube, Inc., Gainsville, FL). The geometry optimization and calculation of vibrational frequencies and IR
and VCD intensities were carried out with Gaussian 98 (Gaussian, Inc., Pittsburgh, PA) at the DFT level
(B3LYP functional, 6-31G(d) basis set). The VCD calculation incorporated into Gaussian 98 utilizes gauge-
invariant atomic orbitals and the magnetic-field-perturbation method for calculating VCD intensities, which has
been shown to provide excellent agreement with experiment. The calculations reported here, for a molecule
with 39 atoms and 338 basis functions (636 primitive gaussians), were carried out on an SGI Octane R12K
(OCTANE/SE - 2�R12K 300 MHz/2MB cache, 1.8 GB memory, 18 GB internal drive). The frequency/VCD
intensity calculation required ca. 40 h cpu. Each step of the geometry optimization required ca. 1 h cpu, and ca. 1
week of total computer time was required for both geometry optimization and VCD calculation. The frequency/
VCD calculation was repeated on a Dell 8100 PC with 1.0 GB DRAM, 80 GB hard drive, and a 1.5 GHz
processor running Gaussian 98W (the windows version of Gaussian that includes all the features of
Gaussian 98), requiring ca. 30 h cpu. This molecule required an increase over the default Gaussian 98 memory
allocation to at least 128 MB to run to completion on the VCD calculation. The calculated frequencies were
scaled uniformly by 0.97, and the calculated IR and VCD intensities were converted to Lorenztian bands with
5 cm�1 half-width for visual comparison to the experimental spectra.

Results and Discussion. ± The optimized conformation of the (R)-enantiomer is
shown in Fig. 2. Other conformations were determined to have unfavorable steric
interactions and were not calculated further. For example, moving the aromatic rings
back into the plane of Fig. 2 causes the �CH2� bridge to move above the plane of
Fig. 2. This leads to an unfavorable interaction between a C�H bond of this CH2 group
and the methine C*H at the stereogenic center. Energy minimizations at the molecular
mechanics level (MM� in HyperChem) confirmed that other conformations of the six-
and seven-membered rings were unfavorable.

��������� 	
����� ���� ± Vol. 85 (2002) 1161



The observed and calculated IR and VCD spectra of mirtazapine are shown
together in Fig. 3. The calculated VCD spectra are for the (R)-enantiomer, while the
experimental spectra were measured with the (�)-enantiomer. The bandwidths for the
calculated spectrum were selected to match the observed IR data, and the same
bandwidth values were used for the calculated VCD spectrum. In this case, a single
bandwidth (5 cm�1) was sufficient, but in other spectral regions or other types of
molecules, it is sometimes necessary to utilize different bandwidths for different types
of modes (e.g., those involving H-bonding) to adequately match the IR data. Uniform
scaling of the calculated frequencies by 0.97 brings the most-intense calculated
absorption features into close frequency agreement with the experimental spectrum.
Vibrational frequencies calculated with DFT methods are typically slightly higher than
observed. For the methods employed here, calculated intensities are typically within a
factor of two of observed. Identification of absolute configuration requires only a
comparison of observed and calculated VCD sign patterns.

In comparing the experimental and calculated VCD spectra, the main focus is on
the bands that carry the largest positive or negative VCD intensity. As the magnitude of
the intensity decreases, the level of uncertainty increases. For the experimental VCD
spectrum, the uncertainty is primarily due to instrumental noise that increases as the
magnitude of the IR absorption increases. The VCD bands with the highest level of
confidence are generally those that have the highest ratio of VCD to IR intensity, the
so-called anisotropy ratio g. The calculated VCD spectrum has no noise, per se, but
bands with small VCD intensity have larger uncertainties in relative magnitude and
sign. For example, VCD intensities that arise from nearly orthogonal electric and
magnetic dipole transition moments can change sign easily, when the angle between the
two transitions changes by a few degrees from less than to greater than 90� or vice versa.

Fig. 2. Calculated optimized geometry of (R)-enantiomer of mirtazapine
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As a result, comparison of measured and calculated VCD spectra in regions of high
experimental noise and for small VCD intensities should not be regarded as carrying a
high level of significance.

The comparison then is based on the overall pattern of the relative magnitudes and
signs of the corresponding VCD bands in the measured and calculated spectra. In the
case of absolute configuration, once a good correlation is established, one needs only to
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Fig. 3. Observed IR and VCD spectra the sample of (�)-mirtazapine compared to calculated spectra for the (R)-
entantiomer (5 cm�1 half-width Lorentzian bands, frequencies scaled by 0.97). Uppermost trace is VCD noise.

Observed spectra offset for clarity.



decide whether the signs are all the same or opposite. As a result, knowledge of the
absolute configuration used for the calculated VCD spectrum yields the desired
assignment.

The overall calculated IR-intensity pattern agrees remarkably well with experi-
ment, consistent with the expectation of only one dominant solution conformation. The
calculated VCD data are also in excellent agreement with experiment. For the (S)-
enantiomer, all the VCD bands have opposite sign (but the samemagnitude) compared
to those calculated for the (R)-enantiomer. The agreement in sign and relative intensities
between the observed and calculated VCD spectra in Fig. 3, thus, unambiguously leads
to the assignment of the configuration of (�)-mirtazapine as (R), and simultaneously
identifies the solution conformation of this molecule in CDCl3 as shown in Fig. 2.

An overlay of the solution structure determined as described with the conformation
as determined by X-ray [12] is shown in Fig. 4. Except for some slight differences
around theN-Me group, the structures are identical. Moreover, qualitative comparison
with the CDCl3 solution conformation determined by NMR [12] [13] confirms all main
features found in the present study: the chair conformation of the piperazine ring, the
equatorial position of the N-Me group, the tetragonal atom N(5), the anti-relationship
between the N(5) lone pair and H�C(14b) (see Fig. 1).

Conclusions. ± The observed VCD spectrum of the (�)-enantiomer is in excellent
agreement with the calculation for the (R)-configuration, and, thus, the absolute
configuration is assigned as (�)-(R)-mirtazapine. The quality of the correspondence is
partly due to the rigid structure of mirtazapine, which results in the presence of one
single conformer in solution and substantially simplifies the calculations of the VCD
spectrum. The absolute configuration reported here is in agreement with that
determined independently by synthesis starting from (�)-
-phenylglycine [11].

Fig. 4. Overlay between X ray conformation (green) and the conformation (grey) used to calculate the IR and
VCD spectra

��������� 	
����� ���� ± Vol. 85 (2002)1164



REFERENCES

[1] T. de Boer, G. Maura, M. Raiteri, C. J. de Vos, J. Wieringa, R. P. Pinder, Neuropharmacology 1988, 27, 399.
[2] T. de Boer, G. S. F. Ruigt, H. H. G. Berendsen, Human Psychopharm. 1995, 10, S107.
[3] R. K. Dukor, L. A. Nafie, −Vibrational Optical Activity of Pharmaceuticals and Biomolecules×, in

−Encylopedia of Analytical Chemistry: Instrumentation and Applications×, Ed. R. A. Meyers, John Wiley
and Sons, Chichester, 2000, pp. 662 ± 676.

[4] L. A. Nafie, Ann. Rev. Phys. Chem. 1997, 48, 357.
[5] L. A. Nafie, T. B. Freedman, Enantiomer 1998, 3, 283.
[6] P. J. Stephens, F. J. Devlin, Chirality 2000, 12, 172.
[7] J. R. Cheeseman, M. J. Frisch, F. J. Devlin, P. J. Stephens, Chem. Phys. Lett. 1996, 252, 211.
[8] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, V. G. Zakrzewski,

J. A. Montgomery Jr., R. E. Stratmann, J. C. Burant, S. Dapprich, J. M. Millam, A. D. Daniels, K. N. Kudin,
M. C. Strain, O. Farkas, J. Tomasi, V. Barone, M. Cossi, R. Cammi, B. Mennucci, C. Pomelli, C. Adamo, S.
Clifford, J. Ochterski, G. A. Petersson, P. Y. Ayala, Q. Cui, K. Morokuma, D. K. Malick, A. D. Rabuck, K.
Raghavachari, J. B. Foresman, J. Cioslowski, J. V. Ortiz, B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I.
Komaromi, R. Gomperts, R. L. Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara,
C. Gonzalez, M. Challacombe, P. M. W. Gill, B. Johnson, W. Chen, M. W. Wong, J. L. Andres, C. Gonzalez,
M. Head-Gordon, E. S. Replogle, J. A. Pople, A.9 ed., Gaussian, Inc.: Pittsburgh, PA, 1998.

[9] W. J. van der Burg, US Patent 4,062,848, US, 1976.
[10] H. Koch, Drugs Future 1985, 965.
[11] H. van der Heijden, A. van de Ven, J. H. Wieringa, personal communication
[12] J. Kelder, C. Funke, T. de Boer, L. Delbressine, D. Leysen, V. J. Nickolson. Pharm. Pharmacol. 1997, 49,

403.
[13] C. Funke, Rec. J. Roxal Netherlands Chem. Soc. 1982, 101/12, 437.

Received October 31, 2001

��������� 	
����� ���� ± Vol. 85 (2002) 1165


