Tetrshedron Letters, Vol. 34, No. 34, pp. 5425-5428, 1993 0040-403993 $6.00 + .00
Printed in Great Britain Pergamon Press Lid

Facile Determination of the Optical Purity of
o-N-Boc-Amino Aldehydes!

John Reiner, Raymond Dagnino Jr.,
Erick Goldman, and Thomas R. Webb*

Corvas International, Department of Medicinal Chemistry,
3030 Science Park Rd., San Diego, California, 92121 USA

Abstract: A facile 1H NMR spectroscopic method is presented for the determination of the optical
purity of a~amino aldehydes, via derivatization with optically pure semicarbazides .

Optically pure o-—amino aldehyde derivatives are synthetically useful as intermediates for the preparation
of enzyme inhibitors and other valuable derivatives.2 The determination of optical purity of —amino aldehyde
derivatives by conventional methods is often difficult or inaccurate. For example, a precise method has been
reported for the determination of the optical purity of &-Boc-leucinal; this procedure involves reduction of the
aldehyde to the alcohol, followed successively by oxidation to the acid, removal of the Boc group, reaction
with dansyl chloride and analysis of the resulting derivative using chiral chromatography.3 We have prepared
several oi-amino aldehyde derivatives in connection with our work, and therefore desired a facile and accurate
way to measure their optical purity.4 The application of chiral solvents or chiral shift reagentsS:6 is
complicated by the fact that o~amino aldehyde derivatives can exist as mixtures of free aldehyde, hydrated
aldehyde, and (as in the case of argininal derivatives) as cyclic guanidinocarbinol forms.2 The known chiral
derivatizing reagentsS have not been shown to be useful for the determination of the optical purity of the title
compounds by NMR, to our knowledge. We prepared the optically active semicarbazide derivatives? (see
Scheme 1) with the expectation that diastereomeric semicarbazones derived from them would have distinct 1H
or 13C NMR signals, depending on the absolute stereochemistry of the R group.

We prepared a—-Boc-NE-nitro-(L)-argininal and a—Boc-Ng-nitro-(D)-argininal, starting from the
corresponding acid, using the published procedure.48 We prepared the optically pure semicarbazide 1 using
the general procedure for the synthesis of semicarbazides, which has been developed in our laboratory.48 We
then used the semicarbazide 1 to prepare the corresponding semicarbazones of o—Boc-N8-nitro-(L)-argininal
and o-Boc-Ne-nitro-(D)-argininal (see Scheme 1).9 The product of the reaction of 1 with a—Boc-Ng-nitro-~(L)-
argininal was expected to be 3a and the product of the reaction of 1 with c—Boc-Ng-nitro-(D)-argininal was
expected to be 4a. Though the 13C NMR spectra were identical, the 1H NMR spectra (400 MHz) clearly show
distinct Boc peaks at 31.45 and 1.46 ppm.10 To confirm this slight difference, mixtures of 3a and 4a were
prepared in various ratios and 1H NMR spectra were obtained (se¢ Figure 1). These experiments confirmed the
difference in the Boc #-butyl chemical shifts, and showed that as little as 1% of o diastereomer could be
detected. No indication of racemization was observed which would have been attributable to the synthesis of
the aldehyde or its conversion to the semicarbazone. With this result in hand we decided to investigate the
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derivatization of a racemic aldehyde. We prepared the racemic aldehyde o.-N-Boc-allyl glycinal, using the
same procedure that we have previously employed.8 Racemic a-N-Boc-allyl glycinal was allowed to react
with 1 to give a mixture of diastereomeric semicarbazones 3b and 4b. The 'H NMR (in CDCl3) spectrum
shows resolution of the methyl doublet, and of the Boc signals (at 51.42 and 1.44 ppm) of these diastereomers.
Integration shows the expected 1:1 ratio of the diastereomers, demonstrating that the isomer ratio was not
changed during the isolation of the semicarbazone mixture.10 The derivative 2 was prepared but the
semicarbazones derived from 2 did not show any overall advantages to those derived from 1 for the
spectroscopic determination of optical purity of the title compounds.

Scheme 1
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3a:R= -(CHz)gNHCNHzNNoz 4a:R = same as 3a
3b:R= -CH,CHCH, 4b:R = same as 3b
3c:R= -(CH;)sNHCBZ 4¢:R = same as 3¢
3d:R= benzyl 4d:R = same as 3d
3e:R= methyl 4e:R = same as 3e

3f:R= isopropyl 4f:R = same as 3f

i) carbonyl diimidazole, DMF. ii) (S)1-arylethylamine, iii) trifluoroacetic acid/
dichloromethane, 1:1. iv) BocNHCHR-CHOY NaOAc in EtOH/H,0.

We also prepared the enantiomer of 1 (from the commercially available (R)-1-phenethylamine) so that
diastereomeric pairs of the derivatives could be prepared from a single optically pure title compound. To
further investigate the scope and limitations of this technique we prepared the derivatives 3¢, 3d, 3e, 3f, and
the diastereomers dc, 4d, de, and 4f (as the enantiomers of the structures shown).”,8:9 These compounds
showed similar distinct chemical shifts as seen with the corresponding semicarbazones, above. This suggests
that these observations may hold true for many of the title compounds, making this a generally useful
technique for many of these important synthetic intermediates. The use of compound 1 and its enantiomer
allows for the facile validation of the utility of this technique for other title compounds.

The chemical shift differences that we have observed are independent of concentration, between the
range of 0.1 and 2%. The solvent deuteromethanol was chosen because of the polar nature of these
semicabazones (the solubility of 4a in chloroform, for example, is minimal). The semicarbazones (3b, and
4b) show the identical spectral nonequivalence of Boc resonance between diastereomers in
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deuterochloroform or deuteromethanol. It is possible that an intramolecular hydrophobic interaction between
the aromatic ring of the semicarbazone and the r-butyl group, or a hydrogen bonding interaction, is responsible
for the spectral nonequivalence of the diastercomeric semicarbazones. More studies will be required before
firm conclusions can be made in regard to the mechanistic basis of the spectral nonequivalence.

Figure 1
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Figure 1. A 1HNMR(400MHz)spectrumof2 1 mixture of 3a and 4a in deuteromethanol.
The insert shows an expansion of the region between 1.40 and 1.55 ppm.

In conclusion, we have demonstrated that the optical purity of several a-Boc-amino-aldehydes can be
readily determined by their reaction with chiral semicarbazides, and their subsequent analysis by 1H NMR.
The semicarbazides are easily prepared, stable, crystalline compounds. The multiple forms that are normally
observed with argininal derivatives are converted to a single derivative, thus dramatically simplifying the
determination of optical purity of these compounds. In the cases that we have examined, the diastercomers’
methyl doublet, or the Boc singlet, or both, are distinct in their IH NMR spectra. We find that the integration
of the Boc singlet is most convenient for quantification. We were surprised that the 1H NMR resonance of the
Boc group would be most affected by the presence of an apparently remote chiral center. Though the exact
mechanistic cause of the observed chemical shift nonequivalence is not clear at this time, we have found that
the reagents 1 or 2 to be very convenient for the determination of optical purity of the synthetically useful title
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compounds. We routinely use 1 for that purpose in our laboratory. High performance liquid chromatography
should also be useful for the more accurate quantification of optical purity using the semicarbazones, for those
researchers who prefer that technique.
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