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(S)-1-Phenylethyl isothiocyanate and (R)-[1-(1-
naphthyl)ethyl] isothiocyanate which are easily formed and sta-
ble in aqueous conditions are utilized as new chirality recog-
nizing reagents for the determination of enantiomeric purity of
chiral amines by NMR.

Versatile reagents have been developed so far for the
determination of the enantiomeric purity by NMR involving
chiral derivatizing reagents making diastereomeric compounds,
chiral solvents, and chiral lanthanide type shift reagents.1 Most
of the chiral derivatizing reagents making diastereomeric com-
pounds have disadvantage in terms of storage and handling due
to their sensitivity to the moisture.  Chiral isocyanate reagents,
(R)-1-naphthylethyl isocyanate2 and α-methoxy-α-(trifluo-
romethyl)benzyl isocyanate,3 were developed as chiral deriva-
tizing and chromatographic separation reagents for the
diastereomers.  One advantage of these chiral derivatizing iso-
cyanate reagents is directly to react in NMR tube by no remov-
ing hydrochloride being required and good reactivity especially
to amines. However, isocyanates are usually sensitive to the
moisture. 

We here would like to report the development of (S)-1-
phenylethyl isothiocyanate (2a) and (R)-1-naphthylethyl isoth-
iocyanate (2b) as chiral derivatizing reagents, which are not
only easily prepared but also stable to various protic solvents
including water.  They were prepared by the treatment of (S)-1-
phenylethylamine (1a) and (R)-1-naphthylethylamine (1b) with
thiophosgene without racemization,4 respectively, which have
good reactivities to the several primary or secondary amines to
obtain the corresponding thioureas in nearly quantitative yields.
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These isothiocyanates could react effectively to amines in
various nonpolar, polar, or protic solvents involving n-hexane,
chloroform, methanol, DMSO, or water.  Since the reaction
proceeded smoothly at room temperature, addition of the isoth-
iocyanate reagents to the amines in various NMR solvents
directly provided the samples for the NMR analysis.

(S)-1-Phenylethyl isothiocyanate (2a) reacted either with
(R)-, or (S)-1-phenylethylamine to give the corresponding opti-
cally pure thiourea derivatives (3a).  As shown in Table 1, the
thiourea derivative (S,S)-3a from the (S)-1-phenylethylamine
shows a doublet at 1.477 ppm in 1H NMR and the signal at
22.994 ppm in 13C NMR pertaining to the methyl protons and
the carbon, respectively, while in the (S,R)-3a, the correspon-
ding doublet at 1.329 ppm in 1H NMR and the signal at 22.531
ppm in 13C NMR were observed.  With other primary and sec-
ondary amines, the corresponding thioureas (3b and 3c)
obtained also quantitatively from the reaction of the
phenylethyl isothiocyanate, and discernible nonequivalences of
the two methyl protons between the diastereomers in 3b and 3c
were found in both 1H and 13C NMR spectra.  (R)-1-
Naphthylethyl isothiocyanate was also proved to be a useful
chiral derivatizing reagent with primary and secondary amine
(Entry 4~11 in Table 1).  The thiourea (R,S)-3d from the (R)-1-
phenylethylamine showed two doublet at 1.403 and 1.657 ppm,
pertaining to the methyl protons a and b, respectively, while in
the (R,S)-3d, the corresponding doublet at 1.288 ppm in a and
1.485 ppm in b are observed in 1H NMR.

Since it is generally known that the Z-configuration of the
Z- and E-forms in a thioamide like an amide is more stable,5

the Z-configuration in a thiourea is expected to be more favor-
able, therefore, two methyl proton’s peaks of (S,S)-3a and the
methyl protons a and b of (R,R)-3d should exist at the same
side of the aromatic group.  In this case ordinarily, two methyl
proton’s peaks of (S,S)-3a and the methyl protons a and b of
(R,R)-3d should be observed at more upfield than those of
(S,R)-3a and (R,S)-3d by the effect of diamagnetic anisotropy
of the phenyl group at the same side.6,7 However, two methyl
proton’s peaks of (S,S)-3a and the methyl protons a and b of
(R,R)-3d were observed at more downfield than those of (S,R)-
3a and (R,S)-3d in both 1H and 13C NMR.  Further confirma-
tion of these observation remains to solve in the future.

With 1-phenylethanol, (S)-1-phenylethyl isothiocyanate
(2a) and (R)-1-naphthylethyl isothiocyanate (2b) failed to react
under the basic conditions including triethylamine,8 sodium
hydride,9 and potassium hydroxide, but under Lewis acid cat-
alytic conditions such as dibutyltin diacetate and titanium(IV)
ethoxide,10 the corresponding thiourethanes were obtained in
good yields.  However, since these thiourethanes exist in two
tautomeric forms at the usual NMR conditions,11,12 we
observed that these isothiocyanates could not be applicable as
chiral derivatizing reagents to alcohols due to the complexity
of the NMR peaks.

In summary, we have demonstrated that phenyl and naph-
thyl isothiocyanates, which can be readily obtained from com-
mercially available amines by one step and are easy for han-
dling due to their insensitivity to the moisture and thermal sta-
bility, are useful as new chirality recognizing reagents for the
determination of enantiomeric purity of the chiral amines by
NMR. Although the magnitude of the nonequivalence are
insufficient in some cases, the splitting is generally large
enough to determine enantiomeric purity of the versatile
amines.
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