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Figure 1. Structure of pramipexole hydro
Two pyrrolidine compounds (1 and 2) were isolated from photo-degradation of Bi-Sifrol tablets. Com-
pound 1 was esterified to p-bromophenacyl ester as single-crystal, and then the structure was elucidated
by single-crystal X-ray study. Compound 2 was determined by 2D NMR and mass spectra. Otherwise, we
established that the photo-degradation of pramipexole was smoothly carried out in the methanol solu-
tion, and elucidate the degradation mechanism.

� 2012 Elsevier Ltd. All rights reserved.
Bi-Sifrol tablet is a dopamine receptor agonist which consists of
pramipexole hydrochloride hydrate, and is licensed by Boehringer
Ingelheim (Fig. 1). This drug is used as an anti-Parkinson’s disease
agent, stimulating D2 receptor at postsynaptic membrane of stria-
tum. Pramipexole free base and its hydrochloride salt are known to
be stable against a beam of light, while Bi-sifrol tablets are rela-
tively unstable, therefore blister pack of aluminum is used for
shading in Bi-sifrol tablets.

Althought there are a few reports about pramipexole
impurities,1 isolation and characterization of those impurities are
not mentioned. Thus, it is important to propose a degradation
mechanism for pramipexole. In this Letter, the characterization of
the photo-degradation products of Bi-sifrol tablets is provided.

Some Bi-sifrol tablets were ground with a mill, and then irradi-
ated under a fluorescent lamp for 2 days. The time-dependent
change of the degradation profiles was examined by HPLC/ESI-
MS. The LC/MS chromatogram displayed two remarkable (M+H)+

ion peaks at m/z 228.13 and, 210.12, respectively. On the other
hand, pramipexole hydrochloride salt and free base powders were
also irradiated in the same way, but they did not decompose at all.2
ll rights reserved.
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chloride hydrate.
We predicted that the additive in Bi-sifrol tablets assists to decom-
pose the active pharmaceutical ingredient (API). Therefore, we
mixed pramipexole and the additive used in Bi-sifrol tablets (povi-
done K25, magnesium stearate, mannitol, and silica gel), and then
the mixture was irradiated under a fluorescent lamp.
Figure 2. ORTEP view of 1a.
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Figure 4. Structure of 2.
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Figure 5. Structure of 3 and 4.
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Figure 6. Structure of 5.
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In the mixture of the pramipexole hydrochloride and silica gel,
we only detected the same two degradation products that were
detected in Bi-sifrol tablets. Furthermore, pramipexole free base
instead of hydrochloride salt was mixed with silica gel and
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Scheme 1. Photo-degradation m
irradiated in the same way. This mixture produced the same deg-
radation products as the Bi-sifrol tablets, and the rate of degrada-
tion was faster than the hydrochloride salt mixture. It has been
reported that when the aspirin crystal was mixed with a silica
gel, the stability of the aspirin decreased.3 Accordingly, we ex-
pected that the same phenomenon may be observed in Bi-sifrol
tablets. Based on these results, we carried out photo-irradiation
to the mixture of pramipexole free base and silica gel, and two deg-
radation compounds were isolated by silica gel chromatography
(CHCl3–TEA–MeOH).4

The molecular formula of 1 was determined as C10H15N3O2 based
on molecular related ion (M+H)+ m/z 210.1218 (calculated
210.1243) by high-resolution positive ion ESI-MS. The 1H NMR
spectrum of 1 showed three pairs of non-equivalent methylene
groups and one methine signal derived from –CH2–CH2–CH–CH2–.
The signals of n-propyl group were observed. The 13C NMR spec-
trum of 1 exhibited seven signals at d 11.5, 21.0, 26.1, 31.7, 38.0,
45.4, and 60.7, respectively, in the aliphatic region, one nitril carbon
at d 120.1, and also two sp2 carbons at d 173.8 and 178.1. Further-
more, the IR spectrum revealed strong absorption for a nitrile group
at 2183 cm�1. To confirm the structure, 1 was esterified to p-Brom-
ophenacyl ester 1a, and recrystallized from n-hexane–AcOEt to ob-
tain as single-crystal.5 The structure of 1a was determined by a
single-crystal X-ray study as in Figure 26.

Consequently, 1 was elucidated to be (S,E)-2-(5-(cyanoimino)-
1-propylpyrrolidin-2yl) acetic acid (Fig. 3).

The molecular formula of 2 was determined as C10H17N3O3

based on molecular related ion (M+H)+ m/z 228.1330 (calculated
228.1348) by high-resolution positive ion ESI-MS. The 1H NMR
spectral data was similar to that of 1. The 13C NMR spectrum of 2
exhibited a new amide signal at d 168.3 instead of a nitrile carbon
at d 120.1. From these results, we expected that the structure of 2
was as 1 with the nitrile group of 1 replaced with an amide group.
Therefore, we hydrolysed 1 with HCl7, and the NMR spectral data
of the product was perfectly consistent with that of 2. Compound
2 was determined as (S,E)-2-(5-(carbamoylimino)-1-propylpyrroli-
din-2yl) acid (Fig. 4). In conclusion, the structures of two unknown
compounds were determined in photo-degradation of the bi-sifrol
tablet.

Photo-degradation of pramipexole caused vanish of 4,5,6,7-tet-
rahydrobenzothiazole skelton to give the pyrrolidine compounds.
OH

OH

N
N

NH2

S

te

6

1 2

3 45

O
N

N

MeO

O
CN

N
N

NH2

O

MeO

O

N
NO

CN

N
N

NH2

O

HO

O

echanism of pramipexole.
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Compound 1 and 2 increased the oxidation stage compared with
pramipexole, we expected that the singlet oxygen involve the
photo-degradation. Therefore the methanolic solution of pramip-
exole and catalytic rosebengal were subjected to photo-irradiation
under an atmosphere of oxygen. Using 2.0 g of pramipexole, the
reaction was completely finished in 6 hours, and we isolated com-
pound 3 (455 mg, 21.5%) and 4 (129 mg, 5.6%)8 (Fig. 5). Hydrolysis
of 3 was performed by treatment with LiOH to give 1 in high
yields.9

The two spots (compounds 5 and 6) on TLC examination at an
early stage of photo-irradiation were purified with silica gel chro-
matography.10 The HR-ESI MS of 5 indicated the C11H20N3O2S
based on molecular related ion (M+H)+ m/z 258.1259 (calculated
258.1276), which supported that the compound includes sulfur
atom. Compound 5 showed similar spectrum in 1H NMR to that
of 2, however, the amide signal of 5 in 13C NMR spectrum observed
down field shift to d 196.1 ppm. Therefore, we determined as (S,E)-
methyl 2-(5-(carbamolimino)-1-propylpyrrolidin-2yl) acetate
(Fig. 6). Compound 5 was photoirradiated to give 3.11

The 1H NMR spectrum of compound 6 showed two A2B2-type
signals at d 6.64 and 6.73 only in the aromatic region. The GC-MS
analysis of 6 was detected (M)+ at m/z 110, and the fragment ion
of 6 was consistent with authentic pyrocatechol spectrum in EI-
MS. From these photo-degradation products of pramipexole, we
consider the reaction mechanism to be as illustrated in Scheme 1.

The reaction starts from addition of the singlet oxygen to thia-
zole ring as [2+2]cycloaddition. The C–C bond cleavage of thiazole,
followed by secondary amine attack to carbonyl group affords the
pyrrolidine structure.12 Then it was solvolyzed to give carboxylic
acid and methyl ester.

In summary, we carried out photo-irradiation experiments of
the Bi-sifrol tablets and succeeded in the characterization of four
pyrrolidine compounds as photo-degradation products. Further-
more, we observed that the photo-degradation of pramipexole
was smoothly carried out in the methanolic solution, and eluci-
dated the possible degradation mechanism.
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