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Abstract

Exposure of clinafloxacin to light results in photochemical degradation. The polar and nonpolar photodegradation
products were profiled by HPLC using two sets of conditions. Clinafloxacin was subjected to severe light exposure
conditions to obtain elevated levels of the photodegradation products for characterization. The structures of eight
new degradation products were elucidated based on information from LC-MS/MS fragmentation and NMR spectra
following isolation by preparative HPLC. Two photodegradation routes were identified: (1) dechlorination, followed
by further reactions involving the quinolone ring, to yield polar photodegradation products; and (2) degradation of
the pyrrolidine side-chain, yielding the nonpolar photodegradation products. © 2000 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Clinafloxacin is a potent fluoroquinolone anti-
infective drug with the structure shown in Fig. 1.
Forced degradation studies conducted during de-
velopment demonstrated that the compound is
sensitive to light exposure both in solution and in
the solid state, as has been reported for other
quinolone type compounds such as ciprofloxacin
[1,2]. The des-chloro analog of clinafloxacin, PD
124979, was readily identified by comparison of
the HPLC retention time to that of authentic
material. However, several unidentified polar

photodegradation products were observed by
HPLC. Structural characterization of these impu-
rities was of interest for understanding degrada-
tion mechanisms and interpretation of stability
data. These photodegradation products may also
occur under physiological conditions. Phototoxic-
ity is a significant adverse effect of some
quinolone-type antibacterial agents [3–5]. Two
principal causes of the phototoxicity have been
proposed; singlet oxygen [6–8], and the photogen-
eration of toxic reactive intermediates such as
carbenes [9–11].

For quinolones containing a fluorine atom in
the eight-position, defluorination has been
demonstrated to be a significant photodegrada-* Corresponding author. Tel.: +1-734-6227000.
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Fig. 1. Photodegradation products of clinafloxacin.

tion mechanism [9,12–16]. Piperazine ring open-
ing followed by cleavage was observed for
temafloxacin, along with oxidation of the sec-
ondary and tertiary amino groups [17]. Piperazine
sidechain cleavage has also been observed for
ciprofloxacin [18], norfloxacin [19], and en-
rofloxacin [20]. Clinafloxacin contains a chlorine
atom in the eight-position and a 3-aminopyrro-
lidine sidechain.

A chromatogram of a sample exposed to simu-
lated sunlight is provided in Fig. 2. It can be seen
that four photodegradation product peaks (desig-
nated P-1, P-2, P-3, and P-4) eluting before PD
124979 are separated. The HPLC method was
developed so as to provide complete separation of
the photodegradants from each other and to be
amenable to LC-MS analysis and preparative
scale chromatography. When the photodegraded
sample was analyzed using HPLC conditions in-
corporating higher proportion of organic solvent
in the mobile phase, additional nonpolar
photodegradation products were detected, as

shown in Fig. 3. The clinafloxacin samples sub-
jected to light were initially characterized by LC-
MS. Peaks of interest were purified by preparative
HPLC using methods scaled from the analytical
methods. The purified components were further
characterized by NMR, where possible, and LC-
MS/MS.

Fig. 2. Chromatogram of clinafloxacin degraded by exposure
to simulated sunlight for 1 h in 1 N HCl, polar impurity
profile method. HPLC conditions: column: YMC ODS-AQ,
C18, 5 mm, 250×4.6 mm; mobile phase: 0.1% formic acid/ace-
tonitrile (77:23); detection: 295 nm; flow rate: 1.0 ml min−1;
injection volume: 20 ml; sample concentration: 1.0 mg ml−1;
diluent: mobile phase.
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Fig. 3. HPLC chromatogram of clinafloxacin degraded under
simulated sunlight for 2 h in 5% phosphoric acid, nonpolar
impurity profile method. HPLC conditions: column: YMC
ODS-AQ, C18, 5 mm, 250×4.6 mm; mobile phase: 0.1%
formic acid/acetonitrile (50:50); detection: 295 nm; flow rate:
1.0 ml min−1; injection volume: 20 ml; sample concentration:
1.0 mg ml−1; diluent: mobile phase.

Merck (Darmstadt, Germany) and the solvents
from Mallinckrodt (Paris, KY).

2.2. Apparatus

An Atlas Sunchex light chamber (Chicago, IL)
providing simulated sunlight was used for forced
degradation. The intensity was adjusted to 0.35 W
m−2 at 340 nm. Mass spectra were obtained using
either a Micromass Platform II (Manchester, UK)
single quadruple mass spectrometer using atmo-
spheric pressure chemical ionization or a Finnigan
LCQ (San Jose, CA) ion trap mass spectrometer
using electrospray ionization. NMR experiments
were performed at ambient temperature on a
Varian Unity Plus 400 (Palo Alto, CA) operating
at 400 MHz. Analytical scale chromatography
was performed using a Perkin-Elmer (Norwalk,
CT) Series 200 LC pump, Series 200 autosampler,
LC-235 diode array detector, and a YMC ODS-
AQ column (Milford, MA), 250×4.6 mm, 5-mm
particle size at ambient temperature. Preparative
scale chromatography was performed using a
Varian (Palo Alto, CA) Dynamax SD-1 solvent
delivery system, SD-300 sample introduction
pump, UV-1 detector, Isco (Lincoln, NE) Foxy

2. Experimental

2.1. Materials

Clinafloxacin hydrochloride Lot XP100996 was
used as received from Parke-Davis Pharmaceuti-
cal Research (Ann Arbor, MI). All other reagents
and solvents were of analytical or HPLC grade.
The solid chemicals were purchased from E.

Table 1
LC-MS characterization of isolated photodegradation products

Photodegradation product ChlorineApparent molecular weightaRetention time (min)

Polar
6.6 NoP-1 291

329 NoP-2 7.5
329 NoP-3 7.8

No347P-4 8.1
331 NoPD 124979 11.2

13.1P-5 329 No
Yes18.1 365Clinafloxacin

Nonpolar
365 YesClinafloxacin Void

5NP-5 382 Yes
NP-6 6 368 Yes

Yes2967NP-7
10 Yes364NP-10
15NP-15 396 Yes

NP-20 20 346 Yes

a Micromass Platform II, electrospray ionization for the polar method and atmospheric pressure chemical ionization for the
nonpolar method.
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Fig. 4. 1H NMR spectra of P-2 (A) and PD 124979 (B) in d6-DMSO. Note: peaks at 2.5 and 3.3 ppm are due to DMSO and water.

200 fraction collector, a YMC ODS-AQ 250×20
mm, 5-mm column at ambient temperature.

2.3. Photodegradation and purification of
clinafloxacin degradation products

From preliminary photodegradation experi-
ments, it was apparent that irradiation of low pH
solutions of clinafloxacin with simulated sunlight
would generate the desired products at elevated
levels. An additional benefit of the use of low pH
solutions was the increased solubility of
clinafloxacin below pH 4. Two hours of exposure
in a 5% phosphoric acid solution was chosen as a
compromise between increasing levels of desired
impurity formation, solubility of clinafloxacin,
and further degradation to impurities not of inter-
est. P-5 was the only photodegradant of interest
not generated in significant quantities under these
conditions.

Five grams of clinafloxacin were dissolved in
100 ml of 5% phosphoric acid solution. The solu-
tion was exposed to light in an open Pyrex™

beaker for 2 h. The resulting solution was ad-
justed to pH 5 with concentrated aqueous ammo-
nia which is near the minimum solubility for
clinafloxacin. The resulting suspension was
filtered to remove the precipitated solids com-
posed primarily of clinafloxacin as determined by
HPLC assay. After filtering, the pH of the solu-

Table 2
1H NMR assignments for PD 124979

Number of MultiplicityAssignment Shift (ppm)
H

12 1 S 15.4
1 S 8.522
213 S 8.4
1 D 7.775

8 7.02D1
M 3.8919

1 M 3.713%
22% M 3.87, 3.69
2 3.76, 3.595% M

2.28, 2.12M4% 2
410, 11 M 1.24, 1.10
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Fig. 5. 1H NMR spectra of clinafloxacin (A) and NP-7 (B) in d6-DMSO. Note: peaks at 2.5 and 3.3 ppm are due to DMSO and
water.

tion was lowered to 2.5 with concentrated HCl to
match the pH of the preparative mobile phase.

The liquor with enhanced levels of degradants
was subjected to reversed-phase preparative chro-
matography by injecting 2 ml onto the prepara-
tive system. Mobile phase consisted of 0.1%
formic acid/acetonitrile/methanol (75:15:10) at a
flow rate of 10 ml min−1. Eighteen 10-ml frac-
tions were collected beginning at 100 ml of reten-
tion. Fractions corresponding to the peaks of
interest were pooled. The pooled fractions were
concentrated on a rotoevaporator to remove the
acetonitrile and methanol prior to lyophilization.

2.4. LC-MS experiments

Samples were analyzed by atmospheric pressure
chemical ionization in the positive ion mode over
the mass range of 50–650 amu using the Micro-
mass Platform II. The modified HPLC methods
described above were used for sample introduc-
tion. Nitrogen was used at a flow rate of 450 l h−1

for drying gas and 100 l h−1 for sheath gas. The
source temperature was maintained at 110°C. A
cone voltage of 25 V was used to determine m/z
of the parent ion and isotope ratio. Increasing the
cone voltage to as much as 75 V for some com-
pounds induced in-source fragmentation of the
parent ion.

To confirm the assigned structures of the polar
impurities, LC-MS/MS experiments were per-

Table 3
1H NMR assignments for clinafloxacin

MultiplicityShift (ppm)HAssignment

8.75 S12
7.81 D5 1

19 4.32 M
13% 3.84 M

M3.85, 3.742% 2
25% 3.70, 3.66 M
2 M4% 2.24, 2.02

M1.12, 0.9010, 11 4
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Fig. 6. 1H NMR spectrum of NP-10 (A) 13C NMR spectrum of NP-10 (B) in 6d-DMSO.

formed using the Finnigan LCQ ion trap system.
The purified degradants were introduced using the
HPLC methods described in Figs. 2 and 3 and
analyzed by positive electrospray ionization with
m/z scans from 50 to 400. The parent ion was
selected and fragmented in an initial experiment.

The most prominent daughter ion was then selected
and further fragmentation performed. The electro-
spray source voltage was held at 3.5 kV and the
heated capillary maintained at 200°C. A capillary
voltage of 5 V, tube lens offset of 15 V, and sheath
gas flow at 28 l h−1 were used for all experiments.
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Table 4
1H-NMR assignments for NP-10

Assignment Shift (ppm)H Multiplicity

8.792 S1
5 1 7.90 D
9 4.341 M

3.884 M2%, 4%
25% 2.57 T

1.14, 0.93 M10, 11 4

Table 5
1H NMR assignments for NP-20

MultiplicityHAssignment Shift (ppm)

1 8.87 S2
8.175 1 D
6.98 M22%, 5%

2 6.31 M3%, 4%
M9 1 4.34

4 1.17, 1.0910, 11 M

2.5. NMR experiments

Typical experiments involved dissolving 3–5
mg of purified degradant in d6-DMSO and ob-
taining a 1H NMR spectrum. Sixteen scans of
each sample were taken at ambient temperature.

3. Results and discussion

The identified photodegradation products of
clinafloxacin are summarized in Fig. 1. Number-
ing of the atoms follows the convention shown in
Fig. 1 for all NMR references in the following
sections.

3.1. LC-MS characterization

The severe photodegradation conditions re-
sulted in the formation of four main polar prod-
ucts (Fig. 2) and several nonpolar peaks (Fig. 3).
An additional photodegradation product, desig-
nated P-5, eluting just after PD 124979 was ob-
tained by photodegradation in 1 N HCl (Fig. 2).
LC-MS analysis of the purified components estab-
lished the apparent molecular weight and the
presence or absence of chlorine. The presence or
absence of chlorine was ascertained by examina-
tion of the apparent molecular ion peak for the
characteristic isotope ratio. This information is
summarized in Table 1. The polar photodegrada-
tion products 1–5 did not contain chlorine. The

Fig. 7. 1H NMR spectrum of NP-20 in d6-DMSO.
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Fig. 8. Mass spectra of clinafloxacin (A) and m/z 305 ion (B).

mass of polar photodegradation product 1 (P-1)
was 40 amu lower than that of PD 124979, which
is consistent with loss of the cyclopropyl moiety.
P-2 and P-3 exhibited a mass two units lower than
PD 124979, suggesting formation of an additional
bond. P-4, with an apparent molecular mass of
347, could be explained by the addition of �OH.
P-5 gave a molecular mass 2 amu less than PD
124979, again indicating possible formation of
another bond. When P-5 underwent in-source
fragmentation by increasing the cone voltage, the
pattern was analogous to that of PD 124979 for
those fragments containing the pyrrolidine
sidechain except for a 2 amu mass difference. This
information indicated that the additional bond
was present on the pyrrolidine sidechain.
Difficulties were encountered in the isolation of a
sufficient quantity of P-5 for NMR analysis due
to instability. P-5 further degraded to lesser com-
ponents upon attempts at isolation and this
product was not characterized further.

The nonpolar photodegradation products did
not exhibit loss of chlorine. The NP-7, NP-10,
and NP-20 peaks were selected for further study

on the basis of the ease of isolation in sufficient
purity and their occurrence in light stability sam-
ples. Other nonpolar photodegradation peaks be-
low 0.1 area percent in light stability samples were
not considered for characterization.

Table 6
Ion structure assignments for clinafloxacina

Structural assignmentIon (m/z)

366 [M+H]+

[M–NH3+H]+349
[M–H2O]+348

346 [M–HF+H]+

[M–CO2+H]+322
305 [M–H2O–C2H5N]+

[D305–CO]+277
269 [D305–HCl]+

[D305–C2H3N]+264
249 [D305–HCl–HF]+

236 [D305–C2H3N–CO]+

[D305–HCl–CH2–CO]+227
[D305–HCl–C2H3N–CO]+200

174 [D305–HCl–C2H3N–CO–C2H2]+

a M, molecular ion; Dn, a daughter ion source.
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Fig. 9. Mass spectra of P-1 (A) and m/z 231 ion (B).

3.2. NMR

3.2.1. P-2
A 7-mg quantity of P-2 was isolated in 87%

(area) purity when assayed by the modified polar
method at 295 nm. The 1H NMR spectrum of P-2
is compared to that of PD 124979 in Fig. 4. The
proton assignments for PD 124979 are listed in
Table 2.

Although the quality of the P-2 spectrum is
degraded by the presence of water and impurities,
several key features can be identified. In the aro-
matic region (7–9 ppm), it can be seen that the
proton at the eight-position of PD 124979 is
absent in the spectrum of P-2. As seen in the PD
124979 spectrum and Table 2, the cyclopropyl
group gives rise to several distinctive signals.
These are altered in the spectrum of P-2, suggest-
ing formation of a bond from the cyclopropyl
group to the eight-position of the quinolone ring.
The proposed structure of P-2 is shown in Fig. 1.
An analogous photodegradation product has been
reported for the structurally related fluoro-
quinolone lomefloxacin [12].

P-3 exhibits the same apparent molecular mass
as P-2, an identical mass spectral fragmentation
pattern, and elutes very closely in the HPLC
impurity profile. P-3 is, therefore, proposed to be
a stereoisomer of P-2. Clinafloxacin is racemic at
the chiral site on the pyrrolidine ring and, there-
fore, formation of a second chiral center in the
proposed structure for P-2 would be expected to
result in a pair of diastereoisomers.

Table 7
Ion structure assignments for P-1a

Ion (m/z) Structural assignment

[M+H]+292
275 [M–NH3+H]+

274 [M–H2O]+

257 [M–NH3–H2O]+

248 [M–CO2+H]+

[M–H2O–C2H5N]+231

[D231–CH2–H2]+215
203 [D231–CO]+

189 [D231–CO–CH2]+

a M, molecular ion; Dn, a daughter ion source.
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Fig. 10. Mass spectra of P-2 (A) and m/z 269 ion (B).

3.2.2. NP-7
An 18-mg quantity of NP-7 was isolated in 87%

(area) purity when assayed by the nonpolar impu-
rity profile method at 295 nm. The 1H NMR
spectrum is shown in Fig. 5B. This spectrum may
be compared to that of clinafloxacin obtained
under the same conditions (Fig. 5A). The spectral
assignments for clinafloxacin are listed in Table 3.

Several key differences are apparent in the spec-
trum of NP-7. All pyrrolidine resonances are ab-
sent. The quinolone aromatic proton signals seen
for clinafloxacin remain, with minor shifts. A new
resonance in the spectrum of NP-7 at 6.9 ppm
integrating as two protons may be assigned to an
amino group at the seven-position. These observa-
tions, and the apparent molecular mass observed
by LC-MS, are consistent with the loss of the
pyrrolidine ring but retention of the ring nitrogen.
The structure of NP-7 is shown in Fig. 1.

This compound had previously been synthe-
sized and was available in the Parke-Davis com-
pound library as PD 156595. Comparison of the
1H NMR spectrum with that of the authentic
material afforded a positive match. In addition,

the retention time of authentic PD 156595
matched that of NP-7.

3.2.3. NP-10
A 52-mg quantity of NP-10 was isolated in 98%

(area) purity when assayed by the nonpolar impu-
rity profile method at 295 nm. The 1H NMR
spectrum is shown in Fig. 6A. This spectrum

Table 8
Ion structure assignments for P-2a

Ion (m/z) Structural assignment

[M+H]+330
313 [M–NH3+H]+

312 [M–H2O]+

286 [M–CO2+H]+

[M–H2O–C2H5N]+269

249 [D269–HF]+

241 [D269–CO]+

[D269–CO–CH2]+227
221 [D269–CO–HF]+

200 [D269–CO–C2H3N]+

a M, molecular ion; Dn, a daughter ion source.
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Fig. 11. Mass spectra of P-4 (A) and m/z 269 ion (B).

shows key differences in the pyrrolidine region
(2.0–2.3 and 3.6–3.9 ppm), when compared to
the spectrum of clinafloxacin (Fig. 5A). A new set
of signals now appears at 2.6 and 3.9 ppm. The
quinolone protons remain present as in the spec-
trum of clinafloxacin, with minor shifts. The 13C
NMR spectrum acquired from the same sample is
shown in Fig. 6B. Resonances at 165, 176, and
212 ppm are indicative of carbonyl carbons. The
IR spectrum (not shown) displayed a strong band
at 1759 cm−1 not seen in the spectrum of
clinafloxacin, which is in the frequency range ex-
pected for absorption by a cyclic ketone in a
five-member ring. This evidence, coupled with the
apparent molecular weight of 365, is consistent
with the structure in Fig. 1 and assignments listed
in Table 4.

3.2.4. NP-20
A 50-mg quantity of NP-20 was isolated in 92%

(area) purity when assayed by the nonpolar impu-
rity profile method at 295 nm. The 1H NMR
spectrum in Fig. 7 shows changes in the pyrro-
lidine region, compared to the spectrum of

clinafloxacin (Fig. 5A). New peaks appear at 6.3
and 7.0 ppm, with a total of four protons, which
corresponds to the pyrrole structure shown in Fig.
1 and proton assignments listed in Table 5.

This compound had been synthesized previ-
ously and was available in the Parke-Davis com-
pound library as PD 156597. Comparison of the

Table 9
Ion structure assignments for P-4a

Structural assignmentIon (m/z)

[M+H]+348
331 [M–NH3+H]+

[M–H2O]+330
[M–NH3–H2O]+313

304 [M–CO2+H]+

[M–H2O–C2H5N]+287
[M–H2O–C2H5N–H2O]+269

249 [D269–HF]+

[D269–CO]+241
227 [D269–CO–CH2]+

221 [D269–CO–HF]+

[D269–CO–C2H3N]+200

a M, molecular ion; Dn, a daughter ion source.
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Table 10
Summary of fragmentation for parent ions of clinafloxacin and photodegradation products 1–4a1

Compound Ion assignment/mass

M+H+ M–NH3+H+ M–H2O M–CO2+H+ M–H2O–C2H5N Other

349 348Clinafloxacin 322366 305 (100)
P-1 275292 274 248 231 (100) 257b1

313 312 286330 269 (100)P-2, P-3
348P-4 331 330 304 287 313b1, 269 (100)c1

a The most intense ion is indicated by (100).
b M–NH3–H2O.
c M–H2O–C2H5N–H2O.

Table 11
Second generation product ions fragmentationa1

Compound Ion assignment/mass

Dn–HF Dn–CO Dn–CO–CH2 Dn–CO–C2H3N OtherPrecursor ionb1

249c1 277Clinafloxacin 227d1305 236, 200e1 269f1, 264 (100)g1

P-1 231 – 203 189 (100) – 215h1

249P-2, P-3 241269 227 200 221 (100)i1

249 241 227269j1 200P-4 221 (100)i1

a The most intense ion is indicated by (100).
b M–H2O–C2H5N.
c D305–HCl–HF.
d D305–HCl–CO–CH2.
e D305–HCl–CO–C2H3N.
f D305–HCl.
g D305–C2H3N.
h D231–NH2.
i D269–CO–HF.
j M–H2O–C2H5N–H2O.

1H NMR spectrum obtained from the isolated
material with a reference spectrum gave a positive
match. Injection of authentic PD 156597 pro-
duced a peak with the same retention time as the
NP-20 peak from the photodegraded material.

3.3. LC-MS/MS

3.3.1. Clinafloxacin
To provide a reference data set, the

clinafloxacin peak was analyzed first by selection
of the parent ion at 366 m/z and fragmentation,
and then by selection of the most prominent
fragment (305 m/z) and subjecting this ion to
further fragmentation (mass spectra shown in Fig.

8). The assignment of the observed masses is listed
in Table 6. The assignments were guided by avail-
able literature for other quinolones [10].

3.3.2. P-1
The mass spectra observed for P-1 are shown in

Fig. 9 and the assignments are listed in Table 7.
The fragmentation pattern was analogous to that
seen for clinafloxacin (Fig. 8), for the most part,
and supports the assigned structure (Fig. 1). The
minor ion with m/z 257, corresponding to loss of
both NH3 and H2O, was not observed in the
spectrum of clinafloxacin. In the daughter ion
(m/z 231) spectrum, the most intense ion (m/z
189) corresponds to loss of CO from the
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quinolone ring and CH2 from the sidechain. This
was a minor ion in the spectrum of the corre-
sponding clinafloxacin daughter ion (m/z 305).

3.3.3. P-2
The mass spectra observed for P-2 are shown in

Fig. 10 and the fragment ion assignments listed in
Table 8. The fragmentation pattern was
analogous to that seen for clinafloxacin and sup-
ports the structure proposed above. The fragmen-
tation pattern (data not shown) observed for P-3
was essentially the same as that of P-2 and again
analogous to that seen for clinafloxacin. P-3 is
proposed to be a stereoisomer of P-2.

3.3.4. P-4
The mass spectra observed for P-4 are shown in

Fig. 11 and the ion structure assignments are
listed in Table 9. The spectra were similar to those
seen for clinafloxacin and support the structure in
which the chlorine is replaced with a hydroxyl
group. However, in this case the M–H2O–C2H5N
peak at m/z 287 was not the most intense frag-
ment. Loss of the 8-hydroxyl group with ring
formation resulted in m/z 269 fragment which
exhibited the highest intensity. This is the same
daughter ion as seen for P-2 and P-3, and it gave
the same fragmentation pattern. The ion with m/z
313, corresponding to loss of both NH3 and H2O,
was not observed at significant intensity in the
spectra of clinafloxacin or P-2 or P-3, but the
corresponding ion was seen in P-1.

3.3.5. Summary of LC-MS/MS data
The fragmentation of the parent molecular ions

is summarized in Table 10. For this series of
compounds loss of water, along with ring contrac-
tion of the pyrrolidine sidechain, is a significant
pathway leading to the most intense fragment ion.
In the case of P-4, the most intense ion resulted
from an additional dehydration coupled with ring
formation.

The fragmentation of the second-generation
product ions obtained from the most intense ion
of the parent spectrum is summarized in Table 11.
Differences were seen between compounds in the
occurrence and intensity of fragments. All precur-
sor ions exhibited fragments arising from loss of

CO from the quinolone ring and CH2 from the
pyrrolidine sidechain. D–CO–CH2 was the most
intense product peak in the case of P-1. Loss of
the entire sidechain was favored for clinafloxacin
(m/z 264 [100]) and occurred to a small extent,
along with loss of CO, for the m/z 269 precursor
ion of P-2, P-3, and P-4 to produce an m/z 200
fragment. Loss of HF and CO from the D269 ion
led to the most intense product ion for P-2, P-3,
and P-4.

4. Conclusions

The identified photodegradation products of
clinafloxacin are summarized in Fig. 1. The polar
compounds are dechlorinated with further degra-
dation associated with the quinolone or pyrro-
lidine ring. P-2, P-3, and P-4 are products
expected from a reactive intermediate formed by
loss of chlorine, such as a carbene [13]. An addi-
tional polar degradation product, P-5, retention
time 5.9 min, exhibits an apparent molecular
weight of 329, does not contain chlorine, and has
a unit of unsaturation on the pyrrolidine ring.
The nonpolar photodegradation peaks represent
side-chain degradation without loss of chlorine.
Three additional nonpolar photodegradation
products (NP-5, NP-6, and NP-15) were partially
characterized. The information gathered during
this study was useful for the evaluation of light
stability studies and phototoxicity.
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