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Abstract

Degradation of a novel insulin sensitizer in aqueous solutions was studied using high pressure liquid chromatography/mass spectrometry
(LC/MS). The insulin sensitizer, containing a thiazolidine-2,4-dione (TZD), was a new class of antidiabetic agent for the treatment of type I
diabetes. Chemical stability of the insulin sensitizer was evaluated by stressing its aqueous solutio@dat 20h. Oxygen was removed
from one of the solutions by bubbling pure nitrogen through to identify non-oxidative pathways. LC/MS analyses of the stressed solutions
revealed that hydrolysis and oxidation are the primary degradation pathways for the studied compatthibl Acetic acid, acyl amide,
and two dimeric diastereomers were the main degradates of the insulin sensitizertAibkacetic acid served as an intermediate-like
species, and oxidized to two dimeric degradates upon exposing to air. All of them were identified as ring-opening products of the TZD.
The entities of the acyl amide and dimeric degradates were respectively verified by a synthetic standard or NMR following isolation of a
diastereomeric degradate. Characterization using MS in both positive and negative ion scans were discussed for an isolated diastereomeric
degradate. Mechanisms of fragmentation and formation for those degradates are presented based on the MS result.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Insulin sensitizer; Thiazolidine-2,4-dione; Degradation; Dimerization

1. Introduction lar disease. Three TZD drugs so far reached to the market

— pioglitazone, rosiglitazone and troglitazone, the third was

The thiazolidinediones (TZDs) are an important chemi- later withdrawn from market because of its significant hepa-

cal class in drug development for the treatment of diabetestotoxicity. These drugs were reported to effectively amelio-
[1-5]. These TZDs are new insulin sensitizers and exert an- rate glucose and lipid metabolic disturbances for type Il dia-
tidiabetic effect via a mechanism involving activation of the betic patients. In their clinical studies, investigation of their
peroxisome proliferator activated receptor (PPAR). They can metabolic mechanism were studied in several animal species
reduce insulin resistance and improve the related syndromeand humans, wherein liquid chromatography/mass spectrom-
called “Syndrome X", the metabolic syndrome that includes etry (LC/MS) have been widely applied to the metabolite
dyslipidaemia, hypertension and impaired fibrinol\gi%]. [6-9] and degradate identificatidd0]. These studies pro-
These important discoveries have led to the extensive scienvided valuable information for understanding the metabolic
tific exploration on TZD compounds as potential blockbuster pathway of the TZDs.
drugs for type Il diabetes as well as associated cardiovascu- Recently, a novel insulin sensitizer, compoundFig( 1,

MW 477), was reported by Merck & Co., Inf11,12] This

* Corresponding author. Tel.: +1 215 652 9087; fax: +1 215 993 5932. 12D compound acts as a PPAR gamma agonist to target type
E-mail addresshongmikewang@merck.com (M.H. Wang). Il diabetes. In this paper, the chemical stability of the insulin
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sensitizer was determined in situ to understand the degradaDeuterated acetonitrilesd99.96% D) and deuterium oxide

tion mechanism. The stability of compound | was evaluatedin (100% D) were purchased from Isotec Co. (Miamisburg,

aqueous medium under thermo-stressed conditions. LC/MSOH, USA). Ultra-pure nitrogen gas was supplied in-line

and LC/MS/MS analyses of the stressed samples indicatedin-house at Merck & Co., Inc.

that hydrolysis of the TZD ring followed by oxidation was

the primary degradation pathway for the insulin sensitizer. 2.2. Sample preparation

This study of in situ degradation mechanism of TZDs will be

valuable for the exploration of the chemistry for TZDs and A stock solution of the studied insulin sensitizer at

their pharmaceutical development. 1.0 mg/mL was prepared by dissolving the solid bulk drug in
methanol. The stock solution was further diluted to 4uig/
with 50:50 acetonitrile—aqueous 0.1% formic acid for in-

2. Experimental fusion experiments to optimize the analytical conditions of
mass spectrometers.

2.1. Chemical and reagents Two stability-test samples of the studied insulin sensitizer
were generated by dissolving the solid drug in a small amount

The studied insulin sensitizer (compound 1) — 5- of acetonitrile followed by diluting to 2.0 mg/mL with water.

{3-[3-(4-phenoxy-2-propyl-phenoxy)-propoxy]-phehyl Oxygen was removed from one of the resulting solutions by

thiazolidine-2,4-dione (sodium salt, racemic), and the bubbling pure nitrogen through to become a degassed solu-

synthetic standard of degradate IIFig. 1) were ob- tion. These two aqueous samples were stressed & ffr

tained from Merck Research Laboratories (Rahway, NJ, 24 hto evaluate the solution stability of the insulin sensitizer.
USA). HPLC-grade acetonitrile, methanol, and water were The stressed solutions were mixed with an equal volume of
purchased from EM Science (Gibbstown, NJ, USA). Trifluo- acetonitrile to a concentration of 1.0 mg/mL for LC/MS and
roacetic acid (>99%), formic acid (96%) were obtained from LC/UV analyses.

Aldrich Chemical Company, Inc. (Milwaukee, WI, USA).
2.3. Liquid chromatography for degradate profiling
and isolation

0
o@\ PN \O The HPLC system consisted of two LC-10AD pumps,
uN_ Ty 0 o a system SCL-10A controller (Shimadzu Scientific Instru-
)f
0 1

ments, Columbia, MD, USA), an on-line degassing system
(Alltech Associates, Inc., Deerfield, IL, USA), a HP 1100

photo diode array UV detector (Agilent Technologies, Inc.,
Wilmington, DE, USA), and a PE 200 series autosampler

0 (Perkin-Elmer Instruments, Norwalk, CT, USA). A linear
OH/O\ PN \O gradient program using aqueous 0.01% trifluoroacetic acid
G Y Y (TFA) solution (A) and 0.01% TFA in acetonitrile (B} (
SH
I

(MW 477)

= 0-1min, 48% B;t = 10 min, 60% B;t = 20 min, 65%
B; t = 33min, 78% B;t = 55min, 85% B;t = 56 min,
(MW 452) 48% B) was employed on a Zorbax Rx C8 column (4.6 mm
o x 250mm, 5um) (SUPELCO, Bellefonte, PA, USA). The
o@ \© LC flow rate was 1.0mL/min on the column, splitting at
0> 0 15:85 ratio for LC/MS and LC/UV analyses. The LC col-
N5 umn was maintained at ambient temperature to avoid any
I on-line degradation. The diode-array detector was monitored

(MW 433) atboth 210 and 280 nm. Test samples were kept aCldur-
ing the entire analysis in the autosampler. A mixture of 50:50

o 0 acetonitrile—water was used as the needle washing solvent for
00 autosampler.

HO H Isolation of one dimeric degradate (RT = 41.7 nkiyg. 3,
S—S : .
H OH RT stands for retention time) was performed on the same
OO HPLC system with a semi-preparative HPLC column —
o 0 Zorbax Rx C8 column (9.4 mnx 250 mm, 5.m) (Agilent
Technologies, Inc., Wilmington, DE, USA) at ambient tem-
IVand V . . . o
(MW 902, exact mass) perature. A Ilne_ar gradient program af£{ 0—1min, 78%
B; t = 20-25min, 85% Bt = 26 min, 78% B.) was used
Fig. 1. Compound | and its major thermal degradates. to perform the degradate isolation with the same mobile
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m/z 478

and AnalystM software version 1.1 were used for the data

a”ﬂ acquisition and data processing.
> 1.5¢7; 7903 Characterization of the isolated dimeric degradate of the
% 1.0e7- s L insulin sensitizer was conducted under the established MS
E conditions in both positive and negative ion modes. Prod-
3067 uct ion scan as well as quasi-MS/MS/MS experiments were
¢ : , . . ; applied to the acquisition of fragment information for the
(A) 10 0N 40 >0 isolated degradate.
ime, min
49.01 i 2.5. NMR instrumentation
485 ] = The isolated dimeric degradation product of the novel in-
s sulin sensitizer and the parent compound | were dissolved
43,0 in 75/25 deuterated acetonitrile:deuterium oxide. All spectra
J were acquired on a Varian Unity Inova 600 MHz spectrom-
: : . ; . eter (Varian, Palo Alto, CA, USA) equipped with a 5mm
®) 10 20 Time, mi3n0 40 30 IH{13C/**N} PFG triple resonance probgd-1D, 2D-DQF-

COSY, and'H-13C correlation spectra of HSQC and HMBC

Fig. 2. LC/MS (A) and LC/UV (B: peaks labeled with RT time= 280 nm) were obtained at 25C to characterize the structure of the
chromatograms of stressed degassed solution of compoundC(28h). isolated degradation product.

phase solvents. The LC flow rate was 2.0 mL/min on the col-
umn. The dimeric degradate was collected in a 100 mL round
flask chilled with an ice-water mixture during isolation pro-
cess and immediately stored-a?0°C afterward. The col-
lected dimeric degradate solution was dried on a Rotavapor
(BUCHI, Switzerland) at 40C. The purity of the isolated
degradate was checked under the same LC/MS and LC/UV
conditions as those for degradate identification (see the first
paragraph oBections 2.2 and 2)®efore NMR analysis.

3. Results and discussion

Identification of degradates for compound | was conducted
using LC/MS and LC/MS/MS with simultaneously detection
by an UV detectolFigs. 2 and 3how the degradate profiles of
compound | (RT =26.5min) in degassed and undegassed so-
lutions, respectively. LC/MS chromatograms are on the top
panel and LC/UV chromatograms are on the bottom panel
in both figures. In the degassed solution, a profile including
a major degradate with molecular weight (MW) of 452 Da

2.4. Mass spectromeltry (RT = 25.0min) and two major degradates (RT = 41.7 min,

Applied Biosystems API 150 EX single quadrupole and
API 300 triple quadrupole mass spectrometers (Foster City,
CA, USA) coupled with a TurbolonSpr&y (TIS)ionization £ 2%°7]
source were used for sample analysis. Both mass spectrome - 1.5¢7 -
ters were interfaced with the HPLC system at the TIS source Z

mfz 478

m/z 903

with a ratio of 15/85 for MS and UV detectors. The ioniza- é’ 1.0e71 mﬁn

tion source was heated at 48D. The mass spectrometers  5.0e6 4 J/

were operated in the positive ion mode and mass spectrome R \
ter parameters were optimized using a diluted solution of the f 10 20 30 40 50
studied insulin sensitizer. High purity nitrogen was used as () Time, min

both heating gas in the source region and collision gas with a

collision gas thickness (CGT) of 2.49 10'° molecule/cri. 49.5

Hydrocarbon-free air generated by a Zero Air Generator
(Whatman, Inc., Haverhill, MA, USA) was used as the nebu-
lizer gas. A Harvard Model-22 syringe pump (Harvard Appa- 435
ratus, South Natick, MA, USA) was used to directly introduce

49.01

sample solutions into the mass spectrometer atl@Min 48.01
for instrumental optimization as well as characterization of M : . ; : :
the isolated dimeric degradate. A polypropylene glycol (PPG) ®) 10 20 Time mi3n0 40 50

calibration solution provided by Applied Biosystems was
used for the mass axis calibration of the mass spectrom-gig. 3. Lc/MS (A) and LC/UV (B: peaks labeled with RT timie= 280 nm)
eter. Applied Biosystems MacQuan/MultiView version 1.3 chromatograms of stressed undegassed solution of compount3/2®h).
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e isillustrated inScheme 1it was indicated that fragmentation
11.0c4 could easily occur at the central ether linkages of compound
10.0e4 o I, yielding intense ions atvz 269, 250, 229 and 190. The
[ ed cleavage of the bond of 4-phenoxy-2-propyl-phenoxyl could
5 8.0e 3 form a counter-ion intermediate as showrsicheme Llead-
2 7.0e4 ing to the formation of the ions awz 250 andwz 229. The
g 0.0e4 ion atm/z250 was further fragmented to an iomalz 190 by a
= 5.0e4 neutral loss of SC=0 from the TZD ring. The ion atVz269
4.0e4 was generated by the loss of 3-TZD-phenoxyl group. The ion
3.0e4 1290 atm/z 176 is likely formed by the loss of a phenolate radical
20e4)  TEL ] from the ion atm/z 269, leading to a radical cation. A quasi-
1.0c4 e “i-- MS/MS/MS experiment of the ion a¥z269 generated a frag-
e S C LY v Sy mentat/z241 with aloss of an ethylene, a phenoxyl quinone
(A) 1020020 30,?]/23 amiSO W00 B0 oxinium ion atm/z227, 19913], and a minor ion at/z 176.
MS/MS scan of the deprotonated moleculerét 476 of
e compound | generated major fragmentaét 433, 405, 227,
| 225, and 137Fig. 4B). Similarly as the fragmentation of the
4.0e6 protonated molecule, sequential neutral losses ofEND
2 and CO molecules led to the formation of the fragments at
- 3006 m/z433 and 405%cheme P The latter ion yielded fragments
‘é ' 271 atm/z227 and 137 corresponding to phenoxyl-phenolate and
£ w51 3-thiolketene-phenolate anions.
= 2.0e6 \ The understanding of the fragmentation mechanism of
ne compound | was a crucial step to localize the degradation
1.0e6| 1370 760 sites and laid the foundation for the structural elucidation of
1662 3470 \ the degradation products.
oot A Jo Lo | |

140 180 220 260 300 340 380 420 460 500
m/z, amu

B) 3.2. Degradate identification for compound | by LC/MS
3.2.1. Degassed solution of compound |

The product ion scan of the protonated moleculenat
453 (RT 25.0 min in LC/UV chromatogram) produced ions
atm/z 407, 373, 279, 269, 267, 227, 199, 191, 176 and 147
] ] (Fig. 5. By comparing with the fragmentation of the parent
42.5min) with the same MW of 902 Da (exact massame  polecule, the observation of fragmentsalz 269, 227 and
in thg rest of text) were optalned. While in the undegassed 199 suggested that (4-phenoxy-2-propyl-phenoxy)propoxyl
solution, the same two major degradates (MW 902 Da) were ety was intact and degradation occurred at the phenyl-
detected along with a major degradate with MW of 433Da Tzp part. Since oxygen was removed from this test solution,
(RT = 22.5min). It was interesting to point out that, upon  pyqrolysis was most likely the primary degradation pathway
exposing the degassed solution to the air for 4 h, the degra-for compound I rather than oxidation. Based on understand-
date (452 Da) became undetectable. As a result, t'he level Ofing of the chemistry for compound I, a structure with a thiol-
the two late-eluted degradates (MW 902 Da) were increased.acetic acid moiety is assigned for the degradate with MW of
This experimental result suggested that the degradate (MWy55 pg Gcheme B The structure was well-fitted in a frag-
452 Da) was un;table and could be t.he precursor for the tYVOmentation mechanism based upon acquired MS data. The
late-eluted species (MW 902 Da). Since all of these speciesprasence of the thiol-acetic acid was especially evidenced by
were degradation products of compound |, in ordertoidentify e gpservation of ions atvz 407, 373, and 191. As illus-
these degradates by LC/M_S, it is imp_ortant to firstly under- {ated inScheme 3a neutral loss of 46 Da (HCOOH) from
stand the gas-phase chemistry of their parent molecule.  he protonated molecule atz 453 resulted in the formation
of the ion atm/z 407. This ion fragmented to the ion @iz
373 as a consequence of another neutral loss of 34 Da — a
H>S molecule. The presence of the carboxylic acid was fur-

A study on the fragmentation of compound | was per- ther supported by the ion atz 191, one dalton greater than
formed by MS/MS scan of the protonated moleculenét the ion atm/z 190 of compound I, differentiating by -COOH
478. A product ion scan spectrum of compound | is shown in from —CONH,. Although this degradate was not isolated and
Fig. 4A, inwhichions atm/z269, 250, 229, 227,190,and 176 characterized by NMR, the proposed structure was strongly
were observed. A mechanism for the formation of these ions supported by the MS result.

Fig. 4. (A) Product ion scan spectrum of protonated molecutd’z478 of
compound | (collision energy (CE): 16 eV) (top panel). (B) Product ion scan
spectrum of deprotonated moleculenalz 476 of compound | (CE: 38 eV)
(bottom panel).

3.1. Fragmentation mechanism of compound |
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Scheme 1. Proposed fragmentation mechanism for compound | in the positive ion scan mode.

ZO+

+O

It should be pointed out that disulfide formation could be products of the degradate (MW 452 Da). In fact, the changes
anticipated for the thiol group upon oxidation, resulting the of their relative concentrations in the degassed solution af-
generation of secondary degradates. Actually, this phenom-ter exposure to air, as discussed earlielSection 3 had
ena indeed happened to the degradate (MW 452 Da) and willprovided the experimental support for the statement. Based
be addressed later along with discussion. on the above information and understanding of the chem-

Two major degradates with the same MW of 902 Da istry of thiols[14,15], diastereomeric structures with a disul-
were detected at RT of 41.7 min and 42.5 min (LC/UV chro- fide linkage were proposed for these two degradates (MW
matogram). The observation of the same product ion pro- 902 Da, IV and V irFig. 1). A further structural investigation
file from in-source CID — ions ain/z 925 (Na~ adduct), for these two diastereomeric degradates will be discussed in
903, 885, 857, 839, 811, and 62Bid. 6) suggested that Section 3.3
they were isomers and easy to fragment. Their MW (902 Da)
were greater than its parent molecule by a 425 Da, suggest-3.2.2. Undegassed solution of compound |
ing possible degradate—degradate or degradate—compound | An ion profile from MS/MS scan of the protonated degra-
adducts. The molecular weights — 902 Da were just two- date (MW 433) molecule included ions at’z 406, 389,
fold of the MW of [452-H] Da implied possible dimerization 371, 269, 267, 241, 227, 199, 176, 161, and 18%.(7).
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Fig. 6. Arepresentative MS spectrum of the protonated molecute'z 803
-CO for the two diastereomeric degradates (MW 903 Da) (decluster potential:
10eV).

o)
~ 0N \© Similarly as discussed previously for the degradate (MW
452 Da), the formation of ions at/z 269, 227, 199, and 176

suggested no structural change of compound | occurred at
4-phenoxy-2-propyl-phenoxyl moiety rather than the TZD
ring. The degradate was believed to be generated via open-
ing of the TZD ring followed by oxidation. A structure
with an acyl amide moiety (lll inFig. 1) was assigned

for this degradate (MW 433 Da). The proposed structure

was verified with a synthetic standard by both RT and MS
o
o spectra.
Similar to the degassed solution of compound I, two late-
S -0 eluted major degradates with MW of 902 Da were detected.

m/z 405

The identical ion profiles as reported previously along with
the same RT clearly indicated that they were the same di-
m/z 227 astereomeric species from the degassed solution.

m/z 137

Scheme 2. Proposed fragmentation mechanism for compound | in the neg-

ative ion scan mode.
161.0
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Fig. 5. MS/MS spectrum of the degradate with MW of 452 Da (CE: 18 eV). Fig. 7. MS/MS spectrum of the degradate with MW of 433 Da (CE: 30 eV).
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Scheme 3. Proposed fragmentation mechanism for the degradate with MW of 452 Da in the positive ion scan mode.

3.3. Mass spectrometric study of the diastereomeric
degradates

To further confirm the structures of the two dimeric

901) molecules were acquired (data not shown; major frag-
ments of the ion arVz903 were the same as showrHig. 6).

A fragmentation mechanism of the ionmatz903 is proposed

in Scheme 4Through successive two neutral losses gOH

degradates, one of the diastereomers was isolated by semiand CO, the protonated moleculeratz 903 yielded ions at

preparative HPLC and characterized by MS in both posi-

m/z 885 and 857, the latter underwent another neutral loss

tive and negative ion modes. The isolated degradate was re-of H,O to generate an ion aw/'z 839. Following a cycliza-

injected into the LC/MS system under the same instrumental
conditions. An identical MS spectrurfkify. 6) and retention
time verified that no chemical change occurred to the iso-

lated degradate during the isolation process. By infusing so-

lutions of the isolated degradate into MS, the product scan
results of the protonatedn(z 903) and deprotonateadn(z

tion involving the adjacent phenyl ring.6], the ion atm/z
839 was rearranged to an acylium ion intermediate and fur-
ther fragmented to the base iomalz 811 after a loss of CO
molecule.

MS/MS scan of the deprotonated moleculenaz 901
yielded two predominant fragmentsratz 451 and 407. The
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Scheme 4. Fragmentation mechanism of the dimeric degradate (902 Da) in the positive ion scan mode.

former ion was formed, as shown3theme 5by cleaving at TZD ring-opening of compound | was believed their forma-

the disulfide bond of the deprotonated molecule. Followed by tion pathway.

a neutral loss of a CQthe ion at/z451 further fragmented

to the latter ion atn/z 407. Quasi-MS/MS/MS scan of the 3.4, Characterization of the isolated dimeric degradate

ion atm/z 407 produced fragments of 4-phenoxylphenolate using NMR

anion atm/z227 ando-thioketone phenolate anionatz137,

both ions were also the major fragments of the deprotonated The dimeric degradate (MW 902 Da; RT = 41.7 min),

molecule at/z 476 of compound 1$cheme 3 isolated from the stressed aqueous solution of compound
In brief, the characterization by MS provides strong evi- | using preparative HPLC, was further studied hy and

dence that the two diastereomeric degradates had a disulfidé3C NMR analyses. The NMR spectra of compound |

moiety while retaining the same non-TZD structural feature were also acquired as reference. For the dimeric degra-

as their parent drug molecule. Dimerization following the date, the peak integrals from 1D proton spectriig.(8A)
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Fig. 8. 1D proton NMR spectra of (A) the isolated dimeric degradate (MW
903 Da, RT =41.8min) in 75% CCN and 25% RO, (B) compound | in
m/z 227 75% CD;CN and 25% RO, and (C) compound | in CECN.

m/z 137

Scheme 5. Fragmentation mechanism of the dimeric degradate (902 Da) in

th tive i de. . .
& negafive fon scan mode hydroxyl proton exchanged with deuterium of@. How-

ever, when compound | was dissolved in 4N, the H7
indicated that the ratio of CH:GHCHg:aromatic protons is ~ Péak appeared at 5.456 pprid. 8C). This tautomerism
1:10:3:12, the same ratio as that of compound | by com- phenomenon did not occur at the H7 proton of the dimeric
parison. The COSY spectrum established the fragments ofdegradate.
(CH3CH2CHy), (CH2CH2CHy), and the connections of aro-
matic protons in different rings. The one-bond C—H correla- 3.5. Proposed degradation mechanism of compound |
tions were obtained from the HSQC data. The HMBC spec- and formation of the dimeric degradates
trum provided two-bond H-C—C and three-bond H—-C-C-C
correlations to put together the structural information ob-  MS and NMR results clearly pointed out that degradation
tained from the COSY and HSQC spectra. Key correlations of compound | occurred at the TZD ring in agueous medium.
in the HMBC experiment were two bond H-C-C corre- ltis rationalized inScheme @hat, in the absence of oxidants
lation from H7 to C8 and aromatic CAl, and three bond such as oxygen in the degassed solution, hydrolysis was the
H-C—C-C correlation from H7 to aromatic CA2 and CA6. primary degradation processforcompound|. As aresult, scis-
Results from these data are summarizedable 1for the sion of the TZD ring led to the formation of the degradate
assignment of proton and carbon chemical shifts of the iso- (MW 452 Da)[17]. This degradate acted as an intermediate-
lated dimeric degradate. NMR analysis together with the MS like species and dimerized to the diastereomeric degradates
result indicated the dimer formed via a disulfide linkage for (MW 902 Da). This proposed mechanism was supported by
the two diastereomeric degradates (MW 902 Da). It should be the undetected degradate (MW 452 Da) in the stressed de-
noted that H7 in the parent compound has a different chem-gassed solution after exposing to air for 4 h. It should be
ical environment. When compound | was dissolved in 75% noted that the complete removal of oxygen in the aqueous so-
CDsCN and 25% RO, no appreciable H7 peak was observed lution would be very difficult. The residual oxygen could re-
in the 1D spectrumKig. 8B). This is because H7 under- sultin the formation to the dimeric degradates (MW 902 Da)
went the keto-enol tautomerism, and in the enol form, the since thiol can be easily oxidized to a disulfiflie4,18]
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Scheme 6. Proposed degradation mechanism for compound | in aqueous niéthtenThis intermediate species was not identified.

Table 1

Proton and carbon chemical shift for the isolated dimeric degradate with
MW of 902 Da

Assignment Carborsc (ppm) Protongy (ppm)

1 CHs 15.89 0.799 (1) = 7.4 Hz)
2 CH, 25.42 1.473 (m)

3 CH, 34.49 2.490 (t)=7.5Hz)
4 CH, 67.61 4.087 (tJ=6.1Hz)
5 CH, 31.60 2.190 (m)

6 CH 67.37 4.154 (m)

7 CH 60.73 4.414 (s)

8 C 174.15

Al C 139.72

A2 CH 123.49 6.910 (obscured)
A3 CH 132.69 7.249 (1) =7.8Hz)
A4 CH 117.24 6.899 (obscured)
A5 C 161.67

A6 CH 117.83 6.855 (s)

B1 C 155.79

B2 C 135.62

B3 CH 123.99 6.799 (s)

B4 C 152.40

B5 CH 120.25 6.771 (d] = 8.5Hz)
B6 CH 115.44 6.874 (obscured)
C1 C 161.10

Cc2 CH,H 120.06 6.885 (obscured)
C3 CH,H 132.45 7.292 (m)

C4 CH 125.25 7.042 (m)

The structure with hydrocarbon assignment was showfign8. éc refer-
enced to DSSglat 0.00 ppm§gy referenced to DSS-Pat 0.00 pp.

Because compound | was started as a racemic mixture,
two enantiomeric degradation produd®s 2-thio-24{3-[3-
(4-phenoxy-2-propylphenoxy)propoxy]phehgtetic acid,
were expected to be generated via the TZD ring-opening pro-
cess, assuming the same reactivity of the stereoisomers. As a
result, theoretically, three dimeric degradates should be ob-
served RR SS andRS— identical toSRbecause of a center

of symmetry). However as shown kigs. 2 and 3only two
peaks were detected. This experimental result could be due to
possible coelution (one peak fRIRSS another folRY on a
non-chiral HPLC column employed in this study, which was
also evidenced by a single HPLC peak of the studied racemic
insulin sensitizer. Nevertheless, the observation of the degra-
date (MW 452) and identification of the dimeric degradates
by MS and NMR provided strong supports for the degradation
mechanism of the TZD ring-opening followed by dimeriza-
tion.

In the presence of oxidants such as oxygen in the un-
degassed solution, hydrolysis was competed by an oxi-
dation process, resulting in the formation of degradation
products from both pathways. The oxidation could initi-
ate at the benzyl position of the TZD ring and generated
the corresponding acyl amide (MW 433 Da). This degra-
date was also detected as a major product in the solid for-
mulation of compound | stressed under heated conditions
(data not included). Such species was reported as a major
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