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ABSTRACT Photoproducts ot hexahydroquinoline derivatives have been
analyzed with gas chromatography electro ionization-mass spectrometry (GC-
EI-MS) and high performance chromatography electrospray ionization-mass
spectrometry (HPLC-ESI-MS). The study was performed on four HHQ^
derivatives: 2,6,6-trimethyi-3-carbomethoxy-5-oxo-4-(R-phenyl)-l,4,5,6,7,8-
hexahydroquinoline; R=2'-Me, 3'-Me, 2'-MeO, and 3'-MeO. The photochem-
ical degradation of each of the H H Q derivatives led to the appearance of one
product. The photoproducts were identified as the corresponding tetrahy-
droquinoline analogues, which were formed by dehydrogenation of dihy-
dropyridine moiety. In GC-mass spectra, the most frequent way of
fragmentation was elimination of CH3* or CH3O* radical of the ester group.
In the photoproducts substituted at 2'-position of the phenyl ring, eliminarion
of isobutene (G4Hg) was observed. In the photoproducts with 3'-position
substituents, elimination of COOGH3* radical was noted.
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INTRODUCTION
Calcium channel blockers belonging to the group of 1,4-dihydropyndine

(DHP) derivatives have been used for the last 30 years in therapy for essential
hypertension, angina pectoris, and other cardiovascular diseases. These drugs
have been widely used in the treatment of arterial hypertension (Hibbard,
2002), neurology (Jacobson et al, 2000), gynaecology (Belfort et al., 2003;
Brown et al., 2002; King et aL, 2003; Magee, 2001; Papatsonis et al., 2001),
nephrology (Bakris & Shaikh, 1996), gastroenterology {Iashikawa et al., 2000;
Prat et al., 2002), and oncology (Hahn et al., 1997). A new group of calcium
channel antagonists, hexahydroquinoline (HHQ) derivatives structurally
related to DHP derivatives, has been synthesized by C. Safak's group. The
common structural elements of these two groups are the dihydropyridine ring,
substituted phenyl ring, and ester substituent in the C3 position of the
dihydropyridine ring (Altas et al., 1999; Safak et al., 1990, 1993, 1995; Simsek



et al., 2000, 2001). The pharmacological activity of
HHQ^derivatives depends on the type and position of
ihe substituent in the phenyl ring.

From the pharmaceutical point ot view, a particu-
larly troublesome disadvantage of HHQ_ and DHP
derivatives is their high sensitivity to light. The chem-
ical changes in the DHP derivatives under light are
irreversible and lead to a weakening or vanishing of the
therapeutic effect (Beijersbergen van Henegouwen,
1997). Low photochemical stability of the dihydropyr-
idine ring has already been established, e.g., in the
studies of photostability of DHP derivatives. The pho-
tochemical sensitivity of nifedipine (Dankers et al.,
1998) and second generation DHP derivatives such as
nitrendipine (Tipre & Vavia, 2000), nimodipine
(Zanocco et al., 1992), furnidipine (Nuiiez-Vergara
et al., 1994), nisoldipine (Marinkovic et al., 2000),
amlodipine (Ragno et al., 2002), nilvadipine (Mielcarek
et al., 2000), and felodipine (Eriksson et al., 1991) has
been analyzed by many authors. It has been shown that
upon irradiation of these DHP derivatives, the dihy-
dropyridine ring undergoes oxidation and leads to
the formation of photoproducts of aromatic properties.

Assessment of photostability of pharmaceutical
substances and drugs is a complex problem. The
problem of the photostability of drugs has been of
great interest in recent years, and regulatory guide-
lines by the International Conference on Harmoni-
zation (ICH) have been introduced. Photostability
protocols varied greatly regarding the preparation of
samples for drug substances and drug products, types
of photolysis sources, spectral range of exposure,
exposure times, and other parameters. These varia-
tions in design made it difficult to correlate photo-
stability results between different research groups. At
present, according to the ICH Document two
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FIGURE 1 Formula of 2,6,6-Trimethyl-3-Carbomethoxy-4-(R-
Phenyl)-5-Oxo-5,6,7,8-Hexahydroquinoline; R = Substituent in
DtHerent Positions of the Phenyi Ring: Orto-2'-Me or 2'-MeO;
Meta-3'-Me or 3'-MeO.

procedures for determination of photostability have
been recommended (Drew, 1998).

This paper presents the results of a study into the
photochemical properties of four HHQ^ derivatives
(1-4) differing in the position of the methyl or
methoxyl substituent at the phenyl ring (Fig. 1),
identification of their photoproducts, and determina-
tion of their structure by the analytical techniques
GC-EI-MS and HPLC-ESI-MS.

MATERIALS AND METHODS

Materials
Four hexahydroquinoline derivatives (HHQ)—

2,6,6-trimethyl-3-carbomethoxy-5-oxo-4-(2'-methyl-
phenyl)-l,4,5,6,7,8-hexahydroquinoline (1), 2,6,6-tri-
methyl-3-carbomethoxy-4-(2'-methoxyphenyl)-5-oxo-
1,4,5,6,7,8-hexahydroquinoline (2), 2,6,6-trimethyI-3-
carbomethoxy-5-oxo-4-(3'-methylphenyl)-l,4,5,6,7,8-
hexahydroquinohne (3), and 2,6,6-trimethyl-3-carbo-
methoxy-4-(3'-methoxyphenyl)-5-oxo-l,4,5,6,7,8-hexa-
hydroquinoline (4)—were synthesized by the Safak
research group from the Faculty of Pharmacy, at the
Hacettepe University, Ankara, Turkey (Fig. 1).

Methanol and acetonitrile for liquid chromatogra-
phy were purchased from Merck. The water used was
doubly distilled.

Photodegradation
Conditions

The methanol solutions of the HHQ^derivatives in
a concentration of 6.210~^ mol 1"' were subjected
to photodegradation according to the requirements of
the first version of the ICH Document (Drew, 1998).
The compounds were placed in a quartz cell of
2.8 mL with a capacity, and irradiated with a high-
pressure mercury lamp with a mercury burner HBO-
50, using a cut-off filter (>.exe=365 nm) for 180 min.
After specific time intervals, 1.4 mL portions of the
solution were collected, concentrated to dryness in
nitrogen atmosphere, and dissolved in 10 îl of
methanol. The samples were concentrated in conical
vials that were capped.

The number of the quanta absorbed was measured
by a chemical actinometer of Reinecke salt—trans
tetrathiocyandiamminechromate (III) potassium (I)
(Dankers et al., 1998). A Reinecke salt solution was
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FIGURE 2 Scheme of Mass Fragmentation of Photoproduct ( ( B = 2 1 . 1 8 min) Forming During Photodegradation 2'-Me HHQ Derivative;
Identified Photoproduct as: 2,6,6-Trimethyl-3-Carbomethoxy-4-(o-Toiyl)-5-Oxo-5,6,7,8-Tetrahydroquinoline.

irradiated with the wavelength X = 365 nm for 85 sec.
The number of quanta absorbed by the actinometer
(!R)was 1.42 lO'l

The energy of a quantum of radiation (£,/) of
X=365 nm was calculated using the formula:

, . . 2.998- 10̂  m - '

IR equals the number of quanta absorbed by
the actinometer.

Given an area of the cell surface equal to 2.26 cm^,
the energy of irradiation falling onto a 1 m^ area in 1 h

was calculated

= h - = 6.626-

= 5.4423 lO-'V

365 - 10-^ m

The intensity of irradiation (P) absorbed by the
actinometer was [Watt=yi"']:

5.4423 1.42

9.092

85

9.0918

E, = 0.4023 [W m-^s] - 1448.25 [W h

Gas Chromatography-
Electro lonization-
Mass Spectrometry

(GC-EI-MS)
The products of the photochemical degradation were

analyzed on a gas chromatograph 5890II, equipped
with a selective mass detector 5971A, Hewlett-Packard
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(Palo Alto, CA). The separation was conducted on a
capillary silica column DB-5, j&W (USA), with an
internal diameter 0.25 mm, length of 30 m, and the
film thickness of 0.25 |im. The analysis was made in
the following temperature regime: the injection cham-
ber temperature 250°C, the initial temperature in the
oven 140°C maintained for 2 min, the rate of tem-
perature increase 5°C min" ^ up to 200°C, and then
10°C min" ' up to 300°C, and the final temperature was
maintained for 13 min. The carrier gas was divided
between the column and the injection chamber in
a ratio of 1:2. The carrier gas was helium, purity =
99.99%, flow-rate 1 mL min"^, pressure 5 bar.

The low-resolution mass spectra of the photo-
degradation products of HHQ^ derivatives were taken

on a two-sector mass spectrometer (type B/E) AMD
402, in the Nier-Johnson geometry. The unit
resolution was R= 1000. The ionization was per-
formed by a stream of electrons with an energy of
70 eV, applying an accelerating voltage of 8 kV. The
temperature of the source of electrons was 200°C,
while the temperature of evaporation varied from
100°C to 25O''C. The low-resolution mass spectra in
the normalized form are shown in the range from 50
m/z to 400 m/z.

In order to identify the fragmentation pathway of
the photodegradation products, the method of peak
superposition was applied and the elemental compo-
sitions of the fragment ions were determined using
perfluoroxene as a standard. The measurements were
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FIGURE 3 Scheme of Mass Fragmentation of Photoproduct (fo=21.45 min) Forming During Photodegradation 3'-Me HHQ Derivative;
identified Photoproduct as: 2,6,8-Trimethyi-3-Carbomethoxy-4-(m-Toiyi)-5-Oxo-5,8,7,8-Tetrahydroquinoline.
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made on a mass spectrometer JMS D 100, with a reso-
lution of R— 10000. Error in determinating of the ele-
mental composition of the ions did not exceed 12 ppm,
relative to the results of theoretical calculations.

High-Performance
Liquid Chromatography-
Electrospray lonization-

Mass Spectrometry
(HPLC-ESI-MS)

LC-MS (Liquid Chromatography-Mass Spectrom-
etry) was performed on Waters model 2690 HPLC
instrument equipped with an ESI interface (Waters,

Milford, MA, USA). The capillary voltage was 3 kV
and the cone voltage was set at 30 V. The other ESI
operating parameters were as follows: source temper-
ature I20°C, desolvation temperature 3OO''C, nitrogen
gas, desolvation gas 300 1 h " \ cone gas 100 1 h" ' ,
and multiplier voltage 500 V. In these conditions,
a fiill scan data acquisition was performed from
100-1000 m/z in centroid mode and with a cycle
time of 0.1 min, consisting of 0.5 s scan time and
0.1 s interscan time.

The chromatographic separation was carried out in
the isocratic mode on a column C-18 Nova-Pak
(3.9mm i.d. x 150 mm. Waters). The mobile phase is
H2O:CH3OH:CH3CN=38:42:20 (v/v/v) at the flow
rate of 0.5 ml min" \ with 10% formic acid (pH^4.0)
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FIGURE 4 Scheme of Mass Fragmentation of Photoproduct (tf,= 21.21 min) Forming During Photodegradation 2'-MeO HHQ Derivative;
Identified Photoproduct as: 2,6,6-Trimethyl-3-Carbomethoxy-4-{2'-Methoxyphenyi)-5-Oxo-5,6,7,8-Tetrahydroquinoline.
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added. The eluent was directly introduced into the ESI
source without a post column split.

The HPLC instrument was equipped with a
photodiode array detector (DAD). Ultraviolet (UV)
spectra were taken in the range of 200-500 nm.

RESULTS AND DISCUSSION
The process of photodegradation was assessed by

gas (GC-MS) and liquid (HPLC-MS) chromatography
coupled with mass spectrometry. The GC-MS
measurements were performed with the electron
ionization (EI) technique. The EI MS spectra are
presented in the peaks illustrating the dependence of
relative ion abundance (iwz%) on molecular mass

(m/z) of the fragment ions. On the basis of high-
resolution mass spectra, it was possible to establish
the elemental composition of the molecular ions and
the fragment ions. Mass spectra of the photoproducts
5 -8 revealed the presence of molecular ions at
m/z=337, 337, 353, and 353, respectively (Fig. 1).
The main pathways of mass fragmentation were
analyzed and the schemes of decomposition proposed
are presented in Figs. 2-5. The results have shown that
a mass decomposition of 5 - 8 often occurs with
elimination of the methyl (CHs'^) and methoxy
(OCH3 '̂") radicals from ester chains. In photoproducts
5, 7, and 8, the formation of the CH3'' radical was
observed. However, elimination of the methoxy
radical from the ester group was characteristic of
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FIGURE 5 Scheme of Mass Fragmentation of Photoproduct (fH=23.12 min) Forming During Photodegradation 3 -MeO HHQ Derivative;
identified Photoproduct as: 2,6,6-Trimethyi-3-Carbomethoxy-4-(3-Methoxyphenyl}-5-Oxo-5,6,7,8-Tetrahydroquinoiine.
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FIGURE 6 A. HPLC-UV Chromatogram of y-Me HHQ Deriva-
tive and Photoproduct; B. UV Spectra of 2-Me HHQ Derivative
and Photoproduct; Time Photodegradation 180 min.

photoproducts 5 and 7. It is worth emphasizing that
this fragmentation pathway was not observed for the
isomeric photoproducts 6 and 8. The crucial stage of
fragmentation of the compounds studied was elimi-
nation of an ester group at the C3 position within
pyridine moiety. Figs. 3 and 5. In photoproducts 5, 7,
and 8 (Fig. 4), elimination of the CO molecule was
observed with simultaneous reorganization of moiety.

Analysis of the mass spectra of 5 -8 has shown that
photodegradation of the HHQ^ derivatives 1-4 led
to formation ot a single photoproduct 5 - 8 , respec-
tively. Therefore, these compounds are formed as a
result of dehydrogenation of the dihydropyridine
moiety, leading to the appearance of the aromatic
pyridme ring.

As a result of the above process, a system of two
connected aromatic rings was formed and stabilized
with resonance structures. Interestingly, there is no
fragmentation involving a breaking up of the C-C,
bond between the phenyl ring and the hexahydroqui-
noline ring (no ions at m/z=248) in all these
compounds. It should be emphasized that this type
of mass degradation is characteristic of HHQ_ deriva-
tives containing the dihydropyridine ring of boat
conformation. The dihydropyridine ring of the active
antagonists adopts a boat conformation. The ring
planarity is associated with enhanced activity (Kendi
et al, 1994). In these compounds, the four double-
bonded carbons Cz, C3, C5, and C(, make the plane of
the ring with N and C4 being above the plane.

In order to confirm the GC-MS results, the
photoproducts of 5 - 8 were also separated and
identified on a LC-MS with diode detection systems.
The results for 1 are shown in Fig. 6. Figure 6A
presents a chromatogram of an irradiated solution of 1
for 180 min, while Fig. 6B presents the UV spectra of
separated substances. The retention time (1^) and
results of the wavelength maximum absorption {Xî ..̂ }̂
for al! compounds are given in Table 1. As follows
from Fig. 6B, the UV spectra of the photoproducts are
significantly different from those of the corresponding
HHQ^derivatives. In the spectra of all photoproducts
there was no absorption band, related to the n^K''
electronic transitions in the diene system of the
unsaturated DHP ring, but a new absorption band

TABLE 1 Qhromatographic Parameters HPLC-DAD-ESI-MS and Positive Moiecular Ions of Hexahydroquinoline; Derivatives and Their
Photoproducts and Chromatographic Parameters GC-ESI-MS and Photoproducts m/z

Method

2-Me
3-Me
2-MeO
3-MeO

HHQ derivative

tff Imin]

5.64
5.27
6.39
4.26

[M-t-Hr

340
340
356
356

HPLC-DAD-ESI-MS

Photoproduct

tfi [min]

8.00
8.27

20.83
6.21

IM + H]-

338
338
354
354

X max Inm] of

HHQ derivative

365
363
366
364

UV spectra

photoproduct

283
283
284
281

GC-EI-MS

Photoproduct

tfl [min] m/z

21.18 337
21.45 337
22.21 353
23.12 353
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H-,C COOCH3

FIGURE 7 Scheme of Photodegradation 2,6,6-Trimethyl-3-Carbomethoxy-4-(R-Phenyl)-5-Oxo-5,6,7,8-Hexahydroquinoline; R = Substit-

uent in Different Position of the Phenyl Ring: Orto-2'-Me or 2'-MeO; Meta-3'-Me or 3'-MeO.

appeared in the range 250-335 nm, with a maximum
at about 280 nm.

The mass spectra of photoproducts of 5 -8 revealed
the presence of protonated molecular ions [M + H]"̂  at
m/2=338 for 2'-Me and 3'-Me as well as m/z=354 for
2'-Meo and 3'-MeO (see Table 1).

CONCLUSIONS
GC-EI-MS and HPLC-ESI-MS results revealed that

the photodegradation of HHQ^derivates 1-4 leads to
the formation of corresponding tetrahydroquinoline
analogues 5 - 8 by dehydrogenation of the dihydro-
pyridine moiety (Fig. 7).

REFERENCES

Alta5, Y., Safak, C. Batu, 0. S,, & Erol, K. (1999). Studies oti calcium
modulatory activities of 2,6,6-trimethyl-3-acethyl-4-aryl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline derivatives. Arzneimittel-For-
schung/Drug Research. 49(10), 824-829.

Bakris, G. L., & Shaikh, M. (1996). Calcium channel blockers and
progression of renal disease: clinical studies put into perspective.
Journal of Nephrology. 9(6), 263-265,

Beijersbergen van Henegouwen, G. M. J. (1997), Medicinal photochem-
istry: phototoxic and phototherapeutic aspects of drugs. In:
-Advances /n Drug Research. New York: Academic Press,

Belfort, M. A., Anthony, J., Saade, G. R,, Jr, & Allen, J. C. (2003), A
comparison of magnesium sulfate and nimodipine for the
prevention of eclampsia. New England Journal of Medicine.
34814), 304-311,

Brown, M, A,, Buddie, M. L, Farrell, T., & Davis, G. K. (2002). Eficcacy
and safety of nifedipine tablets for the acute treatment of severe
hypertension in pregnancy. American Journal of Obstetrics and
Gynecology. 187(4). 1046-1050.

Dankers, J., van den Elshout, J,, Ahr, G., Brendel, E., & van der Heiden, C,
(1998). Determination of nifedipine in human plasma by flow-
injection tandem mass spectrometry. Journal of Ctiromatography,
B. 7/0(1-2), 115-120.

Drew, H. D. (1998). Photostability of drug substances and drug products:
a validated reference method for implementing the ICH photo-
stability study guidelines. In: A. Albini & E. Fasani (Eds,), Drugs-

Photochemistry and Photostability. Cambridge: The Royal Society
of Chemistry, 227-242.

Enksson, U. G,. Hoffmann, K. J., Simonsson, R., & Reg^rdh, C. G. (1991).
Pharmacokinetics of the enantiomers of felodipine in the dog
after oral and intravenous administration of a pseudoracemic
mixture. Xenobiotica. 27(1), 75-84.

Hahn, K, A., Legendre, A M,, & Schuller, H. J. (1997). Amputation and
dexniguldipine as treatment forcanine appendicular osteosar-
come. Journal of Cancer Research and Clinical Oncology, 123,
34-38.

Hibbard, J. U. (2002), Hypertensive diseas and pregnacy. Journal of
Hypertension, 20(2), S29-S33.

Iashikawa, H,, Iwakiri, K , Sugiura, T., & Kobayashi, M. (2000). Effect of
nifedipine administration (10 mg) on esophageal acid exposure
time. Journal of Gastroenterology. 55(1), 43-46.

Jacobson, K. A., Kim, Y. C, & King, B. E, (2000). In search of selective P2
receptor ligands: interaction of dihydropyridine derivatives at
recombinant rat P2X(2) receptors. Journal of the Autonomic
Nervous System. 81(2-3). 152-157.

Kendi, E., Ozbey, S., Tungbiiek, M,, Etan, R., Fun, H. K., & Yip, B. C.
(1994). The structure of ethyl allyl 1,4-dihydro-2,6-dimethyl-4-[4-
(4H-4-oxo-l-benzopyran-2-yl)phenyl]-3,5-pyridine dicarboxylate.
Journal of Chemical Crystallography. 24(11), 747-751.

King, J. F., Flenady, V., Papatsonis, D,, Dekker, G,, & Carbonne, B,
(2003). Calcium channel blockers for inhibiting preterm labour; a
systematic review of the evidence and a protocol for administra-
tion of nifedipine. Australian and New Zealand Journal of
Obstetrics and Gynaecology. 43(3). 192-198,

Magee, L. A. (2001). Drugs in pregnancy, Antihypertensives Best
Practice & Research, Clinical Obstetrics and Gynecology. 15(6),
827-845,

Marinkovic, V., Agbaba, 0., Karljikovic-Rajic, K., Comor, J., & Zivanov-
Stakic, D, (2000). UV derivative spectrophotometric study of the
photochemical degradation of nisoldipine, Farmaco. 55(2), 128-
133.

Mielcarek, J., Stobiecki, M., & Franski, R. (2000). Identification of
photodegradation products of nilvadipine using GC-MS. Journal
of Pharmaceutical and Biomedical Analysis, 24(1), 71-79.

Nunez-Vergara, L. J., Sunlel, C, 8< Squella, J. A, (1994), Photodecom-
position of a new 1,4-dihydropyridine: furnidipine. Journal of
Pharmaceutical Sciences. 83. 502-507.

Papatsonis, D, N,, Lok, C. A , Bos, J. M., Geijn, H. P., & Dekker, G. A.
(2001). Calcium channel blockers in the management of preterm
labor and hypertension in pregnancy. European Journal of
Obstetrics & Gynecology and Reproductive Biology. 97(2), 122-
140.

Prat, F,, Amaris, J., Ducat, B., Bocquentin, M., Fritsch, J., Choury, A. D,,
Pelletier, H., & Buffet, C. (2002). Nifedipine for prevention of
post-ERCP pancreatitis: a prospective, double-blind randomized
study. Gastrointestinal Endoscopy. 56. 202-208,

J. Mielcarek, A. Matfoka, and P. Grobelny 868



Ragno, G., Garofalo, A., & Vetuschi, C. (2002). Photodegradation
monitoring of amiodipine by derivative spectrophotometry.
Journal of Pharmaceutical and Biomedical Analysis. 27(1-2),
19-24,

Safak, C, Sahin, L., & Sunal, R. (1990). Synthesis of some 1,4-
dihydropyridine derivatives and their calcium antagonistic activity.
Arzneimittel-Eorschung/Drug Research. 40(2). 119-122,

Safak, C. Erdemli, T., & Sunal, R. (1993). Synthesis of some 1,4,5,6,7,8-
hexahydroquinoline derivatives and their calcium antagonistic
activity. Arzneimittel-forschunglDrug Research, 43(10), 1052-
1055.

Safak, C, Ozkanii, F., Erol, K, & Aktan, Y. (1995). 3-Acetyl"4-aryl-5-oxo-
2,7,7-trimethyl-1,4,5,6,7,8 hexahydroquinoline derivatives and
their calcium antagonistic activities. Arzneimittel-Forschung/Drug
Research, 45. 1154-1157,

Simsek, R., Ismaibglu, U, 8., Safak, C, & Sahin-Erdemli, I. (2000).
Synthesis and calcium antagonistic activity of 2,6,6-trimethyl-3-
carbomethoxy(ethoxy)-4-aryl-1,4,5,6,7,8-hexahydroquinoline
derivatives, Farmaco, 55(11-12), 665-668.

Simsek, R., Safak, C, Erol, K., & Sirmagul, B. (2001). Studies on calcium
antagonist activities of 2-ethyl-3-carbmethoxy-4-aryl-5-oxo-66-
dimethyl-1,4,5,6,7,8-hexahydroquinoline derivatives, Arzneimit-
tel-Forschung/Drug Research, 5/(12), 959-963.

Tipre, D. N., & Vavia, P. R. (2000). Oxidative degradation study of
nitrendipine using stability indicating, HPLC, HPTLC, and spectro-
photometric method. Journal of Pharmaceutical and Biomedical
Analysis. 24, 705-714,

Zanocco, A. L,, Diaz, L., Lopez, M., Nuiiez-Vergara, L. J., & Squella, J. A
(1992). Polarographic study of the photodecomposition of

Journal of Pharmaceutical Sciences. 81(9). 920-924.

869 Hexahydroquinoline Derivatives






