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SUMMARY
The syntheses of [benz1m1dazole-2—]4C]omeprazole, [benzimidazole-
2—]3C]omeprazo]e, [BSS]omeprazole and [2—pyr1dyl-]4c-mggﬂxl]-
omeprazole are described. The first three compounds were prepared
from the appropriate isotopically labelled carbon disulphide. The
key step in the synthesis of [2-pyr1d11-14C-mg§nxl]omeprazole is
nucleophilic alkylation of a 1-ethoxypyridinium salt using
('*CImethy) magnesium idodide. This is the first time that a
reaction of this type has been used to prepare a

2-[methy1-'4cImethyipyridine.

INTRODUCTION
Omeprazole (6)1 is one of a class of compounds which are
H"/K+ ATPase 1nh1b1torsz. Inhibition of this enzyme leads to
reduced levels of gastric secretion and compounds of this type are

under investigation for the treatment of gastric u1cer53. In
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order to study the mode of action of this type of 1nh1b1tor4

various 1sotopically labelled forms of omeprazole were required.
Although there is one report of the use of radiolabelled omeprazole
in the 11terature5, no synthesis of isotopically labelled
omeprazole has been pubiished. The syntheses of these labelled

compounds are described below.

Key words: HY/k* ATPase inhibitors, isotopically labelled
carbon disuiphide, omeprazole, high performance liquid

chromatography, 2-[methy —14C]methylpyr1d1ne.

DISCUSSION °
The strategy employed for preparation of [benzimidazole-
2—]4C]omeprazole, [benz1m1dazole—2—13C]omeprazole and
[35S]omeprazole is outlined in Scheme 1. In each case the
starting material used was the appropriate isotopically labelled
carbon disulphide. Preparation of the 2-mercaptobenzimidazole (3)
was carried out by a modification of the published procedure6
which avoided the use of excess carbon disulphide. Subsequent
reaction with the 2-chloropyridine (4) followed by oxidation gave
the crude product (6). Purification of the final compounds by
semi-preparative normal phase hplc gave [benzimidazole-2-
14C]omeprazole (2.95mCi, 144uCi/mg, overall radiochemical yield
25%), [benzim1dazo1e-2-13C]omeprazo1e (overall 37% yield, 90%

Y3 at ¢2), and [3OsJomeprazole (2.66mCi, 160uCi/mg,

enriched in
overall radiochemical yield 24%)?. The preparation of

{2-pyridy —]4C—mg§nxl]omeprazole required introduction of a

labelled methyl group in the 2-position of the pyridine ring. 1In an
earlier preparation of 2,3-d1methy1-[2-mg§gxlfl4C]pyr1dine8, a
2-bromo-3-methylpyridine was converted to a 2-11thio derivative and

alkylated with methy)l jodide. This approach was inappropriate for
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this particular case, and the possibility of direct alkylation of a
pyridine derivative with methyl magnesium iodide was investigated.
Some activation of the pyridine ring towards nucleophilic attack is
required for direct alkylation with a Grignard reagent. It is
reported that pyr1d1ne-N-ox1des9 and qu1nol1ne-N-ox1des]0 can be
alkylated with Grignard reagents, although later reports1]’ 12
indicated that the major pathway is via a ring opening reaction. In
our hands attempted reaction of the N-oxide (7) with methyl
magnesium iodide gave very low yields of the alkylated product,
obtained either as the N-oxide (3) or the corresponding pyridine.

It was considered that preparation of the 1-alkoxy derivatives by
alkylation of the N-oxide (7) should further activate the pyridine
ring to nucleophilic attack, and by subsequent elimination of the
alcohol produce the mono-alkylated pyridine. In fact the reaction
of 1-alkoxypyridine with Grignard reagents has been

3, 14, but the method has been 1ittle used15. Our

reported
initial 1nvestigat1ohs showed the reaction to proceed in moderate
yleld with elther the 1-methoxy (11) or 1-ethoxypyridine (12).

The major by-product 1n either case was the 1-alkoxy-4-pyridone
((13) (14), R = methyl, ethyl respectively). This ether cleavage is

16

a well known reaction of Grignard reagents Thus the route

shown in Scheme 2 was used for the synthesis of [2-pyridyl-
]4c-mg;ﬂxl]omeprazole (6 ). Preparation of the Grignard reagent
from [14C]methy1 iodide followed by reaction with the
J-ethoxypyridinium bromide (12) gave the labelled pyridine (8 ).
Oxidation, Katada rearrangement]7 and hydrolysis gave the alcohol
(10 ), which was converted to the chloromethyl hydrochloride (4 ).
This was reacted as described above with the 2-mercaptobenzimidazole
(3) and the resulting sulphide (5 ) was oxidised to give the crude
product (& ). Purification by normal phase semi-preparative hplc to

gave [2-pyridyl-'*c-methyljomeprazole (6 ) (2.94mCi, 55.3mC1/mmol)
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in an overall radiochemical yield of 3% from [14C]methy1 jodide.
The key step in the above synthesis, namely introduction of a
labelled methyl group at the 2-position of the pyridine ring via
nucleophilic attack on an activated pyridine, complements a
previously reported method8 for the preparation of a 2-methyl
labelled pyridine via a nucleophilic 2-1ithiopyridine and labelled

methyl iodide.

EXPERIMENTAL
['*cicarbon disulphide and ['*Clmethyl iodide were obtained from
ICI, Physics and Radioisotope Services, [355]carbon disulphide was
obtained from Amersham International plc, and []SC]carbon
disulphide was obta%ned from Stohler Isotope Chemicals, Switzerland.
HPLC purifications were performed on Arcksil 10um silica columns of
length 250mm and 1.ds of 22mm or 8mm using a Perkin Elmer Series 2
pump with a Perkin Elmer LC55 UV/VIS Spectrophotometer. The solvent
systems used were 1) chloroform: (methanol/conc. ammonium hydroxide
95/5), (98.5:1.5, v/v); 11) ethyl acetate: methanol: conc. ammonium
hydroxide, (100:4:2, by volume). Radiochemical purities were
determined by tlc on Analtec 02511 silica gel plates followed by
radiochromatogram scanning using a Berthold Linear Analyser. The
t1c systems used were 1) dichloromethane:methanol:conc. ammonium
hydroxide, (90:10:1, by volume); i1) ethyl acetate:methanol:conc.
ammonium hydroxide, (20:2:1, by volume); 111) ethyl acetate:
methanol:conc. ammonium hydroxide, (10:1:1, by volume); iv)

chloroform:methanol, (9:1, v/v).

2—Mercapto—5-methoxyf2-14C]benzim1dazo1e (3+)

4-Methoxyphenylenediamine monohydrochloride (174mg, 1.00mmol) was
dissoived in sodium hydroxide solution (1M, 5mi) and extracted with

dichloromethane (3 x 5m1). The combined organic extracts were dried
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(MgS04), filtered, evaporated to dryness and the residue was dried
under high vacuum to give 4-methoxyphenylenediamine (2) (110mg,
0.80mmol). This was dissolved in ethanol (690ul) to give a total
volume of ca 800ul. Potassium hydroxide (90%, 1.143g, 18.4mmol) was
dissolved in ethanol containing water (250u1) and made up to 5ml
with ethanol. An aliquot (62ul, 0.229mmol) of the potassium
hydroxide solution was cooled to 0°C and []4C]carbon disulphide
(1+#) (11.8mC1, 51.5mCi/mmol, 0.229mmol) in ethanol (100u41) was
added. The vial containing the []4C}carbon disulphide was washed
out with ethanol (2 x 250ul) and these washings were added to the
reaction mixture. The reactton mixture was stirred at 0°C for
15min, an aliquet (252u1, 0.252mmol) of 4-methoxyphenylenediamine
solution was added, followed by water (50u1) and the mixture was
stirred under reflux for 3h. The solvent was removed by rotary
evaporation under reduced pressure, water was added to the residue
and the mixture was acidified with glacial acetic acid (2741,
0.47mmo1) and extracted with ethyl acetate (3 x 5ml1). The ethyl
acetate extracts were combined, washed with water (1 x 5m1) and
dried (MgS04). The solution was filtered and evaporated to dryness
to give the crude 2—mercapto-5-methoxy{2—]AC]benzimidazole {3+)
{39mg, 0.217mmo1, 72% radiochemical purity in tlc solvent system

(iv)). The material was used without further purification.

[Benz1m1dazo]e-2—14C]omeprazo]e (6+)

2-Mercapto—5—methoxy[2—1QC]benzimidazole (39mg, 0.217mmol) was

dissolved in ethanol (1.7m1) and 2-chloromethyl-4-methoxy-3,5-
dimethylpyridine hydrochloride (4) (48mg, 0.217mmol) was added,
followed by sodium hydroxide solution (1.01M, 430ul, 0.434mmol).
The reaction mixture was stirred at room temperature for 8h, and
evaporated to dryness. Dichloromethane (4ml) was added and the

mixture was filtered. The filtrate was cooled to -30°C, and
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m-chloroperbenzoic acid (37.4mg, 0.217mmol) was added. The reaction
mixture was stirred at -30°C for 2h, allowed to warm to room
temperature and stirred under an atmosphere of ammonta gas for
Smin. The precipitate was separated by fiitration, washed with
dichloromethane and the filtrate evaporated to dryness and dried
under high vacuum to give the crude [benzimidazole-2-

V4c omeprazole (6+) (67mg, 54% RCP, tlc system (11)).

Purification of this crude product by normal phase semi-preparative
hplc in hplc solvent systems (1) and (11) gave [benzimidazole-2-
¢ Jomeprazole (6+) (20.5mg, 0.059mmol, 2.95mCY, 144uCi/mg,
49.7mCi/mmol, RCP 98.8% in tlc solvent system (1), 97.7% in tlc
solvent system (11), overall radiochemical yield 25% from

[]4C]carbon disulphide).

g;L35§}!g;capto-s—methoxybenzimidazole (6%)

This was prepared in an analogous way to the 14C—labened
intermediate described above, starting with [BSS]carbon disulphide
(1) (12.Img, 0.168mmol, 22mCi, 1.8mCi/mg, 13ImCi/mmol). This
provided the crude 2-[355]mercapto-S—methoxybenzim1dazole (3%)
(27mg, 0.150mmol, 73% RCP in tic solvent system (1)). This was used
in the next step without further purification.

[?SSIOmeprazole (6%)

This preparation from 2—[355]mercapto-s-methoxybenzim1dazole

(27mg, 0.15mmo1) prepared above, was carried out analogously to that
described for [benz1m1dazo]e—2-]4C]omeprazole. The crude product
(46mg) was purified by semi-preparative normal phase hplc in two
systems (see above) to give [35$]omeprazole (6%) (16.6mg,

0.045mmo1, 2.66mCi, 160uCi/mg, 55.4mC3i/mmol, RCP 99.5% in tlc
solvent systems (1) and (i1), overall radiochemical yleld 24% from

[3SS]carbon disulphide).
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[Benzim1dazo]e—2—]SC]omeprazole (6*)

This compound was prepared in an analogous way to the
[benzim1dazo]e—2-14C]omeprazole, starting from 90% enriched
('3c)carbon disulphide (1*) (1.00g 13.0mmol), except that the
intermediate 2-mercapto[2-13C]benz1m1dazole was isolated from the
crude reaction mixture to give the purified 2-mercapto-5-methoxy
[2-'3CIbenzimidazole (3*) (1.71g, 9.45mmol, 73% yleld). The final
crude product (6*) was purified by gravity column chromatography on
silica (ethyl acetate:methanol, 10:1, v/v) and normal phase semi-
preparative hpic, (hplc solvent system (1)) to give [benzimidazole-
2-]3C]omeprazole (6*) (1.68g, 4.87mmol, 37%, degree of enrichment
90% by 13c-nmr spectroscopy, found; C, 58.91; H, 5.56; N, 12.14%;
theory: C, 58.96; H, 5.53; N, 12.13%).

A-Methoxy-2,3,5-trimethyl-[2-methyl-' *CIpyridine-N-oxide (97)

4-Methoxy-3,5-dimethylipyridine-N-oxide (7) (256mg, 1.67mmol) was
stirred in ethyl bromide (2m1) at room temperature for 24h,
evaporated and dried under high vacuum. Magnesium turnings (50mg,
2.08mmo1) were added to a solution of []QC]methy1 fodide (100mCi,
60mCi/mmo1, 1.67mmol) in diethyl ether (1.7ml1). After the initial
reaction had subsided, the mixture was refluxed for 1h and cooled.
1-Ethoxy-4-methoxy-3,5-dimethylpyridinium bromide (12), from above
reaction, (1.67mmol) was suspended in diethyl ether (1.7ml1) and the
solution of the Grignard reagent prepared above was added dropwise
to the vigorously stirred suspension. The mixture was refluxed for
2h, cooled and quenched with ammonium chloride (424mg, 8.0mmol) in
water (10m1). The resulting aqueous solution was extracted with
diethyl ether (3 x 10ml1), the combined extracts were dried (MgS04),
filtered and the solvent was removed by rotary evaporation in vacuo

to give 4-methoxy-2,3,5-trimethyl-[2-methyl-'*Clpyridine (36mg,

29
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0.63mmo1, 27mCi). This was dissolved in dichloromethane (2ml),
cooled to 0°C and m-chloroperbenzoic acid (130mg, 0.76mmol) was
added. After 1.25h at room temperature, ammonia gas was passed over
the stirred solution for 5min and the precipitated solid removed by
filtration. The filtrate was evaporated to give the crude N-oxide

(gT) (RCP 75% 1in tlc solvent system (111)).

g;L‘4c1deroxxmetnxl—4—methoxy-3.S-dimethylpyr1d1ne (1QT)

The crude N-oxide (gT) (0.63mmo1, assumed quantitative from the
pyridine) was heated at 100°C in acetic anhydride (2mi) for 1h,
cooled and evaporated to dryness. Water (2m1) and conc.
hydrochloric acid {(1ml) were added to the residue and the solution
was stirred at room temperature for 6h. The solution was added to
water (10m1) and conc. ammonium hydroxide (2m1) was added. The
mixture was extracted with dichloromethane (3 x 10m1), the extracts
were combined, dried (MgS04), filtered and evaporated to dryness to
give the crude product (1gT) (20.2mC1, RCP 65% in tlc solvent system
(i1)). This material was purified by preparative layer
chromatography (tlc solvent system (11)). The band corresponding to
the required product (1QT) was extracted with dichloromethane

(3 x 20m1) followed by ethyl acetate (2 x 20ml). The extracts were
combined, evaporated to dryness and the residue was dissolved in
dichloromethane (20ml1), dried (MgS04), filtered and evaporated to
dryness to give 2—[14C]hydroxymethyl—4—methoxy-3.5-d1methy1

pyridine (IOT) (4img, 0.25mmol, 12.2mCi, RCP 92% in tlc solvent
system (11)).

2-['*c1Chloromethyl-4-methoxy-3,5-dimethy1pyridine hydrochloride

(ah)
The purified 2—[14C]hydroxymethy1pyr1d1ne (10T) (4Img, 0.25mmo1l,

12.2mCi) was stirred in chloroform (1.5m1) with thionyl chloride
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(0.5ml1) at room temperature for 2h. The solution was evaporated to
dryness, and the residue was dried under high vacuum and used
directly without further purification.

[2-Pyridyl-'4c-methyljomeprazole (6')

The crude chloromethylpyridine hydrochloride (5?) (0.25mma1)
prepared above and 2-mercapto-5-methoxybenzimidazole (3) (50mg,
0.275mmo1) were suspended in ethanol (2ml1) and sodium hydroxide
solution (52541, 1.0N) was added. After 3.5h the soluttion was
evaporated to dryness and the residue triturated with
dichloromethane (6ml1) and filtered. The filtrate was cooled to
-40°C and m-chloroperbenzoic acid (47mg, 0.275mmol) was added. The
mixture was stirred for 1h at -40°C prior to the addition of a
further portion of m-chloroperbenzoic acid (9mg, 0.05mmo1). After a
further 1h at -40°C ammonia gas was passed over the surface of the
solution for 5min. The mixture was allowed to warm to room
temperature, filtered, dichloromethane (15m1) was added and the
total solution washed with potassium bicarbonate solution (0.5M,
10m1), foliowed by water (10m1). The organic layer was dried
(MgS04) filtered and evaporated to give the crude product (QT)
(40mg) as an oi1l. This material was purified by normal phase
semi-preparative hplc as described above for [benz1m1dazo1e-2-]4C]
omeprazole to give [2—g1£1g11—14C—mg§gxl]omeprazole (QT) (18.3mg,
0.053mmo1, 2.94mCi, 160uCi/mg, 55.3mC1/mmol overall radiochemical
yield 3%, RCP 99.5% in both tlc systems (i) and (11)).
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