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SUMMARY 

14 The syntheses of [benzlnldazole-2- C]orneprazole, [benzlmldazole- 

2- C]omeprazole, [ Slomeprazole and [2-pyrIdvl- C-methyl]- 

omeprazole are described. 

from the approprlate I so top ica l l y  labe l led  carbon dlsulphlde. 

key step I n  the synthesis o f  [Z-p~rldvl-~~C-meth~l]omeprazole I s  

nucleophl l lc  a l ky la t l on  o f  a 1-ethoxypyrldlnlum s a l t  uslng 

[ Clmethyl magnesium Idodlde. Thls I s  the f l r s t  time tha t  a 

react ion o f  t h i s  type has been used t o  prepare a 

2-lmethvl- C]methylpyrldlne. 

13 35 14 

The f l r s t  three compounds were prepared 

The 

1 4  

14 

INTRODUCTION 

1 Omeprazole (6) 

H+/K+ ATPase Inh lb l to rs2 .  

reduced leve ls  o f  gas t r l c  secretion and compounds of t h i s  type are 

under lnves t lga t lon  f o r  the treatment o f  gas t r l c  ulcers . I n  

I s  one of a class of compounds which are 

I n h l b l t l o n  o f  t h l s  enzyme leads t o  

3 
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4 order to study the mode of action of this type of inhibitor 

varlous Isotopically labelled forms of omeprazole were required. 

Although there is one report of the use of radiolabelled omeprazole 

In the literature5, no synthesis of  lsotoplcally labelled 

omeprazole has been published. The syntheses of these labelled 

compounds are described below. 

Key words: 

carbon disulphide, omeprazole, hlgh performance liquid 
14 chromatography, 2-[methyl- Clmethylpyridine. 

Ht/Kt ATPase Inhibitors, Isotopically labelled 

DISCUSSION ' 

The strategy employed for preparation o f  [benzimidazole- 
2- 14 C]omeprazole, [benzlmldazole-2-13C]omeprazole and 

[ S]omeprazole i s  outlined in Scheme 1. In each case the 

starting material used was the approprlate isotoplcally labelled 

carbon disulphlde. Preparation of the 2-mercaptobenzimidazole (3) 

was carried out by a modlficatlon of the publlshed procedure 

whlch avoided the use o f  excess carbon dlsulphlde. 

reaction wlth the 2-chloropyridine (4) followed by oxldation gave 
the crude product ( 6 ) .  Purlficatlon of the flnal compounds by 

semi-preparative normal phase hplc gave [benzimidazole-2- 

14C]omeprazole (2.95mCi. 144~Ci/mg, overall radiochemlcal yield 

25%). [benzlmldazole-2- C]omeprazole (overall 37% yield, 90% 

35 enrlched in 13C at C2). and [ 

overall radiochemlcal yield 24%) . The preparation of 

[2-pyrldyl- C-methyl]omeprazole required introduction of a 

labelled methyl group in the 2-position of the pyridine ring. 

earlier preparatlon of 2,3-dImethyl-[Z-methyl- 

2-bromo-3-methylpyridine was converted to a 2-llthio derivative and 

alkylated wlth methyl iodide. This approach was inappropriate for 

35 

6 

Subsequent 

13 

S]omeprazole (2.66mC1, 160pCi/mg, 
7 

14 

In an 
14 C]pyrldlne8, a 
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Scheme 1 
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H3c0a, \ H / rn-CPBA 

J 

H OME PRAZOL E 

ii) NaOH 

+ Denotes carbon-14 

* Denotes carbon-13 

$ Denotes sulphur-35 
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t h i s  pa r t i cu la r  case. and the p o s s l b l l l t y  of d i r e c t  a l ky la t l on  of a 

pyr ld lne der lva t ive  w i th  methyl magneslum Iodide was investigated. 

Some ac t i va t i on  o f  the pyr ld lne  r l n g  towards nucleophl l lc  at tack I s  

requlred f o r  d l r e c t  a l ky la t l on  w l th  a Grlgnard reagent. I t  I s  
9 reported tha t  pyrldine-N-oxldes and quinoline-N-ox1desl0 can be 

alkylated w i th  Grlgnard reagents, although l a t e r  reports 

Indicated tha t  the major pathway i s  a r l n g  openlng reaction. I n  

our hands attempted react ion o f  the N-oxide (1) wi th  methyl 

magneslum Iodide gave very low y ie lds  o f  the a lky la ted  product, 

obtalned e i ther  as the N-oxlde (9) or  the corresponding pyr id ine.  

I t was considered tha t  preparatlon o f  the 1-alkoxy der lvat lves by 

a l ky la t l on  of the N-oxlde (1) should fu r ther  ac t i va te  the pyr ld lne  

r i n g  t o  nucleophl l ic  attack. and by subsequent el iminat ion o f  the 

alcohol produce the mono-alkylated pyr ld ine.  I n  f a c t  the react ion 

o f  1-alkoxypyrldlne w l t h  Grignard reagents has been 

reported 13* 14. but the method has been l i t t l e  used15. 

l n l t l a l  invest igat ions showed the react ion t o  proceed I n  moderate 

y i e l d  w l th  e i ther  the 1-methoxy (1) or 1-ethoxypyrldlne (12). 

The major by-product I n  e i t he r  case was the 1-alkoxy-4-pyridone 

((13) (u), R = methyl. e thy l  respect ively) .  Thls ether cleavage i s  

a we l l  known react ion of Grlgnard reagents16. Thus the route 

shown I n  Scheme 2 was used f o r  the synthesls of [Z-pyrldvl- 

14C-meth~l]orneprazole (8  ).  

from [ Clmethyl iodide fol lowed by react ion w i th  the 

1-ethoxypyridinium bromjde (12) gave the labe l led  pyr ld lne  (9  ). 

Oxidatlon, Katada rearrangement17 and hydrolysis gave the alcohol 

(lo ), which was converted t o  the chloromethyl hydrochlorlde (4 ). 

Thls was reacted as described above w l th  the 2-mercaptobenzlmldazole 

(3) and the resu l t ing  sulphlde (2 ) was oxldlsed t o  give the crude 

product (8 ). Pur l f i ca t l on  by normal phase sem3-preparative hplc t o  

gave [Z-pyrldvl- C-methyl]omeprazole (5 ) (2.94mCi. 55.3mCi/mnol) 

11, 12 

Our 

Preparatlon o f  the Grlgnard reagent 

14 

14 
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Scheme 2 
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if ( C H ~ C O ) ~ O I A  

ii) H + / H ~ O  

OCH 

f 
SOC 12 

CH2Cl.  H C l  

$1 (fit) 

ii) NaOH 

OCH3 0 H3C&CH3 
H 3 c f i c H 3  t 

m-CPBA , H3c0a:>! - CH2 \N 

H 
H 

H3c0a> S - CH2 'N 

cg, (st) OMEPRAZOLE 

I 
t denotes c a r b o n - 1 4  

( 1 1 )  - R = CH3 X = I 

( 1 2 )  - R = C2Hg X = B r  

(13) R = CH3 

( 1 4 )  - R = C2H5 
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14 in an overall radiochemlcal yield of 3% from [ Clmethyl iodide. 

The key step in the above synthesis. namely introduction of a 

labelled methyl group at the 2-position of the pyridine ring 

nucleophilic attack on an activated pyridine. complements a 

previously reported method for the preparatlon of a 2-methyl 

labelled pyridine y&a a nucleophillc 2-lithiopyridlne and labelled 

methyl iodlde. 

8 

EXPERIMENTAL 
14 [14C]Carbon disulphide and [ 

ICI. Physics and Radioisotope Services, [ Slcarbon disulphlde was 

obtained from Amersham International plc, and [ Clcarbon 

disulphide was obtained from Stohler Isotope Chemicals, Switzerland. 

HPLC purlficatlons were performed on Arcksil 1Opm silica columns of 

length 250mn and i.ds of 22mn or 8mn using a Perkin Elmer Series 2 

pump with a Perkin Elmer LC55 UV/VIS Spectrophotometer. 

systems used were 1)  chloroform: (methanol/conc. amnonlum hydroxide 

95/5), (98.5:1.5, v/v); t i )  ethyl acetate: methanol: conc. amnonium 

hydroxide. (100:4:2. by volume). Radiochemical purities were 

determined by tlc on Analtec 02511 silica gel plates followed by 

radiochromatoqram scannlng ustnq a Berthold Linear Analyser. 

tlc systems used were 1) dich1oromethane:methanol:conc. amnonium 

hydroxide, (90:10:1, by volume); ii) ethyl acetate:methanol:conc. 

Clmethyl iodide were obtained from 
35 

13 

The solvent 

The 

iii) ethyl acetate: 

:1. by volume); iv) 

amnonium hydroxide, (20:2:1, by vo 

methano1:conc. amnonium hydroxide, 

ch1oroform:methanol. (9:l. v/v). 

ume) 

(10: 

14 2-Merca~to-5-methoxvT2- Clbenztmidazole 

4-Methoxyphenylenediamine monohydrochlor 

dlssolved in sodium hydroxide solution ( 

dichloromethane (3 x 5ml). The combined 

(a+) 
de (1741ng. 1.OOmnol) was 

M. 5ml) and extracted with 

organic extracts were dried 
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(HgS04). flltered, evaporated to dryness and the residue was drted 

under hlgh vacuum to glve 4-methoxyphenylenedlamlne (2)  (IlOmg, 

0.80mnol). 

volume of 800111. Potassium hydroxide (90%. 1.1439. 18.4mnol) was 

dissolved In ethanol contalnlng water ( 2 5 0 ~ 1 ) and made up to 5ml 

wlth ethanol. An aliquot (62111, 0.229mnol) of the potasslum 

hydroxlde solutlon was cooled to O°C and [14C]carbon dlsulphlde 

(1+) (11.8mC1, 51.5mCi/mnol, 0.229mnol) in ethanol (100111) was 

added. The vial contalnlng the [14C]carbon disulphlde was washed 

out wlth ethanol (2 x 2 5 0 ~ 1 )  and these washlngs were added to the 

reaction mlxture. The reaction mlxture was stlrred at O°C for 

15mln, an aliquot (252~1, 0.252mol) of 4-methoxyphenylenedlamine 

solution was added, followed by water ( 5 0 ~ 1 )  and the mlxture was 

stlrred under reflux for 3h. The solvent was removed by rotary 

evaporatlon under reduced pressure, water was added to the residue 

and the mlxture was acldlfled with glacial acetlc acid (27111, 

0.47mnol) and extracted wlth ethyl acetate (3 x 5ml). The ethyl 

acetate extracts were combined. washed wlth water (1 x 5ml) and 

dried (HgS04). The solution was filtered and evaporated to dryness 

to glve the crude 2-mercapto-5-methoxy[2- 

(39mg. 0.217mno1, 72% radlochemlcal purity In tlc solvent system 

(lv)). The material was used without further purlflcatlon. 

This was dlssolved In ethanol (690~1) to glve a total 

14 C]benzimldazole (3+) 

14 [8enzlmldazole-2- Clomeprazole (fit) 

2-Hercapto-5-methoxy[2- C]benzlmldazole (39mg. 0.217mnol) was 

dissolved In ethanol (1.7m1) and 2-chloromethyl-4-methoxy-3,5- 

dimethylpyrldlne hydrochloride (A) (481119, 0.217mnol) was added, 

followed by sodium hydroxide solution (1.01H. 430111, 0.434mol). 

The reaction mlxture was stlrred at room temperature for 8h, and 

evaporated to dryness. 

mlxture was filtered. The flltrate was cooled to -3OoC, and 

2 

14 

Dlchloromethane (4ml) was added and the 
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m-chloroperbenzoic a c i d  ( 3 7 . 4 ~ ~  0 . 2 1 7 m l )  was added. 

mlx ture was s t l r r e d  a t  -3OOC f o r  2h. al lowed t o  warm t o  room 

temperature and s t i r r e d  under an atmosphere o f  amnonla gas f o r  

5min. The p r e c l p l t a t e  was separated by f l l t r a t i o n .  washed w i t h  

dichloromethane and the f l l t r a t e  evaporated t o  dryness and d r i e d  

under h igh  vacuum t o  g lve  the  crude [benzimidazole-2- 

14C]omeprazole (&+) (67mg, 54% RCP, t l c  system (11) ) .  

P u r i f i c a t i o n  of t h i s  crude product by normal phase semi-preparative 

hplc  i n  hp lc  so lvent  systems ( 1 )  and ( t i )  gave [benzimldazole-2- 

14C]omeprazole (&+) ( 2 0 . 5 1 ~ ~ .  0.059mnol. 2.95mCi. 144trCi/mg, 

49.7mCi/nmol. RCP 98.8% I n  t l c  so lvent  system (I). 97.7% i n  t l c  

so lvent  system (ii), o v e r a l l  radiochemical y i e l d  25% from 

[ Clcarbon d isu lph ide) .  

The r e a c t i o n  

14 

35 2-J. SlHerca~to-5-methoxvbenzlmidazole (5$) 

Thls was prepared i n  an analogous way t o  the  l4C-labe1led 

in termediate described above, s t a r t i n g  w i t h  [35S]carbon d isu lph ide  

(1$) (12.lmg. 0.168mnol. 22mCi. 1.8mCl/mg, 13lmCI/mnol). This 

provided the crude 2-[ S]mercapto-5-methoxybenzimidazole (a$) 
(27mg. 0.150mol. 73% RCP I n  t l c  so lvent  system (I)). Thls  was used 

3n the next  step w i thout  f u r t h e r  p u r i f i c a t i o n .  

35 

~ " ~ ~ ~ n r e w a z o l e  (5s) 

Thls preparat ion from 2-[ S]mercapto-5-methoxybenzlmldazole 

( 2 7 ~ .  0 . 1 5 m l )  prepared above, was c a r r i e d  ou t  analogously t o  t h a t  

14 descrlbed f o r  [benzimldazole-2- C]omeprazole. The crude product 

(46mg) was p u r i f i e d  by semi-preparative n o r m 1  phase hplc  I n  two 

35 systems (see above) t o  g l v e  [ Slomeprazole ($$) (16.6m9, 

0.045nmol. 2.66mCl. 160trCi/mg. 55.4mCi/nmol, RCP 99.5% i n  t l c  

so lvent  systems (I) and (11) .  o v e r a l l  radiochemical y i e l d  24% from 

[ Slcarbon d lsu lph ide) .  

35 

35 
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[ Benzlmidazol e-2-1 3C]oweprazole (6') 
This compound was prepared i n  an analogous way t o  the 

[benzimIdaz0le-2-~~C]oraeprazole, s t a r t l n g  from 90% enriched 

[13C]carbon disulphide (I*) (1 .OOg 13.onnW,l). except t ha t  the 

Intermedlate 2-mercaptoE2- C]benzlmldazole was iso la ted  from the 

crude react ion mixture t o  give the p u r l f l e d  2-mercapto-5-methoxy 

[2-13C]benzimidazole (a*) (1.719, 9 . 4 5 m l .  73% y ie ld ) .  

crude product (a*) was p u r l f i e d  by g rav i t y  column chromatography on 

s i l i c a  (e thy l  acetate:rftethanol, 1 O : l .  v/v) and normal phase semi- 

preparative hplc. (hplc solvent system (1 ) )  t o  give [benzlmidazole- 

2- Clomeprazole (a*) (1.689, 4.87mol. 37%. degree of enrlchment 

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%). 

13 

The f i n a l  

13 

4-Methoxy-2.3 , 5-tr imethyl-[  2-methyl -l 4C]pyridine-N-oxide ( 9  t ) 
4-Methoxy-3.5-dimethylpyrldine-N-oxlde (1) (256mg. 1 . 6 7 m l )  was 

s t i r r e d  i n  e thy l  bromide (2m1) a t  room temperature f o r  24h. 

evaporated and dr ied  under high vacuum. Magnesium turnings (50mg. 

2.08mmol) were added t o  a so lu t ion  o f  [ Clmethyl Iodide (100mCi. 

60mCi/mnol. 1 . 6 7 m l )  i n  d i e t h y l  ether (1.7ml). A f te r  the i n l t l a l  

react lon had subsided, the mixture was ref luxed f o r  l h  and cooled. 

l-Ethoxy-4-methoxy-3,5-dlmethylpyridinlum bromide (12). from above 

reactlon, (1.67mol) was suspended i n  d ie thy l  ether (1.7ml) and the 

so lu t ion  o f  the Grlgnard reagent prepared above was added dropwise 

t o  the vigorously s t i r r e d  suspension. 

2h, cooled and quenched w l t h  amnonium chlor lde (424mg. 8.0mnol) I n  

water (10ml). 

d ie thy l  ether (3 x 10ml). the combined extracts were dr ied  (MgSO4). 

f i l t e r e d  and the solvent was removed by ro ta ry  evaporatlon I n  Vatu0 

t o  give 4-methoxy-2.3.5-trimethyl-[2-meth~l- C]pyrldlne ( 9 6 ~ .  

14 

The mlxture was ref luxed f o r  

The resu l t i ng  aqueous so lu t ion  was extracted w i th  

14 
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0.63mmol. 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, amnonia gas was passed over 

the stirred solution for 5mln and the precipitated solid removed by 

filtration. The filtrate was evaporated to give the crude N-oxide 

(gt) (RCP 75% in tlc solvent system (iii)). 

14 2-J C1H~drox~methvl-4-methox~-3.5-dimethyl~yridine (ot) 
The crude N-oxide (gt) (0.63mnol. assumed quantitative from the 

pyridlne) was heated at 100°C in acetic anhydrlde (2ml) for lh, 

cooled and evaporated to dryness. Water (2ml) and conc. 

hydrochlorlc acld (lml) were added to the residue and the solution 

was stirred at room temperature for 6h. The solution was added to 

water (10ml) and conc. ammonium hydroxide (2ml) was added. The 

mixture was extracted with dichloromethane (3 x 10ml). the extracts 

were combined, dried (HgS04). filtered and evaporated to dryness to 

give the crude product (U ) (20.2mC1, RCP 65% in tlc solvent system 

(11)). This material was purified by preparative layer 

chromatography (tlc solvent system (11)). 

the required product (lo ) was extracted with dichloromethane 
(3 x 201111) followed by ethyl acetate (2 x 20ml). 

combined, evaporated to dryness and the residue was dissolved in 

dlchloromethane (201111). dried (HgS04). filtered and evaporated to 

dryness to give 2-( C]hydroxymethyl-4-methoxy-3.5-dirnethyl 

pyridlne (lot) (Slmg, 0.25mnol. 12.2mCl. RCP 92% in tlc solvent 

system (11)) .  

t 

The band corresponding to 
t 

The extracts were 

14 

14 ~]Chlorometh~l-4-methox~-3.5-dimethvl~~ridine hydrochloride 

t (4 1 
The purified 2-[14C]hydroxymethylpyridine (10 t ) (41mg. 0.25mn01, 

12.2mCi) was stirred i n  chloroform (1.51111) with thionyl chloride 
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(0.5ml) a t  room temperature f o r  2h. The s o l u t i o n  was evaporated t o  

dryness, and the  res ldue  was d r i e d  under h l g h  vacuum and used 

d l r e c t l y  w l thou t  f u r t h e r  p u r l f l c a t i o n .  

14 t [2-Pvr Idv l -  C-methvl]omeprazole (5 ) 
The crude ch loromethy lpyr ld lne hyd roch lo r i de  (4 t ) ( 0 . 2 5 m l )  

prepared above and 2-mercapto-5-methoxybenzlmldazole (3) (SOmg, 

0.275mnol) were suspended I n  ethanol  (2ml) and sodium hydroxide 

s o l u t l o n  (525~1 ,  1.ON) was added. A f t e r  3.5h t h e  s o l u t i o n  was 

evaporated t o  dryness and the  res idue t r i t u r a t e d  w i t h  

dlchloromethane (6ml) and f i l t e r e d .  

- 4 O O C  and m-chloroperbenzoic a c l d  (47mg, 0.275mnol) was added. The 

m lx tu re  was s t i r r e d  f o r  l h  a t  -4OoC p r i o r  t o  the  a d d l t l o n  o f  a 

f u r t h e r  p o r t i o n  o f  m-chloroperbenzolc a c l d  (9mg, 0.05mnol). A f t e r  a 

f u r t h e r  l h  a t  -4O'C amnonla gas was passed over the  sur face o f  t h e  

s o l u t i o n  f o r  5mln. The m lx tu re  was a l lowed t o  warm t o  room 

temperature, f i l t e r e d ,  dichloromethane (151111) was added and the  

t o t a l  s o l u t i o n  washed w i t h  potassium b icarbonate s o l u t l o n  (0.5H. 

l O m l ) ,  f o l l owed  by water (10ml). The organlc  l a y e r  was d r i e d  

The f i l t r a t e  was cooled t o  

(HgS04) f i l t e r e d  and evaporated t o  g i v e  the  crude product (5 t ) 

(40mg) as an o i l .  

seml-preparative hp lc  as descr lbed above f o r  [benzlmldazole-2- 

omeprazole t o  g l v e  [2 -pv r idv l -  C-methvl]omeprazole (5 ) (18.3mq. 

0.053mmo1, 2.94mC1, 16O~Cl/mg. 55.3mCi/mnol o v e r a l l  radlochemlcal 

y l e l d  3%. RCP 99.5% I n  both t l c  systems (I) and ( 1 1 ) ) .  

This  m a t e r i a l  was p u r l f l e d  by normal phase 

14 
C ]  

14 t 
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