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SUMMARY 
1 A novel hlstamlne H1 antagonist SKbF 93944 , 2-[4-(5-bromo-3- 

methylpyrid-2-yl ) butylamino]-5-( 6-methylpyrid-3-yl-methyl)-4( 3H)- 

pyrlmldone. has been labelled with carbon-14 in two dlfferent 

positions for use in metabolism and pharmacokinetic studies. 

four stage synthesis o f  [p~rimldone-2-~~C] SKLF 93944 (1) from 
barium [ Clcyanamide is described. The overall radiochemlcal 

yield was 38%. 

synthesised in four steps from [ Clmethyl Iodide. The key 

steps in this synthesis were alkylation of 2-lithio-3-methyl 

pyrldine wlth [14C]nethyl Iodide and the brominatlon of 4-(3- 

methyl-2-pyridyl)[4-14C]butylamine in a liquid sulphur 

trloxide/freon mlxture. The overall radiochemlcal yield was 1.6% 

from [14C]methyl lodlde. 

The 

14 

[but~lamino-4-~~C] SKLF 93944 (14) was 
14 
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INTRODUCTION 

SK&F 93944 i s  a novel histamine H1-antagonist currently under 

investigation within Smith Kline & French. Drugs which block 

H1-receptors are useful in the symptomatic treatment of various 

allergic diseases in which histamine i s  an important mediator, 

most notably allergic rhinitls or hay fever. SKbF 93944 shows 

similar or increased efficiency with respect to mepyramine in a 

number of assays. Furthermore it does not enter the central 

nervous system, thus avoiding the side effects of drowsiness 

observed with many H1-antagonist drugs presently on the market. 

We were required to prepare carbon-14 labelled SKLF 93944 for 

metabolic and other studies. We initially labelled C-2 o f  the 

pyrimidone ring, and subsequently labelled a to the pyridine ring 

(containing the bromine group). The synthesis of these two 

radiolabelled forms of SK&F 93944 are described in this paper. 

DISCUSSION 

The synthesis of [p~rimidone-2-’~C] SK&F 93944 (1) i s  outlined 

in Scheme 1. Barium [ Clcyanamide (1) was converted into 

[14Clthiourea (2) by the method of  Bills and Ronzio’. 

catalysed cyclisation with the a formyl ester (3) gave the 

thiouracil (3)3’ ‘, which was methylated to provide the 2-methyl 
-thio-[Z- C]pyrimid-4(3H)-one (2). Displacement of the 

methylthio group by the butylamine (6) gave the crude product (I). 

14 

Base 

14 

Purification by preparative layer chromatography and recovery of 

the compound by hydrofluoric acid digestion of the silica, 

basiflcation and extraction provided [pyrlmidone-2- C]- 

S K U  93944 (radiochemical purity 98.9%. overall 38% radiochemlcal 

yield from barium [ Clcyanamide). 

5 

14 

14 
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Scheme 1 

2 a) i) Ba(OH)2,  H20, H2Sy reflux ii) CO 

b) N&C2H5, ethanol 

c )  CH31, NaOH 

a) m i d i n e ,  reflux. 

* Denotes carbon-14 
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Scheme 2 

nCH3 
N B r  

a )  14CH31 

> 0ch3 h tH3 

0 

+ c H 2 0  

(14) CH3 
a C H 3  J% 

B r  

ZH2CH2CH2CH2NH 

[ butylamino- 4 - 14 C]SK&F 93944 

a) n-Butyl lithium, THF, -78OC, 14CH31 

b) NaNH2/Liquid NH3, Cl(CH2)3NH3C1 

c )  B r  /SO /Freon, 0.5eq.H20 

a )  Pyridine, reflux. 
2 3  

* Denotes carbon-14 
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The preparatlon of the [ b u t ~ l a m l n o - 4 - ~ ~ C ]  SKbF 93944 (l4) posed 

a more d l f f l c u l t  problem. The synthesls used I s  shorn I n  

Scheme 2. 

2,3-dlmethylpyrldlne (lo) by a l k y l a t l o n  w i th  chloropropylamlne 

hydrochloride t o  glve the butylamlne (ll). b r m l n a t l o n  w i th  

elemental bromine I n  a mlxture o f  oleums t o  glve (12) fol lowed by 

react ion w i th  a pyrlmld-4(3H)-one (u) bearing a su i tab le  leaving 

group a t  C-2. 

14C]dlmethylpyrldlne (lo). We chose t o  syntheslse the required 

dlmethylpyrldlne (lo) by a l ky la t l on  o f  2-llthlo-3-methylpyrldlne 

wi th  [14C]methyl Iodide. The preparatlon o f  a r y l  l l th lums from 

the correspondlng a r y l  bromldes and t h e t r  subsequent a l k y l a t l o n  I s  

wel l  documented . 
prepared by quenchlng 2- l l th lopyr ld lne ,  prepared from 2-bromo 

pyr ld lne, w i th  [14C]carbon dloxlde . 
14C]methyluracl 1 was prepared from a protected 5-bromouracll 

der iva t ive  y& metal-halogen exchange w i th  bu ty l l l t h lum followed 

by a l ky la t l on  w i th  [14C]methyl Iodide*. Thus treatment of 

2-bromo-3-methylpyrldlne (8)  wl th  n-butyl l l t h l u m  fol lowed by 

a l ky la t l on  w i th  [ Clmethyl Iodide provlded [2 -me th~ l -~~C l -2 ,3 -  

dlmethylpyrldlne (lo) (crude radlochemlcal y i e l d  53%). 

The unexpectedly low recovery o f  a c t i v i t y  I n  t h i s  step" meant 

tha t  the product was contarnlnated w i th  unlabel led 3-methylpyrldlne. 

I t was known' t ha t  SK&F 93944 could be prepared from 

The f l r s t  problem was t o  prepare 2.3-[2-methvl- 

6 2-[Carboxvl-14C]plcollnlc ac id  has been 

7 Sim i la r l y  5-[methvl- 

9 

14 

Thls was conflrrned by gas- l iquid chromatography. Treatment o f  the  

mlxture w l t h  sodamlde i n  l i q u i d  amnonla generated the 

2-sodlomethyl anlon o f  (lo) whlch was a lky la ted  w l th  

chloropropylamlne hydrochloride. Preparatlve layer chromatography 

p u r l f l c a t l o n  o f  the crude product which contalned s t a r t i n g  

mater ia l  (0) and a d ia lky la ted  compound gave the 4-(3-methyl-2- 

pyrldyl)[4-14C]butylarnlne (1) i n  13% radlochemlcal y i e l d  from 

["CJmethy 1 iodide. 
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On a large scale, bromination o f  4-(3-methyl-2-pyridyl)butylamine 

(11) may be performed using bromine i n  a mixture o f  oleuras 

but the concentrat ion o f  sulphur t r i o x i d e  i s  c r l t l c a l  i n  order t o  

prevent the formation o f  la rge  amounts o f  dlbromlnated mater ia l .  

On a small scale t h i s  method was unworkable. The bromination was 

eventual ly car r ied  out using bromlne i n  a sulphur t r i ox lde /  

freon12 mixture containing 0.5eq o f  water. 

protonate the prlmary amine funct ion and pro tec t  I t  from fu r ther  

reaction. The 4-( 5-bromo-3-methyl-2-pyridyl) [ 4- Clbutylamine 

(12) was obtained I n  a 33% radiochemical y i e l d  a f t e r  p u r l f l c a t i o n  

by preparative layer chromatography. 
1 2-nitroarninopyrimidone (u) and p u r i f i c a t i o n  by normal phase 

high performance l i q u i d  chromatography gave the required 

[bu tv lamln0-4-~~C]  SKbF 93944 (14) (radiochemical p u r i t y  >99.5%, 

overa l l  1.6% radiochemical y i e l d  from [14C]rnethyl iodide). 

This i s  the f i r s t  reported synthesis of 2 ,3 - [2 -meth~ l -~~C] -  

dlmethylpyrldlne (Q) . Furthermore the meta brornination of 

subst i tuted pyr id lnes i n  a sulphur t r iox ide / f reon mixture as 

exemplifled here i s  an idea l  a l t e rna t i ve  t o  the use o f  oleum 

fo r  small scale synthesis. This i s  a lso the f i r s t  reported 

synthesis of 2- C-label led Isocytoslnes from read i l y  ava i lab le  

[ Clthiourea v ia  displacement of the 2-methylthio group of 

4-pyrimldones w i th  a su l tab le  amine. 

1, 11 , 

The water serves t o  

14 

Reaction w i th  the 

11 

14 

14 

EXPERIMENTAL 
14 Barium [ Clcyanamlde was obtained from I C I  Physlcs and 

Radioisotope Services, Billlngham. and [ 1 4  Clmethyl iodide from 

Amersharn In te rna t iona l  PIC. Hplc pu r l f i ca t l ons  were car r ied  out 

uslng Arcks i l  1 0 m  s i l i c a  columns (250mnx i d  22mn) w i th  a Perkin 

Elmer Series 2 pump and Perkln Elmer LC55 UV/VIS 
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Spect rophotmter .  

Analtech 02511 s i l i c a  ge l  p la tes  fol lowed by radiochrofaatogram 

scanning on a Berthold LInear Analyser. 

Radiochemlcal p u r l t l e s  were determined on 

Lj4C 1Thi ourea (2) 
14 Barium [ Clcyanamlde (1) (31kg. 1.75 lprnol. 57.1mCI.raa01-~. 

100 mCl)  was comblned wlth barlw hydroxldc (1.029, 5.94 ml) and 

dissolved I n  water (401111). Hydrogen sulphlde gas was passed 

through the so lu t lon  f o r  5h, and the resu l tan t  so lu t ion  ref luxed 

f o r  16h. Carbon dioxide uas passed through the cooled solut ion. 

The prec ip l ta ted  barlum carbonate was separated by f i l t r a t i o n  

uslng * h l - f l o w  f i l t e r  aid, and the resldue washed w l th  water 

(lOrnl) fol lowed by ethanol (10ml). The f i l t r a t e  and washings were 

corsblned and the solvent removed by ro ta ry  evaporation under 

reduced pressure t o  give [14C]thlourea (2) (276mg, >lOOX, 

assumed quant l ta t l ve) .  

14 2-Nerca~to-54 6-methv 1 - 3 - n v r I d ~ l l r e t h ~  11-4-I 2- ~ y r l m l d o n e  (4) 

Sodlum metal (4Omg, 1.74 -1) was dlssolved I n  ethanol (3ml) and 

e thy l  2-formyl-3-( 6-methyl-3-pyrldy1)proplonate (3) (386mg. 

1.75 mnol) was added. The mixture was s t l r r e d  a t  room temperature 
14 f o r  lh ,  and the crude [ Clthiourea (1.75 ml) prepared above, 

was added. The resu l t l ng  mlxture was s t i r r e d  and ref luxed f o r  

20h. The solvent was remved by ro ta ry  evaporatlon under reduced 

pressure. the resldue was dissolved I n  water (481) and the 

so lu t ion  was a c l d l f l e d  t o  pH6 using g l a c l a l  ace t ic  acld. 

standlng overnight the c r y s t a l l i n e  s o l l d  was separated by 

f l l t r a t i o n  t o  give 2-mercapto-5-(6-nmthyl-3-pyrldylmethyl)-4- 

[2- C]pyrlmldone (3) (417mg, 1.75 ml). 

Af te r  

14 
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5- ( b-Hethv 1 -3-DY r 1 d~ 1 methv 1 1 -2-met hy 1 t hi 0-4- r 2-1 4C 1Dy r imi done (5) 

2-Hercapto-5-( 6-methy 1 -3-pyr 1 dy lmethyl ) -4- [ 2-1 4C]pyrlmldone (4) 

(417mg. 1.79mnol) was stirred in a solutlon of sodium hydroxide 

(143mg. 3.58mnol) in water (4ml). Methyl Iodide (254mg, 1.79mnol) 

in ethanol (4ml) was added and the resulting solution was heated 

at 5OoC for 3h. The reaction mixture was cooled and the solvent 

was removed by rotary evaporation under reduced pressure. 

Water (3ml) was added and the pH was adjusted to 5 with glacial 

acetic actd. The precipitate was separated and dried to give 

5-(6-methyl-3-pyrldylmethyl)-2-methylthlo-4-[2- Clpyrimldone 

(5)  (307mg. 1.24mmol. 57.OrnCl.mn01-~, 70.7mC1, overall 

radiochemical yield 71% from barium [14C]cyanamide). 

14 

[~yrImidone-2-~~C] SKbF 93944 (1) 
14 5-(6-Methyl-3-pyridylmethyl)-2-methylthio-4-[2- C]pyrlmidone 

(5)  (95mg. 0.385ml  21.9mCi) and 4-(5-bromo-3-methyl-2-pyrldyl) 

butylamlne ( 6 )  (113mg. 0.465mnol) were refluxed in pyridine (2ml) 

for 16h. Pyridine was removed by rotary evaporation under reduced 

pressure and unlabelled SK&F 93944 (1lOmg. 0.27bmnol) was added. 

The crude reaction mixture was purified by preparative layer 

chromatography (4 silica plates, 20cm x 20cm x lmn; ethyl acetate: 

methano1:conc. amnonium hydroxfde. (5:l:l. by volume) as the 

developing solutlon). 

scraped off and the silica dlgested using aqueous hydrofluorlc 

acid solution (10ml). The resulting solutlon was basified with 

solid sodium bicarbonate and extracted with ethyl acetate 

( 3  x 10ml) to give [p~rimidone-2-’~C] SKLF 93944 (1) (171.lmg. 
0.387mnol. 11.67mCi. 53% radiochemlcal yield, specific activity 

68.2pCi .mg-l. 3O.lmCi .mnol-’, overall 38% radiochemical yield 

The bands corresponding to SK&F 93944 were 
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14 from barlum ( Clcyanamlde). The p u r i t y  o f  the f i n a l  mater ia l  

was 98.9% I n  two d l f f e r e n t  t l c  systems, ((I) ethy l  acetate: 

methano1:amnonla (SG 0.88), (S:l : l ,  by vol),  (11) n-propanol: 

amnonla (SG 0.88). (7:3, v/v). both systems on Analtech 02511 

254GF. 250rm s l l l c a  p la tes) .  

2,3-[ 2-methyl-1 4C]Olmethylpyrldlne (lo) 
2-Bromo-3-plcollne (S) (1.4339, 8.33mnol) was dlssolved I n  dry 

tetrahydrofuran (251111) under nl t rogen and cooled t o  -7O"C.n-Eutyl 

l l t h l u m  I n  hexane (5.21m1, 1.6H, 8.33mnol) was added dropwlse t o  

the s t l r r e d  solut ion.  The resu l t i ng  mlxture was s t l r r e d  a t  -70°C 

f o r  1.5h, frozen In l l q u l d  nl t rogen and [14C]methyl Iodide (2) 

(8.331~~101. 500mC1, 60mCi.nm01-~) was added by vacuum l l n e  

t ransfer.  The react ion mlxture was s t l r r e d  a t  -7OOC f o r  3h, 

aqueous amnonlurn chlor ide (20m1, 1H) was added, the mlxture was 

allowed t o  warm t o  O"C, concentrated hydrochlorlc ac ld  (151111) was 

added and the aqueous so lu t ion  extracted w i t h  hexane (1 x 301111, 

2 x 151111). The aqueous layer was bas l f led  w i th  concentrated 

amnonlurn hydroxide (15ml) and extracted w i th  ether ( 1  x 30m1, 2 x 

15ml). The comblned ether extracts were dr ied  (MgS04). Gas 

chromatographic analysls of the ether ex t rac t  showed there t o  be 

52% 2.3-dlmethylpyrldlne. the p r lnc lpa l  contamlnant being 

3-plcol lne. 

4 4  3-Hethy 1 -2-pyrIdy 11 r 4-1 4C lbutvlarnlne (11) 
The above ether ex t rac t  contalnlng 2,3-[2-1nethvl-~~CJ- 

dlmethylpyrldlne (lo) was f i l t e r e d  and the solvent removed by 

d l s t l l l a t l o n  under atmospheric pressure. 

dissolved I n  l l q u l d  amnonla (141111) and sodamlde (464mg. 11.9mnol) 

was added. A f te r  s t i r r i n g  under re f l ux  under an I n e r t  atmosphere 

o f  n l t rogen f o r  0.5h, 3-chloropropylamlne hydrochlorlde (676rng, 

The resldue was 
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5.2(knnol) was added I n  port lons.  

f o r  2h under re f l ux  and then quenched by the cautlous add l t lon  o f  

water (1Oml). 

e thy l  acetate (6 x 1r)ml). 

The react lon mlxture was s t i r r e d  

The resu l t l ng  aqueous so lu t lon  was extracted w i t h  

The comblned extracts were dr led  (HgS04). f l l t e r e d  and the 

solvent removed by ro ta ry  evaporatlon under reduced pressure. The 

crude product was p u r l f l e d  by preparative layer chromatography on 

s l l l c a  plates uslng e thy l  acetate:Rlethanol:conc. anrnanlum 

hydroxlde (5:1:1* by volume) as the developlng solut lon. The band 

corresponding t o  the requlred product was removed. and the product 

repeatedly extracted uslng methano1:conc. anmonlum hydroxlde 

(50:1, v/v, 5 x 2Oml). The comblned extracts were evaporated t o  

dryness, dlssolved I n  e thy l  acetate (6Om1) and dr ied  (HgS0,). 

The so lu t ion  was f i l t e r e d  and the solvent removed by ro ta ry  

evaporatlon under reduced pressure t o  g lve the p u r l f l e d  

4-(3-methyl-2-pyridyl)[4- C]butylamlne ( 1 1  (194arg, 1.1Bmaol. 

64mC1, radlochemtcal p u r i t y  92%). 

14 

4 4  5-0rm-3-tnethvl-2-pyrjdVl) Y4-’ 4C lbutvlarnlne (12) 
Water { l O r l ,  0.5snntol) was added t o  the 4-(3-methyl-2-pyridyl)- 

[4 -  Clbutylamlne (11) (194mg. 1 . l S m l ) .  fol lowed by freon 

(3.5ml). The mlxture was cooled t o  -20% and sulphur t r l o x l d e  

(1.9ml) was added t o  the vlgorously s t l r r e d  mlxture. 

two-phase so lu t ion  was allowed t o  warm t o  room temperature and 

bromlne ( 7 3 ~ 1 ,  226mg. 1.42amol) was added. The react ion mixture 

was s t i r r e d  a t  room temperature I n  a sealed contalner f o r  21h. 

added t o  I c e  ( 1 0 ~ 1 ) .  conc. a m n l u m  hydroxlde (151111) was added and 

the aqueous layer extracted w i th  e thy l  acetate ( 5  x 10ml). The 

comblned extracts were dr ted  (RgS04), f i l t e r e d ,  and the solvent 

removed by ro ta ry  evaporatlon under reduced pressure t o  g lve  the 

crude product ( 2 0 3 ~ ) .  

14 

The 
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Thls was purlfled by preparatlve layer chromatography on a silica 

plate uslng ethyl acetate:methanol:conc. ammonium hydroxide, 

(5:1:1, v/v. 5 x 2Oml). The comblned extracts were evaporated to 

dryness, dissolved In ethyl acetate and drled (MgS04). 

solution was filtered and evaporated t o  glve 4-(5-bromo-3-methyl- 

2-pyrldyl)[4-14C]butylamlne (12) (781119. 0.324ml. 20.2mCI. 4.0% 

overall radlochemlcal yleld from [14C]methyl Iodide). 

The 

[butylamln0-4-~~C] SK&F 93944 (12) 
4-(6rom-3-methyl-2-pyrIdyl) [4- C]butylamIne (12) (78mg. 
0.324mnol) and 5-(6-methyl-3-pyrIdyl1nethyl)-2-nitroamlno-4- 

pyrlmldone (13) ( 8 8 ~ ~  0.340nmol) were refluxed together In 

pyrldlne (lml) for 16h. 

dryness and purlfled by preparatlve scale normal phase hplc (lops 

silica, 22.5m id x 250m, acetonltri1e:methanol:conc. amnonlum 

hydroxlde, (90:10:1, by volume)). Thls gave [butvlamlno-4- CI- 

SKbF 93944 (14) (631119. 0.143mn01. 8.03mC1, 127.6~Ci.mg-~, 

56.4mCI .nmol-') In 1.6% overall radiochemlcal yield from 

[14C]methyl Iodide. The purity of the final materlal was >99% 

In two dlfferent tlc systems, ((I) ethyl acetate:methanol:anmonla 

(SG 0.88), (5:1:1, by vol), (11) n-propano1:amnia (SG 0.881, 

(7:3. v/v), both systems on Analtech 02511 254GF. 2 5 0 ~  slllca 

plates). 

14 

The reactlon mixture was evaporated to 

14 
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