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THE SYNTHESIS 0 F [14C1 and L3H21 SK&F L-94901. 

A NOVEL THYROMIMETIT; 

A M Crowe, K W M Lawrie, and D Saunders+ 
Smith Kline and French Research Ltd., 

The Frythe, Welwyn, Hertfordshire. England AL6 9AR. 

SUMMARY 

A novel thyromimetic SK&F L-94901. L-3.5-di br011~1-3'-(6-OXO-l,6-di hydro 
pyridazin-3-ylmethy1)thyronine. has been labelled with 14C and 3H for 
drug metabolism and nuclear binding studies. A six stage synthesis f rom 

14 10- Cltyrosine i s  described. The overall radiochemical yield was 
13.7%. 
Syntheses of C H21SK&F L-94901 of 1.22Ci ml-' and 13.9Ci mmol-' 
are described, and the instability of these compounds noted. 

3 
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INTRODUCTION 

Hypercholesterolaemla has been long recognised as a significant risk 
factor in atherosclerosis. 
hypercholesterolaemia with coronary heart disease.' 
have been used to reduce plasma cholesterol concentrations in 
atherosclerotic patients'. however, thelr use is limited due to adverse 
cardiac  effect^.^ A selective thyromimetic', free from these adverse 
effects would be a therapeutically useful hypocholesterolaemic agent, 
SK&F L-949Ol5 is a selective thyromlrnetic under investigation in our 

There I s  considerable evidence linking 
Thyroid hormones 
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laboratories for the treatment of hypercholesterolaemia. 
the syntheses of Cl4CISK&F L-94901 and C3H21SK&F L-94901 which were 
required for drug metabolism and nuclear binding studies. 

We report here 

DISCUSS10 N 

1. Ll4c1SK&F L-94901 

The synthesis of I14CISK&F L-949O1(2*l5 is illustrated in Scheme 
1.  
two equivalents of bromine gave, smoothly and in high yield, 
L-3.5-dibromoIB- Cltyrosine (2*). To ensure that the key step in 
this synthesis, the coupling of the tyrosine entity to the iodonium 
salt8" ( 5 )  proceeded cleanly, selective protection of the acid and 
amine functionall ties of the 3.5-di bromotyrosine was necessary. 
was readily achieved in two steps. 
prepared, under standard conditions, in virtually quantl tatlve 
yield. 
chloroform/ethyl acetate (1:l) to give, on aqueous work up, the 
I14C1 diprotected derivative (4*) I n  66% radiochemical yield from 
L- ~ B - ~ ~ c I  tyrosi ne. 

Treatment of L-CB-14Cltyrosine6'7 in glacial acetic acid with 

14 

This 
Firstly, the methyl ester was 

This was, in turn, reacted with trifluoroacetic anhydride in 

14 The molecular framework was now completed by coupling of the I Cl 
diprotected tyrosine (4*) with the iodonlum salt ( 5 )  by stirring at 
room temperature, in dichloromethane, In the presence of 
copper-bronze and triethylamine. Purification of this crude material 
by column chromatography gave the C Cl triprotected intermediate 
(6") in 60% radiochemical yield. 

14 

14 Deprotectlon to give I ClSK&F L-94901 was now achieved in two 
steps. Treatment with sodium acetate In glacial acetic acid gave the 
C14Clpyridazinone which, on subsequent reaction with hydrobromlc 
acid in glacial acetic acid yielded the crude product. This was 
purified by semi-preparative h.p.1.c. to give C ClSK&F L-94901 (1") 
(radiochemical purity >97.6% by t.1 .c.) in overall radiochemical 
yield of 13.7% from L-CB-14Cltyrosine. This material contained 2.5% 
of the corresponding D-(+)-isomer, as determined by h.p.1.c. analysis 
o f  the (+I  phenylethyl isocyanate derivative. 

14 

10 

2. L3H,lsK&F L-94901 - Low SDecific Act ivitv Svnt hesi s 

With a robust synthesis of [l4C1SK&F L-94901 in hand. attention was 
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3 now d i r e c t e d  toward the  p repara t i on  o f  1 H21SK&F L-94901 (see 
Scheme 1). We requ i red  -15mCi a t  10Cimmol-l which represents  
-8OOpg o f  C3H21SK&F L-94901 (2 ' ) .  

I n i t i a l l y ,  we proceeded w i t h  a t r i a l  low s p e c i f i c  synthesis. 

a c t i v i t y .  1.4Cimm01-' ( -650~9) .  The r o u t e  u t i  1 i sed f o r  t he  
synthes is  o f  C14CISK&F L-94901 was fo l lowed,  i n c o r p o r a t i n g  
mod i f i ca t i ons  o f  work up procedures e t c ,  app rop r ia te  t o  a microgram 
scale p repara t i on  (see experimental s e c t i o n  for f u l l  d e t a i l s ) ,  g i v i n g  
crude C3H21SK&F L-94901 (1.29mCi 1. Thl s crude m a t e r i a l  was 
r e a d i l y  p u r i f i e d  on an a n a l y t i c a l  t .1 .c. p l a t e  (Analtech GF254 
S i l i c a ,  e t h y l  acetate/methanol/conc. ammonium hydroxide 5 : l : l .  by 

v o l ) .  I n  a l l ,  54OpCi. 10.8% radiochemical y i e l d  f rom 
L-12.6- H21tyrosine, o f  1 H21SK&F L-94901 o f  radiochemical 
p u r i t y  >97% by t.1.c..  w e r e  i s o l a t e d .  

determined by an h.p.1.c. peak h e i g h t  analysis", was 
1 .22Clmmol-1 i n d i c a t i n g  t h a t  -13% H-T exchange occurred du r ing  the  
synthesis. 

commencing w i t h  L-12.6- 3 H21tyrosine11 (5mCi). o f  s p e c i f i c  

3 3 

The s p e c i f i c  a c t i v i t y .  as 

3. L3t4,JSK&F 94901 - Hish S o e c i f i c  A c t i v i t v  Sv n thes l s  

L-12.6- 3 H21tyrosine11 (250mCi. 39Ci ml) was smoothly brominated 

y i e l d i n g  L-3.5-di brom012.6-~H~l  t y r o s i  ne i n  93.2% (232.9mCi 1 crude 

radiochemical y i e l d .  This crude m a t e r i a l  was d i sso l ved  i n  methanol 

saturated w i t h  HC1 gas and s t i r r e d  a t  room temperature for 3h when 
t.1.c. i n d i c a t e d  the  r e a c t i o n  had gone t o  completion. Aqueous work 

3 up gave the  crude C H21-methyl e s t e r  (9') i n  o n l y  42% 
radiochemical y i e l d  (98.OmCi). (An 80% y i e l d  was achieved f o r  t h i s  
e s t e r i f i c a t i o n  du r ing  the  low s p e c i f i c  a c t i v i t y  synthes is  described 
above. This unexpectedly low radiochemical y i e l d  was a t t r i b u t e d  t o  
extens ive H-T exchange, p o s s i b l y  a c i d  cata lysed) .  

The remaining steps i n  t h e  synthes is  proceeded smoothly t o  y i e l d  
crude 13H21SK&F 94901 (1') (35mCi. 14% radiochemical y i e l d  from 
L-C2.6- H21tyrosine) and o f  -80% radiochemical p u r i t y  as assessed 
by t.1.c. ( e t h y l  acetate/methanol/conc. ammonia 5 : l : l  by v o l ) .  

3 

However, p u r i f i c a t i o n  o f  t h i s  m a t e r i a l  proved extremely d i f f i c u l t .  
The t h i n  l a y e r  chromatography method developed f o r  t h e  low s p e c i f i c  
a c t i v i t y  synthesis, gave ma te r ia l  o f  ~ 9 0 %  radiochemical p u r i t y .  
Two-dimensional chromatography showed t h a t  s i g n i f i c a n t  decomposition 
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was n o t  occu r r i ng  du r ing  development. 
method was consequently developed. 
p u r i f i e d  on an a n a l y t i c a l  h.p.1 .c. column 1p-Bondapak-C18, e l u t e d  
w i t h  CH3CN/0.07MPO:-, pH - 2.2 (1 :4v /v ) l .  The radiochemical 
p u r i t y  o f  C H21SK&F L-94901, immediately a f t e r  p u r i f i c a t i o n ,  was 
>98.0% as determined by t.1.c. 
prev ious ly12 was 13.9Cimm01-~. 
s t a r t i n g  L-12.6- H21tyrosine was 39Cimmol-’, approx imate ly  64% 
H-T exchange occurred du r ing  t h i s  synthes is .  

An h.p.1.c. p u r i f i c a t i o n  
Samples (-1OOpg i n j e c t i o n s )  w e r e  

3 

The s p e c i f i c  a c t i v i t y .  as determined 
A s  t he  s p e c i f i c  a c t i v i t y  o f  the 

3 

This  h i g h  s p e c i f i c  a c t i v i t y  C3H21SK&F L-94901 proved extremely 
unstable,  decomposing a t  a r a t e  o f  - 1 4 %  per  day ove r  a p e r i o d  of two 
weeks, as shown by t.1.c. ana lys i s .  
C3H21SK&F L-94901 o f  s p e c i f i c  a c t i v i t y  1.22Ci mmol-’ p r e v i o u s l y  
prepared, was a l s o  o f  low s t a b i l i t y ,  decomposing a t  -1-2% per  week). 

Consequently t h i s  h i g h  s p e c i f i c  a c t i v i t y  ma te r ia l  was p u r i f i e d ,  
analysed and suppl ied t o  t h e  Pharmacology Department, f o r  use i n  
nuc lear  b i n d i n g  s tud ies,  a l l  on the  same day. I n  a l l  2.072mCi. o f  
C3H1SK&F L-94901 o f  s p e c i f i c  a c t i v i t y  13.9Cimm01-~ were prepared 
i n  t h i  s manner. 

(It should be noted t h a t  the 

JXPERIMENTAI 

L-CR-14C1Tyrosine6 was obta ined from I C I  Physics and Radioisotope 

I n t e r n a t i o n a l  p l c .  Semi-preparative h.p.1 .c. p u r i f i c a t i o n  was c a r r i e d  
o u t  on an A r c k s i l  l o p  C18 column (250mm x 22mmi.d.) w i t h  a G i l son  
p repara t i ve  system. Radiochemical p u r i t i e s  were determined on Analtech 
02511 s i l i c a  ge l  p l a t e s  u t i l i s i n g  a Ber tho ld  LB2832 Automatic L inea r  
Anal yser. 

Services, B i l l ingham, and L-12.6- 3 H21tyrosine1’ from Amersham 

14 1 L - W  ClTyros ine (85mCi. 53.5mCi mmol- , 1.59mmol. 288mg) was 
d i sso l ved  i n  g l a c i a l  a c e t i c  a c i d  (5ml) and bromine ( 1 6 3 ~ 1 .  3.16mmol) 
added. The m ix tu re  was s t i r r e d  a t  8O’C f o r  2h, when t.1.c. 
(n-butanol /acet ic  ac id lwa te r  12:3:5 by vo l . ,  v i s u a l i s e d  w i t h  n inhyd r in )  
showed the  r e a c t i o n  had gone t o  completion. The so l ven t  was removed 
under vacuo and the  res idue s l u r r i e d  i n  water, t he  pH was adjusted t o  6 

14 w i t h  saturated aqueous sodium b icarbonate and the  L-3,5-dibromoCR- C l -  

t y r o s i n e  (515mg. 1.5lmmol. 95.0%) (2*) f i l t e r e d  o f f  as a co lou r less  s o l i d .  
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inata (a*) Methvl I-3.5-dibromoCO- Utvros 14 

L-3.5-Dibr0moD3-~~CItyroslne (515mg,1.5lmmol) (1*) was dissolved in 
methanol (10ml) and dry HCl gas bubbled slowly through for 5h, when 
t.1 .c. (ethyl acetate/methanol/ammonia 5:l:l by vol.) showed the reaction 
had gone to completion. The solvent was evaporated under vacuo and the 
residue dissolved in water and the pH adjusted to 6 with saturated 
aqueous sodium bicarbonate. 
and dried under vacuum (5361119, 1.5lmmol. 100%). 

The precipitated ester (3") was filtered off 

L-3.5-di bromo-N-tr if1 uo r oacetv 1 -  [I3 Methvl 4~~ tvrosi nata (4*> 

14 To a stirred suspension of the C Cl methyl ester (3*) prepared above, 
in chloroform/ethyl acetate (1:l v/v) (10ml) was added trifluoroacetic 
anhydride (TFAA) (337~1, 2.39mmol). and the mixture stirred at room 

temperature for 3h, when a further aliquot of TFAA (225~1. 1.60mnol) was 
added. After 5h total reaction time, an addition aliquot (150~1. 
1.06ml) of TFAA was added the reaction continued for 18h. Water (10ml) 
was added, and the mixture stirred for 30 min. 
phase was adjusted to 6 with saturated aqueous sodium bicarbonate, the 
layers separated and the organic extract dried over MgS04. 
filtration and evaporation, of the organic solvent the required methyl 
L-3.5-di bromo-N-trifluoroacetyl CB- Cltyrosinate (4*) (565.61119 
1.25mm01, 56.OmCi. 66% radiochemical yield from L-IO-14Cltyrosine) was 
obtained. 

The pH of the aqueous 

On 

14 

Methvl L-3.5-dibromo -3'-( 6 - c h l o r o ~ d  daz in-3-v1methvl)N-trifluro -acetvl 
&14Clthvroninate (6*) 

To a solution of methyl L-3.5-di bromotyrosine-N-trlfluoroacetyl 
[O-14Cltyrosinate (565.6mg. 1.25ml) (4*) in dichloromethane (8ml). 
containing trlethylamine (240~1, 1.73ml). was added copper bronze 
(65mg). and bis ~3-~6-chloropyridazln-3-ylmethyl~-4-methoxyphenyll 
iodonium trifluoroacetate ( 5 )  (1.4859. 2.lOmmol) and the mixture stirred 
at room temperature for 18h.. when t.1 .c. (dichloromethane/methyl ethyl 
ketone 95.5v/v) showed the reaction had gone to completion. 
mixture was filtered through a short column of silica gel to remove the 
inorganics, and the crude (6* )  (1.529) purified by column chromatography 
(silica gel, 70-230 mesh 259, eluted with dichloromethane/methylethyl 
ketone 96:4 v/v). to give the required Cl4C1 triprotected SKLF L-94901 
(6') (510mg. 0.75mmol. 33.9mCi. 60% radiochemical yield). 

The reaction 
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The C14C1 t r i p ro tec ted  der iva t ive  (d*) (510mg. 0.75mmol), prepared 
above was dissolved I n  acet ic ac id  (5ml), and sodium acetate (104mg. 
1 . 2 7 m l )  added. The mixture was heated under r e f l u x  f o r  3h.. and the 
solvent removed under vacuum. To the residue (4461119) was added 40% 
aqueous HBr (1.51111) and g lac ia l  ace t ic  ac id  (1.5ml) and the mixture 

heated under r e f l u x  f o r  18h. The solvent was evaporated t o  dryness under 
vacuum, water was added t o  the residue, and the pH adjusted t o  6. The 
p rec ip l  tated crude C14CISKLF L-94901 was f i l t e r e d  of f  and d r ied  
(3051119). This was dissolved I n  0.1M sodium hydroxide so lu t ion  and 
p u r i f i e d  by semi-preparative h.p.1.c. (5--> 40% a c e t o n i t r i l e  I n  water 
over 20 min. 151nlmln-~, uv 295nm). The appropriate f rac t ions  were 
combined, the solvent removed under vacuum and the residue dissolved I n  
0.1H sodium hydroxide solut ion.  The pH was adjusted t o  6 w i th  0.1M 
hydrochloric ac id  and the prec ip i  tated Cl4C1SK&F L-94901 f i l t e r e d  o f f  
and dr ied  under high vacuum (115mg. 0.21 ml, 101pCi mg-’. 11.615mCi). 
I n  overa l l  radiochemical y i e l d  o f  13.7% from L-CO-14Cltyroslne. The 
radiochemical p u r i t y  o f  t h i s  material was determined by t.1.c. I n  three 
systems, 1) n-butanol/pyrldlne/water (1: l : l .  by volume), 98.1%. ill 
chloroform/methanol/acetlc ac id  (20:lO:l , by volume), 97.6% and 111) 
e thy l  acetatehethan01 /conc. a m n l u m  hydroxide (5: 1 : 1. by volume), 
99.6%. 
analysis o f  the (+)-phenyl e thy l  Isocyanate der iva t ive .  

The enantiomeric excess” was 95.0%, as determined by h.p.1 .c. 

- -  0 ~ 1 2 .  6-3H2JTvrosl ne (2’) 

L-[2.6-3H21Tyrosine (250mCi. 3 9 C l m l - ’  , 1.18mg, 0 .0064ml )  was 
dissolved I n  g lac ia l  acet ic ac id  (100~1)  containing bromine (0.659~1, 
0 .0128ml )  I n  a 5ml round bottom f lask ,  and heated a t  8O’C f o r  1.5h, 
when a fu r the r  1 0 0 ~ 1  o f  g lac ia l  acet ic ac id  w e r e  added. Fol lowing a 
fu r the r  l h  reaction, bromine ( lop1 o f  a 6 .57~1 so lu t ion  I n  loop1 o f  
ace t ic  acid) were added, and react ion continued f o r  another 6h. The 
cooled so lu t ion  was evaporated t o  dryness. T.1.c. (n-butanol/acetic 
a c i d h a t e r  12:3:5. by vo l )  showed -40% react ion.  The residue was 
dissolved I n  the bromlne/acetic acid so lu t ion  (1OOp1) and transferred t o  
a reac t l - v ia l  w i th  ace t ic  ac id  washings. The v i a l  was sealed and the 
contents heated a t  8O’C f o r  a fu r the r  3h. On cool ing the solvent was 
evaporated t o  dryness. T.1.c. o f  the residue (system as above) showed no 
remaining L42.6- H21tyrosine and the required product t o  be -80% 
radiochemical ly pure (232.9161. 93.2% y ie ld ) .  

R 

3 



770 

Methvl L-3.5-dibr0mol2.6-~H~Jtvrosinate (3') 

A. M .  Crowe. K .  W. M.  Luwrie and D. Saunders 

To L-3,5-dibrom0[2,6-~H~Ityrosine (2') (232.9mCi 1 was added 
methanol saturated w i t h  H C l  gas (-311111, and the  m i x t u r e  s t i r r e d  a t  room 
temperature for 3h, when t . 1  .c. ( e t h y l  acetate/methanol/ammonia 5 : l : l .  by 
v o l )  showed the  r e a c t i o n  had gone t o  completion. The so l ven t  was removed 
under vacuum and res idue  d i sso l ved  i n  water ( l m l ) .  The pH was adjusted 

t o  6 w i t h  sodium b icarbonate and the  s o l u t i o n  ex t rac ted  (x3) w i t h  e t h y l  

acetate (2ml). 
methyl L-3.5-dibromoC2.6- H21tyros inate (3') (98.0mCi. 42.2% 
y i e l d )  d r i e d  under h igh  vacuum. 

The combined organics were evaporated and the  res idua l  
3 

The aqueous l a y e r  contained -13mCi. 

Methvl L-3.5-dibromo-N-trifluoroacetv 1 -[2. 6-3H2 J t v r o s  i na t e  (4'1 

3 Me thyl-L-3.5-di bromoC2,6- H21 t y ros  i nate (3') (98. OmCi 1 was 
d i sso l ved  i n  e t h y l  acetate ( 2 0 0 ~ 1 )  and t r i f l u r o a c e t i c  anhydride ( 1 0 ~ 1 )  
and t r i e t h y l a m i n e  ( 1 5 ~ 1 )  were added. A f t e r  4h. a t  room temperature the  
so l ven t  was removed under vacuum. The res idue  was p a r t i t i o n e d  between 
e t h y l  acetate/ch loroform 1:1, v / v  ( l m l )  and water ( l m l ) .  The pH o f  the 
aqueous l a y e r  was adjusted t o  6 w i t h  saturated aqueous sodium 
bicarbonate. The laye rs  were separated and the  aqueous phase ex t rac ted  
( x l )  w i t h  e t h y l  acetate (2ml). The combined organics were evaporated. 

and the  product, methyl L-3.5-dibromo-N- t r i f l u o r o a c e t y l  L2.6- H21- 
t y r o s i n a t e  (4') (98mCi. 100%) d r i e d  under h i g h  vacuum. 

3 

Methvl L-3.5-di bromo-3'-(6 -chl oroDv ridazin-3-vlmethvl)-N-trifluoroacetv 1 
[2,6- 3 H2Jthvroninate (6') 

To a s t l r r e d  s o l u t i o n  o f  (3') (98mCi. nominal ly  0 . 0 0 6 4 m l )  i n  
dichloromethane (200p1) i n  a r e a c t i - v i a l  was added t r i e t h y l a m i n e  

( 2 ~ 1 ) .  b i  s [3-(6-chloropyri  dazi n-3-ylmethyl)-4-methoxyphenyll i odon i  urn 
t r i f l u o r a c e t a t e  ( 5 )  (9mg. 0.0128mmol) and f i n e l y  ground copper bronze 

(5mg). 
n fethy le thy l  ketone 95:5, v /v)  showed l i t t l e  r e a c t i o n .  

R 

A f t e r  18h s t i r r i n g  a t  room temperature t . l .c . (d ich loromethane/  

T r ie thy lam ine  ( 2 ~ 1 )  copper bronze (5mg) and the  iodonium s a l t  ( 5 )  (9mg) 

were then added and r e a c t i o n  continued for 6h. The r e a c t i o n  m ix tu re  was 
app l i ed  to an a n a l y t i c a l  t .1.c. p l a t e  (Analtech 02511 s i l i c a ,  0.25mm. 

5 x 20cm) and developed i n  dichloromethane/methyl e t h y l  ketone (95:5, 
v /v) .  
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The approp r ia te  band was removed and the methyl L-3.5-dibromo-3'-(6- 

(6') (45.0mC1, 95% rad iochemica l l y  pure by t.1.c.) e l u t e d  w i t h  
dichloromethane/ether (4:1, v / v ) .  

chloropyridazin-3-ylmethyl)-N-trifluoracetyl 12.6- 3 H21thyroninate 

3 [ H21SK&F L-94901. C-3.5-Dibromo-3'-(6-0~0-3(1H)~vridazin-3- 
ylmethvl)C2.6- H21thvronlne (2') 3 

The p ro tec ted  d e r i v a t i v e  (6') (45.OmCi. nomina l l y  0.0029mnol) was 
d i sso l ved  i n  g l a c i a l  a c e t i c  a c i d  ( 7 5 ~ 1 )  and sodium ace ta te  (47Opg. 
0.0057mmol) added, and the  m ix tu re  heated a t  r e f l u x  f o r  4h. Aqueous 
hydrobromic a c i d  (40%. 50pl )  was now added and r e a c t i o n  continued f o r  a 
f u r t h e r  5h, when t .1  .c. ( e t h y l  ace ta te /me thano l /amn ia  5 : l : l .  by v o l )  
i n d i c a t e d  complete conversion t o  C H21SK&F L-94901. 
radlochemi c a l  p u r l  ty) . 

3 (35mCi. 80% 

Several attempts were made t o  p u r i f y  t h i s  ma te r ia l  by t h i n  l a y e r  
chromatography (Analtech 02511 s i l i c a ,  0.25mm, 5 x 25cm p l a t e ;  e t h y l  
acetate/methanol/ammonia 5 : l : l .  by v o l )  b u t  C3H21SK&F L-94901 cou ld  
never be i s o l a t e d  I n  g rea te r  than 90% radiochemical p u r i t y  by t h i s  method 
(see e a r l  i e r  d iscuss ion) .  

P u r i f i c a t i o n  was achieved by reverse phase h.p.1.c. (p-Bondapak C18 4.6mn 
1.d. x 30cm, e lu ted  w i t h  CH3CN/0.07M Poi- pH - 2.2, 1.51111 m1n-l 
UV d e t e c t i o n  a t  295nm, -lOOpg i n j e c t i o n s ) .  A sample Immediately 
f o l l o w i n g  p u r i f i c a t i o n  had a radiochemical p u r i t y  by t . 1  .c. ( e t h y l  
ace ta te /  methanol/amnonia, 5 : l : l  by v o l )  o f  >98.0%. However, f o l l o w i n g  
storage a t  -20°C fo r  5 days, t he  radiochemical p u r i t y  had dropped t o  
89.8%. 

I n  a l l  2.072mCi o f  C3H21SK&F L-94901 o f  s p e c i f i c  a c t i v i t y  
13.9Cimm01-~. determined by h.p.1 .c. peak h e i g h t  analysis12, and 
radiochemlcal p u r i t y  '>98.0% (by t.1.c.) were p u r i f i e d ,  i s o l a t e d ,  analysed 
and suppl ied f o r  use on t h e  same day. 
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