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THE PREPARATION OF CARBON-14 AND T R I T I U M  LABELLED 1-[4-(2-DIMETHYLAMINO- 

ETIiDXY)PHENYL]-l, 2-DIPHENYL-1-BUTENE [ I C I  46,474, Tamoxifen ( 'No lvadex ' * ) ]  

AND THE SEPARATION OF CIS-TRANS ISflMERS 

I. The Syn thes i s  o f  Carbon-14 L a b e l l e d  Tamoxifen ( 'No lvadex 'Y )  

J Burns and ( t h e  l a t e )  D R u t t e r  

Pharmaceut ica ls  D i v i s i o n ,  
I m p e r i a l  Chemical I n d u s t r i e s  L im i ted ,  

A lde r ley  Park,  M a c c l e s f i e l d ,  Cheshire.  

SUMMARY 

14 The p r e p a r a t i o n  o f  [14C] tamox i fen  f rom [U- 

i s  descr ibed.  

made w i t h  o v e r a l l  r ad iochemica l  y i e l d s  o f  12% - 14L, and s p e c i f i c  

a c t i v i t i e s  1.3 t o  10.1 mCi/mmol have been ob ta ined.  

The p u r i f i c a t i o n  procedures  used, i n c l u d i n g  t h e  s e p a r a t i o n  o f  t h e  

c i s - t r a n s  isomers by p r e p a r a t i v e  t h i n  l a y e r  chromatoqraphy, a r e  

a l so  descr ibed.  

Clbromobenzene 

Severa l  p r e p a r a t i o n s  o f  t h e  compound have been 

-- 
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INTROOUCT ION 

Tamoxifen ( I C I  46,474 'No lvadex ' * ) ,  one o f  a s e r i e s  o f  t r i p h e n y l  e thy lenes ,  i s  

t h e  t r a n s  isomer o f  l - [ 4 - (2 -~ ime thy laminoe thoxy )pheny l~ -1 ,2 -~ ipheny l - l - bu tene .  

I t has  shown a n t i - o e s t r o q e n i c  behav iour  i n  some l a b o r a t o r y  an ima ls  ( 1 )  

The pharmaco loq ica l  a c t i o n  i s  b e l i e v e d  t o  occur  as a r e s u l t  o f  c o m p e t i t i o n  

w i t h  oes t roqens  for  b i n d i n q  s i t e s  on t a r q e t  organs and t h e  compound has a l s o  

shown s e l e c t i v e  up take  i n  human u t e r i n e  t i s s u e  ( 7 ) .  

* 'NoIvadex ' ,  t r a d e  mark t h e  p r o p e r t y  o f  I m p e r i a l  Chemical I n d u s t r i e s  L td .  

0362-4803/82/020229-10$01.00 
0 1 9 8 2  by John Wiley & Sons, L t d .  

Received May 13, 1981 
Revised June 22, 1981 



2 30 J .  Bums and D. Rutter 

I t  has been used success fu l l y  fo r  t h e  treatment o f  advanced breast cancer (2, 3 ) .  

C l i n i c a l  experience has shown tamoxifen t o  have a super io r  to lerance t o  tha t  

found w i t h  other  forms o f  hormonal therapy. I t  has also been administered t o  

p a t i e n t s  wi th anovulatory i n f e r t i l i t y  (4). 

In  order tha t  absorpt ion, d i s t r i b u t i o n ,  metabolism and e x c r e t i o n  s tud ies  cou ld  

be invest iaated,  t he  compound has been orepared i s o t o p i c a l l y  l a b e l l e d  wi th 

carbon-I4 o r  t r i t i u m  at va r ious  molar s p e c i f i c  a c t i v i t i e s .  A study o f  its 

metabolism i n  labo ra to ry  animals employinq carbon-I4 l a b e l l e d  m a t e r i a l  has been 

c a r r i e d  o u t  and has shown tha t  R O  - 90% o f  the  r a d i o a c t i v e  dose was e l im ina ted  

i n  the  faeces over a pe r iod  o f  10 - 12 days, I n  four animal species ( 5 ) .  The 

metabolism o f  tamoxifen i n  female p a t i e n t s  has a lso been inves t i qa ted  (6) .  

The use o f  [U-14C]bromobenzene produced tamoxifen wi th the  l a b e l  i n  the 

I-phenyl r i n q .  The o v e r a l l  radiochemical y i e l d s  were o f  t he  order  o f  12 - 14% 

and l a b e l l e d  m a t e r i a l  has been synthesised w i th  s p e c i f i c  a c t i v i t i e s  ranqinq 

f r o m  1 .3  m C i  t o  10.1 m C i  per  mrnol. Trit atPd ma te r ia l ,  which has been prepared 

w i t h  a wide ranqe of  molar s p e c i f i c  act v i t i e s  and by severa l  s y n t h e t l c  routes, 

w i l l  bP described i n  a subsequent paper under t h i s  t i t l e .  

M A T E R I A L S  

14 
[U- ClBromobenzene was purchased from Amersham I n t e r n a t i o n a l .  Commercially 

ava i l ab le  anhydrous d i e t h y l  e ther  was a d d i t i o n a l l y  d r i e d  over sodium wire. 

Sulphur f r e e  to luene (May and Raker Ltd. )  was used without f u r t h e r  p u r i f i c a -  

t ion. 

q u a l i t y .  The p l a t e s  used f o r  chromatoqraphy (TLC; p repara t i ve  TLC) were 

prepared from Merck S i l i c a  GF or  Merck Alumina GF and were 0.25 mm t h i c k  for 

a n a l y t i c a l  determinat ions and 0.5 mrn f o r  prepara t i ve  p u r i f i c a t i o n s .  

A l l  o ther  so l ven ts  used were e i t h e r  r e d i s t i l l e d  o r  o f  a n a l y t i c a l  reaqent 
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0 Indicates the position of the CARBON-14 LABEL 



232 J .  Burns and D. Rutter 

A l l  samples used f o r  t h e  d e t e r m i n a t i o n  o f  rad iochemica l  p u r i t y  and s p e c i f i c  

a c t i v i t y  were counted on a Packard Tri Carb L i q u i d  S c i n t i l l a t t o n  Spect ro -  

photometer model 3320 i n  s tandard  q l a s s  screw-cap v i a l s  o f  low potass ium con ten t  

(Packard Ins t rumen ts  L td .  Wembley). The 2,5-diphenyl  oxazo le  (P.P.O.) and I, 

4-h is  [2-(4-rnethyl-5-phenyloxazoyl)]-benzene (DM POPOP) were purchased from 

Packard Ins t rumen ts  L td . ,  Wembley. Naphthalene ( s c i n t i l l a t i o n  qrade)  was ob ta ined  

from Thorn E l e c t r o n i c s  L td .  For autoradiociraphy, t h e  pho toq raph ic  f i l m  used was 

Kodak ' K o d i r e x '  X-ray f i l m .  

THIN LAYER CHROMATOGRAPHY ( T L C )  

Four systems were used th rouqhout  t h i s  work; t hese  were: 

System A. 

System B.  S i l i c a  GF developed wi th benzene;dicyclohexylamIne [90:101 

System C. Alumina GF developed with to1uene ; t r i e thy Iamine  [95:51 

System D. S i l i c a  GF developed w i th  cyc1ohexane;triethylamine [95:51 

S i l i c a  GF developed w i t h  benzene ; t r i e thy Iamine  [90:101 

A l l  ch romatograph ic  s e p a r a t i o n s  employinq systems A, R and D were developed 

under I i q h t - p r o o f  c o n d i t i o n s .  

EXPERIMENTAL 

The Prepara t i on  o f  1 - [4 - (2 -D~rnethy laminoethoxy)  pheny l l - l - [U -  14 C l  pheny l -  

2-phenyl-I-but an (2) 

A l l  t h e  appara tus  used was d r i e d  a t  80°C under reduced pressure p r i o r  t o  

use. [U- CIBromobenzene (188.6 mq, 1 -20  mrnol) wi th a s p e c i f i c  a c t i v i t y  

o f  16.7 mCi/mmol was i s o t o p i c a l l y  d i l u t e d  w i t h  u n l a h e l l e d  bromobenzene 

(137.4 mq) and was t h e n  s t i r r e d  w i th  d i e t h y l  e t h e r  (sodium d r i e d )  (6.0 rnl) i n  t h e  

presence o f  magnesium t u r n i n q s  (48  mo) which had been deoreased p r i o r  t o  use by 

washing with warm to luene.  The r e a c t i o n  was i n i t i a t e d  c a t a l y t i c a l l y  w i t h  a 

c r y s t a l  o f  i o d i n e  and was ma in ta ined  under r e f l u x  c o n d i t i o n s  f o r  t h r e e  hours.  

14 
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A so l u t  ion o f  1 -[ 4- ( 2-d imethy lami noethoxy )pheny 1 1-2-pheny 1-1 -but anone (1) 
(309 mg, 0.99 mmol), i n  sodium d r i e d  ether  (5.0 m l )  was added dropwise over a 

pe r iod  o f  45 mins. The m ix tu re  was s t i r r e d  f o r  a f u r t h e r  2.5 hours. As t h e  

magnesium complex was deposited from the  s o l u t i o n  the maintainance o f  s t i r r i n q  

was d i f f i c u l t .  

A f t e r  coo l i nq  in  a c o l d  water ba th  t o  ambient temperature, t he  r e a c t i o n  m ix tu re  

was t r e a t e d  w i t h  a saturated s o l u t i o n  o f  ammonium c h l o r i d e  t o  decompose t h e  

magnesium complex. The ether  l aye r  was removed and the product s e r i a l l y  

ex t rac ted  from t h e  aqueous phase w i t h  d i e t h y l  e ther  ( 6  x 15 ml) .  The ether  

e x t r a c t s  were combined, washed w i t h  d i s t i l l e d  water ( 2  x 10 ml) and d r i e d  over 

anhydrous maqnesium sulphate f o r  16 hours. The e x t r a c t  was examined by TLC 

against  re ference standards us ing system C. 

V i s u a l i s a t i o n  under U.V.  254 nm fo l lowed by autoradioqraphy showed tha t  the 

requ i red  a l coho l  (2) had been formed toqether wi th some i m p u r i t i e s  and tha t  t h e  

chromatoqraphic pa t te rns  detected by b o t h  methods were i d e n t i c a l .  Fo l lowing 

f i l t r a t i o n ,  t he  ether  e x t r a c t  and washings were evaporated t o  dryness under 

reduced pressure at  40'C. A s t i c k y ,  o f f - w h i t e  s o l i d  was obta ined (399 mq). 

P u r i f l c a t i o n  

Pre l iminary work had ind i ca ted  tha t  i t  was necessary t o  p u r i f y  the a lcohol  

(2) at t h i s  staqe. R e c r y s t a l l i s a t i o n  o f  the crude product f rom petroleum- 

ether  (B.r. 6O-8O0C) gave 265 mq o f  the p u r i f i e d  a l coho l  (2) (Stage Y i e l d  

6 9 % )  [ R e c r y s t a l l i s a t i o n  Y i e l d  66.421. Examination by TLC (system C) and 

inspec t i on  by U.V. 254 nm and autoradiographic methods showed t h a t  the product 

was the requ i red  ma te r ia l ,  w i t h  on ly  t r a c e  impur i t i es .  

Preparat ion o f  the c i s - t r a n s  m ix tu re  o f  1-[4-(2-Dirnethylaminoethoxy) phenyl l-1- 

[U- Clphenyl-2-phenyl-1-butene (3 14 

14 I-[ 4- ( 2-Dime t hy lami noe t hoxy )pheny 1 1- 1 -[ U- 

(2) (265 mg) was dehydrated by d i s s o l v i n q  i n  e t h y l  a lcohol  740P IMS ( I n d u s t r i a l  

C jpheny 1 -2-pheny 1-1 -but ano 1 
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Methylated S p i r i t ) ( 6 . 0  m l )  t o  which concentrated hyd roch lo r i c  a c i d  (0.19 ml) ,  was 

added. The m ix tu re  was s t i r r e d  and heated under r e f l u x  i n  a l i gh t -p roo fed  f l a s k  

under an atmosphere o f  arqon for  3 hours. The m ix tu re  was cooled,  d i l u t e d  w i t h  

crushed ice,  b a s i f i e d  wi th 2N sodium hydrox ide so lu t i on ,  and then ex t rac ted  w i t h  

toluene ( 5  x 1 5  m l ) .  The combined to luene e x t r a c t s  were washed thorouqhly w i t h  

d i s t i l l e d  water u n t i l  t h e  washinqs were a l k a l i - f r e e ,  and then d r i e d  over anhydrous 

maqnesium sulphate i n  the  absence o f  i i q h t .  

The ex t rac t  was examined by T L C  (system A )  under I i q h t - p r o o f  condi t ions.  

V i s u a l i s a t i o n  under U.V. 254 nm showed the expected ' f i q u r e  of e i q h t '  conf iqura-  

t i o n  f o r  the c i s - t r a n s  isomeric m ix tu re  of t.he requ i red  t r i p h e n y l  ethylene, 

toqether  w i t h  severa l  more p o l a r  impur i t i es .  (See P l a t e  I ) .  

autoradiography o f  the TLC p l a t e  over a 16 hour p e r i o d  t h a t  a l l  the products  

seen under U.V. 254 nm were carbon-14 labe l l ed .  The to luene ex t rac t ,  a f t e r  

f i l t r a t i o n ,  was evaporated t o  dryness under reduced pressure (water ba th  tempera- 

t u r e  4OoC) i n  a l i gh t -p roo fed  f l ask .  

c i s - t r a n s  m ix tu re  (3, crude y i e l d  244 mg (s taqe y i e l d  96.6%). 

I t was confirmed by 

A I i q h t  o i l  was obta ined comprisinq the  

Separation o f  the c i s - t r a n s  m ix tu re  o f  1-[4-(2-Dimethylaminoethoxy) p h e n y l l - I -  

[U- Clphenyl-2-pheny 1-1 -butenes. (3 )  14 

METHOD 1 

The m ix tu re  of the c i s - t r a n s  isomers (244 mq) ( s e e  Pla te  1 )  was d i sso l ved  i n  AR 

methanol (8.0 m l )  and equal a l i q u o t s  app l i ed  as t h i n  s t reaks  t o  18 S i l i c a  GF 

p l a t e s  (0 .5  mm s i l i c a  l aye r  and dimensions o f  20 x 40 cm). A l l  t h e  p l a t e s  had 

been pre-washed th ree  t imes wi th the developinq so lvent  (system A) be fo re  

a p p l i c a t i o n  o f  the m i x t u r e  and e l u t i o n  i n  a l i qh t -p roo fed  tank. The p l a t e s  were 

d r i e d  i n  the  absence o f  l i g h t  and when examined under U.V. 254 nm t h e  expected 

isomeric separat ion o f  the c i s - t r a n s  m ix tu re  ( 3 )  was c l e a r l y  seen on each p l a t e  

toqether  w i t h  s i x  i m p u r i t i e s  o f  a more p o l a r  character .  

-- 
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Each p l a t e  was then c a r e f u l l y  marked i n t o  th ree  separate areas: 

1) The lead band (tamoxifen; trans isomer) 

2 )  

3)  The l a q  band ( I C I  47,699; c i s  isomer) 

The over lap area beinq a c i s - t r a n s  m ix tu re  

- 

The lead bands were removed from t h e  p l a t e s  and combined. The trans isomer was 

removed from t h e  s i l i c a  by e x t r a c t i o n  w i t h  AR methanol 'at ambient temperature i n  

a l i q h t  proofed conta iner ,  and f reed from t h e  s i l i c a  by f i l t r a t i o n  throuqh a pad 

o f  High-Flow Supercel l .  The methanolic e x t r a c t s  toqether  w i t h  the washinqs 

were evaporated t o  dryness i n  t h e  absence o f  I i a h t ,  under reduced pressure, from 

a water ba th  a t  4OoC. An o i l y  product (147 mq) was obtained. 

R e c r y s t a l l i s a t i o n  

The product (147 mq) was d i sso l ved  i n  b o i l i n g  petroleum ether  [ B r  60 - 8O 'Cl  (5.0 

m l )  and the  s o l u t i o n  centr i fuqed t o  separate t races  o f  i nso lub le  ma te r ia l .  

supernatant l i q u i d  was removed and evaporated t o  dryness i n  a stream o f  n i t roqen.  

The res idue was red isso lved i n  petroleum e the r  (1.0 m l )  and kept c o l d  a t  0 - 4'C 

f o r  16 hours. The product, a wh i te  c r y s t a l l i n e  s o l i d ,  was cen t r i f uqed  and 

washed w i t h  i c e  c o l d  petroleum e the r  ( 2  x 0.3 m l )  be fo re  d ry ino  under reduced 

pressure a t  ambient temperature for  16 hours. A whi te  c r y s t a l l i n e  s o l i d  (108 

mg) was obta ined (Found: C, 83.9; H, 7.8; N, 3.8. C H ON requ i res  

C, 84.1; H, 7.8; N, 3.8). This represents an o v e r a l l  chemical y i e l d  o f  14.0%, 

a radiochemical y i e l d  o f  14.7%, and a r e c r y s t a l l i s a t i o n  y i e l d  o f  73.5?6. 

The 

26 29 

METHOD 2 

Several l a b e l l e d  syntheses o f  [14C]tarnoxi fen have been prepared over 

severa l  years. On one occasion, owing t o  a chanqe i n  t h e  batch o f  s i l i c a  used 

f o r  the preparat ive T L C  separation, i t  was not  poss ib le  t o  ob ta in  the  ' f i q u r e  o f  

e i g h t '  c o n f i g u r a t i o n  o f  the product showinq c i s - t r a n s  isomeric separat ion when 

the  p l a t e  was developed i n  system A. 
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Subsequently, another system (6)  was found a f t e r  a considerable search, which 

achieved the des i red c i s - t r a n s  separation. When t h e  lead band was removed and 

the product ex t rac ted  from t h e  s i l i c a  by AR methanol, t h e  methanolic e x t r a c t  

on evaporation, produced a mixture o f  t h e  requ i red  product i n  dicyclohexylamine. 

This occurs because the  b o i l i n g  p o i n t  o f  dicyclohexylamine i s  cons iderably  i n  

excess o f  t h a t  f o r  t r i e thy la rn ine  and t h e  amine i s  not  removed when t h e  metha- 

n o l i c  ex t rac t  i s  evaporated t o  dryness under reduced pressure a t  3O'C. The 

mixture o f  product and dicyclohexylamine was then separated by preparat ive TLC 

employinq system D. 

removed from t h e  s i l i c a  and t h e  pure product i s o l a t e d  as i n  Method 1. The 

r e s u l t s  obtained were comparable, s ince on the  same scale synthes is  as described 

above the o v e r a l l  y i e l d  was 12%. 

The band correspondinq t o  t h e  requ i red  t r a n s  isomer was now 

14 P u r i t y  C r  i t e r  i a  o f  1-[4-( 2-Dimet hy laminoet hoxy ) phenyl l-I-[U- 

pheny 1-1 -butene (4) ( Tamox i f e n )  

Clpheny 1-2-trans- 

A se r ies  o f  concentrat ions o f  t h e  methanolic s o l u t i o n  o f  the p u r i f i e d  product 

were appl ied t o  two s i l i c a  p l a t e s  which were developed i n  so lvent  systems A and 

8, i n  l i qh t -p roo fed  tanks, t h e  p l a t e s  were then d r i e d  and autoradioqraphed f o r  

16 hours. The autoradioqraphs were used t o  'map' the s i l i c a  p l a t e s  which 

were then seqmented and counted. T r i p l i c a t e  determinat ions qave an averaqe 

p u r i t y  usinq system A o f  99.6% 

matographic pa t te rns  detected by i r r a d i a t i o n  w i t h  U.V. 254 nm, and by autoradio- 

graphic procedures were i d e n t i c a l .  The product was a lso examined by qas chro- 

matoqraphy - mass spectrometry us in4 an LKB 9000 spectrometer. 

qraph was operated under t h e  fo l l ow inq  cond i t i ons :  

Column 1% O V - I  on Gas-Chrom Q (80  - 100 mesh), oven temperature 222' and hel ium 

c a r r i e r  qas f low a t  30 rnl/rnin -'. 
found and no i m p u r i t i e s  were detected. The s p e c i f i c  a c t i v i t y  o f  the f i n a l  

product was shown t o  be 27.3 2 0.17&i/mg L10.1 r n C i / m m o l ] .  

0.2%, and 99.25 2 0.1% i n  system 9. The chro- 

The qas chromato- 

A s i n q l e  peak f o r  t he  requ i red  product was 
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