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SUMMARY 

14 14 The preparation of [ C] clomiphene and [ C] nitro- 
miphene from [methylene-14C] benzyl chloride i s  des- 
cribed. The overall radio-chemical yield and specific 
ac t iv i ty  of the former a re  53% and 0.53 mCi/mmol and 
those o f  the l a t t e r  a re  26% and 0.23 mCi/mmol. The 
method described is of micromolar scale designed fo r  
maintaining cost  economy while yielding final products 
of suf f ic ien t  radioactivity fo r  i n  v i t ro  and  i n  vivo 
metabolism studies. 
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INTRODUCTION 

The introduction of tamoxifen (1) as a therapeutically advantageous drug  i n  the 

treatment of breast  cancer has generated considerable in t e re s t  i n  the t r i a ry l e thy l -  

ene In addition t o  t he i r  antitumor properties, they can invoke 

estrogenic and antiestrogenic responses by ta rge t  tissues.’ Although t h e i r  mech- 

anism of action remains unknown, there is  speculation tha t  t h e i r  biological 

ac t iv i ty  i s  i n  part  mediated by  metabolite^.^'^ O f  the tr iarylethylene anties- 

antiestrogens.’ 

*Address reprint  requests t o  this author. 

+Reacti-VialTM, trade mark the property of Pierce Chemical Company. 
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trogens which a re  used c l i n i c a l l y  o r  pharmacological ly, o n l y  tamoxifen has received 

a d e t a i l e d  examination o f  i t s  m e t a b ~ l i s m . ~  I n  t h i s  l abo ra to ry ,  we have s tud ied  the 

rnicrosomal metabolism of clomiphene (2)6’7 and nitromiphene (3) 8 us ing non- label led 

suspected metabol i tes as comparative standards i n  t h i n - l a y e r  chromatographic anal -  

y s i s  o f  i ncuba t ion  ex t rac ts .  

t i v e  approach t o  supplement our  prev ious s tud ies  by us ing  r a d i o l a b e l l e d  cogeners o f  

these compounds. 

nitromiphene from [ r n e t h ~ l e n e - ~ ~ c ]  benzyl ch lo r i de .  The procedure which we have 

developed i s  o f  micromolar p ropor t i ons  and i d e a l l y  s u i t e d  f o r  ma in ta in ing  cos t  

economy i n  purchasing expensive r a d i o l a b e l l e d  in termediates.  

generated, w h i l e  low compared t o  t h a t  r e q u i r e d  f o r  r a d i o l i g a n d  - recep to r  b ind ing  

studies, has been, as we expected, q u i t e  s u f f i c i e n t  f o r  mon i to r i ng  the  b i o t r a n s f o r -  

mation o f  these comDounds. 

We have now embarked on a more a n a l y t i c a l l y  sensi- 

14 Herein we r e p o r t  t he  syntheses o f  [ C] clomiphene and [ l%] 

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

MATERIALS 

[Methylene-14C] k n z y l  c h l o r i d e  was purchased from Pathf inder  Laborator ies Inco rp -  

orated. 

hydride and l i t h i u m  aluminum hydr ide,  r e s p e c t i v e l y .  

Benzene and te t rahyd ro fu ran  were d r i e d  by d i s t i l l a t i o n  f rom calc ium 

Tr ie thy lam ine  was p u r i f i e d  
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by d i s t i l l a t i on  from potassium hydroxide. 

reagent quali ty.  

Reacti-Vials w i t h  teflon/sil icone disc closures. 

two s ta in less  s tee l  22 gauge x 1.5 inch hypodermic needles, one attached to  the 

nitrogen source and the other to a drying tube w i t h  tygon tubing. 

most conveniently provided by suspending the reaction vial 5 1.5 cm above a 

Fisher Thermix s e t  a t  a temperature adjustment of 2. 

atography was performed using 0.2 mm s i l i c a  gel-coated p las t ic  sheets containing 

F-254 indicator (Merck). Preparative thick layer chromatography was carried out 

using 1.0 mm s i l i c a  gel glass-backed 20 x 20 cm plates w i t h  F-254 indicator 

(Analtech). Spots and bands were visualized under 254 nm u l t rav io le t  l igh t .  

Ultraviolet spectra were measured on a Baush and Lomb Spectronic 2000 Spectrometer 

System with ethanol as solvent. 

Liquid Sci n t i  11 a t i  on System. 

All other solvents were of analytical 

All reactions were carried out i n  c lear  1.0 mL capacity Pierce 

Dry nitrogen was vented t h r o u g h  

Heating was 

Analytical t h i n  layer chrom- 

Radioactivity was measured in a Beckman LS 7500 

EXPERIMENTAL 

14 l-[4-(2-Diethylaminoethoxy)phenyl]-l, 2-diphenyl-2-[ c]-ethene (a). A reaction 

vial containing magnesium pieces (6.3 mg, 0.259 mmol, diameter < 1 mm) and a st ir-  

ring triangle was flame-dried and s e t  aside i n  a desiccator t o  cool. 

[methylene- c l  benzyl chloride (18.8 mg, 0.25 m C i )  in diethyl ether (0.2 m L )  was 

introduced into the v i a l ,  a small iodine crystal  was added, and the mixture was 

gently refluxed fo r  1 h .  During this time 12 UL of unlabelled benzyl chloride 

( to t a l  amount of benzyl chloride is  32 mg, 0.253 mmol) was injected i n  order t o  

maintain a consistant dissolution of the magnesium while fresh diethyl e ther  was 

periodically injected to  maintain a suitable volume (0.2 m L ) .  

(2-diethylaminoethoxy) benzophenone 

A solution of 
14 

A solution of 4- 
9 (4, 55.1 mg, 0.185 nunol) in tetrahydrofuran 
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(0.3 mL) was s low ly  i n j e c t e d  i n t o  t h e  Gr ignard reagent. 

w h i l e  gen t l y  hea t ing  f o r  16 h and then was quenched w i t h  sa tu ra ted  ammonium 

c h l o r i d e  s o l u t i o n  (33 uL). The suspension was s t i r r e d  f o r  30 min. and f i l t e r e d  

through a pad o f  super-cel.  

and the f i l t r a t e  concentrated. Examination by TLC (benzene-tr iethylamine, 9 : l )  

showed t h a t  t h e  crude m a t e r i a l  was predominately the  precursor  ca rb ino l  (5) and 

some unreacted ketone. Th is  was d i sso l ved  i n  methanol (0.5 mL), 3 drops o f  10% 

HC1 was added, and the  r e a c t i o n  m ix tu re  was s t i r r e d  f o r  2.5 days. The crude 

m ix tu re  was s t reaked a t  t h e  base o f  two p repara t i ve  TLC p l a t e s  and e l u t e d  w i t h  

benzene-tr iethylamine ( 9 : l ) .  A f t e r  two developments, t he  des i red  product  5 
(41.6 mg) and unreacted 2 (7.1 mg) were ex t rac ted  from t h e i r  respec t i ve  bands w i t h  

d i e t h y l  e ther .  

The m ix tu re  was s t i r r e d  

The pad was washed w i t h  te t rahyd ro fu ran  ( 6  x 15 mL) 

Y i e l d  o f  5 based on c o r r e c t i o n  f o r  unreacted 4 was 69%. 

14 1-[4-(5iethylaminoethoxy)phenyl~-1, - 2-diphenyl-Z-chlor0-2-[ C] ethene (1). A 

reac t i on  v i a l  con ta in ing  a s o l u t i o n  o f  5 (41.6 mg, 0.112 mnol) i n  d i e t h y l  e ther  

(0.10 m l )  was c h i l l e d  i n  an i c e  bath. 

added and the  m i l k y  suspension was s t i r r e d  f o r  15 min. 

drogen c h l o r i d e  was evaporated away w i t h  a stream o f  d r y  n i t r o g e n  leav ing  the wh i te  

hydrochlor ide s a l t .  Th is  was d i sso l ved  i n  ch loroform (0.5 mL), N-chlorosuccimide 

(16.4 mg, 0.123 mmol) was added, and the  r e a c t i o n  m ix tu re  was g e n t l y  heated f o r  

40 h. 

and e l u t e d  w i t h  chloroform-methanol-ammonia (95:5:0.5). 

band w i t h  d i e t h y l  e t h e r  y i e l d e d  36 mg o f  a y e l l o w  o i l .  

w i t h  benzene-tr iethylamine ( 9 : l )  t o  a f f o r d  pure 2 (34 mg, 74%) as a p a l e  ye l l ow  o i l .  

The product cochromatographed w i t h  commerical ly a v a i l a b l e  clomiphene (Sigma) i n  

benzene-tr i  e t h y l  ami ne (9: 1 ) , benzene-pi p e r i  d i  ne (9 : 1 ) , and ch l  oroform-methanol (9 : 1 ) 

Ethereal hydrogen c h l o r i d e  (0.8 mL) was 

The e t h e r  and excess hy- 

The r e a c t i o n  m ix tu re  was s t reaked a t  t he  base o f  two p repara t i ve  TLC p la tes  

E x t r a c t i o n  o f  the product 

Th is  was rechromatographed 
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as well as exhibiting the charac te r i s t ic  u l t rav io le t  spectrum ( h  max 297 nm). 

radiochemical purity was shown t o  be 98%. 

and overall chemical and radiochemical yields were 45% and 532, respectively. 

The 

The spec i f ic  ac t iv i ty  was 0.53 mCi/mmol 

1-14- (2- (N-Pyrrol i dinyl )ethoxv)Dheny]-1- (4-methoxyphenyl)-Z-ni tro-Z-phenyl-Z[’ 4C]  

ethene ( 3 ) .  

modification employed i n  the previously described synthesis of [ 

t e r t i a ry  alcohol precursor 

[methylene- C] benzyl chloride (0.25 m C i ) ,  an excess of unlabelled benzyl chloride 

and 70.3 mg of 7. 
triethylamine, 9 : l )  afforded an amber, viscous o i l  (98 mg). 

in ace t ic  acid (0 .7  m L ) ,  90% n i t r i c  acid (20 u L )  was added, and s t i r r i n g  a t  room 

temperature was continued fo r  6 h .  

preparative TLC plates and the majority of the ace t ic  acid was removed 

under a stream of cold a i r  (hot air  may cause decomposition of product!). 

product was eluted w i t h  benzene-triethylamine (9:1),  extracted w i t h  ethyl ether,  

and rechromatographed with the same solvent system to  afford 67.5 mg (70%) of a 

yellow semi-sol id which cochromatographed w i t h  authentic 3 in benzene-triethylamine 

(9: 1 ) , benzene-piperidine (9: 1 ) , and chloroform-methanol -ammoni a (95: 5: 0.5). 

radiochemical purity was 98% and the spec i f ic  ac t iv i ty  was calculated t o  be 0.23 

mCi/mmol. The overall radiochemical yield was 26%. 

T h i s  was prepared by the method of Black e t  a l l o  w i t h  the sca la r  
14 C]-2. T h u s  the 

was prepared from 6.9 mg of magnesium pieces, 
14 

Purification of the crude product by preparative TLC (benzene- 

This was dissolved 

The yellow reaction mixture was applied t o  two 

The 

The 

Determination of Specific Activity of [14C]-2 and -3. 

application of the method of Katzenellenbogen, Tatee, and Robertsonll, using the 
-1 -1 molar absorptivity of 2. (11.6 fl cm a t  297 nm) and 3 (15.5 @I-’cm-’ a t  282 nm) 

t o  determine the amounts of these compounds in samples of measured radioactivity.  

This was carried out by 
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12-14 While compound 1 has been prepared i n  l a b e l l e d  form by a v a r i e t y  o f  procedures, 

l ess  i n fo rma t ion  i s  a v a i l a b l e  about methods f o r  2 and 3. Synthesis o f  [ C]-2 has 

no t  been reported, a l though i t s  use i n  c l i n i c a l  and animal s tud ies  o f  i t s  dispo- 

s i t i o n  has.15 A method f o r  t r i t i a t i o n  o f  3 or tho  t o  i t s  methoxy group has been 

reported.” 

the l a b e l  i n  such a way t h a t  i t  w i l l  be r e t a i n e d  f u l l y  i n  known o r  suspected 

metabol i tes r e s u l t i n g  from routes o f  b io t rans fo rma t ion  o t h e r  than e t h y l e n i c  bond 

cleavage. 

un labe l l ed  drugs are prepared, i s  summarized i n  t h e  Scheme. The ca rb ino l  pre-  

cursors o f  a and 8 were dehydrated, i n  tu rn ,  w i t h  HC1 and i n  s i t u  w i t h  a m ix tu re  

o f  n i t r i c  and a c e t i c  acids. 

14 

The present  compounds were prepared w i t h  the  o b j e c t i v e  of p o s i t i o n i n g  

Preparat ion o f  these:compounds, pa t te rned  a f t e r  t he  way i n  which the  

R 

X 

SCHEME 

I. PhcHzMgCI 
> 

2.  NH4CI 
3. HCI or  

HOAc 

R X ._ 

6 
N 4 0-NEt, H - 
u 7 O - N Z  OMe 3 
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Preparative TLC, with detection/identification of product zones on chromatograms 

carried out under ultraviolet light (254 nm), proved t o  be a convenient, efficient 

method for obtaining materials of high chemical and radiochemical purity. While 

these compounds are not of sufficient specific activity for detailed pharmaco- 

dynamic studies, they are of such for in vitro and in vivo biotransformation 

studies. 
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