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SUMMARY 

We desc r ibe  the syn thes i s  of deuterated d i e t h y l s t i t b e s t r o l  iso- 

topaners,s tar t ing from comnerc ia l l y  a v a i l a b l e  ketones.Attenpts 

t o  synthesize lj-3,4-di-(4-hydroxyphenyI)hex-3-ene-2,2,5,5- H4 

from 4methoxypropiophenone were n o t  success fu l .S ta r t i ng  from 

4methoxyacetophenone. i sotopi  ca I I y pure lj-3,4-d i -( 4-hydroxyphe- 

nyl)hex-3-ene-l,1,1 ,6,6,6- H6 was obtained. The 3-steps synthe- 

s i s  invo lved a l k y l a t i o n  o f  the ketone w i t h  i o d m t h a n e - l . l . 1 -  

'H3, r e d u c t i v e  coup l i ng  w i t h  t i t a n i u n  t r i c h l o r i d e - I i t h i u n  rea- 

gent, and demethy lat ion w i t h  t r i m e t h y l s i l y l i o d i d e .  The poss ib le  

use o f  the hexadeuterated d i e t h y l s t i l b e s t r o l  in isotope d i l u t i o n  

mass spectrometry i s  demonstrated. 

2 

2 

KEY NORIS : 2H - d i e t h y l s t i  l b e s t r o l ,  d e u t e r i u n  label  I ing, isotope 
di l u t i o n  gas ckranatographylmass s p e c t r a t r y .  
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INTRODUCTION 

P. .l. De Clercq et nl. 

The medical use o f  t.he syn the t i c  est rogen d ie thy ls t i lbes-  

t r o l  I D E S )  has been r e s t r i c t e d  s t r o n g l y  because of i t s  possible 

carcinogenic ef fects  (1 ,2) .  In view o f  these heal th  r i sks ,  also 

the ve te r ina ry  use o f  D E S  in t h e  ra i s ing  and  fa t ten ing  o f  l ive-  

stock and p o u l t r y  i s  p roh ib i t ed  in most countr ies.  Techniques 

to  t race i l legal DES use v ia  analysis o f  ca t t l e  meat, u r i n e  o r  

animal feeds have been rev iewed (3). Unambiguous quant i ta t ion,  

however ,  requ i res  the  use of isotope d i l u t i o n  mass spect rometry ,  

which necessitates t h e  avai lab i l i ty  o f  isotopical ly labelled 

DES. 

T h i s  s t u d y  describes o u r  a t tempts a t  syn thes i z ing  deute- 

r i u m  labelled DES-isotopomers. In v iew of t h e i r  possible use in 

twin- ion techniques (4) and  b ioavai lab i l i ty  s tud ies ( 5 )  5 
( t r a n s )  isotopomers had  to  b e  obta ined as t h e  z ( s y n )  conf igura-  

t ion is no t  used as an est rogen since it has much less biological 

ac t i v i t y  ( 6 ) .  

- RESULTS AND DISCUSSION 

A synthes is  of a t r i deu te ra ted  DES de r i va t i ve ,  i.e., 

- E-3,4-di-(4-hydroxyphenyl)hex-3-ene-l,1,1- H3, has been repo r ted  

p rev ious l y  ( 7 ) .  T h e  rou te  was based o n  t h e  method of Dodds and  

coworkers ( 8 1 ,  s t a r t i n g  f rom commercial desoxyanisoin, and  in- 

vo lved t h e  use o f  1-iodoethane-2,2,2- H 

2 

2 

For the  purpose o f  develop ing a d i r e c t  syn thes i s  o f  DES 

(1) and  in view of i t s  syrnrnerry, we s tud ied  t h e  reduc t i ve  dime- 

r izat ion of ketones t o  coupled o le f ins ( 9 ) .  In fact, t he  one- 

step synthes is  o f  dimestrol (21, t h e  co r respond ing  dirnethyl e the r  

of CES, has been repo r ted  by McMur ry ,  u s i n g  t h e  low va lent  t i ta-  

3 '  

- 1 R = H  
- 2 R - C H 3  
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n ium induced coupl ing o f  4-methoxypropiophenone (LihlH4-TiC13 

reagent, 85-95 8 y ie ld )  (10-11). O the r  procedures f o r  t he  reduc-  

t i v e  coupl ing o f  aromatic ketones t o  o le f ins w i t h  t i tanium- 

based reagents a re  known (12-14). 

As a ru le ,  m ix tu res  o f  E- and  2-isomers a re  obta ined ; e.g., from 

acetophenone E- and  2-2.3-diphenyl-2-butenes a re  obtained in 

rat ios o f  18:82 (TiC14-Zn ; 92 9, y ie ld )  (121, 59:41 (TiC13-Mg ; 

71% y ie ld )  (13), and  9O:lO (TiC13-Li; 940, y ie ld )  (14) ,  respect ive ly .  

T h e  la t te r  method was chosen in the  p resen t  s t u d y  fo r  e f fect ing 

t h e  coupl ing o f  1-(4-methoxyphenyl)propan-l-one-2,2- H2 (3) and  

o f  1-(4-methoxyphenyl)propan-l-one-3,3,3- H3 (2) .  
2 

2 

3 R=D,R'= H - 
- L R=H,R'=D 

T h e  isotopical ly p u r e  deuterated ketones 2 and 4 were 

read i l y  obtained f rom 4-methoxypropiophenone and  4-methoxyaceto- 

phenone, respect ive ly .  Treatment o f  t he  former ketone w i th  NaOD 

in D20-THF ( r e f l u x ,  24h) gave t h e  corresponding d ideuterated 3 
in 87% y ie ld  ( isotop ica l ly  p u r e  by ' H  NMR).  In contrast ,  t reat -  

ment w i th  sodium carbonate i n  D 0 - T H F  ( r e f l u x ,  24h) led to no 

incorporat ion o f  deuterium. A lky la t i on  o f  the enolate, de r i ved  

f rom 4-methoxyacetophenone w i t h  lithium-diisopropylamide ( L D A )  , 

w i t h  iodomethane-1 ,1 ,1 -  H3 gave  a f t e r  HPLC pu r i f i ca t i on  the 

des i red t r i deu te ra ted  de r i va t i ve  f! in 73% y ie ld  ( isotopical ly 

p u r e  b y  ' H  NMR).  

- 

2 

2 

T h e  t i tan ium- induced coupl ing o f  2 u s i n g  McMur ry ' s  T iCI3-  

Li reagent  gave, a f t e r  pu r i f i ca t i on  b y  column chromatography on  

si l ica gel, a m i x t u r e  o f  z- and  E-3,4-di-(4-methoxyphenyl)hex- 

3-ene-2,2,5,5- H 

- 9 5 : s  ra t i o  o f  - 5 and  2, respec t i ve l y ) . l n  a similar way a mix- 

t u r e  o f  1- and  E-3,4-di-(4-methoxyphenyl)hex-3-ene-l,1 , 1 , 6 , 6 , 6 -  

'H,.(L and  - 8 ; r a t i o  - 95:5, respec t i ve l y )  was obtained from 

ketone 4. T h e  assigment o f  the ?-geometry t o  the  major isomers 

- 5 and  follows f rom the  observed chemical s h i f t s  in the ' H  NMR 

spect rum of 2 ( 6 0.93 ppm f o r  H a t  C-1 a n d  a t  C - 6 )  and  of  

( 6  2.50 ppm f o r  H a t  C-2 and  a t  C-S)( lS- lS) .  B o t h  - 5 and  z were 

f o u n d  isotopical ly p u r e  by 'H NMR (360  MHz).  

2 large ly  in favor o f  t h e  :-isomer (58% yield; 4 
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OCHz 

- 5 R = D , R ' = H  
7 R = H , R ' = D  - 

- 6 R = D , R ' = H ,  R " = C H j  
- 8 R = H, R': D , R''=CH3 
- 15 R:H,R' :D, R ' I H  

The  dernethylation o f  dimestrol 2 usual ly  requ i res  h a r s h  

condi t ions a n d / o r  proceeds in low o r  moderate y ie lds  (7,19,20). 

The use o f  t r ime thy l s i l y l  iodide (21 ) .  however, allows fo r  

smooth dealky la t ion o f  5 (CHC13, room temperature,  24h) .  A f t e r  

work-up ( C H 3 0 H )  and  pu r i f i ca t i on  by column chromatography on  

sil ica gel a m i x t u r e  was obta ined (89% y ie ld ;  1 : l  r a t i o  o f  E- 
a n d  L-DES de r i va t i ves  accord ing t o  TLC) ,  f rom wh ich  t h e  E-iso- 

rner' (h ighe r  R f  va lue (22) in isooctane-ethyl acetate, 7:3) was 

selectively obta ined by crysta l l izat ion f rom benzene (31% isola- 

t ed  y i e l d ) .  Mass spectrometric analysis, however ,  showed the  

p r o d u c t  t o  consist mainly o f  undeuterated 1 (32.6%), rnonodeuterated 

- 9 ( 3 9 . 4 % ) ,  d ideu te ra ted  '0 and/or  (20.181, t r i d e u t e r a -  

t ed  2 (6 .2%) .  and 1.1% te t radeu te ra ted  d i e t h y l s t i l b e s t r o l  

(13 ) .  - 

#OH floR 
RO D 

R"' D 
HO I? 

14 R = H  o r C H 3  - 

The i scmer i za t i on  o f  the double bond upon demethy lat ion o f  5 
i s  not s u r p r i s i n g  in v iew  of the r e a c t i o n  cond i t i ons  used(18,22,23). 

The concomittant loss  o f  d e u t e r i u n  i nd i ca tes  the  in termediary  f o m -  

t i o n  o f  Y - d i e t h y l s t i l b e s t r o l  d e r i v a t i v e s ,  e.g., 3,4-di-(aIkoxyphe- 

nyl)hex-2-ene-2,5,5- H3 (14), during the  i s m r i z a t i o n  process(24). 2 
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M e r  the same reac t  i on  cond i t i ons  hexadeuterated dimes- 

t r o l  7 gave, a f t e r  p u r i f i c a t i o n  on s i l i c a  ge l  and c r y s t a l l  iza- 

t i o n  fran benzene, the corresponding l a b e l l e d  DES d e r i v a t i v e  - 15 

(m.p. 169OC) i s o t o p i c a l l y  pure by 'H iW? (360 W z ) .  Ana lys i s  by 

m s s  spectrometry ( se lec ted  i on  mon i to r i ng )  i nd i ca ted  a 100% 

inco rpo ra t i on  y i e l d .  

The use o f  - 15 as l a b e l l e d  i n t e r n a l  standard for isotope 

d i l u t i o n  mass spectrometry was invest igated.  No mutual i n t e r f e -  

rences were observed during se lec ted  i o n  m n i t o r i n g  because o f  

the e x c e l l e n t  i s o t o p i c  purity and high mass increment o f  the 

synthesized m l e c u l e .  Hence the m l e c u l e  i s  extremely s u i t a b l e  

as i n t e r n a l  standard t o  de tec t  and q u a n t i t a t e  t race  amounts o f  

d i e t h y l s t i  I b e s t r o l .  

653 

EXPERIMENTAL 

T h e  mel t ing points  a re  uncorrected.  T h e  'H NMR spectra 

were recorded a t  90 MHz (Var ian  EM-390) o r  a t  360 MHz (WH-Bru- 

c k e r )  w i t h  TMS as i n te rna l  s tandard.  Chemical s h i f t s  ( S ) a re  

g i v e n  in ppm. 

Mass spect ra l  data were obta ined on  a HP5992B o r  HP5985B 

inst rument .  Spect ra o f  t h e  under i va t i zed  compounds were obtained 

v ia  d i r e c t  i n le t  (250OC bal l is t ica l ly ) .  For  high resolut ion gas 

chromatography-mass spect rometry ,  an OV1 fused sil ica column 

(FSOT 12mx0.33mm ID) was instal led. Temperature set t ings were : 

in jector  (moving needle) 290°C, oven 200°C and  t rans fe r  l ine 

220OC. Helium (2ml m i n - l )  was used as c a r r i e r  gas. All spectra 

were obta ined a t  70 eV e lect ron impact. 

R f  values a r e  quoted f o r  Merck sil ica ge l  60 CF254 TLC 

4-Methoxypropiophenone, 4-methoxyacetophenone, deuter ium 

ox ide (100.0 atom % D ) ,  iodomethane-D3 (99 + atom % D ) ,  n-butyl- 

l i t h ium (1.6 M in hexane) and  t r imethy ls i ly l iod ide were purcha-  

sed f rom Janssen Chimica and  used w i thou t  f u r t h e r  pur i f icat ion.  

T e t r a h y d r o f u r a n  and  1,2-dimethoxyethane were f resh ly  d i s t i l l ed  

from sodium-benzophenone be fo re  use. Di isopropylamine (Janssen 

Chimica) was d i s t i l l ed  f rom l i th ium aluminium h y d r i d e  before use. 

L i t h ium w i re  was obta ined f rom Merck and  t i tan ium t r i ch lo r i de  

f rom Ventron.  

plates o f  0.25 mm thickness. 
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For chemical der ivat izat ions p r i o r  t o  gas chromatography,  

hep ta f l uo robu ty r i c  a n h y d r i d e  ( t l F B A )  was used (Macherey and  Nagel).  

Authent ic  d ie thy l s t i l bes t ro l  was obta ined f rom Serva. 

2 1--(4-Methoxyphenyl)propan-l-one-2,2- H ( 3 )  2 -  

T o  cooled deuter ium ox ide  (35 ml)  was added, u n d e r  argon,  

sodium c u t  i n to  smal l  pieces (3,5 9; 0.14 mol). A f t e r  s t i r r i n g  

fo r  3 0  min a t  room temperature a solut ion o f  4-methoxypropiophe- 

none (6.99 g; 42 mmol) in t e t r a h y d r o f u r a n  (12 ml )  was added and  

the  resu l t i ng  so lut ion was s t i r r e d  u n d e r  r e f l u x  f o r  24 h r s .  T h e  reaction 

m i x t u r e  was ex t rac ted  w i t h  ether ,  t h e  combined organic  

phases d r i e d  ove r  magnesium sul fa te and  concentrated in vacuo 

a f te r  f i l t r a t i o n  t o  y i e l d  ketone 3 ( 6  g ;  878 y ie ld )  as an  oil 

which so l id i f ied upon  Standing. The  p r o d u c t  was found  isotopi- 

cal ly p u r e  by ' H  NMR. R f  ( isooctane-ethyl acetate, 95:5) 0.08. 

' H  N h l R  190 MHz, CDC13) : 1.20 ( 3 H , s ) ,  3.87 (3t l ,s ) ,  6.95 (2H. 

A . B  ) ,  7.99 (2H, AzE3,). -2 2 

2 l -(4-Methoxyphenyl)propan-l-one-3,3,3- H3 (!) 

T o  a cooled (OOC) so lut ion o f  l i th ium di isopropylamide 

( f rom 7.57 ml  o f  di isopropylamine, 33.7 ml o f  a 1.6 molar n-bu- 

t y l l i t h ium solut ion in hexane and  100 rnl o f  t e t r a h y d r o f u r a n )  was 

added, under  argon,  a solut ion o f  4-methoxyacetophenone ( 8 . 1  g; 

54 mmol) in te t rahyd ro fu ran .  A f t e r  s t i r r i n g  f o r  30 min a t  O°C 

iodomethane-1.1.1- H3 (10 ml, 0.162 moll was added. A f t e r  s t i r -  

ring f o r  3 h r s  t h e  so lut ion was poured  i n t o  a saturated ammonium 

chlor ide so lut ion and  ex t rac ted  w i t h  ether .  A f t e r  drying ove r  

magnesium sulfate, t he  f i l t r a t e  was concentrated in vacuo and  

the  res idue p u r i f i e d  on HPLC (Waters Ass., P rep  LC/System 500) 

w i th  isooctane-ethyl acetate (85: 15) as e luent  t o  y i e l d  ketone 4 
(6 .54  g, 73% y ie ld )  as an  o i l  which so l id i f ied upon  standing.  

The  p r o d u c t  was found  isotopical ly p u r e  by ' H  NMR. R f  (isoocta- 

ne-ethy l  acetate, 95:5) 0.08. ' H  NMR (90 MHz, CDC13) : 2.90 

(2H. s ) ,  3.80 (3H, s ) ,  6.90 (2H, A 2 B 2 ) ,  7.95 (2H, A 2 B 2 ) .  

2 
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2 Z-3,4-di-(4-methoxyphenyl)hex-3-ene-2,2,5,5- H ( 5 )  and  2-3,4- 

di(4-methoxyphenyl)hex-3-ene-l,1,1,6,6,6- H6 (1) 2 4 -  
- 

A suspension o f  l i t h ium (1.74 g; 0.252 mol) and  t i tan ium 

t r i c h l o r i d e  (12.8 g; 83 mmol) in 1.2-dimethoxyethane (300 m l )  

was s t i r r e d  u n d e r  a rgon  a t  r e f l u x  for  3 h r s .  To  t h e  cooled 

(2OOC) suspension a so lut ion o f  ketone - 3 ( 3  g; 18 mmol) 

in 1.2-dimethoxyethane (100 ml) was added and  the  reaction m i x t u r e  

r e f l u x e d  f o r  16 h rs .  T h e  cooled suspension was poured  onto a 

f l o r i s i l  b e d  and  washed w i t h  hexane. A f te r  concentrat ion 

vacuo t h e  res idue  was p u r i f i e d  by column chromatography on 

si l ica ge l  ( isooctane-ethyl acetate, 95 : 5) t o  y i e l d  t h e  

Z-isomer 5 as an  o i l  (1.59 g; 58% y i e l d ) ,  somewhat contaminated 

(<5% by T L C  and  'H NMR) by t h e  E-isomer - 6. R f  ( isooctane-ethyl 

acetate): 0.21 f o r  5; 0.29 f o r  - 6. ' t i  NMR (360 fvlh'z, CDC13) : 

0.93 (6H, s ) ,  3.71 (6H .  s), 6.62 (4H, A 2 B 2 ) ,  6.86 (4H, A2B2)  ppm. 

Under  the  same condi t ions ketone U gave  t h e  ?-isomer 7 
(contaminated by 5% o f  - 8 )  as an  oil. R f  ( isooctane-ethyl aceta- 

P) : 0.21  f o r  1; 0.29 f o r  - 8. ' H  NMR (360 MHz, CDC13) : 2.50 

(4H, s ) ,  3.71 (6H, s) ,  6.62 (4H. A2B2) ,  6.86 (4H, A2B2)  ppm. 

- - 

2 - E-3,4-di-(4-hydroxyphenyl)hex-ene-l,1,1,6,6,6,- H6 (Is) 

A solut ion o f  L-o le f in  (1.59 g ;  5.3 mmol) and  tr ime- 

thylsilyl iodide (3.6 ml; 25 mmol) in ch loroform (18 ml) was 

s t i r r e d  a t  room temperature f o r  24 h r s .  A f t e r  f i l t r a t i o n  o f  t he  

b lack suspension, methanol (9 ml)  was added t o  t h e  f i l t r a t e  and  

t h e  so lut ion s t i r r e d  f o r  24 hrs. T h e  so l id  res idue , obta ined 

upon  concentrat ion & vacuo, was p u r i f i e d  by column chromatogra- 

phy o n  si l ica ge l  ( isooctane-ethyl acetate, 70:30) t o  y i e l d  a 

m i x t u r e  of  two p roduc ts  (1.29 g, 89% yield; ra t i o  1:l by TLC,  

R f  values 0.11 and  0.17). Recrysta l l izat ion f rom benzene ( 2  

t imes) gave  colorless needles (m.p. 169-172OC) in 31% isolated 

y i e l d  (0.45 9). T h e  p r o d u c t  showed t h e  same T L C  behavior  as 

authent ic  d ie thy ls t i lbest ro l .  R f  ( e t h y l  acetate-isooctane) : 0.1 7 
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Mass spectrometric analysis showed t h e  fol lowing d i s t r i b u -  

t ion o f  re la t ive in tens i t ies a round the  molecular ion reg ion : 

268, 71.1; 269,  100; 270, 62.4; 271, 24.3; 272, 6.3; 

273, 1.4; 274, 0 . 5 ;  275, 0.3 ( m l z  - -  value, rel.  in t . ) .  
Under  identical condit ions isotopical ly p u r e  E-3,4-di(4- 

2 hydroxyphenyl)hex-3-ene-l,1,1,6,6,6- H6 (15) was obtained f rom 

- Z-olefin - 7. b1.p. (benzene): 169OC. R f  ( e t h y l  acetate-isooctane) : 

0.17. : 2.10 (4H,s), 4.90 ( 5 ) .  6.77 

(4H,A2B2), 7.00 (4t1, A2B2) .  T h e  mass spect rum o f  5 (M.W. 274) 

via d i rec t  in le t  i s  g iven  in comparison w i t h  authent ic  DES (M.W. 

268) in F igure  1.  

' H  NMR (360 MHz,CD30D) 

I 

4 

Fig.1. Mass spect rum o f  t h e  synthesized DES-d6 (Is) (top)  in 

comparison w i t h  unlabel led DES ( 1 )  (bottom). - 

Isotope Di lu t ion Gas Chromatography Mass Spectrometry (ID-GCMS) 

- 
Prior  t o  gas chromatography, der ivat isat ion took place by 

adding 20 VL HFBA in 100 VL acetoni t r i le  and heat ing f o r  60 min 

a t  60 OC. The mass spectrometer was focussed f o r  detection o f  the  
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molecular ions o f  di-HFB-DES ( m / z  660.1) a n d  di-HFB-DES- 2 H6 - -  
(mlz 666.1) us ing  100 msec dwell  times. F igure  2 shows the 

selected ion chromatograms o f  an ex t rac t  o f  1 g meat, t o  which 

1 ng DES a n d  2 ng DES- H6 were added. 2 

&I In1 
FS C 

m u  666 

I I 
5 4 min 

Fig. 2. Selected ion chromatograms a f te r  processing 1 g meat sp iked 
which 1 ng DES ( m / ~  660.1) a n d  2 ng DES-d6 ( m / ~  666.1) . 
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