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Abstract  - F luo r i na ted  der iva t ives  3,14-dihydroxy-4,5a-epoxy-66-fluoro-17- 

nethylrnorphinan ("fluorooxymorphone"; FOXY, l(i) and 17-cyclopropylmethyl-3,14 

dihydroxy-4,5o-epoxy-66-fluoromorphinan (CYCLOFOXY, 18) were prepared based 

upon t h e  s t ruc tures  o f  the  potent op io id  agonist oxymorphone 4 and the 

antagonist  nal t rexone 2 respect ively.  F luor ine  was introduced i n  the f i n a l  

stages of synthesis by a f a c i l e  nuc leoph i l i c  displacement w i t h  f l u o r i d e  ion  

o f  the  6 u - t r i f l a t e  func t ions  i n  8 and 16. The syn the t i c  procedures are 

s u i t a b l e  f o r  the  product ion o f  the corresponding pos i t r on  e m i t t i n g  1 8 ~ -  

labe led analogs 18F-F0xy and l R ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ,  which may be useful  f o r  

i n  v i vo  studies o f  the  op io id  receptor system using pos i t r on  emission t rans-  -- 

a x i a l  tomography. I n  add i t ion ,  the t r i t i a t i o n  of FOXY (10) t o  h igh spec i f i c  

a c t i v i t y  i s  described. 

I n  an e f f o r t  t o  understand the s t ruc tu re  and funct ion  o f  the op io id  receptor system, we have 

engaged i n  the  synthesis o f  a va r i e t y  of op io id  l igands designed as pharmacological probes o f  t h i s  

~ y s t e n . l - ~  One shortcoming o f  these l i n e s  of i nves t i ga t i on  i s  t h a t  they are not su i t ab le  f o r  



R R I X  X 

3 Me H e  H OH - 
4 H H e  -a - 
5 H me H OH - 
6 H H e  OH H - 
7 Ac Me H OH - 
8 Ae H e  H OTf - 
9 Ac Me F H - 
10 H H e  F H - 
11 H CPH -3 - 
1 2  H CFU H OH - 
13 H CPH OH H - 
14 Ac C F n  H OH - 
15 A c  CPH OH H - 
16 Ac CPH H mf  - 
17 Ac CPH F H - 
18 H CPH F H - 

i n  v i vo  v i s u a l i z a t i o n  of op io i d  receptors i n  the  l i v i n g  human brain.4 With the  developnent o f  -- 

pos i t r on  emission t r ansax ia l  tomography (PETT), i n v e s t i g a t i o n  of the o p i o i d  receptor 

system i n  humans i s  poss ib le  if an appropr ia te  pos i t r on  e m i t t i n g  op io i d  l i gand  i s  used. To be 

useful, such a l i gand  must have high b ind ing  a f f i n i t y  and s p e c i f i c i t y  f o r  the  op io i d  receptor  

system and rmst be s y n t h e t i c a l l y  access ib le  by i n t r oduc t i on  o f  the  pos i t r on  e m i t t i n g  iso tope i n  a  

rap id ,  h i gh  y i e l d  r eac t i on  i m e d i a t e l y  p r i o r  t o  use. Use o f  I~F, a  pos i t r on  e m i t t i n g  iso tope 

w i t h  a  ha l f  l i f e  of 110 n i n ,  has proven t o  be successful f o r  PETT scanning i n  o ther  systems.5 

We have there fore  undertaken t he  synthesis o f  f l uo r i ne - l abe led  op io ids  t o  be used as models f o r  

eventual 18~ - i nco rpo ra t i on ,  and have prev ious ly  repor ted  on t he  synthesis and b i o l o g i c a l  

a c t i v i t y  of f luorophen, a  f l u o r i n e  conta in ing  d e r i v a t i v e  o f  t he  potent  o p i o i d  phenazocine.6 

Herein we wish t o  repor t  t he  synthesis of two new f l uo r i na ted  op io i ds  10 and 18 by routes which 

i n v o l v e  f a c i l e  i n t r oduc t i on  of f l u o r i n e  i n  the  f i n a l  stages i n  a  nanner s u i t a b l e  f o r  incorpora t ion  

of 1 8 ~ .  Also included i n  t h i s  r epo r t  i s  the  t r i t i a t i o n  o f  2 t o  h igh  s p e c i f i c  a c t i v i t y .  
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Morphinan 10 ("fluorooxymorphone", FOXY), whose s t ruc tu re  i s  based on the potent op io id  agonist 

oxymorphone (4).  was obtained i n  a clean, rap id  (20 min) react ion  of t r i f l a t e  8 w i t h  KFI l8-crown4 

i n  r e f l u x i n g  a c e t o n i t r i l e .  The choice o f  t r i f l a t e  ( t r i f l uo rone thanesu l f ona te )  as the leaving 

group i n  t h i s  nuc leoph i l i c  displacement i s  based upon i t s  proven value i n  s i m i l a r  react ions7 and 

t h e  observat ion t ha t  w t h y l  t r i f l a t e s  are 104.3 t imes mare reac t i ve  t o  so l vo l ys i s  than 

tosylates.8 I n  the  react ion  o f  4 w i t h  f l u o r i d e  the 3-OAc group was retained, g i v i n g  9, which 

upon treatment w i t h  aqueous NH3 y ie lded  the t i t l e  compound FOXY (E). However, f o r  experiments 

u t i l i z i n g  1 8 ~  where shor ter  react ion  times are c r i t i c a l ,  the  3-OAc de r i va t i ve  9 can be taken 

d i r e c t l y  f o r  c n s t u d i e s ,  e l im ina t i ng  the hydro lys is  step. By analogy t o  other 3-OAc 

4,5+poxyrnorphinans such as heroin,  the presence of the 3-OAc group i n  3 should f a c i l i t a t e  uptake 

i n  the  b ra in  where rap id  enzymatic deacetylat ion would y i e l d  the f r e e  I 8 ~ - ~ 0 X y  (lo). 

T r i f l a t e  8 was prepared by react ion  o f  6a-OH compound l w i t h  a molar excess of 

t r i f luoronethanesulfonic  anhydride i n  pyridinelCHC13. The excess anhydride d id  not acylate the 

14-OH group under these cond i t ions .  The 3-acetyl-14-hydroxy-dihydromorphine was obtained as a 

c r y s t a l l i n e  s o l i d ,  mp 125-126'C (prev ious ly  reported as a gun9) by treatment o f  the 

corresponding 3-OH compound 5 w i t h  ace t i c  anhydride i n  aqueous N ~ H C O ~ . ~  The 3-OH compound 5 

cou ld  be obtained d i r e c t l y  f r on  14-hydroxydihydromorphinone (4)  by reduct ion w i th  NaBH4. 

However i n  cont ras t  t o  previous reports,1° substant ia l  formation of epimeric 66-OH product 5 

was observed, necess i ta t ing  tedious p u r i f i c a t i o n  by s i l i c a  gel chromatography t o  obtain the pure 

&-OH epimer 5. A l te rna te l y ,  pure 6u-OH conpound 2 could be obtained by NaBH4 reduct ion l1  

o f  the didehydro compound p2 which fo l lowed by hydrogenationll t o  3 and 0-demethylation 

(001-3 i n  C H C I ~ ) ~ ~  y ie lded  5. 

FOXY (10) has been shown t o  have a high a f f i n i t y  f o r  op io id  mu-receptors and exh ib i t s  one o f  the 

lowest l eve l s  of nonspeci f ic  b ind ing f o r  any mu-opioid l i gand  present ly  available.14 However, 

it has prev ious ly  been reported tha t  even agonist w i t h  very high *= receptor a f f i n i t i e s  

accumulate poor ly  a t  receptor sites.15 Although two exceptions have been claimed,16 t h e  

usual f a i l u r e  t o  detect  b ind ing o f  op io id  agonists hn may be due i n  par t  t o  t h e i r  reduced 

a f f i n i t y  i n  the  sodium-rich c e l l u l a r  environment. Antagonists, i n  cont ras t ,  have been shown to  

prov ide much b e t t e r  l igands f o r  cn binding studies.15 I n  the  epoxymorphinan ser ies,  

N-cyclopropylmethyl compounds are genera l ly  narcot ic  antagonists. It was therefore of i n te res t  t o  

prepare the corresponding N-cyclopropylmethyl de r i va t i ve  (CYCLOFOXY, l8) as a l igand poss ib ly  

super ior  t o  FOXY for *I receptor  imaging. Using a react ion  sequence analogous t o  tha t  

described above f o r  the  synthesis of FOXY, the  potent,  prototype narcot ic  antagonist naltrexone 

(g) was reduced w i th  NaBH4 i n  THF t o  y i e l d  predominantly the 6o-OH epimer z.l7 



(The observed NMR coup l ing  constants f o r  12 were J = 4.4 Hz; l i t 1 7  J = 4.0 
58-60 58-68 

Hz for  12 and J5e-6a = 6.0 Hz f o r  the  66-OH epimer 13.) A small amount o f  epimeric 13 a lso  

formed which cou ld  be removed chromatographically a t  t h i s  po in t ,  o r  preferably ca r r i ed  t o  the  next 

s tep where ace ty la t i on  of t h e  crude mix ture  w i t h  ace t i c  anhydride i n  aqueous NaHCO3 gave a more 

e a s i l y  separable mixture o f  3-OAc-6a-OH and 68-OH compounds 14 and 15,17 respect ive ly .  

React ion o f  pure 14 w i t h  excess t r i f luoronethanesulfonic  anhydride i n  pyridinefCHC13 gave the 

68-OTf 5. As i n  the  synthesis of FOXY, f a c i l e  nuc leoph i l i c  displacement of the t r i f l a t e  group 

w i th  KF/18-crown-6 i n  r e f l u x i n g  a c e t o n i t r i l e  gave the 3-OAc compound ll, which provided CYCLOFOXY 

(18) upon heat ing  w i t h  aqueous NH3 i n  MeOH. V i c i na l  NMR coupl ing constants between the 56-H and 

6-F o f  FOXY ( J  = 18 Hz) and CYCLOFOXY (J = 21 Hz) were consistent w i t h  t h e  68-F 

conf igurat ion.18. 

I t  was o f  i n t e r e s t  t o  have both FOXY and CYCLOFOXY labe led wi th  t r i t i u m  i n  high s p e c i f i c  a c t i v i t y  

f o r  receptor b ind ing and autoradiographic studies.  I n  a procedure s i m i l a r  t o  t ha t  previously used 

t o  t r i t i a t e  other op io id  l igands,19 FOXY was brominated (Br? i n  AcOH) t o  y i e l d  the dibromo 

d e r i v a t i v e  19. Pal lad iun on carbon catalyzed exchange of t r i t i u m  f o r  bromine gave 3 ~ - ~ ~ ~ ~  (20) 

w i t h  a spec i f i c  a c t i v i t y  of 16 C i l m o l .  Work i s  i n  progress t o  prepare 3 ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~  i n  a 

s i m i l a r  manner. 

EXPERI1,lENTAL 

Me l t i ng  po in ts  were determined on a Fischer-Johns apparatus and are corrected. NMR spectra were 

recorded using a Var ian 220 MHz spectroneter w i t h  Si[CH3)4 as the i n te rna l  reference. 

In f rared spectra were recorded on a Reckman 4230 spectroneter. S i l i c a  gel  GF p la tes  f o r  t h i n  

l a y e r  chromatagraphy were purchased from Analtech, Inc., Newark, Delaware. Chemical i o n i z a t i o n  

mass spectra (CIMS) were obtained on a Finnigan 1015D spectrometer w i t h  a Model 6000 data 

c o l l e c t i o n  system and e lec t ron i o n i z a t i o n  mass spectra (EIMS) were obtained on a H i tach i -Perk in  

Elmer RMU-6E spectrometer (70 eV). Column chromatography was performed us ing 230-400 mesh EM 

s i l i c a  gel .  Mass spectra and elemental analysis were obtained from the Sect ion on Ana l y t i ca l  

Services and Instrumentat ion,  NIAODK. 

4,5a-E~oxy-17-methyl-3,6o.l4-trihydroxymorphinan (14-hydroxydihydromorphine, 5 ) :  

A s o l u t i o n  of 1.0 g (3.2 mrnol) of 6u,l4-dihydrox~-4,5a-epoxy-3-nethoxy-17-ethylmorphinan~~ 

(14-hydroxydihydrocodeine, 2) i n  CHC13 (30 mL) was s t i r r e d  a t  20°C w i th  BBr3 (1.8 nL, 6 eq) 

f o r  30 min. The r e s u l t i n g  wh i te  suspension was caut ious ly  t rea ted w i th  MeOH u n t i l  no f u r t h e r  

react ion  occurred, then evaporated t o  a foan and p a r t i t i o n e d  between aqueous Na2C03 (10 mL) 

and CHC13 (3 x 30 mi) .  Evaporation o f  CHC13 and c r y s t a l l i z a t i o n  from MeOH/ether gave 5 as 

whi te  c r y s t a l s  (650mg, 67%), rnp 250-252Y ( l i t . 1 0  250'C). 
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3-Acetoxy-4.5o-epoxy-14-hydroxy-17-methyl-6o-trifluoromethanesulfonyloxymorphinan (8): 

A s o l u t i o n  of 2.0 g (5.8 m o l )  o f  3-acetoxy-6o,l4-dihydroxy-4,5o-epoxy-l7-methylmorphinan 1 (mp 

125.0-126.5'C. p r e v i o u s l y  r e p o r t e d  as gum9) i n  CHC13 (30  n L )  w i t h  p y r i d i n e  ( 4  n L )  was s t i r r e d  

a t  20°C w h i l e  two a d d i t i o n s  o f  970 uL (1.63 g, 5.8 mmol) o f  t r i f l u o r o m e t h a n e s u l f o n i c  anhydr ide  

were made. A f t e r  20 n i n ,  TLC (CHC13:MeOH:NHqOH;90:10:1) i n d i c a t e d  a s i n g l e  p roduc t  spo t  (Rf = 

0.57) w i t h  no s t a r t i n g  m a t e r i a l  (Rf = 0.43). The n i x t u r e  was p a r t i t i o n e d  between aqueous NaHC03 

(50  mL) and CHC13 ( 2  x 30 mL), d r i e d  (Na2SO4) and evaporated t o  a red o i l .  S i l i c a  gel f l a s h  

chromatography (CH2C12:MeOH 1 0 : l )  p r o v i d e d  8 as a y e l l o w  o i l  homogeneous on TLC (2.0 g, 72%); 

CIMS (NH3) n l e  378 ( M t l ) ;  NMR (CDC13):61.43-1.77 (n, 4H), 1.93-2.10 (m, I H ) ,  2.16-2.32 (m, 

3H), 2.29 ( s ,  3H),  2.35 (8,  3H), 2.43 id ,  IH, J = 7 Hz) 2.59 (dd, IH, J = 6 Hz and 18 Hz) ,  2.80 

(d, l H ,  J = 6 Hz) ,  3.18 (d,  IH ,  J = 18 Hz), 4.74 (d, l H ,  J = 4 Hz), 5.41 ( q u i n t e t ,  IH ,  J = 4 Hz), 

6.67 ( d ,  IH, J = 8 Hz), 6.86 ( d ,  IH, J = 8 Hz). 

3,14-Dihydroxy-4,5o-epoxy-6~-fluoro-17-methylmor~hinan h y d r o c h l o r i d e  (FOXY.HC1, 10.HClL: 

A s o l u t i o n  o f  t r i f l a t e  8 (1.0 g, 2.1 n n o l )  i n  a c e t o n i t r i l e  ( 3 0  mL) was s t i r r e d  a t  r e f l u x  w i t h  KF 

(880 mg, 15.2 mmol) and 18-crown-6 e t h e r  (1.1 g, 4.2 mmol). The r e a c t i o n  was complete a t  20 min 

by TLC. It was evaporated and p u r i f i e d  by s i l i c a  ge l  f l a s h  chronatography (CH2C12:MeOH: 

NH40H 100:5:1) y i e l d i n g  t h e  3-0Ac d e r i v a t i v e  o f  FOXY 2 as a syrup. This  was d i s s o l v e d  i n  MeOH 

(10  mL) and s t i r r e d  a t  80°C f o r  30 m in  w i t h  concen t ra ted  NH40H (500 u L )  The so lven t  was 

evaporated t o  y i e l d  crude p roduc t  as a c r y s t a l l i n e  s o l i d  which was a c i d i f i e d  w i t h  m e t h a n o l i c  HCl 

and c r y s t a l l i z e d  f r o m  2-p ropano l / i sopropy l  e ther ,  y i e l d i n g  g . H C 1  as a w h i t e  c r y s t a l l i n e  s o l i d  

(440 mg, 62%) :  np 196-20O0C; CIMS (NH3) mle 306 ( M t l ) ;  NNR (CDC13):61.20-1.50 (m, 3H), 

1.57-1.70 (m, l H ) ,  1.75-1.95 (m, I H ) ,  2.05-2.30 (m, 3H), 2.36 ( s ,  3H)<, 2.53 (dd, IH, J = 6 Hz and 

18  Hz) ,  2.78 (d,  IH, J = 6 Hz) ,  2.66 (d, IH ,  J = 18 Hz), 4.34 (doub le t  o f  q u i n t e t s ,  I H ,  4 = 6 Hz 

and 49 Hz) ,  4.61 (dd, IH, J = 6 Hz and 21 Hz), 6.57 (d, lH,  J = 8 Hz), 6.70 (d, IH ,  J = 8 Hz). 

Anal. Calcd. f o r  C17H2003F.HCl.2.5 H20: C, 52.78; H, 6.77; N, 3.62. Found: C, 52.79; H, 6.42; 

N, 3.31. 

3-Acetoxy-17-cyclopropylmethyl-4,5u-epoxy-6-hydoxymorphinan o x a l a t e ( l 4  o x a l a t e ) :  

Nal trexone.HC1 (g.HC1) (20 g, 53 n n o l  ) was d i s s o l v e d  i n  Hz0 (200 mL) by warming then made 

a l k a l i n e  by a d d i t i o n  o f  NH40H (30  n L )  and e x t r a c t e d  w i t h  CHC13 ( 3  x 100 nL). Evapora t ion  of 

t h e  CHC13 e x t r a c t  gave n a l t r e x o n e  base as a w h i t e  s o l i d  i n  q u a n t i t a t i v e  y i e l d .  Th is  was 

d i s s o l v e d  i n  THF (200 mL) and coo led  on i c e  w h i l e  NaRH4 (1.0 g, 26 m o l )  was added. A f t e r  1 h 

excess h y d r i d e  was des t royed  by s t i r r i n g  f o r  30 n i n  w i t h  d i l u t e  HC1 ( 5  mL). Evapora t ion  of the 

s o l v e n t  l e f t  a foam which, was p a r t i t i o n e d  between d i l u t e  NH40H (20  n L )  and CHC13 ( 2  x 150 mL), 

washed w i t h  d i l u t e  ElHqOH (100 n L )  and evaporated t o  a w h i t e  foam c o n t a i n i n g  predominant ly  6u-OH 

isomer  12 w i t h  a l i t t l e  66-OH isomer 5. The foam was mixed w i t h  Hz0 (400 mL) c o n t a i n i n g  



NaHC03 (50  g) ,  then ace t i c  anhydr ide was added (30 mL) and t h e  m i x tu re  s t i r r e d  a t  20°C f o r  40 

n in .  The r e s u l t i n g  c l e a r  s o l u t i o n  was ex t r ac ted  w i t h  CHC13 ( 3  x 100 m L ) ,  evaporated t o  a syrup 

and p u r i f i e d  by s i l i c a  gel  f lash  chrmatography (CHzC12:MeOH:NH40H 100:5:1) t o  y i e l d  pure 

&-OH 14 as a syrup. C r y s t a l l i z a t i o n  of t h e  oxa la te  s a l t  ( 1  mOl eq of o x a l i c  a c i d )  frm acetone: 

MeOH gave 14 oxa la te  as a wh i t e  s a l t  (9.4 g, 37% y i e l d ) :  mp 184-187°C (gas); NMR (COCl3):64.62 

(d ,  56-H, J58-66 = 5.0 Hz; lit.16 4.63 (d, 56.H, J = 5.2 Hz). pnal. Calcd. f o r  
56-66 

C Z ~ H ~ ~ N O ~ . C ~ H ~ O ~ .  1.5 H20: C ,  57.36; H, 6.42; H, 2.79. Found: C, 57.45; H, 6.21; N, 

2.86. 

3-Acetoxy-17-cyclopropylmethyl-4,5o-epoxy-6o-trifluoromethanesulfonyloxvmorphinan ( 16 r :  

Oxalate s a l t  14 (4.8 9, 10 mmol) was p a r t i t i o n e d  between aqueous NaHC03 (50  mL) and CHC13 ( 2  x 

100 mL). Evaporat ion of t h e  CHC1) ex t r ac t s  gave f ree amine 14 as a co l o r l ess  syrup i n  

q u a n t i t a t i v e  y i e l d .  This was taken up i n  CHC13 (30 mL) t o  which was added p y r i d i n e  (4 mL) t hen  

trifluoromethanesulfonic anhydr ide ( 2  x 1.7 mL, 20 mmol t o t a l ) .  A f t e r  10 min the  r eac t i on  m i x tu re  

was d i l u t e d  w i t h  CHC13 (100 mL), washed w i t h  aqueous NaHC03, d r i e d  (NazSOq) and evaporated 

t o  a r ed  o i l .  S i l i c a  gel f l a sh  chronatography (CH2C12:MeflH:NHqOH 100:5:1) gave product  16 

as a y e l l o w  syrup, (5.0 g, 97%):  CIMS (NH3) mle 518 (Mcl) ;  NMR (CDC13):60.14 (d, lH, ?1 = 5 

Hz), 0.56 (d ,  IH, J = 8 Hz) ,  0.68-0.91 (n, l H ) ,  1.43-1.77 (m, 4H), 1.93-2.10 ( m ,  lH ) ,  2.24-2.39 

(m, 3H), 2.17 ( s ,  3h), 2.30 i s ,  3H), 2.70-3.02 (m, 2H), 3.04-3.60 (m, ZH), 4.76 (d, lH ,  ,! = 4 Hz), 

5.34-5.45 (m, l H ) ,  6.66 (d, lH, 2 = 8 Hz),  6.86 (d ,  lH ,  J = 8 Hz). 

17-Cyclopropylmethyl-3,14-dihydroy-4,5a-epoxy-68-fluoromorphinan hydroch lo r ide  (CYCLOFOXY.HC1, 

18.HC1): 

T r i f l a t e  16 (3.26 g, 6.3 mmol) i n  a c e t o n i t r i l e  (100 nL) was s t i r r e d  a t  r e f l u x  w i t h  KF (3.9 g, 68 

mnol) and 18-crown-6 e ther  (5.1 9, 19.3 mmol). A f t e r  1 h the  r eac t i on  was removed, evaporated t o  

a gum and p u r i f i e d  by s i l i c a  gel f l a s h  chromatography (CH2C12:NHqOH 100 : l )  t o  y i e l d  3-0Ac 17 
as a foam (1.0 g ) .  This was d isso lved  i n  MeOH (50 mL) and s t i r r e d  w i t h  NH40H ( 1  m i )  f o r  1.5 h. 

The r e a c t i o n  m i x tu re  was then evaporated, a c i d i f i e d  w i t h  methanol ic  HC1 and c r y s t a l l i z e d  from 

2-propanol: i sopropy l  e ther  t o  y i e l d  E.HC1 as wh i t e  c r y s t a l s  (890 mg, 37% y i e l d ) :  np 206-210°C; 

EIMS mle 345 (Mt); NMR (COC13):60.11 id,  2H, ?1_ = 5 Hz), 0.52 (d ,  2H, J = 8 Hz), 0.74-0.92 (m, 

l H ) ,  1.23-1.52 (m, 3H), 1.59-1.74 (m, l H ) ,  1.77-1.93 (m, l H ) ,  2.05-2.30 (n, 2H), 2.36 (d, 2H, - J = 

7 Hz), 2.48-2.68 (0, 2H), 3.00 (d, IH, ,! = 1R Hz), 3.56 (d, IH,  J = 6 Hz), 4.34 (doub le t  of  

qu i n te t s ,  lH, ,! = 6 Hz and 48 Hz),  4.61 (dd, IH,  J = 6 Hz and 21 Hz), 6.55 (d, lH ,  J = 8 Hz), 6.70 - 

( d ,  1H, J = 8 Hz). Anal. Calcd. f o r  C20H25ClFN03: C, 62.91; H, 6.60; N, 3.67. 

Found: C, 62.55; H, 6.87; N, 3.28. 
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3,14-Dihydroxy-4,Sa-epoxy-6~-fluoro-17-methylnorphinan-1,2-3~ I~H-FOXY, 201: 

To a s o l u t i o n  o f  FOXY.HC1, ( s . H C 1 )  (240 mg, 0.79 mmol) i n  AcOH ( 5  mL) was added 5 drops o f  48% 

aqueous HBr and bromine vapor was passed over  t h e  s t i r r e d  s o l u t i o n .  A f t e r  1.5 h s o l v e n t  was 

evapora ted  and t h e  r e s i d u e  p a r t i t i o n e d  between aqueous NaHC03 ( 5  n L )  and CHC13 (10  mL). 

E v a p o r a t i o n  o f  t h e  CHC13 e x t r a c t  gave a foam wh ich  was p u r i f i e d  by s i l i c a  gel f l a s h  

chromatography (CH2C12:MeOH:NH40H;90:5:0.5) t o  y i e l d  19 as a syrup.  A c i d i f i c a t i o n  w i t h  

m e t h a n o l i c  HC1 gave 2 . H C 1  as a w h i t e  amorphous powder (155 ng, 39%) :  CIMS (NH3) 460, 461, 463 

( i s o t o p i c  d i s t r i b u t i o n  f o r  M i l ) ;  NMR (CnC13, f r e e  base):61.20-1.50 (n ,  3H), 1.57-1.70 (m, 

I H ) ,  1.75-1.95 (m, l H ) ,  2.05-2.30 (n, 3H), 2.37 ( 8 ,  3H), 2.34-2.52 (m, l H ) ,  2.85 (d ,  l H ,  J = 6 

Hz) ,  2.66 (d, 1H, J = 18 Hz) ,  4.34 ( d o u b l e t  o f  q u i n t e t s ,  l H ,  J = 6 Hz and 49 Hz) ,  4.61 (dd, IH,  J 

= 6 Hz and 21 Hz). 

A s o l u t i o n  E . H C 1  ( 1 0  n g )  i n  YeOH ( 2  mL) was s t i r r e d  w i t h  10% Pd-C ( 1 5  mg) under  an atmasphere of 

t r i t i u m  gas (25  C i ) .  ( T r i t i a t i o n  was p e r f o r m d  a t  t h e  NRV England Nuc lea r  Corp., 549 Alhany St., 

Boston, Mass., 62118.) A f t e r  24 h t h e  m i x t u r e  was f i l t e r e d ,  l a b i l e  t r i t i u m  removed i n  vacuo and 

t h e  r e s i d u e  (311  n C i )  t a k e n  up i n  MeOH ( 2  mL).  A 30 mCi a l i q u o t  was a p p l i e d  t o  a 2.5 cm x 9 cn 

aluminum backed EM s i l i c a  gel  60  TLC p l a t e  (200 +), and developed (CHC13:MeOH:NH40H: 

100:3:3). The p l a t e  was c u t  i n t o  7 x 1 crn bands which were each e l u t e d  w i t h  MeOH ( 2  mL) and 

a l i q u o t s  s u b j e c t e d  t o  l i q u i d  s c i n t i l l a t i o n  spec t ropho tomet ry .  Bands 5 and 6, c o n t a i n i n g  48% of 

t h e  t o t a l  e l u t e d  a c t i v i t y ,  were pooled and rechromatographed i n  an i d e n t i c a l  manner, y i e l d i n g  

 FOXY ( 2  mCi) .  When an a l i q u o t  o f  20 was cochronatographed w i t h  a u t h e n t i c  FOXY (10) (TLC, 

s o l v e n t  system as ahove), 97% of t h e  t o t a l  r a d i o a c t i v i t y  r a n  w i t h  3 ( v i s u a l i z e d  w i t h  12)  

i n d i c a t i n g  97% rad iochemica l  p u r i t y .  The UV spectrum o f  g w a s  i d e n t i c a l  w i t h  a u t h e n t i c  10, and 

s p e c i f i c  a c t i v i t y  of 3 was c a l c u l a t e d  as 16 C i lmno l  based upon i t s  uv a b s o r p t i o n  a t  285 nn. 

Note added a f t e r  acceptance o f  t h i s  manusc r ip t :  

The s y n t h e s i s  o f  [ % I - 3 - ~ c e t y l c y c l o f o x y  has now been accompl ished and t h i s  w t e r i a l  proved 

h i g h l y  s a t i s f a c t o r y  f o r  v i s u a l i z a t i o n  o f  o p i a t e  r e c e p t o r s  i n  t h e  b r a i n  o f  a l i v i n g  baboon.20 
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