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A novel four-step transformation o f  (+)-dihydrocodeinone (1) t o  

unnatural (+)-codeine (5) a!-carbethoxy-7-phenylselenonordihydro- 

codeinone (3) (40% ove ra l l  y i e l d )  i s  described. The s t r uc tu re  and 

absolute con f i gu ra t i on  of 3 were confirmed by s i ng l e  c r y s t a l  X-ray ana lys is .  



An elegant conversion of (-)-dihydrocodeinone (1) '  i n t o  (-)-codeinone 

1 (c)', a key intermediate fo r  preparat ion o f  na tu ra l  (-)-codeine (5)  and 

2 r e l a t e d  compounds has recen t l y  been described . I n  the  f o l l ow ing  repor t ,  we 

would l i k e  t o  present an a l t e rna te  route,  which was used e a r l i e r  i n  our 

labora to ry  t o  prepare the corresponding enantiomers i n  the  (+)-series. 

(+)-Dihydrocodeinone ( l ) ,  obtained from the a l k a l o i d  sinomenine i n  one 

step by the  o r i g i n a l  method by ~ o t o ~ ,  could n o t  be converted i n t o  (+I-co- 

deinone (6) the  7-phenylseleno der iva t i ve ,  i n  agreement w i t h  r e s u l t s  

2 p rev ious ly  reported. However, when inter ference o f  the basic amine f unc t i on  

present i n  1 was el iminated by conversion o f  1 t o  the neut ra l  carbamate 2, 
i n t r oduc t i on  of the requ i red  7,8-double bond was r e a d i l y  accomplished by re -  

ac t i on  w i t h  phenylselenenyl ch l o r i de  t o  g ive  3, fol lowed by the  usual ox idat ion-  

4 e l im ina t i on  sequence . Reduction of the  r e s u l t i n g  N-carbethoxynorcodeinone ($), 

w i t h  l i t h i u m  aluminum hydr ide then provided (+)-codeine (5). Thus, treatment of 

(+)-dihydrocodeinone (1) w i t h  excess e thy l  chloroformate i n  r e f l u x i n g  benzene 

(16 hrs )  q u a n t i t a t i v e l y  af forded the  carbamate 2 as a foam: ir (CHC13), 1720 

(>C-0) and 1680 (N-C=O) cm-l; NMR (CDC13) 6 1.30 ( t ,  3H, J = 7.0 Hz, -CH2CH3), 

3.93 (s, 3H, 0CH3), 4.20 (q, 2H, J = 7.0 Hz, -Cli2-CH3), 4.68 (s, lH, C5-H), 

mass spectrum m/e ( re1 %) 357 (78, M'), 284 (20), 241 (100). 

Reaction of ? w i t h  phenylselenenyl ch l o r i de  i n  e thy l  acetate conta in ing 

a c a t a l y t i c  amount of 37% HC1 (25", 4.5 h rs )  provided 3 (85%) as C O ~ O ~ ~ ~ S S  

prisms from Et20: mp 129"; ir (CHC13) 1720 (C-0) and 1680 (N-C-0) Cm-'; mass 

23 spectrum, m/e ( re1 %) 513 (100, M'), 355 (65); [aID +251.1° (c 0.538, ethanol) .  

Anal. (CZ6H2,NO5Se) C,H,N. Assignment of the  a x i a l  conf igurat ion f o r  the 

7-phenylseleno subs t i tuen t  was made a f t e r  examination o f  the  NMR Spectrum of 

3 i n  deuteriochloroform which showed a doublet of doublets a t  6 3.77 - 
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1.  PhSeCl 

2. 101 PhSeCl 

85% 



(C-7 H, J = 3.0 and 3.1 Hz) and a s i n g l e t  a t  6  5.36 (C-5 H). The magnitude 

of the coupl ing constants f o r  the C-7 proton was i n d i c a t i v e  of the  equato r ia l  

con f i gu ra t i on  f o r  t h i s  proton. This  conclus ion was supported by the observed 

low f i e l d  s h i f t  (6 0.48) of the C-5 proton r e l a t i v e  t o  t h a t  o f  the unsubst i tu ted 

carbamate 2 which can be a t t r i b u t e d  t o  1,3-diaxial  i n t e r a c t i o n  o f  t h i s  proton 

w i t h  the 7-phenylseleno group; s i m i l a r  low f i e l d  s h i f t s  have p rev ious ly  been 

4 observed fo r  1,3-d iax ia l  i n t e rac t i ons  o f  t h i s  type . The nmr absorpt ions i n  

deuter iochloroform (6 u n i t s )  o f  3 which were r e a d i l y  assignable a re  shown below. 

,C02CH2CH3-1.30 (t, 3H, J = 7.0 Hz) 
6.70 (AB system, N 

J = 9.0 Hz) 4.20 (q, 2H, .I = 7.0 Hz) 

3.77 (dd,  lH, 3 = 3.0 

and 3.1 Hz) 

\7.20 - 7.60 (m, 5H) 

3 - " 5.36 (s, 1H) 

F ina l  conf i rmat ion of the  s t r uc tu re  of 3, i nc l ud i ng  i t s  absolute config- 

u ra t ion ,  was obta ined by a s i ng l e  c r y s t a l  X-ray ana lys is  us ing 

5 techniques which have been described p rev ious ly  . 
Crys ta l  Data MW 512.46, hab i t :  orthorhombic pr ismat ic ,  space group 

P212121 (No. 191, c e l l  dimensions ( f rom l e a s t  squares ref inement  of t 0  data) :  

a  = 7.975(1), b  = 15.738(1), c = 18.323(1)i ,  v = 2299.7i3, z = 4, DX = 

1.480 9 Dm = 1.47(1) g ~ c m - ~ ,  u = 25.57 cm-l. 
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For data c o l l e c t i o n  an approximately spher ical  sample, radius -0.11 mm, 

was obtained by s t i r r i n g  a c r ys ta l  i n  ethanol. Data were co l lec ted  t o  a 

maximum s i n  OIX of 0.61 and 2156 observed r e f l e c t i o n s  and 344 unobserved 

6 re f l ec t i ons  ( l o )  resul ted.  Programs used were from the XRAY72 system except 

f o r  l o c a l  programs used i n  data processing. A spher ical  absorption correct ion,  

UR = 0.28, Lorentz and po la r i za t i on  correct ions were appl ied t o  the data. Given 

the  presence of the  selenium atom, s t r uc tu re  so lu t i on  was rou t i ne  and a l l  atoms, 

i nc l ud ing  hydrogen, were found and included i n  the l e a s t  squares refinement. 

Hydrogen atom thermal parameters were set  t o  the i so t rop i c  parameters o f  the 

atoms t o  which they were attached bu t  a l l  o ther  atoms were re f i ned  w i t h  aniso- 

t r o p i c  thermal parameters. The f i n a l  R-factor was 0.031 (Rw = 0.039). The 

corresponding values fo r  a molecule w i t h  the opposite absolute con f igura t ion  

were R = 0.041 (Rw = 0.050) and the  R-factor r a t i o  i s  s u f f i c i e n t l y  la rge  t o  

confirm t h a t  the absolute con f igura t ion  used i s  co r rec t  a t  any p rac t i ca l  leve l  

of p r o b a b i l i t y  and i s  as expected f o r  the unnatural (+)-ser ies.  The molecular 

conformation and numbering used i n  the c rys ta l lograph ic  work are given i n  

Figure 1. The thermal parameters f o r  C(3") and ~ ( 4 " ) ' ,  i n  the s ide  chain, a re  

ra the r  la rge  and there may possib ly  be some disorder .  In termolecular  contacts 

general ly  correspond t o  Van der Waals in te rac t ions  except f o r  the s ide  chain 

where there are few c lose contacts. 

Discussion of s t r uc tu re  The bond lengths are given i n  Table 1 and the 

bond angles i n  Table 2. The esd.s i n  t h i s  s t ruc tu re ,  despi te the presence of 

the heavy selenium atom, are as good as those i n  the most d i r e c t l y  comparable 

s t ruc tu re ,  t h a t  of morphine hydrate8, which had no atoms heavier than oxygen. 

I n  general, apar t  from the  d i f ferences caused by the d i f fe ren t  chemical 

s t ruc tu re ,  comparable bond lengths are very s im i l a r .  The s i m i l a r i t y  extends t o  



T a b l e  1 . 3 o n d  l e n g t h s  i n  A n g s t r o m s .  E s d . s  a re  F . W 3 i  f o r  i o n d s  
i n v o l v i n g  t h e  S e l e n i u a  atom a n d  o t h e r w i s e  r a n g e  f r o m  "004A t o  
t o  ? . O ' J $ A ,  e x c e p t  f o r  t h e  C  (3") -C(4" )  bond  w h i c h  h a s  a n  e s d .  of 
Of 0 .01P .  

S e  C ( 1 ' )  1 . 9 2 5  SB C ( 6 )  1 . 9 9 7  C ( 1 ' )  C ( 2 ' )  1 .384 
C ( 1 ' )  C ( 6 ' )  1 . 3 7 2  C ( 2 ' )  C ( 3 ' )  1.330 C ( 3 ' )  C ( 4 ' )  1 . 3 8 1  
C ( 4 ' )  C ( 5 ' )  1 . 3 7 2  C ( 5 ' )  C ( 6 ' )  1 . 3 8 7  C ( 1 )  C ( 2 )  1 . 3 9 3  
C ( 2 )  C  ( 3 )  1. 3 9 6  C ( 3 )  C ( 3 a )  1. 3 7 8  C ( 3 )  O ( 3 )  1.381r 
C ( 3 )  C(3m) 1 . 4 2 5  C i 3 a )  O ( 4 )  1 . 3 6 7  C ( 3 a )  C ( 9 b )  1 . 3 8 6  
O ( 4 )  C  ( 4 a )  1  . 4 6 0  C ( 4 a )  C ( 5 )  1 . 5 3 4  C ( 4 a )  C  ( 9 c )  1 . 5 4 5  
C ( 5 )  O ( 5 )  1 .216  C ( 5 )  C  ( 6 )  1. 5 0 0  C ( 6 )  C ( 7 )  1 . 5 2 7  
C ( 7 )  C ( 7 a )  1 . 5 1 6  C ( 7 a )  ~ ( 8 )  1 . 5 4 5  C ( 7 a )  C ( 9 c )  1 . 5 2 5  
c ( e )  ~ ( 9 )  1 . 5 3 8  C ( 8 )  N(12)  1 . 4 7 5  C ( 9 )  C ( 9 a )  1 .510 
c ( 9 a )  C  ( 9 b )  1 . 3 7 4  C ( 7 b )  C ( 9 C )  1 . 5 1 6  C(%)  C ( 1 0 )  1 . 5 4 9  
C ( 1 q )  C ( l 1 )  1 . 5 2 2  C ( 1 3 )  N(92)  1 . 4 6 4  N ( l 2 )  C(1" )  1 . 3 4 9  
C  (1") 0  ( I r r )  1 . 2 0 2  C ( 1 " )  O(2")  1 . 3 6 1  O(2" )  C(3")  1 . 4 5 1  
C  (3") C  (4") 1 . 4 6 7  

T a b l e  2 . Bond a n g l e s  i n  d e g r e e s .  E s d . s  a re  l e s s  t h a n  n r  
e q u a l  t o  ". 3' . 
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the d i f fe ren t  C-0 bond lengths i n  the  five-membered r i n g .  The a l i p h a t i c  s i x -  

membered r i ngs  adopt cha i r  conformations w i t h  some d i s t o r t i o n  caused by the  

presence o f  the aromatic r i n g  which i s  i t s e l f  n o t  q u i t e  planar. The benzene 

r i n g  of the  phenylseleno subs t i tuen t  i s  planar. The conf igura t ion  of the carbon 

atom bearing the phenylseleno subs t i tuen t  can be deduced from the t o r s i on  angles 

0(5)-C(5)-C(6)-Se: 112' and 0(5)-C(5)-C(6)-H(6): oo7 and agrees w i t h  the deduc- 

t i ons  from spectroscopic data. I n  the Cahn-Prelog no ta t ion  ~ ( 6 ) ~  i s  S .  

Figure 1 



Oxidat ion of 3 w i t h  NaI04 (8.0 mols) i n  EtOAc-H20 (20 h r )  gave N-carbethoxy- 

norcodeinone (4) d i r e c t l y  (68%) as a co lo r less  foam: i r  (CHC13) 1690 cm" (both 

GO);  NMR (CDC13) 6 1.30 ( t ,  3H, J = 7.0 Hz, CH2CE3), 3.86 (s, 3H, OW3), 4.21 

(q, 2H, J = 7.0 Hz, CE2CH3), 4.70 (s, lH, C5-H), 6.11 (dd, lH, J = 10.1 Hz, 

3 Hz, C7-H), 6.70 (dd, lH, J = 10.1, 1.7 Hz, c ~ - H ) ~ ,  mass spectrum mle ( re1 %) 

355 (93, M') 240 (100). Reduction o f  4 w i t h  excess l i t h i u m  aluminum hydride i n  

r e f l ux i ng  tetrahydrofuran gave 71% o f  (+)-codeine (5). Rec rys ta l l i za t i on  from water 

gave the monohydrate o f  5; mp 154-156', [u]E3 +136.1°, (c  0.693 ethanol)  [lit. 10 

mp 147", [ti]: +137.4', (c  0.743 ethanol) ;  (-)-enantiomer, lit.'' mp 154-I%", 

[ct]A5 -136' ( c  2, ethanol) ] ;  chromatographical ly and spectroscopical ly  

ind is t ingu ishab le  from an authent ic  sample of the na tura l  l evo ra ta to r y  en- 

antiomer except f o r  the opposite s ign  of op t i ca l  r o ta t i on .  Using the  reac t ions  

discussed here, we have reproducib ly  (40-42% ove ra l l  y i e l d )  converted 1 t o  

(+)-codeine (51, from which we have r e a d i l y J 2  prepared (+)-morphine. I n  

2 l i g h t  o f  recent  developments however, we have now rev ised  our rou te  t o  

(+)-codeine (5) and o ther  important  congeners o f  the (+)-ser ies.  De ta i l s  

concerning these transformations and repor ts  on the  b i o l o g i c a l  a c t i v i t y  of 

the var ious (+)-compounds w i l l  be publ ished elsewhere. 
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