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Work by Small e t  a l .  (1938) has shown tha t  Zeisel-demethyl- 

a t ion  of 5-benzyldihydrocodeinone (1) yie lds  an alkali-insoluble 

product (3) i n  addition t o  t h e  expected, alkali-soluble 5-benzyl- 

dihydromorphinone (2). The h i t h e r t o  unknown s t ruc tu re  of t h e  

alkali-insoluble compound is now determined by spectroscopic 

methods, and it is shown t o  be a secondary product formed from 

(2) during t h e  demethylation. 

During t h e i r  invest igat ion of t h e  compounds produced i n  the  react ion 

of dihydrothebaineZa or t h e  en01 ace ta te  of dihydrocodeinone2b with Grignard 



reagents, Small and coworkers prepared a s e r i e s  of 5-alkyldihydrocodeinones t 

and converted them t o  the  corresponding morphine der ivat ives  by Zeisel- 

demethylation d t h  bo i l ing  conc. HBr. Usually, t h i s  last-named react ion 

yielded the  desired phenol a s  the  only isola ted product. However, i n  t h e  

case of 5-benzyldihydrocodeinone ( I ) ,  the  expected morphine de r iva t ive  

(2) was accompanied by substant ia l  amounts of an alkali-insoluble by-product 

of mp. 166-167.5'. On the  basis  of an elementary analysis  and of the  l ack  

of manifest phenolic properties,  Small e t  a l .  concluded t h a t  this unexpected 

product is an isomer of ( I ) ,  "probably formed by a rearrangement of unknown 

nature. "2b N o  s t r u c t u r e  was proposed. 

It seemed worth while t o  examine t h i s  presumed rearrangement, and t o  

es tab l i sh  the s t ruc tu re  of t h e  compound of mp. 166167.5° by modern ins t ru-  

mental techniques. A sample of mater ia l  sti l l  remaining from t h e  work of 

Small e t  a l . ,  kindly made avai lable  by D r s .  E. L. May and L. 3. Sargent, 

served fo r  t h i s  investigation. It had the  mp. given i n  the  l i t e r a t u r e ,  2b 

' ~ c t u a l l y ,  Small and coworkers were unable t o  decide, with t h e  methods avail-  

able t o  them, whether the  a lky l  groups introduced by the  various Grignard 

reagents became attached t o  C-5 o r  0 7  of t h e  morphine skeleton. Attachment 

3 of 0 5  was subsequently demonstrated by Stork and Bauer f o r  t h e  methyl deriv- 

a t ive .  That both methyldihydrocodeinone and (1) a r e  indeed t h e  5-alkyl 

der ivat ives  follows from t h e i r  'H nmr spectra ,  which l ack  t h e  highly char- 

a c t e r i s t i c ,  i sola ted (1H) s ing le t  a t  61.4.7 ppm produced by the  proton a t  

C-5 in dihydrocodeinone [ ( I ) ,  H ins tead of benzyll and i t s  re la t ives .  
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was insoluble i n  aqueous NaOH, and gave no color  wi th  FeCl i n  aqueous medium; 
3 

morphine and analogous phenols give a blue color under those conditions. 

The compound showed a mass-spectrometric molecular weight of 357; it is 

thus not an isomer of (1) (mol. w t .  389). but is evidently formed from it by 

loss  of both t h e  oxygen-bound methyl and one molecule of water, and must have 

t h e  empirical formula C24H23N02. That 0-demethylation had indeed occurred 

was shown by t h e  absence of t h e  methoxyl s igna l  i n  the  'H nmr occurring a t  

6 3.8 ppm in codeine der ivat ives  such as ( I ) ,  and by the  marked s h i f t  of t h e  

uv maximum due t o  t h e  phenolic chromophore from A 285 nm t o  300 nm on 
max 

addition of a l k a l i  t o  the  a lcohol ic  solut ion of t h e  compound, which i s  thus 

cryptophenolic ra the r  than non-phenolic. 



Examination of the  uv, ir, and nmr spectra  perni t ted formulation of the  

compound a s  (3). Thus, t h e  ir spectrum conclusively proves the  absence of 

t h e  carbonyl and the presence of hydroxyl. The uv spectrum, measured i n  

ethanol, shows a band with h a t  245-248 nm, compatible with a styrene 
max 

chromophore, in addition t o  the  usual band a t  285 nm produced by the  phenolic 

1 ring. In  the  H nmr spectrum, t h e  s ing le t  (5H) a t  6 7.25 ppm, caused by the  

aromatic protons of t h e  benzyl group of (1) and i ts  congeners, is replaced 

by a complex multiplet  (4H) between 6 7.15 and 7.6 ppm, and t h e  presence of 

a new o l e f i n i c  proton is indicated by a doublet with fine-structure (1H) 

centered a t  6 5.7 ppm; J = 6.9 and <I. The methylene group 

of the  benzyl residue shows a s  a broad doublet (2H) a t  3.5 ppm; i n  (2),  t h i s  

group causes a mul t ip le t  a t  6 3.4. The remaining nmr s igna l s  were not 

s ign i f i can t ly  d i f fe ren t  from those of (2). The coupling constants of t h e  

signal from the v iny l i c  proton a r e  i n  sa t i s fac to ry  agreement with those 

calculated by t h e  Karplus r e l a t i o n  from t h e  bond angles measured on a 

Dreiding model of (3). Such a model can be constructed with  only moderate 

s t r a i n .  

St ructure  (3) suggests t h a t  the  compound may be a secondary trans- 

formation product of (2). This in te rp re ta t ion  was shown t o  be correct  by 

refluxing a sample of (2) with conc. HBr, a s  described by Small e t  a l .  
2b 

f o r  preparation of (2) and (3) from (1); the  react ion was monitored by t l c  

on s i l i c a  ge l  p la tes  (MeOH/CHC13 1: l ) .  After about 1 hr., a new spot developed, 

having an Rf value iden t i ca l  with that  of authentic (3). This compound, iso- 

l a t ed  by preparative t l c  with t h e  same solvent system, gave a mass-spectrum 

iden t ica l  with tha t  of (3).  

Precedent fo r  t h e  formation of (3) from (2) is available;  cf . ,  e.g., the  

conversion of (4) i n t o  (5) under the  inf luence of HC1-AcOH, which has been 

observed by Ghatak e t  al. 4 
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The f a i l u r e  of (3) t o  d issolve  i n  aqueous NaOH may be  due t o  formation 

of an insoluble  Na s a l t .  The negative color  t e s t  with FeCl remains sur- 
3 

p r i s ing ;  law s o l u b i l i t y  of t h e  compound i n  t h e  aqueous medium might be  

responsible.  
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