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Conformations and Hydrogen Bonding in Codeine and Morphine Salts* 
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The conformations and hydrogen bonding in crystals of codeine and morphine  salts, which are 
nearly isomorphous, are discussed. I t  is suggested tha t  the chemical reactions which led to the  
original stereochemical assignments might  well be reinterpreted,  and a satisfactory al ternat ive to 
the originally proposed (and unsatisfactory) hydrogen bonding scheme in codeine hydrobromide  is 
formulated.  

Because of increasing interest in conformational 
relationships and their effects on chemical reactivities, 
especially in molecules which contain ring systems, 
we have examined in detail the conformations in the 
codeine molecule in the crystal structure of codeine 
hydrobromide dihydrate (Kartha, Ahmed & Barnes, 
1962). The structural results, as reported, consist in 
large part of the customary table of atomic coor- 
dinates from which it is troublesome to gain a clear 
picture of the spatial relationships among the atoms 
in the molecule. These relationships should make 
possible a more precise discussion of the chemistry 
of codeine and morphine derivatives. Such a discus- 
sion, especially of those reactions the interpretation 
(Bentley & Cardwell, 1955; Bose, 1954; Stork, 1952) 
of which led to the original stereochemical assignments 
on purely chemical grounds, seems necessary, since 
these interpretations have been a source of con- 
troversy. We have also examined the hydrogen- 
bonding scheme discussed by Kartha et al. (1962), 
have concluded that  it is certainly incorrect, and 
suggest a satisfactory one. Finally, we wish to em- 
phasize the point previously discussed briefly that, 
although the codeine molecule has a methoxy group 
where morphine has a hydroxyl group, the hydro- 
halides of the two compounds are very nearly iso- 
morpheus. 

C o n f o r m a t i o n s  i n  c o d e i n e  

The conventional stereochemical representation of 
codeine (the free base) (I) happens also to be the 
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correct absolute configuration (Kartha et al., 1962). 
This formulation emphasizes the relationship of the 
compound to phenanthrene, but obscures the true 
steric relationships among the five rings. As has been 
pointed out (Kartha et al., 1962; Lindsey & Barnes, 
1955), the shape of the molecule actually approximates 
a T, as was also noted by Mackay & Hodgkin (1955) 
in their determination of the crystal structure of 
morphine hydriodide dihydrate. 

Two views of the codeine cation, prepared from the 
parameters of Kartha et al. (1962), are shown in 
Fig. 1, where it may be seen that  the mean plane 
of rings A, B (except C(14)) and E are perpendicular 
to the mean plane of rings C and D. ~: The ring fusions 
are B-C cis and C-E cis. (As a consequence of the 
connectivity, if the B-C fusion is cis the C-D fusion 
must be trans, and vice versa.) This structure and its 
mirror image comprise one of three enantiomorphic 
pairs, of the eight formally possible arising from the 
asymmetry at C(5), C(13), C(14) and C(9), which can 
be constructed without unacceptably excessive strain. 
In the other two pairs, the ring fusions are B-C trans 
and C-E cis or trans. The conformation of ring C is 
half-boat in the correct structure and the conforma- 
tions with minimum strain are half-boat and half-chair, 

:~ In the preparation of this and other figures, the positions 
of the hydrogen atoms were assumed. 
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Fig. 1. The codeine cation. (Top) A view parallel to rings A, B, 
and E and looking down the line joining atoms C(2) and 
C(12). (Bottom) A view perpendicular to rings A, B, and E 
approximately parallel to rings C and D. 

respectively, in the other two pairs. The relative con- 
figurations at  two other asymmetric atoms, C(6) and 
l~I (which is quaternary in the salt) cannot be deduced 
from the chemical structure alone. 

Of the five rings, only D is saturated. The conforma- 
tions about its six single bonds are shown in Fig. 2; 
all are seen to be staggered, and the ring assumes the 
chair form. Evidently the strain produced by the 
ring fusions is distributed through the molecule such 
tha t  very little occurs in ring D. 

(--)H'C,o) 

Fig. 3. Conformations about the single bond C(10)-C(9) 
in ring B. 
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Fig. 4. Ring B, viewed along the line C(10) • .. C(13). 
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Fig. 2. Conformations about the six single bonds of ring D. 
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Ring B contains only one bond between tetrahedral 
carbon atoms (C(9)-C(10)) which is not also part of 
ring JO. A view along this bond (Fig. 3) shows that  
the conformation is intermediate between staggered 
and eclipsed, the ring itself (Fig. 4) being neither 
half-chair nor half-boat. There is a rather close 
similarity between the conformation of ring B and 
that  of ring B in aureomycin hydrochloride (Donohue, 
Dunitz, Trueblood & Webster, 1963), the latter also 
being fused to a benzene ring but not part  of a bridge 
across a third ring. 

Ring C contains three bonds between tetrahedral 

qO(2) ?C02) 

OH H ( 6 ) ~ N - - J  ~-~, ,,"~YC(14) 
C(6) H(7) n~) 

Fig. 6. Ring C, viewed along the line perpendicular to the 
double bond C(7)-C(8) and in the plane of atoms C(6), 
C(7), C(8), and C(14). 

C(7)(~ C(t3) 
O ( 2 ) ~ f  c(12) 

Fig. 5. Conformations about  the single bonds C(5)-C(6) 
and C(13)-C(5) in ring C. 

carbon atoms. One of these (C(13)-C(14)) is also 
part of ring D (Fig. 2) and views along the other two 
are shown in Fig. 5. Ring C approximates the half- 
boat, as shown in Fig. 6. This conformation, which 
is unstable by 2.7 kcal.mole -1 relative to the half-chair 
(Beckett, Freeman & Pitzer, 1948), is a result of the 
cis fusion of rings C and E which forces the bonds 
C(5)-O and C(13)-C(12) to be very nearly eclipsed, 
as seen in Fig. 5. However, for ring C the torsion angle 
relating the bonds C(6)-(OH)(6) and C(5)-O is less 
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Fig. 7. The crystal structure of codeine hydrobromide dihydrate  viewed down the c axis. 



252 CONFORMATIONS IN CODEINE AND MORPHINE SALTS 

t h a n  60 ° and  (OH)(6) is more near ly  equator ial  t h a n  
axial  wi th  respect  to ring C. 

Wi th  the  de terminat ion  of the  molecular  s t ructures  
of codeine and  morphine,  and  the precise geometrical  
relat ionships between the  bonds as set for th  in pa r t  
above,  a re in terpre ta t ion  of the  various reactions 
which led to the  original stereochemical assignments  
is p robab ly  much to be desired, since in several 
cases the  results  have  been ei ther conflicting or 
ambiguous.  Such considerations are beyond the  scope 
of the  present  paper ,  and  we m a y  r emark  t h a t  the  
geomet ry  of molecules is general ly determined by  
crys ta l  s t ruc ture  ana lys ts  who are often unaware  of 
some of the  implications of their  results  to organic 
chemists  who, on the  other  hand,  m a y  not  a lways 
realize t h a t  per t inent  details of molecular s t ructures  
can be won from the extensive and  sometimes for- 
bidding tables of published s t ruc tura l  data .  

Hydrogen bonding in codeine hydrobromide 
dihydrate 

The hydrogen-bonding scheme proposed by  K a r t h a  
et al. (1962) makes  use of the hydrogen a tom of 
(OH)(6) of the  codeine molecule, the  four hydrogen 
a toms of the  two wate r  molecules, and  a hydrogen 
a tom of an  H B r  molecule; an  a l te rnate  possibility 
t h a t  one of the  H~O molecules is H~O + by  t ransfer  
of a proton f rom H B r  was also considered. This second 
possibil i ty requires a hydrogen-bond angle of 138°; 
and  even though the  first  possibil i ty has acceptable 
geometry,  nei ther  is tenable  in view of the well-known 
facts  t h a t  codeine is a s t rong base and H B r  a s t rong 
acid. A n y  scheme involving either H B r  molecules or 
H30 + ions mus t  accordingly be rejected in favor  of 
one involving codeine ions pro tona ted  a t  the  ni t rogen 
atom. 

The only sat isfactory mode of hydrogen bonding, 

Table 1. Interatomic distances and angles 
involving hydrogen bonds 

Distances Angles 

N+H • • • O 2.77/~ 
C(16)-N+H • • • O 
C(9)-N+H • -- O 
CH(3")-N+H • • • O 

O H . . -  O'H~. 2.76 C(6)-OH • • • O'Hu 

H O ' H - . .  O(1) 2.85 0(1),,. H 0 ' H . . .  Br- 
H 0 ' H . .  • Br- 3.26 

106 ° 
109 
104 

122 

]:rO"Yf • • • Br- 3.40 
HO"H • • • Br- '  3.40 Br- • • • HO"H • • • Br- '  

then,  uses the  four hydrogen a toms of the  two wa te r  
molecules, the  hydrogen a tom of (OH)(6), and  the  
hydrogen a tom of the qua te rna ry  ni t rogen a tom.  
The result ing scheme and its re levant  distances and  
angles are shown in :Fig. 7 and  listed in Table 1. 
All of the  angles are quite sat isfactory.  The :N-H • • • O 
and  O - H  • • • O distances are normal  (Donohue, 1952; 
Fuller,  1959); da t a  on O - H . . .  B r -  distances are 
r a the r  meagre,  bu t  the  observed values of 3.26, 3-40, 
and 3.40 A are ent i re ly reasonable.  

Hydrogen bonding in morphine hydriodide 
dihydrate 

I t  might  be expected t h a t  the  hydrohal ides  of mor- 
phine, which have  one more avai lable  hydrogen 
bonding a tom t h a n  codeine, would h a v e  crystal  
s t ructures  differing considerably from those of the  
corresponding codeine salts. However,  the  crystallo- 
graphic d a t a  (Table 2) repor ted  for certain morphine  
and  codeine salts s t rongly suggest close isomorphism. 
The remarkab le  sinfi lari ty between the  morphine and  
codeine salts, which was discussed by  K a r t h a  et al. 
(1962), is clearly shown in Figs. 7 and  8. The presence 
of the  hydroxyl  group a t  C(3) in morphine  requires 
the  format ion  of one more hydrogen bond, and  this  
is accomplished merely by  a change in or ientat ion of 
the  H 9 0 . . .  X -  sys tem together  wi th  a small  shift  
of the  alkaloid ions along the a axis. I t  m a y  be noted 
t h a t  the  sense of the  Ho.O • • • I -  helices in morphine 
hydriodide is different  from t h a t  of the  H e O ' "  B r -  
helices in codeine hydrobromide.  This feature,  to- 
gether  with the ra the r  short  H e O ' - "  I -  dis tance of 
3.36 /~, could be improved by  a re la t ively  small  
ad jus tment  in the  z coordinate of the wate r  molecule. 
This coordinate was es t imated  by  Mackay  & Hodgkin  
(1955) from an unresolved peak containing two other  
a toms in the (010) electron dens i ty  projection, and  
m a y  therefore be in error  by  the amoun t  required 
to bring the  two s t ructures  into even closer cor- 
respondence. 

We wish to t h a n k  Prof. J . A .  Berson for m a n y  
valuable  discussions. We are also indebted to Mrs 
Maryellin Reinecke for preparing the  drawings.  
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Fig. 8. The crystal structure of morphine hydriodide dihydrate viewed down the c axis. 
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