1.15.2 Constitution of Morphine:
Molecular formula 1s C{7H;¢O3N.

Nature of nitrogen atom: It adds on one molecule of CH;I to form quaternary salt, indicating
the presence of tertiary nitrogen atom. By Herzig-Meyer method, revelas the presence of N-
CHj; group in morphine.

Nature of oxygen atoms: Morphine 1s acetylated or benzoylated forming diacetyl or
dibenzoyl derivative indicating that morphine contains two hydroxyl groups.

Acetylation
C47H,7ON(OH), - C47H47ON(OCOCH3), + 2HCI
2CH3;COCI , _
Diacetyl Morphine
Benzoylation
C1?H1?ON(OH)2 - C17H170N(OCOC5H5)2 + 2HCI
2CgHsCOCI

Dibenzoyl Morphine

With Ferric Chloride, Morphine yields a characteristic violet colour which 1s soluble 1n
NaOH to form monosodium salt which 1s reconverted to morphine indicating the hydroxyl
group are phenolic 1n nature.

Morphine 1s treated with halogen acids, to form monohalogen derivative ie., one hydroxyl
group 1s replaced by halogen acid. Hence, one of the hydroxyl group is alcoholic in nature.

Morphine 1s heated with CHsl 1n the presence of aqueous KOH, it 1s methylated to yield
codeine, Ci1gH21O3N. As codeine doesn’t give colour with FeCls and it 1s not soluble in NaOH
it follows that phenolic OH in morphine 1s methylated.

Futher, codeine on oxidation with chromic acid, it yields codeinone, a ketone indicating that
the hydroxyl group in codeine 1s a secondary alcoholic in nature. Codeine 1s a monomethyl
ether of morphine.

The third oxygen atom is highly unreactive indicating its nature as an ether linkage.
Presence of ethylenic Bond:

Codeine 1s reduced catalytically in the presence of palladium, suggesting both codeine and
morphine contains one ethylenic bond.

Presence of Benzene Nucleus: On bromination, morphine forms monobromo derivative with
HBr, indicating the presence of benzene nucleus.

Presence of cyclic tertiary base system: Codeine on exhaustive methylation yields o-
codeimethine, contains one —CH» group more than codeine and the nitrogen remains intact
indicating the presence of cyclic t-amine.
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Presence of Phenathrene: Morphine on distillation with Zn dust 1t yields a phenathrene and a
number of bases.

Codeine on treating with CHslI 1t yields codeine methiodide, on boiling with NaOH yields
methylmorphimethine on further boiling with acetic anhydride yields a mixture of methyl
morphol and ethanoldimethyl amine.

Reactions:
—— NCHs,4 NaOH ——NCH;
C16H150 1 OCH, ¢ ~ C16H150 ¢ OCH,
~ CHOH ~ CHOH
(CH5;CO),0
Y

C15H120, + (CH3),NCH,CH,OH

a) Structure of Methyl morphol.:

Heating the compound C;sH;0, with HCI at 180"c yields methyl chloride and dihydroxy
phenanthrene 1e morphol is obtained

Diacetylmorphol on oxidation yields diacetyl phenanthraquinone indicating that the positions
9 and 10 are free.

Diacetylphenathraquinone on oxidation with KMnOj yields phthalic acid indicating that the
two hydroxyl groups are in the same ring.

Methylmorphol 1s 4-hydroxy3-methoxyphenathrene.

H3CO ‘ H,CO ‘
2 ‘ Heating OH
. COOH g I

Methylmorphol

Reactions:
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Presence of -NCHj3 group:

The formation of ethanoldimethyl amine from methylmorphimethine revelas that both
codeine and morphine contains a N-CHj; group.

b) Structure of Morphenol:

When B-methylmorphimethine 1s heated with water, 1t yields a mixture of trimethyl amine,
ethylene and methyl morphenol

B—methylmorphimethine -~ Trimethyl amine + Ethylene +
Methylmorphenol.

Methylmorphenol on demethylated with HCIL, 1t yields morphenol, a compound with one
phenolic hydroxyl group and an inert oxygen atom.

When morphenol is fused with KOH, it yields 3.4.5-trihydroxyphenanthrene. Also morhenol

on reduction with Na-C;HsOH it yields morphol.
HO
HO ‘

H3CC ‘ HO ‘
L e O
I R e

O
. Morphol
Methyl Morphenol Morphenol HO

L
OH

3,4,5-Trihydroxy
Phenanthrene

Thus, Morphenol contains an ether linkage at position 4 and 5 of the phenanthrene nucleus.

The structure of morphenol and its production from codeine reveals that the two of the three
oxygen atoms (1.e) One at C3, and the other ether linkage at C4 and Cs of the phenanthrene
nucleus.

Position of third oxygen:

Codemnone on heating with acetic anhydride yields ethanolmethyl amine and diacetyl
derivative of 4.6-dihydroxy 3-methoxy phenanthrene.
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Reactions:

(CH3CO),0 R
C1gH19NO3 » CH3NHCH,CH,OH
1 - HO
Codeinone cetic Ethang|-methY|3mine O

anhydride
OH.

4,6-Dihydroxy 3-methoxy
Phenanthrene

The hydroxyl group 1n the 6 position must be from the oxygen of the keto group in
codeinone.

Position of all three oxygen atoms in morphine are : One at Cs- Phenolic; Other at C4and Cs
(Ether) and third (secondary alcohol) at C¢ of the phenanthrene nucleus.

c) Structure of Morphine:

Morphine forms monobromo derivative with bromine and monosodium salt with NaOH,
indicating that morphine contains a benzenoid structure.

On exhaustive methyaltion of codeimethines, ethylene and ethanol dimethyl amine is formed
as the products.reveals the presence of N-CHj3 group.

Also a double bond and a tertiary nitrogen has to be present in morphine. Hence, the partial
structure of morphine 1s,

HO
o |
+ NMe-CH, —CH, + one double bond
\ J
HO Formgd as ethylene during degradation

d) Point of linkage of CH,-CH>-N Me group:

CrO . .
Codeine =8 ~Hydroxy codeine ~ Keto codeimethine

: Exhaustive
Codeinone
( ) Methylation

Acetic anhydride

Oxidation Y

Methoxymonoacetoxy - Methoxydiacetoxy Phenanthrene
phenanthraquinone
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Loss of acetyl group reveals that one of the acetoxy groups must be present either at Cq or
Cio. The acetyl group 1s inserted via ketonic group which concludes that the new hydroxyl
group 1n hydroxy codeine 1s present either at Cy9 or Cyo. On the basis of steric consideration,
the attachment at Cy 1s most probable.

Hydroxyl group in hydroxycodeine 1s changed to keto group and a double bond is introduced
between Cgq and C;( during the fission of the nitrogen ring. Nitrogen must linked either to Co
or Cyo. The exact point of linkage of nitrogen 1s at Cy, confirmed by its synthesis.

Reactions:
H H4CO
dat
oxidation ... OH
N(CH
. WeFs) N(CHs)
CﬁCH2 HO CH,
| 2 Cﬁz
Codeine HydrO)Jy codeine
Hoffmann Exhaustive
Methylation
Y
H3;CO H;CO
“ Acetic Anhydride O
. OAc
Methoxy diacetoxy Keto codeimethine
Phenanthrene
H3;CO
Oxidation ‘
O
' . Methoxy monoacetoxy

‘ O Phenanthraquinone
AcO

The carbon end of the side chain must be located at the angular position so that its
extrusion from that position takes place during aromatisation at position C;3 and Cs. The
former 1s explained as this structure explains the formation of thebaine to thebenine.
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