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Abstract – Oxymorphone was converted to its 3,14-diacetate and subjected to 

Fe(II)/t-BuOOH-catalyzed N-demethylation that occurred with concomitant acyl 

migration from the C-14 hydroxyl to the N-17 nitrogen. The resulting diacetyl 

compound was hydrolyzed in dilute sulfuric acid to noroxymorphone in good 

yield. 

Dedicated to Professor Lutz F. Tietze on the occasion of his 75th birthday and in recognition of his 

contributions to the art of organic synthesis. 
 

The semisynthesis of several opiate-derived pharmaceutical agents requires N-demethylation of either 

naturally occurring morphine alkaloids or the C-14 hydroxy derivatives such as oxycodone or 

oxymorphone. Some of the useful analgesics and/or antagonist agents are shown in Figure 1.  
 

 

Figure 1. Semisynthesis of some opiate-derived agents 
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As discussed on several occasions,1 such demethylation protocols are frequently arduous and employ 

harsh conditions or toxic reagents, such as cyanogen bromide2 or various chloroformates.3 Several years 

ago we reported palladium-catalyzed N-demethylation of hydrocodone that yielded, in the presence of 

acetic anhydride, N-acetyl norhydrocodone 8, Scheme 1.4 Under similar conditions, oxycodone (9) 

yielded the N-acetyl derivative 10.5 When this process was applied to acetyl-protected oxymorphone 11 in 

the absence of acetic anhydride and under oxygen atmosphere we found that the O-14 acyl group 

migrated to the nitrogen providing the N-acetyl product 12 in 95% yield. 

  

 

Scheme 1. N-Demethylation and acetylation of morphinans 

 

This interesting finding led eventually to a very efficient three-step synthesis of naltrexone by employing 

cyclopropylcarboxylate as the migrating group from O-14 to N-17, Scheme 2.5  
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Scheme 2. A short synthesis of naltrexone by N-demethylation/intramolecular acylation 

 

In the naltrexone the C-6 ketone was converted into acylenol ester in order to prevent the undesired 

installation of 7,8-double bond (leading to 14-hydroxymorphinones) that is frequently observed with 

compounds of type 11 when elevated temperature, prolonged reaction times, or co-catalysis with copper 

(II) acetate are used.  

In this communication we describe further refinement of N-demethylation with concomitant acyl transfer 

by employing t-BuOOH and Fe(II) salts rather than oxygen and palladium acetate in flammable solvents. 

The N-demethylation/acylation protocol described above provided O, N-diacetyl noroxymorphone 12 in 

excellent yield. However, the conditions employed relied on the use of a flammable solvent (dioxane) 

under oxygen atmosphere. The potential safety issues of such a procedure prompted us to investigate 

safer conditions by screening other solvents and oxidants. Therefore we turned our attention to solvents 

which are either inflammable or have low partial pressure and are miscible with water. The use of 

aqueous DMF (adapted from Wacker process conditions) provided only moderate yields (~ 50%) of 

amide 12. Similar lower yields were obtained in other solvents, such as 1,2-dichloroethane. As we did not 

succeed in reproducing the high yields obtained in the palladium-catalyzed N-demethylation of diacetyl 

oxymorphone under conditions other than those requiring oxygen and dioxane we turned to screening of 

other catalysts. 

When diacetyl oxymorphone 11 was treated with t-BuOOH in MeCN and in the presence of FeCl2
6 the N-

acetyl derivative 12 was obtained in 70% yield, as shown in Scheme 3. 

 

 

Scheme 3. N-Demethylation/acylation of intermediate N-oxide catalyzed by Fe(II) 
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The presence of pyridine is required as the migration of the acyl group from O-14 to N-17 does not 

proceed well unless performed under basic conditions.7 Under some conditions (additional Ac2O in the 

reaction mixture) a small amount of 3,14,17-triacetyl noroxymorphone 15 was also obtained. The reaction 

was studied in some detail in order to improve the conversion of 11 to 12, as shown in Table 1. In 

addition, the temperature dependence of the conversion/yield was also addressed, as shown in Table 2.  

 

Table 1. Conditions for demethylation/intramolecular acylation of diacetyl oxymorphone8 

Entry Substrate Reaction Conditions 

(As shown in Scheme 3 unless 

otherwise noted. t-BuOOH is 

used as 70% solution in H2O) 

% Yield of 12 (unless 

otherwise stated) 

1 Diacetyl oxymorphone MeCN, 85 ᵒC, 4 h 70% 

2 Diacetyl oxymorphone MeCN, Ac2O, 85 ᵒC, 4 h Mixture of 12 and 15 (75%, 

ratio of 12 to 15 was 3:1) 

3 Diacetyl oxymorphone DCE, 85 ᵒC, 1.5 h 60% 

4 Diacetyl oxymorphone MeCN, 85 ᵒC, t-BuOOH in 

nonane as oxidant, 1.5 h 

62% 

5 Diacetyl oxymorphone MeCN, 85 ᵒC (200 mg scale), 

4 h 

65% 

6 Diacetyl oxymorphone MeCN, 85 ᵒC, O2 (1 atm) 

instead of t-BuOOH as 

oxidant, 2 h 

20% 

7 Diacetyl oxymorphone MeCN, 85 ᵒC, t-BuOOt-Bu 

(2.5 eq) instead of t-BuOOH as 

oxidant, 3 h  

41% 

8 Diacetyl oxymorphone MeCN, 85 ᵒC, t-BuOOt-Bu 

(5.0 eq) instead of t-BuOOH as 

oxidant, 3 h 

52% 

9 Diacetyl oxymorphone MeCN, 85 ᵒC, FeCl2 (0.25 eq) 

t-BuOOt-Bu (2.5 eq) instead of 

t-BuOOH as oxidant, 3 h 

58% 

10 Diacetyl oxymorphone MeCN, 85 ᵒC, tBuOOt-Bu (2.5 

eq) instead of t-BuOOH as 

oxidant, Ac2O, 3 h 

55% 

11 Diacetyl oxymorphone MeCN, 85 ᵒC, t-BuOOH in 

nonane as oxidant, Ac2O, 3 h 

65% 

12 Diacetyl oxymorphone MeCN, 70 ᵒC, 4 h 70% 

13 Diacetyl oxymorphone MeCN, 100 ᵒC, 1 h 55% 

14 Diacetyl oxymorphone DMF, 100 ᵒC, 2 h 25% 

15 Diacetyl oxymorphone DMA, 100 ᵒC, 2 h 10% 

16 oxymorphone MeCN, 85 ᵒC, 2 h decomposition 

17 oxymorphone MeCN, Ac2O (2 equiv.), 85 ᵒC, 

2 h 

Mixture of 12 and 15 (40%, 

ratio of 12 to 15 was 4:1) 
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Table 2. Temperature dependence of N-demethylation reaction 

Conditions: MeCN,  FeCl2 

(0.16 eq), t-BuOOH (1.0 eq, 

70% aqueous solution), 

pyridine (1.5 eq)Bath 

Temperature 

Time of reaction % yield of 12 

100 ᵒC 1 h 56% 

85 ᵒC 1 h 68% 

80 ᵒC 2 h 71% 

80 ᵒC 1 h 70% 

75 ᵒC 2 h 63% 

75 ᵒC 1 h 63% 

70 ᵒC 2 h 62% 

60 ᵒC 2 h 61% 

50 ᵒC 2 h 46% 

40 ᵒC 2 h 33% 

 

We were delighted to find that the O-14 acetyl group also migrated under the iron-catalyzed conditions, 

suggesting that the reaction sequence proceeds by a mechanism similar to the one we proposed for the 

palladium-catalyzed process, as shown in Figure 2. The preliminary optimization of the reaction provided 

the N-acetyl compound 12 in reproducible 70% yields. We proposed the sequence 17 to 20 to explain the 

intramolecular acyl migration, driven eventually by the greater thermodynamic stability of the amide over 

the ester. The same migration of acyl group from the O- to the N- was also observed for 14-acyloxy-N-

cyanonorcodeine.7  It was observed to occur in basic media and the process was proposed to be occurring 

through cyclic intermediates. The reverse process, namely the migration of the acyl group from N- to O- 

proceeds under acid catalysis. In the current case the nitrogen-stabilized radical 21 undergoes further one– 

electron oxidation to the iminium species 18, intersecting the previously suggested mechanistic events at 

that stage. 

828 HETEROCYCLES, Vol. 93, No. 2, 2016

ref7#ref7


 

 

Figure 2. Suggested mechanism for the acyl migration from O-14 to N-17 under palladium or iron 

catalysis 

 

Diacetyl noroxymorphone 12 and similar compounds are converted by hydrolysis to noroxymorphone by 

literature methods,9 Scheme 4.10  

 

 

 

Scheme 4. Hydrolysis of diacetyl noroxymorphone to noroxymorphone 
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We have briefly investigated the N-demethylation/acylation sequence also on 11 protected as the C-6 

ketal in order to minimize potential side products that would be derived by Baeyer-Villiger oxidation of 

the C-6 carbonyl moiety. However, the use of the ketal in the iron-catalyzed process led to diminished 

yields and was not further investigated. Future improvements in the conversion of oxymorphone to 

noroxymorphone may focus on the acyl transfer of less robust acyl groups such as various singly, 

multiply, or polyfluorinated acetates or propionates that would be more easily hydrolyzed to the desired 

product. 

In conclusion, we have demonstrated that the N-demethylation/intramolecular acyl transfer form C-14 to 

N-17 is also accomplished in good yields by an iron-catalyzed process rather than by catalysis with 

palladium salts and oxygen. Additional optimization of yields and detailed study of various acyl groups 

suitable for the acyl migration from C-14 to N-17 will be reported in due course. 
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