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The search for a safe, effective, and nonaddictive replacement for morphine for the treat- 

ment of severe pain has occupied scientists for over a hundred and fifty years. A most prom- 

ising recent discovery in this area is N-cyclobutylmethylnoroxymorphone (nalbuphine = l), an 

analgesic now undergoing extensive clinical evaluation. A mixed agonist-antagonist drug, 

nalbuphine is reported to be as potent an analgesic as morphine and 2-5 times as active a 

narcotic antagonist as nalorphine.' Similar claims2'3 have been made for other 3,14-dihydroxy- 

N-cyclobutylmethylmorphinans including the parent compound (butorphanol), ' a highly potent 

dependence free agonist... I,2 
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1: R=R'= H, R" =CH2-Cyclobutyl (nalbuphine) 

2: R=H, R'= R" =Methyl (oxycodone) 

3: R=R'= H, R" =Methyl (oxymorphone) 
R 

_R" Q: R= R =Acetyl, R" =Methyl 

5: R= R'= Acetyl, R" = Cyano 

6: R=R'= R" =H (noroxymorphone) 

Nalbuphine is presently made4 from the alkaloid, thebaine, via the commercial analgesic, 

oxycodone (L), and its 0-demethylation product, oxymorphone (3). The latter is O,O-diacetyl- 

ated (4_), then N-demethylated with BrCN (4J, and subsequently stripped of the cyano and 

acetyl residues with strong acid to give noroxymorphone (6J. Here the preferred synthesis of 

1 deviates from the commercial route to naloxone5 (N-allylnoroxymorphone) because cyclobutyl- 

carbinyl bromide unlike ally1 bromide is a very poor alkylating agent.6 Instead the N-cyclo- 

butylmethyl moiety is attached by N-acylation followed by LAH reduction of an intermediate 

'Dedicated to Professor R. B. Woodward on the occasion of his sixtieth birthday. 
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oped for the preparation of 1 could not usefully be extended to the production of 

When combined with the use of VOC-Cl for N-demethylation, the just described 
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naloxone. 

acyl shift 

and 0-demethylation strategy provided the keys to a very efficient synthesis of nalbuphine: 

First, oxycodone (1) was converted in quantitative yield to its 14-cyclobutylcarbonyl 

derivative (2) by treatment with cyclobutanecarboxylic acid anhydride" in dioxane at 100'. 

Me 
IR (LI) in CH2C12: 

2: R=Methyl, R'=H 

2: R=Methyl, R = e 

(oxycodone) 2.9-3.0[m], 5.78[s] 

(> mp 151°12 5.73-5.91 [s] 

lo: R=VOC, R'= amorph 5.71-5.92[s], 6.08[111] 
R 

eo 

11: R=H*HCl, R= - 

e 
eo 

mp 217' d 3.5-4[m], 5.73-5.82[s] 

12: R= 0 R=H foam 2.9-3.l[m], 5.78[s], 6.1-6.3Csl 

Next, the crude zwas N-demethylated with VOC-Cl in 1,2-dichloroethane at 65' to give the N-VOC 

compound (10) isolated as a white foam in 94% yield (from 2). - Unreacted 2 (5%) was also recov- 

ered in the extraction work-up. Removal of the VOC group was cleanly accomplished by bubbling 

anhydrous HCl through 10 in CH2C12 followed by evaporation and subsequent dissolution of the - 

intermediate adduct in hot methanol. ' The 0-acylnoroxycodone hydrochloride (11) thus obtained 

as a white solid was dissolved in CH2C12 and shaken with aqueous NaHC03. As expected, imnedi- 

ate, quantitative rearrangement to the N-acylnoroxycodone (12) occurred. - 

Having completed its initial function, protection of the 14-OH during N-demethylation, the 

cyclobutylcarbonyl moiety was ready to serve its second purpose. First the 6-ketone was masked 

by treatment of 12 with ethylene glycol and pTosOH (0.06 eq) in benzene at reflux. The product - 

ketal (13) crystallized from benzene as a 1:l adduct with the solvent, a substance which was - 

very insoluble in cold benzene unlike other neutral intermediates, byproducts, and side pro- 

ducts on the route from 2 to 13. - This serendipitous result permitted the development of a pro- 

cess in which the product extraction residues or precipitates from each step in the scheme, 2 + - 

-c+E, were used as the precursors for the next step without purification. The overall yield 

from 2. of pure 13 adduct obtained in this way was 86%.13 - Heating the adduct in vacua at 90" 

mp 192.5-193O 
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gave solvent-free 13. - Reduction of the amide (l3) to a cyclobutylmethylamine was achieved by 

reaction with excess LAH in THF. The amino ketal (14) was not isolated but hydrolyzed during - 

acid workup to the amino ketone (15) which crystallized in 85% yield from ether-pentane. Fin- - 

ally, 0-demethylation as already described afforded nalbuphine (1). The overall yield of pure, 

recrystallized nalbuphine from oxycodone was 58.4%. Based on 14 thebaine, the overall yield was 

49% with potential for further improvement by workup of recrystallization filtrate residues. 

The adaptation of this synthesis or parts thereof to the improved preparation of other 

14-hydroxymorphinan pharmaceuticals (naltrexone,' oxilorphan,' etc.lF4) is easily envisaged. 
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