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A new synthetic method for the removal of the 4,5-bridged ether moiety of several opioids has been
developed. This process offers a faster, simpler synthetic route to obtain the morphinone scaffold in high
yields without the need for protection of the ketone moiety.

� 2010 Elsevier Ltd. All rights reserved.
O ORO

N
R1

R2

3: R = Me, R1 = Me, R2 = H; hydrocodone
4: R = Me, R1 = Me, R2 = OH; oxycodone
5: R = H, R1 = CPM, R2 = OH; naltrexone

O OHRO

N

1: R = H; morphine
2: R = Me; codeine

4 5

N
R1

R2
Opioids such as morphine (1) and codeine (2) (Fig. 1) and ana-
logs offer a wealth of therapeutic benefit as analgesics and as
building blocks for valuable therapeutics.1–3 Opioid analgesics such
as hydrocodone (3) and oxycodone (4) (Fig. 1) are used to treat in-
tense pain1 while the opioid, naltrexone (5, Fig. 1), is used to aid in
reducing opioid dependence.4–6 More facile synthetic methods to
gain access to new opioid analogs can offer the opportunity to dis-
cover potentially useful opioid therapeutics.

Opioids without the 4,5-ether bridge (referred to as morphinon-
es, Fig. 1) are of particular interest due to their novel biological and
pharmacological properties.7–11 The only reported method used to-
day to remove the 4,5-ether bridge7–13 was originally described by
Sawa and co-workers in the 1960s and uses ammonia gas and solid
sodium metal.14,15 This synthetic route involves multiple steps,
including protection and deprotection of the ketone moiety, result-
ing in a low overall yield of the final morphinone product.7–15 A
shorter, higher yielding alternative route to these intriguing com-
pounds would be quite valuable and necessary to access the mor-
phinone scaffold efficiently making them readily available for
pharmacological and biological evaluations.

In a continuing effort in our laboratory to synthesize novel kappa
opioid agonists and mixed kappa/mu agonists for the treatment of
drug abuse,11,16–22 we have developed an efficient synthetic route
that allows easier access to this pharmacologically important class
of compounds. Our method for the synthesis of the morphinone
scaffold includes a palladium-catalyzed aryl triflate reduction. In
general, aryl triflate reductions are highly precendented23–28 and
were believed to be applicable to our substrates. Furthermore, this
transformation could circumvent the ketone protection/deprotec-
tion sequence needed in Sawa’s synthesis.14,15

The opioid-4-triflates used in the palladium-catalyzed reduc-
tion were synthesized according to Scheme 1, shown below. The
phenol moiety of naltrexone (5) and naloxone (6) was methylated
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using iodomethane and potassium carbonate to yield derivatives
729 and 8, respectively. Hydrocodone (3), oxycodone (4), 7, and 8
were then reduced to their phenol derivatives (9–12) using zinc
under acidic conditions.7,11,30 Finally, the triflates (13–16) were
obtained after treating phenols (9–12) with N-phenylbis(trifluoro-
methanesulfonate)amide and cesium carbonate or sodium hydride
(see Supplementary data for details).

The reduction of the opioid-4-triflates (13–16) was initially at-
tempted using 10% Pd/C, Mg, and NH4OAc.28 However, in our
hands, this reduction protocol failed to afford any product. Success
was achieved when 10% palladium acetate, 10% diphenylphosphi-
nopropane (dppp), and 2.5 equiv of triethylsilane25 at 60 �C for
4 h was used to produce the desired morphinones (17–19, Table 1).

As shown in Table 1, the reduction worked very well for opioid-
4-triflates (13, 15 and 16) affording yields of 90–95% of morphi-
none products (17–19, respectively). The naloxone triflate (14),
which contained an N-allyl moiety, produced multiple byproducts
under these reaction conditions and no product was isolated.
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Figure 1. Structures of opioids (CPM = cyclopropylmethyl).
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Table 1
Reduction of opioid-4-triflates to morphinone products
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Scheme 2. Comparison of traditional route [TR] with new alternate route [AR] for
the synthesis of the morphinone scaffold.
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Scheme 1. Synthesis of opioid-4-triflates.
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An overall comparison of the new alternate synthetic route [AR]
versus the traditional route [TR] to the morphinone scaffold is
shown in Scheme 2. As shown, the alternate route for the synthesis
of morphinones 17–19 is accomplished in two steps (from inter-
mediates 9, 11 and 12) compared to the four steps needed for
the synthesis of 18 and 19 and six steps for 17 via the traditional
route.7,8,11,12,15 The new method offers a faster, more efficient
alternative and utilizes less harsh reaction conditions/reagents
than that required for the traditional process.
In conclusion, we have developed a new alternate synthetic
route to remove the 4,5-ether bridge of opioids (3–5). Through
the utilization of an opioid-4-triflate intermediate and subsequent
palladium-catalyzed reduction, we were able to present a viable
pathway to a class of pharmacologically important molecules. Fur-
ther studies on this intriguing class of compounds are currently
underway.

Acknowledgments

This work was supported in part by NIH grants T32-DA007252
(C.D.A.) and R01-DA14251 (J.L.N.).

Supplementary data

Supplementary data (experimental details and characterization
for compounds 7–19) associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2010.02.146.

References and notes

1. Aldrich, J. V.; Vigil-Cruz, S. C. Narcotic Analgesics. In Burger’s Medicinal
Chemistry and Drug Discovery; John Wiley & Sons: New York, 2003; p 329.

2. Eguchi, M. Med. Res. Rev. 2004, 24, 182–212.
3. Fries, D. S. Opioid Analgesics. In Foye’s Principles of Medicinal Chemistry;

Lippincott Williams & Wilkins: PA, 2002; p 453.
4. Gonzalez, G.; Oliveto, A.; Kosten, T. R. Drugs 2002, 62, 1331–1343.
5. Montoya, I. D.; Vocci, F. Curr. Psychiatry Rep. 2008, 10, 392–398.
6. Ross, S.; Peselow, E. Clin. Neuropharmacol. 2009, 32, 269–276.
7. Li, F.; Gaob, L.; Yin, C.; Chen, J.; Liu, J.; Xie, X.; Zhang, A. Bioorg. Med. Chem. Lett.

2009, 19, 4603–4606.
8. Li, F.; Yin, C.; Chen, J.; Liu, J.; Xie, X.; Zhang, A. Chem. Biol. Drug Des. 2009, 74,

335–342.
9. Osa, Y.; Ida, Y.; Fujii, H.; Nemoto, T.; Hasebe, K.; Momen, S.; Mochizuki, H.;

Nagase, H. Chem. Pharm. Bull. 2007, 55, 1489–1493.
10. Revesz, L.; Siegel, R. A.; Buescher, H. H.; Marko, M.; Maurer, R.; Meigel, H. Helv.

Chim. Acta 1990, 73, 326–336.
11. Zhang, A.; Li, F.; Ding, C.; Yao, Q.; Knapp, B. I.; Bidlack, J. M.; Neumeyer, J. L. J.

Med. Chem. 2007, 50, 2747–2751.
12. Nagase, H.; Yamamoto, N.; Nemoto, T.; Yoza, K.; Kamiya, K.; Hirono, S.; Momen,

S.; Izumimoto, N.; Hasebe, K.; Mochizuki, H.; Fujii, H. J. Org. Chem. 2008, 73,
8093–8096.

13. Watanabe, A.; Fujii, H.; Nakajima, M.; Hasebe, K.; Mochizuki, H.; Nagase, H.
Bioorg. Med. Chem. Lett. 2009, 19, 2416–2419.

14. Sawa, Y. K.; Tada, H. Tetrahedron 1968, 24, 6185–6196.
15. Sawa, Y. K.; Tsuji, N.; Okabe, K.; Miyamoto, T. Tetrahedron 1965, 21, 1121–1128.
16. Bowen, C. A.; Negus, S. S.; Zong, R.; Neumeyer, J. L.; Bidlack, J. M.; Mello, N. K.

Neuropharmacology 2003, 28, 1125–1139.
17. Decker, M.; Si, Y.-G.; Knapp, B. I.; Bidlack, J. M.; Neumeyer, J. L. J. Med. Chem.

2010, 53, 402–418.
18. Matthews, J. L.; Peng, X.; Xiong, W.; Zhang, A.; Negus, S. S.; Neumeyer, J. L.;

Bidlack, J. M. J. Pharmacol. Exp. Ther. 2005, 315, 821–827.
19. Neumeyer, J. L.; Zhang, A.; Xiong, W.; Gu, X.; Hilbert, J. E.; Knapp, B. I.; Negus, S.

S.; Mello, N. K.; Bidlack, J. M. J. Med. Chem. 2003, 46, 5162–5170.
20. Peng, X.; Knapp, B. I.; Bidlack, J. M.; Neumeyer, J. L. J. Med. Chem. 2006, 49, 256–

262.
21. Peng, X.; Knapp, B. I.; Bidlack, J. M.; Neumeyer, J. L. J. Med. Chem. 2007, 50,

2254–2258.

http://dx.doi.org/10.1016/j.tetlet.2010.02.146


C. D. Hupp, J. L. Neumeyer / Tetrahedron Letters 51 (2010) 2359–2361 2361
22. Zhang, A.; Xiong, W.; Bidlack, J. M.; Hilbert, J. E.; Knapp, B. I.; Wentland, M. P.;
Neumeyer, J. L. J. Med. Chem. 2004, 47, 165–174.

23. Behenna, D. C.; Stockdill, J. L.; Stoltz, B. M. Angew. Chem., Int. Ed. 2007, 46,
4077–4080.

24. Cacchi, S.; Ciattini, P. G.; Morera, E.; Ortar, G. Tetrahedron Lett. 1986, 27, 5541–
5544.

25. Kotsuki, H.; Datta, P. K.; Hayakawa, H.; Suenaga, H. Synthesis 1995, 1348–1350.
26. Node, M.; Kodama, S.; Hamashima, Y.; Katoh, T.; Nishide, K.; Kajimoto, T. Chem.

Pharm. Bull. 2006, 54, 1662–1679.
27. Saa, J. M.; Dopico, M.; Martorell, G.; Garcia-Raso, A. J. Org. Chem. 1990, 55, 991–
995.

28. Sajiki, H.; Mori, A.; Mizusaki, T.; Ikawa, T.; Maegawa, T.; Hirota, K. Org. Lett.
2006, 8, 987–990.

29. Nagase, H.; Watanabe, A.; Harada, M.; Nakajima, M.; Hasebe, K.; Mochizuki, H.;
Yoza, K.; Fujii, H. Org. Lett. 2009, 11, 539–542.

30. Coop, A.; Rothman, R. B.; Dersch, C. M.; Partilla, J.; Porreca, F.; Davis, P.;
Jacobson, A. E.; Rice, K. C. J. Med. Chem. 1999, 42, 1673–1679.


	Rapid access to morphinones: removal of 4,5-ether bridge with Pd-catalyzed  triflate reduction
	Acknowledgments
	Supplementary data
	References and notes


