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Summary: A variety of optically active benzomorphans including metazocine and pentazocine as well as 
dextromethorphan, a morphinan, are obtainable by using the BINAP-ruthenium(ll) catalyzed 
enantioselective hydrogenation as key operation. 

Naturally occurring morphine (1) is important as an analgesic’ but exhibits undesired addicting side 

effect. The structural modification can overcome this problem to a considerable extent. For example, certain 

artificial benzomorphans,z such as metazocine (2a)3 or pentazocine (2b)4 are potent but nonaddictive 

narcotic analgesics. Dextromethorphan (3a)5 which possesses the opposite absolute configuration has 

powerful antitussive property. Described herein is the asymmetric synthesis of such artificial morphines 

utilizing the recently discovered enantioselective hydrogenation of enamides as key step.6 
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2a, R=CH3 

2b, R = CH2CH=C(CH3)2 

2c, R = cyclopropylmethyl 
2d, R = CH2CH2C6H5 

3a, R=R’=CH3 

3b, R=H;R’=CH3 

The dihydropyridine 4a was prepared in a straightforward manner from tiglic acid by using the 

Bischler-Napieralski cyclodehydration. 7 The imine hydrochloride8 was reacted with 10 equiv of formic 

pivalic mixed anhydride (benzene-pyridine, 0 “C, 8 h) to give a 6:l stereoisomeric mixture of 5a and the E 

isomer in 60% yield. Homogeneous hydrogenation was then effected with the major crystalline (Z)-enamide 

5a,g mp 96-98 “C, in methanol with 0.5 mol% of Ru(OCOCFs)2[(R)-tolbinap]6~10 under initial hydrogen 

pressure of 100 atm (25 “C, 120 h), affording the R-configurated 6a in 98% ee and in 98% yield. The 

ruthenium-catalyzed hydrogenation was completely regioselective; the enamide moiety was saturated, 

whereas the tetrasubstituted olefinic bond remained intact. The enantiomeric excess of (I?)-6a, [a]D27 

-~,.6~ (c 1.67, CHsOH), was determined by reversed phase HPLC analysis’ ’ of (R)-8a, an adduct Of (R)- 
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7a obtained by the treatment with 2 N NaOH at 80 “C and 2,3,4,6-tetra-O-acetyl_P-D-glucopyranosyl 

isothiocyanate (GlTC).12 The chiral tetrahydropyridine derivatives, (R)-6a and (R)-7a, are useful 

intermediates for synthesis of (-)-metazocine (2a), (-)-pentazocine (2b),13 (-)-cyclazocine (~c),‘~z~~ 

(-)-phenazocine (2d),sa,14 etc. When Ru(OCOCFe)2[(S)-tolbinap] was used as the hydrogenation catalyst 

(0.5 mol%, methanol, 100 atm, 30 “C, 120 h), (S)-6a in 97% ee, [a]D23 +34.4” (C 1.95, CHsOH), was 

obtained in 98% yield. This compound is convertible to the dextrorotatory isomers of 2a-d. 

4a, R=CH3 5a, R=CH3 

4 b, R--R = (CH2)4 5b, R-R = (CH2)4 

6a, R=CH3 

6b, R---R = (CH2)4 

OCH3 

7a, R = CH3; R’= H 

7b, R-R = (CH2)4; R’ = H 

AC0 OAc 

8a, R=CH3 

8 b R-R = (CH2)4 

10 a, R = H; R’ = CH2CH=CH2 

10 b, R = OH; R’ = cyclopropylmethyl 
1 Oc, R = OH; R’ = cyclobutylmethyl 
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This method has been successfully extended to the enantioselective synthesis of dextromethorphan 

(3a), an extremely important bronchodilating agent. The starting imine, 4b, is available from 2-(l’- 

cyclohexenyi)ethylamine and 4-methoxyphenylacetic acid by the standard procedure.15 The N-formylation 

with formic pivalic mixed anhydride (3 equiv, pyridine-THF, 0 “C, 8 h) produced the (Z)-enamide 5bg and 

its E isomer in 6:i ratio in 78% combined yield. When the (i’)-enamqe was hydrogenated in methanol 

containing 0.5 mol% of Ru(OCOCF&[(S)-tolbinap] 6,1 o (100 atm, 30 “C, 100 h), the desired (S)-6b, 

[CX]D** +21.4” (c 1.33, CH30H),lS was obtained quantitatively and in 97% ee (HPLC assay” of (S)-8b 

formed from (S)-7b and GITC). The formyl base, (S)-6b, can be subjected directly to the acid-catalyzed 

Grewe type cyclization17 giving the tetracyclic compound 9, reduction of which completes the asymmetric 

synthesis of 3a. Since the existing commercial production of 3a involves optical resolution of an amine 

intermediate, this asymmetric catalysis would enhance greatly the synthetic efficiency. In addition, (S)-7b 

acts as an intermediate leading to optically active dextrorphan (3b),18 an anticough agent. The levorotatory 

isomer, (R)-6b, [CX]D~~ -18.0” (c 2.03, CHsOH), can be derived 10 levallorphan (10a)5 and oxilorphan 

(lob),’ g narcotic antagonists. and analgesic butorphanol (lOc),lg etc. 

Although we have demonstrated the utility of the ruthehium-catalyzed enantioselective hydrogenation 

in the synthesis of natural morphine precursors, 6 this is now recognized also as a powerful tool for 

asymmetric entry to clinically effective, artificial morphine-based analgesics.20 This method allows 

flexible synthesis of both enantiomers. The new procedure is general and efficient, and finds a wide 

applicability. 
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