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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(il) 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,2 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.®
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1 2a, R=CH3 3a, R=R'=CH3
2b, R =CH2CH=C(CH3)2 3b, R=H:R'=CH3

2c¢, R= cyclopropylmethyl
2d, R = CH2CH2CgH5

The dihydropyridine 4a was prepared in a straightforward manner from tiglic acid by using the
Bischler-Napieralski cyclodehydration.? The imine hydrochloride® was reacted with 10 equiv of formic
pivalic mixed anhydride (benzene-pyridine, 0 °C, 8 h) to give a 6:1 stereoisomeric mixture of 5a and the £
isomer in 60% yield. Homogeneous hydrogenation was then effected with the major crystalline (2)-enamide
5a,9 mp 96—98 °C, in methanol with 0.5 mol% of Ru(OCOCF3)2[(R)-tolbinap]®: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 (R)-6a, [alp?7
-35.6° (¢ 1.67, CH3OH), was determined by reversed phase HPLC analysis'1 of (R)-8a, an adduct of (A)-
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7a obtained by the treatment with 2 N NaOH at 80 °C and 2,3,4,6-tetra-O-acetyl-B-D-glucopyranosy!
isothiocyanate (GITC).12 The chiral tetrahydropyridine derivatives, (R)-6a and (R)-7a, are useful
intermediates for synthesis of (-)-metazocine (2a), (-)-pentazocine (2b),'3 (-)-cyclazocine (2c),'¢.43
(-)-phenazocine (2d),32:1% etc. When Ru(OCOCF3)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]p23 +34.4° (¢ 1.95, CH3zOH), was
obtained in 98% yield. This compound is convertible to the dextrorotatory isomers of 2a—d.
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4a, R=CH3 5a, R=CH3 6a, R=CH3
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7a, R=CH3;R'=H 8a, R=CH3
7b, R—R = (CH2)4; R = H 8b, R—R = (CH2)4
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9 10a, R=H;R = CH2CH=CH2
10b, R = OH; R' = cyclopropylmethyi
10c, 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-(1*-
cyclohexenyljethylamine and 4-methoxyphenylacetic acid by the standard procedure.'® The N-formylation
with formic pivalic mixed anhydride (3 equiv, pyridine-THF, 0 °C, 8 h) produced the (Z)-enamide 5b® and
its E isomer in 6:1 ratio in 78% combined yield. When the (Z)-enamige was hydrogenated in methanol
containing 0.5 mol% of Ru{OCOCF3)2[(S)-tolbinap]®: 10 (100 atm, 30 °C, 100 h), the desired (S)-6b,
[n]p22 +21.4° (¢ 1.33, CH3OH),1® 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 cyclization!? 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, [@]p?7 -18.0° (¢ 2.03, CH3OH), can be derived to levallorphan (10a)5 and oxilorphan
(10b),1® narcotic antagonists, and analgesic butorphanol (10c),1? etc.

Although we have demonstrated the utility of the ruthenium-catalyzed enantioselective hydrogenation
in the synthesis of natural morphine precursors,® this is now recognized also as a powerful tool for
asymmetric entry to clinically effective, artificial morphine-based analgesics.20 This method aliows
flexible synthesis of both enantiomers. The new procedure is general and efficient, and finds a wide
applicability.

Acknowledgment. We thank Professor A. |. Meyers (Colorado State University) and Dr. M. Takeda
(Tanabe Pharmaceutical Co.) for suggestions and encouragement. We also acknowledge the generous supply of
samples of racemic and optically active 6b and 7b and valuable information from Hoffmann-La Roche Inc.,
Nutley, New Jersey, USA.

References and Notes

1. (a) Johnson, M. R.; Michne, G. M. In "Medicinal Chemistry", 4th ed.; Wolff, M. E., Ed.; Wiley
Interscience: New York, 1981; Part ill, p 699. (b) Ehrhardt, G.; Ruschig, H. Arneimittel, Verlag
Chemie: Weinheim, 1968; Vol 1, p 316. (c) Palmer, D. C.; Strauss, M. J. Int. Eng. Chem. Prod. Res.
Dev. 1980, 19, 172.

2. Barltrop, J. A. J. Chem. Soc. 1947, 399. For a review of methods to prepare benzomorphans, see:
Palmer, D. C.; Strauss, M. J. Chem. Rev.1977, 77, 1.

3. (a) May, E. L.; Eddy, N. B. J. Org. Chem. 1959, 24, 1435. (b) Murphy, J. G.; Ager, J. H.; May, E. L.

J. Org. Chem. 1960, 25, 1386. (c) May, E. L.; Kugita, H. ibid. 1961, 26, 188. (d) May, E. L,;
Kugita, H.; Ager, J. H. ibid. 1961, 26, 1621. (e) Saito, S.; May, E. L. ibid. 1961, 26, 4536.

4. (a) Archer, S.; Albertson, N. F.; Harris, L. S.; Pierson, A. K.; Bird, J. G. J. Med. Chem. 1964, 7, 123.

(b) Albertson, N. F.; Wetterau, W. F. J. Med. Chem. 1970, 13, 302. (c) Kametani, T.; Huang, S. -P;

lhara, M.; Fukumoto, K. Chem. Pharm. Bull. (Tokyo), 1975, 23, 2010. (d) Kametani, T.; Honda, T.;

Huang, S. -P.; Fukumoto, K. Can. J. Chem. 1975, 53, 3820. (e) For a review of the synthetic

approaches to pentazocine, see: Kametani, T.; Kigasawa, K.; Hiiragi, M.; Wagatsuma, N. Heterocycles

1974, 2, 79.

Schnider, O.; Grussner, A. Helv. Chim. Acta 1951, 34, 2211.

Noyori, R.; Ohta, M.; Hsiao, Yi; Kitamura, M.; Ohta, T.; Takaya, H. J. Am. Chem. Soc. 1986, 108, 7117.

The hydrochloride of 4a was prepared as follows. Reduction of tiglic acid (LiAlHg, ether, 0—40 °C)

gave (E)-2-methyl-2-buten-1-ol (bp 65—70°C/76 mmHg, 85% yield), whose bromination (PBrg,

0 °C, 91% yield) foliowed by cyanation (CuCN, DMF, 26 °C, 76% yield) furnished (E)-3-methyl-3-

pentenenitrile. Reduction (LiAlH4 + AICl3, ether, 0—26 °C) of the cyanide gave (E)-3-methyl-3-

pentenylamine (bp 35-—40 °C/25 mmHg). N-(3'-Methyl-3'-pentenyl)-4-methoxyphenylacetamide

(mp 66—68 °C) was obtained by condensation of the amine with 4-methoxyphenylacetic acid (toluene,

reflux) followed by recrystallization (1:4 ethy! acetate-hexane) in 69% yield. Bischler-Napieralski

cyclization of the amide (POCI3, toluene, 110 °C, 15 h, 95% crude yield)) gave the hydrochloride of
4a, which was immediately used for the N-formylation without purification.

~N o



4832

10.

11.

12.
13.

15.

16.
17.

18.
20.

Because the free imine is labile, the hydrochloride should be used.

5a: TH NMR (270 MHz, CDCI3) § 1.84 and 1.93 (s, each, 6, CH3 x 2), 2.28 (bt, 2, J = 6.0 Hz, CHo),
3.78 (s, 3, OCH3), 3.84 {t, 2, J = 6.1 Hz, CHp), 6.24 (s, 1, CH=), 6.83 (d, 2, J = 8.9 Hz, aromatic),
7.23 (d, 2, J = 8.6 Hz, aromatic), 8.00 (s, 1, CHO). 5b: 'TH NMR (270 MHz, CDCl3) § 1.6—~1.8

(m, 4, CHz x 2), 2.07, 2.20, and 2.28 (m, each, 6, CHp x 3), 3.78 (5, 3, OCH3), 3.86 (1, 2, J = 5.9
Hz, CHb»), 6.16 (s, 1, CH=), 6.83 (d, 2, J = 8.9 Hz, aromatic), 7.23 (d, 2, J = 8.6 Hz, aromatic),
8.01 (s, 1, CHO). In general the (2)-enamides give the NMR signals due to the formyl protons at
higher field (8 8.0—8.2) than the (E)-isomers (8 8.5—8.7) (ref 6).

TolBINAP = 2,2'-bis(di-p-tolylphosphino)-1,1'-binaphthyl. Takaya, H.; Mashima, K.; Koyano, K.;
Yagi, M.; Kumobayashi, H.; Taketomi, T.; Akutagawa, S.; Noyori, R. J. Org. Chem. 1986, 51, 629. The
complex, Ru(OCOCF3)2[(R)-tolbinap], was prepared by treatment of Ru(OCOCHS3)2[(R)-tolbinap]
with 2 equiv of trifluoroacetic acid in dichloromethane and then removal of the solvent: 31P NMR
(CDCl3) 59.91 ppm (standard, 85% H3PQ4).

Conditions of HPLC analysis for 8a: column, Nomura Chemical Co., Develosil ODS-5; eluent, 1/1
CH3CN-H20 containing NH4H2PO4 (1.4 g/L); flow rate, 1 mL/min; detection, 254-nm light.
Acetonitrile-water (3/2) containing NH4H2PO4 (1.4 g/L) was used as eluent for analysis of 8b.

(a) Nimura, N.; Ogura, H.; Kinoshita, T. J. Chromatogr. 1980, 202, 375. (b} Gal, J. ibid. 1984,
307, 220.

Commercial pentazccine is a racemic mixture.

May, E. L.; Eddy, N. B. J. Org. Chem. 1959, 24, 294.

Heating 2-(1'-cyclohexenyl)ethylamine with 4-methoxyphenylacetic acid (150 °C, 5 h) followed by
removal of the resulting water and recrystallization (1:4 ethyl acetate-hexane) afforded N-2-(1'-
cyclohexenyl)ethyl-4-methoxyphenylacetamide, mp 76.5—78.5 °C. lIts Bischler-Napieralski type
cyclization (POCIz, benzene, reflux) gave after basic workup 3,4,5,6,7,8-hexahydro-1-(4-
methoxyphenylmethyl)isoquinoline. This was immediately used for the subsequent reaction.

Authentic sample from Hoffmann-La Roche showed [a]p?5 +22.2° (¢ 1.33, CH3OH).

(a) Grewe, R.; Mondon, A. Chem. Ber. 1948, 81, 279. (b) Mohacsi, E.; Leimgruber, W. Ger. Offen.
2311881; Chem. Abstr. 1974, 80, 15099q

Schnider, O.; Grussner, A. Helv. Chim. Acta 1949, 32, 821.

Monkovié, 1.; Bachand, C.; Wong, H. J. Am. Chem. Soc. 1978, 100, 4609.

For asymmetric synthesis of benzomorphans and morphinans using stoichiometric enantioselective
alkylation: see (a) Meyers, A. |.; Dickman, D. A.; Bailey, T. R. J. Am. Chem. Soc. 1985,107, 7974.

(b) Meyers, A. |.; Bailey, T. R. J. Org. Chem. 1986, 51, 872.

(Received in Japan 18 June 1987)



