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Abstract - Sodium bomhydride reduction of readily available chiral 

pyridinium salts (2a-b) in alkaline medium led to 1,Zdihydropyridines 
(3a-b) which spontaneously cyclized to give 2.5-dihydropyridinium 
salt equivalents (4a-b). Use of these intermediates for a short synthesis 

of the tobacco alkaloid (+)-anatabine and of the benzomorphane 
derivative ((+)-14) is repred. 

Alkaloids containing six-membered nitrogen heterocycles are abundant in nature and many of them exhibit 

interesting biological activities. Accordingly, the search for practical and general approaches allowing regio- and 

stereocontrolled synthesis of highly functionalized derivatives of these heterocycles bas gained continued 
attention. Among others, a set of powerful strategies makes use of the versatile synthetic potential of 

dihydmpyridine intermediates as an effective method for their con~uuction.~ In earlier studies, we demonstrated 
that a variety of c h i d  dihydropyridine intermediates (or dihydropyridinium salt equivalents) can be successfully 
used for asymmetric syntheses of such Our e m y  into this field was greatly facilitated by the 

finding that the Zicke's  synthesis of pyridinium salts could be easily extended to asymmetric series using 
various c h i d  primary mines3 as starting material. 

In this paper we report details of the sequence4depicted in Scheme 1 by way of its application to a synthesis of 

(+)-matabhe and of a chiral benzomorphane derivative according to Scheme 2 and Scheme 3, respectively. 
Treatment of Zincke's salt (la)5 (Scheme 1) with 1.1 equivalent of (R)-(-)-phenylglycinol in refluxing n-butanol 

overnight gave, after simple extraction, pure salt (Za) in nearly 90% yield. Since (R)-(-)-phenylglycinol is now 

made available by a very convenient procedure,6 c h i  pyridinium salt (Za) could be mutinely prepared in our 
laboratory in I00 g scale. Synthesis of 4-substituted salts (2c-d) met with no special difficulties by using this 

procedure. Zincke's salt ( lb)  proved to be sensitive to bases and was prepared in refluxing methanol, while the 

dioxolane protection was needed for the preparation of salt (Id) since 4-acetylpyridine was not nuclwphilic 

enough to react with l-chloro-2,4-dinirnbemne. 

bedicated to Prof. Arnold Brossi on the occasion of his 70th anniversary. 
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Reduction of salts (2s-d) with NaBm was performed in a two-phase 5N NaOH-ether mixture. This smngly 

alkaline medium was necessary to prevent reduction to tetrahydropyridines which is normally obtained by using 
NaBm in methanol.l* In addition. ether as solvent helped the reaction by exwrting non polar dihydropyridine 

intermediates as soon as they were formed. Intermediate dihydropyridines (30-d) could not be characterized. 

even by nmr shwlies of the crude reaction mixtm, and we only isolated oxaddines  (4a-d). In the case of salt 
(Za), we obsmed the formation of the corresponding 1.4-dihydropyridine as a by-product to the extent of 15%. 

This last compound, which did not cyclize spontanwusly, was shown to be very unstablek2e and could thus 

be eliminated from 1.2-dihydropy~idine (3a) in the crude reaction mixture by filtration over alumina This 

allowed us to isolate pure 4a which was obtained in 70% yield from the salt (2a). In the case of salts (2c-d), 
substitution at position 4 prevented the formation of IAdihydro isomers which were not detected. 

Oxazolidines (4a-d) which are formed via 2.5-dihydropyridinium salt intermediates (5) may be considered as 

c h i d  masked forms of these presumably very unstable species. Revious work in this field showed that salts 
such as (5) could also be trapped by cyanide ion giving (racemic) intermediates of inrerest in alkaloid ~~nthesis.7 

In the absence of any nucleophile such as cyanide or an internal alkoxide (as in the present case), to t ap  salt (5) 

from the corresponding 1.2-dihydropyridine. a rapid dimensation process can occur between this elecmphilic 

salt (5) and the nonpmtonated nucleophiii dihydropyridine. Very likely, this can explain the behaviour of simple 

1.2-dihydropyridines which were repaed to dimerise spontanwusly in air.8 
Use of the intermediate (4a) in a synthesis of (+)-matabhe, a minor tobacco alkaloid, is summarized in Scheme 

2. Noteworthy is the fact that the biosynthesis of this naturally occurring compound implies presumably an 
enzymatically conmlled condensation of 1.2-dihydropyridine with 2,5-dihydroPyridine,9 both derived from 

nicotinic acid Treatment of oxazolidine (4a) with Grignard reagent (6). obtained from the anresponding lithium 
salt by exchange with MgBq, afforded adduct (7) together with its diastereoisomer in a 9 to 1 propation (80% 

de. as estimated by I ~ - n m r  spectroscopy). Pure 7 was isolated in 32% yield after chromatography over 

alumina. In the final step for obtaining anatabine, removal of the phenylethanol auxiliary by hydrogenolysis 

could not be used since the intracyclic double bond is susceptible to hydrogenation under such conditions. 

Oxidative conditions for this removal were therefore explod. Swem oxidation gave the unstable aldehyde (8). 
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which was immediately treated with 3 equivalents of 2Adinitrophenylhydntzine (DNBNI .*.Hz) in a refluxing 

mixture of n-pmpanol and acetic acid This procedure, which was adapted from an old protocol used for the 

deamination of 2-aminosugars10 gave, presumably via intermediates (9) and (10). the ozazone derivative (11) 
which was hydrolyzed under the reaction conditions. (R)-(+)-Anatabine was thus obtained in a 55% overall yield 

fmm (7). (R)-(+I-Anatahine is the enantiomer of the natural product. hut, sin= (S)-(+>phenylglycinol is also 

readily available, (S)-(-)-anatabine should as well be accessible by our method The optical purity of the 
synthetic compound was estimated near 95% by comparison of the optical rotations ( [ a ] ~  +156' for the 

synthetic, and [ a l ~  -178' for the natural enantiomerll) and other data obtained in the same series.4 

NH 

9 10 11 

Scheme 2 

A second application, also demonsmting the synthetic interest of intermediates (4). is presented (Scheme 3). 
Treatment of oxawlidine (4b) with p-methoxybenzylmagnesium chloride gave adduct (12). Albeit the 
diastereoselectivity was low (25%), adduct (12) could be obtained in a reasonable yield of 47% after 

chromatography on silica gel. Removal of the phenylethanol chain was achieved by our two-step procedure 
(Swern oxidation, matment with dinimphenylhydrazine in acidic medium), affording tetrahydropyridine (1%) 
in 66% yield Reductive methylation led to 13b . 

OMe 

H+ 
Ph 13a (R= H) 

OH 
4b 12 

Scheme 3 
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Finally. Grewe's cyclization proceeded in a 46% yield to.give benzomorphan derivative ((+)-14) possessing 
analgesic activity. The optical rotation of ((+)-14) ( [ a ] ~  = +71°)was in agreement with literature. data12 ( [ a ] ~  = 

t7S0) and an e.e. of ca. 90% was obtained by our procuiure. This last result completed our recent work on the 

asymmenic synthesis of benzamorphan and morphinan drugs.2d 
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EXPERIMENTAL 

1-(2,4-Dinitropheny1)-4-methylpyridinium chloride (lb). To a solution of Cpicoline (19.5 g, 210 

mmol) in MeOH (400 ml), 1-chlom2,4-dinitrobenzene (40 g, 197.5 mmol) was added and the resulting solution 

was refluxed during 24 h. After evaporation of solvent, the crude residue was filtered over silica gel with 
CHZC12-MeOH (from 9515 to 60140 ratio) to give salt (lb) (49.6 g, 85%) as a black powder. I H - N ~ ~  (cD30D) 
6: 2.87 (3H. s), 8.20 (ZH, d, J = 7 Hz), 8.31 (lH, d J = 8.5 Hz), 8.88 (1H. dd, J = 8.5 Hz, J = 2.5 Hz), 9.14 
(2H, d, J = 7 Hz), 9.24 (lH, d, J = 2.5 Hz). 13c-Nmr (CD30D) 6: 23.0, 123.2, 129.9 (ZC), 131.3, 133.0, 

139.9,144.6, 145.9 (2C), 150.8, 165.4. Ms (FAB) m/z (relative intensity) 260 (Mt; 100). 94 (10). 

1-(2,4-Dinitropheny1)-4-phenylpyridinium chloride (lc). To a solution of 4-phenylpyridine (2.4 g, 

15.5 mmol) in MeOH (50 ml). 1-chlom2.4-dinimbenzene (3.13 g. 15.5 mmol) was added and the resulting 

solution was refluxed during 48 h. Removal of the solvent, precipitation in acetone and fdtration gave salt (lc) as 
a pale yellow powder (4.3 g, 78%). l ~ - N m r  (CD30D) 6: 7.69 (3H, m), 8.16 (2H, dd, J = 8 Hz, J = 2 Hz), 

8.32 ( lH, d, J = 8 Hz), 8.67 (2H, d, J = 7 Hz), 8.90 ( lH, dd, J = 8 Hz, J = 3 Hz), 9.24 ( 2H, d, J = 7 Hz), 
9.26 ( lH, d, J = 3 Hz). l k - ~ m r  (CD30D) 6: 123.2, 125.8 (ZC), 129.7 (2C). 131.2 (3C), 132,9, 134.4, 
134.6, 139.9, 144.7, 146.8 (2C), 151.0, 160.6. Ms (FAB) m/z (relative intensity) 322 (M+; 100). 156 (46). 

1-(2,4-Dinitrophenyl)-4-(2-methyl-1,3-dioxoan-2-y1)pyridiniu chloride (Id). To a solution of 

3-(2-methyl-1,3-dioxolan-2-yl)pyridine (5.3 g, 32.1 mmol) in acetone (350 ml), 1-chlom-2,4-dinimbenzene 
(6.5 g, 32.1 mmol) was added and the mixture was refluxed during 48 h. The precipitate formed was filtered to 
give saltUd(8.25 g, 70%) as a brown powder. ~ H - N ~ I  (CD30D) 6: 1.80 (3H, s), 3.95 (2H, m), 4.22 (m, 

2H), 8.33 (lH, d, J = 8.5 Hz), 8.40 (ZH, d, J = 7 Hz), 8.90 (lH, dd, J = 8.5 Hz, J = 2 Hz), 9.27 (lH, d J = 
2 Hz), 9.31 (2H, d, J = 7 Hz). 1 3 ~ - ~ m r  (CD30D) 6: 26.6, 66.5 (2C), 108.0, 122.9, 125.9 (ZC), 131.0, 

132.6, 139.6, 144.1, 147.3 (2C). 150.8, 186.8. Ms (FAB) m/z (relative intensity) 332 (Mt; 100 ), 166 (35). 

(-)-1-[(1R)-2-Hydroxy-1-phenylethyl]pyridinium chloride (2a). (R)-(-)-Phenylglycinol (48 g, 0.35 

mol) was added to a solution of Zincke's salt (la)5 (89.9 g, 0.32 mol) in n-butanol(1 I) at 20°C. The resulting 
deep rexi solution was then refluxed during 20 h. Removal of solvent under reduced pressure left a residue which 
was treated with 0.5 1 of H20. The precipitate (2.4-dinitrophenylamine) was eliminated by filtration and the 

operation was repeated twice. The combined aqueous phase was basified with concentrated ammonia (5 ml) and 

washed twice with AdIEt (200 ml) in order to remove the remaining 2.4-diniuophenylamine and the excess of 

(R)-(-)-phenylglycinol. Evaporation of water gave salt (2a) (69.9 g, 88% yield from la)  as a pale orange gum; 

 ID =-29" (c = 1.5, EtOH). ' H - N ~ I  (CD30D) 6: 4.38 (lH, dd, J = 12.5 Hz, J = 4.2 Hz), 4.63 (IH, dd, J = 

12.5 Hz, J = 9 Hz), 4.95 ( br s, OH), 6.27 (lH, dd, J = 9 Hz, J = 4.2 Hz), 7.40-7.66 (5H, m), 8.17 (2H, dd, J 
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= 7.5 Hz, J = 6.5 Hz), 8.65 (lH, t, J = 7.5 Hz), 9.23 (2H, 4 J = 6.5 Hz). %Nmr (CD3OD) 6: 63.2, 77.2, 
129.4 (4 C), 130.1, 131.1 (2C). 135.1, 145.3 (2 C), 147.5. Ms (FAB) mlz (relative intensity) U X )  (M+; 100 ). 

(-)-4-Methyl-l-t(1R)-2-hydroxy-l-phenylethyllpyridiniu chloride (Zb). Treatment of salt ( lb)  
(7 g, 23.7 mmol) with (R)-(-)-phenylglycinol (3.9g. 28.5 mrnol) under the conditions used for the preparation 
of salt (2a) gave salt (2b) (3.75 g, 63% yield from lb); [a]D = -42' (c = 2.4, EtOH). l ~ - N m r  (CD3OD) 6: 
2.71 (3H, s), 4.34 (lH, dd, J = 14.5 Hz, J = 4 Hz), 4.51 (IH, dd, J = 14.5 Hz, J = 8.5 Hz), 6.02 (IH, dd, J = 
8.5 Hz, J = 4 Hz), 7.50 (5H. m), 7.94 (W, d, J = 7 Hz), 8.91 (2H, d, J = 7 Hz). 13c-Nmr (CD3OD) 6: 22.1, 

63.2, 76.4, 129.2 (2C), 129.8 (2C), 130.5 (2C), 130.0, 135.9, 144.2 (2C). 161.8. Ms (FAB) mlz (relative 

intensity) 214 (M+;100), 94 (10). 
(-)-4-Phenyl-l-~(lR)-2-hydroxy-l-phenylethyllpyridinium chloride (2c). Treatment of salt (lc) 
(5 g, 14 mmol) with (R)-(-)-phenylglycinol ( 2.3 g. 16.8 mmol) under the conditions used for the preparation of 
salt (la) gave salt (Zc) (3.44 g, 79% from lc); [alD = 4 1 '  (c = 2.4, EtOH). l ~ - N m r  (CD30D) 6: 4.38 (lH, 

dd, J = 13 Hz, J = 3 Hz), 4.58 (lH, dd, J = 13 Hz, J = 9 Hz), 6.14 (IH, dd, J = 9 Hz, J = 3 Hz), 7.46-7.65 

(8H, m), 7.92 (2H. m), 8.34 (2H. d, J = 8 Hz), 9.11 (2H, d, J = 8 Hz). Ifc-Nmr (CD30D) 6: 63.2, 76.4, 
125.8 (ZC), 129.1 (ZC), 129.3 (2C). 130.6 (2C). 130.8 (2C). 131.1, 133.4, 134.6, 135.2, 145.1 (2C). 157.7. 

Ms (FAB) m/z (relative intensity) 276 (M+;100), 156 (65). 121 (18). 103 (17). 
(-)-4-(2-Methyl-1,3-di0x0lan-2-yl)-l-I(lR)-2-hydroxy-l-phenyleth~l]p~ridinium chloride 
(Zd). Treatment of salt (Id) (3 g, 8.16 mmol) with (R)-(-)-phenylglycinol (1.34 g, 9.8 mmol) under the 
conditions used for the preparation of salt (fa) gave salt (2d) ( 2.49 g, 95% yield from id); [a]D = -6' (c = 2.3, 
EtOH). l ~ - N m r  (CD30D) 6: 1.63 (3H, s), 3.36 (W, m), 4.14 (W, m), 4.36 (lH, dd, I = 12 Hz, J = 4 Hz), 

4.53 (lH, dd, J = 12 Hz, J = 8 Hz), 6.12 (lH, dd, J = 8 Hz, J = 4 Hz), 7.46-7.62 (SH, m), 8.14 (ZH, 4 J = 6 
Hz), 9.08 (2H, 4 J = 6 Hz). I 3 c - ~ m r  (CD30D) 6: 26.6, 63.0, 66.2 (2C), 76.7, 107.6, 125.8 ( 2 0 ,  129.3 

(2Ch 130.4 (2C). 130.9, 134.6, 145.5 (2C). 163.6. Ms (FAB) mlz (relative intensity) 286 (M+;100), 166 (28). 
OR, 8aR)-(-)-3-Phenyl-3,5,8,8a-tetrahydro-2H-oxazolo[3,2-a]pyridine (49). Pyridioium salt 
(Za) (10 g, 42.5 mrnol) in Hz0  (50 rnl) was added dropwise to a two-phase solution of NaBH4 (5 g, 132 mmol) 
in aqueous 5N NaOH (100 ml) and ether (400 ml) under vigorous stirring. After 1 h the organic phase was 

decanted and rapidly filtered over alumina (60 g). Removal of solvent gave the unstable oxazoline (4a) (5.97 g. 
7 W )  as a pale yeUow oil which was used without funher pmikation or stored at -20°C;  ID = -154" (c = 3.4, 
CHC13). l ~ - N m r  (CDC13) 6: 2.30 (1H.m). 2.50 (lH, m), 2.80 (IH, m), 3.30 (lH, m), 3.60 (lH, dd, J = 8 

Hz, J = 8 Hz), 3.75 (IH, dd, J = 8 Hz, J = 8 Hz), 4.05 (1H. dd, J = 9 Hz, J = 4 Hz), 4.25 (lH, dd, J = 8 Hz, 

J = 8 Hz), 5.70 (2H, m), 7.35 (5H,m). 13c-Nmr (CDC13) 6: 32.3, 49.5, 67.8, 73.4, 91.3, 123.2, 125.3, 
127.9 (2C), 128.7 (2C), 137.8, 138.6. HRms (En: calcd for C13HlsNO 201.1154, found m/z 201.1163. 

OR, 8aR)-(-)-7-Methyl-3-phenyl-3,5,8,8a-tetrahydro-2H-oxazolo3,2-a]pyridine (4b). 

F'yridinium salt (2b) (2 g, 8 mmol) was reduced using the same procedure as for the reduction of salt (2a) to 

give oxazolidine (46) as a pale yellow oil (1.43 g, 83%) which was stored at -WC; [ a l ~  = -104' (c = 1.6, 

CHC13). ~ H - N ~ I  (CDC13) 6: 1.75 (3H, s), 2.33 (2H, m), 2.72 (lH, m), 3.24 (lH, m), 3.60 (lH, dd, J = 8 
Hz, J = 8 Hz), 3.77 (lH, dd, J = 8 Hz, J = 8 Hz), 4.06 (lH, dd, J = 6 Hz, J = 6 Hz), 4.27 ( 1H, dd, J = 8 Hz, 
J = 8 Hz), 5.27 (lH, m), 7.20-7.50 (5H, m). 13~-Nmr (CDCl3) 6: 23.1, 36.9, 48.8, 67.7, 73.7, 91.8, 127.8, 
128.6 (SC), 132.4, 139.2. HRms (EI): calcd for C14H17NO 215.1310, found mlz 215.1305. 
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(3R, 8aR)-(-)-3,7-Diphenyl-3,5,8,8a-tetmhydro-2H-oxazolo[3,2-a]pyridine (4c). Pyridinium 

salt (23 (0.43 g. 1.23 mmol) was reduced according to the procedw used for the reduction of salt (2s) to give 
oxawlidine (4-9 as a pale yellow oil (0.25 g. 71%) which was stored at -WC. l ~ - N m r  (CDC13) 6: 2.73-3.03 

(3H. m), 3.51 (1Hm). 3.71 (lH, dd, J = 8 Hz, J = 8 Hz), 3.83 (lH, dd, J = 8 Hz, J = 8 Hz), 4.21 (lH, dd, J 
= 8 Hz, J = 4 Hz), 4.32 ( lH, dd, J = 8 Hz, J = 8 Hz), 6.07 (lH, m), 7.22-7.52 (10 H, m). 13c-Nmr (CDC13) 
6: 34.3, 49.3, 67.7, 73.9, 92.0, 121.9, 125.4-128.0 (IOC), 133.9, 139.6, 141.6 (2C). Ms (CI): mlz (relative 

intensity) 278 W"; 100). 

(3R, 8aR)-(-)-7-(2-Methyl-1,3-dioxolan-2-yl)-3-pheny1-3,S,8,8a-tetrahydro-2H-oxazolo- 
I3,Z-alpyridine (4d). F'yridinium salt (26) (280 mg, 0.87 mmol) was reduced using the same procedure as 

for the reduction of salt (2a) to give oxazolidine (4c) as a pale yellow oil (189 mg, 76%) which was stored at 
-20°C. l ~ - N m r  (CDC13) 6: 1.50 (3H, s), 2.29 (IH, m), 2.55 (lH, m), 2.79 (lH, m), 3.37 (lH, m), 3.61 (IH, 

dd, J = 8 Hz, J = 8 Hz), 3.72-4.01 (5H, m), 4.05 (lH, dd, J = 8 Hz, J = 4 Hz), 4.27 (lH, dd, J = 8 Hz, J = 8 
Hz), 5.87 (1H. m), 7.26-7.48 (5H, m). 1 3 ~ - ~ m r  (CDC13) 6: 23.3, 30.7, 48.0, 63.6, 63.0, 67.0, 73.2, 91.4, 
107.9, 119.6, 127.3 (ZC), 127.7 (3C), 135.2, 138.2. Ms (EI): m / n  (relative intensity) 287 (I@.; 48). 87 (100). 

(2R)-(-)-2-(Pyridin-3-yl)-l-[(lR)-2-hydroxy-l-phenylethyl]-1,2,3,6-tetrahydropyridine (7). 

To a solution of oxazolidine (4a) (1.67 g. 8.3 mmol) in dry ether (20 ml). was added Grignard reagent (6) 
prepared13 from 3-bromopyridine (2.4 ml, 24.9 mmol) in ether (30 ml). The resulting solution was stirred for 

24 h at ambient temperature. The organic phase was washed with a saturated solution of ammonium chloride. 

Evaporation of solvent left a gum which was chromatographed over alumina (70 g) with AcOEtheptane (20530) 
as eluant. The major isomer (7) (740 mg, 32%) was isolated as an oil; [ a ] ~  = -21' (c = 1.5, CHCl3). l ~ - N m r  

(CDCI3) 6: 2.22 (lH, m), 2.42 (lH, br s, OH), 2.62 (IH, m), 3.03 (IH, m), 3.31 (lH, m), 3.85 (IH, dd, J = 

2 Hz, I = 2 Hz), 3.96 (ZH), 4.14 (IH, m), 5.75-5.89 (2H, m), 7.2 (lH, m), 7.41 (SH, m), 7.67 (IH, m), 8.48 
(lH, m), 8.6 (lH, s). I 3 c - ~ m r  (CDC13) 6: 29.2, 43.8, 56.2, 62.7, 65.8, 123.4, 124.2, 125.9, 127.8, 128.3, 

128.6, 128.7, 135.8, 137.7, 139.6, 148.5, 149.8 (2C). Ms (El): mlz (relative intensity) 280 (M+'; I), 249 

(100). 144 (77). 104 (100). A small amount of the minor (2s)-isomer was also isolated and characterized. 
[u]D= -103' (c= 0.75, C H C I ~ ) . ~ H - N ~ ~  (CDC13) 6: 2.05 (IH, m), 2.35 (3H, rn), 3.15 (lH, m), 3.35 (lH, m), 

3.65 (lH, dd, J = 10 Hz, J = 4 Hz), 3.75 (IH, dd, J = 5 Hz, J = 4 Hz), 3.90 ( lH, dd, J = 10 Hz, J = 5 Hz), 

4.05 (lH, dd, J = 9 Hz, J = 9 Hz), 5.80 (2H, sharp m), 7.10 (lH, m), 7.35 (5H, m), 7.85 (lH, m), 8.57 (ZH, 

m). 
(R)-(+)-Anatabine. To a cooled (-78' C) solution of oxalyl chloride (0.23 ml. 2.6 mmol)) in dry CH2C12 (5 

ml) was added DMSO (0.28 ml, 3.88 mmol) in dry m C 1 2  (5 ml) at -78' C. After 0.75 h at -78' C adduct (7) 

(180 mg, 0.64 mmol) was added and the resulting solution stirred at -78' C during 3 h and then mated with 

triethylamine (0.72 ml, 5.17 mmol). After 10 min at ambient temperahue, the reaction mixture was diluted with 
CH2C12 and washed with H20. Evaporation of organic phase left the crude unstable aldehyde (8) (176 mg) 

which was dissolved in n-propanol(3 ml) and acetic acid (5 ml) and refluxed overnight in the presence of 2.4- 

dinimphenylhydrazine (376 mg, 1.9 mmol). After evaporation of solvents, the residue was dissolved in MeOH 

and filtered. The fdtrate was concenaated and dissolved in aqeous 1N HCI. The aqueous phase was washed with 
ether and then made W i n e  with 1N NaOH. The base was extracted 3 times with CH2C12. Bulb-to-bulb 

distillation fmally gave pure (R)-(+)-anatabine (60 mg, 58% yield from 7) as a colourless oil; [a]D = +156' (c = 
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1.6, CHC13), lit.,ll IaID = -178' for natural enantimer. IH and l3c-Nmr spectra were in full agreement with 

the conresponding literarure data.9 

(2R)-(-)-2-(p-Meth0xyphenylmethyl)-4-methyl-l-[(1R)-2-hydroxy-l-phenylethyll-l,2,3,6- 
tetrahydropyridine (12). To a solution of oxmlidinc (4b) (800 mg, 3.72 mmol) in THY (10 ml) was added 

at U)O Can excess of p-methoxyphenylmethyhagnedum chloride (ca. 10 mmol) in THF (15 ml). After 4 hat 
ambient temperature. the reaction mixture was diluted with ether and washed with saturared NH4CL Removal of 

solvent left an oil which was chromatographed over silica gel with heptandAcOEt (U):80) as eluant m give major 
adduct (12) (590 mg, 47%) as a colourless oil; [ a ] ~  = -88O (c= 1.4, CHCl3).1~-~mr (CDC13) 6: 1.56-1.73 

(4H, m), 2.13 (IH, m), 2.46 (IH, dd, J = 13 Hz, J = 10 Hz), 2.73 (IH, dd, J = 13 Hz., J = 4  Hz), 3.13 (2H, 

br s). 3.30 (1H. m). 3.73-3.93 (6H. m). 5.36 (IH. m). 6.83 (W. d, J = 8 Hz). 7.00 (2H. d. J = 8 Hz), 7.20- 
7.43 (5H. m). 1 3 c - ~ m r  (CDC13) 6: 23.4, 32.4, 32.5,43.9, 55.3, 56.9, 62.8, 66.1, 113.9 (ZC), 116.7, 127.8, 

128.5-130.1 (6C), 130.8, 132.6, 140.0, 158.1. Ms (CI): mlz (relative intensity) 338 (MW; 100). The minor 
(2.5')-isomer was isolated in 32% yield (402 mg); [ a ] ~  = +15O (c= 1.6, C H C I ~ ) . ~ H - N ~ ~  (CDCl3). 6: 1.56- 

1.73 (4H, m), 2.07 (IH, m), 2.41 (IH, dd, J = 13 Hz, J = 10 Hz), 2.76 (lH, dd, J = 13 Hz, 4 HZ), 3.00 (IH, 
m), 3.32 (2H, m), 3.69-3.93 (6H, m), 5.45 (IH, br s), 6.74 (4H, s), 7.39 (5H, m). 13c-Nmr (CDC13) 6: 

23.3, 30.9, 32.4, 45.3, 54.9, 55.22, 63.6, 67.4, 113.8 (2C). 118.7, 127.9, 128.6-130.0 (6C). 131.1, 132.4, 
140.45, 157.9. Ms (CI): mh (relative intensity) 338 (MH+; 100). 

(2R)-(-)-2-(p-Methoxyphenylmethyl)-l-methyl-l,2,3,6-tetrahydropyridine (13h). Swern 

oxidation [vide supra preparation of (+)-matabinel of adduct (12) (540 mg, 6.4 mmol) gave the corresponding 

m& aldehyde which was dissolved in n-propanol (I0 ml) and acetic acid (10ml). 2.4-Dinitrophenylhydrazine 
(10% H20, 1.2 g, 4.84 mmol) was added and the r e s u l ~ g  solution was retluxed during 36 h. After removal of 

solvents, the crude residue was acidified with MeOH-HCI and chromatographed over silica gel with 
CH2C12/MeOH (99:l) as eluant to give (13a).HCI (269 mg, 66% yield from 12). Ms @I): mlz (relative 

intensity) 217 (M+'; 6). 216 (14), 121 (38). 96 (100). The comsponding base (13a) (164 mg, 0.75 mmol) was 
dissolved in acetonirrile (13 ml) and sdrred for 15 min with fom?al&hy& (37% in H20, 0.4 ml, 5 mmol) and 
NaBH3CN (100 mg, 1.6 mmol). The solution was then neuudised by the addition of a few drops of acetic acid 

and left for 45 mn after which the solvent was evaporated and the product extracted with CHZQ and 2N KOH. 

Evaporation of the organic phase followed by bulb-to-bulb distillation gave the pum mine (13b) (141 mg, 80 % 

yield from 13a);  ID = +20° (c= 1.1, C H Q ) . I H - N ~ ~  (CDC13) 6: 1.63 (s, 3H), 1.82 (W, m), 2.37 (lH, dd, 

J =  13Hz. J =  11 Hz), 2.44(3H, s), 2.75 (IH, m), 3.03 (IH,dd, J = 13 Hz, J=4Hz) ,  3.12(2H,m),3.80 
(3H, s), 5.37 (IH, m), 6.83 (2H, d, J = 8 Hz), 7.08 (ZH, d, J = 8 Hz). 13c-Nmr (CDCl3) 6: 23.1, 33.7, 35.2, 

41.4, 53.0, 55.3, 60.3, 113.9 (ZC), 118.6, 130.3 (20 ,  131.7, 132.1, 158.0. 
(IS, 5S)-(+)-2,5-Dimethyl-2'-hydroxy-6,7-benzomorphane (14). Tetrahydropyridine (13h) (140 
mg, 0.61 mmol) was dissolved in 48% HBr (1.5 ml) and heated at 140' C under stirring during 36 b. The 
reaction mixture was made alkaline by careful addition of 32% NH40H at O0 C and the base extracted with 

CmCIZ. Chromatography over silica gel with CH2C12/MeOH (933) as eluant gave pure benwmorphane 

derivative ((+)-14) as a pale yellow solid (63 mg, 46%); [ a ] ~  = +71° (c= 0.9, EtOH), lit.,12 [ a ] ~  = 

+75O@tOH). 
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