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&iUact-- The new chiral piperidine epoxides ( l lb ) .  (12b), and (13b) were prepared by 

MCPBA oxidation of 1,2,3,6-tetrahydropyridine (5b). Compound (5b) was obtained by 

NaBH4 reduction of pyridinium salt (4b) derived from the Zincke-Kbnig reaction of 2b and 

(R)-(-)-phenylglycinol. 

in an earlier paper2 we reported a new synthetic approach to Strychnos alkaloids, which involved, in the key step. 

the condensation of Pindolylacyl anion equivalent with an appropriate epoxypiperidine. In this way the synthesis 

of Na-methyl-20-hydroxydasycarpidone was achieved from 1-methyl-2-(l,3-dithian-2-yl)indole and l-rnethyl-3- 

ethyl-3,4-epoxypiperidine. Concerning the two components of this reaction, until ww, our anention has been 

focused upon the preparation and study of the reactivity of protected 2-(1 ,3-dithian-2-yl)indoies.3 In the present 

paper we describe our work on a new approach to the asymmetric synthesis of N-substituted 1.2.5,6- 

tetrahydropyridines and their transformation into the corresponding mnochiral 3.4-epoxypiperidines, valuable 

intermediates for the construction of mnochiral polycyclic alkaloid systems. 

The required 1.2,5.6-tetrahydropyridine (5a.b) were prepared in two steps involving: i) the reaction of (Fib(-)- 

phenylglycirol(3) with Zincke.s sans (la,b)4.5 (mbutanol, reflux. 15 h. 79%) followed by ii) borohydride reduction 

of the resulting pyridinium sal(4). The hner transfomtion was carried out in a two phase system (ether-5M NaOH) 

as described for the corresponding synthesis of chiral oxazolidin-~~-piperideines,~,' in which case the 

intermediate iminium ion was trapped through reaction with the side chain hydroxyl group (6). 
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The structure of piperideine (5a) was confirmed from nmr data ('H and l3C nmr, and 2D heterocorrelation 

experiments). The more relevant data were the two sets of signals at 6 2.36 and 2.76, corresponding to C-6 

pseudoecluatorial and pseudoaxial protons. These resonances conelate with the '%-signal at 6 46.2. Similarly, the 

resonances at 6 3.76 and 4.06tor the methylene protons of the hydroxyethyl c h m  mrrelate with the %-signal 

at 6 61 .o. 

All attempts to epoxidize (58) by reaction with MCPBA or NBS folbwed by base tteatment led to a mmplex mixture 

from which a dimeric mmpound (Wz 438) was detected. The formation of this partially characterized mmpound 

may result from the intermolecular reaction of the hydroxyl and oxirane functions between two epoxidized 

mo1ecu1es.8 Therefore, the acetylated derivative (7.1 was prepared by treatment of 58 with acetic anhydride in the 

presence 01 triethylamine. This transformation was accompanied by a downfield shift of the nonequivalent 

methylene Protons on the oxygen bearing center in the nmr spectrum. Unfortunately, the epoxides ( I l a )  and 

(12a) formed from the reaction ot 7a with MCPBA were t w  unstable to permit complete purificnion and 

Reagents and condltlons: (i) n-Propanol . A, overnight or wbutanol, A. 4 h. (ii) NaBH4, CHQOH, ODC, 15 min. (iii) 
AczO. (C2Hg)3N, C H S h  A. Or Imidazole, CHSIz. 'C~HQP~~S~CI, A. (iv) a. CHS12, CFQCOOH. b. MCPBA , A, 24 h. 

Scheme 1 
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characterization. This result pmmpted us to study the epoxidalion of the C-acetyl derivative(7b)of the C-3 ethyl 

substituted tetrahydropyridine (5b). 

CompOund (7b) formed by treatment of 5b wilh acelic anhydride asplayed in its 'H nmr spectrum, characteristic 

signals at 8 1.95 and 5.45 due to the acetyl methyl gmup and the olefinic pmton, respectively, as well as signals at S 

4.39 and 4.52, for the nonequivalent exocyclic methylane pmtons. It is also worth noting that the borohydride 

reduction of 4b to 5b was accompanied by formation of oxazolidind4-piperidine (6b) as a by-product. The 

Signals for the two aliphatic methine carbons at 6 68.7 and 92.3, correspondirg to C-9 and C-6, respectively, were 

Characteristic of the oxazolidine rinp formation. 

1. NBS 
M F H D  ,8 h 

mom temperature 

2. KzCOs-Hfl. 4h 
mom temperature 

Scheme 2 
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Epoxidation of tetrahydropyridine (7b) required blodcing the amine function as i s  trilluoroacetic acid salt prior to 

addition of MCPBA. Under these conditions a 23 mirtUr0 of epoxides ( l l b )  and (12b) was obtained in good 

yield. Formation of the oxirane system was confirmed fmm the nmr data. By conducting 2D hetemcorrelated 

experiments the unequivocal assignment of the 1H and 1 3 ~  nmr signals was possible. In acmrdance with the 

structure of the major isomer the methine carbon signals at 6 66.9 and 71.9 and the quaternary carbon resonance 

at 6 69.9 were attributed to NCH. C-4 and C-3, respectively. The major epoxidation was rationalized to occur y ~ 1  

respect the nitrcgen electron lone pair (p-side) by considericg the steric hindrance exerted by the N-(2-silyloxy-1- 

phenyl)ethyl chain upon the opposite side of the piperidine ring. Such consideration would mean that a bulkier 

protective gmup upon the hydmxy function might allow the contml of the epoxidation stereochemistry. 

Epoxidation of 7b using NBS followed by base treatment was also examined. However, neither the intermediate 

bromhydrin nor the expected epoxide products were isolated fmm these experiments. Instead, a 1: 2.5 mixture 

of enaminone (18) and pyridinium san (17) was obtained as a resun of an oxidation process, which may involve the 

allylic bromide (14) and 15 (X=Br or OH) as intermediates (Scheme z ) . ~  NBS oxidation of the hydroxy function in 

15 could produce enaminone (18) whereas nitrogen lone pair assisted elimination of the Br in 14 or 15 (X=Br) 

would give 16 which can undergo facile oxidation to 17.1° The structure of 18 was deduced fmm the presence of 

absorptions at 6 150.8 (C-2), 6 t 12.0 (C-3), 170.8 (ester CO) and 191.3 (enone CO) in the 1 3 ~  spectrum and the 

obselved signal at 6 7.08 (C-2H) in the pmton spectrum. These values are in agreement with those described for 

other 5,6-dihydropyridones.11 The acetate group in 18 was cleaved under acidic conditions (10% H2S04) in the 

hope that ring closure to give the corresponding oxazobpiperidine compound (20) would also occur. However. 

cyclization was not observed and piperideine (19) was obtained in 87% yield afler purification. 

In order to increase the stereoselectivity of the oxidation reaction the preparation of tetrahydropyridine (8b) (80% 

yield) was undertaken by reaction of alcohol (5b) with the appropriate silyl chloride in the presence of imidazole. 

Reaction of tetrahydropyridine (8b) with MCPBA generated epoxide (l3b) diastereoselectively. Compound 

(13b) was obtained in 47 96 yield atter column chmrnatography. Ns 'H nmr spectrum showed a characteristic signal 

at 6 3.55 for the methine C-4 proton and two doublets of doublets at 6 3.75 and 3.95 corresponding to the non- 

equivalent methylene pmtons of the exocyclc chain. In the 13C nmr spectrum, the presence of two methine 

carbons at 6 70.6 and 71.1 is also irrportant, since, together with the absence ot the olefinic methine carbon, they 

clearly indicate the epoxidation of the double bond. 

in conclusion we have developed a short and efficient mute to the monochiral piperidine epoxides (lib). (12b), 

and (13b). 
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EXPERIMENTAL 

M. Melting points were detedned in a capillary tube on a BOchi apparatus and are uncorrected. IH- And 

13c-nmr spectra were remrded in CDC$ (unless otherwise indicated) on a Varian Gemini-200 spectrometer 

using TMS as an internal standard. Chemical shm are repolled in ppm downlieid (6) from TMS. Ir spectra were 

registered with a Perkin-Elmer 1430 spectmphotometer and only mtermrthy absorptions (reciprocal centimeters) 

are listed. Mass spectra were delemined on a Hewleu-Packard 5930A mass spectrometer. T k  was carried out on 

Si02 (silica gel 60, Merck 0.00M-0.200 mm), and the spots were located with uv light or iodoplatinate reagent. 

Flash mlumn chromatography was canied out on SO;, (silica gel 60. 0.040-0.063 rnm. Macherey Nagel). Drying 

01 organic extracts durimg the workup of reactions was performed over anhydmus sodium sulfate. Microanalyses 

were perfoned on a CaM-Erba 11 06 analyzer by Department de Quimica Organics Biowi. Barcelona. 

(R)-l-(1-Phenyl-2-hydroxyethyl)-l,2,3,6-tetrahydropyrldlne (58). A solution of I-chloro-2.4- 

dinitrobenzene (21.2 9. 0.105 mol) and pyridine (12.71 ml, 0.157 mol) in anhydrous acetone (175 ml) was refluxed 

overnight. The resulling mixture was filtered and the precipitate was washed with anhydmus acetone to give 2.4- 

dinitrophenylpyridinium chbride as a white solid (la. 25 g, 85%); m p  : 194-196% (CH30H, lit.!2 190-191 T ) ;  ir 

(KBr) 1470, 1535. 1605, 1630; 'H nmr (CD30D) 8.44 (d, YC 8.3 Hz, IH, Ph-3H), 8.51 (brl, YC7 HZ, 2H. Pyr-3H), 

9.02 (dd, A8.3 and 2.4 Hz, IH, Ph-5H). 9.10 (m, IH, Pyr-4H), 9.36 (d, J-2.4 Hz, IH, Ph-3H), 9.46 (dd, &7 and 

1.5 Hz, 2H, Pyr-2H); 13C nmr (CD30D) 123.1 (Ph-C3), 129.5 (Pyr-C3), 131.1 (Ph-CI), 132.6 (Ph-C5), 140.1 (Pyr- 

C4). 147.3 (Pyr-C2). 1501 and 151.2 (Ph-C2 and Ph-C4). Anal. Calcd for C11H8N304Ci: C. 46.93; H. 2.86; N. 

14.91. Found: C. 46.91; H. 3.06; N. 14.70. 

Method A: A solution of l a  (11.14 g. 39.7 m l )  and (RJ-(-)phenylplycinoI (3) (4.53 g. 33.1 mmol) in n-propanol 

(150 ml) was refluxed overnight. Aner evaporation and flash chromatography (8:2 CH2C12-CH30H). 2-hydroxy-l- 

phenylethyi)pyridinium chloride (48. 6.2 g. 67%) was obtained as a mbrless oil: [ a ] ~  -44' (CHQOH, c=0.7); ir 

(CHCl3) 3100-3500 (OH); 'H nmr (CD30D) 4.48 (dd. A12  and 4 Hz. 1H. NCH), 4.72 (dd. &I2 and 9 Hz. 1H. 

HOCH), 6.39 (dd, YC 9 and 4 ~ z ,  IH, HOCY, 7.65-7.70 ( br s, 5 ~ ,  M) ,  6.39 (1, A 7 HZ, IH, Pyr-M), 8.87 (I, &7 

Hz, IH, Pyr-4H), 9.48 (d, A 7  Hz. 1H, Pyr-2H): I3c nm ( C W D )  63.1 (HOCHz), 77.2 (NCH), 129.1 and 129.3 

(Pyr-C3 and Ph-ortho), 131.0 (Ph-mefa). 134.8 (PhqYara), 145.2 (Pyr-C2), 147.3 (Pyr-C2). Anal. Calcd for 

Ci3H14NOCI: C, 66.24; H, 5.98; N, 5.94. Found: C, 66.66; H, 5.63; N, 5.63. 
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Method 6: A solution of l a  (2 g. 7.13 ~ITOl) and (R)-phenylglydml (3) ( 1.07 g, 7.84 mml)  in rbkrtanol (75 ml), 

was refluxed for 4 h. mbutaml was evaporated akd the rewiling regdue was dissolved in Hz0 and CH2C12. The 

layers were separated and the aqueous phase was washed twice with CH2C12 and then evaporated to give 4a 

(1.32 g. 79%) as a brown oil. 

To a solution of 4a (1.83 g. 7.77 InrMl) in methaml (250 ml) moled to0"C sodium bomhydride (2.99 g, 7.77 

mml) was slowly added. After stining at 0°C tor I 5  rrin the reaction rrixture was poured on icewater and extracted 

with CHzC12. The organic layer was dried and evaporated to give tetrahydmpyridine (5a. 1.38 g, 88%) as an oil after 

flash chromatography (82 CHzCIz-CH30H); ir (CHC13) 3100-3500 (OH); 'H nmr 2.13 (br s, 2H. 3-H), 2.36 (ddd, 

2=12,6 and 5 Hz, 1H. %Ha), 2.76 (ddd, &12,6, and5 Hz, IH, 2-He), 3.05 (brs, 2H, GH), 3.76(m, lH, HOCM, 

4.06 (dd, A13 and 12 HZ. IH. H O C ~ .  5.66 (br s. 2 ~ .  &H). 7.05-7.40 (m. 5H. P ~ H ) ;  1% nmr 26.6 (c-3), 46.2 (C- 

21, 49.0 (C-6), 61.0 (OHCH?), 69.9 (NCH), 125.0 (C-5), 125.4 (C-4), 127.8 (C-ipso). 128.2 (C-mela). 128.6 (C-para, 

128.8 (C-orlho). Anal. Calcd lor C~~H~- INO.  112H20: C. 73.21; H. 8.50; N. 6.56. Found: C, 73.66: H, 8.46: N, 6.49, 

(R)-3-Ethyl-l-(l-phenyl-2~hydroxyethyl)-l,2,5.6-tetrahydropyrldlne (5b). Operating as above from 

3-ethylpyridine (17.1 ml, 150 m l )  and I-chlom-2,4dinitrobenzene (20 g, 100 mmol) in anhydrous acetone (300 

rnl). pyridinium san (Ib, 22 g, 73%) was obtained;crystalfon. mp 180-183'C (CH30H); ir (KBr) 1610, 1530. 1350; 

'H nmr 1.51 (1. .k7 Hz, 3H, CCHs), 3.13 (q, J=7 Hz, 2H, CHd, 8.41 (dd, A 8  and 6 Hz, IH, Fyr-5H). 8.43 (d, A 9  Hz. 

1H. 6-H), 8.94 (br d. 2= 8 HZ. 1H. Pyr-4H). 9.02 (dd. J=9 and 2.3 Hz. 1H. 5-H). 9.27 (br d. J-6 Hz. 1H. Pyr-6H). 9.36 

(d. A2.3 Hz. IH, 3-H), 9.37 (S, IH, Pyr-2H); 13C nmr (CD30D) 14.7 (CH3), 27.0 (CHz), 123.1 (C-3), 129.0 (C-6), 

131.1 (C-5), 132.7 (Pyr-C5). 140.2 (C-2). 144.6 (Pyr-C6), 146.1 (Pyr-C4), 147.1 (C-I), 149.6 (Pyr-C2), 151.1 (Pyr- 

C4); ms (Wz, 70) 274 (Mt, I ) ,  259 (I), 202 (34). 126 (9), 107 (76), 92 (84), 75 (100). Anal. Calcdfor C13HlzN304CI: 

C, 50.41; H, 3.88; N, 13.57, CI, 11.48. Found: C, 50.64; H, 4.01; N, 13.43; CI, 11.42. 

Method A: To a solution ot l b  (8.19 g, 26.46 mmol) in dry methaml (100 ml). AgBF4 (5.15 g, 12.9 mmol) was 

added and the precipitate formed was eliminated by finration (Celite). The organic layer was evaporated to give 2b 

(8.1 g. 88%): mp 130-131% ( c H ~ o H - ~ w ~ o ~ ~ ) ;  IH nmr 1.48 (1, &7 HZ, 3H, CH3), 3.09 (q, ~7 HZ, 2H, CH~) ,  8.32 

(d, A 9  Hz, IH, 6-H), 8.34 (dd, J-9 and 6.5 Hz, IH, Pyr-5H), 8.89 (brd, J=9 Hz, IH, Pyr-4H). 8.92 (brd,  A 9  Hz, 

1H, 5-H), 9.08 (br d, A6.5 Hz. IH, Pyr-GH), 9.16 (br s, 1H. Pyr-ZH), 9.29 (d, &2.6 Hz, IH, 3-H). Anal. Calcd for 

Ci3H13N3BF404: C, 43.23; H, 3.60; N, 11.60. Found: C, 43.12; H, 3.52; N, 11.66. Operating as above from 

pyridinium sail 2b (480 rng. 1.215 mml). (R)-  (-)-phenylglyciml (138 mg. 1 .OI  mmol) in dry methanol (5 ml). 4b 

tetralluoroborate (0.31 g. 61%) was obtained as a brown solid: m p : 130-131°C (CH30H-acetone); [ a l p  -4Z9 (c=l. 
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CH30H); ir (CHC13) 3100-3300 (OH); (H nmr (CD30D) 1.39 (1. J.7 HZ, 3H, CH3). 2.99 (4. &7 Hz. 2H. CYCH3). 

4.43 (dd, &13 and 4 Hz, lH, CHOH), 4.64 (dd, J-13 and 9 Hz, IH, CHOH), 6.09 (dd, J-9 and 4 Hz, IH, N+CH), 

7.52-7.M) (m, 5H, CeHs), 8.10 (1, J-8 Hz, 1H. C-5), 8.57 (d, J-8 HZM, IH, C-4), 8.95 (d, A6 HZ, IH, C-6), 9.04 (S, lH,  

C-2); 13C nmr (CD30D) 14.6 (CH3), 26.6 (CH~CHZ), 63.3 (CH20H), 77.5 (N+CH), 129.2 (Ar-para), 129.5 (Ar-ortho), 

130.8 (Armeta), 131.3 (C-5). 135.4 (C-3), 142.7 (C-6). 144.6 (C-2), 147.1 (Ar-ipso), 147.2 ('2-4); ms (m4 %) 225 

(MI. 0.7). 120 (IS), 107 (55), 92 (100). 91 (92), 65 (34), 49 (35). Anal. Calcdfor C ~ & ~ ~ ~ N O B F ~ . ~ / ~ H Z O :  C. 55.64; 

H. 5.86; N. 4.32. Found: C. 55.56; H. 5.81; N, 4.65. 

Method B: Operating as In the case of 4a (Method B), fmm l b  (2.25 g, 7.29 mml). (4-(-)phenylglycinol (1 g. 

7.29 mml) and ntutaml(50 mi). 4b chbride was obtained (1.6 g, 87%). 

Operating as for compound 5a, from 4b (1.64 g. 5.2 mml)  In CH30H (70 ml) and NaBH4 (1.97 g, 5.2 rnml) a 

mixture of tetrahydropyridine (5b) and (6b) was obtained which was separated by flash chromatography (9:l 

CHzCIz-CH30H) 5b: (Oil, bwer Rf. 1.03 g, 79%): [UID--35" (c-0.62. CH30H); ir (CHC13) 3400-3100 (OH): 'H nmr 

0.97 (1, A 7  Hz, 3H, CHd, 1.90 (q, A 7  Hz, 2H, CYCHs), 2.00-2.30 (m, 2H, 5-H), 2.30-2.50 (m, lH, 2-Ha), 2.60- 

3.00 (m. 1H. 2-HB). 3.72 (d. J-2 Hz. 1H. NCHPh). 3.96 (d. A l l  Hz. IH. CHOH). 4.06 (dd, &I1 and 2 Hz, 1H. 

CHDH), 5.38 (s. IH. -CH), 7.00-7.50 (m, 5H, CsHd; 13C nmr 11.1 (CHaCHz), 25.2 (CHzCH3). 26.8 (C-5). 45.0 (C- 

€4,512 (C-2), 60.0 (CHZOH), 68.9 (CHPh), 116.8 (C-4), 127.3 (Ar-para), 127.6 ard 128.4 (Ar-ortho ard Ar-para), 

136.0 (Ar-@so), 137.5 (C-3); ci ms (m2, %) 232 (Mt+1, loo), 155 (17). 127 (27). 110 (38). 

5-Ethyl-7-phenyloxamlldln-~~-plperldelne (6b, oil, higher RI. 119 mg, 10%) ; 'H nmr 0.92 (1. J=7 HZ, 3 ~ ,  

CHzCYI). 1.95 (q, A 7  HZ, 2H, CHSHz), 2.65 (brd, A12 Hz, IH, PC-CW). 3.15 (d. A12 Hz, 1H. =C-ChN), 3.58 

(t, J-8 HZ, IH, OCHN), 3.75 (1, J-8 HZ, IH, NCHPh), 3.98 (dd, J-8 and 4 HZ, IH, OCH,, 4.20 (m, lH, OCM, 5.40 

(br, 1H. =CH), 7.00-7.50 (m, 5H, M); 1% nmr 12.5 (CH~CH~), 27.7 (CHZCH~), 31.9 (c-3). 52.5 (c-6), 68.3 (c-7), 

74.1 (C-6). 92.3 (C-2), 116.1 (C-4), 128.4, 128.8, and 129.2 (phenyl), 134.0 (Ar-ipso), 138.8 (C-5); ms (Wz, %) 

228 (M++I, 33), 212 (21), 148 (48), 125 (74). Anal. Cakd for C15HlgNO: C, 78.56; H, 8.35; N, 6.10. Found: C, 

78.64; H, 8.24; N, 6.06. 

2-Phenyl-2-(1.2,3,6-letfahydro-1-pyrldylethy Acetate (7a). To a solution of Sa (250 mg. 1.23 mrnol) 

and triethylamine (0.34 ml. 2.46 mmO in anhydrous CHzC12 (15 ml) acetic anhydride (0.23 nd. 2.46 mlml) was 

sbwly added. The reaction mixture was reftuxed overnight, cooled, poured into ice-water and extraded with 

CHS12. The organic layer was dried and evaporated to give 7a (290 mg. 96%) as an oil aner flash chromatography 

(9:l CHSIzCH30H): [a10 +4" (CHsOH, 0-1); ir (CHCl3) 1730 (CO); 'H nmr 1.89 (s, 3H, COCHs), 2.07 (br S, 2H, 5- 
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H), 2.37 (ddd, &9,4 and 3 HZ, IH, 24 ) ,  2.59 (m, lH, 24 ) ,  2.92 and 3.05 (2 d, JAB-15 Hz, 2H, 6-H), 3.59 (1, J-7 

Hz, lH, NCH), 4.31 (m, IH, OCH), 4.39 (m, lH, OCH), 5.57 and 5.62 (2 d, J-10 Hz, 2H, -CH), 7.25 (s, 5H, AM); 

I3c nrnr 20.6 (COCHs), 26.0 (C-5), 47.1 (C-6), 50.3 (C-2), 65.2 (OCHz), 67.8 (NCH), 125.2 ( 4 ,  127.4 126.1 and 

126.4 (Ar-onho and Ar-para), 138.8 (Ar-ipsc), 171.0 (C-0); N (m %) 245 (M*, I ) ,  172 (100). 116 (20), 91 (28), 

43 (10). Anal. Calcd for ClsHlgN02.1/2H20: C, 70.66: H, 7.48; N, 5.51. Found: C, 71.10; H, 7.49; N, 5.79. 

2-Phenyl-2-(3-othyl-1,2,5,6-tetrahydro-l-pyrldyl)ethyl Acetate (7b). Operating as above, from 5b 

(0.89 g, 3.88 mml)  in anhydrous CHzC12 (70 ml), triethylamine (1.08 nd, 7.7 mml )  and acetic anhydride (0.73 ml, 

7.7 ImOl) . acetate (7b. 1.06 g. 84%) was obtained as an oil which was purified by column chromatography (A12C3) 

using 95:5 CH2C12-CH30H as the eluent ; ir (NaCI) 1710 (CO); 'H nrnr 0.98 (1, J=7 Hz, 3H, CHsH3). 1.95 (s, 3H, 

COCHa), 2.95 (q, J=7 Hz, 2H, CYCH3), 3.67 (t. J-6 Hz, IH, PhCHN), 4.39 (dd, J-I3 and 6 Hz. IH, CHO). 4.52 

(dd, J-13 and 6 HZ, lH, CHO), 5.45 (S, IH, -CH), 2.38 (m, lH, %Ha), 2.63 (m, lH, 2-HP), 1.60-2.20 (m, 4H, 5-H 

and 6-H), 7.20-7.50 (m, 5H, AM); nmr 11.7 (CHZCH~), 20.7 (COCH3), 25.6 (CHZCH~), 27.5 (C-5), 47.3 (C-6). 

53.4 (C-2), 65.3 (OCHz), 67.7 (ArCHN), 117.6 (C4). 127.6 (Ar-para), 126.3 and 126.5 (Ar-ortho and meta). 137.7 

(C-3), 138.9 (Ar-ipso), 171.0 (C-0); ms (nu% %) 273 (MI, 0.4), 201 (loo), 163 (2), 118 (23), 91 (31), 43 (43). Anal. 

Calcd for Ct7Hz3N02: C, 74.72; H, 8.49; N, 5.12. Found: C, 74.70; H, 8.48; N, 5.27. 

3-Ethyl-l-[l-phenyl-2-(tert-butyldlphenylsllyoxy)ethyl]-l,2,5,6-tetrahydropyrldlne (8b). To a 

solution of 5b (0.06 g. 0.34 mmol) and irnidazole (0.046 g, 0.66 rnrnol) in anhydrous CH2CIz (I ml) ten- 

butyldiphenylsilyl chloride (106N. 0.41 m l )  in anhydrous CH2C12 (1 nd) was slowly added. The reaction mxture 

was refluxed overnight under argon atmosphere, cooled and then pentane (20 ml) was added. The resulting 

organic rrixture was finered (Celite) and evaporated to give Bb (0.11 g. 71%) as an oil after flash chromatography 

(I:I heptane-ether): [ a ] ~  -O.I~(CHJOH, -1); 1~ nmr 0.95 (s. SH, SiCCH3). 0.98 (1. ~7 HZ. 3H. CH~CH~) ,  1.65 (q. 

J-7 Hz, 2H. CHSH3). 2.00 (m, 2H, 5-H), 2.35 and 2.50 (2 m, 1H each, 6-H), 2.85 and 3.10 ( 2d, JAB= 12 Hz, 1H 

each, =CCHzN), 3.48 (1, J-4 Hz, lH, PhCHN), 3.85 (dd, A 8  and4 Hz, IH, OCH), 4.05 (m, IH, OCH), 5.40 (br s, 

1H. =CH), 7.10-7.60 (m, 15H, AM); nmr 12.1 (CH2CH3), 19.1 (SiCCH3), 25.9 (a2CH3), 26.7 (SiCCH3). 27.9 

(C-5), 48.2 (C-6), 54.4 (C-2), 66.6 (CHzO), 71.8 (PhCHN), 117.8 (C4), 127.2, 127.7, 126.1, 128.8, 129.6, 133.6, 

134.9, 135.7. 137.9, 140.7; ms (Wz, %) 470 (M++l, 201,469 (M +. 46). 257 (5), 209 (I), 112 (3), 57 (100). Anal. 

Calcd for C3oH3gNOSi: C, 76.71; H. 8.58; N, 3.01. Found: C, 78.66; H, 6.32; N, 3.44. 



HETEROCYCLES, V d  32, Na f1, 1991 2147 

(aR,3R,4Sk and (aR.3S,4R~2-(3-EthyI-3,4-opoxy-l-plperldyl)-2-phenylethyl Acetates 

( I l b )  and (12b). To a solution of tetrahydropyridine 7b (0.25 g. 0.94 mmol) in CH2C12 (70 ml) stirred under 

nitrogen atmosphere at 0% CFy3XN4 (0.07 ml, 0.94 ml) was added. After 10 min stining, MCPBA (0.25 g, 1.4 

mmOl) was added. The resulting reaction mixture was refluxed tor 24 h, woled, basified with saturated aqueous 

potassium carbonate and extracted with CH~CIZ. The organic extracts were dried and evaporated, and the residue 

was purified by flash chromatography (1:l hexane-ether) to give epoxides l l b  (wbrless oil, 166 mg, 61%) and 

12b (wlorless oil. 93 mg. 34%). 

l l b :  [ a l ~  -13.5' (CHsOH, c-0.148); ir (NaCI) 1730 (CO); 'H nmr 0.86 (br t, J-7 Hz, 3H, CHtCHJ), 1.35-1.55 (m, 

3H. CYCHQ and 54 ) .  1.85-1.95 (m, lH, CYCH3), 1.97 (s, 3H, COCH3), 2.35-2.40 (rn, 2H, 2-H and 6-H) .2.45- 

2.55(m,2H,2-Hand&H),3.56(brs, 1H.4-H),3.74(m, IH, PhCHN),4.31 (dd,&lOand6Hz, lH,COOC@),4.53 

(dd, &I0  and 7 Hz, IH, COOCY), 7.10-7.40 (m, 5H, Ar-H); 13c nmr 6.1 (CHZCH~), 20.6 (COCHQ), 26.1 (C-5), 

29.6 (CH2CH3), 46.3 (C-6), 56.4 (C-21, 63.5 (COOCH2), 66.9 (PhCHN), 69.9 (C-3), 71.9 (C-4), 127.9, 128.2, 

128.4. 136.9 (Ar-@so). 171.4 (CO): ms (Wz, %) 234 (loo), 176 (3), 144 (5). 118 (a), 91 (42), 43 (85). Anal. Calcd 

for C17H23Nq: C, 70.56; H, 8.01, N, 4.84. Found: C, 70.36 H, 8.27; N, 4.63. 

12b: [ a ] ~  -9.8' (CHsOH, c-0.1); ir (NaCI) 1730 (CO); IH nmr 0.85 (1, &7 Hz, 3H, CHzCHJ), 1.25 (m, 1H. CH3Cf+), 

1.45 (m, IH. CH3CY). 1.70 (m, 2H, 5-H), 2.00 (s,3H, COCHQ), 2.35 (br 1, A10 Hz, IH, &Ha), 2.60-2.90 (m, 3H, 2- 

H and 6-He), 3.55 (br s, 1H, 4-H), 4.20 (m, 1H. PhCHN), 4.45 (m, IH, CH20), 4.65 (m, IH, CHzO), 7.00-7.30 (m. 

5 ~ ,  ArH); 1% nmr 6.06 (CH~CH~) ,  20.8 (Corns), 26.7 and 27.1 (c-5 and CHZCH~), 45.9 (c-6), 54.9 (c-z), 63.8 

(OCH21, 67.1 (PhCHN), 69.8 (C-31, 75.7 (C-41, 128.3, 128.6 and 128.9 (CEH~), 136.7 (Ar-ipso), 171.1 (COI; ms 

(nvz. %) 234 (100). 202 (3). 144 (4), 91 (35). 43 (64). 

(aR,3R,4S)-3,4-Epoxy-3-ethyl-1-[2-(ler~butyldlphenylsllyl)oxy]-l-phenyl]ethylplparldlne 

(13b). Operating as above, from tetrahydropyridine 8b (1 g. 2 mmol) in anhydrous CH2C12 (80 ml). CF3COOH (I 

ml, 12 mmol) and MCPBA (0.69 g, 4 rnmol). epoxypiperidine 13b (colorless oil. 441 mg. 47%) was obtained aner 

flash chromatography (1:l hexane-ether): [ a ] ~  -6.96 (C~HSOH, c-4.53); nmr 0.75 (1, J-7 Hz, 3H, CH2C&), 

0.85 (S, 3H, SiCCHd, 1.15-1.50 (m, 4H, CH@~Q and 544). 2.00 (brt, J- 10 Hz, lH, 6-Ha), 2.25-2.50 (m, 2H, 2-4, 

2.70 (brd, A10 Hz, IH, 6-He), 3.45-3.60 (m, IH, PhCHN), 3.55 (br S, IH, 4-H). 3.75 (dd, A11.3 and 5 Hz. IH, 

CHOSi), 3.95 (dd, h11.3 and 6.5 Hz, IH, CHOSi), 7.00-7.60 (m, 15 H, ArH); I3c nmr 6.2 (CHZCH~), 18.8 

(SiCCH3). 26.5 (SiCCH3). 26.8 (C-5). 29.3 (CH2CH3). 46.2 ('2-6). 56.2 (C-2). M.7 (OCHZ), 70.6 and 71.1 (C-4 and 
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PhCHN), 71.5 (C-31, 127.7, 128.4 128.6, 129.1. 129.8. 130.8, 135.7. 138.0, 138.1, 138.5. Anal, Calcd for 

C~lH3gN02Si.2HzO: C, 71.40: H, 7.86; N, 2.68. Found: C, 71.65; H, 8.10: N, 2.38. 

(R)-l-(2-AcelYloxy-l-phenyl)elhyl-5,6-dlhydro-lH-pyrldln-4-one (18). To a solution of lelrahydro- 

pyridine 7b (0.25 g. 0.91 ~ r r o l )  In wet THF (50 mi), NBS (0.32 g. 1.83 9 1 )  was added pomnwise. The reaction 

mixture was stirred for 8 h a1 room temperature, and 1046 KOH was added. The disperrion was then stirred for 4h, 

wured on wafer and extrcated twice with ether and twice w L  CH2C12. The combined organic layers were dried, 

filtered and evaporated lo yield a mixture of enaminone (18) and the pyridinium saH (17), which was separated by 

flash chromatography (93:7 , CH2C12-CH30H). Enamimne 18: (pale oil. higher Rf . 60 mg, 23%); [ a ] ~  -29.0° 

(CH30H, -1); ir (NaC1) 1590,1620,1695, and 1725 ; IH nmr 1.02 (1. J-7 Hz, 3H. CHzCY), 2.15 (s, 3H, CCCHs), 

2.19 (q, J-7 HZ, 2H, CHZCH~), 2.40 (1, J-8 HZ, 2H, CHzCO), 3.10-3.40 (m, 2H, NCHZ), 4.50-4.75 (rn, 3H, 

NCHPhCHz), 7.08 (S, IH, =CH), 7.27-7.42 (m, 5H, ArH); 13C nmr 14.4 (CHZCH~), 20.3 (CHZCH~), 20.6 (Corn3), 

35.8 (COCH2). 44.5 (NCHd, 62.4 (CHzOCO), 65.6 (NCHPh), 112.5 (&), 127.1, 128.8 and 129.2 (C&), 136.0 

(Ar-ipso), 150.8 (-CH), 170.8 (COO), 191.3 (CO); ms (WZ, %) 287 (M*, 17), 272 (18), 214 (loo), 186 (17), 91 (23), 

43 (73). Anal. Calcd forC17H21N03.112H20: C, 68.84; H. 7.42; N, 4.72. ~ound: C. 68.51; H. 7.37; N. 4.76. 142. 

Acel0xy-l-phenyl)elh~l-3-elhylpyrldlnlum salt (17): (oil, lower Fd, 0.15 g. 56%); l H  nmr 1.35 (1. J=7 Hz, 

3H, CHzCH3). 2.00 (s, 3H, COCHd, 2.99 (q, Jh7 Hz, 2H, CHzCHs), 4.92 (dd, J- 3.6 and 12.5 Hz, lH. CHOCO), 

5.25 (dd. J-9 and 12.5 Hz, IH, CHOCO), 7.19 (dd, J-3.6 and9 Hz, 1H, PhCHN+), 7.43 (m, 3H, ArH), 7.78-7.89 (m, 

2H, ArH), 8.09 (dd, &6 and 7 Hz, 1H. Pyr-5H), 8.32 (d, J-7 Hz, lH, Pyr4H). 9.43 (d, &6 Hz, 1H, Pyr-6H), 9.71 (br 

s, IH, ~ y r - 2 ~ ) ;  ' 3 ~  nmr 14.2 ( C H Z ~ ) ,  20.5 (COCH3). 25.8 (CHZCH~), 83.5 (CHSCO), 71.7 (NCHP~), 128.2 ( ~ r -  

para), 128.7 and 129.8 (Ar-ortho and Ar-meta), 130.6 (Pyr-C5), 132.6 (Pyr-C3), 141.8 (Pyr-CG), 142.7 (Pyr-C4), 

145.5 (Pyr-C2), 170.3 (CS). 

(S)-1-(2-Hydroxy-l-phenyl)ethyl-5,6-dlhydro-lH-pyrldln-4-one (19). A solulion of enaminone (18) 

(47 mg. 0.163 ~mOl )  and 10% aqueous H2S04 (40 ml) was refluxed overnight, cooled and extracted with ether. 

The organic layer was dried and evaporaled lo give 19 (oil, 35 mg. 87%) aner flash chromalography (93:7 

CHZCIZ-CH~OH): ir (CHCI~) 1590.1625: IH nmr 1.01 (1. J-7 HZ, 3H. CH~CH~).  2.15 (q. &7 HZ. 2 ~ .  CWH~) .  2.40 

(m, 2H, CHzCO), 3.05-3.30 (m, 2H, NCHz), 4.09-4.20 (m, 2H, CYOH), 4.48 (br 1, &5 Hz, 1H, PhCHN), 7.20-7.40 

(m, 5H, AM); 13C nmr 14.2 (CHzCHs), 20.3 (CHZCH~), 35.6 (CHSO), 44.7 (NCH?), 61.7 (CHSH), 69.2 (PhCHN), 

111.5 (=C), 127.2 128.0 and 129.1 (CgH5),136.9 (Ar-ipso), 152.1 (-CH), 191.4 (CO); ms (m, %) 245 (M+, 17), 



214 (loo), 186 P I ) ,  103 (3% 91 (57), 77 (33). AMI. Cakd forC15Hl~N02: C, 73.48; H, 7.75: N, 5.71. Found: C, 

73.54; H. 7.98; N. 5.58. 
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