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Abstract - The stereoselective formal synthesis of (+)-monomorine I 

from 6-methyl-2-piperidinone was achieved. A general method for the 

synthesis of w-alkylated lactams is also described. 

The N-alkoxycarbonylation of a lactam was found to activate the carbonyl group of 

the lactam to make it more reactive to nucleophiles such as hydridesl and carb- 

anions.* Some  antibiotic^,^ alkaloidsr4 and metabolites5 have been synthesized by 
this means. In the present study, the stereoselective formal synthesis of ( ? I -  

monomorine I (=) from 6-methyl-2-piperidinone (1) is described. (+)-Monomorine I 

is an alkaloid isolated from the cosmopolitan ant, Manomorium pharaonis (L.). 6 

Although it was possible to obtain 6-methyl-2-piperidinone (1) by the Schmidt 

reaction of 2-methylpentanone7 or the Grignard reaction of qlutarimide followed by 

reduction with sodium cyanoborohydride,' these methods are not convenient and 

their yields are not reproducible.' Thus, a general method for the preparation of 

w-methyllactams was devised and is shown in Scheme 1. Reductive cyclization ( H 2 

150 atm, Raney Ni, 150nC, 7 h) of oxirnes (2-4)9 gave w-methyllactams (6-5)  in 
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good yields. This method is thus shown to be effective for the synthesis of w -  

alkylated five to seven membered lactams, though the D-lactam (5) could not be 

obtained under the similar conditions. 

The synthesis of (i)-monomorine 1 ( x ) 1 0  using 6-methyl-2-piperidinone (2) was 

subsequently carried out according to the method presented in Scheme 2. Reaction 

of 1 with benzyl chloroformate in the presence of lithium bis(trimethylsily1)- 

amide gave N-henzyloxycarbonyllactam ( 2 )  in 74% yield. The ring opening reaction 

of 9 with the acetylene (E)lOh was carried out diligently and carefully by the 

method reported by Nozoe and c o - w o r k e r ~ ~ ' ~  to give the desired product (11) but 

only in low yield (8%).11 The reactivity of the six membered lactam appeared to 

differ from that of the five membered lactam. The catalytic hydrogenation of 11 

over 5% palladium-carbon gave the known &-I  ,6-dlsubstituted piperidine (x)lOh 

in quantitative yield. No _trans-isomer could be detected by its nuclear magnetic 

resonance spectrum and thin layer chromatography. The spectral data of 12 synthe- 

sized in this study showed complete agreement with those of an authentic sample as 

reported in the literature.loh The stereoselective synthesis of (i)-monomorine I 

(13) from 12 is known1Oh and so the formal synthesis of 11 was possible here. 
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EXPERIMENTAL 

All melting points were determined by micro-melting point apparatus (Yanagimoto) 

wlthout correction. Ir and mass spectra were measured on a Hitachi 200-10 spectro- 

photometer and a Hitachi M-80 spectrometer, respectively. 'H- and 13c-Nmr spectra 

were recorded an Varian EM-390 andlor Hrucker M-400 instruments. Chemical shlfts 

were recorded in ppm downfield from an internal standard (tetramethylsilane). 

Thin layer chromatography (tlc) was carried out with precoated silica gel plates 

(Kiesel 60 F-254, Merck). 

General Procedure for Preparation of w-Methyllactams (6, 7, 8 )  - -  A typical 

procedure is described for 6-methyl-2-piperidinone I?): A mixture of 2 (9.62 g, 56 

mmal) and Raney Ni (ca. 2 g) in EtOH (100 ml) was subjected to catalytic hydroge- 

nation at 150°C for 7 h under 150 atm of hydrogen pressure, then allowed to cool. 

The catalyst was removed by filtration and the filtrate was concentrated under 

reduced pressure to give a solid which, on recrystallization from hexane, gave 

6.28 g (1 00%) of pure 1 as colorless prisms, mp 87-88'C (lit.7 mp 87-88'C). Ir 

(CHCl31 3430, 1685 'H-Nmr (CDCI ) 6 1 .15 (3H. d, J=7Hr, Me), 1 .30-2.00 (4H. 3 

m, CH2 x 2). 2.15-2.40 (2H. m, CH2CO), 3.25-3.65 LlH, m. CHI, 6.10 (lH, br, NH). 

Ms m/z 113 (M+). 

6: mp 41-43'C. This compound is commercial available (Tokyo Kasei Kogyo Co. 1. 'H- - 

Nmr ICDCl ) 6 1.21 (3H. d, J=7Hz,  Me), 1.40-2.50 l4H, m, CH2 x 21, 3.60-3.90 IlH, 3 

m, CH), 7.10 (1H. br, NHI. 

1 8: mp 91-92°C ilit.12 mp 90.5-91.5'C). Ir ICHCl3) 3430, 1685 cm- . l~-Nmr (CDC13) - 

6 1.2013H, d, J=7Hz, Me), 1.30-2.10 (6H, m, CH2 x 31, 2.20-2.50 (2H, m, CH2CO), 

3.30-3.65 (lH, m, CHI, 5.90 (lH, br, NH). Ms r j l ~  127 (M+). 

1-Benryloxycarbonyl-6-methyl-2-piperidin (9) --  A solution of (Me3Si)2NLi (4.4 

rnmol) in hexane was added at OsC to a solution of 1 (452 mg, 4 mmol) in THF (20 

ml) under an argon atmosphere followed by stirring at the same temperature for 30 

min. A solution of C1COOCH2Ph (4.1 mmol) in toluene (2.4 ml) was added dropwise to 

the above solution with stirring at ODC over a period of 30 min. After being 

stirred at O'C for 3 h, the reaction mixture was neutralized with an aqueous NH C 1  4 

solution, diluted with H20, and then extracted with Et20 several times. The 

extract was washed with brine, dried over MgS04, and evaporated to give an oil 

(1.6 g) which, on chromatographic separation (silica gel) by elution with hexane- 

acetone (1 5:l 1 ,  gave 731 mg (74%) of 2 as a colorless oil, bp 19O0C (4 mmHg). Ir 



(neat) 2950, 1765, 1710 cm-l. ' ~ - ~ m r  (CDC1 ) 6 1.20 (3H, d, J=7Hz, Me), 1 .SO- 2.10 3 

(4H, m, CH2 x 21, 2.40-2.60 (2H, m, CH2), 4.40 ilH, br, CHI, 5.30 l2H, 5 ,  CH2), 

7.37 (5H, s, Ph). Ms 247 ( M ' ) .  Anal. Calcd for C14H17N03: C, 67.99; H, 6.93; 

N, 5.66. Found: C, 67.58; H, 7.02; N, 5.63. 

2-Carboben~yloxyamin0-9-eth~1enedioxy-7-tridyn-6-on (11) --  A solution of n- 

BuLi (2.5 mmol) in hexane was added at -78°C to a solution of diisapropylamine 

(404 mg, 4 mmol) in Et20 (10 ml) under an argon atmosphere. This was followed 15 

min later by t h e  addition of a solution of ='Oh (400 mg, 2.6 mmol) in Et20 (1 mll 

and stirring at 78OC far 30 min. A solution of 9 (500 mg, 2 mmol) in Et20 (1 ml) 

was then added dropwise and the reaction mixture was stirred at -78'C for 5 h. 

Neutralization was effected by adding an aqueous NH4Cl solution, followed by 

extraction with Et20. The extract was washed wlth brine, dried over MgS04, and 

evaporated. Chromatographic separation an silica gel by elution with hexane- 

acetone (lo:?) gave 64 mg (8%) of 11 as a colorless 011. Ir ICHCl3) 3440, 2955, 

2400, 1710, 1675, 1510 cm-l. ' ~ - ~ m r  (CDC1 ) 6 0.90 (3H, t, J=7Hz, Me), 1.10 (3H. 3 

d. J=7Hz, Me), 1.10-2.00 (1OH. m, CH2 r 51, 2.57 (2H, t, J=7Hz, CH2CO), 3.52- 

3.90 (lH, m,'NCH), 3.90-4.10 (4H, m, 0CH2CH20), 5.06 (2H, t, Cg2Ph), 7.33 (5H, s, 

Ph). Ms (CII m/? (re1 intensity) 402 ( ~ + + i ,  0.4). 358 (3). 344 ( 1 ) .  295 ( 4 4 1 ,  236 

(38). 129 I 1  00). High resolution ms Calcd for Cl gH22N05 (M+-BU): 344.1 497. Found: 

344.1527. 

cis-2-(3,3-Ethylenediox~hepty1)-6-methylpiperidine (12) -- A mixture of 11 I63 mg, 

0.157 mmol) and 5% Pd-C (50 mg) in EtOH (5 ml) was subjected to catalytic hydro- 

genation at room temperature for 3 h under 2 atm of hydrogen pressure. The 

catalyst was removed by filtration and the filtrate was concentrated to give a 

yellow oll which, on chromatographic separation on alumlna by elutlon with CHCl 
3' 

gave 40 mg (100%) of 12 as a yellow oil. Ir (CHC13) 3350, 1460. 1100 cm-I. 'H-~mr 

ICDCI ) 6 0.89 (3H, t, J=7Hr, Me), 1.05 l3H, t, J=7Hz, Me), 1.10-1.90 (17H, m, CH2 
3 

x 8, NH), 2.30-2.80 (2H. m, NCH x 2). 3.92 l4H, m, 0CH2CH20). 1 3 ~ - ~ m r  ICDCl3) 6 

111.8, 64.9, 57.5, 52.6, 37.0, 34.4, 33.6, 32.2, 31.6, 26.0, 24.9. 23.1, 23.0, 

14.0. Ms pl/z 255 (M+). 
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