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Absfmer - Amides are shown robe eflcienrprecursors to nirrilium ions, which moy cycliie onro 

sryryl rermimrors ro form pyrrolines. Comparison of several rycihation subsrrares defims the 

sreric and srereoelecrronic scope and limirarions of rhe process. Appropriarely funcrionnlized 

pyrrolines may be reduced wirh chiral borohydrides and furrher elaborared ro nonracemic 

pyrroliridines and indolizidines. 

The cycliration of a nimlium ion or imidate to form a heterocycle was fust observed in the 19th century, but 

synthetically useful procedures have only emerged recently.' Our interest in the pmess  developed out of a study of 

cationic cyclizations of alkenyl o x i m e ~ . ~  Although the notion of generating a nitrilium ion (or imidate) from an 

oxime has some appeal because of the synthetic usefulness and general availability of oximes, the stereospecificity 

of rhe Beckmann rearrangement also i n d u c e s  a serious limitation. Specifically, obtaining any given nimlium ion 

from an oxime is predicated on the availability of the oxime as a single geomerric isomer. Oximation of almost all 

dialkyl ketones gives rise to a mixture of both oxime geometric isomers, which are usually difficult to separate. 

Alkylation of axime dianions can be used to stereospecifically synthesize some oximes, but this method is not 

useful for making substrates for Bechann rearrangement-cyclizations. In spite of these limitations, the Bechann 

rearrangement-cyclization has some useful applications.'* 

In a preliminary communication, we showed that nimlium ions may be prepared as efficiently from 2' amides as 

from oximes? and we now detail the scope and the limitations of the pnress 

The styryl terminator was chosen for a number of reasons. Specifically, it was shown to be highly effective in 

oxime rearrangement ~yclizations,~and the conditions necessary to generate a nitrilium ion are rather severe, and 

terminators (e.g., allyl- or vinylsilanes) which might otherwise offer some advantages were not expected to 

su~vive.~ Most amides were prepared by acylation of E-4-phenyl-3-butenylamine, which was best prepared by 

lithium aluminum hydride &AH) reduction of 1-phenyl-l-Rimbutadiene (60% yield).5 



We examined the cyclization of several amides with mmethylsilyl polyphosphate (PPSE)6 in refluxing carbon 

tetrachloride. The results of this survey are listed in Table I. From entries 1-3, it is apparent that the cyclization is 

highly efficient In fact, it is notewonhy that there seems to be little steric effect exetted by the amide, as evidenced 

by the successful cyclization of pivalamide 3. The fust examples of functionalized nioilium ion cyclizations in the 

aliphatic series are shown in entries 4 - 6. That substrates containing esters and ethers cyclize at all is notewonhy. 

since oximes containing the same functional p u p s  cyclized only in low (40%)  yield under similar conditions.' A 

substrate containing a tenzyl ether (enny 7) was destroyed under the reaction conditions, reinforcing our notion that 

only robust terminators will survive the reaction conditions. Chlomacetamide 8 survived the cyclization, while 

chloropropionamide 10 did not. 

Two substrates tested were recovered unchanged: dichlomacetamide 9 and acetamide 11, the homolog of 1. In the 

case of the dichlomacetamide 9, the failure is probably due to inductive electron withdrawal by the geminal 

chlorines. This electron withdrawal would destabilize the forming nioilium ion, raising the activation energy for its 

formation. The failure of 11 to cyclire results fmm a failure to achieve the appropriate orbital overlap geometry. 

Table I. Survey of Amide Substrates in Nitriliurn Ion Cyclizations 

C6H5 

PPSE 
CCI,, reflux 

Entry n R, substrate Yield % 
1) I 

Me. 1 

i-Pr, 2 

t-Bu, 3 

(CHz)zCOzEt, 4 

(CHz)3COzEt, 5 

(CHz)zOMe, 6 

(CHz)zOBn, 7 

CH2C1.8 

CHCIz, 9 

(CHz)zCI, 10 

From the beginnings of our work in nitrilium ion chemistry, we have been cognizant of the developments in related 

iminium ion chemistly. Within the context of heterocycle formation, we note one potentially important difference 

between the two, which arises because of the difference in oxidation state of the cationic carbon. Iminium ion 

cyclizations generate a new stereocenter, but the product is a mixture of epimers (enantiomers for an achiral 
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substrate). In contrast, the corresponding nitrilium ion, whose cationic carbon is in a higher oxidation state, cyclizes 

to an achiial product. Asymmetric reduction of the pyrmline a f f d  access to nonracernic products. For example, 

reduction of 12a with benzyloxycarbonylpmline modified sodium borohydrides affords pyrmlidine S-13a in 95% 

yield and 50% enantiomeric excess.' 

A similar reduction of appropriately functionalized pyrrolines affords no~acemic azabicyclics. Thus, 12b affords 

pyrroliidinone 14a (78% yield) and 1Zc gives indolizidinone 14b (77% yield). The optical purity of 14a-b was 

not determined, but is assumd to be comparable in magnitude and absolute configuration to 13a. 

- - 
" 

(a) R=Me 
1 2  (b) R=(CH,),CO,Et 1 3  (a) n=O 

(c) R=(CHZ)?COzEt (b) n=l 

For the possible preparation of more elaborate pyrroliddines or indoliddines, we tested diester 15 as a cyclization 

substrate. Treatment of amide 15 with PPSE resulted in desrmction of starting material and production of an 

intractable mixture in which none of the desired pyrroline could be detected. Simpler subsuates, such as the 

monoamide monoester of malonic acid, 16, and the monoamide monoester of 2.2-dimethylmalonic acid, 17, also 

failed to cyclize. In the latter case, traces of a cyclization product could be detected, but not in amounts sufficient 

for characterization. It appears that the nitrilium ion cyclization is occurring in these cases, but that the benzylic 

cation is uapapped by the malonate oxygen and destroyed. 

Summry: Secondary amides are efficient precursors to nimlium ions, which may cyclize onto sfml  terminators to 

f m  achiral pyrmlines (5-exo mode). It is noteworthy that there is little steric demand placed on the amide portion 

of the substrate, although electron withdrawing substituents tend to inhibit nitrilium ion formation. A seven 

stereoelectronic requirement is seen in the failure of 11 to cyclize (dexo mode) due to its inability to achieve the 

correct orbital overlap geometry. Notwithstanding the above limitations, appropriately functionalized pyrrolines 

may be reduced with c h i d  bomhydrides and further elaborated to nomcemic pyrmliddines and indolizidines. 

EXPERIMENTAL 

I-Phenyl-4-nitrobutadiene was prepared from trans-cinnamaldehyde using Kochetkov's method.5 Yield 60% 

light yellow crystals (mp 45-46 'C, IiteratureS mp 45 'C). 



(E)-4-Phenyl-3-butenylamine. In a three neck flask 3.97 g (100 mmol) of lithium aluminum hydride (LAH) in 

2M) ml of dry ether was stirred for 15 min under nitrogen atmosphere. To this suspension 12.1 g (69.1 mmol) of 

l-phenyl-4-niuobutadiene in 100 ml of dry ether was added dropwise. After the addition was completed, the 

resulting mixture was refluxed for 4 h, and then stirred at room temperature for 5 h. The reaction mixture was 

quenched with 4 ml of water, 4 ml of 15% NaOH, and 12 ml of water, and subsequently stirred for 30 min. The 

precipitate was filtered, washed with ethyl acetate, the combined filuates were dried with anhydrous magnesium 

sulfate, and condensed in vacuo to afford 6 g of crude product (60%). Fractional distillation under reduced pressure 

afforded a colorless oil, bp 90-92 'C (3.5 mm), literatureS bp 90-91 'C (3.5 mm). 'H Nmr: 2.15-2.45 (2H, m br, 

CH,NHz), 2.60-2.92 (2H, br, C=CC&), 5.85-6.59 (ZH, m, Ph-CH=Cm, 7.05-7.35 (5H, m, C&Li). 

General procedure for the preparation of the unsaturated amides: Most of the amides used for the 

cychzation reactions were derived from (E)-4-phenyl-3-butenylamine by acylation. 

Method A (use of acid chlorides): 1 equivalent of the amine and 1.1 equivalents of triethylamine were stirred 

together in methylene chloride at 0-5 'C. To the mixNre, 1.1 equivalents of an acid chloride in methylene chloride 

was added slowly. After the addition was over the reaction mixture was stirred for 30 min at rmm temperature, and 

then quenched with saturated NaHC03 solution. The organic layer was separated and washed twice with saturated 

NaHCO3 solution and then with brine. The organic layer was dried with anhydrous MgS04 and condensed. 

MerhodB (use ofdicorboxylic acid anhydrides): 1 equivalent of the amhe and 1.1 equivalents of an acid anhydride 

in benzene were refluxed far 3 h. The reaction mixture was then coaled to room temperature and extracted twice 

with 10% NaOH solution. The alkaline aqueous layer was coaled to 0 "C and made acidic with 10% HCI to 

precipitale the product. The precipitate was filtered, washed with cold ether, and dried overnight under reduced 

pressure. The acid was esterified by adding 1.2 equivalents of methylaxonium te~afluoroborate'~ lo a stirring 

solution of the acid amide in methylene chloride. After stirring for 3 h, the reaction mixture was quenched with 

saturated NaHCO] solution. The organic layer was washed with saturated NaHCO3 solution and then with brine. 

The organic layer was dried with anhydrous MgSOn and condensed in vacuo. 

N-((E)-4-Phenylbut-3-enyl)-2.methylpropionamide 2. (E)-4-Phenyl-3-butenylamine (0.121 g, 0.82 

mmol) was acylated with isobutyryl chloride (0.105 g, 0.98 mmal) via methad A to afford 0.13 g of m d e  product 

(73%). Purification was by radial chromatography, eluting with 40% ethyl acetate in chloroform. An analytical 

sample was prepared by recrystallization from hexane. White crystals, mp 105-106 'C. IH Nmr: 1.14 (6H, d, J = 

7.2, C(C&)2), 2.40 (2H, m, J = 6.8, C=CC&, superimposed over (CH3)zCkU. 3.40 (2H, m, J = 6.2, C b N ) ,  

5.85-6.25 (ZH, m, PhCB=Cm, 7.15-7.43 (5H. m, C&). Ir: 3330 (N-H), 1645 (C=O). l3C Nmr 177.0 (NH- 

CO): 137.1, 132.2, 128.5, 127.2, 126.9, 125.0 GaHsCH-CH), 38.6 CHzN), 35.5 (C=CCHd, 33.0 (COCH), 

19.5 GH3)z. Anal. Calcd for CtnH19N0: C, 77.38; H, 8.81. Found: C, 77.41; H, 8.83. 

mmol) was acylated with nimethylacetyl chloride (0.285 g, 2.4 mmol) via method A to afford 0.35 g of crude 

product (75%). Purification was done by radial chromatography, eluting with 40% ethyl acetate in chloroform. An 
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analytical sample was prepared by reqstallization from hexane. White crystals, mp 65 'C. 'H Nm:  1.10 (9H, s, 

(C&)3, 2.33 (2H, m, C=CC&), 3.29 (2H, m, C&N), 5.75-6.50 (2H, m, C6H5CH=CW, 7.10-7.30 (5H. m, 

C 6 b ) .  IT: 3390 (NH), 1645 (C=O). l3C Nmr: 178.3 (NHCO); 137.0, 132.1, 128.3, 127.0, 126.9, 125.9 

(CkHsGH=CH); 38.5 GHzN), 38.4 (C=CCHz), 32.9 (COG), 27.4 g H & .  Anal. Calcd for ClsHz1NO: C, 

77.88; H, 9.15. Found: C, 77.87; H, 9.20. 

N-(~E)-4-Phenylbut-3-enyl)-3-carboethoxypropionamide, 4, was prepared by acylation of (E)-4- 

phenyl-3-butenylamine (4.5 g, 31 mmol) with succinic anhydride (4.0 g, 40 mmol) and esterificatian by method B 

to afford 5.5 g of 4 (67%). which was purified by flash chromatography. eluting with 40% ethyl acetate in 

chloroform. An analytical sample was prepared by recrystallization fmm hexane. White crystals, mp 79 'C. 'H 

Nmr: 1.22 (3H, t, J = 7.2, C b ) ,  2.24-2.73 (6H, m, C=C-C&, CO-C&C&CO), 3.38 (2H, m, C&N), 4.09 

(2H, q, J = 7.2, OC&CH3), 5.85-6.50 (2H. m, PhCH=Cil), 7.14-7.38 (5H. m, C&). Ir: 3350 (NH) 1750 

(ester C=O), 1655 (amide C=O). I3C Nmr: 172.6 (NH-CO), 171.3 (rOOEt); 136.9, 131.7, 128.2, 126.9, 125.8 

f&HsCH=CH, one carbon buried), 60.3 (OCHz), 38.8 (CH2N), 32.7 (C=CCH2); 30.7.30.6 (COCH&HzCO); 

13.8 (CH3). Anal. Calcd for ClaHz1N03: C, 69.79; H, 7.69. Found: C, 69.83; H, 7.70. 

N-~(E)-4-Phenylbut-3-enyl)-4-carboethoxybtyramide, 5 ,  was prepared by acylation of (E)-4-phenyl-3- 

butenylamine (0.5 g, 3.4 mmol) with glut- anhydride (0.48 g, 4.2 mmol), followed by esterification via method 

B to afford 0.64 g of crude 5 (65%). Purification was done by flash chromatography, eluting with 40% ethyl 

acetate in chlomfom. An analytical sample was prepared by recrystallization from hexane. White crystals, mp 64- 

65 "C. 'H Nm:  1.21 (3H, t, J = 7.0, C&), 1.92-2.55 (8H, m, C=CC&C, COC&C&C&CO). 3.39 (2H, rn, 

C&N), 4.08 (2H, q, 1 = 7.0, OC&CH3), 5.85-6.60 (2H, m, C6HSCH=Cfi), 7.10-7.38 (5H, m, C a b ) .  Ir: 

3310 (N-H), 1745 (C=O, ester), 1645 (C=O, wide). l3C Nmr: 173.1 ( G O ,  amide), 172.2 (C=O, ester), 137.1, 

132.3, 128.5, 127.2, 126.8, 126.0 GHsCH=CH); 60.3 (OCHz), 38.7 (GH2N), 35.4 (C=CCHd; 33.2, 33.W 

(COMzCHLHzCO), 20.9 (CCHzC), 14.1 (OCHLH3). Anal. Calcd for C17HZ3N03: C. 70.56; H, 8.01. 

Found: C, 70.47; H, 8.05. 

N-((E)-4-Phenylbut-3-enyl)-3-benzyloxypropionamide, 7, was prepared by acylating (E)-4-phenyl-3- 

butenylamine (0.245 g, 1.7 mmol) with 3-benzyloxypropionyl chloridelt (0.33 g, 1.7 mmol) via method A to 

afford 0.44 g of crude product (85%). Purification by radial chromatography, eluting with 40% ethyl acetate in 

chlomform, and recrystallization from hexane yielded an analytical sample. White crystals, mp 78-79 OC. IH Nm: 

2.30-2.55 (4H, m, COC&C, C=CC!bC), 3.35 (2H, m, C&N), 3.70 (2H, t, J = 6.0, CbOBn), 4.44 (2H, s, 

OCbCsHs) ,  5.81-6.58 (2H, m, C a H s C & = C ~ ,  7.10-7.37 (IOH, m, C6Hs). Ir: 3320 (N-H), 1640 (C=O, 

amide). I3C N m :  171.5 (C=O); 137.6, 137.1, 132.0, 128.4, 127.6, 126.8, 125.9 GHsCH=CH, GHsCH2, 

three carbons buried); 73.1 (GHsCHz), 66.3 KHzOBn), 38.7 gH2N),  37.0 (C=CCHz), 32.9 (COCH,). Anal. 

Calcd for C2auNOz:  C, 77.64; H, 7.49. Found: C, 77.55; H, 7.52. 

N-((E)-4-Phenylbut-3-enyl)chloroacetamide 8, was prepared by acylation of (E)-4-phenyl-3-butenyl- 

mine  (0.29 g, 1.36 mmol) with chloroacetyl chloride (0.15 g, 1.36 m o l )  via method A to afford 0.26 g of crude 



product (85%). Purification was done by radial chromatography, eluting with 40% ethyl acetate in hexane. An 

analytical sample was prepared by recrystallization from hexane. White crystals, mp 66-67 'C. 1H Nmr: 2.46 (2H, 

m, C=CC&), 3.46 (2H, m, C&N), 4.02 (ZH, s, COC&CI), 5.85-6.63 (ZH, m, C6HsCH=CfL), 7.15-7.40 

(5H, m, C&). Ir: 3360 (N-H), 1655 (C=O). Anal. Calcd for CIZHI~CINO: C, 64.43; H, 6.31. Found: C, 

64.32; H, 6.35. 

N-((E)-4-Phenylbut-3-enyl)dichloroacetamide 9, was prepared by acylation of (E)-4-phenyl-3-butenyl- 

amine (0.245 g, 1.67 -01) with dichloroacetyl chloride12 (0.39 g, 2.0 mmol) via methad A to afford 0.35 g of 9 

(82%). Purification was accomplished using radial chromatography, eluting with 40% ethyl acetate in hexane. An 

analytical sample was prepared by recrystallization from hexane. White crystals, mp 93-94 'C. 1H Nm: 2.46 (2H, 

m, C=CC&), 3.45 (2H, m, C&N), 5.89 (IH, s, COCHCI2), 5.85-6.62 (2H. m, C6H5CB=CfL), 7.15-7.38 

(5H.m. C&). Ir: 3290(NH), 1685 (C=O, amide). 13CNmr: 164.1 (C=O); 136.9, 133.1, 128.5, 127.4, 126.1, 

125.7 UHsCH-CH), 66.4 (COCHCI2), 39.6 CH2N), 32.4 (C=CCH2). Anal. Calcd for ClzHI3ClzNO: C, 

55.83; H, 5.08. Found C, 55.99; H, 5.11. 

N-((E)-4-Phenylbut-3-enyl)-3-chloropropionamide, 10 was prepared by acylation of (E)-4-phenyl-3- 

butcnylamine (0.23 g, 1.6 mmol) with 3-chlorapropianyl chloride (0.2 g. 1.6 mmol) via methad A to afford 0.296 

g of product (78%). Purification was done by radial chromatography, eluting with 40% ethyl acetate in chloroform. 

An analytical sample was prepared by recrystallization from hexane. White crystals, mp 97- 100 OC, literature5 mp 

95.5-100 'C (recrystallization from alcohol). 'H Nmr: 2.27-2.67 (4H, m, C=CC&, C o c k ) ,  3.28-3.89 (4H, m, 

C&CI, C&N), 5.85-6.62 (2H, m, C6H5CH=CfD, 7.16-7.39 (5H, m, C&). 

N-((E)-4-Phenylbut-3-enyl)-2,3-dicarboethoxypropionamide, 15. To 3.0 mmol of LDA (2.0 ml of 1.6 

M n-butyllithium and 0.3 g of diisopmpylamine at 0 "C) in 10 ml of dry THF, was added 0.5 g of diethyl succinate 

(2.9 mmol) in 5 ml of dry THF at -78 'C and stirred for 30 min. Then to the reaction mixture d q  COz was added 

(either by bubbling through or as a solid) and slowly warmed to room temperature. The reaction mixture was then 

quenched with 20 ml of brine and washed with ether. The ether extract was discarded and the aqueous layer was 

acidified with 10% HCI solution at 0 OC. The acidic aqueous layer was extracted with ethyl acetate, dried with 

anhydrous MgS04, and condensed in vacuo to afford 0.5 g of 2,3-dicarboethoxypropionic acid, which was used 

without further purification. The acid was transformed into its acidchloride by heating with thionyl chloride (5ml) 

at 60 'C. (E)-4-phenyl-3-butenylamine (0.1 g, 0.68 mmal) was acylated with 0.23 g of the acid chloride (0.68 

mmol) via method A to afford 0.165 g of 15 (60%). Purification was accomplished by radial chromatography, 

eluting with 40% ethyl acetate in hexane. 'H Nm: 1.05-1.33 (6H, 21, 1 = 7.0, OCHzC&), 2.25-2.55 (ZH, m, 

C=CC&), 2.92 (ZH, d, 1 = 7.8, CHC&C02Et), 3.23-3.75 (3H, m, C&N, COCHCO), 4.W (4H, 2q, 1 = 7.0, 

OC&CH3), 5.84-6.60 (2H, m, CsHsCH=CfL), 7.12-7.36 (5H, m, C&). 11: 3345 (N-H), 1740 (C=O, ester), 

1660 (C=O, amide). I3C Nm:  171.5 (C=O, amide); 169.7, 166.7 (C=O, ester); 137.1, 132.4, 128.4, 127.2, 

126.5, 126.0, UH5CH=CH);  61.8, 60.8 (OCH2CH3), 48.2 (COCHCO), 39.2 CHzN), 32.7 CHzN and 

CH2C0 superimposed). 13.9 GH3). 
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N-((E)-4-Phenylbut-3-enyl)-carbomethoxyacetamide, 16, was prepared by acylating (E)-4-phenyl-3- 

butenyl amine (0.19 g, 1.3 mmol) with the half esterhalf acid chloride of malonic acid13 (0.213 g, 1.56 mmol) via 

method A to afford 0.225 g of 16 (70%). Purification was achieved using radial chromatography, eluting with 

40% ethyl acetate in chloroform. IH Nmr: 2.43 (ZH, m, C=Ca), 3.28-3.57 (4H, m, COC&CO, C-C2H -N), 

3.66 (3H. s, O C b ) ,  5.82-6.56 (2H, m, CaH5CB=CU, 7.12-7.47 (5H, m, C&). '3C N m  169.3 ( G O ,  

amide), 164.9 G O ,  ester); 137.0, 132.1, 128.3, 127.0, 126.5, 125.9 (GH5CH=CH); 52.1 (OCH3); 41.1, 38.9 

(COCH2C0, CHzN); 32.6 (C=CCH2). 

N-((E)-4-Phenylbut-3-enyl)-2-carbomethoxy-2-methylpropioamide, 17. To 0.35 mmol of LDA 

(0.22 ml of 1.6M n-butyllithium and 0.035 g of diisopropylamine at 0 "C) in 1 ml of dry THF, was added 0.073 g 

of 16 (0.3 mmol) in 0.5 ml of dry THF at -78 'C and stirred for 20 mi". The reaction mixture was then quenched 

with 0.056 ml of methyl icdide (0.9 mmol) at -78 "C and slowly w d  to mom temperature. The reaction mixture 

was quenched with brine and extracted with ethyl acetate. The separated organic layer was dried with anhydrous 

MgS04 and condensed in vocuo. Purification by radial chromatography, eluting with 40% ethyl acetate in hexane, 

afforded 0.055 g of 17 (67%). IH Nmr: 1.42 (6H, s, (C2H )2), 2.41 (2H, m, C=CC&), 3.41 (2H, m, CH2N), 

3.62 (3H. s, O C b ) ,  5.84-6.60 (2H. m, C6HsCH=CkD, 7.15-7.38 (5H, m, C&). IT: 3360 (NH), 1735 (C=O, 

ester), 1655 (C=O, amide). I3C Nm:  175.3 (C=O, amide), 171.6 (C=O, ester); 137.0, 132.4, 128.4, 127.2, 

126.7, 126.0 (SHsCH=CH); 52.5 (OCH3). 49.8 (COC(CH3)2CO), 39.0 GHzN), 32.8 (C=CCH2C). 23.6 

U!H:)z. Anal. Calcd for C1bHztNO3: C. 69.79; H, 7.69. Found: C, 69.74; H, 7.72. 

General procedure for  cyclization reactions of unsaturated amides using trimethylsilyl- 

polyphosphate (PPSE). 

Method C:  A mixture of 1.5 g of PzOs, 3 ml of hexamethyldisiloxane. and 7 ml of CCb was refluxed for 1.5 h. 

The resulting colorless solution of PPSE was cooled to room temperature and added to 1 mmol of an mide. The 

reaction mixture was refluxed for 3 to 7 h and cooled. Generally a successful cyclization was indicated by a gummy 

precipitate on the walls of the flask. Nore: rheproduct is in this precipitate. The reaction mixture was quenched with 

5 ml ofwater and aansferred to a separatory funnel. The gummy precipitate was dissolved in two successive 5 ml 

portions of water, and added to the contents of the sepantory funnel. The layers were separated and the organic 

layer was washed with 5 ml of 10% HCI. The combined aqueous layers were cooled to 0 'C and brought to pH 9 

with 50% NaOH solution. The aqueous phase was then extracted thrice with 10 ml of chloroform. The chloroform 

extracts were combined, dried with magnesium sulfate, and condensed in vocuo. 

3-Benzylidene-2-methyl-A'-pyrroline, 12a. The amide 1 (0.203 g, 1.0 mmol) was refluxed for 3 h with 

PPSE (1.5 g P205, 3 ml of hexamethyldisiloxane, and 7 ml of CCW via method C to afford 0.15 g of 12a (88%). 

Purification was achieved using radial chromatography, eluting with 40% ethyl acetate in chloroform. The 

specmswpic properties were identical with those reported earlier.2c 

3-Benzylidene-2-isopropyl-At-pyrroline. N-((E)-4-Phenylbut-3-enyl)-2-methylpropionamide (0.082 g. 

0.38 m o l )  was refluxed for 3 h with PPSE (0.6 g Pz05, 1.1 ml of hexamethyldisiloxane, 2.6 ml of CCb) via 



method C to afford 0.W g of product, (90%) which was purif~ed by radial chmmatogtaphy, eluting with 40% ethyl 

acetate in chlomfom. An analytical sample was prepared by Kugelrohr distillation, bp 70-75 'C (0.5 mm). i~ 

Nmr: 1.27 (6H, d, J = 6.6, (C&)2), 2.70-3.10 (3H, m, br, C=CCH2, N=CCB, 3.90-4.10 (ZH, m, br, C h N ) ,  

6.73 (lH, t, J = 2.9, C6H5Cm, 7.28-7.48 (5H, m, C&). Ir: 1610 (C=N). I3C Nnx: 179.5 (C=N); 141.1, 

136.6, 128.3, 128.0, 127.1, 123.4 W s C H = D ;  58.3 CH:N), 29.8 (C=CCHz), 27.2 (N=CCH), 20.5 cH3)2. 

HRMS Calcd for C14NnN: M+= 199.1361. Found M+= 199.1334. 

3-Benzylidene-2-IerI-butyl-A~-pyrruline.N-((E)-4-Phenylbut-3-enyl)-2,2-dimethylpionrnid (0.189 g, 

0.78 mmol) was refluxed for 3 h with PPSE (1.5 g P20s, 3 ml of hexamethyldisiloxane, 7 rnl of CCb) via method 

C to afford 0.138 g of product (XI%), which was purified by radial chromatography, eluting with 40% ethyl acetate 

in chlorafon An analytical sample was prepared by Kugelmhr distillation, bp 100-110 "C (2 mm). IH Nmr: 1.14 

(9H, s, (C&)3, 2.75-2.98 (2H, m, C=CC&), 3.35-4.03 (2H, m, C b N ) ,  7.02 (IH, t, J = 2.9, C6HsC!U, 7.22- 

7.45 (C&). 11 1615 (C=N). I3C Nmr: 180.6 (C=N); 140.7, 137.1, 128.6, 128.3, 127.3, 126.3 f&HsCH=Q; 

57.6 CH2N), 35.8 (C=CCH2), 31.40 (N=CC(CHI)~), 29.2 CH3),. Anal. Calcd for ClsH19N: C. 84.46; H, 

8.98. Found: C, 84.38; H, 9.00. 

3-Benzylidene-2-(2-carboethoxyethyl)-A1-pyrruline, 12b. The amide 4 (0.89 g, 2.9 mmol) was 

refluxed for 5 h with PPSE (6.7 g P205, 13.5 ml of hexamethyldisiloxane, 31 ml of CCW via method C to afford 

0.45 g of 12b (60%). Purification was done by radial chromatography, eluting with 40% ethyl acetate in 

chloroform. An analytical sample was prepared by Kugelrohr distillation, bp 120-130 OC (2 mm). 'H Nmr: 1.27 

(3H, t ,  J = 7.2, OCH2C&), 2.79-2.93 (6H, m, N=CC&C&CO, C=CC&), 4.0-4.05 (2H. m, C&N), 4.17 

(2H, q, J = 7.2, OC&CH,), 6.78 (lH, t, 1 = 2.78, C6HsCtL), 7.26-7.48 (5H, m, C&). Ir: 1750 (C=O), 1620 

(C=N). I3C Nmr: 173.7, 173.1 (C=O, C=N); 142.0, 136.7, 128.7, 128.4, 127.6, 124. G H s C H = W ;  60.3 

(OCH2). 58.8 (CHzN); 30.5, 29.9 (C=CCH2, N=CCHz); 24.4 CH2CO), 14.0 (OCH&H3). Anal. Calcd for 

ClaH19N02: C, 74.68; H, 7.44. Found: C, 73.99; H, 7.48. 

3-Benzylidene-2-(3-carboethuxypropyl)-A1pyruline, 12c. The amide 5 (0.465 g, 1.6 mmol) was 

refluxed for 5 h with PPSE (2.49 g PzOs, 4.8 n11 of hexamethyldisiloxane, 11.0 t i  of CCld via method C to 

afford 0.25 g of 12c (60%). Purification by radial chromatography, eluting with 40% ethyl acetate in chloroform., 

and Kugelmhr distillation afforded an analytical sample, bp 120-130 'C (2 mm). 1H Nmr: 1.12 (3H, t, J = 7.0, 

OCH2C&), 1.80-2.76 (8H, m, C=CC&, N=CC&C&C&CO), 3.75-4.14 (4H. m, C&N, O C b ) ,  6.52-6.61 

(IH, 1, J = 2.8, CsHsCrn, 7.05-7.31 (5H, m, C6&). Ir: 1740 (C=0), 1610 (C=N). 13C Nmr: 173.9, 172.4 

G O ,  C=N); 141.5, 136.2, 128.1, 127.8, 127.0, 123.4 (C6HsCH=D; 59.4 (OCHz), 58.3 (CH2N), 33.1 

(C=CCHz); 29.2, 27.9 (N=CCHz, CHzCO); 21.2 (CHzCH2CH2). 13.6 (OCH2CHl). Anal. Calcd for 

C ~ ~ H Z I N O ~ :  C. 75.23; H, 7.81; N, 5.16. Found: C, 75.14; H, 7.84; N, 5.12. 

3-Benzylidene-2-chloromethyl-A1-pyrrolin N-((EJ-4-Phenylbut-3-enyl)-chloroacetamid 8, (0.19 g, 

0.45 m o l )  was refluxed for 7 h with PPSE (0.75 g PzOs, 1.5 ml of hexamethyldisiloxane, 4 ml of CCL) via 

method C to afford 0.057 g of the product (62%). Purification was accomplished by radial chromatography, e:uting 
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with 40% ethyl acetate in hexane. An analytical sample was prepared by recrystallization fmm hexane. 'H Nmr: 

2.84-3.07 (2H, m, br, C=CC&), 4.01-4.21 (2H, m, br, C&N), 4.48 (ZH, s, N=CC&Cl), 6.86 (lH, t, J = 

3.0, C~HSC~L) ,  7.23-7.51 (5H, m, C&). 11: 1605 (C=N). Anal. Calcd for CI2H12CIN: C, 70.07: H, 5.88. 

Found: C, 70.08; H, 5.90. 

General procedure for asymmetric reduction of the cyclized products. 

Method D: a solution of 2-Pro (4.5 mmol) in 10 ml of THF was added, with cooling, to a stirred suspension of 

NaB& (1.5 mmol) in 3 ml of THF. The mixture was stitred at rcom temperature for2 h and then a solution of a 

cyclic imine (1.15 -01) in 10 ml of THF was added at -30 "C. The reaction mixture was then stirred for 12 hat 

-30°C. The reaction mixture was quenched with 5% HCI solution, heated at 60-70 'C for 30 mi", and condensed. 

The aqueous residue was made alkaline with potassium carbonate and extracted with ethyl acetate. The ethyl acetate 

exaacts were washed with 20% potassium carbonate solution, dried with magnesium sulfate, and condensed. 

3-Benzylidene-2-methylpyrrolidine, 13a. The pyrroline 12a (0.1 g, 0.6 mmal) was reduced with NaBH(Z- 

Pro)]. (0.045 g, 1.2 mmol of NaB& and 0.9 g, 3.6 mmol of Z-Pro) via method D to afford 0.097 g of 13a 

(95%). 'H Nmr: 1.78 (3H, d, J = 6.0, C&), 2.68-3.88 (5H. m, C=CC&, C&N, C=CCEN), 6.18-6.28 (IH, 

m, CsHsCfL), 7.17-7.36 (5H, m, C a b ) .  I3C Nmr: 147.9, 138.2, 128.2, 127.9, 126.1, 119.9 GHsCH=Q,  

59.0 (C=CCHN), 46.0 KHz-N), 32.3 (C=CCHz), 20.20 (CH3). Dry HCI gas was bubbled through an ethereal 

solution of crude 13a for 5 min at 0 'C to afford the HCI salt, which was recrystallized from methanol-ether lo 

obtain light bmwn crystals, mp 203-204 'C. Anal. Calcd for CI2H~aCIN: C, 68.73; H, 7.69. Found: C, 68.62; H, 

7.72. Pirkle analysis9 showed the majorenantiomer to be S, present in 50% enantiometic excess. 

1-Aza-6-benzylidenebicycl0[3.3.0]octan-2one 14a. The pyrroline ester 12b (0.2 g, 0.78 mmol) was 

reduced with N~BH(Z-P~O)~  (0.6 g, 1.56 mmol of NaB& and 1.16 g, 4.7 mmol 2-Pro) via method D to afford 

0.129 g of (-) 14a (78%) ([a]:' -39'. EtOH). Purification was accomplished by radial chromatography, eluting 

with 40% ethyl acetate in chlorofom. An analytical sample was prepared by recrystallization from hexane. White 

cord-like crystals, mp 107-109 'C. 'H Nmr: 1.80-3.30 (6H, m, C&C&CO, C=CC&), 3.85-4.20 (2H, in, 

C&N), 4.40-4.65 (IH, m, br, C=CCHN), 6.21-6.40 (IH, m, br, CsHsCH), 7.15-7.40 (5H, m, C&). 11: 

1675 (C=O). IIC Nmr: 175.3 (C=O); 142.6, 136.8, 128.3, 128.1, 126.8, 122.0 (&H5CH=Q, 64.75 

(C=CCHN), 41.45 CHzN), 33.75 (C=CCHz), 31.54 CHiCO), 27.75 CH2). Anal. Calcd for CI~HISNO: C, 

78.84; H, 7.09. Found: C, 78.75; H, 7.11. 

l-Aza-7-benzylidenebicyclo[4.3.0lnonan-2-one, 14b. The pyrroline ester 12c (0.045 g, 0.74 mmol) 

was reduced with NaBH(2-Pro), (0.06 g, 1.5 mmol of NaBH4 and 1.12 g. 4.5 mmol of Z-Pro) via method D to 

afford 0.129 g of (-) 14b (77%) ([a]$40°, EOH). Purification was achieved by radial chromatography, eluting 

with 40% ethyl acetate in chlorofom. An analytical sample was prepared by recrystallization from hexane.,White 

coral-like crystals, mp 80-83 'C. IH Nmr: 1.95-3.55 (8H, m, br, C&C&C&CO, C=CCfl2), 3.98-4.40 (3H, m, 

br, C=CC&N, CIiN), 6.27-6.38 (lH, m, C6HsCE=C), 7.18-7.40 (5H, m, C&). Ir: 1640 (C=O). I3C Nmr: 



167.8 (C=O); 142.0, 136.4, 127.8, 126.3, 120.8 G H s C H = D ,  61.0 (C=CCHN), 43.0 (CHIN), 30.6 

(C=CCH2); 27.7.275, 20.2. HRMS Calcd for C15H17NO: M+=227.1310. Found: M+=227.1295. 
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