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(cooling with an ice bath was required). After 2 h, the upper layer was 
separated and the aqueous phase was extracted with ether (2 X 50 
mL). The combined organic extracts were washed with saturated 
sodium bicarbonate and brine and dried (MgS04). Removal of the 
solvent under reduced pressure yielded 9.0 g (96%) of 7: NMR (CC14) 
4 1.05-1.85 (12 H, broad m, 6CHz), 2.06-2.50 (6 H, m, 3CH2), 3.60 (3 
H, s, C02CH3), 4.72-5.18 (2  H, m, vinyl CH2), 5.45-6.12 (1 H, m, vinyl 
CH). 

Anal. Calcd for C14H2403: C, 69.96; H, 10.06. Found: C, 70.24; H, 
10.23. 

M e t h y l  9-Oxo-12-dodecanaloate (8). A three-neck round-bottom 
flask fitted with a mechanical stirrer was charged with tert-butyl al- 
cohol (60 mL), water (20 mL), 5 (4.32 g, 17.8 mmol), and osmium te- 
troxide (45.2 mg, 0.17 mmol in tert-butyl alcohol). The resulting so- 
lution was stirred for 5 min. A temperature of 24-26 "C was main- 
tained with ice bath cooling during the addition of sodium meta- 
periodate (8.24 g, finely divided) in small portions over a period of 30 
min. The tan-colored slurry was stirred at ambient temperature for 
an additional 4 h. At  the end of this period the precipitate was white. 
The reaction mixture was extracted thoroughly with ether (3 X 100 
mL), and the combined organic layers were washed with saturated 
sodium sulfite, saturated NaHC03, and brine and dried (Na2S04). 
Removal of the solvent under reduced pressure yielded 3.9 g (91%) 
of product: NMR (CC14) 4 1.04-1.83 (10 H, broad m, 5CH2), 2.10-2.55 
(4 H,m,2CH2),2.61 (4 H,s,COCH2CH2CO),3.61 (3 H,s,COzCH3), 
9.60 (1 H, s,CHO).'O 
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T h e  C-alkylation of a terminal carbon in conjugated ena- 
mino ketones may be achieved through reaction with al- 
kyl halides in the presence of n-butyllithium,' hydroxy- 
methylation of acylated enamines with formaldehyde and  an 
alkyllithium,2 or through use of enamino ketones as nucleo- 
philic acylating agenh3j4  

We have now found that the  reaction of structurally related 
P-acylenamines with alkyllithium reagents follows an alter- 
native course t o  yield a$-unsaturated carbonyl compounds. 
The problems associated with the  synthesis of such com- 
pounds have been documented516 and some particularly effi- 
cient methods have been developed for their p r e p a r a t i ~ n . ~  The  
work reported herein affords a practical, efficient route t o  
a,P-unsaturated ketones in 60-85% yield based on starting 
ketone. 

Condensation of ketones 1-7 with N,N-dimethylformamide 
dimethyl acetal a t  110 "C for 12 h under nitrogen gave ena- 
mino ketones 8-14, respectively.8 When the  enamino ketones 
were treated with 1.1 equiv of n-butyllithium in anhydrous 
tetrahydrofuran at -30 t o  0 "C and then allowed t o  warm t o  
room temperature, the corresponding a$-unsaturated ketones 
15-24 were obtained (Table I). 

In order t o  demonstrate the versatility of this synthetic 
method, we have applied the  sequence to prepare several 
natural  products of which dihydrojasmone (26) and peril- 
laketone (30), originally isolated from Perilla frutescens 
Brit.,13 a re  representative examples. 

T h e  conversion of N,N-dimethylatropaldehyde (31)12 t o  
t he  unsaturated aldehyde (32) in 70% yield without any  con- 
comitant carbinol formation would serve t o  indicate t h a t  t he  
course of these reactions is not sterically determined. Fur -  
thermore, t he  absence of any  additional attack on  the  a,P- 
unsaturated carbonyl compounds by alkyllithium is believed 
due to  the intervention of intermediates such as 33 which have 
no  propensity for additional attack by nucleophiles. 

The  generality of the  process is demonstrated by successful 
extension t o  methyllithium and tert  -butyllithium reagents 
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Table I. Two-step Conversion of Ketones to n,fi-Unsaturated Ketones 

registry enamines registry tu$-unsaturated ketones registry 
ketones no. (yield, %)" no. (yield, %) no. 

9 0 

cyclopentanone ( 1 )  120-92-3 67382-33-6 67382-39-2 

cyclohexanone (2) 108-94-1 

m-trifluoromethylphenyl- 349-76-8 
acetone (3) 

p-chloroacetophenone ( 4 )  99-91-2 

3,4,5-trimethoxyacetophe- 1136-86-3 
none ( 5 )  

3-acetyl-2,5-dimethyIthio- 2530-10-1 
phene (6)  

2,6-dimethoxyacetophe- 2040-04-2 
none (7) 

' N- b7 
I 

q y  0 

28467-36-9 

67382-34-7 

67382-40-5 

16 (7,1%1 

CF p-) 

N- 

I 

N- 
I 

12 (89%) 

t: Jg+y 67382-37-0 

67382-38-1 

i 

67382-41 -6 
67382-42-7 
67382-43-8 

67382-44-9 

/ CH CH 0 

\R 
2L R = ~ I  C,H,~(JVJI 67382-45-0 
2 2  R = CH (h+,.i 67382-46-1 

0 

67382-48-3 

I 
14 9,?)., 1 

24 [ 687~ 1 

0 These refer to isolated yields of chromatographically homogeneous materials. All intermediates and products were characterized by IR, 
NMR, and mass spectroscopy and afforded satisfactory combustion analyses. 

(Table I), and the data show that these conversions are com- 
parable in efficiency. 

In view of the capriciousness of 1,4 vs. 1,2 addition of or- 
ganometallic reagentsI4 to unsaturated carbonyl compounds, 
the consistency of our results provides a useful route to sub- 
stituted, conjugated enones. 

Experimental Section 
2 4  (Dimethylamino)methylene]cyclopentanone (8). To 8.4 g 

(0.1 mol) of cyclopentanone was added 11.9 g (0.1 mol) of N,N-di- 
methylformamide dimethyl acetal and the mixture was refluxed under 
nitrogen at  110 OC for 12 h. The resulting mixture was stripped of 
methanol and distilled in a Kugelrohr apparatus at  90 OW30 pm to 
afford 12.2 g (88%) of the title compound as an amber oil which was 
used without further purification [nzbD 1.6796; DCO 1686 cm-1; NMR 
(CDC13, Mersi) 6 1.5-3.0 (m, 6 H, cyclopentanone ring protons), 3.08 
(s, 6 H, N(CH&, 7.1 (t, J = 0.75 Hz, =CH; M+ mle 139). 
2-Pentylidenecyclopentanone (15). To 11.12 g of 8 in 350 mL of 

tetrahydrofuran at  -30 "C (N2) was added 57.2 mL (1.1 equiv) of 1.6 

M n-butyllithium reagent, dropwise over 30 min. The reaction mix- 
ture was stirred to room temperature over 2 h. The excess n-butyl- 
lithium was destroyed with water (5.0 mL) and the solvent was re- 
moved in vacuo. The oily residue was treated with 100 mL of water 
and extracted five times with 100-mL portions of ether. The ether was 
washed with water, dried (MgSOr), and evaporated in vacuo (40 "C 
(10 mm)) to give 9.4 g (75%) of the title compound 15: bp 100-102 "C 
(8 mm); n z 5 ~  1.4756, lit.7c nZoD 1.4743; CCO = 1660, 1730 cm-l (lit.9 
1653, 1709 cm-l); NMR (CDC13, Mersi) 6 0.50-1.33 (m, 15 H), 
6.30-6.73 (m, 1 H, vinyl). Anal. Calcd: 78.95; H, 10.53. Found: C, 78.73; 
H, 10.49. 
2-Pentyl-2-cyclopenten-1-one (25). To 1.0 g of 15 dissolved in 

10.0 mL of n-butyl alcohol was added 2.0 mL of 12 N hydrochloric acid 
and the mixture waa stirred at 100 "C for 1 h.9 The mixture was poured 
into water and extracted with ether. The ether solution waa dried over 
anhydrous magneBium sulfate and stripped to give 0.8 g (80%) of 25 
as a mobile, colorless, fragrant liquid whose obtention comprises a 
synthesis of dihydrojmmonel0 (26): n Z 5 ~  1.4687; ECO 1715,1638; NMR 
(CDC13, Mersi) 6 0.33-3.00 (m, 15 H), 7.26-7.5 (m, 1 H, vinyl). Anal. 
Calcd: C, 78.90; H, 10.59. Found: C, 78.65; H, 10.44. 
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Scheme 11. A Total Synthesis of Perillaketone 
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trans-3-[3-(Dimethylamino)acryloyl]furan (28). A mixture 
of 3.30 g (0.03 mol) of 3-acetylfuran (27) and 25.0 mL of N,N-di- 
methylformamide dimethyl acetal was heated under reflux for 12 h. 
The mixture was evaporated in vacuo and the residue was crystallized 
under pentane. Recrystallization from diisopropyl etheddichloro- 
methane gave 2.9 g (59%) of trans-3-[3-(dimethylamino)acryloyl]- 
furan (28): mp 103-105 "C; NMR (CDCI3, Me4Si) 6 2.95 (s, 6 H, 
N(CH3)2), 5.42 (d, 1 H), 7.68 (d, 1 H, J = 13.5 Hz, trans-vinyl), 6.68, 
7.41,S.O (m, 3 H, furan). Anal. Calcd C, 65.44; H, 6.71; N, 8.48. Found 
C, 65.55; H, 6.42; N, 8.63. 

trans-3-Fury1 3-Methyl-1-butenyl Ketone (29). To 1.65 g (0.01 
mol) of the trans-enamino ketone (28) in 100 mL of dry (Linde 4A 
Sieves) tetrahydrofuran under nitrogen was added 5.5 mL of 1.85 M 
isopropyllithium reagent in pentane. After stirring at -30 OC for 0.5 
h, the solution was stirred to room temperature and 5.0 mL of water 
was added. The solution was stripped dry, and the residue was ex- 
tracted with dichloromethane. The organic layer was washed with 
saturated sodium chloride solution, dried (MgS04), and evaporated 
in vacuo to give an oil which was purified by chromatography (325 g 
of silica gel, gradient elution with dichloromethane and ethyl ace- 
tateldichloromethane) to give 0.6 g (37%) of the trans-a,@-unsaturated 
ketone (29): NMR (CDC13, Me4Si) 6 1.13 [d, 6 H, J = 6.2 Hz, (CH&C], 
2.55 (m, 1 H, CH(C)(C)), 6.4 (d, 1 H, J = 14 Hz, trans-vinyl), 7.0 (m, 
1 H, vinyl), 7.0 (m, 1 H, vinyl), 8.0,7.4,6.8 (m, 3 H, furan). Anal. Calcd 
C, 73.15; H, 7.37. Found: C, 73.41; H, 7.14. 

Synthesis of Perillaketone (30). To a solution of 0.6 g of 29 in 100 
mL of ethanol was added 60 mg of 5% palladium on carbon and the 
mixture was hydrogenated for 1 h. The solution was filtered through 
celite and evaporated in vacuo to give 0.4 g (66%) of perillaketone (30) 
identical with authentic material: NMR (CDC13, MedSi) 6 2.71 (t, 2 
H, J = 8 Hz, -COCHr), 0.7-2 (m, 7 H, aliphatic), 6.7-8.1 (m, 3 H, 
furan). 

2-Phenyl- trans-2-heptenal (32). To 3.5 g of N,N-dimethyla- 
tropaldehyde (31)12 was added 150 mL of dry tetrahydrofuran (Linde 
4A Sieves) and the solution was cooled to -30 OC. Under nitrogen was 
added 9.0 mL of 2.4 M n-BuLi reagent in 2 min and the reaction 
mixture was stirred to room temperature over 2 h. To the solution was 
added 100 mL of 1 N HCl followed by 500 mL of ether. The ether 
extract was dried (magnesium sulfate) and removed in vacuo to give 
1.3 g (35%) of 32 as an amber oil. The analytical sample was obtained 
by column chromatography over 45 g of silica gel (Woelm Act. 1) using 

Scheme I11 
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dichloromethane as the eluant: NMR (CDC13, MerSi) F 0.6-1.65 (m, 

= 8 Hz, -CH=C<), 6.85-7.5 (m, 5 H, aromatic), 9.50 (s, 1 H, CH=O); 
M+ mle 188; n Z 5 ~  1.5247. 

7 H, CH3(CH2)2), 2.33 (q, 2 H, J = 8 Hz, -CH*C=C-), 6.67 (t, 1 H, J 

Acknowledgments .  We  thank  Professor Leo A. Paquette 
of Ohio S ta te  University for critical evaluation of t he  work. 
Professors Jack  E. Baldwin of M.I.T. and  Edward C. Taylor 
of Princeton University a re  thanked for helpful discussions. 
We  thank  Mr. Paul  L. Unger for providing spectrographic 
support  and  Mr. George M. Maciak for combustion analy- 
ses. 

Registry No.-25,25564-22-1; 27,14313-09-8; 28,67382-49-4; 29, 
34348-59-9; 30, 553-84-4; 31, 67382-50-7; 32, 67382-51-8; N,N-di- 
methylformamide dimethyl acetal, 4637-24-5. 

Refe rences  and Notes 
(1) M. Yoshimoto, N. Ishida, and T. Hiraoka, Tetrahedron Lett., 39 (1973). 
(2) B. Ganem, J. Am. Chem. SOC.. 98,244 (1976). 
(3) R. R. Schmidt and J. Talbiersky, Angew. Chem., lnt. Ed. Engl., 15, 171 

119781 , . - . - , . 
C. Wiaux-Zamar, J.-P. Dejonghe, L. Ghosez, J. F. Normant, and J. Villieras, 
Angew. Chem.. lnt. Ed. Engl., 15, 371 (1976). 

(4) 

(5) L. Birkofer, S. M. Kim, and H. E. Engels, Chem. Ber., 95, 1495 (1962). 
(6) R. E. Ireland and P. W. Schiess, J. Org. Chem., 28, 6 (1963). 
(7) (a) D. Seebach, M. Kolb, and 6. T. eobel, TetrahedronLett., 3171 (1974); 

(b) R. A. J. Smith and T. A. Spencer, J. Org. Chem., 35, 3220 (1970); (c) 
M. F. Ansell and J. W. Ducker, J. Chem. Soc., 329 (1959); (d) N. Katsin and 
R. ikan, Synth. Commun., 7, 185 (1977). 

(8) E stereochernistrv is assianed to the enamino ketones bv analoav with ~. 
ldimethylamino-2-benzoyiethylene derived from acetophenone, inwhich 
& H~ = 11.5 Hz. E stereochemistry is assigned on the same basis to the 
a$-unsaturated ketones. See H. Meerwein, W. Florian, G. Schon, and G. 
Stopp, Justus Liebigs Ann. Chem., 641, 1 (1961), for use of DMF acetals 
as formyiating agents. 

(9) M. P. L. Caton, E. C. J. Coffee, and G. L. Watkins, Tetrahedron Lett., 773 
(1972). 

(IO) T. L. Ho, Synth. Commun., 4, 265 (1974). 
(1 1) K. Kondo and M. Matsumoto, Tetrahedron Lett., 4363 (1976). 
(12) 2. Arnold, Collect. Czech. Chem. Commun., 26, 3051 (1961). 
(13) R. Goto, J. Pharm. SOC. Jpn., 57, 77 (1937). 
(14) (a) G. H. Posner, Org. React., 19, 1 (1972); (b) J. V. Greenhill, Chem. SOC. 

Rev., 6, 277 (1977); (c) A. I. Meyers and S. Singh. Tetrahedron Lett., 5319 
(1967). 

Annelation of E t h y l  Propiolate with E t h y l  
Pipecolate 

Peter Walter and Thomas M. Harris* 

Department of Chemistry Vanderbilt Uniuersity, 
Nashville, Tennessee 37235 

Received May 1,1978 

In conjunction with studies of the  alkaloid slaframinel we 
undertook a search for routes t o  A2 derivatives of l-oxooc- 
tahydroindolizines. T h e  cycloaddition of ethyl propiolate t o  
ethyl pipecolate (1) was formally attractive for this purpose 
although an earlier a t tempt  by Winterfeldt and Dillinger t o  
effect a similar condensation of dimethyl acetylenedicar- 
boxylate with methyl ethylaminoacetate had met with failure, 
only an uncyclized Michael adduct being obtained.2,3 Nev- 
ertheless, we were encouraged by molecular model studies 
which suggested that the geometry of the zwitterionic inter- 
mediate resulting from addition of 1 t o  t he  acetylenic ester 
would be  particularly conducive to annelation. 

Trea tment  of ethyl pipecolate with ethyl propiolate in  re- 
fluxing ethanol gave Michael adduct  2 in  yield >go%. Exam- 
ination of the N M R  spectrum of the crude reaction mixture 
revealed no  more than a trace of a signal that might represent 
the vinyl proton of t he  desired 1-oxohexahydroindolizine 3 
b u t  when the reaction was repeated in hexane at ambient 
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