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Abstract: The synthesis of(+J-6-ben~yl-3-merhyl-3-en-1.6-d~a~crvprro[?.S~deca~-2.7-dione (IS), the 
spire morety of (ii-pandamarrne bar been ochleved by oxldative cylizutkwi of the (2) and (E) isomers of 
5-(N-ben~yi-4-carboxamrdo-butyl~dene)-3~methyl-3-en-pyrrolin-2-one (15~) and(J56) The 
srereoselectwq exhrbrted m the mnamolerular rychzatzon by both bufylidene precursors has also been 
drscussed 

The [4 S]sp~ro Iactam morcty is present tn some naturally occurring pipcridine alkaloids like (*)- 

pandamarine (1) and (-)-pandamarilactone (2) (Fig I) which have been isolated from the leaves of Pandunus 

amarylliJolius Rosbl The leaves of this Pandanus species, also known as “pandan-mabango” or fragrant 

screwpine. are used popularly m the Phtlippmes as flavouring for rice because it emits a peculiar odor similar to 

“amber-mohor” rice’. As (*)-pandamarine (1) occurs as a racemate. it has been proposed that it might be 

derived from cyclization of a symmetrical intermedtate such as (3a), or the tautomeric imine. which could be 
formed from (2s )-4-hydroxy-4-methyl-glutamic acid. also isolated from some Pandarms species3 
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Fig. 1 

As part of a project aimed at the synthesis of 1,6-diazaspiro[4,5]decanes we recently reported a new 
synthetic method to prepare sprrolactams and sprrolactones based on a diphenyl phosphorazidate DPPA- 

promoted decarbonylatton procedure”. We now wish to report our results on the synthesis of 6-benzyl-3- 

methyl-3-en-l.6-diazaspiro[4 SIdecane-2,7-dtone (18) by electrophilic cyclization of two olefinic precursors 

(15a) and (15b) in an attempt to test if the above menttoncd biosynthetic proposal might have any synthetic 

value 

The amidobutylidene derivatives (1%) and (15b). substrates for the cycltzation process were envisaged to 

be east]!; accessible from aldehydc (6) (Scheme I J 
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Amtdation of 4-pentenoic actd (4) with benzylamine by using N,N’-dicyclohexylcarbodiimide in the 

presence of N-hydroxysuccinimide provided the olefinic benzamide (5) in excellent yield. Ozonolysis of (5) 

followed by reductive work up afforded the aldehyde (6) quantitatively 
The preparation of (1 1)5 was achieved from the commercially available 3-methyl-2-pyrrolidone (7) in a 

five-step sequence with 56% overall yield. In order to have access to the key precursors (158) and (15b) it was 

necessary to append the pyrrolinone fragment (11) to the ~ldehyde (6). taking into consideration the 

stereochemtstry of the two newly generated stereocenter.&. The tetrabutylammonium fluoride-promoted addition 

of (11) to (6) (THF, -78°C. 1 h) proceeded with excellent eryrl~ro selectivity, to give a mixture of stereoisomers 

(12a. 12b= 7: 1) in 87% yield after flash chromatography7 
The transformation of (12a) and (12b) into the acetates (13a) and (13b) followed by treatment with 

DBU in benzene at room temperature led stereospecifically to the butylidene derivatives (148) and (14b) 

respectively. Deprotectton of the two N-Boc functionalities present in (14a) and (14b) took place quantitatively 

by treatment with trtlluoroacetic acid (5 eq) in dichloromethane at room temperature; however, we were unable 

to avoid the exocyclic double bond isomerization under the reaction conditions and the mixture of isomers (15a: 

lSb= I 2) was obtained in both cases with excellent yields. Plash chromatography (Cl3CH: MeOH= 9: 1) of the 

crude mixture allovved us the isolation and characterization of both isome&. 

4 80% 

bxe: 11 + ;‘*O 15a 15b 1.2 1Sb H 

P I) C&kljCII~K”li~, S-h~drox)succlnlmlde. UK, rt. 3h Ii) (‘BuOC0)20. THF, rellux; b. 03, CH2Cl2;78°C. 
S(CH3)2,e II. B&F; (1 I eq ), TIE, -78°C. d 4~20. pyr, DhlAP. (:H?_CIz. e. benzene, DBU (I 1 eq )rtSh.; f: 
CF3COOH (5 eq ), CH$II -I. rt 

Scheme 1 

Acidtc catalysts has been mtenstv ely used to generate cndocyclic iminium ions and promote intramolecular 
cyclizations9 However, our substrates (15a) and (15b) have been shown to be extremely reluctant to undergo 

intramolecular cycltzatton under drasttc acidic conditions. Treatment of (15a) and (15b) with refluxing 
trifluoroacctic acid for three days. polyphosphonc acid at 160°C for 72h. and a 1: 10 solution of P4Otn in 

methanesulfonic acIdto at room temperature for three days led to the recovery of the starting material. We 

assume that the tendency to aromatization of the pyrrolinone moiety to the 5-substituted-2-hydroxy-pyrrole 

under the reactton condittons mtght account for the exhibited reluctance to cyclization 
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Oxidative cyclization of either (15a) or (15b) by treatment with N-iodosuccinimide NE and sodium 

bicarbonate in dichloromethane at 0 “C led to the same mixture of iodolactams (65%) (16a: 16b=3: 1) and the 

pyrrolinone (17) (358)‘l. Presumably, a thermodynamic mixture of cis- and trans-substituted iodonium ions 

was formed which partially cyclized via 5-exo-cyclization to (17). but also led to the mixture of iodolactams via 

6-endo cyclization. We assume that the iodoiminium species indicated in Scheme 2 are most probably the 

cationic intermediates leading to 16a and 16b. Our results indicate that the cyclization via the chair-like 

transition state having the iminium cation in a pseudo-equatorial orientation (TS-1) is more facile than that with 

an axial orientation (TS-2). Note the relative orientation of the iminium cation and the electron pair of the 

nitrogen which is antiperiplanar in TS-1 and synclinal in TS-2 12, 

TS-1 
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a NIS (2 eq 1, NaHCOj (2 eq ) CH$ZIz. 0°C. Ih ; b n-BujSnH. AIBN, THF. 45°C. th. 
Scheme 2 

Treatment of both iodolactams (16a) and (16b) wtth tri-n-butyltin hydride and AIBN in THF at 45°C led 
to (i)-6-benzyl-3-methyl-3-en-1.6-diazaspiro[4.5]decane-2,7-dione (18) with excellent yields. 
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13cNMR: b(CD30D): IO.73 (q); 24.87 (I); 37.20 (0, 4109 (1); I 14 44 (d). 128.07 (d); 128 40 (d); 129.18 (d); 129.44 (d); 
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16b: ‘HNMR, G(CDC13): 672 (s.lH); 6.27 (s,lH); 467 (d. J = 18 Hz, 1H); 442 (m, WI,2 = 15 Hz. 1H): 4.10 (d. J= 16 
HZ. 1H): 3 05 (m, 1H): 2 65 (m. 21-I). 195 (m. lH), 1.82 (d. J = 1 2 Hz, 3H) ppm 
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13cNMR: a(CD3OD): 10.14 (q); 18.30 (t); 32.37 (t). 34 75 (I); 4.55 (I), 76 38 (s), 41.55 (1); 34.75 (t); 32.37 (t); 18.30 
(t); IO. 14 (q) ppm 
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