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Abstract - In mild acidic condition (2N HCI, 55 'C), frangufoline, a 

frangulanine type 14-membered cyclopeptide alkaloid was first converted 

yia unusual enamide cleavage to sanjoinine-G2, which was further 

hydrolyzed to a linear compound, 6)-[(N'jV')-dimethyIphenylalanyI1- 

(2S,3S-3-(o-formylphenoxyleucyl)-(S)-leucine. From the extensive acid 

hydrolysates, 4-hydroxybenzaldehyde was also isolated. Air oxidation of 

the vinylic double bond followed by the liberation of formaldehyde is 

proposed for a possible mechanism for the ring cleavage. 

Several sedative frangulanine type IGmembered cyclopeptide alkaloids including frangufoline 

'(1) have been isolated from the seeds of &zypphysvuulgaris var. anusus L., an important 

sedative in Oriental medicine.' Frangulanine type cyclopeptide alkaloids are characterized by 

strained 14-membered ring system and an aryi ether resulting from p-hydroxystyrylamine and 

D-hydroxy~eucine.~ SAR study of a series of cyclopeptide alkaloids revealed that the 

styryiamine unit is important for the in_My~ a~tivity.~ Reduction or hydration of the d o u d  

bond resulted in significant loss in activity. In the course of metabolic study on 1, we found 

that 1 was rapidly converted to a metabolite in rodents UYQ and W and that the 

metabolite was identical based on hplc with a compound (3) that was produced by acid 

treatment of 1. Herein, the structure of 3 is described and a possible mechanism for the ring 

cleavage is discussed. 

A soh of 1 (30 mg) in 2N HCI was heated at 55 OC for 10 h in open air. The reaction was 

monitored by hplc ana~ysis.~ Following neutralization by I N  NaOH, the reaction mixture was 

.extracted with BuOH, and the BuOH extract was divided into two fractions (A and B) by 
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column chromatography on silicagel eluting with a stepwise gradient of CHC13-MeOH (50 : 1, 

20 : 1). Fraction A was subjected to column chromatography on silica gel (CHC13-MeOH, 50 : 

1) to yield 4-hydroxybenzaldehyde (1 mg) and crude 2. 2 was further purified by 

rechromatography on silica gel (3.2 mg, CHCl3-MeOH-HOAc, 30: 1 : 0.5). Fraction B was 

chromatographed on silica gel (Benzene-EtOH, 5 : 1) to give 3 (10 mg). 

A time course study using hplc revealed that 1 was first converted to 2, which was 

subsequently converted to 3 (data not shown). It was first thought that 2 would be formed by 

ring cleavage yh usual enamide hydrolysis of 1, thus having para-substituted 

phenylacetaldehyde and leucinamide moieties at the open ends. However, the results 

obtained in this study proved that this is not the case. 

Uv spectra of 3, which exhiited I ,  277 nm (loge 5.0 in CH30H) indicated that 3 is a linear 

molecule, as 14-membered cyclopeptide alkaloids generally show only end absorption due to 

the strained ring s y ~ t e m . ~  Its 'H nmr spectrum was similar to that of 1, but two olefinic 

proton signals and the amide proton signal of stytylamide unit of 1 were absent in 3. 

Instead, a formyl proton at 6 9.70 (lH, s) was obse~ed! More importantly, two doublet 

peaks at 6 7.00 and 7.71 (each 2H, J = 8.8 Hz) attributable to 1,4-disubstituted phenyl 

protons correspond well with the aromatic protons of 4-hydroxybenzaldehyde, which, in fact, 

was isolated from the acid hydrolysates of I.' These two proton signals were also indicative 

of the ring cleavage, since the corresponding aromatic protons should give four distinctive 

signals (each 1H) in 14-membered cyclopeptide ring systems! An additional support for the 

attachment of -CHO other than -CHzCHO on the p-phenoxy group in 3 was provided by 

Elmass spectrum of 3.' By an aromatic McLaffefty rearrangement" the fragment originating 
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from the aromatic nucleus gave the molecular ion peak (c') at m h  121. The presence of a 

carboxyl group at the other end of 3 was confirmed by methylation with ~ ~ 2 ~ 2 . l '  The 

Clmass with NH3 as the chemical ionization source of 3 exhibited a [M+HI' ion at m h  540 

with the molecular formula of CPH~IN~O~, which was established by HRElmass 

~pectrometry.'~ The above findings together with the analysis of nmr spectra ('H-'H COSY 

.(DQF), 'H-% COSY (HMQC) and DEPT) enabled the structure of 3 to be determined as 

(S)-[W,N)-dimethylphenylalanyll-(2S,3S)-3-~-formylphenoxyleucyl)-(S)-leucine. Since 

epimerization was not expected to occur under the reaction conditions employed, the 

stereochemistry of 3 was assigned referring to that of 1, which has been established by 

means of gc analyses of diastereomeric derivatives of individual amino acid units in the acid 

hydrolysates and NOE.'~ 

Compound (2) was readily assigned as sanjoinine-G2 ((S)-[VV'N)-dimethylphenylalanyll- 

(2S,3S)-3-(o-fonylphenoxyleucyl)-(S)-leucinamide) by direct comparison with the authentic 

samp1e.2'~ 

Having established the structures of 2 and 3, it became clear that 3 was produced by acid 

hydrolysis of the leucinamide of 2. However. 2 should have been produced from 1 Y h  an 

unusual enamide cleavage. The finding that conversion of 1 to 2 went at negligible rate 

under otherwise identical N2 atmosphere indicated that molecular oxygen plays a role in the 

cleavage reaction. Based on this and the structures of 1 and 2, it was proposed that the 

enamide bond in 1 is not cleaved via usual acid-catalyzed enamide hydrolysis probably due 

to the ring strain, rather 1 is first oxidized on the vinylic double bond, possibly to an epoxide, 

which subsequently undergoes hydrolysis and a retro-aldol type rearrangement to produce 2 

with liberation of HCHO. In fact, HCHO formed from the degradation was detected by the 

reaction with dimedone to yield methy~enebisdimedone.'~ Although 2 has previously been 

obtained from 1 by ozono~ysis'~ or by Os04-Na104 and alkali,2 this is the first report that a 

frangulanine type cyclopeptide alkaloid undergoes unusual enamide cleavage, in mild acidic 

conditions, to be converted to a linear compound with one less carbon unit. 
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