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ABSTRACT: Three new alkaloi& have been isolated from Calystegia sepium; their structures have been 

established from their ‘Ii and 13C N.M.R. spectra, and confirmed by the synthesis of model compounds. 

In a quest towards a better understanding of how plants interact with their environment, and more 

precisely with soil bacteria, three new alkaloids, called calystegines B1, Bz, and As have been isolated 

ftim the roots of Calyategia ’ sepium ; they are supposed to enhance the growth of the Rhizobium species 

of bacteria. We wish to present here their structure elucidation and confirmation by the synthesis of 

model compounds. 

After extraction and HPLC purification, calystegines B1, Bz, and As1 were subjected to high res- 

olution mass spectrometric analysis, leading to molecular formulae: CTHlsOsN (M=159.0895) with 4 

exchangeable hydrogens for calystegine As (C.I. with NDa), and C,Hl30dN (M=l75.0844) with 5 ex- 

changeable hydrogens for calystegines B1 and Bz. 

Scheme 1 

The 13C N.M.R. spectrum of calystegine B1 revealed 1 quaternary carbon (6=93.0 ppm), 4 methine 

carbons (6=60.0, 70.0, 73.0, 82.0 ppm) and 2 methylene carbons (6=25.0, 32.0 ppm). The 13C N.M.R. 

spectra of calystegines Bg and As also dispbyed also 1 quaternary carbon at 93 ppm similar to that 

observed in calystegine B1, and also 4 methine carbons (6=58.0, 76.5(2C), 80.3 ppm) and 2 methylene 

carbons (6=24.2, 31.0 ppm) for calystegine B 1, 3 methine carbons (6=54.0, 72.5, 82.5 ppm) and 3 

methylene carbons (6=29.1, 31.0, 42.5 ppm) for calystegine Al. 

‘H N.M.R. studies at high field? (400 MHz) with extensive ‘H-‘H decoupling experiments lead us to 

propose structures A,2 and 3 for calystegines B1, Bs, and A3 (see Scheme 1). 
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In calyategine Br 2 isolated proton spin systems were identified: 

a first spin system of 5 coupled protons was assigned to H-2, H-3, H-4, H-4’ and H-5; the second spin 

system of 3 protons was assigned to H-6, H-7 and H-7’. A small long range coupling constant can 

be detected between H-2 and H-7 (5~1.5 Hz). The stereochemistry at C-6 is in agreement with the 

observation that the 2 vi&al protons H-5 and H-6 do not display any coupling, due to a dihedral angle 

close to 90” (bridgehead and endo protons). The coupling constant measurements indicated that the 3 

protons on C-2, C-3 and C-4, bearing the hydroxy groups, are axial (J=7.5-9 Hz). 

The structure of calystegine Br has been elucidated in a similar manner, noting that C-6 was not 

bearing an hydroxy group since H-5 displays 2 coupling constants with H-4 and H-6 respectively (J4,s = 

3.5Ht ; Js,s = 9Hz). 

The elucidation of the structure of calys2egine As has been achieved in the same manner. 

It is important to note that the six-membered ring of calystegines has a chair conformation, in view 

of the fact that, in calyategine Br , proton H-5 displays 2 coupling constants for H-4 and H-4’ respectively 

(J4,s=2.5 Hz; Jd,,s=3.5 Hz), which can only appear in a chair conformation: a boat conformation would 

provide a dihedral angle close to 90” between C-5-H-5 and C-4-H-4’ bonds, and another one close to 0” 

between C-5-H-5 and C-4-H-4 bonds, as shown in Scheme 2. 
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Scheme 2 

An additional proof is provided by observation of a long range coupling constant between H-2 and 

H-7, which can only appear in a chair conformation of the six-membered ring. (see Scheme 3.)3 

Scheme 8 



Conflrmation of structure 

In order to con&m these structures, we have prepared some products, having the tropane skeleton 

by the dipolar addition of 3-0~0 pyridinium betaines to activated olefins4. The results are summarized 

in Scheme 4. 

a: CHsI or BnBr, reflnxing PrOH. b: MeONa, MeOH. c: refluxing THF. 

Scheme 4 

A similar approach to the tropane skeleton has recently been described by Koizumi et al.‘. 

The stereoselectivity observed in this reaction must be related to the difference in steric hindrance 

provided by the R and R’ groups. When phenyl-vinyl sulfone was used as activated olefln, only one 

isomer is obtained when R is a benzyl group: structure & ‘, with an ezo substituent was assigned to 

this adduct, according to the fact that no coupling constant is detected between H-5 and H-6,,6,. Two 

isomeric compounds a and &’ are obtained when a methyl group is the R substituent, corresponding 

respectively to the ezo and the endo substituted cycloadducts. This provides a convenient proof of the 

stereochemistry of carbon C-6 of ccllystegine Br, since H-5 and H-6,, of & display a coupling constant 

of 6 Hz, which is in agreement with that observed for H-5 and H-6 of calystegine Bz. 

Reduction of h affords two isomeric allylic alcohols&and a, which, upon catalytic hydrogenation, 

yield a mixture of the two saturated alcohols j& and a. Equatorial alcohol & displays a coupling 

constant of 2.5 Hz between H-l and H-2, in agreement with that detected in the calyslegines (J4,5=3.5 

Hz). An additional proof comes from the detection in alcohol & of a small long range coupling constant 

between H-2 and H-7,, (J=lHz), which does not appear in compound as. 
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a: DIBAH, THF; 70%. b: HZ, Pd/C, EtOH; 80%. 

Scheme 5 
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