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Abstract-Two amino acids have been isolated from seed of Blighiu un@ugatu. The compounds were charac- 
terized as trots-a-(2-carboxymethylcyclopropyl)glycine and 2amino-5-methyl-6-hydroxyhex-knoic acid 
following analysis of their hydrogenation products and NMR and mass spectra. The structures of the two 
compounds are discussed in relation to other C7 amino acids occurring in members of the Sapindaceae and 
Hippocastanaceae. 

INTRODUCTION 

IN A SERIES of papers published during the last 10 years,l-’ we have described the isolation 
and characterization of a group of unusual amino acids from members of the Sapindaceae 
and Hippocastanaceae. The majority of these compounds contain six or seven carbon 
atoms, arranged as a branched-chain skeleton. This branching takes the form of a cyclo- 
propane ring in several of the compounds. /I-(Methylenecyclopropyl)alanine (hypoglycin A) 
from Blighia sapial? and a-(methylenecyclopropyl)glycine from Litchi chinensis’ were among 
the earlier amino-acid isolates from species within the Sapindaceae; later isolations2*3 
included four more cyclopropane amino acids and also the y-glutamyl peptides of hypo- 
glycin A8 and of trans-a-(carboxycyclopropyl)glycine.4 Some of the compounds show 
ethylenic- or acetylenic-type unsaturation; 2-amino-4-methylhex-4-enoic acid forms the 
principal component of the soluble-nitrogen fraction of seed of Aesculus californica,* whilst 
three C, acetylenic amino acids occur in Euphoria longan seed.5 Many of these compounds 
occur in the seed of various Aesculus and Billia species, and a summary of their structures 
and distribution in relation to the accepted taxonomyQ*10 of the bigeneric family, Hippo- 
castanaceae, is available.‘j 

Recently, we have studied the amino acid complex present in the seed of another Blighia 
species, i.e. B. unijugata, collected in Ghana. Two amino acids, not previously described as 
natural products, were isolated and characterized as trans-a-(2-carboxymethylcyclo- 
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5 M-L. SUNG, L. FOWDEN, D. S. MIL,L.INGT~N and R. C. SHEPPARD, Phytochem. 8,1227 (1969). 
6 L. FOWDEN, J. W. ANDW~~N and A. SMITH, Phytochem. 9,2349 (1970). 
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propyl)glycine (I) and 2-amino-5-methyl-6-hydroxyhex-4-enoic acid (II). The latter com- 
pound is a hydroxylated form of 2-amino-5-methylhex-4-enoic acid, earlier identified as a 
constituent of the fungus, Leucocortinarius bulbiger;” it is an isomer of 2-amino-4-methyl- 

6-hydroxyhex-4-enoic acid, which was characterized as one of a group of unusual amino 
acids present in seed of A. caIifornica.2 

H 
3 

H H 

,/2, 

HOH&\ 

c~(~~,lcooH C=CHCH,CH (NH~I coon 
2 t 

H3C’ 

CH,COOH l-i 

(I) (It) 

RESULTS 

Seed of B. un.@gata, like that of B. sapida, contains hypoglycin A and hypoglycin B as 

major components of the soluble nitrogen fraction. Pans-a-(carboxycyclopropyl)glycine 
was not detected in the anionic fraction separated from the extract of B. unijugata, although 
this dicarboxylic amino acid forms a principal constituent of akee (B. sapida) seed. The two 
newly-identified amino acids were observed initially as unusual spots on a ninhydrin-treated 
two-dimensional chromatogram of a seed extract. Compound I was seen as a faint blue- 
purple spot present at a position associated with acidic amino acids, whilst compound II was 

- 

Phenol-NH3- 

FIG. 1. DIAGRAMMATIC REPRESENTATION OF POSITIONS OF AMINO ACIDS (0) ISOLATED FROM B. unijugara 
IN RELATIONTOCERTAIN STRUCTURALLY-SIMILAR COMPOUNDS FROMRELATEDPLANTSPECIES. 

Key to chromatographic spots: l-aspartic acid; 2-glutamic acid; 3-serine; 4-glycine; 5- 
asparagine; dthreonine; 7-glutamine; 8-alanine; 9-histidine; IO-lysine; 1 l-arginine; 
12-proline; 13--tyrosine; 14y-aminobutyric acid; 15-valine; 16-phenylalanine; 17-leucine. 
(Ia) hypoglycin A; (Ib) hypoglycin B; (IIa) 2-amino4-methylhex-4-enoic acid; (IIb) 2-amino4- 
methyl-6-hydroxyhex4-enoic acid; (11~) y-glutamyl peptide of IIa; (III) homoisoleucine; (IV) ,G- 
methyl-p-(methylenecyclopropyl)alanine; WI) a-(methylenecyclopropyl)glycine; (VII) cis-o- 
(carboxycyclopropyl)-glycine; (VIII) cis-3,4-methanoproline; (IXa) trans-a-(carboxycyclo- 
propyl)glycine; (IXb) y-glutamyl peptide of IXa; (X) trurzs-a-(carboxymethylcyclopropyl)gIycine; 

(XI) 2-amino-Smethyl-6-hydroxyhex-4-enoic acid. 
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recognized initially as a yellow spot, whose colour changed gradually to blue-purple, in a 
position partially overlapping that of y-aminobutyric acid. Figure 1 illustrates these posi- 
tions relative to those of some other unusual amino acids from Blighia, Billia and Aesculus 
species. 

The two new compounds were separated from an aqueous-ethanolic extract of Blighia 
unijugata seed (45 kg) by coupling cation- and anion-exchange resin column techniques 
with preparative paper chromatographic methods. 

Trans-a-(CarboxymethylcyclopropyZ)glycine (I) 

The isolation procedure leading to the separation of this compound involved an absorp- 
tion step on to an anion-exchange resin, and so indicated the acidic nature of I. Elementary 
analysis suggested the empirical formula C,H,1N04. The mass spectrum did not show a 
peak corresponding to the parent ion (i.e. at m/e 173), but a base peak at m/e 128 (i.e. 
M-COOH). 

Hydrogenation of the compound, under weakly acidic conditions, in the presence of 
Adam’s platinum catalyst resulted in a slow, and incomplete, conversion into two products. 
This behaviour was reminiscent of that shown by cis- and trans-isomers of a-(carboxycyclo- 
propyl)glycine,3 and unlike that of simple ethylenic or acetylenic amino acids. The reduction 
products were identified using chromatographic and electrophoretic methods, as erythro3- 
methyl-Zaminoadipic acid and threo-4-methyl-2-aminoadipic acid, i.e. they arose by 
reductive 2,3- and 1,3-fissions within structure I. These structural assignments suggest a 
trans configuration of substituent groups about the cyclopropane ring. A trans configuration, 
as opposed to cis, is in agreement with the failure of I to give a lactam when autoclaved at 
pH 3 at 120” [under similar conditions, a-aminoadipic acid’* and cis-a-(carboxycyclo- 
propyl)glycine3 are almost completely transformed into their lactams]. Oxidation of I by 
treatment with N-bromosuccinimide and silver oxideI gave an organic acid presumed to be 
trans-2-carboxymethylcyclopropane-I-carboxylic acid. An L-configuration at the a-carbon 
atom was indicated by specific optical rotation values. 

These structural predictions were finally confirmed by a study of the NMR spectrum of 
the sodium salt of I. The spectrum showed the presence of four protons attached to a 
cyclopropane ring (complex multiplet at high field), a methylene group in a fragment 
-CH,-CH=, and a single proton adjacent to one other, as in =CH-CH=. No olefinic 
protons were present. Spin decoupling experiments show that as expected from the multi- 
plicities of the methylene and single proton signals, these protons were not adjacent to each 
other but were coupled to single protons on the cyclopropane ring. These results excluded all 
possible structural formulations other than that shown in I. 

2-Amino-Smethyl-6-hydroxyhex-4-enoic Acid (II) 

This compound eluted from a cation-exchange resin column (Dowex 5OW) together with 
other neutral amino acids such as glycine, alanine, leucine, isoleucine and hypoglycin A. It 
was finally separated from other substances on preparative paper chromatograms developed 
in butan-1-ol-acetic acid-water. Elementary analysis indicated the formula C,H,,NO3. 

Hydrogenation @‘t/H,) of II at laboratory pressure and temperature produced a mixture 

l1 G. DARDENNE, J. CA~IMIR and J. JADOT, Phytochem. 7, 1401 (1968). 
I2 J. P. GREENSTEIN and M. WINITZ, Chemistry ofthe Amino Acicis, Vol. 3, p. 2457, Wiley, New York (1961). 
I3 D. K. BLACK and S. R. LANDOR, J. Chem. Sot. C, 288 (1968). 
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of amino acids. The principal product was homoleucine (identified by paper chromato- 
graphy and amino acid autoanalyser). A smaller amount of a second product, reacting 
blue-purple with ninhydrin, was present in the final reduction mixture: this substance 
moved only slightly faster than II on paper chromatograms, suggesting it resulted following 
saturation of an ethylenic linkage (i.e. it was presumed to be 2-amino-5-methylhex-4-enoic 
acid). At intermediate times, 2-amino-5-methylhex-4-enoic acid was recognized as a hydro- 
genation product, but this was rapidly further reduced to homoleucine. When 10 % palladium 
on carbon was used as the catalyst during hydrogenation, the presumed 2-amino-5-methyl-6- 
hydroxyhexanoic acid represented the major reduction product. This behaviour during 
hydrogenation is an almost exact parallel of that recorded for the isomeric 2-amino-4- 
methyl-6-hydroxyhex-4-enoic acid.2 It established the basic carbon skeleton of II, the posi- 
tions of the doubly-bonded carbon atoms, and strongly suggested the presence of an allylic 
hydroxyl group on either C-6 or C-3. Oxidation of II with acidic permanganate produced 
aspartic acid in low yield, thereby eliminating the possibility that the hydroxyl group was on 
the C-3 atom. 

The NMR spectrum of II was in accord with these structural features, and indicated that 
the hydroxyl was attached to a terminal carbon atom. The chemical shifts and multiplicities 
of the resonances assigned to the various protons are given in the Experimental. These 
compare very favourable with those measured previously for similar protons in 2-amino- 
4-methylhex-4-enoic acid and 2-amino-4-methyl-6-hydroxyhex-4-enoic acid,14 and support 
in detail all features of structure IE as written above. The nature of the cis-trans stereo- 
chemistry about the double bond has not been established for II. 

DISCUSSION 

The identification of compound I as another example of a cyclopropane amino acid was 
not surprising since the genus Blighia was already known to produce p-(methylenecyclo- 
propyl)glycine (hypoglycin A) and trans-a-(carboxycyclopropyl)glycine. However, the 
structure finally assigned to I, on the basis of incontrovertible NMR evidence, was not the 
only one considered on biogenetic grounds. Previous work with members of the Sapindaceae 
and with Billia had resulted in the characterization of a-(methylenecyclopropyl)glycine and 
trans-a-(carboxycyclopropyl)glycine, i.e. compounds having the same basic carbon skeleton 
and differing only in the oxidation state of the single carbon substituent (methylene or 
carboxy) exocyclic to the cyclopropane ring. By analogy, compound I might have been 
@an.@-(carboxycyclopropyl)alanine showing a similar relationship to hypoglycin A. 
Although this was not the case, the possibility that trans-/L(carboxycyclopropyl)alanine is 
produced by this group of plants must still be regarded as being very real. Metabolically, 
traPls-a-(carboxymethylcyclopropyl)glycine may be more closely related to trans-u-(carboxy- 
cyclopropyl)glycine than to hypoglycin A, but all three might be derived ultimately from a 
common precursor such as isoleucine (see earlier papers for a discussion of possible bio- 
genetic relationshipszJsJ6). 

The characterization of the second isolate from B. unijugata as 2-amino-5-methyl-6- 
hydroxyhex4-enoic acid necessitates an extension of the biogenetic hypothesis recently 
advanced16 to account for the synthesis of C, branched-chain amino acids in Aesculus and 

I4 D. S. MILLINGTON and R. C. SHEPPARD, Phytochem. 7, 1027 (1968). 
I5 L. Fo~~EN, in Progress in Phytochemistry (edited by L. REINHOLD and Y. L~WSCHITZ), Vol. 2, pp. 203- 

266, Wiley, London (1970). 
I6 L. FOWDEN and M. MAZELIS, Phytochem. 10,359 (1971). 






