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Abstract-The title compound was isolated and shown by various physical and chemical techniques to 
be a new pyrrolidonecarboxylic acid. 

INTRODUCI’ION 

At a Symposium of The Phytochemical Society 
held at Swansea in 1974, G. Dardenne [l] and the 
author [2] read papers about work, done indepen- 
dently, which resulted in the isolation and struc- 
tural elucidation of the same novel amino acid 
from seeds of Pentaclethra macrophylla Benth. The 
trivial name “penmacric acid” (PMA) was pro- 
posed [2]. By mutual agreement, and with editor- 
ial co-operation, it was arranged that papers des- 
cribing the work should be published simul- 
taneously. The author thanks Dr. Dardenne for 
making available the text of the preceding 
paper [3], which the present paper is intended 
to complement. 

RESULTS AND DISCUSSION 

In the course of work connected with various 
nitrogenous constituents of seeds of Pentuclethra 
mucrophylla, the aqueous phase from a Bligh and 
Dyer extraction [4] was examined for free amino 
acids etc. by automatic ion-exchange chromato- 
graphy [S]. An unusual zone emerged just ahead 
of aspartic acid and in the same position as 
erythro-DL-3-hydroxyaspartic acid [I&S]. This co- 
incidence extended to electrophoretic behaviour of 
the novel substance at pH 6 and was misleading 
for a considerable length of time. 

The amino acid responsible for the novel zone 
was isolated and subjected to preliminary charac- 
terization as described under Experimental. The 

purification was monitored at each step by high- 
voltage filter-paper electrophoresis at pH 6. 

The new acid PMA showed no appreciable UV 
absorption. Its electrophoretic behaviour was con- 
sistent with that of a dicarboxylic monoamino 
acid, and electrophoresis of the N-carboxy deriva- 
tive in alkaline solution [9] confirmed the presence 
of a single amino group. Under the conditions for 
hydrolysis of proteins (6 M-HCl for 24 hr at 1 lo”), 
followed by evaporation to dryness and ion- 
exchange chromatography [S], PMA gave 5 nin- 
hydrin-reactive zones. One of these could have 
been unchanged PMA. These zones presumably 
represent components of the hydrolysis-relactami- 
zation mixture studied in detail by Dardenne and 
colleagues [ 1, 33. 

Various volatile derivatives of an early crude 
sample of PMA were prepared and subjected to 
MS study. Methyl esterification followed by acety- 
lation gave a product whose MS contained a poss- 
ible molecular ion at m/e 272. Ions representing 
feasible losses of 32 and 43 m.u. were present at m/e 
240 and m/e 229. Major ions were observed at 
m/e 213, 171 and 111, which were interpreted as 
consecutive losses of -COOMe, CH2C0 and 
MeCOOH. The mass of M+ was measured as 
272.10021 (C, 1H16N206 = 272.10083). Therefore 
2 Me ester groups and possibly only 1 acetyl group 
were expected in the molecule. Deuterioacetyla- 
tion gave a product whose MS showed a molecular 
ion at m/e275, proving that only 1 acetyl group 
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Table 1. Low-resolution mass spectrum of penmacric acid 

rn /c 

25.0 
26.0 
37.0 
29.0 
30~0 
3 I ,o 
33.5 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0 
4 1 .o 
41.5 
37.0 
43.0 
44.0 
35.0 
46.0 
50.0 
51.0 
520 
53-o 
54.0 
55.0 
56.0 
57.0 
60.0 
61.0 

Rel. int.* tn/e 

0.32 

2.46 
9.03 
6.06 
8.65 
0.5 I 
0.32 
0.5 I 
5.43 
0~x2 
I .52 
R.21 
3.53 

142X 
0.32 
5.94 
3.x5 

100~00 
5.31 
I.71 
0.5 I 
0.8X 
I.83 
3.54 
7.39 
7.01 

49.53 
I-90 
I .07 
0.75 

63.0 
64.0 
65.0 
66.0 
67.0 
6X.0 
69.0 
70.0 
71.0 
72.0 
73.0 
74-o 
75.0 
76.0 
7x.0 
79.0 
80~0 
81.0 
x3.0 
84.0 
S5XI 
86.0 
x7.0 
X8.0 
94.0 
95.0 
96.0 
97.0 

I ooa 
101~0 

- 
Rel. ht.* m/c Rel. ht.* 

0.32 
0.38 
I .26 
3-08 
4.23 

18.83 
2.34 

12.63 
0.25 

0.95 
I.33 
7.58 
0.57 
0.25 
I.39 

0.51 
0.57 
2.59 

23.37 
55.65 

2.78 
1.01 
0.57 
0.44 
1.01 
29 I 
8.65 
1 .O7 
I.33 
0.32 

102.0 0.25 
106.0 0.25 
107.0 0.25 
I ox.0 I .20 
1094 0.63 
110.0 I.20 
I I I-O 8-97 
I 1’4 I.71 
I 13~0 1.52 
1 14.0 0.95 
122.0 0.38 
12.3~0 0.57 
128.0 0.32 
129.0 36.96 
130.0 1.39 
135.0 2.53 
I 36.0 0.32 
139.0 5.18 
14O~c) 1.71 
141.0 0.x2 
142.0 0.12 
156.0 5.50 
157T 63.04 
15X.0 5.05 
159.0 0.25 
184.0 7.26 
185.0 0.76 
1 X6G WI9 

aminodicarboxylic acid. It was next subjected to 
study by PMR. The 90MHz PMR spectrum of 
PMA in D20 solution showed 5 non-exchange- 
able hydrogens which, from first-order analysis of 

their spin-spin couplings (confirmed by spin-de- 
coupling experiments). could be allocated to 4 adja- 
cent carbon atoms in the manner -CH-CHAH,- 
CH-CH-. The protons on the terminal carbon 
atoms of this unit at (5 4.32 (triplet. J,,,,,,, = 

8.5 Hz) and b 4.07 (d, J = 6.5 Hz) arc both 
strongly deshielded and could be assigned to hyd- 
rogens on carbon atoms each @- to an amino acid 
function. The former of these signals is very close 
in chemical shift to that of the r-proton of PCA. 
which resonated at 64.40. The magnitude of the 
geminal coupling constant (J,,B = - I? Hz) 

between the 2 protons HI\ and HB of the methylene 
group was also consistent with a five-membered 
cyclic structure. The deduced structure (1) (no 
stereochemistry) has been numbered as in ref [3]. 

CHP~CH-%H(NH,).COOH 

HOOC.C!5 3’ ,lyJ 

! 

202.0 0.19 Penmacric acid (1 ) 

* Relative intensity as “, of intensity of base peak (VI/~ = 44). 

had been introduced. Major ions at m/c 216, 172 
and 112, consistent with losses of -COOMe, 
CD,CO and MeCOOH, supported earlier find- 
ings. Permethylation of the acetylated methyl ester 
introduced 2 further methyl groups giving a pro- 
duct M = 300.13210 (CI,H,,N,O, = 30013212). 
LRMS again showed the 3 losses described above. 
The original compound was assumed to have 
MW 202 and, when pure PMA was available, it 
gave LRMS (Table 1) showing a very low intensity 
M + at m/r 202. Marc abundant ions at M - 18 and 
M - 45 supported this assumption, also indicating 
the presence of -COOH. Recognition of the low- 
mass fragmentation pattern (m/e 129, 84, 56 and 
41) as being consistent with that of pyrrolidonecar- 
boxylic acid (PCA) [lo] (Annex 2 of Supplemen- 
tary Publication) was helpful in leading to the pro- 
posed structure. 

Elementary analysis of PMA was consistent 
with 2--3”< hydration of C,HloNzO,. All the evi- 
dence so far indicated that PMA was a mono- 

On potentiometric titration of PMA to pH 6 

with KOH, the apparent pK was 3.4 (cf. 3.34 for 

PCA [ 111). Changes of PMR chemical shifts for H- 
1’ and H-5 were respectively -0.16 ppm and 
-0.19 ppm. suggestive that the main ionization 
change was 5-COOH [ 121. On treating PMA with 
one mol. prop. HCl (pH -+ ?.O), changes of chemi- 
cal shifts of H-l’ and H-5 were respectively + 

0.3 1 ppm and + 0.13 ppm, suggestive that the main 
ionization change was at l’-COOH. typical of the 
pK range for a-amino acids [ 12, 131. 

Strecker degradation of PMA with .V-bromo- 
succinimide [ 141 yielded one mol. prop. of CO,, 

suggesting a carboxyl group x- to the free amino 

group. It had been intended to convert the result- 
ing 3-aldehydo-PCA by Wolff--Kishner reduc- 
tion [ 151 to a 4-methylproline [ 16. 17) or 4-meth- 
ylglutamic acid [18] derivative, with a view to 
establishing relative configuration at C-3, but the 
recent Belgian work [I. 31 has made this unnecess- 
ary. 

Meanwhile, some evidence had been obtained 
bearing on absolute configurations at C-l’ and C-5. 
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On adding 1 mol. prop. of HCl to PMA A[E]~ 
was positive ([c~]F’~. + 21” (H,O, C= 0.013) i.e. 
in the same sense as the change on acidification 
reported in the preceding paper [3] and sugges- 
tive of L-(S) configuration by the Clough-Lutz- 
Jirgensons rule. Further, Dr. A. F. Drake of the 
Chemistry Dept., King’s College, University of 
London, kindly studied the circular dichroism of 
the N”-2,4_dinitrophenyl derivative [cf. 10 (Sup- 
plementary Publication, Annex 3)], which like- 
wise suggested L-(S) configuration at C-l’. On 
titrating PMA with KOH to pH 6, [cllD changed 
from + 11 to - 12”, whereas, with a partially race- 
mized specimen of L-PCA, [cx]~ changed from - 8 
to - 18” on neutralization (cf. 19). This seemed 
to indicate L-(S) configuration also at, C-5, giving 
still further support to the absolute configurations 
proposed in the preceding paper [3]. 

EXPERIMENTAL 

Materials. Beans were obtained commercially in Nigeria. 
Reagents and reference compounds were commercial products. 

Isolation and preliminary characterizution of PMA. Coarsely 
ground bean endosperm (100 g fr. wt) was cold-extracted with 
1.5 I monophasic [4] CHCI,-MeOH-H,O; the extract was 
then rendered diphasic [4] and the aq. phase charged to a 
column (I 80 ml) of Dowex 5OW-X8 (H’ form). After washmg 
the column well with HZO, 2 successively smaller columns of 
Dowex 5OW-X8 (H+) were attached below it and displace- 
ment r20) was effected with 0.5 M-NH,. PMA-containing frac- 
tions were ahead of and overlapping with aspartic acid-They 
were pooled and charged to a column (25 ml) of Dowex I-XX 
(AcO-). After washing with H,O, gradient elution was applied, 
usingAcOH(8 M)throughamixingchamber(38 ml). [21, lO(Sup- 
plementary Publication, Annex l)] PMA emerged when the 
effluent was 2-3 M-AcOH. PMA-containing fractions were 
pooled and evaporated to dryness in vacua below 40”; PMA 
crystallized readily from H,O (solubility at 30” was approx. 
25 mg/ml). It was recrystallized to constant optical rotation 
([a];‘” + 11’ (H,O, c = 0.016)). (Found (Pascher, Bonn): 
C, 40.53; H, 4.85; N, 13.64; 0, 40.21%. C,H,,,N,OS requires: 
C, 41.59; H, 4.99; N, 13.86; 0, 39.57%). Yield was 0.03% of en- 
dosperm dry matter. An extract from a different batch of beans 
had PMA content (estimated by ion-exchange chromatogra- 
phy) 0.18% of endosperm dry matter (cf. 131). 

High-uoltage,filter-paper electrophoresis [22]. Migration rates 
are expressed relative to those for aspartic acid in the same elec- 
trolyte. In aq. C,H,N (2.5”/, v/v)- AcOH (0.3% v/v) (pH approx. 
6) PMA migrated anionically at 0.84; in aq. AcOH (8.7% v/v) 
-89% (w/v) HCOzH (2.5% v/v) (pH approx. 1.8). cationically 
at 0.79. In 0.1 M-NaOH (CO2 added) [9], PMA gave 2 ninhyd- 
rin-staining zones (anionically at 0.82 and 1.00); aspartic acid 
gave an additional faster zone (N-carboxyaspartic acid) at 1.14. 

Deriuatization. The dimethyl ester HCl was prepared from 
PMA with methanolic HCI 1231; then acetylated or deuterio- 
acetylated with Ac,O-CSH,N [lo]; the product was permethy- 
lated 1241. All these derivatives were examined as the crude 
products. PMA was N”-2,4_dinitrophenylated and the product 
purified by column chromatography (R value -0.1) 1251. 

Ion-exchange chromatography. A Beckman 12OC Amino Acid 
Analyzer was equipped with a column (55 x 0.9 cm) of Beck- 
man UR-30 ion-exchange resin, which was eluted with the 
recommended pH 3.25 buffer (90 min) and pH 4.25 buffer 
(I 10 min) [S]. Column temp was maintained at 56” and buffer 
flow rate at 58 ml/hr. Eluted zones were detected by reaction 
with ninhydrin as recommended[5]. Elution time for PMA 
relative to that for asoartic acid was 0.87: its ninhvdrin colour 
factor relative to o-nbrleucine was 0.98; its ninhyirin E,,, ,,“,/ 
E,,,_... ratio was 0.16. The hot-HCI treatment of PMA gave 
zones having elution times (rel. to aspartic acid) 0.69. 0.77. i.86, 
@95 and 1.45. 

MS. MS were obtained using the direct-insertion probe at 
source temp. 200’ and ionization energy 70 eV. Accurate mass 
measurements were made at a resolving power of 10,000 (10% 
valley definition). 

NMR. PMR spectra were measured in D,O solns after 
repeated evaporations in ancuo with D,O. Chemical shifts are 
expressed in ppm from an internal standard of the Na salt of 
DDS [ 131. Coupling constants in Hz: t = triplet; d = doublet. 

PMA: 4.32. t. Jda-’ = 8, J,,, = 9. H-5; 4.07, d, J,,J = 6.5, H-l’; 
3.10. sextet. J,., = 6.5. Jx,, = 9.0. J34,r = 9.5. H-3; 2.75, octet, 
J 34n = 9.0. J,,, = 8. JA,,.+,i = - 13. @.,; 1.99. octet, J,, = 
9.5, J~.,c, = 9, 54.4. = - 13, H-4,. Potentiometric titra&ns 
were dane using a‘gjass-electrode &sembly. Resulting solutions 
were suitably cone in LWUO before polarimetry and transfer to 
DZO. 
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