J. CHEM. SOC., CHEM. COMMUN., 1985

127

A Glucuronidase Inhibitor from the Seeds of Baphia racemosa: Application of Fast
Atom Bombardment coupled with Collision Activated Dissociation in Natural Product
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The novel imino acid, 2(S}-carboxy-3(R),4(R),5(S}-trihydroxypiperidine has been isolated from the seeds of Baphia
racemosa, characterized primarily by fast atom bombardment mass spectrometry, and found to be a specific

inhibitor of human liver B-b-glucuronidase.

Nojirimycin and deoxynojirimycin!-2 represented the first
naturally occurring examples of imino sugars containing a
nitrogen atom in place of the ring oxygen of the sugar. These
same materials®4 as well as related compounds® have been
found in higher plants. The discovery that these imino sugars
are able specifically to inhibit certain glycosidase enzymes
have made them useful in understanding the processing of
complex oligosaccharides® and cell wall polysaccharides.” In
our search for other such naturally occurring factors, an imino
acid from the legume Baphia racemosa was discovered which

is an analogue of glucuronic acid and possesses specific
enzyme inhibition activity.

The seeds of Baphia racemosa (Hoechst.) Bak. on prelimi-
nary screening revealed a neutral compound which gave a
yellow colour with ninhydrin but was distinguished from
proline by giving no reaction with isatin or acetaldehyde-
nitroprusside reagent.8 The finely ground seed (100 g) was
defatted with acetone and extracted with 50% aqueous
methanol (1 1). The filtered extract was applied to Amberlite
IR-120 resin, (H* form, 14—52 mesh, 15 x 2 cm) prepared in
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Figure 1. (a) The ionization of compound (2) from a glycerol matrix by
6 keV xenon FAB. (b) The M + H ion at m/z 178 was selected and
subjected to CAD with argon as the reagent gas; the resulting
fragmentation pattern is shown. The data were obtained using a

Finnigan 4500 triple stage quadrapole mass spectrometer equipped
with an Ion Tech FAB gun.

50% aqueous methanol. After washing with excess of 50%
aqueous methanol, the amino acids and amines were eluted
with 1 M NH;. This fraction was dried, dissolved in water, and
applied to Amberlite CG-400 (acetate form, 100—200 mesh,
15 X 2 cm). Unbound material and water washings were
pooled, evaporated to ca. 50 ml, and applied to Amberlite
CG-120 (NH,* form, 100—200 mesh, 20 X 2 cm). The imino
acid passed through the column immediately and was thereby
separated from another contaminating neutral amino acid
which was held back. Fractions containing the desired
compound were evaporated to dryness, dissolved in a mini-
mum of water, and applied to Amberlite CG-400 (OH~ form,
100—200 mesh, 5 x 1 cm). After washing with water the imino
acid was eluted with 0.25 M acetic acid. The acetic acid fraction
was evaporated to dryness, the residue dissolved in water and
applied to Amberlite CG-120, (H* form, 100—200 mesh, 5 X
2 cm). The imino acid was eluted with 0.2 M HCl and the acid
was removed under vacuum. The colourless crystals which
appeared spontaneously were recrystallized from water-
ethanol-acetone to yield 25 mg (a satisfactory analysis for
Ce¢H,1NOs - 2H,0 was obtained).

The imino acid had a melting point of 228—230 °C, an end
absorption in the u.v. spectrum, and a small positive rotation
([a]p® = +18.3°, 1% w/w in H,O). The compound volatilized
easily from a glycerol matrix with xenon fast atom bombard-
ment (FAB),° producing the spectrum shown in Figure
1(a). Although the major ions are characteristic of different
glycerol adducts, the ion at m/z 178 was distinct from the
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background. Selection of this ion with a triple quadrapole
mass spectrometer!® and collision activated dissociation
(CAD) with argon yielded the spectrum shown in Figure 1(b).

The M + H ion at m/z 178 loses H,O to give the fragment
ion at m/z 160. The fragmentation of this ion may be
rationalized via two distinct pathways. Two additional losses
of H,O give ions at m/z 142 and 124; the fragment at rn/z 124
loses 44 (CO,) to give the protonated pyridinium cation at m/z
80. Alternatively, the m/z 160 ion loses CO to produce the
resonance stabilized piperidinium cation, m/z 132. Two
successive dehydrations of the piperidinium cation give ions
at m/z 114 and 96. This latter fragmentation pattern is similar
to that reported for deoxynojirimycin, nojirimycin, and
2-piperidinemethanol.! These data established the imino acid
as a trihydroxypipecolic acid.

The position and relative stereochemistry of each hydroxy
group were assigned with 'H n.m.r. spectroscopy. Capitaliz-
ing on the weak complexation between the carboxylic acid and
pyridine, a4 27% [?Hs]pyridine-D,O solution resolved each of
the resonances: (360 MHz), & 3.52 (5-Hax, m, J 12, 9.0, 6.0
Hz), 3.43 (3-Hax, t, J 10 Hz), 3.30 (4-Hax, t, J 9.0 Hz), 3.14
(6-Heq, dd, J 12, 6.0 Hz), 3.08 (2-Hax, d, J 10 Hz).
2.52 (6-Hax, t,J 12 Hz). The observed coupling constants and
multiplicities are consistent with the placement of an equi-
torial carboxy group at position 2 and equatorial hydroxy
groups at positions, 3, 4, and 5 as shown in (2).

The c.d. spectra of carboxy groups of amino acids have been
analysed as a superposition of two carbonyl chromophores
resulting in a 16 sector system for the analysis of substituent
effects.!l The c.d. spectrum of (2) shows a small positive
Cotton effect at 201 nm (H,O, Ag + 1.14). This positive effect
is consistent with the absolute configuration shown for (2) and
is supported by the small positive Cotton effect measured for
trans-4-hydroxypipecolic acid (206 nm, Ae + 0.49, H,0)!2 and
for L-proline (212 nm, + 0.29, H,0).13.

The characterization of (2) was greatly facilitated by the use
of FAB volatilization followed by ion selection and CAD
in a triple quadrapole mass spectrometer. This combination
gave intense molecular ions for the very polar compound (2)
without derivatization and allowed the fragmentation to be
analysed without interference from the intense background
ions of the glycerol matrix.

Our previous suggestion that (1) is biosynthetically derived
from amino sugar precursors’ was based on an analogy to the
biosynthetic studies of the bacterial metabolite nojirimycin.!
However, the demonstration that (2) is a pipecolic acid
derivative suggests that the biosynthesis of (1) could occur
through the reduction of an hydroxylated pipecolic acid.
Hydroxylated derivatives of these acids have now been found
in several higher plants.1>

It is now known!6 that (2) is a specific inhibitor of human
liver B-p-glucuronidase and iduronidase and that it has no
effect on «- and PB-glucosidase or «- and PB-mannosidase.
Therefore this compound should prove to be useful in the
specific inhibition of certain enzymes involved in poly-
saccharide processing. The specific enzyme inhibitory activity

+ Further support comes from the observation that both cis-5-
hydroxypipecolic acid (ref. 14) and deoxynorjirimycin (ref. 4) have
been found in Morus spp.
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and the relatively large amounts of this compound in the seeds
of B. racemosa suggest that it may be involved in herbivore
protection,!7-18 and this is being investigated.

Received, 29th June 1984; Com. 915

References

1 S. Inouye, T. Tsuruoka, T. Ito, and T. Niida, Tetrahedron, 1968,
24, 2125.

2 D. D. Schmidt, W. Frommer, L. Miiller, and E. Truscheit,
Naturwissenschaften, 1979, 66, 584.

3 M. Yagi, T. Kuono, Y. Aoyagi, and H. Murai, Nippon Nogei
Kagaku Kaishi, 1976, 50, 571 (Chem. Abstr., 86, 167851r).

4 H. Murai, K. Ohata, H. Ehomoto, Y. Yoshikuni, T. Kono, and
M. Yagi, Ger. pat. 2656602, 1977. (Chem. Abstr., 87, 141271x).

5 L.E.Fellows, E. A. Bell, D. G. Lynn, F. Pilkiewicz, I. Miura, and
K. Nakanishi, J. Chem. Soc., Chem. Commun., 1979, 977.

6 U. Fuhrmann, E. Bause, G. Legler, and'H. Ploegh, Nature, 1984,
307, 755. 7

7 E. Labrador and G. Nicolas, Physiol. Plant., 1982, 55, 345.

8 R. M. C. Dawson, D. C. Elliott, W. H. Elliott, and K. M. Jones.
‘Data for Biochemical Résearch,” Oxford University Press, 1969.

129

9 D. J. Surman and J. C. Vickerman, J. Chem. Soc., Chem.
Commun., 1981, 324; M. Barber, R. S. Bordoli, R. D. Sedgwick,
and A. N. Tyler, ibid., p. 325.

10 R. A. Yost and C. G. Enke. J. Am. Chem. Soc., 1978, 100, 2274,
D. F. Hunt, J. Shabanowitz, and A. Giordani, Anal. Chem., 1980,
52, 386.

11 E. C. Jorgensen, Tetrahedron Lett., 1971, 863.

12 Isolated from Samanea saman Merrill. K. S. Manning, K. J. Lilley,
D. G. Lynn, and L. E. Fellows, unpublished work. C.d. spectra
obtained with a Cary 60 CD/ORD modified with a Cary 1115
repetitive scan accessory. A reported value for trans-4-hydroxy-L-
pipecolic acid is A,y 204 nm, Ae + 0.61, H,O (see also ref. 13).

13 L. Fowden, P. M. Scopes, and R. N. Thomas, J. Chem. Soc., (C),
1971, 833.

14 M. Marlier and G. Dardenne, Phytochemistry, 1977, 16, 1041.

15 P. R. Shewry and L. FowdenPhytochemistry, 1976, 15, 1981; J.
Despontin, M. Marlier, and G. Dardenne, ibid., 1977, 16, 387; I.
Kristensen, O. Larsen, and C. E. Olsen, Tetrahedron, 1976, 32,
2799; J. R. Romeo, L. A. Swain, and A. B. Bleecker, Phyto-
chemistry, 1983, 22, 1615; A. B. Bleecker and J. T. Romeo,
ibid., 1981, 20, 1845; 1983, 22, 1025.

16 I. Cenci de Bello, P. Dorling, L. E. Fellows, and B. Winchester,
FEBS Lett., in the press.

17 P. R. Dorling, C. R. Huxtable, and S. M. Colegate, Biochem. J.,
1980, 191, 649.

18 D. H. Janzen, D. G. Lynn, L. E. Fellows, and W. Hallwacks,
Phytochemistry, 1982, 21, 1035.






