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Abstract-Two new alexines have been isolated from Cnstanospermum australe The structure of 1,7a-dleplalexine was 
firmly established by X-ray crystallographic analysis of the correspondmg 1,7-isopropyhdene derivative The structure 
of the second new alexine was tentatively assigned as 7,7a-dleplalexme or its enantlomer. The abilities of naturally 
occurring alexines to inhibit mouse gut disaccharidase and fungal glucan 1,4-a-glucosldase are compared 

INTRODUCTION 

Alexine (I), the first example of a pyrrolizidine alkaloid 
with a carbon branch at C-3, was isolated in 1987 [1] 
from Alexa lempetala, a leguminous tree from the forests 
of Guyana, Sunnam, French Guiana, Venezuela and the 
Amazon basin. Subsequently, 3,7a-dlepialexme (2) [Z] 
and 7a-epialexme (australme) (3) [3] were Isolated from 
Castanospermum australe, a rain forest tree from Queens- 
land. Both the species contain the mdohzidine glycosi- 
dase mhlbltor castanospermme (4), and the genera are 
believed to be related, despite their geographical separ- 
ation [4, 51. This paper reports the isolation from C 
australe of two further diastereomers of alexine, and 
compares the ability of all the known naturally occurring 
alexines to inhibit mouse gut digestive glucosidases, and 
to inhibit fungal glucan 1,4-cc-glucosidase. 

RESULTS AND DISCUSSION 

Structure determrnatron 

Both the new alexmes had proton and carbon NMR 
spectra consistent with the structure of a 3-hydroxy- 
methylpyrrolizldine; the NMR spectra of the two alka- 
loids were clearly different from the known naturally 
occurring alexmes (l-3) and from two synthetic alexines, 
3-epialexme (5) and 7-eplalexine (6) [6]. Additionally, 
a characteristic fragmentation [M + H - CH,OH] + in 
the mass spectra of the compounds strongly indicated 
a hydroxymethyl group attached to a carbon to 
the ring nitrogen. The structure of 1,7a-dieplalexine 
[(lS,2R,3R,7R,7aS)-3-hydroxymethyl-1,2,7-trihydroxy- 
pyrrohzldine] (7) was firmly established by X-ray crystal- 
lographic analysis of the hydrochloride of 1,7-isopro- 
pylIdene-(lS,2R,3R,7R,7aS)-3-hydroxymethyl-1,2,7-trl- 
hydroxypyrrohzldine (8); the structure of the other new 

alexine was tentatively assigned by spectroscopic techm- 
ques as 7,7a-diepialexme [(lR,2R,3R,7R,7aR)-3_hydroxy- 
methyl-1,2,7-trihydroxypyrrolizldme] (9) or Its enan- 
tlomer 1,2,3-tnepialexme [(lS,2S,3S,7S,7aS)-3-hydroxy- 
methyl-1,2,7-trlhydroxypyrrolizidme] (10) 

Glucoszdase mhbltton 

Many polyhydroxylated alkaloids are potent and spe- 
cific mhibltors of glycosldases m a range of organisms 
[S, 93. Australme (3) has been shown to mhlbit fungal 
glucan 1,4-a-glucosidase (amyloglucosidase) and glyco- 
protein processmg glucosldase I [lo] We have deter- 
mined the activity of all the naturally occurrmg alexmes 
against glucosldase (dlsacchandase) activity m the mouse 
(Table 1) and agamst fungal glucan 1,4-a-glucosidase 
(amyloglucondase) (Table 2) Despite some activity 
against a-glucosidase (7 and 9) and trehalase (l), these 
compounds appear to be weak inhibitors of mammalian 
digestive glycosldases compared to 4, in contrast, all the 
compounds are strong inhibitors of the fungal glucan 1,4- 
cr-glucosldase. Further evaluations of the blologlcal actlv- 
Ity of alexmes are m progress Durmg the course of this 
study, 9 was also isolated from Alexa lezopetala. confirm- 
ing the close relationship between the two genera 

EXPERIMENTAL 

Isolatmn Ground freeze-dried seed (200 g) of Cactanospermum 
australe A. Cunn (Queensland Herbarmm voucher no BRI AQ 

426819-M P HEGARTY) was extracted with 75% aq EtOH (2 

x 4 1) and the combined extracts coned under vacuum The 

alkaloids were purified by ion-exchange chromatography on 

Amberhte CG 120 (NH:) by elutlon with aq NH,OH Three 
umdentdied compounds were eluted after castanospermme (4) 

One was crystallized and shown by comparison of ‘H and 
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Table 2 Action of naturally occurrmg &xmes on 

glucan 1,4-r-glucosidase-uatal~~ed hydrolyses of 
potato amylosc compared wth th,tt ot c,sat,lno\perl- 

ml”e 

InhIbItor 

1,7d-Dleplalexme (7) 
7,7a-Diep&ulnc (9) 

Aleume (1) 
3,7d-Dqwlexlne (2) 

7a-Epidleume (3) 
Cdztdnocpernunc (4) 

13C NMR ddta to be au\trL+hne (3), [data for ,ruthentlc ‘wstrahnr 

bemg supphed by Dr R J Molyneux] The others. 1,7a-dlep~le- 

~nc (7) (I 30 mg) and 7.7a-dlepidlextne (9) (200 mg), were coned 

to OII\ <md also converted to the correspondmg hydrochiorldes 

Alkaloid peaks from the ion exchange column were dndlysed 

by gas Lhromatography of the pertnmethyls+l dcrlvatwes on ‘i 

3% 0Vl 1~1umn (I 5 m x 4 mm) at 170 (Isothermal) rl1) The 
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atoms were placed geometncally. The structure was refined by zsopropyhdene group was readily removed from 8 by aq hydro- 

full-matrzx least squares wzth zsotropzc temperature factors for chlorzc aczd to gzve the hydrochlorzde of 7. 

the hydrogen atoms and anzsotropzc temperature factors for all 7,7a-bepralexme (9) or 1,2,3-rrzepzafexzne 011, [cl]” (H,O, 

other atoms, using data with merged Frzedel pairs A correctzon CO 37) + 11 6” (589), + 13 8” (578), + 15 4” (546), + 21 7” (436), 

+ 25 1” (365) The proton NMR spectrum of 7,7a-dzepzalexme for secondary extmctzon was apphed and the model refined 

almost to convergence [15] The Flack enantzopole parameter 

[16] was refined for the data wzth unmerged Frzedel pairs, zts 

final value of 0 049 (e s d 0 004), together wzth calculatzon of 

Bijvoet pairs with the largest mtenszty differences indicated that 
the absolute configuratzon could be unambiguously determined 

from these X-ray data The merged data was refined wzth a 

Chebyshev weighting scheme [17] to give a final value of R 
= 0 035 Atomic coordmates have been deposzted at the Cam- 

bridge Crystallographzc Data Centre, and are available on 

request, please quote full hterature cztatzon of the paper 

1,7a-Dzepzalexzne (7) 011, [a]$‘+ 8 5” (H,O, c 0 41), ‘H NMR 
S4 53 (m, lH), 4 37 (dd, lH), 3 91 (dd, lH), 3 78 (dd, lH), 3 60 (m, 

2H), 3 22 (m, lH), 3 13 (m, lH), 307 (m, lH), 201 (m, 2H) 

13C NMR. 675 1 (d), 73 7 (d), 72 8 (d), 70 8 (d), 67 0 (d), 63.2 (t), 
52 9 (t), 35 9 (t) MS m/z (DC1 NH,) 190 [M + H]’ (56%), 158 

[M + H -CH,OH] + (100%) 
1,7u-Dzepzalexzne (7) hydrochlorzde [a]:’ - 3 0” (H,O; c 0 4), 

‘H NMR 64 39 (t, lH), 3 97 (m, 2H), 3 84 (dd, lH), 3 67 (dd, lH), 

340(m,3H),217(m,2H) z3CNMR 672l(d),717(d),714(d), 
71 0 (d), 68 8 (d), 57 1 (t), 53 2 (t), 34 1 (t) MS m/z (DC1 NH,) 190 

[M+H]+ (42%), 158 [M+H-CH,OH]+ (100%) 1,7a-Dz- 

eplalexzne hydrochlorzde on crystallzzatzon from aq Me,CO 

formed a crystallzne acetomde (8), mp decomposes over 180”, 

[a];’ + 42 2” (MeOH, c 0 27), ‘H NMR 64 50 (dd, lH), 4 23 (dd, 
lH), 402 (dd, lH), 3 89 (dd, lH), 3 82 (dd, lH), 3 74 (dd, IH), 3 50 

(m, lH), 3 24 (m, lH), 2 10 (m, 2H), 141 (s, 3H), 130 (s, 3H) 

z3CNMR slO87(s),80O(d),77O(d),75O(d),74O(d),69.6(d), 
63 3 (I), 61 4 (t), 42 0 (t), 34 8 (q), 26 3 (4) MS m/z (DC1 NH,) 230 

[M+H]+ (lOO%), 198 [Mf H-CH,OH]+ (40%); m/z (zn 

beam EI) 230 [M + HI+ (5%), 229 [Ml+ (4%), 214 [M-Me]+ 

(lo%), 198 [M +H-CH,OH]+ (100%) X-Ray crystallo- 

graphic analyszs of the hydrochlorzde of 8 (Fzg l), firmly estab- 

hshed both the relatzve and absolute configuratzon of 7 The 

Fzg I X-Ray molecular structure of hydrochlorzde of 1,7-O- 

zsopropylzdene-1,7a-dzepzalexzne (8) showmg crystallographzc 
numbermg scheme, plotted usmg SNOOP1 [7] 

Table 3. Bond lengths (A) for the 

non-hydrogen atoms m 8 with 
e.s d’s m parentheses (atomic 

labelhng as m Fig. 1) 

C-l c-3 

c-2 c-3 

c-3 o-1 
c-3 o-2 
c-4 c-5 
c-4 c-9 
c-4 o-1 
c-5 C-6 

c-5 N-l 

C-6 c-7 
C-6 o-2 
c-7 C-8 
C-8 N-l 
c-9 c-10 

c-9 o-9 
c-10 c-11 
c-10 N-l 

c-11 o-1 1 

1510(4) 

1504(4) 

1426(3) 

1433(3) 
1 520(4) 

1 535(3) 

1 423 (3) 

1 533(3) 

1 532(3) 

1516(4) 

1418(4) 

1 521(4) 

1510(3) 

1540(3) 

1400(3) 

1 508(3) 

1 492(4) 

1413(3) 

Table 4 Bond angles (“) for the non-hy- 

drogen atoms zn 8 wzth e s d’s m parenth- 

eses (atomic labelhng as m Fzg 1) 

c-2 
O-1 

O-1 
o-2 

o-2 

o-2 

c-9 
o-1 

o-1 

C-6 
N-l 

N-l 

c-7 

o-2 

o-2 

C-8 
N-l 

c-10 
o-9 

o-9 

c-11 

N-l 

N-l 

o-11 

c-4 

C-6 

C-8 

c-10 

c-10 

c-3 

c-3 
c-3 

c-3 

c-3 

c-3 

c-4 

c-4 

c-4 

c-5 
c-5 

c-5 

C-6 

C-6 

C-6 

c-7 

C-8 
c-9 

c-9 

c-9 

c-10 

c-10 

c-10 

c-11 

o-o 

o-2 

N-l 

N-l 

N-l 

C-l 

C-l 

c-2 
C-l 

c-2 

o-1 

c-5 

c-5, 

c-9 

c-4 
c-4 

C-6 

c-5 

c-5 

c-7 

C-6 

c-7 
c-4 

c-4 
c-10 

c-9 
c-9 

c-11 

c-10 

c-3 

c-3 

c-5 

c-5 

C-8 

113 2(2) 

1123(2) 

105 4 (2) 
111 4(2) 

105 S(2) 

108 3 (2) 

102 5 (2) 
113 3(2) 

105 8 (2) 
1172(2) 

106 O(2) 

104 4(2) 

103 6 (2) 

1106(2) 

106 9(2) 

103 6(2) 

103 8 (2) 

102 9 (2) 
115 l(2) 

1140(2) 

115 3(2) 

102 o(2) 

112 5(2) 

107 7 (2) 

1166(2) 
114 7(2) 

108 O(2) 

107 6(2) 

1178(2) 
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was asstgned on the basis of a proton-proton shaft correlatron 

(COSY) spectrum and consrsted of b4 19 (m, 1 H, 7-H), 4 02 (dd. 

lH, I-H),3 70(dd. lH,?-H), 3 59(dd, lH,CHHOH),3 42(dd. lH, 

CHHOH), 2 98 (dd, lH, 7a-H), 2 97 (m, IH, 5-H). 2 50(m, ZH, 3-H 

and 5,-H), I 85 (m, lH, 2-H) I 73 (m. 1H. Z’H) “CNMR ~79 7 
(,dl,. 73 X Cd), 71 4(,d1+71 2(/11,70 Z(,d),.hl 5&),.525(&3,5 8 (~1, MS 

n’: lDC1 NH,l 190 [M +H].+ (4O”/n), 158 [MttI-Cl&OH] 

(IOW,), I12 (35%). 86 (309/o), 70 (22%) 

7.7a-D~rpra/e.umr h~drochlorlde f.91. Mp til-152.. ‘HNMR. 

h4 51 (dd, 1 H). 4 33 (dd. lH), 3 98 (dd, lH), 3 70 (pn, 4H), 3 20 (I~I, 

ZH), 2 10 (m, 2H) MS m,‘z (DC1 NH,) 190 [M +H] ’ (100%) 

15X [M+H-CH,OH].’ tl5%). (.Faun.d C.4129.H. 7 l.Z.N, 

6 06 C,H,,NO,Cl requues C. 4257. H. 7 1.0, N, 6 7-t_‘%.). 
Unfortunately. the crystals of 7.7a-dleptalexme hydmchlot~de 

were not suitable for X-ray crystallogrdphrc analysts and the 

assignment of the relattve configurattons ha\ been made on the 

babes of eyutltbrtum NOE experunenta on pct.acct.yLzted 9. 

evtdence for the steteochemtstry of the substltucnts on the fully 

substituted me-membered rmg wa5 provided by observations of 

NOES between substttuent\ m a (r+1,3 relattonshrp Thus 

NOF’s were observed between 7a-H [irrddtation of 7a-H&gener- 

ated d 5”/;, enh‘mcement ofZ-H, and trradtation of?-H generated 

a ?“/o enhancement of 7a-H]. and between I-H and 3-H [nradi- 

atton of 1-H generated a 3%‘” enhancement of 3-H, and trradia- 
+...i..~*. p‘ 1 q ge;erated. &s. 1lY.l “Y ,-I $“,6 es.hancenlcqt Of I-H]. this Ir&~&.tis 

that all the cubstttuents on the fully substttuted five-membered 

rmg are mutually tram to the adJ,acent substttuents Because the 
,._m_ ,,,_ 1 rL,rBLt,<,u,& is c!&X!y dt%?iCfit fii;rr, ZiistiAiile 3, ihise ex-Fri- 

mcnts ate conaiatent with the new alextne bemg~7,7a-dtepmtexme 

(9) or its enantmmer (10) We are currently attemptmg an 
.,,, -.,*-.& ,-,.,.,,,. ‘. .+,L,. _ .,, “..~.~~.“.~..‘,~rJ,rlLLL~JIzy .,.{ 7 7.” r.rd-uLLt, dlL ‘Lh 11” VLUL ,\I c La L1 II 4,. .- ‘“r_ 2. -._. .-..4 ̂IT t -. _t .++.$L. 
the absolute and relattve configuration of this material 

~rtctmr LIO(I.I*~ The reagents and conditions for the assay of 

enzyme mhtbmon of mouse gut dtgcstive glucostdase (Table I) 
have been reported elsewhere [l S] Glucan 1,4-Y-glucostdase 

(amyloglucosidase) [EC 3 I 2 31 from 4\t?t’rud/u& ntqer [Stgma_ 
I+&] w ‘is rrsbrj ed i_Tabie 2) rrsrrrgdnryiuse from poldtu [Stgm,t, 

Poole], the rertction mixture contatnmg ‘tmylose (0 13%), u- 

hibttttor and enzyme m 50 mM m,deate buffer, pH 6. was 
mcubated for I5 mm dt 37 The reaction wrls stopped by 

tmmerston III d boilmg water bath for 5 mm. followed by 

mcubatton tar I hr ‘It 37 with d trts-glucose oxtdase reagent 
[IVJ II, w tuch the colour reagent w‘is 2,2 -dc.mo-bta(3- 
ethylbenrthtarolme 6-\ulphomc acid) The assay was termmated 

by addition of 5 M q HCI and the absorbance read dt 420 nm 

. _ .*_ ‘2” i. ‘la, _ 5%. ., dc! . ..1. !.r..WL, . ..lC- T&!r yc wry ~r~?nF.:!. zr- r)i- R ) ?&&yze;x b....h.Y. 
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