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Abstract-Fourteen species of Hehotroplum from Mexico and Texas contained 3-7 necines per species. In most cases 
there were no quahtatlve dltferences in the necme pattern ofa given species dependmg on the sampie orlgm Retronecme or 
trachelanthamldme were the dommant, and supmldme was the very mmor necme m the exammed- species, except for 

H anglospermum m which a nonesterfied ammoalcohol, with a mass spectrum and optical rotation correspondmg to that 

of lP,2/3-epoxy-lcr-hydroxymethyl-8a-pyrrohzldlne, accounted for 90% of the total necme content; as a mmor 

component this base was also detected m H ternatum and H molle. Besides lmdelofidme, found as a mmor necine in 
most samples, one or two of three different saturated dlols were detected m some species; a saturated trio1 with a mass 
spectrum similar to that of croalbmecme was found m H. racemosum The proportion of nonesterified retronecme or 
trachelanthamldme ranged from 0 to 60 or 90%, respectively, dependmg on the speaes. The necme patterns are 
dlscussed m relation to chemotaxonomy 

INTRODUCTION 

The necme patterns of Hellotroplum species collected in 
Mexico and the US A differ slgmficantly from those 
found m this genus on other continents [l] After 
hydrolysis of their pyrrohzldme alkaloids (PA), all of the 
species exhibited the presence of the ammoalcohols 
trache~anthamidme, supnudme and retronecme; lindefo- 
fidme was detected m most species, whereas hehotridme 
only occurred m four Qualitative differences depending 
on the collection locality were found m H curassavlcum 

This study presents the necme patterns m nine pre- 
vlously exammed species, but collected at different local- 
ItIes, and also m new species, namely H sesset, H 
racemosum, H. wlggznsu, H molle and H anglospermum. 
All species, except for H curassavlcum and H mdtcum, 
were collected m 1981 In order to ensure a full extraction 
of esterlfied and nonesterified ammoalcohols from 
aqueous solutions after N-oxide reduction, a several fold 
chloroform extraction (fraction I) was followed by an 
exhaustive chloroform-ethanol extractlon (fraction II). 

RESULTS AND DISCUSSION 

The hfe habits and habitats of the plants collected at 
flowering and/or fruiting are presented in Table 1. The 
amounts of PAS (Table 2), m most cases were significantly 
higher than those previously reported for Heliotroplum 
species from Mexico and the U S A. [I, 21 The portion of 
PAS recovered in fraction II ranged between 1 and 38 % of 
the total content, the higher values b&ng observed m 
samples with a relatively high content of free dlols, 
especially of retronecme. However, m several samples not 

*Part 4 m the senes “Ammoalcohols of Pyrrolwdme Alkaloids 

m Hehotroplum Species” For Part 3 see [l]. 

only free but also esterlfied necines were found m fraction 
II. 

All species from all locahtles contained trachelantha- 
midme and retronecme, rangmg from trace amounts to 
99 T;, and supmldme rangmg from trace amounts to 4 “/;, 
of the total Lmdelofidme was found m 11 of the 14 
specLes. Ho.WXL,. X!. E!? c!.!XldssQWXm. and. I-1 @:pc&Jl. 1L 
would not be detected if present below 1 “/;1 of the total due 
to the occurrence of trachelanthamldme as the dominant 
necme Lindelofidme was not detected m H.folroslsslmum 
(2311) m which trachelanthamldme was only a minor 
necme, although It was present in H.fohoslsstmum (2150) 
collected m 1978 at a distance of 300 miles from the plants 
reported here [ 11. None of the exammed species revealed the 
presence of hehotndme. 

A series of addltlonal ammoalcohols was found m some 
of the species A free ammoalcohol with a mass spectrum 
corresponding to 1-hydroxymethyl-1,2-epoxypyrro- 
hzldme, previously detected only in Crotaha trfoh- 
trum [3] and C grantuzna [4], was found m all samples of 
H. ternatum, H. molle, and H. anglospermum (Table 2). In 
the latter species It accounted for ca 907, of the total 
necme content, its mass spectrum and specific optical 
rotation were similar to those reported for lp,Zj?-epoxy- 
la-hydroxymethyl-8c-pyrrohzldlne Isolated from C. trfo- 
Irastrum. The specific rotation of the base, detected in H. 
ternatum and H. molle as a minor ammoalcohol was not 
determmed PA extracted from two previously analysed 
samples of H ternatum [l] were re-examined wlthout 
hydrolysis. Traces of the epoxy compound were detected 
m H. ternatum (1980) from Yucatan, but not m H 
ternatum (2161.2) collected m San LUIS Potosl. 

A very slgmficant loss of the free epoxypyrrolizldme, 
observed after PA exposure to hydrolysq was always 
accompamed by the appearance of a base with M+ m/z 
173 and base peak m/z 83, apparently a hydration product. 
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Such a compound was not detected many extracts prior to 
hydrolysis Epoxldes are often found as mtermedlates m 
hydroxylatlon by mono-oxygenases [S] 

In H angmspermum, an addItIona ammoalcohol with a 
mass spectrum suggestmg a pyrrohzldme-2,9-dlol [6, 73 
has also been found A necme, with a slmllar mass 
spectrum and R,, was previously detected m field collected 
H. m&urn (2112) but not m the greenhouse grown plants 
orlgmatmg from seeds of the latter [S] The same necme 
has been found m two new H m&cum samples collected at 
a distance of 9OOmdes from each other It has now also 
been detected as a trace m the unhydrolysed fraction II 
upon re-exammatlon of the greenhouse grown plants 
Traces of the necme have been found m H procumbens 
(2306) but not m H protumbem (2315) 

Two other saturated dlols with mass spectra character- 
IstIc of a pyrrohzldme-7,9-dlol [6, 91 were detected m 
some species One exhIbited a R, value identical to that of 
platynecme, not previously found m Boragmaceae, it was 
detected as a mmor or trace necme m H yueretaroanum 
from both localities and m H racemosum The other dlol 
was found m H fohoclwmum as well as m H racemosum 
Its R, value was slmllar to that of pyrrohzme-7,9-dlol, 
detected as a major necme m the field sample of H 
curassawum (2138) from Oaxaca [l] and corresponded 
to the R, value of turneforcldme This necme could not be 
detected m greenhouse grown plants orlgmatmg from H 
c urussat~cum (1502) collected in Baja Cahforma Sur or in 
H curassuctcum (2303) collected m Tamahpas [i, 81 
Neither could it be found m the field sample of H 
curassawum (1434) from Smaloa 

Except for H curursutrcum and H m&urn [l, 71 
saturated dlols have not been previously detected m any 
Hehotroplum species Of the four saturated dlols found m 
PA-bearing plants only turneforcldme was shown to 
occur m Boragmaceae, namely mTournefortm &vrcu [4], 
m addition, hastanecme ethochlorlde was found m 
Lmdelofu mucrostylu [lo] A trlol necme, the only one 
ever detected m Boragmaceae, has been recently found m 
H otahjolrum from India and identified as croalbmecme 
[ 111. A search for a trlol m H procumbens. closely related 
to H otaltfohum, gave negative results However, a 
saturated necme trlol with a mass spectrum slmllar to that 
of croalbmecme has been detected as a minor component 
m H rucemowm 

In previous studies [8], no organ- or age-dependent 
differences m the quahtatlve composltlon of necmes were 
found m H c urussawum, H sputhulatum, or H wuixum 
The differences m the ratios between mdlvldual necmes 
were relatively small and no shifts froma minor to a mador 
status or vice versa were observed with any ammoalcohol 
durmg plant development If this IS true also for other 
Hehotroplum species the qualitative and quantltatlve 
composmon of necmes m the flowering plants, here and 
previously [i] analysed, may be considered as representa- 
tlve for a given population 

In most cases there were no qualitative differences m the 
necme patterns of a given species depending on the 
collection site m Mexico or the U S A The fact that a very 
minor saturated dlol was not detected m one of four H. 
ternutum, or one of two H procumbens or H folrostss~mum 
samples, does not necessarily indicate Its absence m those 
populations However, the slgmficant qualitative dlf- 
ferences between the H curuwx I( um population from 
Oaxaca and the populations from other locahtles m 
Mexico seem to be real 

No strlkmg quantitative differences m the ammo- 
alcohol composltlon dependmg on the sample orlgm were 
observed m any species except for H ternutum m which 
Imdelofidme, trachelanthamme, or retronecme was found 
as the dominant necme, this species exhlblts extreme 
morphological varlablhty. Among the remammg 25 
species, the dommant ammoalcohol retronecme was 
found m 17 species. trachelanthamldme m four and 
supmldme, hehotrldme and 1 .?-epoxl-l-hydroxymethyl- 
pyrrohzldme m one species each. m H \e,ser both 
trachelanthamldme and retronecmc were maJOr ammo- 
alcohols 

Secondary products, such as alkaloids. have proved 
useful m chemotaxonomlc studies on mterspecles re- 
latlonshlps 1121 However. the present results show that 
the occurrence of particular necmes could hardly be 
mdlcatlve of species relations wlthm the genus 
Hehotropwm. This IS true for the most common ammoal- 
cohols, as well as for those detected only m few species but 
belongmg to very distant sections of Hehotropwm. One 
should, however, bear m mind that the optlcal rotations of 
trachelanthamldme, lmdelofidme and supundme have 
been determined only m five, two and one species, 
respectively [l], the occurrence of laburnme [( +)- 
trachelanthamldme], ( -)-lsoretronecanol and/or (+)- 
supmldme m some other species 1s not excluded Among 
the 350 exammed PA-bearing plant species belongmg to 
14 different famlhes, laburnme has been reported m one, 
two and 15 species belongmg to Legummosae, Sapotaceae 
and Orchldaceae, respectively, ( - )-lsoretronecanol was 
found m several species of Sapotaceae and Santalaceae 
and ( +)-supmldme m Cynoglossum uustrule and C. 
lunceolatum (Boragmaceae) [4] 

Exposure of PA extracts to hydrolysis, followed by 
fractional extraction of necmes, may faclhtate detectjon of 
trace amounts ofan ammoalcohol The search for necmes 
other than retronecme m hydrolysed PA extracts from 
Senecto longtlobus, collected m southern Arizona and Neb 
Mexico with total PA content of 0 01 and 2 8 I’(, respect- 
lvely, and from S rrddelhi from New Mexico with PAS 
amounting to 15”,, yielded negative results 

The relative accumulation of particular necmes might, 
perhaps, be of chemotaxonomlc value. especially tf the 
rates of their synthesis and transformation decompo- 
srtlon and the enzymes involved were known In this 
respect our knowledge IS neghgble In young H. spathu- 
lutum plants the turnover rates of trachelanthamldme. 
supmldme and retronecme appeared to be very low [ 131 

The presence of nonesterrfied necmes m PA-bearing 
plants has been rarely reported Free laburnme has been 
detected m CJ tl.w laburnum and m five species belongmg 
to the Orchldaceae [4]. two species of the latter also 
contained free lmdelofidme Nonesterified trdcheldntha- 
midme was found m Euputotrum muculutum, Heho- 
troprum \trtgotum [4] and, recently. m H c uru\wt I( linl [7. 
81 and H sputhulutum [8]. free retronecme was reported 
m Crotulurru retuca [4], H otuhjohum [ 111, H cura>su- 
Lwurn and H ,puthulutum [8] A nonesterlfied saturated 
2,9-dlol was found m H c’urassulu um [7]. dnd besides the 
free 1,2-epoxy-I-hydroxymethylpyrrohzldme m 
Crotalarru. saturated and unsaturated I-methqlene- and 
l-methoxymethylpyrrohztdmes werealso found m several 
Crotulurru species [4] Very recently. free turneforcldme 
was identified m Crotalarru tundtduns [ 141 

As the data m Table 2 indicate. nonesterlfied necmes 
have been detected m all Helrotroprum samples, 1.2-epoxy- 
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1-hydroxymethylpyrroliztdme being the only necme that 
occurred exclusrvely m a free form. The detection and/or 
assessment of hndelofidme and supuudme in a free form 
was in most instances impossible due to their extremely 
low concentratton. In species wtth a stgmficant amount of 
these necmes, the nonestertfied portion accounted for less 
than 10% of the total. The ratios between the free and 
estertfied forms of trachelanthamtdine and retronecine 
varied greatly depending on the spectes and, to a lesser 
extent, on the collectton sate. The proportion of free 
trachelanthamtdme ranged from 0 to 90 % of the total and 
did not seem to be related to the total PA level m a given 
species. The same IS apparently true for retronecme. The 
proportion of tts free form ranged from 2 to over 50 % of 
the total depending on the species. 

The observed ratto between the free and esterrfied 
forms of a given ammoalcohol mtght have been affected 
by the drying process after the plants were collected 
and/or by the analytical procedures. No stgmficent dif- 
ferences were found in the ratios of free and bound forms 
of trachelanthamrdme, supmidme and retronecme be- 
tween au-dried and fresh samples of greenhouse grown H. 
spathulatum plants m which the nonesterified necmes 
accounted for ca 12% of the total. Neither were any 
differences m this respect found between an-drted and 
fresh samples of greenhouse grown H. anglospermum 
plants. Alkahzatton of the PA aqueous solutions within a 
pH range of 9-l 1.0 followed immediately by PA extrac- 
tion, did not affect the proportion of nonesterified necmes 
when tested on samples of several plant species. 

Very stgmficant differences m the total content of 
nitrogen were found between species as well as between 
two samples of the same species. These differences could 
be due to differences in the nitrogen supply and also, to 
some extent, to dtfferences m the ratios between the 
weights of various organs m a given sample. No slgmficant 
correlatton was found between the PA and nitrogen 
contents of the examined plants 

EXPERIMENTAL 

Plant maternal Most of the plants were collected In the summer 
of 1981 at flowermg and/or frurtmg H curassaulcum (1434) and 
H. mdicum (1406) were collected m 1971, H curassaurcum (1502) 

and H mdtcum (1636) m 1972 The plants were au-drred The 

analysed samples represented whole plants mcludmg roots, 

except for H queretaronnum and H. sessel whose roots were not 

collected 

Analysrs Ground samples were extracted exhaustively with 

borhng MeOH under reflux, the solvent removed rn uacuo, the 

residue extracted with 2 N HaSO and N-oxrdes reduced in the 

presence of excess Zn After basrficatron PAS were extracted 
with CHCl, (fractron I) and then wrth CHCI,-EtOH (2 1) 

(fraction II). Each PA fraction was hydrolysed wrth 7 % aq. 

NaOH at 100” for 3 hr The necmes from fraction I were extracted 
with CHCl, and then wrth CHCI,-EtOH Necmes from fraction 

II were similarly extracted, but both extracts were combined. 

Aliquots were taken before and after hydrolyses for quantitative 

determmatron and GC/MS The analytrcal methods were as 
described prevrously [8, 131 

MS of 1,2-epoxy-1-hydroxymethyl-pyrrohzrdme (R, 4.1 mm) 

M+ 155 (17) 126 (4), 124 (13), 96 (lo), 80 (4), 71 (5) 70 (lOO), 68 

(lo), 67 (5), 56 (6). 55 (65) R, value TLC 0 34, [a]2 of base from 
H anglospermum - 61 3” (EtOH, c 0.85) MS of turneforcrdme 

(R, 9 2 mm, R, 0 11) obtained after hydrolyses of crocandme M+ 

157 (15), 113 (20), 82 (lOO), 68 (21), 67 (6), 55 (32) 
MS of platynecme (R, 9 6 mm, R, 008) obtained after 

hydrolyses of platyphylhne M+ 157 (14), 113 (18), 82 (lOO), 68 

(18) 67 (4), 55 (27) 
Necmes isolated from H. racemosum and H queretaroanum 

with R, 9.2 and/or 96mm showed MS srmrlar to those of 

turneforcrdme and/or platynecme, respectrvely 

MS of base R, 5 9 min and R, 0 09 Isolated from H angzosper- 
mumandH mdtcum M+ 157(18),140(8),126(6),124(5),104(6), 

98 (lo), 84 (8) 83 (lOO), 70 (18), 55 (78) MS of base R, 11 5 mm, 

isolated from H racemosum M+ 173 (18), 155 (7), 129 (28), 112 
(7), 99 (45) 98 (loo), 82 (54), 70 (8), 55 (12) 
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