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Abstract—The alkaloid mixtures present in the fruit pericarp and fruit pulp of Strychnos nux-vomica L are quah-
tativelv verv simular to that found 1n the seeds In addition to alkaloids previously known to occur 1n this plant,
small its of 4-hydroxystrychnine and the new base N-methyl-sec -pseudo-f-colubrine have been 1solated
Cantl vhich 1s a non-indolic base and an artefact, has also been obtained The iridoid mixture in the fruit
pulp 1s predominantly logamn with small amounts of related compounds, including the biogenetically important
secologanin

INTRODUCTION
STRYCHNINE (1a) and brucine (1e) have been reported to occur in the pericarp of Strychnos
nux-vomica fruits, and a later TLC examination has been interpreted as suggesting that
the colubrines (1¢) and (1d), pseudostrychnine (1f), vomicine (2b), and strychnicine are also
present 12 There 1s evidence that strychnine and brucine are present m the pulp of the
fruits 13 We have carried out a more detailed analysis of the mixtures of alkaloids in these
two materials 1n order to enable a comparison to be made with that found 1n the seeds
The irdoids of the fruit pulp have also been examined

RESULTS AND DISCUSSION
Table 1 lists the alkaloids 1solated and identified Of these, three are new for S nux-vo-
mica cantleyine (3), a non-indolic base which 1s an artefact (see below) and which has been
obtained from an unidentified Jasmnum species (Oleaceae) and from Cantleya cormiculata
(Becc ) Howard (Icacinaceae),* 4-hydroxystrychnine (1b), previously 1solated from the root
bark of S 1cqja Baill ,> and N-methyl-sec -pseudo-B-colubrine (2c) Thus last base has not
previously been obtamed and 1ts structure determination s therefore discussed first

* From the Ph D thests submitted to the University of London (1972) Present address of AK C Natural
Drugs Research Institute B CSIR Laboratories Chittagong, Bangladesh

! BoorsMa, W G (1902) Meded’s Lands Plantentuin (Batavia) 52, 11, (1902) Bull Inst Bot Buitenzoig 14
(Pharmacologie 1), 3

2 HIFNY SABER, A, Zaki, A Y and ABD-EL-WAHAB, S M (1966) Egypt Pharm Bull 48,203

3 FLuckiGer, F A and HANBURY, D (1874) Pharmacographia, 1st Edn p 384, Macmillan, London, DUNSTAN,
W R and SHORT, F W (1883/84) Pharm J [m] 14, 1025

4+ HarT, N K, Jouns, S R and LAMBERTON, J A (1969) Australian J Chem 22, 1283, SEveNeT, T, Das, B C,
PARELLO, J and Pomier, P (1970) Bull Soc Chim Fr 3120

5 SANDBERG, F, Roos, K, RYRBERG K J and KrisTiansoN K (1968) Tetrahedron Letters 6217, (1969) Acta
Pharm Suec 6, 103
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TaBLE | ALKALOIDS FROM THE FRUIT PLRICARP AND FRUIT PULP OF Str ychnos nun-1omica

Pericarp Pulp Pericarp Pulp

Alkaloid ") ) Alkaloid 174) )
Strychnine (1a) 0 169* 00401 Brucine N-oxide 0016* 0009+
4-Hydroxystrychnine (1b) 0 0007 0002 Icapne (2a) 0006 0002
p-Cotubrine (1¢) 0004 — Vomicine (2b) 0091 0013
Biucine (le) 0 065% 0030t N-Methyl-sec -pscudo-
Pseudostrychnine (1f) 0002 0003 fi-colubrine (2¢} 00007
Pscudobrucine (1g) 0008 0003 Novaunt (2d) 0020 0018
Strychnine N-oxide 0005* 0002+ Cantleyine (3) 0122 0036

* + an additional 00929, comprising mainly strychnine and brucine with a httle strychnine \-oxide and bru-
cme N-oxide

7 +an additional 0 105°, comprising strychnme and brucine and their N-oxides

The facts that 2c came from the 1cajine/novacine fraction and that on TLC 1t runs
between these two alkaloids suggests that 1t could be an ar-monomethoxyicajne © Its MS
has the molecular 10n peak at m/e 394, consistent with the formula C,3H,,N,0O, ‘Indole’
peaksat mye 160 173 and 174 indicate the presence of an OMe substituent in the aromatic
part of the indole moiety, while 1ons at /e 240 and 335 (M — 59) show that both C-10
and C-16 carbonyl functions are present. 1 that the base belongs to the N-methyl-sec -
pseudo series * The UV spectrum 1s very similar to that of f-colubrine (1¢)® and the new
base 1s therefore formulated as N-methyl-sec -pseudo-f-colubtine (2¢)

l+ -
R {_TLO R z
Ry Ry
Rz
o
(1a) R=R=R=Rs=H (20) R= R =Rp=H
(1b) R=PR=H, Ry=OH, Rg=H (2b) R=R=H, R,=0OH
(1c) R = OMe,R = Rp=R3=H (2¢) R = OMe,Ry = Ry=H
(1d) R=H, Ry=0Me, Ry=R3=H (2d) R = Ry = OMe,R; = H
(1e) R = Ry= OMe,Ra=Ry=H
(1f) R=Ry =Ry=H, Ry=OH
(1g) R = Ry = OMe,Ry=H, Ry = OH

The fruit pericarp yielded 1 1°, crude alkaloids, mcluding ca 0 19°, strychnine, these
figures are very much higher than the 0 24 and 0 016%, previously reported * * The compo-

* Some of the alkaloid 1dentihications given mn this reference (foc (it p 209 Fig V)are questionable According
to the TLC shown (i order of decrcasing Rys)n the system EtOAc 1PrOH NH,OH (9 7 4) while bases A
B and C may be identificd as vomicine strychnine, and brucme 1espectively bast D 15 unlikely to have been
pseudostrychnine which should run near the solvent front rathar than behind brucine as ndicated On the other
hand, the TLC suggests that the umidentified somewhat more polar bases F and F weie probably stivchnime
and brucme N-oxides, howcever these bases E and F were not observed to be present n the extract from the
penicarp The TLC also mdicates that the highly polar base G was perhaps strychmme and or brucine chloio-
mcthobromide® rather than strychmiane ' which was probably yvomicme

“Puirieson T D andBissit N G t1970) J Chiomatog 48, 493

"Bissit N G Das B € and PariL1iO | (1974) Tctrahedron n press

¥ Rayvonp-HaME1 (1950) Ann Pharm Fo 8,482 Bosty 1 (1951)J Pharm Belg [n<]6, 243
P PHILLIPSON T D and Bisst 1 N G (1972) Phytochnsin 11, 2547

OBISET N G and PunLipsos 1 D (1973) Phntochomisty 12, 2049
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sition of the alkaloid mixture (Table 1) 1s very much like that present 1n the seeds,'! with
strychnine (1a) and brucine (1e), bases of the normal series, as the domimant compounds

The fruat pulp gave 035% crude alkaloids and again the composition of the mixture
(Table 1) closely resembles that from the seeds

The 1solation of cantleyine 1s unexpected but not surprising Sevenet et al  showed that
1t 1s formed when NH,OH 1s used mn the work-up, they were able to convert the ridoid
loganin (4a) (see below) to cantleyine (3) in ca 5% yield We find that when extracting 3
from the pericarp of S nux-vomuca fruits or making 1t from 4a,* use of Na,COj; 1n the first
bastfication and Na,CO5; or NH,OH 1n the second one gave only little or no 3 Using
NH_OH 1n the first basification and Na,CO, or NH,OH 1n the second one afforded ca
5% of 3 The inference from these experiments 1s that in the formation of 3 from 4a intro-
duction of the mitrogen (from the NH,OH) into 4a probably takes place before hydrolysis,
rather than first hydrolysis and then reaction with NH,OH Although the yield of 3 di-
rectly from 4a 1s very low, the amount of 4a present 1n S nux-vomica frutt pulp and fruit
pericarp 1s sufficient to account for the quantity of 3 1solated (Table 1)

TaBLE 2 IRIDOIDS ISOLATED FROM THE FRUIT PULP OF Strychnos nux-vomica

Iridoid %, Obtained Iridord % Obtained
Loganin (4a) 10554 Ketologanin (4¢) 0046
Loganic acid (4b)!? 0021 Secologanin (5) 0005
Deoxyloganin (4d)'# 0013

Ca 3 4% loganin (4a) was obtained from the fruit pericarp The fruit pulp, on the other
hand, yielded ca 12 1% crude total iridoids, which after crystallization afforded ca 106%,
of 4a 12 TLC of the mother-hquors showed that several other iridoids were present, and

~OH
MeO,C o “Me
-
N
(3)

(40) R =Me, Ry=0H, H
(4b) R=H, R=0H, H
(4c) R=Me, RR=0

(4d) R=Me, Ry=H, H

the 1dentified ones obtained are listed in Table 2 Noteworthy 1s the overwhelming pre-
dominance of 4a Ketologanin (4c)' and secologanin (5)!® have not previously been found

* The plant material or aq soln of loganin was basified with either Na,COj; soln or NH,OH soin After
extraction with an organic solvent the basic fraction was taken into acid which was then basified with either
Na,COj; soln or NH,OH soln and worked up 1n the usual way

11 MARINI-BETTOLO, G B, MONACHE, F DELLE, GELABERT DE BROVETTO, A and Corio, E (1968) J Assoc off
Anal Chem 51,185, (1968) J Chromatog 32, 178

12 DynsTAN, W R and SHORT, F W (1883/84) Pharm J [m] 14, 1025, Merz, K W and Kress, K G (1937)
Arch Pharm 275,217, Merz, K W and LEaManN, L H (1957) Arch Pharm 298, 543

13 JamaNeT, F (1951) Lejeurna 15,9, (1953) J Pharm Belg [ns]8, 339 449

14 BATTERSBY, A R, BURNETT, A R and Parsons, P G (1970) J Chem Soc Chem Commun 826

15 Coscia, C J, GUARNACCIA R and BoTta, L (1969) Biochenustry 8, 5036

16 BATTERSBY A R, BURNETT, A R and Parsons, P G (1968) J Chem Soc Chem Commun 1281
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1n material of S nux-vomica, but the 1solation of secologanin is of special interest in view
of its important réle 1 the biosynthesis of indole alkaloids '’

EXPERIMENTAL

M p’sare uncorrected NMR spectra were determined in CDCl; soln at 60 MHz with TMS as internal standard
(6 = 000) MS were obtamed with an A E 1 MS902 high-resolution mstrument operating at 70 ¢V and inlet tem-
peratures between 200" and 280 peak intensities are given as ¢, of the largest peak above 100 mu which 1s
taken as the base peak

Alkalords TLC was carried out using neutral silica-gel G plates run in the following systems CH,Cl; or
CHCl, contamning 0 10°, MeOH and EtOAc- PrOH-NH,OH (9 74 16 3 1 or 100 2 1) The plates werc
sprayed with Dragendorft reagent 1-mm thick preparative TLC plates (20 x 20 or 40 x 20 cm) were made from
a 1 t-mixture of sihca gel G and GF,.,, they were run 1n an appropriate system and repeated development was
carried out when necessary GLC was performed as previously described '8

Indotds Routine TLC was done with neutral silica gel G plates in MeCOEt-McOH AcOH(3 | 1) MeCOFEt
MeOH (4 1 or 7 3)or CH,Cl, MeOH (17 3 or 4 1) The irndoids were detected by spraving with conc H,SO,
or 19, KMnO, soln followed by heating to 110 Preparative TLC plates (see above) were tun in MeCOEt-
MeOH(©93 791 3 1orl 1), CH,Cl, MeOH@©97 3 or 94 6) or CHCl; MeOH(9 1 o1t 4 1) repeatcd duvelop-
ment was carried out when necessary

Souwr ce and 1dentification of the plant matertal The § nux-1omica fruits were collected at Ambarnagar, Chitta-
gong Bangladesh, in September 1968 by Mr Din Mohammad botamist at the Natural Drugs Research Institute
Chittagong who also identificd the maternial Voucher specimens are kept in the Department of Phaimacy Chel-
sea College

Extraction of the alkalowds from the fiwr pericarp 772 g ground pericarp was basified with 390 mlofa I 1 min-
ture of 50°, conc NH,OH and 20°, aq Na,COj soln Extraction of the material i a Soxhlet with CHCl,
followed by removal of the solvent gave 33 g residue which was treated with 2 x 100 and 1 x SOml 5, HCI
The combined acid extracts were washed with a little CHCl; then bastfied with conc NH,OH and the free
bases taken into 3 x 250 and | x 200 ml CHCl; the combined organic phases were dried over anhvd Na,SO,
and taken to dryness The yield of ctude bases was 8 5g (=11°,) Check TLC showed the presence of at least
9 alkalowds

Exnaction of the alkalowds from the frinr pulp 803 g wet pulp was basificd with 300 mi of a | 1 mixture of 50°,
conc NH,OH and 20°_aq Na,CO; soln and then allowed to soak 1n 500 ml EtOH for | month after hltiation
the pulp was 1c-extracted twice in the samce way Removal of the FtOH from the combined filtiates under
reduced piessure gave a residue which was first refluxed with 3 x 200 mi petrol (bp 40 60 §and then extracted
by warming with 3 x 120 ml CHCl; £tOH (5 1) The combined CHCl, EtOH extracts were taken to dryness
and the residue treated with 3 x 100 mi CHCl; Atter concentrating the organic «xtracts to 100 ml the alkaloids
were taken mnto 2 x 200 and | x 100 ml 2°, HCl The combined acid extracts were basified with conc NH,OH
and the free bases removed with 2 x 300 and 1 x 200 ml CHCI; the combined C HCl; extracts were dired over
anhyd Na,SO, and taken to dryvness The yield of crude bases was 2 78 g (=035") Check TLC indicated the
presence of 8 9 alkaloids

Separation of the fiuit-pericar p alkaloids The crude bases were chromatographed over alumina (activity I11)
and eluted with C H, containing increasing proportions of CHCl; then with CHCly alone and finally with
CHCl; containing up to 50°, MeOH The fractions were grouped accotding to the results of check TLC The
smaller groups were further separated by preparative TLC, while the larger groups were first chromatographed
over silica gel (eluants as for the alumina column) and then separated by preparative TLC

Separation of the fruit-pulp ulkalovds The crude alkaloids were fractionated on silica gel (activity 1) by elution
with CHCl; containing from 4°, up to 50°, McOH , after monitoring by TLC the fractions were combined mto
groups which were further separated individually by preparative TLC

Identification of the alkalotds Known alkaloids were 1dentified by means of their mp  colour reactions and
TLC properties and by comparison of the UV IR and/or MS with those of authentic samples available in our
laboratory N-Methyi-sec -pseudo-f-colubine (2c) needles from Me,CO UV ,EOH 236 (log € 438) 261 (395)
and 300 (392) nm, 450 244 (log € 423) and 277 (3 74) nm MS 394 (M' C,3H,;N,O, 100°) 337 (11) 336
(20) 335(70) 334 (10) 320 (17) 318 (12} 281 (10) 276 (9) 266 (10) 242 (&) 241 (13) 240 (14) 239 (12) 226 (12)
214 (10) 213 (15) 212.(9) 198 (12) 197 (10} 186 (7) 184 (7) 175 (12) 174 (10) 173 (14} 160 (18) 58 (30) and
57(27)

' BATILRSBY, A R (1971)1n The Alkaloids (Saxton, J E,ed) Vol 1, p 31 (Specialist Periodical Reports) The
Chemical Society London SiauNiown, J (1972) n The Alkaloids (SaAxton J E ed) Vol 2 p 1 (Spectalist
Periodical Reports), The Chemical Society London HiiMBERGER S 1 and ScotT A 1 (1973)J Chem Soc
Chem Comnuin 215

¥ BisstT N G and PHILLIPSON, | D (1971) Lioydia 34, t
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Extraction of the frutt-pulp ridods 600 g air-dried pulp was macerated with 1200 ml EtOH for 1 week and then
filtered from the solvent, the process was repeated 3 x Concentration of the combined filtrates yielded 252 ¢
extract, refluxing 1t with petrol (bp 40-60°) removed 9 4 g material The remaining extract was treated several
times with CHCl;-EtOH(4 1) This removed 79 7 g material which was refluxed with several lots of petrol (bp
40-60°) and repeatedly treated with CHCI, to leave 53 g final residue consisting mainly of crude loganin (4a)
The ca 163 g of matenal nsoluble in CHCl;-EtOH (4 1) was dissolved in H,O and thoroughly shaken and
warmed with charcoal for some ume After filtration, the charcoal was extracted several times with EtOH to
gtve a further 19 g logamin The filtrate which still gave a positive loganin test was concentrated under reduced
pressure and again treated with charcoal, from which an additional 12 g crude loganin was obtained All three
lots of crude loganin were combined and recrystallized several times from EtOH to give ca 60 g pure loganin
The residue from the combined mother-liquors of the loganin crystalhzations was extracted with petrol (bp
40-60°) and CHCl; and check TLC of the final 12 5 g of residue showed the presence of several other indoids
besides loganin

Separation of the frut-pulp indords The 12 5 g iridoids was chromatographed over sihica gel, elution did not
start unt1ll more than 1200 ml CH,Cl,~MeOH (24 1) had passed through the column and was continued with
CH,C1,-MeOH (24 1,9 1,4 1 and 1 1) More than 560 fractions of 25 ml were collected and ca 11 1 g indoids
recovered After check TLC the fractions were combined mto 16 groups which were further separated by prepara-
tive TLC

Identification of the iridovds Loganin (4a) was identified as such from the mp and spectral (UV, IR, NMR
and MS) properties of the free iridoid and 1ts pentaacetate which were 1 agreement with those reported 13 1°

Loganic acid (4b) was 1dentified by means of the m p and spectral (UV, IR and NMR) properties of the acid
and its pentaacetate, which accorded well with published data '* Methylation of the acid with CH,N, afforded
4a as the only product, identified by m p and UV and IR spectra

Deoxyloganin (4d) was 1dentified from 1ts UV and IR spectra and from the NMR spectrum of 1ts tetraacetate
The TLC behaviour and the UV spectrum of the tetraacetate were 1dentical with those of an authentic sample 2°

Ketologamin (4¢c) was 1dentified by means of the mp and spectral (UV, IR, NMR and MS) properties of the
free iridord and 1ts tetraacetate, which were 1dentical with those reported in the hterature 13

Secologanin (5) was 1dentified from the spectral (UV, IR, NMR and MS) properties of the free iridoid and 1ts
tetraacetate 2! The TLC and spectral properties of the free indoid were 1dentical with those of an authentic sam-
ple
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