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Abstract -Four new alkaloidal phospholipids, 2-0-glyarophosphoryllycorine. phosphatidyllycorincs, phosphatidyl- 
pscudolycorines and phosphatidyllycorinium mcthocation, were rsolatcd from the flowers of Zeph)~oar~sJ%zuu. The 
structures of these compounds were established by comprehensive spectral analyses, chemical transformations and 
synthesis, where possibk. The biological profile of this novel group of alkaloidal conjugates is appraised. 
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The flowers of Amaryllidaccae species have not so far 
attracted the notice of phytochemists although over 
100 distinctly diGrent alkaloids have betn reported from 
the roots, bulbs, kava. fruits and seeds of about I50 
species belonging to 36 genera of this family [ 13. We were 
interested in the alkaloida) constnuents of flowers of 
Amaryllidaaac spcclcs for several reasons. (i) Very few 
Amarylhdaccae plants bear fruits and viable seeds; they 
propagate mainly through olTscts of bulbs. The physiolog- 
ical purpose of flower bearing is not clear. (ii) Initiation of 
floral diffcrcntiation is conceivably an important bio- 
chemical event and in many plant families alkaloid 
synthesis is either inhiblted. stopped or significantly 
modified at the commencement of flowering [2.33. It is to 
be seen if either of these phenomena is operative at the 
time of flowering of Amaryllidaceae plants. 
(iii) Preliminary screening of flowers of Amaryllidaccae 
specks, in our laboratory, indicated that this organ was 
rich in free and con)ugatcd alkaloids. These compounds 
may perform certain functions that cannot bc pcrformcd 
by alkaloids contained in other parts. For instance. during 
off years of flowering the total weights of the propagated 
bulbs are significantly reduced due, presumably. to im- 
paired synthesis of the ccl) wall-forming glycans. (iv) 2- 
Oxyphenanthridmiums, the quaternary alkaloids charac- 
teristic of the sads of Crinum osiaricum [4], C. loti/olium 
[4] and 2. J7ocu [S]. consisted of phosphatidic acids as 
their anionic part. The case with which known phos- 
phatidcs (lecithins, ccphalins) are hydrolysed by native 
phospholipascs, at the time of their extraction from plant 
sources. would seem to suggest the natural occurrence of 
phosphatidylpyrrolophenanthrrdinium beatines (fully 
aromatic oxide bctaincs) as a distinct possibility. The 
pyrrolophcnanthridinium alkaloids of 2. JOGO occur in 
varying amounts in the different parts of thus plant and 
also exhibit .scasonal variations. These are (a) traa 
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*Part 25 In the series Ykmwal Constituents of 
Amarylhdacrre”. For Part 24 see ref. [20]. 

components in the roots only at the time of flowering; 
(b) a minor entity rn young and growmg bulba; (c) rn traas 
rn flower-stem and fleshy-scak fluids; (d) a major entity in 
fruits, the concentration increasing with maturity; and 
(c)dominant in seeds at all stages. These compounds 
strongly prevent seed gcrmmation. root and stem growth 
in both producer and non-producer plants 14. S]. 
(v) Phosphatidyllycorine have recently been encountered 
in the flower-stem and tkshy-scak fluids of C. arioticum 
[63 and Poncrotium bijforum [7] although their compktc 
characterization has not been reported before. The possi- 
bility of the widespread natural occurrence of thtse 
alkaloidal conjugates and their potential biological sig- 
nificance warrant further and more detaikd studies of 
flowers and other parts of Rower-bearing Amaryllidaceac 
plants. In this paper, we report the isolation, charactcriz- 
ation and biological profik of four new alkaloldal phos- 
pholiprds from the Rowers of Z. Jaco. 

ttEsc;I.TS AND DISCUSSIOS 

Extensive solvent cxtracuon. column (CC) and prc- 
parativc TLC and HPLC of the polar constituents from 
CHCI,-MeOH extracts of flowers of Z. flow afforded 
four alkaloidal phospholipid fractions (l-4). Compktc 
characterization of these compounds is described below. 

Fracfion I 

This compound, CIPHz.NOPP (clementa) analysesand 
FAB-MS), responded to DragendorlT’s test for alkaloids 
and the ammonium molybdate test for phosphate esters. 
It exhibited UV maxima. in MeOH. similar to those of 
protonatcd lycorinc [l]. The IR spaztrum showed signifi- 
cant bands due to ammonium, hydroxyl, mcthylencdioxy 
and phosphoryl groups. The 90 MHz ‘H NMR spaztrum 
of the compound suggcstai the structural features of a 
glyarophosphoryllycorine derivative. It formed a t&O- 
aatyl derivative, mp 232-234’. C1,HJoNOIzP, which. in 
the ‘HNMR spectrum, exhibited a downfield shift 
(ti1.3) in the H-l signal from that of the parent 
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-C-H,-CH-CM, 

1 R’ - R’ - R’ - H. R’ l R’ - -CH2- 

h R’ n prlnutoyl. R2 - stearoyl, R’ - H. ti l R’ - --cHz- 

2b R’ - prlmltoyl. R* a okoyl. R’ - H. R’ l R’ - -CHa- 

30 RI - palmltoyl. R’ a ~tcrroyl. R’ - H. R’ - Me. R’ a H 

3b R’ = palm~~oyl. R’ - oleoyl. R’ a H. R’ = Me. R’ = H 

4 R’ - palmltoyl. RI = ~crroyl. R’ = Me (a-mdB-). ~+R’=-cii~- 

compound thereby locattng one acetyl group at C- 1 of the 
lycorine moiety. The other two acctyl groups were 
attached to the glycerol moiety. On hydrolysis with aq. 
HCI, in a sealed tube at loo”, compound 1 afforded 
glycerol-3-phosphoric acid and lycormc. Hence, the 2-O- 
glycerophosphoryllycorine structure (1) was ass~gnd IO 
this compound. To our knowkdgc. this is the first report 
of the natural occurret~~ and structure of an alkaloidal 
phospholipid. 

Fracrron 2 

This material, consisting of a mixture of two closely 
related entities, C,,H,,NO,,P (M’, 100%) and 

C,,H.,NO,, P (M ‘, 22%), exhibited UV, IR, and 
‘H NMR spectra characteristic of fatty acrd esters of 2-0- 
glyccrophosphoryllycorine. On acetyhtion with aa~~c 
anhydride .pyridine at 95°C. it afforded a monoacetyl 
derivative, mp 228-232- (dcc). The aatylation causal a 
downfield shift (A6 1.28) of the H-l signal from that of the 
parent compound: the ‘H NMR spectrum being taken in 
the same solvent. Hydrolysts of compound 2 with phos- 
phohpasc D gave I>cormc and a phosphattdlc acrd. The 
latter on graded hydrolysis (see Experimental) afforded 
glyarol, three fatty acids (palmitic, stcaric and okk acids 
in a ca 1.2: I :0.2 ratio), and phosphoric acid. Woctive 
dcacyktton at the C-2 position of the glycerol moiety. 
with phospholipasc AI, gave stcaric and oktc acids. On 
the basis of these observations, compound 2 was assigned 
the 2-0-acylglycerophosphoryllycorine structures (2a-b). 

0 -phorpbudyl 

Compounds 28-b have not ban encountered before in 
nature nor have they been prepared before synthcttcally. 

Fraction 3 

This material, like fraction 2, also consisted of a mixture 
of two doscly related entities, C,,HWNO,, P (M ‘, 100%) 
and C,,HIINOIIP (M’, 7x), and showed UV and IR 
spectra similar to those of compounds 2a-h However, it 
formed a diacctyl derivative which in the ‘H NMR 
spectrum showed one Ar-OAc and one AI-Me in lieu of 
the methylene;dioxy signal in the acetate derivative of 
compound 2. Additionally, it showed an ahphatic ac- 
etoxyl signal and a downheM shift (Gl.3) in tbc H-l 
signal from that of the parent compound. Hydrolysis of 
fraction 3 with phosphohpav D gave pseudolycoriae and 
a phosphatidic acid, the tatter compound was identical 
with that obtained from the enzymic hydrolysis of 
compound 2. On the basis of these observations, 
compound3 was assigned the 2-O-acylglycero- 
phosphorylpscudolycorine structures (30-b) In 
order to provide chemical evidence in support of the 
location of the acylglycclophospboryl group at the allylic 
position of the pseudolycorinc moiety, the diacetyl de- 
rivative (Sk in tetnhydrofuran (THF), was treatal with 
NaOMe In prescna of a Pd(0) catalyst when I.l@d~-O- 
aatylpseudolycorinc (6) was obtained. The identity of the 
product wasestablished by its synthesis from 1,2,1@tri-O- 
acctylpseudolycorinc following a similar route. The meth- 
anolysis reaction (Scheme I) with x-ally1 palladium inta- 
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( I) NaOMe. THF. Pd(PPh,h,. at room temp. rc~trmg foe 30 min. 

Scheme. I. Mc~hanolys~s of r-allylpalladwm uxcrmediarc of di-O-PcaylphorpharidylpKudolycorlnc 
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mediates had literature precedents 181. Compounds 2 
and 3 thus differ in the alkaloidal moiety, their phos- 
phatidyl component being the same. The difference in the 
‘basic head’ (lycorinc/pscudolycorine) of the phosphatid- 
ylpyrrolophenanthridincs would sum to suggest that the 
conjugation of the Amarylliriarml? alkaloids with the 
phospholipid moiety is not a freak (lusus norutue). This is 
further manifested in the compound 4. 

Fraction 4 

This material, obtained as a hygroscopic solid, cx- 
hibited a UV spectrum similar to that of compound 1. It 
formed a monoaatyl derivative with acetic 
anhydridcpyridine; the acctyl derivative showed 
‘H NMR signals characteristic of phosphatidyllycorine 
methocation. Mild hydrolysis of the parent compound, 
with dilute HCl. afforded lycorine x- and J?-mcthocations 
and phosphatidic acid. The latter compound on graded 
dcacylation afforded palmitrc acid and stcaric acid from 
the C-l and C-2 positions, respectively, of the glycerol 
moiety. On compktc hydrolysis, the phosphatidic acid 
gave glycerol, the two fatty acids and phosphoric acid in 
almost equal ratios. Hence structure 4 was assigned to this 
compound. 

In addition to the above mentioned fatty acids, a 
number of other saturated and unsaturated (0: l-3) fatty 
acids (C,, -C2.) were detected in the total phospholipids. 
Further characterization of these compounds is currently 
underway. 

The phosphatrdylpyrrolophcnanthridincs sam to pro- 
duce a broad range of biological actions in dilTercnt 
organs of the produar plants. Common phosphatida 
(kcithins and aphalins), in combination with proteins, 
induce different types of stimuli to enzymic activity within 
the all. e.g. in the rckase of arachidonic acid (AA) from 
phosphatidylinositol and other AAcontaining phospho- 
lipids. One of the mechanisms considered for the release 
of AA from phospholipids is the activation of phos- 
pholipase AI. This enzyme is Ca’ l ion dependent. The 
release of AA from phospholipids has barn shown to be 
stimulated by Ca’ ’ [9]. The influx of Ca’ l , traded for 
the optimal enzyme activtty. is promoted by an increase in 
N-mcthylatron of the phosphatidcs. According to thus 
model, l&and-receptor binding activates a series of 
enzymes that cause N-mcthylation of phosphatidyktha- 
nobmine to form phosphatidykholinc. As the phos- 
pholipid is mcthylatcd, the reaction being coupkd to 
Cal * influx. the product is translocatal from the instdc to 
the outside of the lipid bikycr. A similar scqucncc of 
reaction can be envisaged for the N-mcthylation of 
phosphatidyllycorinc to phosphatidyllycorinc metho- 
cation (4) in Z. Jouo. We have acquired evidence that 
phosphatidyllycorinc (21-b) cause an influx of Ca*+ 
within the cell. Thus. in doses of 25 &ml and above. 

(2a-b) caused extensive degranulation of rat mescntertc 
mast cells in vitro. The dcgranuktion was mediated by 
Ca’ l influx [IO]. Several independent lines of evidence 
also suggested that increased kvck of Cal l in mast cells 
can trigger ttk rckasc of infkmmatory medrators in mast 
ceils which cause their degranulation [II]. The ttans- 
acyhtion reaction rccognizd m the Amaryllidaccac. in 
the form of co-occUrretxX of the )Yso- 
phosphatidyllycorinc (I) and palrnilycorme (= I-O- 
palmitoyllycorine) 163, is strong circumstantral evidence 
in favour of the acyl rekasc reaction mediated by 
phosphatidylpyrrolopbenanthridincs. Furthermore. the 
phosphatidyllycorine methocation (4). formed from the 
N-mcthylation of phosphatidyllycorinc (2a), is con- 
ceivably converted into hippeastrine in ciao. T?K rapid 
turnover of lycorinc and hippeastrinc in a number of 
Amaryllidaaac plants [4. 121 suggests their dynamic state 
of metabolism to meet the physiological demand of the 
producer plants. 

Another CfTat of the phosphatidylpyrrolo- 
phcnanthridinc-protein combination could be in the 
control of all division and all differentiation. Tfus 
suggestion stems from ttk observed immune-suppr&ve 
action of the phosphatidyllycorina (2a b). These com- 
pounds, in low doses (I pg/ml), in c&o. provided signifi- 
cant protection to scnsitixcd rat rrkscnteric mast cells 
from dcgranuhtion. TIK protective effect was found to be 
due to suppression of the initial proczss of sensitizatron in 

riuo. The manifestation of this property in plants could be 
suppression of all division in members of the 
Amaryllidaaac, at the dormant stage, when the 
phosphatidylpyrrolophenanthridincs are present in ap- 
prcciabk amounts. 

Tbc phosphatidylpyrrolophcnanthridines may also 
participate in the active deposition of acylatcd sugars in 
producer plants. The bulbs of many Amaryllidaccac 
species. ciz. Crrnum /ori/olium L., Narcissus rozerro L. (var. 
chinensu Rocmer). Lycorir diora Herbert and 
L. squamigero Maxim., synthesize highly acykted glycans 
(glucans and glucomannans [I. I33)r the concentrations of 
thex polysaccharidcs increase considerably during rest- 
ing time of the plants. There exist a number of enzymes 
whose substrates are covakntly bound to a carrier lipid 
molecule. The members of this group which have kn 
studied in detail are those involved in the polysaccharidc 
synthesis in bacteria. Thccycle ofreactions involved in the 
formation of hpopolysacchandcs in bacteria has been well 
documented [ 143. Glycans of the bulbs of Amaryllidaccac 
plants may conceivably be synthesized by a similar 
sequence (Scheme 2), involving the phosphomonocstcrs 
of lycorine/pscudolycorinc. where the alkaloid moiety 
acts as the lipid carrier mokcuk. It is interesting to note 
that in off-years of flowering, the proliferated bulbs, 
through off-sets, remam emaciated, presumably due to 
impaired synthesis of glycans. This phenomenon may be 

POf’-Gk PMP 

Ahklid- P L Alkrlold-P-P--(;lc m-z AUuloid-P-P[Gk-Mmn]n 

&hid - P. pholphomonticr of tycortm / pudetycorh; PW and PMP @urtnca: furnocln, thymidtnc. 

wtdinc ) diphorphrc and mom$o@a~e; Glc. &ham hhw ~~NKME 

Schcmc. 2. Hypo~tmcal rok of the camcr alkaloid @ids in the biorynthcsis of the &cans of AmuyllidoaPc 
plrau. 
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correlated with the decline in the concentration of the 
phosphatidylpyrrolophenanthridincs during off-years of 
Ilowering. 

Finally, a dynamic state of the phosphatidylpyrrolo- 
pbcnanthridincs in Z. jfu(;o was racognizcd by a trans- 
phosphatidylatioo reaction in u&o. When an enriched 
phospholipasetransphosphatidylasc enzyme prepara- 
tion, from Z. J%YUU, was used to equilibrate pbosphatidyl- 
choline (dipelmitoyl) and lycorinc, phosphatidyllycorinc 
was obtained (in about 18 ‘X. yield) among other products. 
This experiment supports the contention that the phos- 
phatidylpyrrolophethridiocs arc not a freak and by 
controlling the experimental conditions many more can 
be isolated from members of the Amaryllidaczae. 

EXPERIMENTAL 

Gcncd. Mp were unawr. UV spectra were recorded in 

McQH. IR spectra were dctcrtnincd in KBr. unless otherwise 

stated. and only the major bands are quoted. 90 MHz ‘H NMR 

spaztra were obtained usmg TMS as an internal standard. In 

FABMS. argon was used for the pnmary beam; the spectra were 

0bIaincd at an &z&crating voltage of 3 kV. The ion soura was 

maintained at ambknt temperature. Tbc samples were taken in 

CHCl, McQH and applied to a rcainkss stal probe tip with an 

appropriate amount of &crol. The probe was immediately 

invrtcd mto the mw spcc~romc~cr. Analytccal and semi- 

preparative HPLC were carried out on a Waters Associates 

assembly fitted with a M&Xl0 pump. a U 6K injbaor. UV 

detector. a C,s )c-Bondapak column (3Ocm x 4 mm i.d. for 

analytical and 3Ocm x 8 mm for semi-prrppntin analyses); 

McQH- H+McCN (90: 7: 3) was used as developer at a Bow 

rate of I.5 ml/min for analytical and 4 ml/mitt for the scmi- 

preparative runs. For GC analyses of the mtthyl esters of fatty 

acids Ihc followinS conditions were used (10% dIcthykncglycol 

sue&ate on 100 12Omcsh. 3 m x 2 mm i.d, Gaschrom Q. 

programmed from 7&200”. 4Oml/min N,) For preparative 

TLC, silica gel 60 F1 ,. plates were used; the plates were developed 

with CHCl,. M&H-7 M NH, (69:27:4). For analytical TLC. 

sika 8cl G (E. Merck), plate thickness 0.2mm. was used. 

HISO. satd. aq. K#Zr,O- (7:3k ammonium 

molybdatc-pcrchlork acid and modihcd Dragcndorff’s (accord- 

ing to Yumcr and Maclutcbocuf) reagents were used for 

detection. 

L.Joru Roan. and Schult. cultivatal in the BanaraJ Hindu 

Urnvcrsity Carnpuo. was idcntuicd by Professor S. K. Roy, 

Department of Botany, Focuhy of Sc~encc. Banaras Hindu 

Utuvenity. The flowers were colkctcd in three consecutive years 

(1982. 1984) during lunc-August and were Immediately pro- 

cessed for chemical constituents. 

Exfrucrion. In a typical experiment. fresh flowers (co I kp) were 

macerated with CHCI,-McQH (2:l) in a high-speed bkndcr. 

The extract was warmed at 60’ for I5 mm; EDTA (0.1 Ml was 

added to retard the phospholipasc acuwty. and the mixture was 

k+ at room temp. ovcrmpht. It was filtered and the filtrate was 

coned (cu I50 ml) when a cream colourcd sohd was pptd whwh 

was colleclcd by filtration lfracuon A. 132 mg). The mother 

liquor was further coned (co 20 ml) and presavcd IfractIon B). 
7rro1mcnr o/jrocnon A. The solid was trituraIcd with hot 

hcxanc (fraction A,). CHCI, (fraction Aj) and McOH 

(fraction A,).in successi on. wbcn ~yccrophosphoryllycormc was 

obtamcd as the McQH-insoluble sohd. 

<;/ycrrophosphor~l/~~[~rirrP (I) 711s compound (I 12 mg) did 

not melt up to 280 but decomposed > 3tXY. R, (analytical 

HPLC) - 17 82 mm; UV i,, nm (logc)236238(3.62).285 206 

(3.70). 3253Msh (2.93) [lycorine: ;.k$” 230 232 (3.55). 

2!&292 (3&k UVIz”c’ N.H“I run (loge) 237-239 (3.53). 

28>286 (3.68). 23s330 sh]; IR ypx an ‘: 3350 (br. OH), 2550 

(br. NH ‘), 1600 (brk 1240 (P-Q), 1045.940 (QCH,O); ‘H NMR 

(CD,OD-CD,CDDD): 66.84 (IH. s. H-II), 6.65 (IH. s. H-8). 

6.02 (2H.s. OCHzO), 5.67 (IH. br. H-3). 5.35 (IH. br. H-2). 4.65 

(2H. d, I - 7 Hr. P-(TCH,.CHOH-). 4.38 (1H. br, H-IX MS 

m:r(rcl.int.~44l[M]‘(lOO)(found:C.5l.3;H,5.7;N,2.8;P.7.5; 

C,PH,.NOPPrcquiraC. 51.7; H. 5.4 N, 3.1; P, 7.Ok treatment of 

(I, I2 mg) with ACID (0.5 ml)and C,H,N (0.2 ml)at 95’ for I hr 

aflbrdcd the tri-O-aatyl derivative as colourkss crystals (8 mg) 

(from McQH), mp 232-234’ (deck IR v_an- ‘: 1740 (ester 

C0),1242.1204;‘HNMR:66.84(1H.s).6.68(1H.s~6.02(2H,s), 

5.84 (2H. m. I+‘, 1 - IO Hr. H-l, 3), 5.28 (IH. m. I+‘, J - IO Hr. 

H-2). 5.0-4.2 (glyccryl mcthinc and tncthyknc Hk 2.14 (3H, I. 

OACA 2.10 (3H. s. OAc), 2.04 (3li. I, OAck MS m/x (rcl int): 567 

[Ml’ (100).Hydrolysisof I(22 mg)wiIh I N HCl(IOml)at 100 

for I5 min in a scaled tube gave glyccro-3phosphoricacid (3 mg) 

(co-TLC. co-HPLC. MS of TMS cthcr derivative) and lycorinc 

(7 mgk mp 248-253’ (mmp. co-HPLC. MS) 

Treormmr ojjrucrion B. Thu fraction was mixed with HCI- 

washed flonsil (4 8). drrcd in r(~uo. and charged onto a column 

of Ha-washed flonsil (20 x I.5 cm) Elution was carried out 

with C,H, (5OOml. fracuon B,), CHCI, (5OOmL fraction B,). 

ChcI, McQH (95:5. MOmI; 9:l. 100ml. 3:l. 100mk l:I. 

2@3 ml) (fractions B, B,). and McQH (200 ml, fraction B,). 

BHT (3,5di-rcrr-butyl4-hydroxytolucnc) (0.1 me). in hcxanc, 

was added to each of the seven fractions to prevent autoudation 

of the lipids. The solvents were cvapd with N,. The neutral lipids 

sod the free alkaloids were clutcd out ut fractcons B, 8.. 

Fractions B! B. showed the presence of similar phosphatidyl- 

pyrrolophcnanthndin, on analytral TLC, and were combmcd 

(friution C). 

Trrummr o/ @Iion C. Enrichment of the phosphatidyl- 

pyrrolophcnanthridma in this fraction was accomplished by 

preparative TLC. The phosphol~ptds were located by spraying 

the edge of the chromatognms with modified DngcndortT’s 

reagent. The R, zones 0.15 (frwuon C,). 0.3 (fraction C*) and 

0.55 (fraction C,) were cut and the PLC scrapings were dutcd 

with McQH-Hr(T McCN (90: 7: 3). The cluatcs were subJcctcd 

to HPLC analyses. For analytnal and semipreparatIve HPLC. 

the restdues in fractions C,-C, were redissolved In 

McQH HzQ,-McCN (0.1. 2 ml) and portions (IO pl IO I ml 

containmg 50 pg to 5 mg) were applied IO HPLC columns. The 

clutions of the compounds detected at 1250 nm. were colkc~cd. 

Reactions and rronsjormorions A battery of tachniqucs was 

adopted for the sckct~vc degradation and transformation of 

phospholipids [ 15.161. For nucro-analysis of phosphorus. I& 

phospholipids were digested with perchlone acd in a Tschnmon 

digester and analyscd for morganw: phosphate by auto-analyscr. 

In a I~I cxpt. the dcacylation of the phospholipids (CO 5 mg) 

was carried out by treatment with an anhydrous mahanolr soln 

(0.2 ml)of NaOMc (0.2 N). Tbc mixture was kept at room temp. 

for 30 mm. TM solvcn~ was cvapd and the residue was cxtractcd 

with pcntanc. Tbc pcntanc-solubk frrtion was prrsad through a 

short column of florisil (60 100 mesh) before being subjccIcd to 

GC analyses for methyl esters of fatty rids. The residue IcfI after 

the pentroe extraction was aaditicd (HCl). cooled and made 

alkaline (NH,OH). The hbcratcd lysodcnvativa (glycao- 

phosphorylpyrrolophcnanIhridina) were collected by 

ccntrifuption. 

In another experiment. sclcct~~~ dcscylxtion at the C,-posnion 

of the glyaryl moiety in (2 4) was earned out by treating them. 

separately. with phospholipue A, (phosphatidyl-2- 

acylhydrolasc, EC 3.1.1 4. %Rma C’hemical Co.), at pH 8.9 and 

25’. for 12 hr. The l~bcratcd aculs extracted with Et,0 were 

converted into methyl esters by treatment with ethereal CH:Nl. 
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The composirion of rhc methyl cslcrs of farry acrds was de- 

Iermmal by GC-MS. accordmg IO pubhshcd procedures [ 171. 

For tlvc separation and icknrifkarion of the alkaloid moleIy 

from the phosphalide. the following proadurc was followed A 

miature (5 ml). contauung rbc glyccrophosphorylpyrrolo- 

pbcnanrhridme (IO PM). acc~aIe buffer (PH. 5.6. fKJ0 PM), CaCI, 

(400 PM) and phospbol~pru D (EC 3.1.4.4. Sigma. 25 unusk was 

shaken and incubated a1 3W for I hr. AI the end of Ihc mcubation. 

[he rcacnon miaIurc was made alkaline (pH - 91 and exIracIed 

with Et,O. AcOEl and n-BuOH. m succcss~ on. The exlracls were 

worked up and the residues were combined. The pyrrolophen- 

anrhridmc alkaloid In the residue was idcnnhcd by TLC. HPL<‘ 
(using referem-% samples) and MS. The phosphandw acld. in the 

aq. mother liquor. was recovered by lyophrhranon. The residue 

was subJaIcd IO dcacylarion as before and the IlbcraIcd sn- 

glycerol-3-phosphoric acid was idcnrificd by dirccI comparison 

TLC. HPLC. MS of diaceIaIc wrIh a reference sampk (prepared 

from pho@aIidykholme). 

Phosphatidyllycortnes (2a-bl This compound was oblaincd 

from fraction C,. by Scmi-preParaIivc HPLC. as a straw colourcd 

powder (64 mg from 1 kg fbwcr); iI did noI melt buI decomposed 

> 280”; R, 12.2. 14.8; dmcylation and GC-MS analyses es- 

tablished the fatty acid composition as CIs &is o (palmmc: 

slcaric) in (2ak Cis &is , (palmiIic;okic) in (2bk UV (h-M 

A,, nm (logr):222sh(3.8),235sh.282 (3.24klR v-cm i: 3400 

(br), 1735. 1600 (br). 1228. 1040.942. 7n MS m/z (rel. ml.): 945 

[Ml’ (100) (tr). 943 [Ml’ (22) (2)); ‘HNMR 
(CD,OWD,COODI: 66.98 (s. H-II). 680 (s, H-8). 6.0 (s. 

GCHrO). 5.75 (br s. H-3). 5.3 (m, CH-CH). S.W.2 (in. H-l. 

glycerol mcthrnc and mcIhylene protons). I.2 (faIIy acyl meth- 

yknu). 0.9 (s, Me) (found: C. 67.5; H, 9.6: N. 1.2; P. 3.0. 

C,,H,,NO,,P rquira C, 67 3: H. 9.3; N. 1.5; P. 3.3%). 

Hydrolysis wiIh phospholipasc D afforded lycortnc (co-TLC. co- 

HPLC. MS) [IS]. AaIylaIion of the compound (7 mg) with 

AcrO (0.5 mlland pyrldmc (0.2 ml).aI 95 .alTor&d a monoaaIyl 

derivative. glassy solid (5 mg). from AcMe hcxar~. mp 228-232‘ 

(deck MSm::.987;98SLM]‘;6,, 5.78 (hrs. H-3). 5.48 (hrs. H-l), 

2.04 (s. OAc). 

Phospharldylpsruddyconrus (31 bb 7Ius compound was ob 

lamed from fracuon Ca. by semi-preparative HPLC, as a light 

brown amorphous solid (27 mgk R, lg.5. 19.3 mm; deacylauon 

followed by GC-MS ofIhemcIhylcsIersoffaIIyac&csIabl~shcd 

their compovtion as C,(, o;C,s c (palmnic~srearrc) in (Ja), 

Cis &is I (palmiIic,okic) in (3bk UV (h-b) LVi,, nm 

(bgc): 220 sh. 230 sh. 250 sh. 285 (3.43); IR vllll cm ‘. 3350. 

2-2350. 1740. 1600(br). 1225.730. ‘HNMR: 6688 (J. H-II). 

6.68 (s. H-X). 5 7g (br s. H-3). 5.3 (m.CH=CH. H-2).4.48 (br. H-l ), 
3.95 (s. OMe). I.2 ( CH, ). 0.88 (s. Mck MS m:z’ 947 [M] ’ (100). 

in (3al;m;: 945 [Ml’ (7)m (U) (found: C.66.g. tt.9.8; N, 1.4; P. 

3.0.C,~H,,NO,,Prq~raC‘.67.l;H.9.5.N.l.5~P.3.3”/.). l.lO- 

IZh-O-acaylphosphaIldylpscudolycorinc. mp 238 242 (dcch 
MSm.: 1031[M]‘(lOo);‘HNMR:66.%(s.H-l1),670(s.H-8). 

5.78 (hrs. H-l), 398 (s.OMcaIC-9).2.34 (s.OAcaIC-IOl.2.04 (s. 

OAc aI C-l) Hydrolysis of compound 3 with phospholipase D. 

as before. afforded pscudolycormc (co-TLC. co-HPLC. MS) [ 181 

and phos@aIidic acid. regtosckcttvc hydrolysis of rhc C,-acyl 

group of the glycerol mo~cly, wiIh phospholipase Al afforded a 

mixture of sIcarrc and olac ands (isolaIcd as the methyl arers) 

(GC. MS); compktc dcacylauon wrIh NaOMe McOH gave sn- 

glycerol-3-phosphoric acid and a mixture of meIhylpalmiIatc. 

okaec and vicarage (GC. MS). 

Synrhcsu o/ I.l0-dl-O-~cr~lpwdolycalM (6). To a stirred 

soln of 12.1~In-O-aaIylpdolycorinc (21 mg) [ 191. in THF 

(2 mlL Pd(PPh,). (27 mg) and NaOMe (I I mg) were added 

durmg 30 min. The stirrmg was continued for anoIher 10 min 

and the solvent was removed wiIh NI The r&due was dissolved 

m McOH and .sub)ccIcd IO prcparalivc TLC usmg 

CHCI, M&H (95: 5) as developer. The R, LO(K 0.3 was elutcd 

with CHCI,. the solvent was removed and the raiduecrysIallizal 

lrom AcMe IO give I.IOJi-O-actIylpscudolycormc as coburlcss 

needles (I 2 mg). mp 203, 205”. MS miz (ml. inI ): 373 [M] * ( 100). 

331(64).314(12).313(34k1HNMR(CDCl,t67.0(1H.s.H-II~ 

6.75(IH.s.H-X).5.~2(lH.m.H-l).3.P8(3H.s.OMeaIC’-9~2X, 

(3H. s. OAc aI C-IO). 2.05 (3H. s. OAc aI C-l) 

TraruJiwmafton oJ I .IO-di-O-4c~ylphosphafrdylp~rcudolycor,ne 

info (6) To a stirred soln of the diaaIylphosphaIidylpscudo- 

lycormc (74 mg) and Pd(PPh,l. (X5 mgl. m dry THF (5 ml). 

NaGMe (42 mg) was gradually added during 30 min. at room 

Iemp. (22 ) Tbcproduc? was uorkcd upas bcforciogive l.lOdi- 

O-acetylpscudolycorinc (I4 mg). mp and nmp 203 MS’. co- 

HPLC. R, 8.8. m : 373 [M] ’ 

Phnspharrdylnufhyl/y~~~lnllcm cartons (II. Thiscompound was 

obIarncd as a brown hygroscopic powder (23 mg) from scmr- 

preparanvc HPLC of fraciron c‘,; R, - 22.5 mm; dcacylauon of 

the compound with NaOMe-MeOH afforded methyl csicrs of 

palmirc and stcaric acids. (IV i,, nm (bgr): 222 sh. 250 (3.2). 

290 (3.44k I-0-ace~yl derivanvc. mp > 250 (daub sofienmg 

2IB205 ;‘H NMR (CDCI,).66.w1(s. H-ll).664(s, H-g~6.02(s. 

OCHrO). S.R4 (br m. H-l. 31 5.28 (br. m. H-2). 423 (3H. J. 

N ‘-McL2.02 (3H.s.OAc). 1.2 (-CH* LO.9 (6H. Me); hydrolyses 

of compound 4 wiIh phospholipasc D gave lycorinc z- and fl- 

meIhocaIions: R, - 16.5. I7 2 mm. (Founds C. 65.8: H. 9 7; P. 2.8. 

C,.H,,NO,,P.HIO rqurra C. 66.2; H. 9.5; P. 3.2x.) 

Compound 2 on IreaImcnt with Mel followed by uyslillliration 

from aq McOH afforded 4 (co-TLC, co-HPLC). 
Transphosphatidylutwm in lycortnejrm phosphatidylchdtne. A 

mixture of phosphandykholine (IO PM. Sigma Chemical Co.), m 

accIaIc bulTer (PH. 5.6; 8OOrMA CaCIa (40 PM). lycorinc 

(4OrM) and enriched phospholipasc D peparatlon (5 7 unns). 

from Ilowers of 2. jam (IoIal volume, 10 ml), was shaken aI 

room temp. (22 ) for 30 mm. The product was lyophilual and rhe 

rewduc was taken rn CHCI, McGH (I : I) and subFIed IO 

prcparaiivc ‘TLC when phosphandyllycorme (dipalmnoyl) was 

obtained. The process was repealed several lima lo collccI 

sulficienl amounl of Ihc producl for idenIif_Iion (HPLC. FAB- 
MS) 

Acknowled~enu We arc Indebted lo rhe CDRI. Lucknow. 

and the Dabur Research Foundation. New D&I, for providing 

analyncal facilities. S.K.S. and S.G.U. are grateful IO the 

IJmversuy Granls Commtuion. New I)elm, for research 

fellowships 

REFF&ENCFS 

I. Ghosal. S.. Satnl. K. S. and Razdan. S (1985) Phyrochemisw) 

24. 2141. 

2. Mothcs. K. (1960) m The Alkaloids (Manske. R. H. F.. cd.) 

VoL VI. ch. I. Academr Press. New York. 

3. Robinson, T (1981) m The Ecochrmiwry oJ Alkaloids. 2nd 

ain. Spinger. New York. 

4. Ghosal. S.. Kumar. Y.. Smgh. S. K. and Kumar, A. (1986) J. 

Chem. Rcs. S I 12. 

5. Ghosal, S, Smgh. S. K. and Srivastava. R. S. (1986) 

Phym&enuswy 25. 1975. 

6. Ghosal, S.. Shanthy. A.. Kunw, A. and Kumar. Y. (1985) 

Phyrochemisrry 24. 2703. 

7. Ghosal, S, Kumar, Y.. Chakrabuti. D. K.. Lal. J. and Singh. 

S. K. (1986) Phyrochemitrry 25. 1097. 

8. Kciarn. E.. Sahai. M. and Roth. Z. (1985) J. Org. Chem. SO, 

3558. 

9. Hirata, F. and Axelrod, J. (1980) Scwue 209. 1082. 



828 s. GHOSAL Cl ai. 

10. Ghosd S.. Shady. A.. Mukhopdhyay. M.. Siukar, M. K. 

and Da-s. P. K. ( 1986) Phtvm. Res. 3. 240. 
Il. Sullivao. T. J. and Brown. 1. J. (1981) IO New Perspecr~rus cm 

Cdcwm Anrqmisrs (Weiu, G. 8.. at) pp. 15~168. 

Amencan PhyrIobgical Soaciy. Bethesda. 

12. Suhadolmk, R. J. (1966) Abh. drsch. AU. Wm. Berlin. KI. 
Ghan. tied. Bwl. 3,369. 

13. Tomada M, Shimuu. N, Slumrda. K. and Suga, M (1985) 
Chm. Phmn. Bull. (TO~JO) 33, 16. 

14. Bahop. D. G. (1971) in Biochrmisrry wui Mnhoddogy 01 
Liprds (Johnson. A. R. and Davmpon. J. B.. cd,.) ch 21. 

Wdcy-lotamnoz New York. 
15. Hamdb&k oj Lipids and Stkccred CarLzA~draus, 7th edn. 

(1981). Sup&o. Bclkfonre. 

16. Dawson. R. M. C. (I%71 m Lipid Chrcmarographk ~ndysir 
(Mtioats G. V.. cd.) Vol. I. p. 163. Dckktr. New York. 

17. Kbpfenrtao. W. E. (1971) 1. ,5pid Res. It. 773. 

18. Ghosal, S.. Rso. P. H, Jairwal. D. K, Kumar. Y. and Frrhm. 
A. W. (198 I) Phymchmisrry t(. 2003. 

19. Ghoul S, Kumar. Y. and Sin& S. P. (1984) Phyrochmwry 
23. 1167. 

20. Gho4 S. and Smgh. S. K. (I9861 J. Chm Rcr. S 312. 


