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current distribution methode• the known alkaloi<Sa lycopodine, dihy4ro• 

l 1oopodine and a-ob curine have been isolated. In addition two now 
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25
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ex iaati.on . 
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'lbe pre enoe of alkaloida ill planta of the a nws Ltcopocliaceae 

has been known ince 1881, but only dur the po.at two decadee haa -.n 

extensive iaveetigation of these alkaloi be n perfo d. t the 

present t1 about 7' LycoRod1 alkaloi have been iaolatecl 4 

characterized fro over a dozen species. e structure of twentr~ even 

ot these alkaloicla have been elucidated and m&nJ have had their atereo

ohemistrt eatabliahed. All alkaloi a of known atruoture poeaeaai a 

single nitro n atom have a hexahtdrojulolidiDe r1 ayatem, vhereu 

all the di•nitropn alkaloids, it the exception of aelaairle and 

tlabelline, poeeesa a hydrogenated .-phenanthroline rills system. 

Tlle work reported iD this theaia involve inveati. ticm, b;r 

use of counter-current distribution and chro tograph1o techniques, of 

biguull. In addition to 

lJCopodine, dih;yd.rolycopodine, and a-obec1.1rine, 1 olated tr this plant 

by earlier worker ; there have been isolated two new alkaloids: 

tlabellifond.ne and tlabolline. The nature of the fuact10ll41 group of 

tlabelline wa established by infrared and nuclear gnetia re onamce 

spectroscopy, wh.ile the truoture has been determined b7 ayntheais from 

lJCopodine. Flabelline is the firet di-nitrogea Lzcopodium alkaloid 

found to have the hexahydrojulolidine rin a1ate and aa amide sroup. 
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HIST<k1ICAL INTRODUC~I 

PftrMtophyta and Pter1doph,yta a:ve t two u.jor divteiona into 

which t.be vucular pl nt ve dirided. !be pluta 1A the Spermatophyta 

( noweriq plut.a) have een examined more tul.lJ tor their che c&l 

content than tho e in th fteridopbyta, eince the latter are ot nl.y 

appearance. 

ihe LJcopodie.ceae of centJ'al. European orig1D which have been 

k• clevatWil L., k• compleat.e L. • and &• oel 10 L. Becaun or their 

;rari•lODSt evercreeu ateu creepi g over the goad, !:• annottsWil L. 

aJ.Ui !:.• clavat L., e often called anake 1108th J'r Caadian ourcee, 

the epectee !:.• AJmotinwa L., &• annot~ var. acrifoliu.. feraald., 

&• claY!tWI .L., !!• fOlDJ?l&natua L., k• tlabellitorme rerr.tald., 

!:.• 1 1dulwa l41chx., ~· e!?!curwa L. var. eadroideu (Michx.) 

D. c. Eaton, &• sabtne.etoliWft Willd. • ~· aelaso L., IUld !:.• t.ri!$ag!m.y! 

LloJd and u4erhill tr: the Blue Moun ia Ran of J ic , ~· !!~ 

2 
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Lam fro Argentina, &• e um Lablll. fro ew Zealand., od !:• cernuua L. 

of waiian and J ican origin have al o been 1nve tigate for their 

alkaloidal content. 

s8d leer (l) wa the firat to report the occurr nee of an 

alkaloid in the Lycopodiaceae. In 1881, !rom !!• cotaptanat!f! L. , he 

1aolate4 a cryetalliae base, aaaipi to thie alkaloid the fonn\ll 

c22M
52

o3 2 and the name lJCOpodine. 

In 1892, Ar ata aad Canzo eri (2) reported the iaolatioa of 

pillijanine <c15s200N2) fros the South A erican ~· aaururus Lam. 

Reinveatigating the aame plant fi!tJ 7eara later, DeUlof u and DeLange 

(3) faUed to loca" fUJ3 p1llijanine. HoweYer, they iaolate4 two new 

alkaloid& a aaururine <c10f1.
9

N) and eauroxine Cc17H260N2). 

In the mid-thirties, Orekhov (~) reporteci that ~· ;:;;.;;;:;o;;.;o.;;;:;;;--. L. 

ia a sovce of alkaloida and eyaaki (') followed with a preliminary 

account or work on the alkaloide of ti ve opean Lycopod! epeoiea . 

It waa not until 19}8 that the correct to ul.a for lycopodine 

vu ~opos b7 chllatovicz and Uzieblo (6) . In a paper on the alkaloiu 

o! &• clavate L. , they report 4 iaolatioa of three bases. It w 

jor alkaloid wa identical with Badeker ' a lycopodine 

and waa aaaigned th tor ula c16a25 
• Clavat1ne (c

16
H

25
o2 ) and 

clavatoxine· <c17H27o2N) were the two minor alkaloids iaol ted. 

'.the firet coapreheuive inve tige.tion of the genue wu begun 

by- ake an Marion (7•16) in 1942 on ten Lzcopodium species. Fr 

theae epeciea they isolated about thirty•tive new allulloida, in 

additiou to the known lycopodine and nicotin • L;ycopodine wae foWld 

to be the ll&jor alluUoid iA mo t of the species inve t1 ated, and was 

det cted in all apeciee except ~· cernuum L. Only five of the new 
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al.kaloicla were gtven trivial names, the remainder beiD3 designated b7 

the letter L and a ~umber, e.,., L.25. Another five have subsequently 

been civen trivial namea. 'l'he detection of nicotine in the Lyoopodiac at 

1e the li.rat recorded instance of an alkaloid being foUBd ill both the 

Pteridophyta and Spermatopb1ta. 

In 1952. Be:rtho and .Stoll (17) reported isolat1ag and character-

iUDIJ aeYen alkaloids froa k• acnotinwa L. ot GerAUU~ origin. Three ot 

theae, acritoline, 4r1Jlot1D1De, aAd lycopodine were alreadJ know at 

that tinMt. Amlotine (c16f1a o
3

N) • vhi.th was later shown by Achatowica 

and Rodewald (18} to be identical with L. ll, wae incorrectly reported 

U o1,a2,o4N • Amlotod.ae (0)2.'8.44 o,N2), 1ncorrectl1 reported u 

c
31

u1tao,s2 • waa also investigated b7 Achmatowica ud Rodewald. (18} and 

found to be an equimolecular cmaplex of acrifoline and annotine. 

Bertbo and Stoll also isolated baaa u.1• (c16a2,0N) isomeric with 

l;ycopodine • and another l>ue u.a not well characterized (c10~9(2.l.}ON). 
A more intensive inveatipUon ot &.• am.tot~nwa L. of Polish 

origin haa been reported b;y Aohma.towicz and Rodewald (18 119) . In the e 

two publicatioae, difference between the varieties ol European. and 

C&nadiu ~· eotwu.m were shown not to be u great .. wu or1ginall1 

euppoae4 b7 Bertho ud Stoll (1?) . Iaolatioa of alkaloida b7 Perr;y aad 

MacLean (20) frena un4etemiae4 varieties ot it.• annotinwa growins in 

eutern Canada haa f\U"ther substantiated tbie view. the alkaloids 

• for eake ot convenienoe, unnamed alkaloids have been designated with 
the letter U and a number . 
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toun co o to Canadian and opean variet1ea are: acrifoline , 

annotine, annot1nine 1 lycodol:1ne1 l)"copod.tae, obecurine, 1.. 28, L. 29 

d L.Jl• Ach towicz and Rodevalcl (18) found that when the hydriocli de 

and thiodi<le ealta ot annotoxine were fractionally cr)"atalli.zed , the 

corresponding aalt of annotiae and acritoli e were 1 elated separately, 

v ereaa atte ted fr ctional cry talli tion of annotoxine itself 

afforded no eeparatioth Maruslte and Uarion (8) aa well aa liertbo and 

Stoll (in two ot three plant xtracta) separated their baaea by 

tractional cryatallization of salta , udo\lbtedly eXplaining wh7 they 

faUed to detect annotoxine. ohlu.towioc and Rodewald (18) bel1ev 

that Canadian L. - otinwa t. should contain acrifoline as well aa 

annot1ae, and that aoritol:ine was left in one of the L. 9 tractions . 

New alkal.oi l"eported by Ac - towioz and odewald ineludec 

1aolycopod1ne (c16u
25

0N) , which they hint 111&1 be identical with L. l} 

isolated from five different apeciea bJ e and Marion; bue U .4 

(c16H2}0N) believe to 'be identical with 0 . 2 <o16a
25

oN) isolated by 

Bertho and Stoll; and fiv 1110re which are undoubtedl,- new~ tJ. J 

(c
16

H21o,tl), 11 • .5 (c
17

a
25

o2 ) • tJ. 6 (c
17

a
25

o
3 

), U. ? (c18a
25

o,N) and 

U.8 <c18R2,o4 ) • leola ion ot aiootine was also reported. 

&• tela.gp L;, ot Poliah origin hu aleo been inveatip.ted b7 

Ach towioz nd Rodewald (21). In 19569 they reported isolating 

acrifolizt , lyoodoline • l;ycopodine, and the aae ps udoselagine 

Cc16a25o;t) which i either a n w alkaloid, or identical with L.c . 

toud ia ~· luc~dule Kichx. 1>1 Manske and Marion (1.2) . 

In 1958, Anet and e (22) egan another inve ti ation of 

!:.• ynotinum native to Canada and • ucoeeded in iaolati!l$ new lld.nor" 
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alkaloid, 1ycodine <c
1
.,a24N2). 'ntis for. ul aa later chwlg d to 

c16R
22

N2, when the structure of l)'codine bee lmovn (2.},24) • 

e:porting further on &• annotinwa, net an4 an (25) in 1959 announced 

iaolation of four ore aev alkAloi t anl'lofoline- Cc16a25o~) • 
lycotoli.Jle <c16s

25
o2 ) • an ~X- and -lofoline (both c18a29o,tf). e 

4 to lotoli • and fawcettiine, 

respectively, 

A ou the eame time that net and co-worker ~n inveeti atJ.na 

srowing ia th Blu.e tain Ranp of Jamaica. In 19,59, B\U'nell (26) 

r r d extr ction of seven ev alka.l;oi froat k• ra,.cettii lJ.oyd .ud 

U d.erhill: b e • called tawcettimine (c16a.27ol'• later chanpd to 

~6H250i'i); b e B, called l7coc1oUne an4 identical with L.8 u.4 L. ,a 

(c16a
25

o2n)l e c, call d fawcetti11~ (c18a29 J )J base Dt deacetyl• 

fawcettUne {o16s27
o
2

tJ) J bue t: {c
17

a
25

o
2 

h bue r, tawcettidine 

<c16 23 
) 1 d ae 0 <c18a'Zlo3N) . Contin\Uns the isolation of 

alkaloid fr ~· tawcetti~ , B\U'nell !1 !!• (27) obtained 11cofoline 

(baae R) ana saal.l amouat of base I (a base re . llbl «-oba ne) 

a ild.er 

extractio technique, 'hey were ble to isolate four more new baaea: 

base • vld.ch 18 acetyltawcettiine <c20a,1 o4 >t base N <c17a27 2 · 

l ter chan ed to c18a27
o-,N); baae , d1aoetfllycofoU.ne ( o20tt

29
o4 ) t 

and ba&e 0 ( c20~ o5 ) • They were un ble o locate a:n.:~ lyoopo41n 1n 

this plant. 

Since extraction of alkaloids fro11 L.. cl"v tum L. collected in ·-
Pol nd by chmatowicz ud Uzieblo (6) d in Ca.nada by ak and ion 
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(ll) 71 lded different b ea, urnell and Mootoo (28} were prompted to 

in stignte the 1 loidal content of thia apeoie owing in J ica. 

I 1961, they N~ported the ieolation of seven alkeloidth Six of those, 

f :wcettiine, d oetylfe.wcettiin.e, fa~etti ine, l7copodiae, dih)'dro

lyoopodine (L. l) and cetyldihJdrolycopodine (L.2) • re alreadJ known , 

vhUe t • seventh , cl volonine <c16H~Oi) was new. 

In 1960, ieener !! ti.• (29) pubU.she4 the etrueture of 

ftl giAe (C15f1.8 ey cU.d not atate 

hether other alkaloida were o t ine4 fr this plant . 

lle world on t e atructure of lycod.ine , AytJr an4 Ivane (Z)) 

found that this alkaloid 18 readily sepa.ra le fr the crude baee 

ext acta of k• ob@csry.m L . Recently, Ayer ..! !!.• (30) note4 the 

an N-met 7llycodine fr0111 !:.• complan&SM!• The iaolation of lycoclavine 

fr ~· clavatu• L. baa •lao been reported recentl7 b yer !1 !!• (31) . 

A core complete report the minor alkal.oiu of ~· ;:;;cl=-•-v ........... -. L. will be 

publi ed y A;rer 1n th future. 

In Jue of thia yea:r . Curo lli- odaa o and MacLean (.}.2) 

reported th ieolation and atructure or flabelli!ormine , inor 

alkaloid of ~· Qab llifo£!!• Isolation of ether nev ill loi from 

nt1one4 else when in thi tlle ia . 

To d te, at least nventy•fivo L.xcoeodium alkaloids ve been 

i.eolated, ud one- third ot the have had their etructureo eluci te4. 

L.ycopod.ine occur& ost frequentl,- throughout the apeci s exa 1ned. It 

ia the major alkaloid of t leut aix op ciea; and haa been detected 

1n All apeciee except &• cern11 L. • ~· fa.wcett11, and ~· ururua Lara. 



Ta le I auamarizea the Lycopodi apociea which hav bee 

examined, and alkalo1de contained therein. Table II indexes the 

8 

aloide, an gives formulae, lting point and refer.ncea 

to isolation, degrad. t1on ana • ructure. Tables III - XIV index the 

formulae and melting poillte of the tree baaea aad variou.e salta. 
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Plante ot the t:rcopodiu Speci a 

an Their Containe Alkaloids 

Specie Alkaloid Rete nQee 

L. lycopodine a,ao 

o-acet;ylacr1to11ae (L,lt!) a.ao 
crifoline (1.. 27) ao 

annofolin 25 

annotine (L.1l) 8,20 

e.nnotinin (L.?) 8,20 

fawcettiine 2' 
lofoline 25 

l;yeodine 2.2 

lyco4oline (L.8) 8,20 

lycotoline 2.5 

•ob curine 8,20 

fi-obaeurine ,ao 

L.9a,L.9b ,L.9c ,L.9 8 

L.lO 8 

L. annotillum L. 
- ( E.uropean) 

1ycopod1ae 17,18 

acritoline (L.27) 1?,18 

rumotine (L.l1) 17,18 

am1otinine (L.?) 1?,18 

iao1ycopod1l'le 18 

1;ycodo11ne (L.8) 18 
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TABLE I (Continue ) 

o:Spe iea Alk loid :R r rencea 

nicotine 19 

a-obscurine 18,19 

-obacurine 19 

L.28 19 

L.29 19 

L.3l 19 

U.l,U.2 17 

0.3 19 

u.4 19 

U • .5 19 

u.6 19 

'0.7 19 

u.s 19 

_. annoti.ng var. lJCOpodinO 14 
crU'oliWI .Fe.rn. 

(Cana4ian) acri..foline lit 

annotinino lit 

lycodoline 14 

L.28 14 

L.29 14 

L.31 14 

.L. ce:rn11um L . c rnuinQ (L.32) 15 
(Hawaiian & 
rini4adian) 1 .. 33 15 

co tine 15 



Species 

L. clavatum L. 
-(Canadian) 

t. clavat\UI L. 
- (Poliah) 

t . cl vatua t. 
-(Jamaican) 

L. nabelli o .• v r. - at~~bipum 
(Canadian) 

T BLE I (Continued) 

lkal.oid 

lycopodine 

de -N- thyl-~ bacurine 

lycoclavine 

nicotine 

Ct-obseurine 

L.l3 

L.18 

L.l9 

clava tine 

clavatoxine 

lycopodine 

acetyldihydrolycopodine (L.14) 

cl olonine 

deaoetylfavc ttiine 

dihydrolycopodine (L.l) 

fawcettiine 

t wcettilllino 

lycopodine 

N-methyllyeodine 

lyeopodine 

annotinine 

cla olonine 

dea-N-cethyl~-obacurino 

11 

Ref rene s 

u 

30 

31 

11 

ll 

ll 

11 

6 

6 

6 

28 

28 

27,28 

28 

1 

T• 

'' 
33 

33 



Species 

TABLE I (Continued) 

Alkaloid 

dihydrolycopodine 

nabelli.f'ormine 

fiabelline 

lycodine 

Q.•obscurine 

hydroxy obscurine 

&• flabelliforme Fern. lycopodine 
(O~madian) 

L. densum .La.bill . 
- (New Zealand) 

h• fawcettii Lloyd 
and Underhill 

(Jamaican) 

aeetyldih;ydrolycopodine (t .2) 

dihydrolycopodine 

nicotine 

~obscurine 

13-obscurine 

Lycopodine 

acetylfawcettiine 

deaoetylfawcettiine 

diacetyllycofoline 

fawcettidine 

fawcettiine 

fawcettimine 

lyeodoline 

12 

References 

T 

T 

33 

33 

7 

? 

7 

7 

7 

7 

7 

7 

7 

16 

16 

16 

?.7 

26 

27 

26 

26 ,27 

26 ,27 

26 
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'l'.nBL I (Continued) 

p ciee 1k oia fe encea 

lyco!o1 27 

6 

26 

s I .:.7 

21 

0 27 

!!• • 1 copodine 12 

nicotine 12 

L. l,} 12 

!.. 20 12 

L.21 12 

L.22 12 

L. 3 12 

L. 24 12 

• 5 12 

L. obacurum L. var . ly opo in 10 
dendroideWD ( chx. ) 

D. C. ton lycodi e 23 
(C nad.ian) 

u.-obacuri e 10 

~-o c~r n 10 

L.13 10 

L.16 10 

L. l7 10 
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TABLE I (Continued) 

~ eci e Alkaloids eterence 

.. abina.efo1iua ill d. l;rcopod • 1' - (Canadian) 
nicotine 13 

L.lJ 13 

L.26 13 

L. aaururu La . pillijanine 2 
-(Argentinian) 

ur ri • ' 
auroxi.ne 3 

L. sela5o L. lyco o ine 21 
-( olieh) 

c ifolin 2l 

l;roodoline 21 

21 

L. 1 so la ne 29 
\H .. erica.n) 

&• trietac~ Pure • 1;ycopodine 9 
(Canadia 

drodih;yQrolycopodine (L. l4) 9 

nicotine 9 

L.lJ 9 

~.15 9 

• T refer to this tneaia . 



ABLE II 

Index of the lycopodium Alltaloida, With Formw.- , 

Malting Points, and Related References 

.fereneea 

Alko.l.oid i'orllUla l'.el ting Point Isolation Degradation Structure 

o-acetYlacri!o1ine {L.12) C18'd25°3N 119-12.0° 8,2.0,28 20 52:,5. 

acety1dihydrolycopod1De cl8HzgozN 95-96° 7 ,28 57,85 
(L.2) 

aeetylfawcettiina czoa,lo4N 117° Z7 57 ,81 

acrifoline (L.2'7) c16Hz.>.Jt' 97-104° 11+,17 ,18 1?,20,52 52,53,55 
20,21 5} 

a..a.bydrodihydro- C16825N 9,28 82. 54,85 
lycopodine (L.l4) 

.no.foline c16H25°2r. 150-151~ 2.5 54,56 54,56,57 
l 

annotine {I .. ll) c16a21 o3
x 174° 8,17,18 17,2.0,}4 

20 

annotinine (L.?) Cl6B2103M 232° 8 ,14,17 14 ?4-80 
18,20.33 58-78 

aanotoxine c32844°t/2 196-197° 17,20 ~ 
Vl 



TABLS I! (Continued) 

P•f'erencea 

Alkaloid Formula f!•lting Point Iaolation Degradation Gtructure 

cernuine (L.,32) cl6a26~•a 10u0 15 

clava tine cl6ii25v2.N 212- 214° 6 6 

clavcttoxine c17a2!'/o2N 18:>-18~ 6 6 

clavolonio.e c16n2.5r...2N :!380 2.8 ,33 57,81 5?,81 

acetylfawcettiine c16a27oz• 203-204° 
t!.07o 

26,28 57,81 57,81 

dea-l~methyl-•-obscurine c16H240!12 266-2~8° 30,3 

diacet,l1ycofaline C ·~r.fl2.9 04 N 14oo Zl 55 .55 

dibydrolycopodine c16n
27

oN 168° ?,28,T 82,88 .57,85 

favcett1ci1ne c1682301 26 

fawoettiine c18H29o3N 166-16?0 

172-173° 
.25-28 27,5?,81 57,81 

fawcettimine c16825°211 26-23 

nabelli:tormine Cl6!I25v2N 210..211° 32,T 32 32 

f1abe1line c18S,Ootfz 186-188° 'l '1' T .... 



II (Continued) 

t'erencea 

Alkaloid for11ula ~elting Point Isolation Degradation Structun 

hydroxyobacurine c1,S26°2N2 3000 '' iaolycopodine 016H2508 1}6° 18 

1otoline C18R290}N 211- 212° 25 57 57 

1ycoc1a.vine Cl8B290,N 31 31 

17codine 01682212 118° 22,23,33 22,2},24 23,24 

17codo11ne (L.8 , L.}O) Cl6H2502N 180° 8 ,14,18 20,82, 83 8 
20,21,26 

1ycotoline c16n25ol' 142° 25,27 25,55.84 55,84 

l7copodine c16H25Cii 116° 6-14 61,82 54,57,85 
16-18 85-91 86 

20,21 ,2? 
28, '1' 

-methyll7Cocli.De cl.,n24a2 91-92° }0 2},}0 

nicotine 01o~z.82 7,9-11 
12,1} ,15 

1 

obscurine (L. 6) 01111260N2 282-283° 7,8,10 30,43,61 30,93 ..., 
-...) 

18,19,20 93 
}O, 'l 



11 ( ContJ.aued) 

t•r.uH 

lkal.oi4 !'orcula Melt1Dg Point laolatioa Degradation stru.ct~ 

~-obacurtAe (L.6) ~7tl21.tOB2. }1?· 3lao ?,8.10 3'), 4),61 30,9, 
19, 20 93 

pUlij&lliJ'liJ cl5n21Jtfiz 64-650 2 

paeudOMlaaiM c16a25°z1 16.3-163.5° .n 
aa1U'OZ1ne cl~osz 198° ' .ur\&l'iAe ct_O~'l• ' "ladu clsU,.sONz 224-2.260 29 29.94 Z9, 

L.J c18931°l' 1 

1.. 4 (1.14) c168z/' 1 82 54,85 

1...5 c18ilza0a12 1 

L.9a ~6'd23flt 8 

L.9b cl6s.25°l' 1220 

·9c ~9a,lo}N 8 

L. 9cl c20~o,.a 980 8 

.10 c168210N 8 .... 
<» 



TABLE II ( Continue4) 

ferencea 

.\lkaloid Formula Mel t illg Point Isolation Degradation Structure 

L.1} C16H250JI 130° 9-1} 

.15 c20a31o4N 9 

.16 c1682500 10 

1.17 cl8BZ'/03'tf 10 

t.l8 c11~900 11 

L.19 231° 11 

L.20 c16~5°2N 259° 12 31 

L.21. c13s21oo 12 

L.22 c16aZ'/at 108° 12 

1.23 Cl6H2502N 161-162° 12 

t.24 c16925011 12 

.25 c16a25ois 12 

1.26 c151125Clf 171° 13 

1.28 c17~o2N 14,19 1-J 
\0 

L.29 C16H2302N 14,19 



TABLE II (Continued) 

References 

Alkaloid .Fortltlla He1Uag Point Iao1ation Degradation Structure 

L.31 c20s
29

o4B 14,19 

L.33 218° 15 

L.34 Cl6H2502N 236° 16 

L.35 c14a2lo2N 1.53° 16 

Baae E ~7l2s0il 26 

G ~8a~o3N 26 

Baae I 300°4 Zl 

Ban M c18a
27

o
3
N 2'7 55 55 

Baae 0 C20H3105N 181-182° Z1 2'7 

0.1 c1of1.9<21>af 17 

0.2 c161125cw 17 
~ 

0.3 Cl6H2103N 19 



U.4 

U.5 

0.6 

U.? 

u.s 

Alkaloid Formula. 

c168230N 

0lil25°2" 
cl7H25o.,rc 

Cl8R2503N 

Cl8B2504N 

TABJ.JS II (Continued) 

.fl.el ting Point Isolation 

19 

19 

19 

19 

19 

terencea 

Degradation Structure 

~· 
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TABLE III 

Forrtula Index of the Lycopodi lkaloide 

Formula lkaloida 

010~4 z 
010819(21) 

010~9N 

cll~90N 

cl3H210lf 

cl4aZl.o2 

c151\8002 
015824 z 
cl6aZlo3 

016lf22N2 

c16H
23

otf 

Cl6H2302N 

016az40N2 

016825 

Cl6H250ZN 

cl6az,a 
016H26 2 

cl6H270N 

0168~ 

017824002 

017824"2 

llicotine 

U.l 

ururine 

L. l8 

L.a 
L.26 

aelagine 

pillijaaiae 

annotine, annotinine , 0. 3 

lycodine 

favcett1dine , L.9a, 0. 4 

acrif'oline 1 L.Z9 

••- ethyl-a- o curine 

iaolycopodine , lycopodine, L.l}, L.l6 , L.24 , u.z 
annotoliue , clavatine , clavoloBine, tlabelli!o ine, 
lycofoline , lycodoline , peeudoselagine , L.9b, L.20, 
L. 2}, L. 25 1 L.)4 

anhydrodibydrolycopodine 

cernuine 

d cetyltawcettiine , dih,-drolycopodine, L. lO, L.22 

L.4 

obacurine 



Formula 

cl7u2.5o~ 

cl7H25 -l' 
cl7R260N2 

c1f126 2 2 

cl7a2!'/o2 • 

C18H25°3N 

ldii25°4' 

c18aZ7 3N 

c18a28°2N2 

cl8RZ9ol1 

c18a
29

o
3

rz 

c1sa,o 2 

Cl8H}l02N 

019 31°2N 

c20H29o4n 

C20H3105N 

c,2sltl+o5'2 

• • U' .,5 

• 

"""obacuJ>ine, aauroxine 

hydrolQ'Obecurine 

cl vatoxine, L.28, 

acetyl acritoline, U.7 

u.B 
L.l7, Base G 

cetyl<lihydrolycopod.in 

oids 

t we: ttiine, lotollne, l;ycoclavine 

fl bellin 

L.3 

L.9c 

di cetyUycofolin , L. 9d, L.l5 

0 

otoxiu 
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TABLE IV 

Mel ttng Point Index of the Lyco,eodiWil Alkdoida 

Me1t1Ag Point lkaloid 

64-650 pillijanine 

91·92° - etb.J11ycodine 

9.5-96° acety1dihydro1ycopodine 

9?-104° acrifoliM 

98° L.9cl 

lo60 c rnuine 

108° L.22 

116° 1ycopocline 

117° acety1fawcettiine 

118° lycodine 

119-120° o-aoety1acrito1ine 

122° t.9b 

130° t.13 

1.33° L.35 

136° iao1yoopodine 

140° diacety11ycofo1ine 

142°. 144...145° 1ycofo1ine 

150-151° annofoline 
156-157° 

161-162° L.2) 

16}-163.5° paeudoae1ag1ne 

166-167° 
1?2-173° 

fawcettiine 

168° dihydrolycopodine 



ltiq Point 

1'710 

17 

17 17,9° 
18o 

181-182° 

18 1 6° 

0 

1 197° 

19 ° 
203-~0 

mo 
210..211° 

211-21.2° 

212-21}0 

.n8° 

.224-226° 

10 

2.)20 

_)6·~ 

l,S 

259° 

2 268° 
Z/00 

28 -2 ) 0 

3000 

IY ( o tin\le ) 

k.alo14 

L.Z6 

ot 

1JCodol1n 

• 0 

claYato:d.ne 

n 111 

to:.dne 

4e • rltawcettiiae 

nabellifo i ne 

lofoli 

clava tine 

L.,, 
••1 &1M 

L.l9 

a.nnotinine 

claYolonine 

.20 

dee- - th11 -o cur 

h 4roXJO urine 



~1elt1 Point 

300ocl 

317-318° 
322•323° 

IV (Continued) 

lkaloid 

e I 

-o ecurin 

TA v 

lting Point Index of ydrobro e 

Mel tin Point lkaloicl 

Zl Zl'Jo l;ycofoline 

over 315° crifoline 

over 3}?0 cl tlabellifol'lline 

}600 1100 Q.ine 

BLE VI 

t 

ltin Point Index of Uyclrocbloride Salt 

lti Point lkaloicl 

annotini..ue 

ieolycopoc11ne 

p eudo el88ine 

over 300° annotine 

26 



T VII 

Melt In X of H driodid lts 

lting Point lkaloicl 

237-2.}9° annotinin 
241.5-242° 

2.58-2 9°d cr1foliu 

282-284° o-acetyl crifoline 

297° nnotin 

304-30.5° lycodoli 

}07-307 • .5 0 t.\-obacurine 

3210 iaolycopodine 

TABLE V'III 

ltins Point Index ot t iodide Salts 

ltiDg oint Alkaloid lt1n Point Alkaloid 

184.8° annotin .261° u.z 
216-2.17° U.J 263-2.64° lycofoline 

236-237°cl annotin 2.65° u.4 
242-244° aaururine 266-2.67° lotoline 

2.49-250°d crif'oline 267-268° crifoline 

258° auroxine 2.?20 U.? 
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Tn VIII (Continued) 

.el ting Point Alkaloi4 lting Point Alkaloid 

279- 28o0 tavcettiine (hydrate) ,3040 L. 28 

279·'5° paeudoeelagine 308-309° unofoline 

28o-281° acritoline 315° u.6 
281-282° fiabelli118 317° annotine 

28,0 u.a 317°4 1ycodo11ne 

2 9-290° deaoety1fawcottiiae 317-.}18° clavatin 

0 ca. 290 U. l 321° iaol.JCopodine 

292° l.. • .}l 324° l1 • .5 

293-296° f'awcett11ne 32.5-o-3.28°4 clavolonine 
296-297° 

over 335° 
2940 

nabellifor il18 
L.29 

295.6° lyoopodine 



9 

. ltiDg Point Index of t'letbocbloride Salta 

Mel tina Point Alkaloid 

210° t1. 4 

238° acritol1ne 

2;58-2tto0 11copocline 

244-2'+5° annotine 

250° U.? 

25,0 U.) 

258° L.28 

261° .L.,l 

263° L.29 

268° paeudoeelagine 

269° u.6 
mo u.s 
270° ieolycopodine 

273°d lycopodine 

2:/40 U • .5 

313° l7codoline 

316° 0 • .5 



Heltin Point Index of !{ethoperchlorate S lta 

t'..eltiD Point Alk oid 

2}4-2}6° U.} 

259·260° u.s 
267-268° U.? 

270° u.4 

287.5° L.29 

29.5° L.}l 

}210 L.28 

33.5° u.6 

'l'ABLE XI 

.Mel tin , oint Index of thopior te Salts 

Meltins Point Alkaloid 

78 ... 0° 0.5 

134-136° t1 .3 

151° u.6 

163° L.29 

219° u.s 
230-232° u.4 
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ABL XII 

lting P int Inde of Nitrate 

Melt s Point Alkaloid 

215-21?
0 annotoxine 

222-223° annot:l.Dine 

236° acrifoline 

268-270° lycopod:lne 

over .3&>0 annotine 

TABLE XIII 

Melting Point Index of Picrate alta 

ltinc Point lkaloid 

107° L. 21 

121° tJ.l 

13,..134° ,._obecurine 

195° L.l8 

199-201° iaolyco odine 

202.0 saururine 

205-20'7° lycopodine 

222-223° tavcett.idine 

226° nicotine 

229-23-'0 lycod:lne 

241-241.5°4 t1 . 2 

254° ~ob curine 



3 

T BL ... IV 

Molting Point Index or erchlor.t Salt 

Melting int 1 kalo1d 

110° cornu n 

198-200° Bue G 

201° L • .21. 

2090 L.9c 

211° L.28 

217° L.:u 

221° L.l6 

221-222° tawcetimine 

223° L.lO 

223-224° dihydrolyoopodine 

224-22.1° deacetyltawc tt11ne 

225° L.4 

227-228° 8.Jlllotox1n 

231° 1..15 

238-239° anhydrodihJ<lro-
1,-copod.ine 

2}9° annotine 

241-.24l.'!l u.z 
244° o-acetylacritoline 

246° L.3 

246-247° acetyldihydro-
lyoopodine 

254° L.22 
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T ' IV (Continued) 

lt1n foint Alkaloid 

266° acrifoline 

26?0 L.9c 

267° annotinin 

267- 69° Baae E 

2:/10 L.20 

2?2- 75°4 fawcettiine 

2?}.5° .9d 

2.740 L. l} 

Z740 L.29 

Z'/40 ieol.rcopodine 

2:760 L.9a 

2?8° L.24 

28o-282° BaH 

28o-282° nabelline 

282° L.5 

28}0 l1copodine 

29lf-295°d peeudoeelagiM 

2.960 L. l? 

297° L. 25 

'!1)00 L.2} 

314-385° 1ycodol1n 
318 



tho of Isol at ion 

e presence of al aloi a in a plant 

qualitatively by testin extracts from the pl 

be eatabli ed 

t with vario alkaloidal 

reagents. Hayer's nacent (potaaaiWI ercuric iodide) ia moat c only 

used aa it is uauall7 tne ost sensitive . About one am of plant 

material ia digeate<l with 5-10 1111 . ot dilute liCl and th fUtrate 

tested with a few drops of the reagent. A creamy precipitate or 

turbicSity generally indicates the presence of loide. othe co on 

alkaloid- indicati ren ents includ er• (iodine-potaaaium iodide), 

Dra. endorff' e (pot siUII bismuth iodide), Sonnenschein' (phosphoaolybd.ic 

cid) and Scheibler•s (pho photun atic cid). Other have been listed b;y 

Cromwell (J5) • 

traction of the total alkaloids from the plant terial is 

enerall;y accomplished either by extraction with cids, or with organic 

solvents . Sol vent extraction ia the mor co on procedure. To re ove 

plant oUa , the 4ried plant material ia uauall1 subjected to a prel i.Dary 

extraction with light petroleum in which aoat alkaloids are insoluble. 

o ever, it ia alw 1• dvi ble to extract the li · t p troleum with 

dil te acid, and to teat the acid olution for the presence of lkaloida 

in case th y are r oved by this procedure . The plant material is then 

tre ted with alkali (calcillll h7droxi e , oniWB hydroxide or sodiWI 

carbonate) to lib rate the b•ae from their salt and then extracted 

with a euitable organic solvent (chlorotor , ether, benzen , ethanol, 

thanol or ethylen chloride) . e alkaloids e then extracted with 

dilute acid (sulfuric or hydrochloric), followed by b ification of the 



aci aolution nd extracti 

mir.tu.re of base • 

i c or m or et er to sive a cru e 

Since oat of the alkaloids and their alta are soluble in 

th ol or ethanol , ueae eolvonte can be uae4 for the extraction of 

the pl t •aterial wi~ out previous t eat t with alkali. After 

removal of tne alco ol, t e reeidue is tr te with dilute queo 

acid nd the s olutio filt re to remove resins d fatty material 

which a par tea out . The acid filtrat is then basified and extr cted 

~ith chlorofor. or t r. ~ ovel of salven affords a crud mixture 

of alkaloids . Tbi i the proce ure followed by Manske and Marion 

(7-16) and othera (l -26) . 

~nether method ia to extr act the dried plant material with 

dilute acid, ouch aa hydrochloric or tartaric . ~ere there ia danger 

of deco po ition of the plant base , the extr ction ia d ne in the cold. 

e aqueous solution i eified and either extracted with an ora ic 

solvent or ateam-disti 1 d to remove volatile co ponent • Deulofeu and 

Langhe (}) followea t i procedure usin by ochloric acid, hile 

ch towioz and Uzie lo ( ) w 11 a and co-w rker (27 , 28) 

cho tartaric acid. l three a ta of work r obt&ined the cr~de 

b e by solvent extr ction of the baaified a ueoua solution. 

thode of Separation and ~itication 

The eeparation t individual lkaloids froa a solution or crude 

bases is often neces ary as mo t ot the al oid- producin plant yield 

mixture of clo ely rel ted alkaloids. Until fairly recently, 

fractional cryetallization, fr ctional distillation and preparation of 



rivativee were th thods d upon tor separation of 

naixtur s of nlkaloid • A hou re often difficult 

tedioua, excellent eeparations have been acbi ved . However, eome 

alkaloid xturee ar so co lex that for a while, only the ore 

bundant c po ent wer isolated. develop ent of , od rn t chnique 

of sop ration have de po ible th study of any 1nor co ponenta. 

The oat c only pplied ethoda ot ee ration are diacueaed below. 

1 . Fractional Cry tallization - Some times a ein e solvent can 

be used to aeparat mixture o: two or ore al oida , but oft n it i 

ne ess r, to uae a mixtur of oible solve t • t aloi are 

r adily ooluble in ohlorofor le so in the ot er org nic olvente , 

the genozoal. order b in chlo:t>oform ) ac tone ) ethanol ) methanol ) 

th1lacetate ) ether ') benune ) hexane. fbould fractione.l CJ7at li -

tion of th free base t 1, fractional cry tallizatio ot the ealts 

tfect a eepar tion. 

ration or purific tion a e the by rochloride , hydrobromid s, 

hydrlodidea . aethio i . ea, nitrate , :perchlor te , oxalatee , and picratea. 

e ida may be u ed in aqueous or ethanolic soluti n. The aalta can 

precipitated tram et no ic solution by addition ot ether . Hydro-

chlorides can often b cry tallized fro hot ac ton conta1nin a small 

proportion ot ethanol. Addition of ethylacet te to acetone solutions 

of perehloratea, o tea and picrat a aometi ea induces precipitation 

ot these salta. 

3. Fractional Distillatio - Little n ed be aid on t e gener 

principle• of thia etho • Manske nd Marion (?- 16) ed thi technique 
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e tenaivel in their iaol tion of oida. 

4. Ad orptio Ch~ r to pl (36,37) - is technique involve 

ins aixture n olution thr u h a porous, insoluble , adtsorptive 

ium. in to th ir lecti e ad orption , th co stituenta of the 

mixture grat thr · h th t c iff ront r t and o.te 

r one another as eriea of on • e r te of m1 tion ot a 

i n olute alao nd upon the adsorption o p ity ot the 

adaor nt, the con•entr tion of the solute, the rate of tlov ot t e 

sol tion, d he olv t ituelf. Cle ly, cee which are 

kly a sorbed mi·r te r pidly , whil etro sl7 d orbed ubet cee 

or alovl • 

ctivate.d na iG the d&orbent t co onl1 used tor 

p ration of a.lkaloids. Oen r lly aki , ad orption t e pl ce 

ore readil7 fro non-polar olvents uo petroleum ether and 

b nzen , and less !ro hi y polar aolv nte ch ae alcohol 

pyridine. en cho olv nt o t e 1 nd that it the 

tar. is too atro difficulties ari in d v lop t 

in the final elu io , v rea ak eo ption allows the ixture 

o run u1ckl 7 throu the column betor tio ot conetit ent 

take place . Benz and cblorof'or• hav been found to be q te 

aatia!actory solvent !or chro tography of t Lycopodi alkaloide . 

er since Joore and ion reported th a ation of - and 

P- obacurin by col 

idel7 uaed in th o 

kaloid.a . 

chro to h1 (it)) t cl1ni ue a been 

tion and puritic tio o! the ~Ly~c~o~p~~~ 



5. Count r-current t ribu (38 ) - This 1 liquid-liquid 

ultiple extracti chni uc v r,y u otul !o rr cti xtures. 

It involYea a rie of di crete extractions, each bein tollowe b7 

a tr d c1ble liquid as r lative to the other. 

Liquid-liquid xtrsction involv t distribution of one or 

o e components bet~ en two liquid ph ea. The rr otion of the total 

of a giYen eolut to d in in~ e pb e at equil1bri.Wll ia determined 

by a the relative volumea ot th p as • 

dissociation, aeeoc· tion wit the solYent, tc. 

c e in which the ol cules in each ph ar in the 

egation, the r tio of the conoentr tiona in the two ph es is a 

constant at a fixed te ra.ture. Thus t equilibriua 

here c1 and c, are the concentra.tio in the li ter d • Tier 

p aoea, r spectively, and t o oonst t K is usually ref rred to the 

distributi n constant o rtition coettioient. inc extr tion is 

ri arily cone rn d it~ t e rnctio ot ot 1 s ute i inele 

p aee, atter ar eimplifi d when c1 xpre aed in w 1cht 

p r unit volu.e rather than in olea . Fortun t y, for oat extractiona 

ot int reBt to organic che ista, a c rtain a ount of deviation tro 

coastant partition coefficient does not d tr ct eriou 11 tr the 

use of th techniqu • 

o aimplifJ the d1 cue ion of traction ting bJ counter-current 

di tributio , the following ss ptio will be ude: when two or ore 

olutee are extr ct d in a two phase ayst , eaoh beh vea independentl7 



39 

of the others; partition coe!!iciente remain constant over the concentra-

tion ran e used; and th volumes of the two liquid pnasee are equal. 

To further simplify the !ollowin 1 cuasion it 1a ass d that 

the aolute h a p tition coetfici t or 1 in the olvent pair. e 

aepa1ate 6.tra~tinn tubes~ numb red 0 ,1.2,3, ••• r an the transfers 

ar n bered 0,1,2,3, ••• n. If unit quantit of the solute is dis olved 

in L
0 

d U
0 

moved over it, the proceas vill ba in ita in1t1 1 position. 

e two in tube 0 re oqu1librat d and, after they have sep ated, 

the upper aaes c bo bitted so that U will b over ~ and u1 will 

be over L
0

• The first tranafer h now been acco pliahed. Clearly, 

DC th partition c fficient 1e 1 and the volumes of the two phaaea 

e equal, 50~ of the solute h been tr&n$fored to tube l in e 

upper layer. For the second transfer, both tu s are equilibrated and 

the upper la;rera or both bitted eo that U
0 

i o er L2 , u1 ie over t,..• 
i process can be continued indefiDitely. e 

table of igure 1 illutJtr ee the Qistribution achieved for e cb 

tr fer. 

It c be shown that the r ction T n, ot sol te pres nt in the 

rtb tube tor n transfer is given by 

(2) 

To graphicall1 i ustr t a counter-current dietribution, o e plot 

ither th fraction of tot 1 olute or eight o! solute the 

ordinate a ainat th tub numb r ab3ci::s • Fi e 2 111 ·tr·tes 

three distributions o! eight tr ters each of aolute with partition 

coefficients of 0.333, 1.0 an }.0 corres ndi to curves A, B a C 

reapect1vel1• 
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The po 1 tion of t 

n b r of tu 

f 

. ....,;;;;;.;..... 
.. + 1 

ticul b d for g1 en 

0 1 

h re n 1 the total number of transfers d N is th position of t 

mum on the abaci sa. 

en two aubat ncaa having different p rtition coefficients 

are present as s olutes, two banda , overlapping or otherwise, will be 

ob ained. For • mple , it two solut a pr a nt 1n equal uounts vin 

rtition eoetfiei nt of /3 and 3 ar di uted with eight transfer , 

on obta. ne c Ye D in 'igure 2. os nd (44) h ve g1ven aa a 

a nclard ep ration, a r co ery of 80:' ot c co onent at a purity 

or 95 or better . The eparation given in ~gure 2 would just gi 

thia . o ever, t r two ubst cea h Yi g o closely r e ted 

tit on coeftici nte, uch aa in curves and , one would not t 

a tandar4 separation. By increasing the n 

e tion ' it 1a cl ar th t the diet ce 

r of tr afere , fro 

tv en the ax of t e two 

b de will increase. As the n ber ot transfers ia increased, the 

ber ot tube occupied by each olute o in reaae&J however, the 

rcenta e ot the total number o tu s occupied dec so • Yor 

exa .. ple, solute h ving K • 1 occupies 60 of the t bee for 25 transfer • 

.30-" of the tubes for 100 transfers, d only 9.5 of the tube for 

leA~ tr fers . 

en uain ore tb n 25 tran t rs, it is adv nta~oua to b 

· ble to distribute l rg r quantities of eolut • Unf~un tely, i! tl 

o t or olute a th b tinniD 1 incro d, difficult count red , 

for enerally, partition co fticie ta do not re in sufficiently constant 
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to permit the use of h.igher cone ntrations. By dividing the solute 

ually on a v r~ tube at t £ tart of th proc a~, higher 

cone ntr tio can b void. d. 'l'his woul th n give a distribution 

which is the u of as many overlapping ep r t distributions a th 

numb r of tubes in which the eolut li.adJ pl&c at th st rt. How ver, 

th tree t ia 1 if the olute is pl c ci in not more than 5 ~ of the 

total tubes used . 

Th numb r of individuo.l extractions, E, for n tra fer is 

given by 

,, n(n+lt 
" • 2 (4) 

~hus tor , say Z5 tr ns!era, ~5 1ndiv dua extractions would b 

required . rom a practical stand point, this would involve too great 

an expenditure of time. A number of pa.ratuaes have been de ignod to 

equilibrate all the tub for given tra sfer, eo that in the above 

xaaple , only 25 equilibration. would be r quired. 

There are sev ral procedures which c n be used in count r-c rr nt 

distribution. Th mor common ones have e clasoified as: 

(a) Fundamental • This i t e procedure wh ch ha been treated thua far. 

Here not hing is withdrawn trom the eyatem until the whole operation ia 

completed. 

(b) Single Withdr wal • Only a tixed numb r of tubea ia used in thio 

procedure . \Alben the funda.ental proc dure s been completed, the 1 at 

tube ie withdrawn end replaced by an em ty one. After proceeding one 

aore atep , the laet tube is again withdrawn and replaced . Thie prooe a 

y be continu d ind finitely, or until t nuard epuratl.on io 

achieved . 
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(c) uble av ~oc du i a n c p1 ted, 

d b ir t and 1 t 

ot u 

er, 

4 th 0 

e one with wn 

on r ning in t e 

vn tro t 1 

(d) 

1 t. f r t 

r r. 

• ia proced e i 

nt pr e ur with, 

b en co 1 ted, tu with 

to t e endo o1lo n the ne t e uili r ti 

tic tio of th 

10 tr te as 

nd n w tu dd d 

cl tra f r, tubo 11 

tub 1 1 

is set 

nothe ne tub • the next tr fer, 

tub intr uc d at position 12. Tu l 

nev one. proc 

c b co tinu d 1n d can nted b• thr curYe • 

a aetho is moot dv tin co p1ic t d 1 ur 

d ubst closely rel t d p rtiti n coeftici nta. 

Co t istrib tion or kaloid n 

uae extenaivel b (22,25) and b urn l 

co-wor e oth rou iatributed the loic1e betw n 

chlorofo and pho phate buffer • 

6. Paper Chro to aphy (36,39) -

solute Oil tilt paper may Qepe d on 

e r aolutio of xt 

orptio , en ion 

titio~ b.tw en two iacible solYenta . e 1 t 

t one. 1 .. , t e only dift r nc 

s of 

e chan e or n p 

factor ia t e .r 

betve n partitio nd p1p chro to r ph i t t in 

the latter case , a trip of filt r paper ct the i ert support for 



the tatio qu ou t elution dr wn into th p p r 

by c pill ry ction. naipl , th re i 10 iffe nee b twe n t 

paration two th 

d. 

P p r chr t ot 

!!IDJ.l ounta of 

ro th n b r of s ot found o 

• 

tiv t chni ue 

r 1 ( bout 10- .. ~ re 

...J m, one 

can de ermine the c plexit of a mixture, or the purity of 

This techni h b ed to o U. li ite ex ent in th 

1 ve ti ation of ~cooodium alkalo;&. 

7. Oth r T chnique with 

horeGia (39,40,41) is e entiall t 

• 

pplic tion - p r el ctro-

XC pt that 

olute. 

1 ctric pot ntial i ua d to in uce of he 

Partition chro togra hf (36) i 

xtr ction techni u , who a aoluti n of 

fractional liquid-li uid 

xtur i placed o 

column pac d with o e olid c ble of holding water, e • . , . ica 

el, and lut d olv nts. 

Ion exch ng ( ) 1 b ed on an exchan e of ions in eolution 

vith those attach d to , or incorpor te within, the molecul tructur 

of insoluble ubat ce called ion ex.changera. ince al aloid for 

etrongly b aic CQt'ons, their isolation m 1 ~· volureea of hi hly 

dilute a~u o extract be acco pliahe by ion exch nge t chniques . 

techniqu a hav en lie in the study of 

Lycopodium alk lo • 
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tio 

e Lxcopodi alkaloids ve e n found to induce a va iet 

ot p ar colo cal ctiona , none of ich h ve ny edical applic tiona. 

Lethal ea for ve en det ed by 0! cjala (45), 

Lee Chen (46) d chllatovi.c and odevalcl .(47). 

ve een etudi towicz and Uzieblo ( ) , Lee and en ( 6), 

ikonorow (48) , De pan • (49), 

yneki (51) . 

crifoline (Ia, Ib) 

ier and rnard (50) d 

rtho and toll (1?) were the tir t to report degra tive wor 

on thie al aloi • Intensive study by "rench and MacLo n (52,5') 

re ult d in the el cidation o eletal atruc ure Ia tor acri oline. 

e ter oche 1 try waa later eatablia eel 1 et ( nell and 

aylor (5.5) . 

OR 

I a R=H Ib 

IIa R=COCH3 IIb 

acetylacritoline (L.ld (IIa, Ilb) 

Thia alkaloid waa fir t hown to e a clerivat ve of crifoline 

by erry an HaoLeu (20) . e etereoche i try waa establish d by 



~ )'lor (55) 

.....,........,....,..........,(III , III ) 

r crifolin w p opo ed for thi 

46 

e at cture 

alkaloid by t an (56). (54) alao d ter d th tereo-

c e atry (I I ) o 

(57). 

otoline, l t confi d nell an 7lor 

0~ 

III 

nnotinine (IV) 

Ot all the.....,.......,,.;;.;;;,;;;......., 

e ined aa extensively aa nnotinine. 

I1Ib 

veatigated, none have been 

preliminary inve ti ation 

ot the structure ot annotinine wae begun by lan.Ske d io (l ) • 

'l'he de,;r tive tudie hl.lv been carried out by three C nadi groupe 

le by Mario (58-60) at the N tional eae rch ~.~ouncll in Ottawa, b)' 

cLe (61-67) in th e l boratorie , and by ie ner (68-?7) the 

Univer ity o ew Brun wick. e corre t tructure (IV) or annotinine 

tirat ropoaed y ie n r ...1 _. (74) in 1956 and cont1 the 

following )'e by t e a oup (?6). bout the same ti •• rion 

et !!• (?8) p o ed anot er, but correct structure. e structure 

an ete eoche atry wer later confirm d by -ray (?9.80) d c e ical 

(77) •• 



IV 

1 corr 1 tio with d ay1or ere ble 

to el cidate t • a r c ure (81) atereoche tr7 (57) ot 

clavolo ine (Va 

Va 

VI 

I 

Ilia 

0 

fawcettiin (VIa 

•COC .3' R'• 

coo 3 

'• 

v ). 

RO 

Ib 

VIIb 

I Ib 

v 

7 



) ( I , II ) 

1. oid t ri ti --
o f vc tiin (27) vi VII ( 1) d tr 

VII (57). 

er 0 bl 

• 

) 

truct re at r ooh try rop d j t 

c ntly tor fl b 11 urc (32). 

I I 

' 
) 

1uci tio or th in 

• 
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• ) 

Lotoli •• ep r ot ta ' d 

d ter~~:hel~~ b ll (5?). 

XI 

......,.;.;.o:;,;;;.....,.;;;;;;.;;. ( IIa, Ilb) ;;;;;;;;;.;;;........,---. {Xliia, I!b) 

• et turea etereoche •• vo oi w e 

v (31) b7 tranato tio tr 

OH 

OCOCH3 

I I 

XIII& XIIIb 
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at ctur • bli ed by t and e (22) whUe yer and 

posed tnt 1 atr cture XIV a tor 1ycod1D.e. t 

t • t •• t {2 ) conver d 1 copod • to lycodine, 

hua CODti XIVa. tereooh miatry XI ia de uced tr 

thi tr ion. 

CH XVa 
} 

tur4t XVa tor thyllyco41n ce arily to lo fr 

etruct XIa tor 1ycodine. 

ie rio • al.. (82) to - i entical 

oid L.30, and r lilllinary inveoti tion y er1:7 and cLean 

(20) revealed the A t re ot the tuncti oupa. cent inYeatigationa 

Iver ch (83) aYe led theee wor ra to propose e ruoture 

XVIa an etereoc eaiatry XVI tor lyoodoline. 



0 

I 

.Lzcololi ( XX., IIb) 

The ture ol the t 

t 4 an (25)• 1 bin the t year. 

I 

tirat ve ti ated 7 

et et al . (84) --
ell and ~lor (55) indepen entl1 educ the structure { VI ) 

ate eoche tr,J (XVIIb) ot lyoololine . 

Ia 
' ! ! ... 

XI 

OR 

•• 

, 
RO 

I 

nell d lo (55) related the e two baaee with lycotoli e , 

Xl to the oacet te and diacetate 

derivatives, r epectively. 



( • ) 

al o1 w ex ens 11 ati te 

11 )in 

l, • • ti&l • 7 Marion 

co• or era ( .87. ) • ioAal. . .x-ch Counc.U, while • 
re •tructural inveat io w re oarri 

c or 
rat ( l. '· ,89-92) 11.\ t e la orator:l.ea. e ate ochemietr,-

(' ) aa la. er <le ced 1 t ('4). 

0 

lae, .Lewia • an 

( Ia) boc app nt with the eluci atio 

• 
XXliia 

coca, 
H 

acetrl d rivati o 

on (82). • atruct~ 

t e tr c w-e of 

Ib 
XXIIIb 



;.;;:;;.;~:.,.:;;:;;::;.;.:.-..;;,;.o..;;.;;.;;,;.;;;;.;;;;;;;:.;. ( L .14) ( II , XXIIb) 

o r able t 

a to IIb 

Q ( ). 

XXIla XXIIb 

~~~~~:=t.:. (L.l) (XXIIIa, III ) 

e relatio bet en l:copodine an thia derivativ w. 

,_.,.c..un !... ~· ( 2,88). tr cture Ilia tor 

dih1dro c toe auto tic 1 furni he with the e a 11 ent 

of tr tUN l' tor lycop tne. • atere he a ry ( II ) 

d ter ine 1 ell 1.'atlor (.5'7). 

--......;;;.;;o..:;.........,......, (X V , XXI ) ( a, JC ) 

~o (43) obacurt o a xture of t o 

a • •Obecurine an 9-obsc ine. I 

able to ded c t 

XXIVa d XX a we e l ter e4 to -

Ivo (9}), In rece 

try t he obRUl" • 

oup ia still c r in 

• re favourable qu torial confo tion. 

l atudy, he1 were 

• 1' tal a ru tu.re 

~-o curin , r apect velJ• 

• (3()) ei 

e co fi tion of the 

e ee ent tt ely t 



0 

a 

0 

0 

• 

t ) 

eri at1•• • • 
II) 

0 '1 ie r!!, • (29,9 ) 

0 ... ente '1 V I. 

II 
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cto 
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t n er-rel io hip o t 

ati n f th rrow ic 

oll w d 

t 

• 

he 

f two 

ll< oi 

b n ro d 

hie 

t 



rifl 0-Ac ty c 

\ 
ro . 

l 
0 

I 

in 

0 

/ 



• 

oi ei , 

n:. 

ouble ond, 

v 

t e lyco odin - ype 

, whi.c 1o 

0 

o ical 

2 

III 

f wo olecule ot 

1v h 

ich COAC:Uti.UitatiOA ith am::DOllL1a 

IX 

X 

e d ir d • 

0 

XXX 

7 



X XI X at 

t I, 

0 

io of 9 prio 

r r la • 

0 i ol 0 tio c- t llo 

con ve 

e r cti I 

0 

I 

p ro tio th 

• 

...._;....;.,o,...;.;..;...;;~ al.kaloi re iewed b7 •11r1 { 98) , 

• (99) , esn r (101) . 



DISCU SI OF U1TS 

Iaol tion of 1 loida 

ke and rio (7) were the !irat to report an inv ati -

tio or !!• nabelliforme Fern. or ita alkaloidal content. Th 1 

i elated nine alkaloicla' lycopodine, acetyld.ih)'drolycopodine, 

anhydrodihydrolycopodine (L.4, L.l4) t dihyc1rolycopodine , nicotine, 

a.-obecurine, 6-obacurine, L.,3, d L•5J of which only lycopo41ne d 

nicotine were known t that ti • Since then, the structures of all 

but L.3 and L.5 have been elucidated. 

~· n belliforme var. ambiguWII h been uaed ae a so ce of 

lycopodine by other workera in these labor toriea. In this atudy, the 

mother liquora fro several of their extractions were combined and 

inveatig ted for th ir contained alkaloids. 

!he crude alkaloid ixture was first subjected to an acid 

extr ction and filtered throu h eelite to re ove r ainoua terial. 

t-on-basic.material was then removed by ether extraction. The firat 

chro atograpby of crude alkaloids was carried out on about 75 g. of 

terial. The col n was first eluted with chloroform, effectina 

re oval o! the bulk of the crude bases. The more atrongl7 adsorbed 

b oa were re oved by aucceeeively eluting with 2 

chloroform and 5 thanol in chlorofon. 

59 

thsnol in 
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~ e ixtur of crude b e obt n d by elation with c lorofo 

partially cryst lli:ed. Separ tion of these crystals yielded t ri l 

aelting at 192.5-196.5°. The infr e ap ctru in nujol hoved 

-1 -1 h droX11 bsorption at 3125 c • and carbonyl ab orption at 1705 em. 

Purification of this crystalline teri 1 by form tion d cry talli -

tion of the perchlorate salt, followed by regeneration of the free base 

0 yielded cryatala melting aharply at 210 • change in cry tallin tor 

w noted at 150°. Tbe analysis of theae cryatala lite th for ula 

Thi minor alkaloid of L. t1 belliforme d not b n -
reported, and was iYen the n tl. b lli!orcrl.ne. It was thought th t 

flabelli!ormine mi ht be identical with cl vatine ieol ted from 

~· clavatu• by Aoh atowicc and Uzieblo (6). However, a com rison of 

the apecific rot tion of tl bellifor ne <[~1~4 • -25.1° (c. 1.106 g./ 

100 rnl. acetone) d ~1~4 • -38.4° (c • .5.827 g./100 ml. chloroform)) 
i 

~ 0 . 
with that of clavatine <l~D • -365.? ( cetone)) clearly aho d t t 

theae are two distinct alkaloids.. Cure elli-Rodoet and o an {32) 

have recently elucid ted the atruoture of fiabelliformino, und h v~ shown i., 

to be represented by atructure IXa. It waa found difficult to eeparat 

flabelliformine from traces of dihydrolycopodine by thia thod. 

Tre tment of the tlabelliformine-dlhydrolycopodine mixture with h1dro-

bromic acid readil7 !forded pure tlabelli!ormine hydrobro ide, 

dihydrolycopodine being recovered fro the mother liquors. 

The •other liquor obtained from the separation ot crude 

tlabelliformine was distributed between pH 6.0 citrate-pho phat butter 

solution and chloroform in a twelve separatory tunnel distribution. 

The bulk of the ore strongly basic alkaloids was partition• amo 



61 

h first five fWUlels, wher the bulk of the more weakly basic 

alkaloids w d1 tributed amo the last four tunnels. 

In workin up the variou fr ctions, oa' ot the crystalline 

or 1-cry t 111 e materi la obtained were ch acterized by ane ot 

th ir iDfr ed p ctra. 

Dihydrol~copodine was i elated fro the first our fr etions 

of the firat distribution. 

iaol ted froa buffer fractiona 3-5. nalyais of tbi base agrees with 

the formula c18H
30

or 2• Thi new alkaloid v given the Da1M fi elline. 

e elucidation o! the structure of tlabelline is deacri d belov. The 

fifth buffer fraction also yielded a-obscurine. 

he l at three chloroform !r ctiona have been investigated by 

Alam <33) and found to contain lyoodine, an.uotit1ine, and a-ob curine. 

though lyoodine d annotinine e nown, thia i th firat recorded 

iaol tion of the .. alkaloids from !:.· nabelli!or e. F\lrthermore, this 

is the firet recorded isolation of annotinine trom a Lycopodium species 

other than !:.• annotinu • 

am has also inveeti ated the ixtur of crude bases obtained 

y elution with 2% methanol in chloroform. By eana of col 

chro tograph and aeparatory funnel distribution, he h a i ol ted 

des- -methyl- obaourine, clavolonine, •obacurine, and a baae, the 

analysis ot hich points to a hydroxy-~-obscurine <c17H26o2N2). Of 

these alkaloids • -obsc:urine was the only one known to occur in 

L. flabelli!orm • -
second batch ot th crud• alkaloi eixture w ohromatographed 

and worked up as described above. Flabelliformine could not be isolated 



fr the cblorofor fter th fi t chro tography. 

Th chloroform elu te wa dietribut d b tween pH 6 .0 buffer 

olution nd chloroform as 1 the first distribution. Dihydro

lycopodin w obtained from the first two butt r tr ctions and 

tlabellin , fr the first three. Flabelliformine waa found in the 

fir t five buffer fr ctiona. ctione 3-9 yielde -o scurin , d 

lycopodine was obtained fro the last three buffer fr ctions. 

Die rib tio or the chlorofor elu te between pH 4.9 buffer 

62 

olution and chlorofora yiel ed the oi a did D2, however, 

dihydrolycopodine, f1 belline , and flabellitormine were found only in 

the first three butter fr ctiona. Tb1 m de their ep tion ore 

laboriowt an in uD2. 

T.be fund ntal proc ure w followed tor all distribution 

per ormed in this tudy . to conserve ti , the eeparatory funnel 

distributiona were carried out with a large amount of terial, the 

concentration of the crude baaea in the 1Ditial chlorotor solution 

being in the order of 0.,5 H (baaed on an verage molecular wei t of 

275) . It is not surprising then that the pH of the buffer solutions 

increased by aa I4uch a 0 . 6 ptt units while being shaken with the b ic 

chloroform solutions . Since the mixture distributed in this stud1 

were very co plex and the number of tran fer small , one c nnot expect 

to achieve auch ore than a separation of the weak fro the stron 

bases. The observed change 1n pH will not detract seriously from the 

uaefulne ot this preliminary separati on, provided all diatribuUona 

of crude bases are performed under the e conditions . Di tribution 

between chlorofor and pti 6.0 buffer solution wu foWld to give a 
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f r 1 cl ar-cut tio • 

If ore ti of i divid al oida i 

desire iatri uti , t e of hi h cru e aae concentr -

tio vo1 e • ia c ve to cert ... b)" 

xture into e fir t two a tory t nels. 

do en or ra would t e eno to e t' ct 

ti n. owever, by o pletin th fun:lan nt proc ttr with t e 

n ber o ilable nd th n r or on of the 

procedure , rJ3 or tr n fer c n b c le e 

eparati vith a ini ot equip ent can be effected. 

t ndancy of the alkaloids e while 1 solution 

a const t ce thro >.ou th course of this wor • ;"}.abelline 

was difficult to purify bee • • eco positio products 

oul e r oved by chro to b t the tended to 

· eco po e if left in aol tio • Tbe al t of t e alkaloid were ot ao 

rone to eco pose wer r e a. 

It foun t at a be t, oal 75 o! t e ori inal total 

of e cb ffer fr ction coul c.. at 11 r e i-

cryatalline ter al. h re ini th t apparentl1 w lost 

b en compri sed of 

olve~t nco ~letel1 re ove 

of th buffer fr c io iel ed d resinous residues 

after the bul of t e lk loi bad een e oved by !ractio 

dditional crystalline teri were not worked up t ther. 

Base I, 1 ol ted by Burnell et • (27) from L. t wcettii, and -- -
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hydroxy -ob curin 1 ol t d fro !!• pp to 

id nt:J.cal. e infrnred sp ctrum of hydro -a.-ob curin in nujol how 

b orptio t 3500 cm: 1 in h hydroxyl region, b nd t 3220 c : 1 

in th H r gion, d b orption at 1660 em:1 ttribut d to l ct 

carbonyl. I hov infr ed b orption b n iaing from the 

function 1 featur a t }480 c : 1 , 3200 c : 1 d 1662 c : 1 , 

r pectively. Furth rcore 1 hydroxy- -ob curine how ultr viol t 

b orption t X 25 t j<" ( . ~ = 3.78) d b e I s o h. 

2..., ~ 'lo f: . }.77). i lly, both kaloid 

oid L.5 w i ol ted fro ~· 
·rion (7) lyai w incorrectly 

ign d or~ a c18H28o, 2 · ~~104• . The analyei reported y nske 

, ow Yer , b ccon~od t d by c18 30
o •HCl04, th 

fo ul for tlabellin perchlorate . Further ore, th ltin point 

r ported tor L.5 rch1or te (282°) coincide with that founa !or 

f1 b llin p rchlor t {280-282°) . It is ther for quite lik ly th t 

L.5 and !labe111ne ar id ntical . 

The tructuro of Fl be11ine 

e presence of a aecond y amide group ia eug ested fro the 

infrared ap ctr of ab lline in nujol and chloro!o • 

e in!r ed spectrum or fl belline in nujol (aee figure 4) 

ehows split band at 3250 c : 1 and 3180 c : 1 in addition to a w &k 

The calculated ele ental perc nt ges given bJ 
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int nsi ty of th 3250 c : 1 band i 8o -1 e ter th n th t f th 31 c • 

b , ind1c tin th t in the solid t te, fl be1line is predo inantly 

tr hydro n bonded. Th absorption b d at 1645 cm:1 , 1550 c : 1 , 

nd 1300 cm:1 are eai at d a the d I, II d III b nd , 

r ctivel • I band e en ed to carbonyl 

wherea the ori ine of th d II nd III b n a 

h v not b en d finitely est 1iah d (103b). 

In dilute chloroform solution (ae fi ure 5) th re ia 

concentrution-in ep nd nt, bsorption b d ot d1 int n it at 

-1 .}415 c •• i band i ttri ut d to non-hydro n bonded 

tretchin (l03c). th cone nt of t olutio i 

hiftin conti uousl !r ~ -1 -1 
3~15 c • to 3270 c • p 

eNH 

• 1 
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jacent proton. One would xp ct doublet with intensity corr spond-

ing to only thr e protons for this groupin • ltis possible that there 

ie underlyin b orption, indicate by shoulders on thi ak. 

orn the infrar d nd tl'R sp ctr d the elem ntal a lyai , 

it was r aeoncd ti~ t fle.bellin ight cone ivo.bly be Acco oodated by 

etructu.r • [.;tructure Xa was then ohown to be correct by sy th sis 

of flab llin from lycopodino. 

Ther are sev ral method for convertin c bonyl to n a ine. 

uince lycopodine oxi e wao re dily obtain·ble from lycopodine, it was 

d cided to e rry out the yntheoi from the oxi • Lycopodine oxi 

id not reduce on tre tmcnt with bydx·ogen over pl tinum oxide in 

cetic anhydride. Tr tm nt ith lithium aluminum hydride in dry 

tetrahydro!uran yielded an oil, which resisted all atte pt t 

cryetalli~ation. The infrared spectrum of the oil show d trong 

broad absorption band at 3280 cm:1 in the ina NH etretching reGion. 

and another bro d band at 1635 cm:1 in the mine J,U dotor ation re ion. 

Th lycopodin oxic re ucticn product w tr at d wit 

chloride-pyridine cornpl x to give a d rk oil which re ist d all 

attem to to obtain a crystalline product. Th oil showed an infrar d 

cp ctrum b ring soce similarity to t t of flabollin • This w the 

first indication th t tructur Xa was correct for flab llin • 

Since th ttompted reduction of lycopodin oxi e with 

platinu oxide and hydro- n at low prassur (48 p •• i.g.) w s 

un ucc soful, it wns hop d th t r duction undor more forcing conditions 

would yi ld the d sired product. -r at nt of lycopocUn oxi in 

c tic anhydrid ith 1~ n. . ol d hj~ro n t high pr ssur 
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(116o p •• 1 •• ) d 

ehowin infr r d nd 

(100°) cr,y t 1li e reduct 

ctr ide tic 1 wi h th e of turally 

oocurr1n n b 111 • no epre io of 

dllixture of th r ction rodu w1 th n b 111 fro 

~· flabelli o • 

fl e1li • 

is 1mp1e conv r io co fir d trueture 

point on 

for 

1 tb first f1oopcd 

oup nd 1 o th first 

oid . o n to co tain 

aloid eontainin tw itro 

ydrojulo1idi te • 

Ster och stry of Fl b llln 

The conversion of lycopodine to fl b 111ne invo1v d r ctio 

only t C-5, and therefore both alkaloid t ve th ea conti ure.-

tion t 11 oth r ite • inc all of t other al aloi wit 

functio 1 sroup (oth r th c rbony1) t C-5 hav the axial 

configur tion at thi c ntre , it would be re onab1e to expect that 

t amid roup in tl b lline has the 

this evidence 1 only eire tantial . 

e configur tion . However , 

The ter oche i try of lycopodin orl ia such th t when this 

co pound i y nic el , hydro n to woul tur te 

c-5 in the equatori 1 po itiOJl , pu hill6 the NH2 group into th axial 

ition. c ty1 tion of th 

t C-5· 

ine ould ot ffect the co fi r tion 

aid hydrol i of fl 11ine proceeded slowly, further 

indio tin th t th ide group i in the ore i n red axial po ition. 

the basis of the e thr 

has been i ed the ~ conform tion 

, the mide group t C-5 

hown in tructure Xb . 
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terials 

All ltin points were t en on otl r Micro Hot St 

unless oifi d. Infrar d apeotr sur d in nujol 

mull unl as othervi 

l'odel I -5 record 

Ultra iolet peotr 

specified and w re det rmin d on 

odi cblori e pria • 

w re ethanol on a Perkin- r Mo el 

4000 peotr cord. e nucl gn t c r onanc 

on a arian V-4,00 hi h-r ctro ter t fr qu nc of 

60 He/sec. Tbe NM spectr were e ured in cone ntr te d ut ro-

chlorofor olutions with tetr thyl 11 e an inter dar • 

hift are given on t • I .. e of fiera (105). 

e analyse w re done by Schw zkopf croan ytical borator.y, 

oodside, •• ; • n, l, witzerl d; and br itb 

Laboratorie , Inc., Knoxville, Tenne e. 

Sourc 

The crud extr ct 

th se labor toriea o er 

ed in th e experi nt were ol t d in 

period of veral ye a fro Lycopodiu 

==,... ... collected in th ntworth Valle)" of 

10V otia. 

rocedure of 

• 

e dry, 

and 

ound plant t ri wa extracted by th 

ion (7). Lycopo ine w iaol t d y col 

73 
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escribe by d c an (89). other hro to phy 

stro ly bined to 1 t e 

aloida d 

o collection of the crude lkaloi o t ine after re o~ 

ot l.loopodine vas 4 ed v ral litera of water an hun4r d 

of t taric id. e res:Utant solution v et distilled to 

re ove organic solvents used extr otio • m re 

litera of water were added to the d1 tillation residue, and t e oua 

solution ~ shaken with about 60 ama of powder d c lite. ucti 

filtration through a pad of oelite yiel ed a dar red filtr e ic 

vae then extracted twice wit ether to remove t tty, non-baaic tori 1. 

e aqu ous solution v baeifie wit oni and extract with 

chlorotor , e chlorofor extr ot v w hed. with , and 

evaporated o d.ryneaa, yielding aboat ZOO era of a bla k, tar-like 

residue. 

First 

bout '75 ar ot the crude oid e.xtr ct w t e up in 

mini wa of ar chloro!o an a aor d o 5 x 45 o • col ot 

al na. The col w elut d vi h chloroform un 11 the eluate w 

alaoat colour lees. '!'he el tea were co billed and evaporat d to ;yne 

yielding 50 of k reeino terial. e col w t n 

eluted with th o1 ill chloroform d 5 thllllol in chlo ofor , 

Jielding dark resinous fractioM weighina 14 gr and 3 

respectively. The e last two tractions have b en examined b7 Al (}3). 



lllixtur of orud •• o in d by elution With chlorofor 

tally cryat li ed d the e i- oli v 8h with cold 

ether. e in oluble cry tall e ateri (13.0 .) aa e rat d by 

filtr tion an showed 

-1 an at '125 c • in th hydroxyl region, harp t 

1705 c : 1 vith sho der t 1?20 c : 1 and 1665 ce:1 in the c 

4 -1 repon, and a bend t l 10 o • attrt ut to th;yl adj c nt to 

a carbonyl. 

To 12.6 S• of the i pure b e 1 ol t d bov d1 olved in a 

ini of warm 10 ueoue ceti acid v e add d 5.5 

acid. A perchlorat ealt precipi ted 1 d1 t 1y !Utered 

cooli • cetic acid 

yie14iD 17.7 &• of lon traw coloured needles which lted t 

261·264°, after dr;ying in vacuo t 110°. 

Calo. tor c16Hz5o2 •HClO • 20: C, 50.3}J H, 7.39; , }.6? • 

ound: C, 50.38; , 7•5}1 , 3.22 • 

e infrared apectrua Ghow d a apl it b 4 at 3600 ca:1 and }4?0 c : 1 

in the hydroxyl resion, a h p band at 1715 c : 1 in the carbonyl 

8 •l r sio , a nd at 141 c • attributed to a thy1en adjacent to 

-1 carbonyl, and a band at 1595 c • 

Concentration of t e tlabellitor e rchlorate filtrates 

e tree base w re ner ted tr the perchlor-

ate alt ud recry tallized aev ral timee tr0111 cetone to yi ld. 

lonsated cryatala ltins sharply t 210°. c n e in cry t line 



en re 

tor ine ave a cry tallin et io de 

thanol. t ui not 

c. tor c16a25o2 •Ca,Ia C, 50.37; , 6.961 , }.45 • 

o d: C, 50·751 H, ?. t 3·3~ • 

n elli.fo ev orate to dr 

u di olve in 350 • of cbloroto • olutio w 

en 

(106) tor 15 inutee i a o 11 r tory tunnel. e c oro.form 

hue, terre to eco 

tor .funn l c ta butter olutio , 

3.50 • of fre a to he irat tory el. 

th !unnele re t en en .for l inu •• e h. 1a proc 



t:U • 

roul • up 0 tli lov. • 
chloroform utter 

fraoti h IU.a to buif7 ich uy 

aYe to c or to e traota re the drie d.roua 

eva.p rate o d.rJD•• in tan n • e utfer 

fraotiou were aifi 4 with a:AmOil1a and ex raote wit.h chlorot • 
• chloroto extra te wer ~en ried er dr ua aod1 

evapora 4 o drJile&a tare nuk•· c nu w 

be wei • ot he 

Fluk 

1 

2 

' It 
6 

1 

8 

9 

10 

12 

• 

• ill each n b4tin& recor e (ae 

'1' L XV 

Dietri uti of o1 in JJl 

Chlorofol"'l ra ti 
<~ .in Ullt) 

,.6, 0.155 

4.426 o.:565 

'+.02.1 0,)65 

2.622 0.3 1 

1.56 0.186 

0.97.2 0.2,.5 

0.531 o.,586 

.529 0,8)1 

0.778 2,_561 

1.m J.?C>Jt 

.6?0 6.86? 
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Cryatalli e eaterial toraed o treatment vith acetone. 

Recry•tallizat1on trOD ace o 11eld d 3.0 I• of ihydrolJOOpodina. 

aolut.ion ot SD1.2B 

1 fraction wu worke up in the aau er u SDl.lB, 

aglution ot SD+•J 
Cryet lli e ter1al torae on treat nt with acetone. 

7J 

Becr7etall1zat1 tr a atone yielde two crops of 4ibldrolycopod1ne 

veishiDs 2.0 and 0.5 g. The filtrate waa vaporat d to 1D • 

4ieaolve in a •W•ua of chloroform, au:ul adeorbed on a colu ot 

al • ut1o with 0,5~ thanol in chloroto etteoted re•oval ot 

a yellow band •ina 1.26 g, ot a yellow oil which re iated all attempts 

at CI'JatAllization, The oU wae taken up in ac tone, 

ao14 with perohloric acid and treated with water until t • •elution 

waa turbid. CooliQ in a refrigerator Jiel~ cr1•tal wh1c re 

recrJatallizeci b-011 aceton thanol to si• a l white cr,.tal• 

melt1Dg above 258° (with eo position and efferveaance). • 1nfrara 

epectrua howed bands at 348o oa:'1 , )300 om:'1 , a ehoulder at )150 c ':1 

and be.n4a at 1650 ca:"1 eel 1.51' oc':1 e xture ot al t wu t en p 

in water, baaified 'dth OAia, an extract• with chloroform. The 

combined extract wu clri.• over aum,ydrows odiwa aulfate and avapo ted 

to clr1M•• ~· J'eaidue waa c011bined witb traction SDl.~B an 

• SP retera to a separator)' UIUlel distribution and ita number while 
B refere to the butter layer and ita tube n ber. 



0 

ietributed • wee cblorof an buffer eolution 

ThiB r ctio wu take i a llli:aimum of ehlo fora, atW r 

on a ol 

A 1ellov an pa d thr~ th col tr which te low oU wq 

o tained. at nt with acetone- thanol save yellow cr1atala whi h 

lte4 at 150-16)0
• The intrare pecti'WI hGW6 dsi the H 

-1 re ion at 32.50 c • , and the ami ar'bo.nyl ngio 6 •l at 1 50 ca. a.n4 

1515 -1 The cryetalline aateri and filtrates en eontbinecl with 

eeotion. 

d olved in 

50 Ill. of chloroto , e obloroto aolution was divided 

in t fir t two tubea of a 9 t~ Crai coWlter-cvrent extr tor. 

alkaloi ixture wu then diatr1butecl between chlorotora and pH 6.0 

citrat .. phoepha buffer eol tio • ~ chine waa agit ted for 

15 a1n tea for each trrmefer, the butter lqel"' be 

hen t e 49 transfer• 4 been complete • the contents of each tube 

e &l.kaline with acuaoz:l1a, ahaken• an4 the chl rotora layer 

ohlorotorra. The ohlorofo extract tor each tu~ vu dried over 

aulfate an eYaporat to clrJD• in t ed tla.aka. 

'l'he weisbt of terul 1n e ch n v recorded {He able XVI ) ancl 

lotted againet tube n ber (eee Figure 8) . 
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TABLE XVI 

Diatribution ot Alkaloids in CDl. 

Tub• No. •isht (lltg.) e r o. igbt (rq.) 

1 }4 '' 63 

2 60 34 67 

' 2l '' 110 

' 8 :56 160 

? 7 37 1!S8 

9 4 38 66 

11 7 39 1.39 

lJ 6 40 159 

15 2. 41 182 

17 l 42 134 

19 1 43 234 

21 ' 44 102 

2' 5 45 101 

25 4 46 1.50 

'Z7 6 47 92 

29 8 48 139 

31 22 49 76 

}2 44 
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actio 35-38 wore taken up in c tone and combine • tter 

initial concentr tion of the solution, eth r v added and th solution 

further conce trated, Yellow rho bic cry t 1 fo d on cooling. ••• 

crystala (250 • ) • after !ilterins and wuhina vith 2:1 ether ceto , 

elted at 18 187.5°. 

Calc , tor 18n30cN2J C, 74.48; , lO.~J ~, .66'. 

ounda c, ?4.,9; H• 9.94; H, 9.~. 

-1 • inCrar spectrum of flabelline ehowed a plit band t 3250 c • 

and 3180 c :"1 in the tnt r ion• and baorption t 1645 c ":1 , 15.50 c ':1 • 

and 1300 oa:1 attribute to the lid I, II an III tJand • 

ractiono 39-43 were co bine • adsorbed o a col 

elute with lrl benzene-cblorotor • A wid yellow 

through the oolWIUl trom which was obtaine yellow oil " ch 

errs alliced on treat ent with 2al ether-acetone. Recryetallization 

tro 211 ether-acetone yiel e about 400 g. of flabelline. 

d, adsorb d o col ot alumina 

ed throu the column f which light yellow ory•tale were obtained. 

cryatallization from ether•petrole ether ave about 50 g. ot 

dih1dr0l100podine, 

fraction 48 vaa adeorbed a col of al.wain.a cl eluted with 

1 ethanol in benune, A colourless ban rapidly pa.ue through the 

column from whioh raa.teri&l abowill£ infrared spectrum identical with 

that of d1hyc!rol1copod1ne waa obtained. 

ft!!olution of Snl.5 

th1 traction vaa taken up 1n benzene, ad orbed on a coluan of 



with l&lt 1:2 n4 l&J ben ea.-chloro-

form. e reaul nt 15 fr cti w r coll cted 1 t ' oups on the 

is o t ir infr red tr • fir t ou vith 

eth r orphou precipitate which waa then crystallized from 

2J1 etb r- cote e, yiel 1D fiabelline. The tiltr te w: s t en u in 

10 queoue cetic acid and tre ted vith exce .. porch1oric acid. A 

aolid an a cryatalliu Mtorial c down 011 ataudinr; in a 

retri rater. ltration yielded 125 mgp ot dark solid and 108 • 

ot cr1ata1a, ot ahowing infrar d a ctra eimil to that of flabelline 

perchlorate. tter the filtrate vas ooncentr ted d lowed to stand, 

a aec d crop (59 • • ) of na ellU'ormine perohlorat aepan.te • e 

eeco d cup reaiete all atte ta to obtain a OrJetellin compound. 

The third croup wae take up n a 2rl ether-acetone and 11e1de lone 

needles o etan4ins 1D a refrigerator. veral recryatallicationa fro 

2al etber-acet ne Ye needle-11 e cr1ata1a of -ob curine. 

econd Chromato,eraRhz of Crud! Alkaloi 

A out 120 gr of the re n1 cru alkaloid extract waa 

taken up in a , d1 viC:.. i to four e~u.t 

po tiona adaorbed o tour cbr ogra.phic colu , each eked 

wi h two poun of alumin • e col na vere luted w1 th chloroform 

until the eluate weJ""e almost co1ourleas. 1'b.e elua e were c bined 

an eYaporated to dryneea • p.eldin 90 • ot dark resinoua u.terial. 

The col were then elu.tecl vith .2 methanol in chlorofor and 5 

ol in chloroform• yieldi r sinoua tracUonr.s weighins 13 

an 3.5 I• reepecti¥el7• 



out 45 

vit ohl rotor 

ol t1 n w 

85 

obt De y elution 

Ill. o o rotor • e chloroto 

• of a p 6.00 citr te•pb p te 

fer eoluti for 10 nutea n a one liter aeparato y f el. e 

t ndamental counter-current diatribYtio procedure vas carr d out for 

12 tr fer • • re ultin extrao were worked p •• ou lin tor 

• Th we of erial e c f.l w ecor e e bl XVII ) 

and plotte t tl n be ( e 1 ~• 9). 

esolut1on gt Da.lB 

'r1a Un terial tor d on t.reatunt wit aceto e . 

oryatall cetone yielde 2.3?7 i• of ol7copod.1ne. 

Concentration ot the til tr te ave a eoo cro (541 • ) of <lihydro-

1Jcopod1ne. orpbous ealt r 4 when perchloric cid was a ded to 

the t l .. ·- tiltra on. 0 • ot na el }lel'Ohlorate w 

obtained. The acidic filtrate w then ifieci, and he res- r: ted 

chr tograp eel col ot &.1 • e elu.a. ea were 00111 ine4 

evaporated to drJneaa . 4sl aceto ol ve a 

wh1 e t fi.nelJ 41Yi 8 pe Of n belli formin h obr de ( 5 S • ) • 

Concent.r tion of the fll rate )'ielcled itO S• of or1ata.lline tl bellitonine 

b7dro\'lr e . 

=t•olution of soa, 

re t nt 1 th to gave cryate.Uine IDtlterial w ioh • when 

reoryatal.UM trOll acetone , ,-iel ed 1 • .26' • ot c:U.hydrolycopodine. 

Cryatalli tion of the filtrate e binar7 mixture of cryetala which 

wae ae r. ted .nually , a fur !UtraUon, to yield 118 1118• ot pure 
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XVII 

Distr1 ut1o of llutl id i GD2 

&8 o. 
( 

l 6.468 o. ?4 

2 4.,9.) 0.257 

.. '·77' o.,~ -,. z.ooo 0 • .394 

.5 l.Zl7 o.,n6 

6 0.62) 0.,43 

1 o.47? o.6l5 

s o.6;y. 1.012 

9 o.?05 1.49' 

10 o. ~ 2.4}2 

11 0.687 a.996 

12. 0.}29 ·550 
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dihydrol1COpo41ne 4 1' S• or imp tl bellito iDe. The filtrate 

w treat d with li htly aci4. e resultant 

orphous .e 1 t. w ceys llized tro ceto o siv tbr c op ot 

n el11ne perc lor te w 1 hill '2o, 128 and zo m • e fre 

were r generated tro the filtr te from w ic the orpho &lt w .. 

e par t d cl cbro t zraphed n colwan of &lui • e 1 tea vere 

combined• ev porated to dryne a and taken u in acetone. The solutio 

vas de eli tly ci ~ith bydrobro ic c1d iving tin 1 divid d 

tlabellifo in hydrobr0314a {26? m .). 

eaolution of D2:3B 

eat ent with aceto ve a orphoue pr 1 it.ate vbioh wu 

reoryatalliced tr the e solvent, The resulting i r,y mixture ot 

oeyetale waa !Utere4. and eparated u&l.ly to ive 112 • of 

d 370 • of impure n belliformine. • filtrate vu 

made ali tl,- acid ith rchloric cidt Yin rpho ealt 

wbic • when cryatalli&ecl t: aoeton , ;yielded 305 • of nabelUne 

perchlorate. fhe fUtrate g&'fe a aeoo d crop of oryatala bZ • ) 

aholl1ng an 1ntrarecl epect tmilar to that ot na ellin perQ:Uorate. 

• free b ee, nor t d fro the cidic tilt te, were or d ~ 

column ot aluaina an eluted with chloroto~ • The eluatoa wer 

combiXled, concentrated• and taken up in cetcme. Addition ot hydro

bromic acid reaulted in the precipitation ot finely divided ealt 

(114 mg,) ehorlng on intrared 4peotrum oiinUar to that ot n bellitol'ld.ne 

hyclrobromid.e. 

eolution ot SD2.4B 

Treatment ~itb aceto Jielde4 both crystalline and orpho 
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tertal, v to ve anua111 parated after filtration. The 

crystallin ter141 (96 g.) owe intr red ectrum similar to 

that of , whUe the tc.-ial (2 9 • ) hewed 

inlr ed e ctr similar to that t tlabellifo ne. Concentration 

o the f1ltrat nin yielded a ixture of orphoue and crystalline 

terial which vas ep&rated e above. ia 88-V 40 • of cr1 t lline 

tlabellifol' ine and 187 me• or uorphcn.a:s material ehowins all infrared 

pectrum ei il r to th t of tl b lli ot~ine. Co centr tto of the 

tiltr te yield d t ir crop of aterial {6~ .) shoving 

an infrared pectr similar to th t of fla ellitor ine. 

~solution ot D2:2B 

eat nt with acetone ~ve amorphous reoipitate (266 .) 

which vae ti tered and crystallized from atone to yield two different 

kinds or cr1atala. Fi tration d nual epar tiOA cave 82 • of 

tl ellitormine and 10 • of terial hich could not be charaoteriaed. 

Concentra ion of the til~rate from the r crystalli&etion gav two crops 

of uorpho u material (51 ud 25 m .) abowin infrared spectr very 

a1=1lar to that o£ tlabell1lormine . 

stv two crops of finely divideci 

The first filtrate waa concentrated• 

terial (75 nd 66 g. ) ehowin 

infr ed apectra very aimi~r to that of flabellitormine. The filtrate 

was c ncentrate and acidified with perchloric acid, ivin& two oro 

(58 and 164 • ) or nabellitoraine perchlorate. 

, toAution ot Frections Sl>2.6B to SD2. 9B 

Fraotiona D2.6B t.o 'D2.9B, inclueive • were oombined and trea,ed 

with acetone . The resultant amorp o precipitate waa crJatallized 

troa methanol to giYe 146 .1116• ot ob•curine . e filtrate could 11ot 



uc d. to cry tallizo. 

i f'f' ctio ot. 0 tr nt 

tone, ddi !o cr st line t. I wu 

or n &Ad el t d b chloroform. 1be 

el co bi • c ' t p eo to • ditiOil 

ot c tto ed (141 .) which howed 

intr t lyoop h ro r ide. 

e fUtr te w ork ~ p in ecti D2.12B. 

aalt (154 .) was o t ine4 O¥ cidif vith 

robr ic id eton olu ion ct this fractio • 1ae t b d. 

in!rar.d epectr almoat id nt1c with t f; ol l copu in hydro-

br de. 

followin 

• iltr e 

ct.ion. 

th 

aoidi ie w1 'l'bi tractton w di olved. in acetone 

h obromic ci , · vi a dar oil. Cr e. (5? .) 

•• w bt.Ai.ne 

allo t e acidic aoluti 

a co ine with • tiltra a tr SDZ.lO 

• r en rated • n ohr on col not • 
e el atea reeisted all atteapt o obt in crya alline terial. 

nnel !?tetribution ot Crude Ban• (.SD3) 

• remainins 45 &• o · crude baaea o tained by chro 
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ot the crud pl nt xtr c ( luted with 100% cblorofo ) was dia ribute4 

t eon chlorof and pH 4.9 butt r ol ti n and orked u 

betor t dih drol;ycopodi t n bell belli!or i t, ob curine 

and lycopodi • wer the only al aloid t could 0. 1 ol t d rr • 
utter frao In t dietrib ti , th were i olate 

troa tter traction n ered o er tban those fro t pH 6.0 buffer 

atribution. 'l'he ixt\U"e of oi 1n each of the first t • 

buff tr ction was or OQplex, and the aol tion ot the • turea 

de 

solution ot fiabelli e (79 . ) in 4 lll• or ace oce an u 

x eee ot thyliodide wao he ted under refillX for } bcura. Crj'atalliza• 

t1on waa in uced br concentration and oratchin • fter filtr tion an 

recr1stall t1o tr 

oh&rply at 2>1-282°. 

nol, tlabelline thi de ltod 

Calc. tor c1 H30o~ 2·c ,I: C, 5~.?8; li, 7.66! '• 6.48. 

pectrwa had -u ab 

c rb n:l baor tion t 1653 cm71 

§tion qt 

-1 ptio a.t 3200 c • and 

Several drops of percblorio eoid w re added to solution of 

n bellina ( 40 Ill•) in a nicaa ot war 10 c tic acicl. The r u.l. taut 

37 • ot hort whit needl e were r 11oved by fUt.ration and lt•d at 

280-282° (with decompoei tion) . 

Calc . for c18R)O 2•HClo4a c. 55.,ll H, 1 .9~& N, 7.17 • 

ound: c, 54.76 , ,,.44; 1·32, 7.55t 1.00, 7•50 • 
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-1 infr d p ctrum how d d NH b orption t 3300 em. 

an band at 1658 cm:1 d 1524 c : 1 in th ide I nd II r gio t 

ctiv ly. 

(25 .) w dis olved in 50 • or th ol and 

tr t d with hv rog n ( ? p i .) nd pl tin (20 8• pt02) tor 

hour t roo t t perature. 

d the olv nt ov por ted. Th hoved an in:frar d. pectrum 

id ntic 1 with t t or the tartins tori • 

olut1on o:t flabellin (20 • .55 g.) in ,5.00 tal. ot 4 N H2 o4 

h ted under rotlux tor 5 hours. T.b solution th n distilled, 

2.5.5 111. of diatilla e b in collect d. e distillate (2.00 .• ) 

r quir d 0.98 ml. (a:tt r blank corr tion) o:t 0.025-' N sodi hydro de 

olution to v potenti tric y d te ined equivalence point. 

~is corr ponds with recover,r or 43.? or the th o~ tic ount of 

acetic acid r eultin fro c plete hydrol ie. Di tillation d 

titration of nown ount of cetic cid under sillil. r c nd1 tiona 

v an 82 r cov ry o:t cetic cid in the distillate. 

Th di tillati ifi d ri th sodium hydroxide 

solution d extr ct d with chloro:tor • The urple colo d xtr c 

w U:-ied over anhy ou.o sodium e .tl.tate and evaporat d to dryn s, 

1 Yin 1.5.9 C• of oil ~ 1oh could not be induced to cr lize . 

Pr Enration of :t;z;copodin 

to lycopodine (600 8 . ) diaeolTed in 10 ale Of 95 aqueOUS 

ethanol was added a olution of hydroxylamine hJdrochloride (600 g.) 



in 10 • of 95~ 

llet (.}. • ) 

of whit nutt 

r nux for' bo 

ors.ti t b 

t oc oric aci 

ic. e r ault t preci it 

00 odi oxi • 1 

lt 0 2?:r-m • 
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ol. itio of po ro.xid 

ol ( 111.) r ult tion 

d 

til t e ol ti 11 tl)' 

w filter to • of 

fr ol )'i 1 

0 (~ ;1 • of di tUle 

cetic 1Din • at l ti ox1 tl kn 

wit . ) r r 13 'l"h 

t c filtr ti n. f 1 " 
vi b d r oted with cblorofo • fter the 

ro ul.f t • 1 w d to 

ry rial. C%78 lliz-

cry tal ion of the 

on tur t1 • 

·:Yolu ion of 

drid (27 . ) to olution of lycopo4ine oxi (26 . • ) in ' • 
o dr71 rit d t r hydro • e 1xt re as 

4 dclit1o 1 2? • of litb1 al in J11d.ri • waa 

dde to t r e tion mixture . 

to 4i hour lon e , cooled, d llow d to tud at ro telil ..... c•r ... 
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0 • rid w IJ tro itio of w t et 7dro-

f r d t t tilt re ed 

w1 chlorof r • ulf'a e 

d ev to 29 • of a 

llow u. we t 

-1 1 32 0 c • • 
uc • ful. • ot 

eluted wi chlorofo • r idl 

col bro oil, owi 

t or the r idue betor chro toer phy, waa 

ob ain d. e r d o obt in ory t lli e 

teri • 

A aolution of tho lycopodin oxim ~eduction product 

• t c:e yl chloride) in bout 10 • or p7rid1De 

heated under r fiwc for 9i o a. The de p recldi h-brown solutio 

v treated 1 t wa ·er to destroy e x c e s s cetyl chloride, and th n 

b itied with onia. e sic aolution w extr oted ver timee 

with chloro!or • • chlorofo olution w extracted with dilute 

cid an t e cid extr ct e k ine itb oni nd 

xtracted with oblor for • e l tter chloroform extr ct ae dried 

sulfate evapor ted to dr duced 

pr saure, leavirt a dark oil which hoved n infrared pcctrum v elJ 

si 11 r to that of tl b lline. resi e w ad o~b don a col 
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ot cc elt1 wi 4:1, lt ' 1: 

c oro to • -el t 8 d 

v or 8 to oU 

ctr to 1 a 0 

pr ct ere u ul. 

ycopodin ox e (24S m .>. dissolved in 4o ml . or redia illed 

acet o anhydride waa tr ated with hydro on (116o peig. ) nd net 

iokel (several h ed 1111 ma) at 100° tor 24 hour • 

acetic anhJdride wae de troyed with ice , • d the atalye r 

filtr tion. e filtrate waa de alkalin v th • oni and extracted 

with chloroforM. e extr ct waa dried over anhydrou.a • eul ate 

and evapor ted to dryn er reduce re oure , leavin yellow oil 

ich showed an int ared pect al o t i antic with of 

fiabelline . e eaidu waa adaorbed OD a oolw n ot alwrtina and eluted 

th ltl enzene-chlorofor • 

ed throu the col , wh reae the jor pro uot eed ver:t elowl7 

thro the col • e eluate containin th bulk of the prod o 

re vapor ted to dryness der reduc d preo ure to g1ve bout 100 g. 

ot or atnlline material howi infr re pee r identical with 

t t of fl llin • 

which showed o epre ion or t ltin po t on 

fiabellin • 

·1 The infr red ap ctrum howed id a sorp ion at '250 c • 

}180 c : 1 an ab orp ion t 1 45 c : 1 , 15~0 c : 1 1300 cm71 



96 

ttr1buted to the amide I, II and III bands respectively. 
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