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"ABSTRACT Co
e '

We have 1nvestxgated the bas1c conponents of two

\

'copodlum algxn contaxns the alkaloxds

. species of I

lyc0pod1ne,ac;Xvolon1ne, lycodxne, des-N~- methvl -a- obscurxne

\Xnd a new alkal 'd} lycoflexxne 'E; clavatum var 1nflexum
vantaxns t@; 61%& oxds lycopodxne, dxhydrolycopodxne

IYCOdOLLHFC fawcett‘mxne and two new alkaloxds, lycoflexxne N

Yy

and 6- hydroﬁylycopodlne lactam.

This"theaié'describes the chemical and physical ,///i(/
.methods used to derxve the structure of 6- hyaroxylyuggﬁdfué

:Jlactam (24), the first reported lactam alkaloid ;séiated

‘from a Lycopodium sgecxes In additxon, chgu{cal and
: physical studies towards the structure eIucxdatxon of
| flycotlexine (13), are teported The couplete structure

of lyoéflexlne, a nev type of §x¢qpodiun alkaloid was

"lestablxshed by x-ray crystallographic stud&es. Host
c0podaun alkaloids have a C16 akclaton; bioqehetic

’.1-plgcationa,o£-thi: nav_cl7 skeluton arefdiacussgd.o

N

The use of carbon 13 n.m.r. (c.m.r.) ua.avphya;.

ical nethod for the structure dutafnination of the PR ’:‘.‘
T'L[ gggiu- alkaloidl was 1nvaatiqatod. !he c.n.r. sbéctra

“f‘ detetninod tor ciqht alkaloids ot thl lycopodine, (1),

-




: L
ske\etal type and four alkaloxds of the lycodxne, (3),
skeletal type.:.The q.m,r tesonances were assxgned for
each égrbon nucleus, cﬁanges:xn the posxtxon_of resonance ;‘
being ccrrefatéd withﬁs;ructurél changes. The cim.r.' |
' aas1gnben§s were us§d to verify tha£ s;uraxine;'kgi); is:
’ thé'C-iz epimer of a-obscurine, (33). Interéétihgly, tﬁe‘ '

results showed that the N-methyl qroup of N-methyllyqydxne,'

sauroxine and o- obscurxne are axial.
8 | | |
| The sea anemone Stomphia coccihea will detach

lnd swinm when contact is nade uxth the starfish

'fDeruasterias xmbricata The second part of - thxs thesxs

dascribes the’ 1aolation and attenpted purification of the
'vlubstance elxciting,the suxmnxng response. Analysis of

D.t-astariaa extracts shows the presence ‘of steroxds.

aoucver, the co-poundrinducing the cuiuning.responac»;s~¢ ‘,'
| pot .taroidal but an ‘acid and bale scnsitive uatet | , N
" “‘soluble. asiion. Purification of the co-pound is difficult'.?
'bnt cvidence 13 presented vhich 1ndicates that it -ay be |

a nuclaotide—typo co-pound o j-“" B
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"INTRODUCTI‘O\«N

Since the 1solation of lycopod1ne in 1881 from

Lycopodxum complanatum over one hundred alkaloids haag been

solated from club mosses of the Lycopodlum family. About

. twenty-five of the more ‘than two ‘hundred species of

}_Lycopodium have béen‘investiQated’and the‘work,has been "

ext@ﬁf}vely'reviewedl.

R

‘ Ip. the Iaée 1950's and early 1960's the structures
il
‘of the Lyoopodium alkaloids began to be clarxfied Based

on their carbon—nltroqen skeleton, the alkaloids‘ of known

' :sttucture can be divdded into nine atructural qroups -
}k(Chart ‘I): the lycopodine, annotinine, lycodine, annotine;
;"cernuine. aer::EIﬁThe, annopodine, alopecurine, and '

| lucidullne groupa. ;‘

o Tvo specles of: xcogggium ware investiqated for \
‘their alkaloid content. ‘work inltially began on Lycopodiua

e k‘ lgin ' and a neu alkaloid was found, later naned lycoflexine,-

_c17nzsuoz, n P. 130-131‘C.. Subsequently the sanexalkaloid

was found in ngopodiun clavatu- var. intlexuh ‘and this

¢cpoci/’ was alno exa-lnod.v~'

The -olocular for-ula and the -as: spocttu- of

g

[ TN
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CHART 1. Structural types of the Lycopodium alkaloids

Lycopodine (1) Annotinine (2)  Lycodine (3)

M .

;fnnondln- (7) e “io_'pi-curlﬁ (‘) ' (nc;del_lpo ("

. s



lycoflexxne\xndlcated a new tyoe of carbon- nxtroqen skeleton
and thxs th sxs descrxbes the 1nvestxqatxon 1ead1ng to the

structure détermination of lycoflexxne.'
W2 ’

- of the knounlgycopodium alkaloids most are'Clé

compounds. The fzrst exght of the nine qroups have a“ basxc
'C16 skeieton The~ninth L.e lucxdulxne is a C13 compound

In addxtlon, nlcotme, Clo 1‘ ' and - several other comP:unds
rthh fewer than 81xteen carbon atoms have been 1solated3 A
In casea where there are more than s1xteen carbons the

extra carbons are due to thl formation of slnple derivatives s
e.qg. N-Methyl and N— or 0- acetyl conpounds. ,Lycoflexxne |
with seventeen carbons appeared not to. be such a sinple |
derxvatxve and 80 there was. greater intereat Ln its structure

defermfnatxon

, The mass spectrun of lycoflexine in doninaced by
the mass peak m/e 275 and the base pea! n/e 84 correapondxng.v

and C_H, N- retpectively.

to C12 25 2 s"10

the 1oaynthe-is ot the Lycopodiun alkaloids 13

‘Zet resolved. Hovever it ia knoum t.hat for the C16 '
oids eiqhtfgi\the carbon ato-s are derived froa a

pelletxerine unit' and the other eight from pelletxerxnej
-

, precursora (lyaine and acetate) Pig._I‘.‘ Cadaverine (10)and

O , , o .

¥ hedently W. D._narahall et. al. Can. J. Chen. 53. 41 (1975)7'

~ have elaborated on. eho bIEbyntbosla. .




‘H?" | , . L [j;;J,

: vCadanri“c | (io) ' A’-Pifpcrideinc.‘(ll)~

“NH;

! T
~ N\

SONT
.- Carbons derived

_\\ | . fro-urgllétieriné

'Fig. 1. Biogenesis of lycopodiné. -

/



A‘éﬁiperideine (11y are 3136ﬁiﬁqorporéted71;tb_inoptdihe _.~t
_(taklnq the place- of lysxne) - As meﬂtioned lycoflexxne hasA
‘an apparently sxmple fraqmentatlon to: } CS"ION unit Hence 1
there was a qre&ter interest Ln the determxnation of the:>

lycoflexine strpcture as both these unusual featurea, 1

the origin of the seventeenth carbon atom and the. oriqxn of

510
Lycqpodxum alkaloida._'

a C.H, N unit might augqest a biosynthetxc pathway in the |

second alkaloid ‘315 23t NOy, m. .p. 200-202°C._was -

isolated from Lchpodium clavatum vaz 1nf1exum and initial

‘,spectral analysis indicated a new alkaloid of the lycopodine'l
"gtoup./ The chenical and physical studies towards the

‘elucidatidn of its strncture are deac:ibed

'In the qourse ot this work the carbon 13 n. m. r. ;f

Vspectra ot 1ycopodiae and several qthar Lyeogodiun alkaloids

Rf were cxtensively inveatiqeted and ths resonancea asaigned.

"Since early wofk 1n the 1950 s with carbon 13 n. n x. 6.\rapid\ -
'proqrasa has been -adc in. 1nstrunentatioh, 1n1tinlly with |
'f:CODPuter avcraqing ot a la;ge nunbcr of continuous vave ccan;

i'and more: recently with pulso 1xrndiation and thc uae of a
o ..co-putct to portom rouriot transforn Operatiom to obtain
--tho spoctra.l rhi. lattcr nathod i( nov thc ptctorrod onn
" The -.plo 13 u'ndhud with a largg mnbor o! pulus Ln o

“ e R A
o



4 .
<

‘}‘H

a relatxvely short time enablxng the ¢arbon 13 n.m.r. spectfa
- of quite small samplea {e.q. half ‘a mxllimole) to be obtained?.
With these advances, carbon 13 n.m.r. ia a usaizl addxtxon to‘
the physxcal methods avaxlable for structuré elucxdatxon and

‘has been used for thls pnrposee; The carbon‘IJ n.m.r. spectra

" of the Lycopodium alkaloids weég Obtained in‘ofder to examxne,

§
the possibility of using carbon 13 n.m. r. as a tool towarda
the structure/elucidatLOn of iycoflexine and other alkaloids.

. The results of thT§~work are descrxbed



DISCUSSION. AND RESULTS

L4

IA}”éThe Structure of Lycoflexine

copodium’aipinum wae'COilected from the Jaeperl‘

'area of the Canadian Rocky Hountains where it grows around

' ,the tree 11ne at about 7,000 ft.' A preliminary investiga-

»tion had yielded a minor alkaloid with the unusual peaks
-m/e 275 and m/e 84 in the mass spectrum and a more detailed .gg

investigation was thue initiated

The plant was freed from earth, moss, g;g and
..allowed to. dry in thgsair for one week., The dried materiai
.was qround to'a pouder and extracted in a Soxhlet apparatus
with uethanol for seventy-tuo houra. The nethanol solution~a
jea;‘concentrated under reduced preesure until a thick aludqe
" was obtained. . This was then heated under reflux in,\ethyl B
'acetate containing a lmall anount ot concentrated amnoniun

hydroxide solution. The yellow aolntion and the residue

:A wereuextracted with hydrochloric acid and thia aqueous solu-

tion was baaified with alnonia to pH 9 5 The basic soluti ,
was extracted with ehloroforn to give the crude aI loid |
“lixture.;ff s | |
.WF_iByVE;'aertran;"Senier nonqra'project'(Chnh;_soii,iiQGS;'
- . - "... i 4 R '. ) L



2 This procedure was ineffiCient yieldinq only
3. } qg. from 4 5 kg of dried plant, and subsequently the
methenolic sludge was’ taken up in hydrochloric acid,
extracted with ether ‘to remove neutral compounds and basi-

\

fied to PH’ ll with concentrated sodium hydroxide solution

Immediate extraction of ‘this solution with chloroform gave .

'l the crude alkaloid mixture in greater yield

The crude alkaloid mixture wag chromatographed
- over alumina, elutinq uith benzene, ether, chloroforu,
methanol;and mixtures of these solvente. Crystallization

of these actione led to ‘the isolation of lyc0podine and

‘fclavo ,nine as the major alkaloids.v Smaller amounts of |
ly odine and ddb-n-nethyl-o-obscurine were aleo obtained.

In all cases identity was. establinhed by direct conperison

’.with autbentic sa-ples. The deaired co-pound, sublequently

'-naned lycoflexine, which was pre;ent in only very small

quantities, -was eluted with chlorotor-.

z\t about” m. the Dr. -a A'ltenkirk o the. South

‘ _African !lodical Reeearch COuncil torvarded to us a unple .

’

4 of an alkaloid uhich he.had 1lolated !ron a speclen of
L _mdim (L. cuvat\- var. intlu\n) which occurt in the
} lkaloid also nhoved the chnracteriltic |
' n/e 84 1n the nass epoctn- mrther

“!rensvaul.’ his-
pulu at n/e 2‘}5




1nvest1gatlon :evealed its 1dentlty wlth the L. alpinum
g C

alkaloid; Lycoflexlne occurs to a larget extent in

.\\5clavatum vat inflexum than in L alplnum and i8 easiet
to separate fnmnthis species With the coopetation of

Df. Altenerk it was decided to pursue the structure of

o this apparent&y novel substance using the South Afrxcan

peciea as the alkaloid source The name lycoflexxne was

. derived ftom_thls source.

The total methanol extract of’the plant was

obtained ftom S. Africa and the crude alkaloid mxxture

was obtained in the same way as ftom L alpinum.' The alka-v
. loid nixture vas chxouatogtaphed over alunxna Repeated -
colunn chranatogtaphy of the chloroforn fraction yielded

%

pm:e lycoflexine which crystallizod on evaporation of the

' aolvent.v The altalold nixture contained bout 3. 5\ ,, -

lycbflexlne. .

: Lycotlemlne, n.p. 130-131‘ tor-s a perchlognte
nlt,‘l.p. mo-zov , vhcn treated with perchloric acid 1n
acetone. 1;m i. r.--poctru- (CBCI ) of lycoflexine (rig. 2)"

ind:l.catu the abunce of Oo-H. aad ll-!! £unctional groups but

shows carbonyl b{nda at 1695 cn” and 1725 cn 1, 1n the

ptom of tncu o: acld in tb- chloroton tho band at
1725 om ‘3 shi!u to hithr nv.xm-b-r 1140 u- ;ud as

Lt



N 11

N\l

~

: R | le o
broad band appears at 2300 cm 1 characteristic of -?n L

In lycofiexine perchlorate this carbonyl band dppears at/ E
-1745 cm l, while ‘& nujol mull spectrum of the ftee bas /A

shows bands at 1695 cm and 1720 1,‘ Thgte is no vi-

| dencn of N—Cﬂ absorption in the spectrun but weak

3
at 1410 ¢m l'reveal the presence of active methyle ”

4 , The uass spectrun (Pﬂg 3) ia particul ly in~
tetesting. The nass peak at g/e. 275 (65\) fra ents to
o the base peak at u/e 84 and by high resolution mass spec-..”.

"troacopy the:e ions were found to correspondcfi

17 25802 .and Csnld" reagectively,. Ihe mol ule also ,
loges co to give a peak at n/e 247 (26!) c rraupondinq to

. 16“25"°'

The -.-- tpecttul of lycopodi e indicates that
.fraq-antation invclvea loss of thd 'briaging carbons (nnd '

any subctituents on tha-) as in, Pig. ‘6

‘ . The. lo:s of 57 (or 73 for- clavolonina) dulinatal :
 ,thQ spoctru- ‘of this skalatgl typa Its co-plete nbscnco
iln thc -ass spectru- ot lycoflazinc 1ndicat-d that it did
'npt pot.css thc lycopodinn skcloton.' rnrthor-oro. the
uu upoctnl trwutwn patta:n of lycoﬂuinc ban
norchuouhiptomtofuyo!mm_m&__
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- Pig. -4, The mass spectral fragmentagxon of lycopodine

‘ of a CB-CB unit. 'rhar\e a:e NG

>
<y

.ﬁ‘-5‘7 ‘(199) |

.

- ’ .oy

Y

-struéﬁural1Qrpupa and indicatedsa new skeletal type.<'

&

s ‘!'he u. v. spect.run shows absorption at xw 230 nam,

(e 1380) and 298 m (¢ 2 (

'rhe p.n.r._ spectrun in hovnin!’iq 5. The
doublet at 5 0.95 (J-GE.p.l. cle '8,

3 si ala for oleﬁnic pro-" J

tons. 'l'he: lov field protou, }_ s., ‘the -ignals at 6 3.62,
3. ‘8, 3, 20, 2, 78 and z 64 uare atttibutod to hydrogens on

ks carbons u to the nittogen. _The s 3.62, 3 4a. 2.78 and 2.64

sith apputod n an AB ay-tq._ Irndintion of one of the
protbm caquﬂ the Qiqml of thc othcr to oollapu showing

that thcy vu‘e eoupld. ‘!'ho lugc coupnng coumt .

(a-xcc,p.s.) shn-a 1: to bc a gggggg_ couplinoa i.e: "C'"~, "

-y
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Further splitting of these signals is- sma!i ahd probably

results from long range couplinq, compatible with either
e o

~N=CH,-C-C=0 or  N-CH,-C=0.

Rt AN .
L s

: rhe large dirﬁ,arenca ip shife between the

- signals centred at 3 3. 55 hnd § 2, 71 may be accounted for
’by one of the protons being atfected by the carbonyl group.
'.Decoupling the methyl doublet showed the resonance of the

';,methine 1s at & 2.24.

!
o

-~

The shift of the carbonyl absorption ir( the i.r.
;fspoctrun on protonation indicated some’ 1nteraction betunen
" the nitroqen and.tho cqtbonyl qroup. Thit :quests the t'

_partial structnro u-c-c-o or l-C-CthO. w1th these par-'
"tial ltructuros thoro 1: tho poonibility ot 'w' couplinglo

b |
AW<? “'* o

or an mmaction tunuittod ‘via a bonda vhon tho
o ﬂ"-nitroghn lono palr. ;t’n carhon—oarboa bond and thc
-';j”c.:honyx x bond are a11 p.xa11.11° ’



- \fIn Vi?V éf,thig'possible_iﬁtéractiph the,o;r.d.
“ 5ahd ¢.d. spéctta'bf lycoflexine'werg.bbt&ineé, (Fig. 6).
‘ Théfc.dL spectfum~sh6wa'three absorptions (326, 2§§ and‘_
.240‘nm). " since theré are‘énly‘twb cafbbnyllgroupq»in the °
‘molecule the third absorption is indicative of a non-

“qlaébicAl"ihigraction}'

| J_ Acidifying the soluthn protonates the. nittogenf
and the lone pair is no 'longer. free., The c.d. and o.r.d.
lpectta of the acidf?ied solution (Fig. 7) show the loaa
of the 'non-clacslcal‘ absorption band, and only the .two -
5carbony1 n-ot absorptions are seen. In addition the
298 n- band ia nov poaitive whereas in the tree base it

is egative. T
g _d'?? _

| rhis confirn:7the prisénce of a nittoqen.ione'v

“'?._pair-carbonyl interaction ‘but doas not gnable the dis-

';.‘tinction to be -ndo betvocn thc a- nnd B-anino ketone. o

‘fsé far tﬁgf;ﬁpctral'ﬁnalyidi tugqqst{tha patt1a1~ -
R U
ﬂqttubtﬁrctx'"“\l-C—(cn—c-O;-c-03 CH-CH, in a tetracyclic
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-,8keleton.

[N

‘Treatment-of lycoflexine with. DO produced no

2
‘change in its n.m. r. spectta and attempted acetylatxon thh
acetic anhydrlde (pyr;dine catalyst) llkewxse produced no
change. These results conf;rm the absence of N-H and o{ijf§§§
, - NG

functional groups. | ‘\ .
N ‘vRedudtion“of’iycbflexine vith 8odiun boiohydride‘%//
pfbdﬁcgs a ketoaicohol.v The i. r <spectrum of ‘the keto-‘~ ?{
"‘gldohql shows that the carbonyl absorbinq at 1695 a1
-iﬁ-the,i.t; spect:um‘of lycoflexi is reduced while the }q
:.carbonyl abobrbingrat 1725 cﬁ‘l is unaffected, possibly
becauae the 1nteraction with the nitroqen lone pair reduces :
its elect;ogh}licity. Bouuvar N-acetylfaucettiniqe - shows
.hlil;f4bahg§ior."In‘this_caqe=uelective rgduction‘of a
/ .Cfcloheiagonq” i;*thtgptepehce_bf;a cyc10pe§tandhe iq‘ 1

- obi&m_d., .

nlplieittin this cc-parison i: the nclusion thnt
_ Lycotlcxinp eontains a lix-n-bcrad kctone (1695 c- )-and

& :
Y tivo—-a-h.rcd kctonn (1725 ca” ). S :~ e

. | ‘!tllﬁl.nt of lycoflnziao with a-thyl iodido in
mmnwmwmemaus '
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"\

1730cm™!

COCHy

COCH3 |

"N—acetylfawcéitinine ,

V_'recrystallized from. chloroforn. Lycotlexine methiodide

C1782s

P

( dihydrdnyS~acety1faytcttimihel

Noz Caal. m.p. 243 244’. chovs a sharp B-proton nethyl

f“signal in the p. m.C: spectrun (rig. g) at & 3.12. “This con-»,

- tir-s the absence of an n-nethyl qroup in. lycoflexine itsclf.'

. . Usinq the u~nathy1 signal as an internal atandard for three |

prohons. thc integtation ot the lov £ield tegion 1ndicates f

 five to six,proepns (other than »—!—Cna), a to tho nitrogon.
-thbsf;g¢0£1ixinc cqhtaip:-th@ sgructural unit -cnz-u o
' o ' S CB-(B)
- It una hopcd thnt notagdh deqradntion of tha ;
: -thiodido uould yicld moTS strnctural lnfor-ntion
'Lgnolluxino -thlodldc uta hontnd uaﬂa: :ctlnx with oodiu-

o ew. m t-htyl .1«»1 for four w-. m yicld
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vchromatoqraphy revealed one mA)or product toqether uxth
three mxnor ones and no starting materxal The mass Spec-
'trum of the product mlxtura showa ma)or peaks at m/e ‘

i 289(17\); 248(60%); 220(21!), 205(18!), 177(38t). 139(100\),
--and 71(15\) (Fig' 9) ~ The m/e 289 peak had the composition :
*Cla 27N02 by exact mass : determxnation. The fraqmentation

\
leadlnq to an m/e 84 peak (1n lycoflexxne) was . no lonqer“

prominent

. This indicated that Hofmann elinination had °
voccurred “The :eacfioh was }epeﬁied on a'lafger.sc§1é,"
»this time with a slightly higher base concentration and '.
a longer reaction time. The prodnct of thia reaction,
which could bc rectyutalli:cd fro- acatone (m.p. 168 170‘),
vas more polar (by t.l.c.) than the pxcviously obtained E
'-uterial Its mass npectrul shovn poaks at n/e 303(441):
| 287(85‘)3 262(94\)3 198(25\): 124(100‘): 71(88!) lnd '
"70(950 (Pig. 10).  This product.. hovever, proved to be
R .vety unttablc. decc-posinq 1n a tuv duys and bofore exact

.‘-ncs dotonninntiono had. b.on i-cux.d .pctorn it had decom- .
posed an i.r.- spectrum was obtained (ug. 11) which showed
| ..mrpmuasooul. mdicaung mmnba |
hyd:oun group, shoulder st 1700 et ana carhonyl
.\t 1715 e -1 and 1675 ot n tuny dplk blnd at 2600 a 1
._5u\£udlcatino£al-thyl | SR
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Pig. 8.

The p."h;‘r.‘speétrum of * | ;-9:

lycoflexine mefhﬁodfde.

|° . . - ) . -~ A‘ ‘. ‘ - ﬂ - 0 -
'Pig. 9. - The -ass spectrun of the initial product -
' R o of the Hofmann elimination reaction of
_lycoflexine -ethiod1d35

- Pig. 10. " !hc mass spocttu- of tbn tinal pcoduct ;
o - of the Hofmann elimination tcaction of
lycotloxinc -tthiodid- '
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Pig. 11.

'4»-5,.‘

184

104

’-lbboiﬁihco;. :
B ¢

N b
| o
1+

. The i. r. spectrum of the final product of the

Hofmann. elimination reactxon of lycoflexine
,;nethiodide. -

P , . w

208

.'nnn. E 25 motmtualpmductof thoﬂ
llom mm :ucucu of lyeonuun o

A



The u.v. spectrum (Fiq 12) of this c pound has

Xna 280 nm.(c S, 600) in methanol Addxtxon of ‘one drop

of sodxum hydroxxde solutxon shifts the. absorptiOn to

DAy 293 ngn, (¢ 3’900)"

This spectral 1nformationrsugqests that a seconé%

reaction took place in additxon to the Hofmann reaction:”

The uass spoctrul of the roaction product haa a
-olacular 1on at l/e 303 rhi- 1: cquivalent to addition '

o L

of 0 and loss ot 28, i.o. an addition ot 11 Illl units

B ; ovcr that of lzcofluim nethiodide cation.; m u. v. data'

,'co-pares favourably with tbct tor dio-pbnnols. tht uoulﬂ
| uplnin thc sharp band in. tht 3 rtpoctr\- at 3500 o= 1
o unm-oxocum hydrogcn bond-d on) .na if & po:tion is in :
tho dikotom fbn wonm amunt tor tho shonldct on tb- |
| .'carbonyl bnnﬂ m abnorptiona of tln cnbonylc hu!icatc

A' vrtlut thc on- oeoun'ing at 1725 a 1 dou not purticipnu |

" u tho t-ocuou u:l tho ono at uss a 1 h-cuc cnnjugatd :




o now M ant -/o zoc u s -ljot cugnat.

_2'3‘,'

methiodidé is oxidized by-moiecular’oxygen'ih»bastc '_,
i PR ; i ne g

-solmtion-12

To test this‘hypOthesis IYC6f1exine i€§b1f was_ -

heated under teflux in t- butyl alcohol with sodium

- —butoxi e in a nitrogen atmosphate ‘No reaction.occurred,_if’

Repeati the reaction but this tine bubbling oxyqen

thr the reaction nixture produced a nev product vithin':r“'

two. houra (as shown by t. 1. c. ). The reaction was repcatcd'vf\f

~ ona 1arqer ocale. the teaction did not proceed to comple-

tion, the yield ‘was lov and the product unstable Hovaver'-* |

the product could be purifiod by chraﬁatoqraphy over .
alumina (ptoduct eluted with 1-propanol) to give a non-:”
icrystalline -aterial which deco-poses on heating.v

P This ptoducqnha- a mass -poctnu- (rtq. 13) vith

T poakn at n/o 289(100&), corrotponding to c17 23lo3z l/c j
’272(150. u~rm zsuzou corrnponding to both €yt 1,-03

am cxs"n""z’ mmsm 163(258) and 79(390). It thus
.pponr- thnt l.yeonuim can bo oxidiud undcr thou con— '

»'dittoul to qlvo a dioophool.g, ) mtn tho -/c N puk ‘

~ which mm the mass m ot lyeuthxiu. u not

memmum
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‘useful in further degradation, the diff;culty in obtaining :
»xt and 1ts instabilxty dxscouraged further atudy, parti-

‘ 'culaxly since our supply of. lycoflexxne was limited

(N

The unexpected results from the Héfnann ré}cttdn
'_‘can now be explaxnod Lycoflexine has molecular weiqht |

275; the cation in lycoflexine nethiodide 290 'Thé

| a“Bof-ann alinination should give a coapound uith naas 289

o aq is the pasg, .-’”

nd aubsequant oxidation vould giva a ccupound of mass. 303L

fr;hkj» A procedure anccesnfully used for deuteration of
| chopodine was usad to 1nve-tiqate the nu-bet of enolizable‘

f“hydr09ens in 1ycoflaxine. Lycoflexine uat shaken in deu—

»Vf,,tariun oxldo vith phospharun pahtachloride and the lolution .

 :.1a£t at roo- tclpuratnra for -cvetal dayt.,?scutralization
_-'yialdod th‘ dcutatatod lycotlcxinc.’ The -ats npectrul
' ‘shows this to e a mixture of CysHps_ n'°z°n tm0=5).
__ﬁigllount of .u¢h Utl in th‘ ratio /e 275/1: 276/33 277/83
" “;‘;zn/s; 2719/4. 5) 280/1. ‘The peak corrupondiug to
C1plizgi00g s emall end. poesibly en isotope peak, Bow-

"773-ac. hn -xuct Illl d-t-nliuntion o! tho 200 paak aonfixn-dv'i

It u-a thnt ot °i1‘zo'°i"s l-aco th-c. a:o tiva hyd:ngcnl
by ‘Geuterim, m-un the pollmnty of
ﬂn W a to tho mhaml g:owl r

VL

_~_r, . A v,-"}'c.
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- : S “\ A d - . m'
R O G
- . ) ‘\‘\\.\ B |
.13, .The mass spectrum of ‘the product of the
- oxidation reaction of lycaeflexine. . '

N
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‘ Examxnatxon of the p- m r spectrum (ng 14) of
.thxa compound qave some addxtxonal rnformatxon The methyl

“argnal was st111 a clear doublet, elimlnating the possibil-

. ‘9

'ity of —C--CH—CH3 More useful was the fact that the inte-'

r gratxon of the peaks correspondinq} to the hydroqens a to
, the nfkr%?en vwas in the same ratio as that correspondxng to 1.
'_ the methyl group in both 1ycof1exine and deuterol;coflexine;v'
/‘of the two possibilities suqqested earlier thia uould 1ndi— <

e | .
cate tha presque of the partial structure u-cn -c-c-o

o rather than s-ca —c-b

“ In fact. the low fiald ragions are practically T

; idchticll ig~-;ﬁ;?- "gpectra whlch uculd tcnd to indicate

! ; tj.On mm r'
\m”m"‘bly -:,
. . m;. x . y .

R T
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\
o « C
L s e _-,c./"lcuz : : |
o - *c’" ' 2 G , R
P - ">N—CHz —C —C3q . S
S _——CHQ ‘ ‘
. ) C . o _.__C__
| H)< -~ &\
cHy—cn " em, .
I ,'C~ l H
., ’/\c>r

o At this stage very little neterial ra-ained.

/

fe isince lycotlexine eppeared/to represent a new etructural

".type an x-ray cryetel;ographic study was undertaken by

T T :

”e:?Dr. Y. Pukazaua in these laboratoriee. This was done on
“the hydrobtonige eelt, n.p. 266 267 (dec ) The'atrch
‘ture of. lycotiexine vus shown to be as 1n(13.)andl13blby:v
g;thii -cthoﬂ .
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The strdCtdre 6£-1ycoflexine is sibilarAto:that
of fawcettxmine (12), thh the addxtion of a methytene
brxdge between C-4 and the nxtrogen In fact condensation

/——"Q

 of fawcettimxne with tormaldehyde produced lycoflexine,

|

‘jpresumably vxa -an -’ xntermedxatﬁ immonxun ion (14) Since~,. ~~

the absolute ste:eochemxstry of fawcettinine is known13

this conversion confirns the absolute stereochenistty of
lycoflexine The ablolnte stereochcnictry established fton

,the c. d and o. r;d. spectra verifies the rehult.

©

¢

The poslibllity that chotiexine io an artifact _ 5

{»(fOtle durlnq the 1301ation procc:s froa tavcettinine and

| £ornaldahyde prescnt in the technical grade -ethancl used)
was- elininatod by extractinq the plant -nterial directly

. viﬁh 54 aqueou- hydrochloric lbid and also sepatately with

nther Lycoflcxlno was found tc be pxoscnt 1n both casc. ?"

kﬂﬁand thus appcax- tq bo a ttu§ alkaloid. -
SRR !bm-ntioi ot 1yeof1.x1n. in the. pllnt ptobably

;}f:occnrs by"u onc carbon nddition to !avccttinino. cithnt by
7. “‘1ti°° of a f°ﬂlllﬂ‘h!dt-trpc oqulvllcat or omidation ol
thc cbrrupondlnq l—nthyl ec-pound -mn: to tb. onda-‘ E
' tion encountersd in the formation of :ﬁn’*b-zb.zxn. hxzag--“
T:Lf!ot-ntian of the hxsag. giv-. 1,eo:1.ain¢

&



.
&y

I | "K " .
.' m. “‘.‘ A tzwutm .cl_n-l of lyeoncxm . .
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/T‘ Even thh the structure known, the mass spectral

friqmentatxon to an\m/ejeQ 10n=xs st111 not cleat A pos- -
/ I’ N
sxble scheme is shown in Fig. 15. A second scheme avoxdxng

!

B an»;ptermediate p imar radxcal is shown 1n Fxg 16.

: N . _
The/rest _the ‘data is conslstent thh the struc-
_ture except ;the deuteratron reactzon.x The exchange o£_‘f

,the fxfth deuterzum is’ not readxlygexpllcable, wlthout

.1nvokxng bond cleavage and subegguent bond reformatxon

In the Hofmaun elimination of lycoflexine
: methxodide two protons f111 the antx—perlplanar condxtlon

=7
.requxred for eagse of elxmxn&txon, those on c-2 and C 10.

-lemxnation of these producas cowpounds (15) and (16)

g t‘aj .
Ty T
Vo
CH3 Y | | N
s na')‘. L
.v/, 0 . ‘Q

"tapocti.nly. The. tomti.on of a u1-p17 nohlnn ptoduct |
| - 1. m-hme »u:h tbc nu apoctn-. puticnhrly thc a-u o

N

Ty
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)

‘peak correspondxng to . loss of CH =CH-CH ?6ssible frag-
mentatxon 13 shown in P;g 17. Howe$er the distxnctxon

. between,‘liy and y{g;\fannot be made on the data é@axlable

. - The i.r. and u.v. spectra of the oxxdatxon product-
of lycoflexxne 1nd1cated thgt the carbOnyl in the 8ix~ membered
ring becomes con)uqated .and suggests ‘the probable sttucture(ll)

for this compound.

B

| Thns tho ptoduct fro- the reaction’ of both ﬂotnann )

Tclinination and oxidation ha sttucturc (18) or (19) This

 ;aqa1n Ls coanistcnt uith

-ajor u—ll poak in eha mass g

- In aqrc--pt vith tho carly sueponition, lyco— |
| tlaxinn :-ptna-nﬁs - n-n -kolctal trpt. th- t.nth cneountot-d :
‘ nlnug tho gzgggggg__.alktloids ' R
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i C12%14

(B] Hydroxylycooodxne 1acta- A

Duran the vork on the isolation of lycoflexxne

from the L. clavatun var inflexun alkaloxds several othet

-

Aalkaloxds were. isolated The aa;or conponents ate lycopo-,‘ ”'
" dine and dihydrolycopodine,_ the minor, lycodoixne,.faw-’ ;- 

cettinxne and a new aikaloid C16 23N02, m.p. 200 202 5‘

\...,,

} Ita nass,spectrun (Piq 18) shaws peaks at
n/e 277 220 and 192 vhich correspond to C16823N03,'
NO, and Cu 1‘N02 as shovn by hiqh resolution u&sa ’
'VV_ pectroacopy The nolecular fornula and l.p.‘shoved 1t to ”
be a hithatto unknoun alkaloid hut the fraqnentation pattern.,
i.e., lo:t ot 57, ii‘chataéteristic of a lycopodine-type :
nkelctong; as. di.cultod earliar,_and Llledi&tely suqqests o

| this car bon-nttzogen nkcloton.‘
| ;' It- 1 r. -pectrun shovt abaorptiqe‘?t 3400. 17i°}i,
';and 1630 (?19. 19). Thcun thrco lbaorptions accoant?fﬁ

'ftor the th:a. ouygcn function'. 1.0.. hydrozyl. kctono

",;carbonyl and anidc arbonyl‘ut ,fE

P

Tho p.l.t. gpéétrul (rtg 20) lhoun a doubiot
ing to cg,—l:n A mlupm:

E blifanﬁc,p...) It 6 0.' eorrf, 3
" ,‘¥°“‘“3 mesmwmdjwc&m
e um vhich wup tl;-_t usul of the carbisol

i
. (\;‘)
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l?ig.lla; -, ‘The nask'specttub of hydroxylycopodxne
S lactam.
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'l;}figg i§2__ !hc 1. r. spectrun of hydroxylycopodine'
R R lnctan.y ' |
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~OH
N/ L | o
protoh,’/C .. There are no signals due to olefinic
‘ ' N e VR g . ,
protons. R |
- W o

The'h.v-' ‘spectrum showk that there is no conju-

”gated'system pfesént» Thia initial spectral analysis

suggested the,conpound is-

ox

nnd pyridino at TOoom t-pcaturo and thi.n hycr chronnto-
aphy :hudicatod ‘the !otntion of a dc:ivativc. ‘The mass .

' sp-ctrmot th.h -omccuu hu puks at n/c 319: 259:

h

) ':sz; zoz m 114 eon?‘wm to tho loss of acctic ac:ul, e

- -(“m mu). th. htmghg en:bnu. (57 uu miu)

co (uuuuiu). L

m oa-pound s acctylatod wi.t.h acetic nnhydxida o



The tornation of a nonoacetate is confxrned by

the i r. spectrun (Fig. 21) whxc\ shows a neu carbbnyl

-band at 1730 cm - ;}and the correspondan loss of hydroxyl

,absorptxon.. o S : \\
"'The p m.r. spectrun of the nonoacetate (Pig. 22)

V_ptovidea futthdr infornation. The siqnal orqunally due

v to H~C-OH shxfts downfield on acetylatxonls to 8 5.39.

A doublet of doublets (IH) at & 4 50 is now clearly visible .

.;'and is coupled to a trzplet (1u) at 6 2. 96 (J-llc p 5. ).
 {'Thesen\signal§ ghjch.are furthet coupled, are due to the
, T ‘_., "j  i | : .. |

| prbtons -2-;-c~8...fhé préion}g ;f i':o the:acetcxyl'v;a,'“
l;'shown to be clnplod to a proton resonating at $ 1. 64cv '
(I=dc. p.-.). oecoupnng ‘the & 1. Gl‘siqnal produces a
.hup -mqut for the 8 S. 39 siqnal mdicatinq m partm;‘ :
“ctructure«C-C-c-OAc This uould squast c-s or C-14 tor
thc hydro:yl qtoup as. t.héu are the only po:itions having |
':oaly onc hydroqcn on thq adjlccnt cuthon. aou.Vts c-14 |

7-1. eliminated since 1t 1s on the "btidqo' much is .

: :‘unsubctieutod as lhoun hy“bhc nn-: cpcctrul). hnncc thn
"“;-"ptublblc nructm hz o R
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- Pig. 2le The - i r. specttum of lycopodine , .
. , lactam nonoacetate S ' 9

Pig. 22.
!‘bc p. mr. lpectrun of lycopodine
. lactam -onoacetate.

Y

‘Pig. '23.  The i. r. spectrum of chlorolycopodine .
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. or

¢

#~lbid or‘iﬁs'aonoicétaté'iénhéated under -

: ~If-theui

freflux in agetxc )‘)'-rxde with pytidxne as catalyat, the ( 7'

l

‘diacetatq is forpod Tho -ass apectrun of this COnp0und ,
319 (C18 25 ‘).

361 (C20 27 5).

';gdznplays penks at.
323U03): 262 (Cl‘ﬂlsﬂQ‘). 259

Y

, 5?3°‘ ‘cxsnla“°s” “18

g::ucid and the bridqa bqt no lo-s of co. thus nuggestinq tha

) indicatinq 10:- ct acetic

f¥gtor-aﬁioh o£ ‘an onol acctntc. ;J[

, _ , 'f In ozd.r'to locatc thc po:ition»ot tha hydrbxyl
,functibn an attlnpt uts -ndc to d-hydratn tho alkaloid..
”‘;'!rcatlnnt uith thiony1<chlot£da in -thylcn. chlorido

.j;ptodnc.d a n-u>cu-pounﬂ n.p. 102—105'

 ff;L;;f, 1&. 1.:..;"' ‘f (Pig 23) lhou: ch. lots 0!
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- the hydroxyl group and the reténtion cf~the‘amide and ketbc

functxonalxty 'rhere was however no mdicauon of the pre-

N\
3

sence of an olefmxc bond The u.v. spectrum indicates
..that a con)ugated system wgs not prgpent The p- m r. |

spectrum was lxttle chang/ed from the starnng compound

e —_— . . - B
S P "' . : _ ~ ya o .
except that the signal at & 4.5 for C was no ‘longer .
. OH_ -

. ,appvoarén't;' '!'hg mass’ spectrum with peaks at n/e 295

35 :
(C, H,,NO, " "Cl); 260 and - 238.(C12 13! 2 Cl) ahows that

, 1622772
‘ the hydroxyl group has been replaced by chlorlne.

L , Attznpts to alininate hydrogen chloride, either
_‘-,’:i'vith pyridine’ vith sodiun -cthonden in .ethanol
'_Tg_,‘*taihd. in both cnus the startj.nq chloro co-pound was

AY

“recoverad unchanqod. -

i f As an almnatc -ctbod of dehydntion an attapt
- was lldl to tou th-mnylate by trutunt @dth uthanc- o
:"-:ulfonyl chloride and pyridine'® Aqni:x the product. from
""thia mcuon vn thc chloro co-ponnd R '
| , , !Mnmmtmvithvh{chmhydrmlqrmfp
m :cphe-d ana the auucuxey ua ngiphntioq the cmorm

: _' :: 10 mml tor u -inh uy-t- 'nu coupung eon:tanu 1n



«

the p m.r. spectrum squest the hydroxyl group'is axial, .

*and the. dxfflculty of'the elimxnatxon reactxon makes C-6'

f'seem the most lxkely posxtxon of substitutxon since elimi— ;

nat;on would 1ead to an antx-Btodt d0ub1e bond

S Treatncnt of the chloro compound with zxnc and

19

'glacial acetic acxd gaue the dechloro conpound Thé‘

’amass spectrun of thxs coupound shows . peaks at m/e 275

_ (C16321N0 )i 247 (C15 21N02) and 220 (C 281‘N0 ).

[

aeace zinc w.ll reduca the chloro compound to a

lyc0podine lacta- Thcre are two possxble lactaus (20)

oand (21) . Theae have identical Rt values but different o

""1 T. spectra, diftetent mass spectra. and different
_  reported m. p.. 163' and 177‘ tcspectively.

R
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The’chlor0>gompound';és'sc;rred wi:ﬁ lithium

iodide and boton'trifluoride'etﬁerate in etherzz; After

[N

purifxcation by chromatoqraphy over alum;na, the reactxon '
product was shown to have xdentxcal i. r. and mass spectra
: qith lyc0podine lactam (20) This reactxon is specxfic
for a-halo ketones since xt xnvolves the reaction '

t e— . i"

: mechanxsm.

Hence the»alkaloid is hydroxylycopodine lactam

i

(22) and the chlo:o co-pound is (23)




Y

No attempt was made to rigo rously prove the - .
'stereochemxétry of the hydroxyl group However the

stretchlng frequency of the keto funétion is unchanged

A 4

in the i.r. Spectrum of the chloro COmpound Thrs sug-‘pf

~gests it is in the axral posrtxon as there 15 a substan-

t1a1 fxeld effect from an equator1a1 halogenZQ; Normally.v

reactions with thxonyl chlorrde do not xnvolve xnversxon
of confxquratxonzf and thus the hydroxyl group is also
’;axial @hxs is also consiatent with the n.m. r. data.
Therefore the compound is G-G-hydroxylycopodxne lactan

' (24) "'hut is the first reported occurrence of a 1actan

alkaloid among the pxcopodium alkaloids.,
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(C) Carbon 13 n.m.r. of some Lycopodium Alkaloids -

' During the'coorse of thelwork‘onllycoflexinelg

gbon 13 n.m.r. (c.m.r. ) spectroscopy was considered

v &

dssxble aid ‘in the structure elucxdat1on “Since at that'

0 '.

time no c m. r;\\work had been done on the Lycogodxun alka-

loids, we decxdeé\to determxne the spectra ‘of the more

common alkaloids of khe group to 1nvest1qate the potent1a1
of the method As it eveloped the structure of lycoflexxne
was solved before 1nstrumentatxon became avazlable to deter-
mne c.m.r. 3pectra on the snall quantitxes ava:.lable "How-
ever. ths inveatigation of the moxre common alkaloxds proved
to. be an xnterestinq problen in itself and is descrxbed |

'rhe 1nstrunentation fé%»c.-.r. spectroscopy has
advanced greatly in the laat five years and spectra can now
9g)readily obtained using half. nillxnole or smaller sanples,:
conuqueatly it in boooninq incrusinqu important “in -
organic chanutry. 'rhun tar no qencral thoorctical trut.-.
nnt uhi.ch allmm accnrate prqdiction of cbenical shitts‘i

a hu hoon advanood Ccmuqmntly when ullnq c.-.r. u a
tool. for ltmcturo alucuhtion the anign-ont ot cfunical
© shifts rou.os hoavi.ly on oo-p-n.an with -odcl




4‘6 .‘ .

' where the shxfts have been unambxquously assxgnedzs 26

| The shift rangesffer'differe t gypés otJéarboni
functxons are shown Ln ng 2425 269_ Speéific}aséiqhments
| *are made usxng a varxety of technxques.: l\n"i;n'port.am,'T -

'method is that of off resonance decoupllng 27; ifrd&iation |

of the prOtons at ftequencxes dxfferzng slightly from their,_7*'

resonance freqngncy whxch results in a resxdual couplxng A

' between the C and H nuc1e1 Hethyl carbons appear as quar-_:
A [ .

'tets methylene carbons as trxplets, and so On In. practice'

o

avthe partxally decoupled Specttun is. laxd over the ccapletely

E decoupled specttun and 1f the(e is a coxncident peak in: both’

| | o

éspect;a.thg s;gnal_is'f;ou -C- or -cfa. Lf thgre is;no
lcoincidqnt poak it il fto- -%-8 or -Cﬂ3lj Quarternary car- o
_bons can be identified tro- the undecoupled spectra sxnce

'”thay are the only unsplit siqnaln.: | “".A I : L e

- s ’ . - o

J
uhen nnces-nry It is. possible to selectively

decbuple a single sct of oquivalcnt proton: ptovidad they'i'

18 ru.onnncca in tho p.-.x. spcca

‘?trul, nnd 80 idnntity a -pocitlc catbon nuclculza.:_rhia

_jaro noparatod from. Oth.t

L- purticu;atly uncfnl for -.thyl qroupc

| -nu put}xau not: q.m-uy mm luth

5 s
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;yﬁmetfical molecules where two carbons are equxvalent the'ﬁ
szgnal will usuallg be thce the 1ntensxty as that fron |
'non-equxvaleé@>ca:bona However, if a nucleus cannot relax
(normnlly by dxpole—axpole xnteractxon wzth ad)acent hydro-k
gen nuclex), 1t wxll 'saturate and produce a sanal of
- reduced 1ntensxty Vatiable nuclear 0verhnuser effect32§ 
“can also lead tq varzatxons 1n peak hexght Sonetxnes “

measurenent of the relaxatxon tine Tl' or a reduced peak

_hezqht w111 help in tha assxgnnent of a nucleusza;

‘Anbther uajo: aethod of 1dent1fy1ng a siqnal is
by 1ntroduccion of deutetin- xnto the -olecule o. Thxs o
effectively va-hea out” the signal of the catboﬁ to whxch
the deutctiun is attachad. ‘and often causea ‘a slxght shxtt .

-in the qiqnal of the adjacent cazbon a& wcll.-

>
N . . . . g

For nittoqen containinq coupOund-

the nitrogen pquuccn a shift in -o:t ot "e rcsonances ot .

the -oleculozl;. rhi- ettcct ha: hean exa-inod and is

@qteatar the cloocr a nuclcus is eo thc '1tc ot ptotonation
'Expcrianntally, the :hitt is -‘a-urcd as. tho acid: conccn—

_ftratlon is: mcmud mmmq signals :m the a,cmui.d -
-a-plo to h- cn-unrtd vieh tho signal tro- tho same ca:boﬁ‘ R

ln tho uon—actdltiod -l-pbc.. ;;_1.; ;



: Fxnally, usxng known compounds it is po%sxble to ,"

fdrmulate a tablg;of addxtxvxty parameters as in Pig. 25

'fThuB xt-is pdséibié to calculate the-change in shift_prp-

»duced by a-ahbstxtuent in a nearby posxtxon -Steric etfe‘ts '

vl\

are also very meortant and uust be taken 1nto account33'

Lycopodxne-type alkaloxds present an 1nterest1nq

ptoblem sxnce they are relat;vely latqe, cage type nolecules,

'-f haw;ng two or more heteroatons These factors conbine to:

-produce electtonxc and sterzc 1nteractions uhich couplxcate, _

‘the assignment of the cheuxcal shzfts All of the above

procedures wete“uaed to aaazgn the reaonances in the c. m.r.

 spectrun of lycopodine.

>
o

' It waa decided to ptoceed with a series of com-"

.pounds.; lycopodine m, di.hydrolycopodine (25), epidihydro- s

lycopodine (26). flabellifornine (27), clavolonine (28),

'151ycodolfnc or 'L-a"(zs). epilycodaline or 'L- 3 (30)..

| -lotolinc (31), and lycodinc (3), Ch&ft 2) to relate the
spoctral chanqes to structutal changec and to a:uign thc
  L¢h‘licI1 shift of cach carbon nncleus cach co-pound |

rh- tt:lt ctqht cn-pounds nll bavc thc bnsic

“ lycopodinc akoloton while lyeodinc hn- a Qit!crcnt skalc~ ;' [_?5
ﬁ ,ton inclndinq an lra-ntic xinq not prooont 1n tho othnts. R

»

N
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Pig. 25.  The addi‘t.i‘vity parmter.s ‘for
' substituted cyclohexanes.
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‘Lycodxne has a less coﬁplxcated c B.r. pect:un than the

nyothers, and once the resonances had been aasxgned,‘xt served

N \\\

_”as a uaeful model for sone pc:xtxons xn ‘the lycopodxne—type .

|
alkaloids.

: The c.-.t spectral data of lycodxne is lxsted in
. Table 1 (page 78) vhxle Pig 26 shows the shift aslan-ent

and tQp nultxplicxty of the sanals. The assxgn-nnts rely .

S

'“ hcav11y on a conparison wath tbe known 8 values for'

 "u-p?co11ne3;, pyridineJS. nethylpxpe:id1n3335 methylcyclo- |
= hcxanes3 and cyclobcxylauine3 (Chart 3).
\\f?vifﬁ‘- The‘tive lov ticld -1qnals between 120 and 160

'\ R 1 . /

',‘?.p.n./are ansigned to ‘the- aronntic carbons. Usetul -Odelsy  

er #ﬁis ty'tcn nxc a-picolina and pytidine. uhich can bc

/

dqipared to bcnzcnc and‘;olucno (Chart 3) for tﬁE\gtfect
/oi\substituants39 f}Tﬁ; expectod chc-ical ahifts and S

\

;ultiplicit,gi ar.x ey
Lo 7 . o
"v;' g 1‘.'.- . N ~ : v
SR o T
SN T -
AR / 3
Sy BT . .
] ; . d y N .)
e , 7 .
o ¢ A-
o - T o

P



PP

Ce
=5

stng ‘the nethylpiperxdxnes as models and thel
‘ addxterty parameters, the expected shxfts in the A rxng S

l . ¥ X {‘3

'.&re:' R ~ ‘ ‘ A

ST T e 28(t)

- Hethylcyclohexane and . cyelghexylamxne are the .
models for the carbocyclxc rxng and allowxng fot axial

xnteractxons where present, the expected tesonances are-v

S rho cxpoctcd ponition tor c-s is . alculatod uliug
dncalin‘o and c-othyl-cyclohcxca.‘l (Chart 3) a: -odolp f."

and -nkinq corrcction tor thg thoctoa Cf!oct of thn §   
 pitrogem. e T

b



o actions has been deternined for decalins

o

e . - ‘

. | Por thzs sxmple system there is” good aqreement,/
:between the expacted results calculated from ;;del com-'

. pounds and additivxty parametets. and the experimental
'results The assignment of shxtté follovs readxly as

’ shown in- Fxg 26,

o]

The compounds in the lycopodine series have stetic
;nteracfxons of the -Yu f and YZBB. typ%s (the noaenclaoiw
‘.»tute ‘is that of Dallxng #nd Grant) as in Fig.. 25, not pre-rc

ent in lycodine. Bowever the nagnitude of these inter-'n
33 and perhydro-‘"‘

'-'Anthraoepes‘? and should be sinilar in the lycopodine systeu.'

)

"alsignod as far as possible and axe shoun in Tablc I. Aﬂill”
'.:tev aasiqu-ants af; le:s certain than.otha:s and thene aro
  ind1catod. !he nathods by wh&ch thnne astignncnts wcre -nde  3
~. 13 discussod balov, particularly for the caﬁe of lycopodine."

'_=Piq. 27

:hc -odclc for 1ycopod#no nro u-ethyl. 2-cthy1,'

I"ﬂ

fand 3-nothylpip-tidin03‘. cyclousxqunin. -.thylcyclohaxnne,'g

" the -.thyxcycloh.xanon.- (ch.xt 3) and lycodino " The Y

E  .££oct ol a, 8 an? Y :ubntitucntl are calculat.d uainq thn f" 

" values. in rtg.-25. Ca:bcul 1. z. 3. P 9, 11. 14
i oo s BT TR .

S

. L g i
B L -~ o

Tbe c.n.r. resonances fot each alkaloid have been R



' iR .
S . P

experxence a Yy interactqon and of these carbons 4, 9,
11 and 14 experxence an addxtxonél ’72““ 1nteractxon * The

Lresonances-expected for_lycopodxne are: “’" RV

%\
. The po:itions nunbcted are in siailar environments 1n lyco--
: dinqrand lycopodine hence pradictions are expected to be o

‘ClOl!t to thc cxperinanfal valucl for @hese posxtions.; An

oxn-plc of how th.se valuou are calculatod is shoun tor

B ponitibn 4: - e if‘ :'i"n | __"' | Lo
10;1nq ii £h0fé16oc:§--§do1:\‘> v ‘
. ‘.
ﬁhoro Ln a ! lubotitunat (+s 4 p.p.u.» L3 catbonyl 1n th.
fﬁ,' 'f.'f W ﬁ, ST e . '



[ cyc hexane.

.' ;carbbnn'o tb nittogon (c-1

S8

. r.
a pgS}t}on ‘+11T§ -§-+16,l p.p.m.) and a YHH f YZHH inter- |
action'(-a.S)- Therefore’the expectad value 1¢ 35.2 +
5.4 + 11, 8 (or 14 1) - 8.5 = 4399 46.2. The smaller
value for the effect of the carbonyl is obtaxned by com-

.%parxng Z-methylcyclohexanone with nethylcyclohexane while

the greater value xs fron conparxson of cyclohexaﬂ'he uith

'us the expected resonance posxtxon of C-4

is abcut 45 P. p ™.

The ass(qnnent of the experxnentally deteruxned
.‘vafﬁes is shoun in qu 27. The sanal at 213.4 p.p.m. is a
'assxgned to the C- 5 carbonyl carbon The sxgnal at 59. 9 |
hxghly substxtuted c-13 and |

_p.p.n, ‘(8) is aqsaned- -2
. LT 7

,siqnal§‘at'97;2‘p.p.-;f(t)_ d 47.8 p.p.m. (t) to the other

vdeutaration of‘tha

‘C-9 positlon. by oxidation and teduction with,J

lithium- alu-inu- doutnride and tinally oxidation back to '}
R lycopodino, thc 47 °8 P p.l. ni,gnal diuppcul. contininq
' the assignment ot C-9 and thua the 47 2 P- p.-. siqnal -nlt.'

¢

-fOtiqinatc tto- c-l.- ;'_'A - 41. o wf/.

e

- Dout.tacion of thc c-4 and c-s position- rcnovgc*r
. a doublct lf. 43 4 p p.l.. miqmd to c»t.-nd a t.rlpl..t ati_
' 03;3 p.p,n@-nlqiqncd ;o\cés, 1h1: caahlcs-tho dtltinetioa '
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© " .pig. 27.  The c. m, r. data of lycopodine.
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to be.made. betveédrC-G and c-12, ahé'xacter being assigned
thg shift at 45.5, p. p.a The two reaaxnxng doublets at

' 37 3 p p a. and 25 8 p- p m. may now. be assigned vxth con~ .

o fxdence to C -7 and C- 15 respectxvely The 23 3 pﬁp.u.

sxgnal should he that of the C—16 nethyl carbon whxch

leaves two. siqna1&>occurrxng at hiqher field whxch at fxrst

. seems unulual. QOvever aelectxve decouplan of the nethyl

protons confiruod thxs aasan-ent. Three paxrs of signals

: remain, mou of C-8, C-14, c-10, c-11 and c-2, c-3. c-8

‘18 expscted to re:onata at - sliqhtly hiqhet field than C-l“_
2. .

The assan-cnt vas veritied by observan thc chanqe in

cha-idal shift on hcidificatxon. Protonatxcn of the nxtro-

| gen ahould atfoct C-14 (8 to ) -uch -or:e than C-8 (& to N) s

- tho 43 7 p p.-. siqnal shifts - —4 S p. p.-. an& is a.azqned
to c-14. uhcteas th- ¢3 1 p. pu-.‘siqnals lhiftl only ~-1.6 {;/f

p p.-. and 1. assigned to c-s. Sililltly the 26.‘ p—pJI.j;A ,-t
~~_siqual shifts -3.‘ P- p.-. and 1: a.liqnod to c-1o (8 to N)
o vh‘tta' eho 25 7 p p.-.-:ignnl shittu only -2.1. p p.n.rqnd'

1s. nugmd to c-n reowm. The change in shift for c-10
and c-ll.ia -uch lcn: than to: the provions patr and it 1: ‘
_possible that the c-10 and c—u@mu should be -
muqod ﬂu c-z. C-3 mignunu are lus mtain. 1

. deuteration ot c-¢ uuu is a mall -hm: (cbout 0.05 X p.-.)
oc an zo 1 p.p.-. ugau and m uu.o is miqnod eo c-3

N . '

-



and by exclusion the 19.3 p.p.n. signal to c-2*%. con-
~flicting resdits akike tfa-~£hc acidificaéion éxp;ri:nnt.
.?he .change in the C-Z (8 to N@ shift is expected to be
5queater than that of the C-3 (Y to N) shxft, houever the
opposzta was in cht found to occur Possibly the prox-
;fiuxty;;f the carbonyl qroup is responsiblc Ior thzs anom-
‘aloua behaviot or. pcrhapa the asnan-ent thould be tevprsed
. The complete results ot the acidxticat;an expetincnt are
shpvn RUE ‘Table 2, It is intere:tinq to note the shifts for
»;C-J and C-13 on aclditlcation. rhcpc are deshxelded uhile
all the cmm nuclei are ahieldcd This is uxely due to |
| the higher snbstitution at thase posxtxon: as latar rusults o
'preclude any lono pair - intataction in the qround stltc‘s.

nith tha aosignnonts of the catbon: 1n lycopodine cstablishod

T 1: now conaidcrahly casiet to lﬂthn thc renoaancot 1n

K]

- .thn rett ot the sorio:. whcn contid.rinq tho otbcr --bcts )

\ _'w m:

"of thc sc:ics chanqos -cntionqd are with re '

et tollycopo-
dine’ unlcan othervlsc spoqt;‘ﬁa '

e mmtm&em;u-uazmoxf, pine (25).
| -lnn cnb'titution of/éh- hydroxyl tnncthn for tbc Xghmr; o
~ should change umax resonances as shown belov. vo&uau-
,ﬁnot -tt-d itn th. l!l. ll tn lxnabdalno !h-\gon tadduapco




in additibn to tho:e prcviously ulad.:‘
46

| Nodols for thi: syt

| are the -othylcyclo 'nols (Chart 3) and at course 1yco-»».

podine. The ¢ttoct of\the axial hydtoxyl function on. gh‘ /w,,f

. 1.,4jacant position7/ co-pared to tha keto functicn, 1:

~shift them about 8 p. p‘-._ upficld, but, using cu-z- | '- =

”'-ntuylcyeloh“ 1 as the -odol the c-3 shitt is expectod o

.'“only to bc abg#t 3 p p.-‘ upfield. » _

, As‘lgn-unts " aQt.uinnt hliﬁ thc'dxp‘xtiihtil | |
.  tosulta folléh rondily.' c-9 is nscign.d at louat field " >‘_
"'em c-1 by analogy vith 1 1ycopodine. The ea-pound deu- R
 tcrut¢d It tho c—t and C¢6 ponitxous uun rnadily nvailablo
-fttu- lyeomdtm-g2 aud uus uucd to conti:- tho n-siqu-nt ';if;
',fot th-u- nuclci. :u. nss#qu-‘utn.ot thn c-1o and c-11 . o
' carbons might 'be reversed as | 403 there 15 also the
p..mmy that m c—: -u c~u g coum ho
| w m. m_tmlu m_ mum: vm-




“73£hose obtaxned upon acxdxticacion

prdxhydtolycopodine (26) v&ll be sx-xlar to:
. .',:.”-"'ﬁxhyﬂtOIYCOPOdXM excep: the hydrox)'l GIO\'P is now. "q““" o
;rf tor1a1 and the adjacent posx ions are expectad to have ‘"ji,“

the resonancns belou.ny'

DT
[ . \

S R L

Sl Oqubtorul hydroxyl q:oup -bi!u thc ndjmnt cubon |
B 1‘ "rqmnca about 6 p p.-. upu.m (qud t.o a “ﬁ.p.n.: £or

usonmcn 5 y.p.h‘ upuold'
’ ;' oxyl) . u bdotq the
d tro- 1ycopod(1no'

: i.,» s ,'
L

| '1 ;na W poclt.im m mny aui.qud !'h- c-s. c-lo

o ‘:ht ho Luurcblwd w &n thc pnviou;
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‘axxal hydroxyl group has a qreater steric etfect on C-lS
than the carbonyl but the equatorxal hydroxyl qtoup pro-
duces less croudan,:thua in the for-er c-15 tesonates at
| 23.5 pfp.n and in the latter at 28 9 p ﬁ.- co-pated to
. 25;6 p.ﬁ;- 1n the case of lycopodxne. The relativc poni--
,tibn 6f éhe C-4 and C~6 tesonancea i: #eversnd in the QS
.ﬁconpounds This is ptobably due to the fact that in di- ‘L’
| hydrolyoopodine ring B tcnd: to b,g tlattcned to. teduce non-'v-
‘*bonded intcractions" bringing thc a-4 clo:er to tha 8- 9:
.L:hus 1ncreasinq the stetic croudinq about thﬂ c-4 nucleus' 
| 'and ptoducing qreator shiolding. thc C—4 and C-13 lhift!if
%.on aclditication are thc same or grcahcr thnn in thc caoc
ffot lycopodino. evcn thouqh no 'o coupled p intcraction 13.
E ,’pouibla inoo thcro 13 no 1onq-r any t-hond '

L The noxt co-povmd in the miﬂ. ﬂabonifox-hn
-(27) hu an axhl hydro:yl qroup 1n thn 4 pocition. The
yﬂxoxyl thp is x| to be dimct‘d out ot thc ri.ng
acncc iu amic otfoct vul not bd nty larqc (nl : ‘_

o 'gruurr tm B ana c-s and c—-n umld be mare: ox'nm'

B unclunqod £:o- lyeopodhu‘ c-z u\d c-G holnnt m e

upoctnd to bo nhout s p.p.-. np!hld W o! ﬁn 1
”;_i.',_._'.olhct :ml dutorm £:o- 1_  > podine are




1)

.O

‘?xo- this t.be aniqmcnts in 'rable 1 are easny
ude, allowinq for thc fam: that C-3. c-1o and C-ll uy '
' _be u\utchanqod._ tbe axial hydﬁtoxy). grc/up don not m‘ :
s to bc cauliuq u -uch ltcric crouding u axpccted. c-2: *
md cvs tosomtinq about 2-3 P- p.-._ downtield t:o- the'
cxpocud valuc. : 'mu uy indiat.c t.hat tho n-bonding bet.—’.'
ween th! uydrouy1 and ‘the cmn tends to dittott the
‘._}:ing B qmtzy .o.wblt or. thlt. 1t -nply roducu thl
| ‘oftqctiv- i '-_'\'11: shc of tht hydroxyx qroup m ruuln
. from ’thc }acidiﬂcluon .spcrunnt

t. tbuc auign-onu.‘ )

o cxmlodim m) u 9- Lycopodim vith m
\ A‘bydmrl g:oup m n mmm miwm omt aqun

um- m dit!o:m tre- lyeavodm azo up-cm
u ho u )nlm |
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The expected values tor C-ls and C-B ‘are obtamed usinq
| _vtrms-z-nthylcyclomunol as a nodel The C-S and C-
.-.fresonanees are expcct.ed to be about 8 p pP.m. dmmﬂeld
tto- the lycopodine values.‘ ‘tbe 1nteraction bet.wecn t.ha A H
0-8 and 8-6 1: shilu: to the y“ interactmn and :o c-s. _ |
: :iu expccud to be lhicl.dod by about 5. 5 P- p.-. nith thue
.’ Aptedictiom ‘the auigmwu can be udc u ahown hqnin

tuon is the' pouu:uu:y mc c-z lnd c-3 u nn u c-—lo

.and c-11 uy hc Lnurchnnqod.‘ ‘l'hc multl obulmd on . .
acidlncation again arc mhmt vith tho uslgmtnu.

Lyeodolm (2’) is lz-ﬂ-hmoxylycopodiu and is -

'__3.r1uq and utrodmo .uuc c:ou:unrct c-o, c-lo aall c-u \

n -uuu m u.uu by m . p.p.-. v_ouem o




67

| changed ‘from lycopodine are:

Positiom 7. 11 und 13 lhould :hitt about: B p- p.l. dotm-
;seld._ Using 1-.thy1cyclohexano1 as the -odol the c—1z |
resonance chonld bc aromd ao p p.u. lu.th theu mx-p-
umthemlqmnucanbendoum It hnen
| that the :tcric effect of the hydroxyl g:onp is gtcatcr p
t-lnn upccua lhloldinq c-u by 7.5 p.p.-., but th. o
chctronic ctfoct it hu. duhiclding adjamt nnclci

. ouly by 2-5 p.p.l. ‘!‘hi.s ruult u possibly’ due to the

ct:wghydtogcuhondingofth-hydmylmboth‘u-

ttogun mwmmbwmum-mmc-f.,
ﬂunupact‘d tcflocth\gttrmq'tcic inunctiau mln
":"mmymmmmwm !honhcnm»

m the pumutr/tht u- o—z ana c-3 or c-3. and c-10 |
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ﬁ intra-oleCuIa: hydroqen bond (08 to N) but nou the config-
; uratxon at C-12 is chanqed to-a trans ting syste- Becaule :

of thxs chanqe in contiquxatxon -ost of the nnclei are in

| new environ-cnts zxpectcd positions for the resonauces

'arc:

| Positionl 3. s. 15.na15ue.xp.cud:obcm-smu R
in lycopodm ! is upcct‘dtobcdnhiolw‘by about
. 3.6 p p.l. on chanqi.ng tra a ch to a txm ring. sysm.
likewise C-9 no loogcr upnruwu the v,y interaction :
nd Mho dnhxoldod by about 3.0 p.pa-. Ind-od c-1
uc-;mmzmatwmwum oa:th.
 hydroxyl group 8 to C-9. - motthucasuwi
muynﬂitw‘oswlpp.n. optuldtmc—l. .._'-'g"
c-zwxugummyuuuzmmwuwm R
mMSSp.p.-._ uld c—iuolmnrmm
'"-:.y.-ﬂymmdumm-muwmu

W in pm n that of & y-hydrouyl grow, :*""\‘ s

vq\‘, -~
. -~

&

Al U E . E
. . P

o
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S

iexpected about-3 p. b m. downfielde c-6 Should.bexalmbat"

ol unchanged, the loss of ‘the Yﬂn interactxon being conpensated

4for by the gain of a y-hydroxyl 1ntetactxon C-7 is 8 to an
axial hydroxyl qroup and is expected to move about 6 P. p.n.\\
\dounfield C-¢ gxperiences a neu YRB interactxon shitting

,1: upfleld. uhile c-1o experlences the y-hydroxyl intetactionw'

and iu diso shifted upfield by about 6 p.p-. n - €-11 ia g to

- the hydroxyl qroup and is expectgd to be deahielded by about

-

"6 P p.n._ c—12 uhould be the same in *L~8" and 'L-23' and.is

. expocted at about 70 p.p.m.” C-13 should be deshielded by

f;the adjacent hydroxyl group but thia is counterbalanced by

~.an incrnased nteric crouding ubout this ponitiou, hance it

| ,ic cxpoctod about 3 P. p.-. dovntield.' The -ozt ditticult

o pocition to asti-atc is. that ot c-14 cince there are now -

. tuo 7!! und two 72!! 1nt¢ractionn and good -odclt are not

availablc for thi- litultion. !hc cttoct ot tuo sat. of

f’intcxactioa. is usually grontcr thnu tnico the valun ol

- fa stnqdo intcraction and c-14 1; thns cxpoct.d at a:ound

» 30 pvp-‘o X LI

;;e?;,,* nning thn~culcn1.t-c vnlucs th. .gp.:j“ut.l t._»;_~~'

 salfi ave assigned relatively sasily. C-4 (4) which is as=

_ th- 52.3 p.p.u. :m u gt mutnbly l.our u-u
xpects yaros 1 h-m ntm
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-oicric etfect; C -14 is aisiqned the~tetonanceiat 25.6'

' ,p p.m. vhich -eans the value of the tvo YBB' + two YZHH ‘ -
_interactxon 13 about 24. 5 p p.u Thxn large value retlects ‘
. the great stetxc croudxng in the cysten uhxch apparently .

cannot be relieved by sliqnt%detot-atxon, as the C 15 and

‘©-5 resonances also are’ uptxeld lliqhtly trqa lycopodxne.

_ m acidification cxperinnt allo produced anoa— |
alous tesults. c-14 .hi!ting to lovcr tiold in this case. e
| ubercn in cvery ot.her cau it shitts to bignn tield.., X
. nus is ponibly a. ugult ot protonatxon ot tlnig nitrogcn
relie\rinq tbc suric inunction about c-u althoagh this
seens nnlikely. Sincc t:ha ottect of the nittoqon lone \' |
’pair u difticult to uuu, ptthapa:'ﬁt is unreanstic at . ‘, -
’ t.hh suqo to atu-pt to ntimliu thh gtnnqo '

A tvxﬂnx poi.ut to c-orqo !m th. acid.lficauon o

jupo:mm is that C-13 i still a&uuoa oo protosation .
_ of the nitrogen. This deshielding amot be doe to inter-
lctim ot nit;«rn lonipu:nd euboayx smxm. -me-
tbl cmfiqnti_ v Mm ey o m 5 }1

e mtmwnmmu--mm
c_:_y.,; mmmummnma




at C-8. "Clavolonine also makes ‘a useful model although

the C-8 funcx;onalxty 19 epimeric with that of a- 1ofoline

Resonances which dxffer from lycopodzne ‘are expected to be:

b

. u-idg £he §nthy1cyc1ohcxano1s as models for co-parinq
changct on qoinq from an equatorlal hydnoxyl qrouy to aa'
axial hydrouyl qroup it is pouible to calculato the m.o~ ',

> nmcu of carbons 7, u, 12 14 and 15. Clavolonine (28) |

o wu usod aq thc oundlrd -odol for um lystu. - cet
ubould b‘ tbt m as i.n duqdrolyeopdm. _\mih c-5

: nmm shltt 3-,4 P- -pime dovnn-m on mtyution. ] m
oqnntotill proton at COG c:ycricneoa q ltctic crondinq tto-

\ thc mmyl qtoup, coqpntnblc to - Y. inmaction and i- . o

upoct-d about 6 p p.-. upnold tro- u:t positim in \: o

dlhydtolypopodlp‘ m w posi.u.én: ot mtouyl
ﬂmmmunm Wt!umiqu-u\u m;
mmnmum uumuc«mmc-sw PRERS.

L - - : - —
[ : T L .
4 : Lo o
. : .

o~




- retlectxng the greater ster;c crowding caused by an '

- acetoxyl group as conpared to a. hydtoxyl group..

The precedan treatment has enabled the resonances

of the carbon nuclei. in an alkaloxd ot the 1ycopod1ne typc :

to. be xdcntxfxed thh a réﬁsonably high degree of confxdencq. ;

'Should a new alkaloxd of this type be xsolated in sufficient'

it

quantxty c.m.r. vould nov be a useful tool in its structure

1e1uc1dation Si-xlntly it becanea a &:eful method for-

'studyan the ltereocha-xstry af alkaloxds of known const}-

G

vtutxon but und terninod stoteochc-xatry A problea of
' this typo axllQ: in the case of the alkaloxd sauroxine.
-rhc structure and :tnroochcuxstry of u-obscurine (33) 1:
" known with ccxtainty 49 ' sauroxine (30, which must be a
| stattoioulcr of o-obscurino. han been as-xgned tha 12-_2_ ’
‘conttqurntion, -utnly on thc banis ot nass spectrc-ttic '
*xand p.n.t. toanlcs 5Chlzt 4) . In ordnt to confir- this.
*uslignn-nt. ve hava studied thcir c.n.r. cpoctra. alonq
with that of ll-uthyuyeodm (32). These could then b.
vu conpn;od to ‘the npoctru- ol lyeodinn. thc bast availablc
B -ndol for thfﬁ sy-tl-: thn othnr'-d$cl n-od vun |

pxpuuoms" (chart 3.

Eh. xﬁcults obtainod £br lynnﬂinn (;p.

AN
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q-ohoc-ﬁmto (33, :

Ccowrexine’ (34)

,\.. 0 . f

L ml!‘t. g ﬂn eanuguntioa ot t-nthyuycodin-, 3

mmmdunmht

Coh P el . ;




<

N- nethyllycodxne (32), a-obscurxne (33). and éauroxxne (3‘)
are su-atxzed in Table 3. The assannent of these shxtts
is dg;cussed‘belou.: Ac;d;fxcatxon data is recorded ip
.Table .. > B | |

The spectru- of N—acthyllycodxne is expected to
_be very sxuxlar to that of tycodine. positions whxch vould

- BT
be chanqed by ;ddxtxon ot ;hg pcthyl group are:’

A dsctul'-ddcl for this iy:i-fums.né-athyloil-cthyl-
pipcridine (Chatt 3)S ,
R the n-nthyl qtoup is in the equatorial contiyurat#bn and

Thosc prodictioas assume that

the to-ults clcarly shou that this cannot bo thc ca.c. A
Boucvat, aucuninq an axial contigurlbion !ot tho u-othyl -
_aiqronp eho prodictod ahitto tor l-nthyllyeodina aro )
”.:.houn b‘lov: v ' U
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'!‘his 13 i.n such bctbcr aqnmnt uith t;n experl-— |
-tﬂt.al nlults and clcarly indicates that the n-aathyl qmup
is pmdo-uuntly axial. In puucuuz the C-12 .1qm1 is an
~easily identified douhm: which is shielded (nuun to
l;yoodina Ltult) by the uthyl group by lbout 9 ‘p.p.m. "_.
| _mn 1: ao othcr ualouublc .xplmtinn tor th- oriqin ot
,'ch. high libld .1gn.1 at. c 9. a. The lﬁlcthyl .1qn.1 1s nt '
.ummuny high ucm (36 4 P. p.-.). These thuts ‘show that

L the l—uthyl qtoup is interacting stréurly vtth c-1o aaa

c-lzudthns u-uthnm It uprmlytholuqo |
c—l‘h c-3 hmactiou vhich toreu the Mthyl qroup int:o ’

/‘ the txhl oautcmticn m suth. d&nﬂ.old sutt ot c-3 1‘

: _p l-nthyllycodhn m to lyeodhu ituu thou the
m ta c-n. 3 uhuctm 1in Hn:hynyendm e
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_\of tms mteraction as c-3 is nov np’ hybndized | !ioucver o
it is j abvxous fma ‘the nodels which confomticn ot c- 11
will be preferrod, uial or equatorial The c.m.r. spoc-'
»trun shovs that aqam the axxal confomtion is prefetud

“-'rhe expected resonances for a-obscu:ine based,o_n.u-uethyl-

| l.ycodme.-n_ -odel are:

ITH

'Mc are in qood aqt. vlth t.ln oburnd umu. As.
unud ptcvimsiy. change it conﬂguntion at Baiz (!rﬁi ' .
) ' eho 'noml' oonnquuuon ('L—O") to ttr 12-39_ conﬂann~‘
| tion (-n-zs') mm & d:a-uc shi!t in tho :uouancc pou-
_ 1on ot c-u (36 1 P p.-.-p 25 6 p p.n.). it uuroxim
huhdd cpincric lt c-u vith B-obumrinc a silihr slutt

)‘:i'

ghould occur mujot chnnqu upueud m thc spectru
o .ot uu:o:int frc- t!ut ot -oh-mrino (umm an aifa\ |
o ’u—uthrl) an:




C-6 u deuhxeldud, losmg a vimv mtc:actmn as does C-—9.

j C—H \experiencet the 9uaust cana. gaimnq both r“ md
"7288 intoractions. C—ll lous m intcxtctim biut qunn ‘- o

.another pnd 80 tho ahxtt shbuld thctctore :‘lin consmt
- mu pt icud valus are’ in good aqtmt with tbc

. m ?.-.r. uaults thu Aro in tuu aqt«-tnt
'-ﬁith th. ud.ql-tat of contiquntion at c-u in th. T
n-obocntiu-swoxm pair. In uldium t!ny pm.ldc r.hc
o uut cvidcwo thil: in tb-n nmmoldl. n \nu n m

' 'l-uthyuyeodiao. ‘tho px;-lmod conﬂqnntion at. thc |

trownhthtwlmmuthylmuhl

N

SR . L ; !nrthcx; m for tho mnlu p“mm 1,, thi- |
©saction might be in the seudy of the bioeynthesis of s,
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EXPERIMNENTAL .
. | |

E lf vuue = dia:me mnd by co-pound/ditunce |

-ma by solmt. -

lnlt.ing points me detcmuud cn a Pilchcx‘-.

4

- Johns hot«-suge ultiug point appnutus cnd l.tt umArrected{.

t”. (N intnud np&dua were ncotded on a mkm«-zm:

421 dnal 9ut1nq mfraud tmttovbotouter

P:ot.on -agnctic nm spoctn nre -usurod

mtag a v.xm umut« /w n-xoo sp«:uu-.ur vith -
;ntrmthyluhu as cundu'd T |

.,\«

T ‘, c. n. Fe cpoctn u:c d.uniud at 22 63 m in
f_u- mxu mode niinq a. Bruker EPX-90 W in
eunjuncuoa vi.th a liooht-lﬂls. 20 K -xmy mwo - ‘
e at 251 "z on s vum BA-100-18 unt- interfaced. '
. o a Mgunb mm :m.u Syst- and. u-ocntod pum
m pp-ctn tm ucozhd on an A. 8. I. pdd

.vsm pectromster or an A. B 1. ml -2 mass '.j:t
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‘a-Jasco o. r. d./c. d., $5-20-2 (modified).

, !

- U..v. spectra were recorded on Cary Wodel 15 w

| u. v'.v'a‘nd-.‘vuib,l'q :pcc@t’rc-cte:; ' e

e
D
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A} The Structure of Lxcof_lcxixng' o NG
&L
’_x.?okanon of bcg:s o!lxco’podim alpinus

;/‘

. : | .. . .
/ w’

L. ulgm collectod g: thc zeqxon of Ja:pen '
Alboru, un ut-dned md qmund ;o qwt c s kq of tme
povd-x.‘ 'mt pmdc: uu axtuctod tn a s-oxhht appcnt.us, .

B with /c@tcxai qudc nuuml, xn 600 g- lhvltctmn uch
tor 72 honn. | ‘The uzhmouc -o!.nnoe ‘was coom:uud
mdu nducod p:muro to s zhxck sladqc ‘rhc co-buud :
nti&nu ntc ttittul quo:oucly vlth Sl : < ' .

"f.ic-a\':s(xt)mmquudm»ud The aqid ‘

. m'muc&d wﬁth cthtt zmtu no more nm 1 di-iolwd‘ -
u tln -thtr. m .ms phuo m thm éoolod to o‘*C”".;"g
ud -odx-n hycrum .oluuan uo N vas w vith rapld..
ltkthgmtntho oo,lnuoa m at pl 10-»11.; -'lho aqwuz |
pnn ws s—uauxy m.cua with mmm. mu1 bo
, more -wrm au.olna in tHe chlorofors. Oaueontr.uon s
of the chlorofors solution inder r-aw pr--mr- yuma;~f"
..sg.ozmm et | Lo

o
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South Africa)’ was’obtained from Dr. B. Altenkirk of the.
* N " K ' - : Lo
\ , ; \ e
South African quical‘Research Council. The extract was

\

concentrated to a thxck sludge and the _crude base mlxture

.

| obtaln¢§~&n exactly the same way as’from.kl lgin

Isolation of_bycoiléxlne.

4

| The mlxture of baces wes dissolved in a mxnimum
volume: of benzene: chloroform (l‘iﬂwan& chromatographeo \%w
over alumina (grade II) The alkaloxds were eluted wlth
benzene, chloroform and methanol " The chloroform frac—
A_tion was condentrated and rechromatoqraphed over alumina
again elutxng with the .same solvents. The chloroform |
fraction again was concentratad and’ chromatoqraphed a’o
thxrd time over alumina, eluting thh benzene benzene/
'chloroform (1:1) and chloroform. Pure lycoflexine. -
n.p 130 - 131"'R£-0'37'(etﬁy1 acetate/alunina t.lrc.‘olates)
. was crystallizod fron the concenttatcd benxana/chlorotorm
traction. rho alkaloid -ixturc from L. clavatum var.
‘inflcxun oontain- approxlnatoly 3.5% lycoflaxine wherean

- tb:‘b, algin extract contains only about R 5\ lycotlcxinc.\»

C

rr-atinq lﬁcofloxino with 708 p.rchloric acid in
u t.a in thc proc_ipitation of gh- p-?:,-
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from acetone.

- Wt
-y

.
o \
- Treatment of lycoflexlne thh acetic anhydride

¥, -~
and pyridine at room temperatute for 24 hours yielded only

starting material. SRR

The i.r.nspec;fhm (CHCiS){of;iycoflcxine3is sho&ﬁ
' in Ffé?.Z,’the‘mass speétrum in'Fiq.‘3. The u.v. apectrum
'shqws‘aqurptiOn at Amax 230 nm (51350) and 298 nm
'(ciib)a‘ The p§N;r. spectrum (CD3C0 D) is shown in ng' 5i 
thé‘c.d. ‘"d,°fr:q spectra in Figf 6 and Pig 7.
o _ R . - |
: - Other alkaloids”isolaved from L. alain and
' identified by conpariaon,:::;\::>hentic samples xnclude
lycopdéine, clavoliné lycodine and deo-n-methyl-a-'
_obscurine. Thone isolated ttom L. clavatum var. inflexuﬁ

include lycopodina and dihydrolycopodine

:'anduction'otvLycofiexine

 Lycoflexine iu -j.) wa'- ‘treated with sodium
'bo:onydrm. uo -g.) ™ uwmox for5 hours at room )
'cu-poraturo. The oolution val.coucintratod. dilutod with.ftb
. hydrochloric acid t:o pa 3, then the .olution m ncu-
 tralised with 100 sodium bicu'houu solution. The




_cohcentrated-to yieid‘9 mq. of dihydrolycofle*ﬁne, Rf-0.16
'(ethylacetate,alumxna t.l.c. plates). | -

' -1
I.x. (CHCIB) 3620, 1725, 1020 cm .
C. d..(c 00061 M, McOH) 292 nm (Ac-2'24), 232 nm~
(Ac+3 10), {on acidification the band at 232 nm dis- -

'appears and thg band at 292 nm become&positxve (Ac+0 40)

Formation ot Lycoflexine Hethxodide '

T, - | Ca
- Lycotlexine (30 ) was dislolvcd in acetone

(0.5 ml. ) and three drops ot nnthyl iodide added. The f
-olution was left at room teuperature and the nethiodide
~;alt precipitated quantitativcly from lolution. Recrys-“:
‘tnllization fron chloroform (containing 0 75\ ethanol) |
"qavu alightly yullowish cryltals, -.p 243 - 244' c.
-The 1 L. M (CDC13) ahmu carbonyl aboorptién bqads

at’ 1740 and 1700 cm 1; The p.m.r. 8

trum (D 0) is

lhoun in riq.'a,-'

53

t-ann aoaction of Lycofl.xin. Hothiodidu

B lqeoflum -ﬁtmoam- (23 .g.), p,ounm- .

:-mmm in g-butyl ulcohol (2m1., 0.08 W), t-butyl
 aloohol u-t’) and bensene (2 drope) were bested under
j‘ntmmmm-.inux (sn)mmmm;gf

¢



v 88
A
' the-orOduct extracted with chloroform The reaction

product was a mixture of four compouéds. each different

from the sharting materxal with Rf values of 0 88 O 76,

',0 65 and 0.10 {ethy] acetate, alumina t l c. platea)
" The compound with Rfao .65 was the major product and was
purxfied by chromatography over alumina (elutxng thh

benzene/ fﬁ;r,,9 1) to yield S mg. of. noncryatalline

&

: prod The uass spectrum is shown in Piq 9,
A ’
Lycoflexine nothiodide (so mg. ) and potassiun

i

. .f ‘
a.'t-butoxide (90 ug ) wnre dissolvcd in t-butyl alcohol ‘

(3 ml.) and benzane (S dropa) and heated under reflux,

for six hours then left at roon ta-perature overniqht

) Water (S nl ) was added and the solution gxtracted with

)

chloroforn. Concentration of the chloroforn and recrys- .

tallization . of the product fro- acetone yiuldod 15 nq
of product, m.p. 168% - 170°, R =0. 23 (nethanol/cthyl

"_facotata 2:1 on alu-ina t.l. e. plateg) Thil co-ponnd

-_dccu-pocod within ‘three dayu at room tanporﬁ&ure. The
nass .phctru- 1- lhoun 1n Piq. lo.r Thc u. v. upectru-

(l-thanol) shouod an ahoorption at Amax 280 nm. (c 5 600):
'vin tho pr.-cnc. of onc drop of -odiun hydroxldc -olution )

‘the absorption shifts to Amax 293 na (c 8,900). -

L ‘mla,‘g: Jsoo. 2800, 1715, 1675 L mq "”*_:,

N



ijidbtibn of.Lycoflexine

Lycoflexine (11 5 mg.) and potassiun t butoxide u“l
(15 ng.) were diasolved 1n t-butyl alcohol (5 ml. ) nd .
. oxXygen was bubbled through the nolution for 2.5 hourl at ;
‘ roon tenperature Water (10 ni ) was cdded and the solu-
tion extracted uith chloroforn "~ The iﬂterial ob 1ned |
by conccntratxon of tho chlozoforn solution was chroaa-
btographod over alulina, the teaction ptoduct eluting '
'; vith 1-propanol. Pour -g of ptoduct were obtainad

f-o 12 (ethyl acetate, alulina t 1 c. plat‘o) ‘The =

~ mass spectrum i’ifgbvn in Piq. 13. 1. r.(chl yt 3500,

1720, 1680 c» 1. u.v. (lethmol) xux 263 nm (¢ §,900)

.“-Diutbragion ot=Lyootldt1nq | l ,

_ Lyeotlnxlno (25 nq.) and phospborus pcutachloridc
(50 -g.) ‘were addod to d'utoriun oxido (o 5 nl ) tnd thc
. vvuolution vas ctirrod fot tive daya nt too- thnratm
hwu- mhydronn nodh- carbomta wvas nddod and tho ooln-
| - tion cxtnctod nith chlmfom. coaccntuuon of the c!uo-
fmtou utnct yum.a mm.ua 1yeon¢xm (22 -g.p?"

. m uu opoctn- M pun at g/c zoo: 219: 278: 277; o

'zm 275 in the ratio 113:819:4.511. _ Bxact -m ot un

_m,‘uﬂ: g/o zoo w eo tlut of Cl Og. .
(¢aloulated 280.2277, measured, 200.2370). The m.m.r.




w o o o o
spectrum(CD3C020)xs,shown in Fig. 4. ., s

t :
o 8

'Synthéais‘ofhLycoflexihe from Fawcettimine (experiment

'_per£0rméd'by bi.‘Y.'PukazaQa.)

5 L o
Fa£::1timine was treated with two eqnivalents=

of formaldghyde in methanol in the presence of a tgace

. of hydroqen bromide, at 65’ C for 24 hours. The solu—*

“'tion was concentrated to - give a mixture of tour conpo- e
'nents as shovn by t 1 c.A The najor component, comprxsing
- about 50\ of the nixtute,vhad an Rf valug,identxcal uith

‘thaé of lycoflexine Praparative t.l.c. on alunina
plates yieldad the najor conpound identical in infrared

flpectruu.'la-s spcctrnn and t. lsc behaviour with

/
/

lycoflaxine. R
° {, » e .
o : LT 5
/ M N F—
) ’ . . ¥

o WA
9 R i " o & L
I i . o
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- (B} Hydrox ' podine Iactan

flaolation of 6~ ﬂydrox{&ycopodine llctan

*The alkaloid mixture tron L. clavatun var
1ntlexun (supplied by Dr. B.. Altenkirk SOuth African
Hndical nclearch Council) was chxonatoqraphed over alunina
(grade II) Hydtoxylycopodine lactan begin: to elute with.
chloroforn-aethanOI (9:1) and the bulk is then eluted w&;h'
/‘-cthanol.- This yield: a b:oun solid fta- which hydtoxy- |

lydopbdina lactam s obtained as white cry-talo by.tecxysf =
“tallization tro- chloroforn rig;l purit;cation is S
,attected by .ublu-atioR at 150- (o os .s:) which yieldl .
a fine white" ctyatnlline pouder. ».p. 200 - 202 5‘ C.f"v
This cq-pound showt nt-o 46 (aluixna t. 1 c. platc-,
. mtom-uthmol 9:1): uu cpoctr\. l/o 277 (c16823!l63.

20\)3 220 (C 3. 100‘); 192 (Cu' “noz. ,10‘)3 85

12714
(som 83(608) asinrig. 8. ¥
I.r. (am,) 3400, 2900, 1700, 1530, uso cn 1 ,’ a8 in L
"go 1’. i ' l . B | : ek .’ - » .a

"wP.l.x. (@013)3 8. 0 7] (d, J\J’-Gc.p.l. ca,-ca)
8 4.22 (-. 1, a—om nq zo. B
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Ac'ét'yl‘at'ion- of aydrbxylyCOpddineflqctam :

, ; <
T

v . Hydroxylycowdine lactam (20 ng ) diasolved in-.'
‘aceuc anhydridé (1 ml.) containing pyridine (1 drOp)
were stirred overniqht at 0‘ C. he solution was con-
‘centrated undex" high vacuum to leave a solld teaidue
- which after recryatallizatxon fron acetone yielded a
> -vh1te crystallxne solid n p: 190 - 192° af-o 51
= (almina t.1. c. platu, e}hyl acetate). nass. spectrum "
-/3 3;9‘(¢13325 " 15\): 262 ‘°14“is 4 50V 259
‘°16“21“°2' 45t); zgq (zqg),.goz (€, ,H,,M0,, 10QV).
L Iix. (cnc1 y: 1730, 1695.-1530‘¢if* (rsg.\311>;>'
P.m.r. (CDCl ) : 6'0’.8}8\/‘(‘6.\3. J=6C.p.8. C_l;‘_a-_-CB):z
- o B
_ \ ] " SN
8 2.08 (s, 3, -0C-CH, . a 2 94 (t(d), 1, J=l4c.p.s. - N\

- and ‘C p.l.. N-CB): 4 4.50 (a(a), 1, J-llc p.l. and ‘

4c.p.-.. n-ca); 6 5. 40 (m, 1.-, (omc)). ?19 22.

: Mmtylatim ot nydmylycopodino hctn -

. _ ﬂn mao.uu (5 mg.) was rclluxod vit.h acetic S

_ anhydrm. (o 5 nl.) and mmim (0.1 ml. ) for four houu._ :
| ‘m oolntion was eowout.utod undor hj.qh v‘cm- to yicld )

ﬁ ‘_m on :,-a.n (nh-un t.l.c.~ pum. othyl acouu)x |
. mass m o 361 (cﬁnz.,uo,. m; 3. ;cun”uo‘. uu ;o

. PR ‘ . v
\ S S
- S '
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J'\
~,30‘ ‘C16“18"05' 6%); 301 ‘Cla“zs"o , 6\): 262'(c1‘nlsno‘,p
. _43}}, 259 (C16"21"°2' 63\). 220 }29:),,202 (c12 12 2,
o thoiinagibn otlﬂydroxyiycqudinév1a¢£§a‘_ : ERONE

el

uydrOxylchpodine lactan (20 ) thionyl chlo-

".zide a. 5 ml.) and dichloronethane (a ml.) were ltirfcd -

'1At room temperatuii‘for 40, hourl The aolution was con-

'centrated to dryne and the product recxyotallized;fron'

acetone to yield 17 -g. of white cryttalline product,

R,=0. 74 (alunina t. 1 c. platen, ethyl

f
acetate). nall spoctrum n/e 295 (C16 22 235c1 2‘);

35

| m.p. 102\ 105°

'-.|260 (2!)..238 (C12 l3N02 cl, 12!): 210 (2v), 96 (35\):

© 81 ass: 79 (1008).: . ° | »,“-‘,

1700\ 1635 ¢a -1 as in Pig. 23,

Is r‘(cncu;,)
P.m.r. (CDCla) as for hydroxylycopodlno lncta- cxcopt

'thcrc is no siqnal at 6 4 22, (Piq. 28). . |
A;tc,pt.d*ﬂn.jlntiom‘of Bydrdxy1y00906;n.vlactl- i

," Bydroxylycopodina lactan (22 -g.) and I-thanc i
:snlphonyl chlorido (0.25 -1.) 1n pyrtdln. (3 -1 ) ucr.

‘-Aallo-d to xuact tar 2& hourc at 0' c. att.r vbich tinn

. aonsidarnblo dnrkcning of ehi roactiaa liztu:. hud
o beénrroﬁ. lvnporntion ot th. lolvnnt and vna:yttcllixntion

- : i»-v"
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riq. Z\ ‘rbc p. m. r.hcpoctm of chlorolchpodine'

- l.nctu
—



w/’//;t the product from &cq;onquiéided‘ls.nq;»ot the
chlérblycobodiné~la§tam 6hta1ned'p§evioully,ﬂ 
; Atéaﬁﬁtcd4bdch10rination"

w Chlotolycopodine lactan (S uq.) was utirred with
. pyridine (1 ml ) at toom temporatute for two hours wishout
changef Heating: under ra!lux tor :ix hours produced a‘
black ilt.? After colu-n chrouatoq:aphy ovex alnnina
. (qrade III) the only product which vas obtained vas
o unchanggd ntgrtipg;-atcrial. " IR

. A .

| ‘ " Chlorolycoyodinc lactu (s -g ), sodium. nr.h-_ .
R oxidc (30 ng.) nnd mthmol (5 nl ) nre ntirrod for . .
'22 hours. Wntcx (10 -1 ) vaa addod and the reaction
: -&xtuu txtnctcd vith chlo:otom. Bvapofiﬁion' of th- .

chlorofon yhldod only unchanq-d :mtinq uurial. ‘

_nybbloti:iﬁtion 'u‘en zinc
, — .
momlyoopodim lact- (20 -g.), ghcul mue

"lcid (15.1 ) andzincdust (so-g.) mhuudundcr '0
nﬂux tor 22 bonn m :h:c vu tuurod and thc o
fumn dilutd v:lth um (zo -1 ) cud cxtuct‘d vith

chlmtm ocanmuation of \:hn cnoroton yhldod a % . |

.oud with x‘-o.cs (uu-m t,l.c. phmc cthyl mu)
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o identical wu.h t.hat of lycopodme lactam Hasa spectrum
t'fn/e 261 (zOt). 204 (100;),_176 (25\),_83 (100;)
L : -1 ‘ - - S Co
: .‘..I (CHClj) 1700,_1620 cm T

Dechlorinaﬁ"ion _-with Boron trif luo'r;i"de' et‘he’rate": |

_ Chlox‘olycapodme lactam (10 mg.) and boron tn- % w
fluoride etherate (0 1 nl) in ether (0.3 nl ) were com-. o e
| .'.;binid vith a aolution ot lithi\m iodide (Q 05 g ) in R

'_,}"ether (1 pl ). undar nitroqen at room tcnper ture. ‘. Two ’
. drops of chlorofom weto added to t‘.he nixt/ure to increne |
Tﬁkcne lolubility of chlorolycop0dine lactan. After .air— ,”f
| '~r1ng for M houn, sodiuu oulphito (10\ solution) vu |
xddod to’ duttoy thc iodine tomd md th: lixtﬁre vn
extracted with chlorofom.‘»_ 'rhe llxture obtaincd aftcr
concontration of the chloroton vas purified by chro-a- "
. toqnphy ovcr almim (q:ade I)., Lyeopodino ‘lactam
_(5 -g.) vu obuinod by olution with chloroton.
A'-'.fl‘-o,lS; . r. lnd un cpoctt*\n:o idontical with
o those of lycopodim m:m and thou of the compound
f;fﬂobtain-a by. sinc/acotic acid d.chlorinatioa.» [

g .

5

AU s e e L ' . . b - . : : .
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1e) 'Cerbon,13 n.m.r. otisome Lycopodiun Alkeloids

"gfi All the undeuterated alkaloids ‘are naturally

‘occurring and were availagbe fjom prev§ous uork 1n thege :

-leboratoriea The deut {ated compounds were prepered in'

!

' »cooperation with-nr. L. M. Browne as described below.

Lycopodine lectam (prepered by the method of Lews‘)

Lycopodine (1 0 g. ) was dinsolved in acetong |

‘,(50 ml. ) end potaesiun permanqanate i{/ﬁ/g ) added in
o

portions over three'hourl. The lolt\d n was qiltereq

and concentrhted.~ The residue was

£

,end potessiun permanganate (0.6 g.). added over a tvo hour"

period The lolntion was £iltered and coacentreted The
/

:reeidue ‘was dieeolved in butter of pa ’ and extracted vith‘

ether. cOncentretion of the ether extract gave a -1xture L

~of lycopodine and lycopodine lecten which vne eeperated
| jlhy-chrc-ltoqrephy over alunina. lecrystelli:etion of t&e
1}/“- yielded 0.18 . of prodnct vith u-uu f.r.

cpectra end n. p.. 163‘ c. to thet previonsly reported

wcopodm-s 9-9_2

®
’ lectdh (o 18 q.) in ether (s -1 ) uee edded

iesolved in acetone -

" ‘,m eo . wh-:-a (ooled qol.ntica ot mmun .; .

¢ “
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alumlnxum deuterxde (0. 06 g. ) in other~d1methoxyethane
&

(25:1). - The IGACtlon mixture was heated under reflux

for four. hours; then cooled Excess lithium aluminium

\

fdeuter;de was destroyed by the additxon of water (2 drops), o

| 5% sodium. hydroxxde solutxon (6 drﬂi;zgjod water (2 drops)
-~ The precxpxtate was filtered and washed with methyleng .
.‘chloride The conbined organic fractxon was drled
'(anhydrous magnesium aulphate) and concentrated, yleldlng
'0 13 g. dxhydrolycopodigt-s 9,9~ d3 (as shown by 1ow reso-
pllution mass spegﬁroscopy) 2 Dihydrolycopodine-s 9, 9-d3
(0. 13 g. ) vas dissolved in.acetone (5 ml.) and cooled to
o C, Jones reagent (Bg, 10 drops) was added The |
.organlc solution was decanted. conccntrated and dxluted
:vith 5\ sodium hydroxide aolutlon Thil wvas oxtracted
‘with -ethylone chloride. Concentration yioldod 0 12 g.
| lchpodino-9 9-d {as qhoun by low: rocolution -ans L

- spcctroséspy)

)

Lyeopodlno—d.s 6-92 3 |

[ S

Lycopodine (O 16 9 ) voa dinlolvod 1n dcuterlun

4 oxide (1 al.) and phosphotup pcntachldtido (1 g. ) val
‘ added cautioully. rho ntopporod roaction -iituro vas

B dllouod to otand at roo- tc-porotuxe fot fivo-days then

-'bulu.g by earctul oddltlon of anhydroul -oau-



‘carbonate. The mlxture was. dxluted thh deuter1um oxxdé,
’ extracted thh ether, the ether Extract drxed (anhydrous
/7

. uagnesxum sulphate) and concenttated to nge 0 135 g. of-

'Aa mixture lycopodxne—d 6--d2 ‘and lycopodlne 4,6,6- d3 (1:1)

as shown by low resolutxon mass spectrometry. .

Dihydrolyébpddine-4;6,6-52,QS

 Lycopodine-gzQlycobodine—gj’}0{13 g.),.aﬁhydrous :

ébdium carbonate . (trace)land sodium ﬁorohydridg (0.1°g.) |
.uere dissolved in dcuteromethazol.  The ;eaCtidn mixturé-
‘was ‘allowed to stand at room te;perature overnxght then
diluted with aqueoua hydrochlorxc acxd The.aqueous
extract was washed with ethet, basified thh 108 sodxum
hydroxxde solution, then extracted with methylene chlo-_
»rid.. Tho -athylene chloride extract was dried (anhy-'
.drous nagnesium sulphate) and concentrated to givo 0.125 g
dihydrolycopodine-4.6 B-dz.d3 (1: 1) as lhown by low

-Aroaolution uans lpoc&ro-ntry

o
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INTRODUCTION
‘ . | 'C‘I \' ‘ . ’ . .
-In 1955 an unusual behavior,pattern, a so-called
swxmmxng response' ‘Was descrxbed in the sea anemone

Stonphia coccineal; Normally sea: anemones remain fastened
o ’ [4 20

' \to their substrqtum, when disturbed they respond by with—ﬁ-

V

'drawina the tentacles quickly and closing up the oral

”_'region; reOpiging slowly when the stimulus ia withdrawn.'
: AR
, " S. coccinea behaves normally to shmple tactile
stimulatLOn; its swimming response occurs 'when it is |

. brought into contact with certain speciea of asteroids.

"’The basal diac ahrinks while the body extends. it then

detaches -and prOpels itself through the water uith a

2,3,4

ﬂseries of whipolike notions ‘The’ anenone typically |

takea eight to ten aecqua to detach. The swinning notion ‘

. lasts for a few ninutes, after a quiescent period lastinq

!fron five tp fifteen minutes it reattaches. During”this

‘ ,swinning period the anqnone is insensitive to all except

. very gxoaa tactile stinulation, but when ready to reattach

}e,it is aenuiﬁivc again.l !*‘

. This behavior vas subnequently turthet eqaninod
‘ieto see 1£ 1t uas in any vay general houever it provod to

| ~.l:e quite :pocitic.. The nnlnonc 8. cocctnua uas found gn
- a e T
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"swim 1n response to the starfish. Dermasteriq_ imbricaéaw;_,

\

prpaSterxas ppinosa’ and Hippasterias phgygianas = 0}

- about 15 other specxes tested none have a siqnifxcant .
effect. omphia was also found to swim when contact is
”made.by.the nudibxank Aeolidia gapillosaﬁ.-zlectticalh |

_stimulbghlso elicit éhe”swimmlﬂq fésponae.at,certain'
intensitie;\ind'ffequenc;ea of qt@hulation7.
Touchihg'a Qinglé tehtac1e df’theﬁne:'none‘T |

'momentarily with the asteroid Dernasteriaa will produce a.

swmeing responaa. The column is less sensitive, if a

| Dermaaterias is. placed over a closed St Ehia the anemone

will’uauallyudetachjbutjonly aftervth:qe o: fou: minutes,:

Until 1967 ‘all the anemones reacting in this way

- were assiqned to the sinqle species, Stoqphia coccinea. .

'It had been noted that among:t tha-a anenonoc two types
.exilted: a so-called 'l-all sgggghia' which corresponded
with descriptions of s. coccinu from mrope ' and a so-

 ca11od '1atqc stggghia' difterinq in colour and narkingn

'as woll al oize vhich vas alao a nuch ‘more active whlner.i e

'"In 1967 1t vas ohovm thnt "larqo M" m vhen

d cted by thd;'-nall ggg!g___ and that the tecigrocal
k&d not cauu mll gmh_:!._a_" to l'ilg m o
. :uul.ta mgqi-ud thcu wato tuo ditf.tont lpocin.. 3

‘
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‘ The first opinion pla%ed 'larqe ghla in the genus

'Actinostola but more ‘recently it has been reqarded as a

new Specxes of s Ehia, S. dxdemons;l and this name will'
, be used in this work Like S. coccinea, s didemon swims‘
in response to the asteroids, the nudibranch and to\e}ect;
trical stimulation | Its swimming motion ia much more
vigorous than that of s. cocclnea but otherwiae very
similar /S coccinea will not cause EX coccinea to swimg

j  The reason for this reaponse is not clear.

LN

imbricata is guite a fairly conmon starfish nd occura

"subtidally or in slightly deepet ‘water off the west coahtn‘
,of North Amerlca.' H. aginosa occurs ainxlarly but is much
lesa common. . Ehrzgiana is a North Sea species.
‘s coccinea occnrl typically at depths of qruter than
‘ ninety teot, ulually it 1: tound on nunel ahe‘lla and
",valthonqh 1t co-occurs with 8’; didmn. the 1attcr 1- mch
| len co—on. 'rhe an.one: are. obuinod by dtodqinq lhd

| only one g didcnon is obtain.d for every fifty to qm

PR LY
™ !
\ B i

hundred s. c:occina. T T S

)

B /”. | The distrihution ot tboao anilals -ake- tho
| e.cape roaction vcry pu::linq. !horo seems to be no L
| t.uon tor 8. did-on to cmpo tte- 8. coocinu, 1ndeg§,

L
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A I
_normally they would never come in contact with one another.,

4,Moreover : ghia and Dermasteriaé ahould come 1nto contact

v'ionly very rarely and even then anemonéy do not form a

normal part of the dxet of asteroida (However a’

Dermasterias has been observed oating a St Ehia in the

it igﬁunkﬁo this behavior takea place in its natural

enVironméhtlo,"Poasibly there is a qenuine eacape response*

“to the nudibranch, and the stinulua that triqgers this res-

,'ponse is.accidentally reproduced by the asteroid qnd, with

'ﬁreapect to s. didenon, by 8. ‘coccinea. |

When a cotton dwab il ruhbod on the lurface of

Dernasteriao and the ane-ono s tentacles are tonchad with

' the suab thc anc-ono dﬁll undergo a typical swi.ning reac- ;vo"
tion, sinilar behaviot is roported for Aablidia rubbmq-. '

vindicating that a dcfinite co-pouna or group of conpoundo

f 1. recponniblp for this boha?ior.A ﬂxtractn ot Dor-antarial

- and Aoolidia vill also olicit tbo lwilldng rclponse.' Bov%ﬂ
cvct ruhbing- or. extracts. of 8. coccinoa will not produce
- a awi.ning rolpon:o from s. didalnn, althonqh thin -1ght

be a concont:ation eftoct. 1... cxtr-noly lnnll anounts ot
| ’.‘umm. are ‘concentrated in one pu't of the uu-n, or
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possibly the substance can not be extracted in the same &ay.
.Slnce ‘a s coccinea will cause S idggon to swim but w%}l
;-not cause a second s coccinea to swim the results indicate
_ e
'that there 13 more than one actxve substance. that contained

in Dermasteriaa to which both anemdnes are sensitive and that

'contained in S S. coccinea to which oziy S didemon_is

sengsitive. SHUEE

"’.> The neuromueculat response Of. the anemones
elicited in this way involves a complex: .series of m ents
N and it is one of the fastest actxvities that anemones |
1‘underqo It would be strange if the anemonea possessed
'the means for such a complex reaction.purely as an acciden-
n‘tal feature, 80 one ia inclined to aaaune that this beha-.'fjﬁz
.,vior pattern is in eoae way. inportant in the aninal' |
life. Tha nature of the ccnpound ot conpounds producinq o
thia ruction vould help 1n the undeutandinq of d\h
reaponle and the' following diacuaaion de.cribea vbrk ’
jlditected towards 1aolat1ng and identifving the active
~ principle. | o T
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oln.s,cu‘s's’xon AND RESULTS

Bscape responses ere well known in- merine animels-
and escepe responses to asteroxds ere commonll}\ In perticu-
ler, some cJams and . other bivalves frequently have a. dranf”

- tic escape response | clepping the shells together,to prOpel
tﬁamselbes backwerds ewey fron the starrish.' The compoundser
tha{ cause thisg response heve been'shoﬁn\to b»'steroidrelyf<:

<cosieeslz although a similar response can. be produced by

’ some other surface sctive materials such as detergents13

Stomphie coccinea has been shown to be insensitive to Bur-

factants such as decergentsl‘. Previous work has suggested

that the active conponent of D. iubricete was not steroidells

S 7 it seemed possible thet this: substance might be new. to the

field of nerine escape. responsee.-

e

The asteroids and ectinerie were ell obteined oft

. the coe-t of the ' Juen Illends, u. s A. The asteroids vere f

fr
obteined\by diver and the ac inerie by dredging.' This-study |

, ’icete end s. coccinee, on the
'j_besis of eveilebility. !his was elso fortuitous ee SR
inhticete eppears to con' in fex aore ective neteriel

of the active material rs”

s, i, >

 Initially. extract



e

. S 8 |

: prepared by trisection of ‘the starfish 1n!% the ural surface,~a'
'the aboral surface and the qut and surrounding tissue The |
rcoelomic fluid 'itself actxve was kept separate The three
sections were eech homoqenised with water end filtered

i -through celite to give a clou&y solution Repeated extrac-

tnon of this solution with\chloroform and further filtration;-

-

through celite yielded a bléck homogeneous aqueous solution. .

'The eoiution obtafﬁedw rom all three sections was

o

found to he ective. (The experimental section contains the

detailed testing procedure and deseribes when the response

<4

to a solution is considered positive ahd hence the solution

' active ) This contradicts earlier work which atated that

-only ‘the oral surfece uas active15

e

- was tound to swin to contaot with either surface of the atar-k";

b

-fiah and thuo extracts from both surfaces are expected to’ be

’ active.v

G.

As the active constituent seeued to be generally

S

| .distrihuted in ‘the ltarfish tri:ection was not used m the

k)
i

t'latter work. R T

Purthor experiuunts -houed that even ho-ogenioationp'

-ot the tissuo ums unnecesaary. The -tarfish vac ai-ply cut uﬁii
% ;

into approxi-ately quarter inch slicee and lhaken for an hour

In our work S. coccineaﬁ o
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gyxth water. The water was decanted, the starfisﬁ pieces

washed w;th acetone and then extracted by shakxng with

-:ﬁ%ﬁhloroform. Thc procedure was repeated a second and 1f

necessary, thxrd~txme Th18 method ylelds a black

agueou sol‘txon which is then fxltered and freeze dried.

)

The red chloroform solutxon is kept separate.

‘ Yields seem to varyfwith'the’siie ofﬁthe starfish
'but typxcally a large,;. 1mbr1cata whxch weighed 875 g when'

wet contained 110 g. of COel

the aqueous extracts._ Aft freeze dryinq the total aqueous
ftactxon there was 16.8 g of water soluble matetxal (15\ of
to;a1 solide) The chloroformgfolutxon yielde; 1.5 g. of »
meteriel (LLSt‘of total_solxds). There remained 87 g. of

"dried.ineoluble'neterial.

¥

~ The red‘chloroforn-soluble naterial was exauined
_for stetoids' ‘ Fran the-oily nixture. lathOlterol (1)
was ioolated fairly readily by colunn c"ﬂ"tography
| Cholestcrolv(g)l- vas also isolated but in  very small

N . . 'o»

* Work done in conjimction with Dr. David King. .

: [ . . L . ;. . . . ) i
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' Theae steroxds,xdentxfxed by comparxson w;th autben-

.txc samélea, were the only staroxds found in the mxxture and
 the only conpounda posxtlvely identxfxed ’ The remaxndet of

‘the chlorofor--soluble material was a_-complex mxxture con--
 taininq long chain £atty acids, colouring natetxal and other  V,
*unidontified coibonents.. The chloroforn-qoluble material

' elicited no svi-ing tesponse tro- S. coccinca.'»

=~

The black, watar-soluble pouder fron D. inbricata
~ was activq, cliciting swi-ing responstl tro- s. coccinca Coe
’Aa_uhcn dilutad to 0.5 to’o 1. -qlnl. At greater dilution tbcro o

V.

: was vo:y 11tt1¢ -wi-ninq activity.- Durinq the cour-c of eh-

fv,uork a lpoci-on of B. ggin bocanc available. n..lgino
 ,3 uun t:.atnd in tho sano -nnncx a: dcsctthod for n. !hhticatn
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and tested in the same way. The compound producing the
‘swrmmlng response was elther much less active or present in
much 1ower quantltxes in H. ’Exnosa,)51nce the maxlmum dxlu- v'
tlon at which ‘swimming actrvxty was’ still produced was found'
to be around 50 mg/ml 'Hence the work was-restrrcted to

. rmbrxcata No further 1nvestrqatron was carrxed out on :%
-_— . -

~H. Exnosa or any other starfish

\.
li

A few preluminary testerwere carrred out on the
»total crude aqueous ‘mixture. The actxve substance was stable
“to- boxllng in uatef//after 30 mrnutes there Wwas. no apparent
v;loss of activity The: freeZe-drxed powder was extracted with
lvarlous solvents. the active substance is completely 1nsolub1e
g in chloroform, acetone and dry butanol. It is slthtly solu-
ble in uethanol and noderately soluble xn butanol saturated
with water. An atte-pt was nade to partition the crude,
-%aqueoua nixtura uainq the wator-butanol syaten. however the
'_activa subatance was diatributed betvoen both phases and auch"
techniquea as couﬁtar~curront diatribution hava not yet boan
. Pﬂrlﬂ.d- - ; - o '_ w_‘ “" '--d'
’ The crudo aqueova aolution qradually for-a a pre- E
cipitata durinq the eirst fav wooka. 'rhia u a tina, black '

. practpitato uhtch uaa rg-ovod by cantritugation.‘ thia

¢
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material is inactive and so was.not-inQestigated,4presumably
lt:ig of,orofeinoid nature.v:The_SOIution lsfé very good o
‘medlum‘for fungusAgrowﬁﬁ.whén left at room teﬁperarure-a "
-notlceable growth of funqus usually formed on the surface
-wlthln twenty-four hours . Both the fungal qrowth and pre-
,wxpxtatlon problems can be prevented by storage in a deep

freeze. Freezxng has no notlceable deletarxous effect on

the activity.'’ ’
' Because-of the dark colour of the crude aqueous
_ e > S .
mixture, colour tests were difficult to interpret. Dilution
_hélpS“in thls‘sense but cdnsiderably redpcés the sensitlvltygv

Tests with ferrxc chlorxdefwere neqatxve producing

'only a whlte preclpitate. 'l'etn:_si_for"!;t:uroi.dsl'8 wore‘incon-f,
19

clusive. Tests wlth_ninhyﬂria were also neqatiig;

Many -ethodn were lnvcstigated ln an atte-pt to
lisolate the active cubstance fro- the total crudo.l It il -

co-pletely_involatile;and quch t9°4. lar to be eluted fro-

4' silica gel, florisil, or alumina € olumns. The actlvo |

. material can be aluynd throuqh a cellulose -bune., a

: nouov.r virtually all ot tho total crudo pacncn through tbo
.-lbrano and thua vory llttlc puriflcatlan is cttoctod ln

'_'thiq.qny. 81nca the actlvc aubotancc is sllqhtly aolubla
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in methanol, attempts were made to fractxonate the material.
'by preferentxaldlssolutxon1n nethanol However,‘Jery llttle
purxfxcatlon could be effected in thls way The use of Avicel

A

(micro- crystallxne cellulose) does produce some separation

v
r

'It was. used in column chromatOQraphy, pteparatxve thin layer
chromatography (p l l.c. ) and hlgh pressure lxquxd chromato- . -
“‘qraphy (h. p-1. c.). The active substance can be eluted from ;

' Avicel but the activxty is greatly ‘reduced and slnce a bettet
_prochu:eioecane avallable.this~pethodaof_separatxon‘has ‘not
'been pursued.nifhe'oost usefulloéthod of sepsration,inéolsesT
" the gsé.bf SQohadeX»ooluhhs;;elsher Glb,‘GlS-or 6257(cross?
flinked dextrans, exclusion sizes approxxnately 700, 1500 and

”'Soookgespectivoly)

| The crude active oolutlon is first centrifugod and
then appliod to the coluan, usually cls, and ‘eluted, with du-'_
tillod water. The ti:lt tractlons elutod are black..and
’ foam resdily. thoy contaln hiqher -olocular velght nnterlal,v.
flgpr.aunably IOI. suxtaco activo -ntcrial and po*sihly stetold |
. glycosides. The tollaving !:actionl are nmuy yellow, |
'lsupport tln qmth ot lm\u and, oonuin cuqs:s and othor
 -cnlponnd. !bllnninq th-oc. thoro 1. a slngle tractlon oou-
'"-tlhh\g s qoldm-rouov caqound The co).\-: 1. l:lnn mhcd
- vvith nvcnl. oo:.u-n vol.tnu of dut.illod nm /Mh\g uca
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solut;on on S coccinea showed that the actxv;ty was contained
in the washxngs, i. the very last materxal to be eluted
from the Sephadex column Thus the subatance elxcxtxng tha
fswxmmxng reSponse ‘elutes after about three and a half. colunn

N

'volumes whereas glucose for example, ‘elutes. after two column

- volumes. Thejhubstance must be chemzsorbed on the Sep\pddx

suggeStxng that the substance is partxally aromat1c21. -Thg .;

actxve substance is" chenxsorbed to the sane extent on Glo,
_ GlS and 625 (whxch were the three qrades used) and’ for the

same sxze colunn is eluted after the sane volune in each casa.‘

- The ‘active naterial co%}eeted in thxa Qay)}s broun-ﬁ
‘black ir appearance and conltitutes about 5% of the total
weight of the watar-solublo -nbarial._ H .p. l.c. (nethanol/
Acallulose) ‘soon shound that thit -aterial ia a uixture of
| at lcast oix co-poundu. Untortunatoly h p-1.c. could not 51 

uud to tractionate tho ntcrul as the nctive co-pound

'vn not aluud frcn thin lyst- Bvidontly .orc than thc
,aetivc subctanco ia chn.horbod by SQphndcx, anquttnq thc
. amunh produou :mral co-pounds of an u-outic utur-. o
: _m lctivc nbzt.nrc eluud tra. Wu had activity at c -

| annuoa of 0. 04 -g/’-]. indicating less than ai
R "_noﬂunt\a,o m ucuv. ea-pound uu pm\ne. ; 1

"25;39”-:
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'Thése.reﬁui£b>shoﬁ chaﬁ_a steroid q;ycdgide'is'
“not réiéoﬁsiblg fo;'the.sﬁiwming qqtiQity since iﬁ;é'tyéé
. of conpouhd kouldyélute from Sephidex iﬁ a:mﬁch_smailer.'“'
‘volumc than found for the actlve materxal »Further siéroid -

vhglycosxdes from other starfxsh' ptoduced no swxmmxng rea--'

, ponses from §.-cocc1nea.

| This active mixture, eluted fron Sephadex, and

A.henceforth ~alled the crude concentrate was: rather easier N
to. ‘work witb than the total concentrate- In noderate con-
' .centration it fornn a qoiden-yellov solution. foans much 1ess "
readily, and no lonqer supporta fungal growth ' Testan this
.”solution with ninbydrin ptoduced no purple colouration, |

,indicating the abaance of free anino aclds.'

. _ The tcttic chlotide tolt tor phenolic co-poundsf
N producod a broun proeipitate. 'r'ho tolution u-aininq after '
.Athn ptccipitate wnn :a-ov.d did not elicit a swinninq ' '

rcsponco fto-s. coccinoa

. S trolting thn crudc coneent:ata with charcoal
f?d.colouritod the solntion !ho aolution :-ntning vas
'dmhl ot wtivity M:t—pu to rocov.t .ﬂn act.iw
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‘.materxal from the charcoal were unsuccessful - This .also sug-
gests that the actxve constxtuent has a partxal aromatic

'structure or one thh extended con)ugatxon

It uas found that the crude concentrate "ou-d be

"fract1onuted by precipitatxon from methanol The dried é?\'

-f_powder waa dissolved in a large volume of dry methanol

&

' (e g one lxtre aethanol for. oneuhundred mg of crude con-f'“
\1centrahe) and the insoluble materzal removed by fxltration
-As -the solutxon was concentrated, a solid precxpitaeed
'The‘?itst ftaction to precxpxtate was the most active,

“ g

produc;nq;eviuniquresponses~et,a dxlutipn of,o.oz,- Ogdlf

| nq/ni. - - SRR . ‘..-if -

o Houever.this procedure allo did not qive a clear
cut separation. The actzvi&y of neterial diesolved in.
'flethanol was found to decreaae with tine and atter a period
iiof -everal veeks the activity was coapdetely dentroyed. ;v‘

Hence this -othqd,nal not,usod turtho: tor t:ecgionaeion,

‘ 811ytation23 of the. crude concentrate did not
,prodnce nnterial eoluble in aeetnne or chlototorn.v st-ilatly

atte-pted acetylation with acetic anhydride and pyridinn

'”fcagaly-t did not pxodnee any chlorotot- aoluble untori;l.

“fIG\did hou-ve: d-activate th. -1xtuxe.' 1reat-ent of the
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‘rig. 1. The p. m. r. spectrum of the crude concentrate.

-
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- Prig. 2.

The c. d. spectrum ,‘o‘f 'tbe‘_ctude c’é_nc'en‘ttdtc.- -

fl’.‘ Frostion A
3. fessrins .
3. trestion COT
- a. muo- F
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crude. concentrate thh dilute acxd or base also quxckly
‘deactxvates 1t Attempted separatxon usxng ion- exchénge'
{._resins was also unsuccessful ! Mxxed bed (e g Amberlite

| MB3), ac;d (e -g- Amperlyst AlS) and base (e. g Amberlyst
27) resxns cemove the actxve substance, either by

] H

, absotbing 1t or decomposxng 1t

The non-xonic (polystyrene) resihn XADZ and p
}XAD42‘ were 1nvestigated Active matetiallcould bZNELuted
fron these with water-nethanol uxxtures» However there was
- a considerable loss of material with these tesins and 80 |

“»,they:ye;e not~uged tor»fu,the: sepatation,'

£ 4

It wae‘not possible to obtain a nass.spectrun tron
the orude concentrate, GVQn ac 300’ Q thete uere no volatilh
spocias detoctod The i. r._cpectru-~was also not helptul.v
It indicat.d 0—8 and c-0 lttetchinq trequoncics and littlo
clsn. ', ’me p.l.t. :pcctn- (ug. 1) vu nmmul. It shovod
- a. sinqlc stronq :harp puk at 6 3. 60 and prccticnny no otbct
nnomnc« m: -poctm elhimud ‘the ponibiuty that o
' stu:ol.da were pumt And wn mqgutivo ol tbe -!nnz qroup
: /ﬁyon tut“ for uttuub:titum -.lnn ptodocod a bro\m
| phecipitats (similer to that from farric chloride) which ves
inloldalo in m na umnol. '_f__;_ sgendorts ust" tot B
baste um was maun._, noth t-uu m hmumt o

N '
R
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L I

‘thh the presence of eNHe3 It was shown that the tetra-
methylammonxum 1on, present in some marine . organxsm3287wae '

’ not present, since it elutes much more quxckly from Sephadex'
G153 than the c:ude concentrate. | |

- | . ._ ‘
The anemones were tested towards RNHe3 compoundst

HTetraﬁEthylamnonxum chloride. was found to be completely =

inactlve Cholxne and acetylcholine produced,vin a fev

»
S

‘caaes.'a partial swiunxng reaponeé' These reqyits night
G
not be glqnificant since nassive concentratfbns (around

10 ng/ml) were necessa:y to ptoduce e‘;:}efion.

. . : ‘ J .
;- The p.p,r spectrnn of natetial obtained aftet c

i; of hhe crude concentrate no longet shows
Po:libly the co-pound producinq the peak
is an'ine”}‘ f‘aninant or the active -atetial ix partially

,ﬁthnt puxitication.

;d. lpcctrun of tho crude cencontrnto ia shoun

) 4
f-ltion ot acid or baso to ‘the crude oonccntrate

\f: trom of oach’trnetion obtainad by -}\aihol tractiountion il
,ff-houn 1n rig. 3., l-nct th- activ. ttaction l“ll tn be |
'muua with the, chromophior
;t;“tho d.antivlt-l.lnt-filll thhol lhlctptiOﬂ! are ﬂ‘ 100#“

/“\-'“.

-k.,spoctrn- to-a nttaiqht line. Tbo c d. sp.c« =

f: at 255 u- nnd 360 nl.‘ Iu -
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.
Analysis of the c;ude concentrate showed 30% C,

~

4% H and 8% N. No chlorine, iodine or sulphur was present.
.No siqnifica;; emount of fluorine was present (by 19? n.m.r.).
Using x-rey fluorescence spectroscopyzs 0.05% Br was detected :
- Ain this mixture Boweyet, further purification (see experi-W

_mentel) removed all. the bromine, none cccurs in the active

"fraction é s T. spectroscopy3o showed that the active - f\

- e

ﬂ.frection does not . contein a trensition uetal. : '/////\
‘e\ , - ‘ ‘.'>\A . S , w_! |

i An amino acid enelyeie3l showed the crude'cOn en- "

""trete wae about S\ protein containing et leaet seventeen

.

'thown anino acida, the uajor ones beipq iso—leucine,:

| alanine, aspertic and qlutenic acide and a lerq anount of )
tytosine.~ The tyrosine probebly eccounte tor the hiqh '}
‘\noleculer weith protein chenisorbinq to the Sephadex
-Berlier publicetione houevet squeet thet the ective co---

ﬁ‘ponent ie not & proteinls” -

‘ s ,:) Since eh. ectise eubttancr wae appurently ionic, |
~,'elect.rophotuis32 ues next uted to eeperete the contti;uentn ‘
Ny of the crude concentrete.; llploying a yhoepbate huffor at
‘pl? & good npeutioe m obteined u :m in !‘19 .~ o |

>

; Surptieingly ueerly ell the co ,
chquod\or nout:el On e ;eepe:etive eeele.no peeitively
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|
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.chArgod specics'could ne detocéeﬁ By cutt1nq the paper-t

1nto strips and extracting the strips with water or metha-;_'

z.nol and’ tesﬁing the materxal :hus obtaxned ~‘the active

"-substance was found in the ranqe shown in Fig. 4,‘£ g_

it is neqatively charged and of low mobility This was
v'the only paft of the chromatoqram that contained activity,"

but the activity found was less than that found in the R

'»ctude concentrate. This is ponsibly due to deconposition

o

| of the active substance under the conditions‘bf the elec-’,

'trophorelia or because the filter paper adsorbs or modifies -

the conpound irreveraibly (as in the case of- nicro-

- cryatalline celluloaa)

The active traction obtained by thia procedure

l;;aqain shows bandt in tbe c.d. 'gpectrup at 255 n» and f&__

<.

!ho eloctropborecic nepq:ation procedure was

',xopontod to obtain lcrqoz tnounts of. thc active ffﬁction.

Por‘.non-urc-ont of n.n.r. spectra lolnbility tactor. ‘!A -

gdictato tho use of untor or lquoonn -othnnol as .olvonta. -
. Using "Poaries’ tnnotm (P.t.) nm.r. and aquecus. .om-"_ 2
"juouit honlypouiblommnhontahwrd t,i.-u
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positive.  front - - Oriéin negaéive'
clcq;rode ; i - - S ‘ - electrode
) uv uv oo »uv- - uv
1) c | ¢
- =
\ — =

'PH? 2000V 4Smin. . T aAtericy scale 1:4

 material
. c-c0100r¢dinq§$ria1. ,1uv-vi$jb1¢lund,r u.v. light
Qe ) : . v N T . S
e ’ S S . : . ot

'Pigg.d, The chromacogram after electIOphoresis of the
‘ g concentrate. :

~ - , —
m.s. my.-.:.mozm»ukzmm
mwuwu g
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‘beet spectrun opteined is’shown in“Fiq S. The aromatic |
j'lreq).on contaxns many hydroqen s;qnals spread over a wide‘;
, range, 1ndxcatan the presence of heteroatoms. There is
‘.a large peak 1n the reglon where sugars resonate and a
.small peak in the ranqe where saturated hydrocarbons
resonate This spectrum squested that posslbly there

was. a nucleotide or nucleoside type compound present33

-Aqueoua soiyente are very'suitable for carbon
?‘magnetic resonance spectroscopy since they produce~no
solvent peak in the spectra Nevertheieaa, a c.m.r. spec?
dtrum of the crude concentrate could not be obtained :

Using P.t. n.m.r. and pulsing the sanp e more than 60 000

times did not produce any peaks discernable above the o
noise level of the spectrun.' ' '

’ 5

The crude concentrate van tested r thé7preeence

34
" of nucleonide phonphates with e-oniun noly ate rengent .

f'The reagent is. sprayed on the chro-atoga which is left
jovornight. ‘The pape: 1- then efposod to a-nonia tunel:
nucleothdol QPPOar ns blue npoti Thil roaqent alao givel

a ponitive toet for phoophnto buttnr.» Thnc cloctropho:esis,y

n-_lvun topeat.d uninq nodiun citret) and hydrochloric acid

’.bufterod at p!? and lﬁlildt opcrltinq eonditionn a- !or tha

.0
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earlier‘experiments stng the phosphate reagent descrxbed

~

it could be shown that both 1norganic phosphate, i e., PO‘?

| and bound phosphate were present as in riq 6 o

.Since the colour tests xndxcated the presence of
31

: -,phosphate a P n.m. r spectrum of ‘the crude concentrate was -

35

'deterhxned ‘The spectrum shows a sinqle unsplit peak

It resonates at. the same chemical shift as the phosphorus .

of adenosine monOphoephate and is. well shxfted from the
position of the resonance of inorqanxc phosphate, PO‘:'36
This indicates that the envrronment of the phosphorus is

0 _ , » ) A
- 8 o ' I . . -
'C~0-P-0. .0Only a single peak is ‘seen in the,le.n.n.r.
. . o o S

“spectru- shoving a single nvironnent for the phosphorus |

’_-but the chronato&ran tro- electroﬁhoresis shows the pre-l

"sence of -ore than one phosphorus conpound. It ia probable
- that hydrolysis or deccnposition occurs durinq electropho- |
_ resis. This uould account for the louered activity ot the

.-atcrial obtaincd attcr elsctrophoresis.' o

- , navinq dcnonstratsd the presence of phosphorus
,;thc crudo conccntrato vas cxalinod for the prescnco of nitro-

«{qcn bcsos * A sanplo wvas hydroly:ad vith 72| pcrc%}oric acid
' v K ( sl ,

. uuxx donc 1n conjunction vith nr. w.,qnhkoqu

. e -
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origin negative -

positive 1norgan1c
electrode'

~ electrode (.| phosphate A l.

]

00 o - o co

¥H7 (citrate buffer) 2000V  60min. scale 1:4

‘Pié. 6. The . chro-atoqran after lnctrOphoresxs :
of the crude concentrate._showing the

presence of phosphorus coapounds.‘

origin ~ adepine uracil solvent front

DDy

_ ! T o
. guaniﬂi ' cytosinc or thyline . 'scale 1:%¥

(1 L. »

‘ :,V) !19.f7. | ih.' j chxunhtogr-l of tho product oo
nee T oc hydrolynic of cxud. concaut;nt-. C

1




.'fofétvo hout337.‘ Paper chromatoqtaphy of the product.3
showed the presence of . quanxne, adenine, uracil and a
fourth conpound, not posxtlvely 1dentif1ed but possxbly
.-thymine or cytosine, Pig. 7. In addx;xop there was a la:qe.
amount gf uhxdentif;ed'mate;ial‘whi;h'temAinedléc.the'§fiqin, 

Hence . there is nucleotide-type materxal present in

v

the crude concentrate. The c.d. spectra of nucleosxdes have

been dxtensivcly investigaéed39 and nucleosides of the co-non

¢'bases do not have absorptions at uavelenqths longer than

. - 300 nm.l,ﬂence the.360 nm\absorption of,:he crude concentréte '
'is due,ei;her,td_; persistent lnpurity or to § modifiea'bake.,

o«

'?-‘__ It seems probable that - the nucleotide~type nate-
'tial ia tesponsible for the tvj.uninq response of S. coccinoa.
Choline esters of diphosphonuclootidea,;e N OF (3).'arc |

40 and structutea of thil typo

"naturally occurrinc compounds
| have nnny ptOpertios common to thone dencribed for the activc
co-poncnt lork 1- continuing to detcmninc the natu:e of tha

. nucleoside material and to confirm vhothcr this is maood the
n. act1ve compound.. ' 5 B
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: '.C“-:}-; N—CH2CH2-0-P—0—P—0—CH;

TE R
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EXPER IMENT AL

Haltxng poxnts were detetuined on a Pischer-

Johns hot stage neltxng poxnt apparatus and are uncorreeted

Hiqh pressure lxquxd chtonacoqraphy was performed
- 'usinq a Haters Associates quuxd Chrouatogx'aph ‘Model

7ALC/cpce301,

L Infrarod spectra were recorded on a Pe:kin-mnet

.Nodel 421 dual gtating 1nfrated spectrophotonetor

Protcn nqnetic re:onance spectra and I?P n. - r.

"spoctra vcre msutcd \ﬂinq a varian’ Auociates lbdel
88-100 spcctro.eter. Ln the’ l’ourier -ode it wu 1nterfaced
tc. a Dignab m/unn 3 mu Syst-. ‘

, | C. m. r. lp.cttl and 31? n. -. t.,npoctra vere V_ ‘
'dcuuinod at 22. 63 Mz in\!hc ronrur -odo uunq a atukor _
‘“farx-so lpcctxu-.tcr 1n.conjunction with a n1e01¢t~1oas,; o

_ ilut spoctn varc toeotdodon -nA. l.,x. llodcl
':_»_"._..m" . m : o o , o
C.d.maunw“nnm.
o r. d./c. 4.,»-20—3 anauum. R o

? wy
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"_>U;.v;‘speégta‘wete recorded on a Cary Model 15
u. v. and.visible spéctxbnecef.

Electrophoresxs separatxons éere done on a

" savant Instrunents Flat Plate Blectrophoresxs apparatus

”Hodel FP 22A-s. Hhatmann number 2 paper ‘was used for

preparatxve separatxons Nunher 1 paper was used for

l

-_paper chronatoqraphy and s-all scale separations.
o Hicroanklyqea'ﬁere pergorned_py.the Hicto¥‘
gnalytical stotatory'of £h135dppatthent;f”

R L -

S

-B. o..r. lpoctra'vere dcternxned by a Varian ‘

"Assocxates uodel v 4500 :pcctro-eter at 100 KB: nodnlation.'

.
e

N
R
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Specxnens of Dernasterias inbrxcata were obtainediﬁ‘

by dxvers from pubt:.dal watgrs off the coasu of the San
Juan Islands, U S. A The wet starfuh nighs typicaily . |
_around 500 9. aﬁ‘d is abom: 25 cm. across. Specinens u:ed
vexghed as lxt.tle as SOO g. and ‘as mch as- BOO g. '

"~','Demst.enas mbricata of any size will produce a .

o awiuing responae

‘o"‘

Sto-phxa coccxnu wcre al.so obuincd fto- thc

_8an Juan coacts, by dredginq tro- dcpths of about sixty
L tathon “They are nomlly att.ached to shelll of uodiolut."
—

. '-odiolns. A utypical ciu }s throe to tour c-., tall, a base

o ot tivc cn., an onl disc of thtoc cm. and untgcles are

| about 1 ’ca; long. ‘Most lpecm:u uud for tuts me in ‘
thu liu rango. sc-o llllltt minlu ma lniublc bnt
rmnotugpd si.ncl littlouotkhlIb.-ndonGtodotminc .
: it my alu-nspons- uhummp oxilu. Gtmrally it -
-.wmtmllmnmctmmmnyu tull

',uu nnu

\ ".\"ihctugghot Solutim o "\ :
_ mumumk‘ptinultnmmruat
~'nmyaummmm mmm utmbnhn
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'used for testxng the anemones were aade to svim to

Dernasterxas and then allowed to settle and reattach in

nu-bered glass petri dxsh Any anemones that‘dxd not

tvin faxrly teadxly te Dernasterias, and these were very :

' fov, uere not used in the tests.

L ‘; All sxgnifxcant testxng of the’ solutions was
liperforued at ?txday Harbour Laboratorion. At the start
 of the work it was a:su-cd that. ano-ones could be kept
in tanks at the Unxversity of Alberta and used tot tosting‘
"p?rpOoes.' Althougb the ana-ones survivo for, long poriods, )
ju much as: A year, in such tanks, thcy vaty quickly .uf
o (v1thin tvo veeks) bcco-e uaelean toz tosting purposes
}‘mair nn:itivir_y t’ activn exttacts docruun vety

'rnpidly and vhon they do swi- it ulnllly takon much longet ;f

: “fcnd is a -uch -ore slnqgilh -otion than found vxth tronh

oni-nls. Aninala kopt ut rridny natbonx Lnboratorios hovo
- a oontlmul mpply of !tuh m nt;or and n-lin nutul

,_!or loaq poriodo. SR w: f:[ ,_,o,-

Y mt is cu'riod out by cu'ofnlly utunq an

OM ‘ onapottidhhtmthoum Ifthui-
| done mlnslymm ulnllly cloou np.; B(noof -

thn oolnti.on to hc tnud. tmnuy thtu a:opc u plaoodv
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“'on the tentacles Genetally no conuct) is ude betveen

| ,(the tcntacles and the dropper but in any casc the results

appear to be independent of vhothet thete was contact or

_not.._ ‘rhe anuone is oburved ont of t.he water for slxty

to nin ty uoonds, during: whlch tm perlod practically B

:’_all tjhe rnponses occur. ‘l'his nthod ‘was found to be

| .ore reliable tban undervater _ tc:tinq. " Ver little tut

.oolutlon is required and dllution prohluu are avoid’ed.

!onr staqea arc rceoqulsed ln l :vi-lng res-

' pouui. l) thc anc-mc tluc up. its colm cxtcndod. .

\d.t.h concur:wt lhrinklnq of tho baul dlsc: 2) tho oral
dioc openn anﬁ'}thc tcntaclos are sprud ukc a llovcr: o
3) ‘ thcrn arh rocklng or Zmddcn vhip-like -otions; -

' 4) t.hcu is a eonlct.o doucl-nt ot thc ‘basal disc as

shoum ln uq. 8’ In ro-poapc t.o a nry actln oolutian o

‘ thou four :mon m follov ueh otw vuy clouly. e .‘

‘mlng oimlmly. nM bc oaqhu 1:: u lltt.l. as

six seconds. e :m mn mnpm muy de-
""”luohu hnfm itmmmntuantm_

1tttoektno

to: ml -hum .!tuuzds.

h-ne-th- ul-h\q-ouan nmu;dﬂmu .
_“.«‘.immﬂqmmmmmhmu
mummmm”m:mu ‘

N . m uully mud by nx. n. nnu
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detachnent Detachnent may take up to aixty seconds aftet

applxcatiOn of the test solution and in these cazes ‘there

Q

, wxll usually be less rocking notion after detachnent In

'yery few cases 18 detachnent observed after sixty seconds

it . . :
| ' There xs considerable difticulty asaociated with

\\\Jggny bzologxcal tests resultxng fton the fact that aninals,j -

aven actanria, are individuals and oftan behave in an

’ individual way, thus sonetinas producing inconsiatent

results. An inportant tac;or in the: response of the ane-

i_none appeare&ﬁzi be_ the condition of the tentaclcl; if

they are sticky it -hown that they are releaninq ncna- .

y
tocyats/ It was observed that 1! the tentaclas of the

"ane-one axe not sticky then 1t vac -uch lcst likely to

,»uchdaqutmnlth.ms ,
x—a-toao-obymuctvuhiommm Inthhny

*cvin to active oolutions or to Dtr-a-tcrias. It has hoeﬁ

_obnerved that aftor application of a nuttient tho ancnone"'

e
vill no lonqcr tvin to D-r-astoriao ruhbinqs,or oxttacts, -

poogibly tor -L-ilar rcaoonl‘x;w ,,a 4/'*k0

\22.

A . . \\, e : ,

Do Anothor factot appoartd to bo that tho loag.t nn  - ‘5'
:ana-ome had rc-ninpd faatonqa to 1ts nnbnt:atui th‘ 10:.
‘zflikoly it uns to luhn 1n a t.ct. |

: ct th. ond of -
'ﬂ t‘hnd not -uun un:c

VAR DS
et " L
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a certain unxfornxgy could be produced in the condxtion

f_of the ana-one.. ‘

| Jﬁaach solution w;s tested on five s. dbccined'

A solution that is definxtely active will nake two or

‘nore of the tive anemones swin A lou activxty solution

will produce(rocking and pos:ibly one swinning response

‘ frou fivn anenones. If a solution produces'lesl thanv_j
three rocking re:pOnses it was regarded as 1nactivp.

‘_8uilning and rocking are responsel‘to definite stinuli,

thcy cannot be produced by uerely ta&ing the ane-one fran

the vater or by application of sea water or distilled

1vatcr.-

| At each stnge of the purification a chcck\waand,ij
B ‘ude to dotonino it -ou than ‘one, co-ponent. was pno-

. dncinq the ui.-.inq ruponu. m- wu donc by recom- :
i.(]bdning all tho fractions tro- thc particular :.paratiod” -
| :..'.ianauninq 1tonthoun.ou:.: Atnou-ovaany ‘
incraud activity fomd in & roembinod u-plc vhcn
oa-p-ud to m most: .gtivc zncuon. S
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slices and ghaken for an hour with distxlled water}

:'(2 nlr/q.,qf starfish): The* water was decanted and added -

‘. to £he*coeiomi§ fluid. The, starfish pieces wete then
y;rinsed with acetone, to remove water, and shaken with
;chlorofbrm (2 nl /g éf starfish) . Tha chlotoform was
:decanted. the pieces rinsed again with acetone and the

'uhqle_ptocedure repeated tvoAnore tinun.

| The ;qudoun extiacta'are combined éo give‘a¥‘
?yellov solution which quickly turns mauve and. then dark. '
o hrovn Tho solution is- tilﬁered through celite and ava- ’
?,porated to dtyness ‘under high vacuun. The black powder~
v»_iqbtained is- extxactod once with chloroforn to renove o
)  tracon of chlorofor: solubla -atcrial. Thic black pouder o
; 71q_act1va gt,di;utioq; of 0.5 to 0.1 -q./-l. of diatilicd |
;untcr.s ‘;a‘v‘ o ” | o

| iao}atIOn.btistbxoids'(ia;ébnju@ctton !ith'nr.»DavidfxinQ),“

S . K
!h. acntono !ractions contain.d atnost no wntcr B $ff\

- _-'J-olnu. ;uux;n and vcn ‘added w the combined. chloro- ‘

! focn cxtzictn lnd th. nixturo cvaporltnd undcr toducod .

/

w ;;|:&.“:|:. to qlv. n.thick red oil. ti\»

A ptol;ninary icpuration using a tlorisil eolu-n

. : . . ) . . . ] . . G . o ‘. -2
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nndelution with Skellysolve B, carbon tetrachloride,
benzene and chloroform, yielded the crude ste%oids in ' y"

*the benzene fraction. The steroxds uere purified by

column chronatography over alumina, eluting with diethyl

| Bigh ptessure liquld chrouatography 1ndxcated |

' xhet two stexoids were present and thete uete separated
using a five-foot by querter inch i.d. coreail colunn,‘n

~toluene solvent and a flow tate of 14 -1 /ht

. !he two stetoids were shown to be lathosterol,
l.p. 121 - 122' C.. and choleaterol. . p. 148‘ C, bf,,
 comparison with authentic ea-ples.' The abundance of the

tvo co-pounds vas in the ratio 39 2 re-pectively 5

3 -.Isoletion of the 'Crude Cdncentrete‘

A 40 c-.«hy 2. 5 c-. dieneter SQphadex colu-n uae
 prepared tra-om hundred q:m ofSephedexcls m' '

;--fnillilitres eolution of the totel aqueous crude, conteining
_soo -g. of nolid uere epplied to the coluln end elut.d vith

o dietilled umter. !he flov rlte uun edjulted to ehout

’»son/hz ‘and 10 al. £nctionlvereeouecud Black
M_uzm eluted’in the ninth, ;catnmamzn
lnjera elnted 1n the thirt.enth t:action -nd
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a dark yellov band eluted in the exghteenth fractxon
"The active natetxal eluted between the twentxeth anb
‘ aeventxeth fractxon This volune of S ml waq_evap-
 otated to dtyness under hxgh vacuum tzz?ive gfdark‘

-‘brovn powde:, vexght approxxnately 20 mg. Thia pdwder

lis active at dxlutxona of 0 04 ng./ul to 0 01 nq /nl

A - L N

This material‘was'involatile and'noViass'spec—; o

' trun.could be obtained. The p n.t. spectrun shows a

_sinqle sharp peak at s 3. 60 (?iq 1) The c. d of thia

’-a:e:ial ohovs absorptions at. 255, 300, 318 and 370 nm,

as ahown in ng 2. Its i.r. specttun (nujol mull)
| ahows bards at 3300 (btoad). 2900, 1650 (very broad) ,

;;1050 cu-l. f I

A B

_ . Cbibuatibﬁ.ahalycis of ﬁhe crude édncentrate‘4
ahaued 30! C, 4! u, 8s N and no chloxine, iodine or
‘iuiphuf Pluorine was not detected by P n.-.r.e By

'.,x-ray fluoreucence spectroocopy 0 St Br vas dctectod

'in the total crude and 0. 050 in :n. active crude. How-

_ev-r att-: olectrOpbOtelis (tee belov) the active trac-

tion did no: contain any hro-ine. ell o' it uus detnctod

in tho inactive ttactioal, B -.:.«

o

‘trantitioa -tal-

‘\..J/
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Silyletioﬁtdf Crude Cohcentrete

The crude concentrate (2 ng ) vas, stxrred’over;'
“night in 2 ml. of hexamethyldisllylamxne. [ (CHy) JSE1,NH

at rgom temperature then concentrated to dryneas Virtuelly'_
; _none of the resuItan materxel was, soluble in’ acetone or

,chloroform.'ehh

Acetylation of 'Crude Cohcentrete-v"

The crude concentrate wea etxrred with ecetic

Y enhydride (2 ml.) end pyridine (S drope) at roo- teu-

¢bperature for tuenty~four houre. Thxe'wee coacentrated to

¢y

c.dryneee under high vacuum. Virtuelly none ‘of the

Qreeulting -eteriel vee eoluble 1n acetone. :

'vtuethenol Precticnetion"

‘ The crude concentrete (loo -g.) was eheken 1n
one litze pt,..tnanol end tilbered rh. reeultinq eolu- )

.']4tion was coacentrete& 1n . stages endlthe precipiteted

o -eteriel tiltered off et eech stage (eu-lerized belov)- -
(, The -1n1-un coueentretxon, to. produce ewi-linq ectigt;y.

' A'o! eeeb frectinn was;

'f'!reptiou A. ineoluble in 1ooo aa., 30 -g., eoaoentretiae
*.,.o 1 -g./-r., | . .
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P:Action B. insoluble in’ 30 ml., 6 ng., coh_cen_tratibn

,4()02 mg. /ml

Fractlon-c. msoluble in 15 ml., 6 ng-.,GOOncgntratioh )

')0 lng/ml

| ‘Ptactmn- D. msoluble "in 3 ml., 2 mg., concentration .

)0 lng /u\l

‘T,Praction E. msoluble‘fin- 05 _il ., 8 -g . ,cqxicentration '

 j>o 1 mng. /nl. ;4"ﬂ e,
Praction P. - soluble in 0.5 ml., 40 mg., concentration

. >0.1 ng./nl.{- S

‘rhc c. d. spectrun of the ucond ttaction, B,

' showed only’two absorptinn band: as’ ahovn in’ ?Lg. 3._ -

'rhe intcnsity of these absorption bands decteued as the

'.lacidfrreatnsnt.of crua.'conccne:.c.

) m t.p-ntm tho .o).ution wu conmtnt.od to dryn-n' '-

-wlubi li';y inctcaud.

vswi-ing uspouau.g

%Qt\lﬁt conccnt.ute (1 -9.)' m diuolvod Ln

5 hydrochloric acid, (1 ml. ) nnd atur four hours at_

nntht high vacuum. ‘mo rmltinq poudcx producod no



Base Treatment of Crude Concentrate o

\ The eiude conoen'tiete Q1 .g" ) , Bolved 'in
S\ aodun hydroxxde solution (1 -1 '} and atter four hours

'the solunon was neutralued with todxun hydxoqen :ulphate.
','l'he pouder obtained atter Iooncentration of the water under _

reduced ptessure produced no :vi—ing responses.

Blectrophoresis.fof the Cr'ude Concfent}.'aie- :

| s : lmataan no. 2 paper was ueed for preparative
o scale wo:k, usually twenty cent:inetre width - for 20 ng.
“of crude concentrate. A 0. 05 u buffer at pﬂ 7
(mzm‘mzm‘) m uted and the papet waa ‘dipped’ in ‘
this buffer. 'rypioelly a p.d. ot 2000 volu £or forty- |
; flve -hmtn vas uned Ibere pboephu:e m uneuiteble |
_ the bufter used vu 0. 05 ll oodhn citnte vigh sufncient
'hydtochloric acid to hﬂ.ng the pa to 7. o.< um eloc- |
‘- »‘“ttophotuh the pepct vas auoved to ﬂty and then cut
| l.nt.o strips. ‘!'be pup‘r ves e:ttoctod vith auuu.a ’

. water (abontznl/cl. ) byluviaqthepapet Ln\uut

‘oveniqht and then filtering. m -olution vas then con-
3 ,muam to d:yneu m hi.gh vacuum. u m typml o
v,»joouditlou of 2000 ¥ for 45 minutes ware \ uaed the mate-
".rm !rout u abuut. ud..!mthozlgumunmn
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_‘utcrial u locat.cd in the section betmn l cm, and

Yy

'S q- fro- the oriqin

‘ Tbo c. d lpectn- of tbis active traction shows
| flboorption bands at 255 and 360 nm. m p.-.r :pectrung
(D O/CD OD) is shown 1n ?19. 5. 'A/n c.- r._ spectrm B

-'eoum not be obumua f:o- uu- fraction.

!Itt.lunol vas uud to extract the active co-po-?
‘unt: instaad of vater on one occasion and the utetial
obuined vas alsb active. The lini.lm dilution ot the
activc fraction obt.ainod ﬁy aqueon- cxtraction wn

approxmtcly 0.1 -g /nl

m::olxcis ot thc Crudc COncentratc (in conjunction vlth o
'nr. l.,lokko) | o o |
X !ln ctudo conmttau (25 .g,) and 12‘ p‘t—.. ~
| “dlloric ‘acid (o 25 -1 ) ware: hutod at 1oo- c tor m

'- m. roeu.mmozsn. -.muuosn.

‘! potauh- hrdmldc ‘!!n blaek aqn.otu aupauiou

was c-nttunqod and t:xn mum bhck mm: o o
llbjoctdl to p-pu- chtu-nhoqnm R | |

w no. 1 pp-x uu M for chrc-nhognplty

r (31 nl.). Lwl (136 -l ) mw
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hydrochlorxc acid (33 nl ) as the developxng solvent

: Baaes were 1dent1fled by co-parison of Rf values and

. luninescence vith authentxc sanples. The chro.a

’Vtoqraﬁ obtained 1s/ihoun in qu 9.
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