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2e¢ PREFACE

The present work is a continuation of that of
Mr. C.R. Eves on the alkaloids of Lycopodium annotinum L,
During the preliminery investigations, Mr. Eves noted the

presence of many bases in small amounts in the crude alkaloidal

extract. He lsolated several known alksloids and a new

one, lycodine. The present study was deslgned to isolate

some of the other alkaloids detected by Mr. Eves, to characte-
rize these alkaloids and to determine as much as possible
about their structures.

My first and foremost sincere thanks are due to
Dr. PeAelis Anet for the stimulating guidance of this research,
for discussions of the problems at every stage of this work
and ror measuring the nuclear magnetic resonance spectra,

1 wish to thank Dr. L., #arion of the Hational
ftesoarch Council, Ottawa, for the donation of the crude
alkalold mixture used in this study,

Pinally, I wish to thank the Colombo Plan autho-
rities ror the award of a scholarship and the Pakistan Council
of teclentific and Industrial Research for financial support,
which enabled me to participate in this work,

ihis work was financially supported by the Hational

Hesearch Councill of Canada,
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6+ ABSTRACT

The present work is a continuation of that of

Mr. CoR. Eves on the alkaloids of Lycopodium annotinum L,,

and consists of the isolation, characterization and degrada=-

tion of some new alkaloids,

Fiﬁe new alkaloids were isolated from Lycopodium

annotinum L. Of these five bases, four were well characteri-
zed and were named annofoline, lycofoline, a~lofoline and
B-lofoline. The fifth alkaloid, m.p. 117-118°, probably had
the formula Cl7H2503N but it was not as well characterized
as the other four alkaloids. It contained a hydroxyl group,
a C-methyl group and a lactone group,

Annofoline, 016H2502N’ contained a carbonyl group,
a hydroxyl group, a C-methyl group and a tertiary nitrogen
atom. There was evidence that the hydroxyl and the ketone
groups were involved in the formation of a hemiketal in
solutions of annofoline. Annofoline formed a perchlorate,
C16H2502N'H010u" a methiodide, 016H2502N.CH31; and an
O-acetyl derivative which was isolated as the hydrobromide,
018H2703N.HBr. Annofoline did not form/genzylidene deriva-
tive and it was found resistant to chromic acid oxidation.
Sodium borohydride reduction of annofoline gave two epimeric
alcohols, a-dihydroannofoline, 016H2702N, and f=dihydroanno-
foline, 016H2702N' Annofoline formed a thio-enol ether,

018H290NS, with ethane thiol, Wwolf-Kishner reduction of anno-
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foline guve dihydrodeoxyannofoline, CléHZTOﬁ. Dihydrodeoxy=-

annofoline formed an U-acetyl derivative which was charscte-
rized as the lLiydrobromide Ulﬁﬁ?gO?ﬁ.ﬁér. Dihydrodeoxyannc fo«-
line on chironle acid oxidutlon gave a keione,deoxyaanofoline,

clb“gsﬁ“' Proliminary experimenis showed that desoxyannofoline
can be oxldized with selenium dloxide to a compound winich had

thie properties of an enclic ac-diketone. This indicated the

srobable presence of the group >CH-CH2-CO- in deoxyannofovline.

Lelenlum dloxide oxidatlon of annofoline ;eve an a,f-unsatura=-

ted ketone, dehydrosnnofoline, 016“0302R' Cn the basls of

tae degradative studies anu tine resulis of tihe lLeMeRey infrae
red aud ultraviclet spectira, the Iollowlsy partial structure

was asslgned to annololine:

2 six or larger membered ring
0

six or larger membered ring

C>CH-CH OON-C

3

i,ycol'oline, Clbnose dy contained two Liydroxyl sroUups,
« [ .

& C-methyl ,roup, 2 double bond mnd a tertiary nlitrogen. it

- - P R (e i g e . v .3 E IR

gave a oydrobromldo, hlbhgsuzucth. and a metuioalds,

U din U Neliigde  wycoi'oline formed a mono-ueacetyl dorivative,
lU <2 P 3

k] Ll - -.‘_. '“’..‘i;’ .i - ".- os 68 HV‘ T oove L Y . il Li R (.;1‘11‘:11 tic
blU‘P7U3' 204 8 dieU-acetlyvl derivatlve, Usgtiagiy, e v
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hydrogenution of lycofoline gave dihydrolycoufoline Cl 611?7091?.
Frelimlinary expsrimeunts indicated tunat oae of the hydroxyl
groups of lycofoline can be oxidized to a carbonyl group.
ihe followlug partlal formula was assipnec to lycofoline on
tize basle of tie chemlcal work and the rosults of the Heileite
and infrared égmctra.

C T R L - \».-r-._. C o-‘
c)b = Gl bde 2ol h03 C>N G

where more than two R's are

hydrogen atoms

} or

HO
HO H

u=biof'oline, C, i, U.i, contuinea e bhydroxyl roup,
1072y 3 ‘ :
an uedcelyl ,ro.p, A CeneLnyl Lro.p uiau 2 Leriiary alilooen,

it vemeu o scelnlodisde, Gld“?‘-«‘UBH'Ulji'

Ppeiy0i01in0, Uld“?‘}“}”’ vonbaluod a Hydrexyl oo .aD,

an v-aceiyl .roup, a C-metiyl . ro.ap an. a tertlary aiiurc; e,

it Uurred a et loaldo, U]_-‘-“o\':::"‘l}-"oi;"*_'}i.
I 4

u=Lofoline and f=lofoline on oxliduiion wilh chrosic

acid gave Lie sure prouuct, denydrolofolline, Ulfs;.,,.?UB.‘, indi-
e
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cating that the two compounds were epimeric alcohols. On

the basls of the chemical studies and the results of NeM.R,

and infrared spectra the following partial formula was

asslgned to them

2 CHOCOCH
NN —R’ where probably more than
rl—C ‘<=
‘ l two K's are hydrogen atoms.
C>CcH-CH C-N-C C>cHOH
C 3 , C

Papur chromatography was used extensively during

the isolation and degradative work on the alkaloids,

e
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Te IHTEHOLUCTION

(a) Purvose of' the work

Alkalolds are nitrogenous bases (usually hetero=

cyelic) widely distributed in plants.
nave marked nhysiclogical erfects, a lact alscovered by ane
clent people in many parts of the world, long before organic

chemistry developed., Yo=-day, alkalolds with a areat varlety

of' structursl features are known (1,2).

ibe presence of wlkaloids in Lycopodlum plants was

delected in thie latter vart or the nineteenth century (3).
bince thel a large mumber of alkelolids has been isolated from
various Lycopodium speclean, ‘Ynese slkalolds were mainly

isolated by the tedious anu cifficultly reproducible wetlods

ol fractional crystallizatio:n ol Lie bases or of their salts,

cves (l;) found countercurrent wistrivutios to be very effi-

clent in lsoluting lycodine, an alkaloid of Lycopodium snno=-
tinum Lo which 1s present in only very emazll coucontration

in the erude alkaloid mixture. iils paper chromatograpiilc

results on tho cr.de alkaloid mixture indlecated vhe nresence
of many otli.er alkaloids, some in rucih; lar_ er awounts than

lycodines 1he purpose of ithe “resent work was to try to

isolale t:iese allkkaloics, Lo characterize them an. to conmnare

Lhul wit:. tiose isolaied from this plant by iancke and

aarion (5,0}, tertiic ane otoll (7, ang schmatowlcez sac kHodee
lds have Leon

wald (1,9%)e Althoud: sore trwa tidrty slialo

dany of these substances
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isolated from the ditf'ferent speclus of Lycopodium very little

altention was pald to tue structural studles of tlese alkae

loldse. Iun fact, asnnotinine, the ma jor alkaloid of Lycopodium

annotinum L., is the only Lycopodium alkalolid whose structure

is known (10,11) aend is of a quite novel type. S0, it was
tuought to be of interest, to study the chemical structure of

some of th. zlkaloids of this vlaute.

(b) Heview of purtlinent literature

1) General botanical desoriuntion

Lycopodiun anuotinum L. belon:s to the seuus Lyco-

podiwme Lt is oune of ubout one zundred snecios of this genus
(12)e they are also imown as "Club rosses", "Grouna Pines®
or "Ciristmass Ureens"., tuey have crecping under-;round stens.

Tho genus Lycopodium belongs to the group Pteridoe

piayla whilek: also includes the ferns una thelr sllies. Tihe
alpae and rfun 1 eloags to the sroup ‘hallophytes and tlie
fdgher ploats sre the mewbors of the sroup spermatophiytes,

frerei'ore, Pterldopuyla occupy a wmiddle positlon botween
thallopi.ytes and Lpernatopiytes. What tley ocecupy n middle
positlion ln tie evolution of plauu lifs is siown by tielr
ap earcnce as fossils (13, 14)

2) Cherlstry of bLycopodium alkaloids

fue presence of alkalold in Lyconodlum snecles was

first recordea vy u8dekar (3). In 193Y, schumatouicz snd
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Uzieblo (15) isolated three alksloids from Lycopodium
clavatum C, Followlng these, iManske and iiarion publlished

a series of papers (5,6,16,17,18,19,20,21;) reporting the
isolation of mofe then thirty alkaloids rrom eight different

specles of Lycopodium. To some of tiese alkaloids thiey wave

trivial snames and the otluoers, less wull characterized, were

deslgnated by puttins a number after tie letter i, Hecently,

Anet and kves (22) isolated a new aliialoid from Lycopodium

apnotinum L. Of these alkalolids, ti.e corplete structure of
only annotinine snd the parvial structures of lycopodine, |
acrifolise, a and f obscurine and lycodine are known. ives (l)

made a detall review of the chemistry of Lycovodium alkaloids,

fis review included Llse mevhods of isolation, relatlve abundance

of' the alkeloids in the cifferent species und all the reactions

carried out so far on the various alkeloids., In the following
review, ui:icli was written independently from that of ives,

the ciiemistry of a) annotinine, b) lycopudine, c¢) acﬁiroline
and d) lycodine sare discussed brierly from the sgtructural
point of viewe, 1he method used by wves to lsolate lycodine
will wnlso be presented,

(a) _.nnotinine, 016“2103“’ thie principal alkaloid of

Liycopodium sanct.num he, was lsoloated by manske and Harion (5).

e

It was shown to contaln a tertliary nitrogen and = lactone
ringe “he infrared spectirum of annotinine showed a taad at

1762 Cm-% indicatlng: the presence of y=lactone,
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Mansite and Mardon (6) converted annotinine to an
ariide (1), Clé“l?“hﬁ’ [ Linfrared tpectrum, 1640 cm-}] by
oxidation with potassium permansanate, 40 annotinine must
contain the group -Cﬁ2 - N -

Haclean and frime.(23) converted the amide (I) to.
a chlorohydrin (II) C148509)iC1s bY refluxing it with concens
trated niydrocnloric acid. Compound (L1) was reconverted to
(I) by refluxin: with sodium bicarivonate, it was deliydrated
with concentrated hydrochloric ncid or nhosyhorous oxychloride
to an aennydro compound (II1), 016ﬁ1503ﬁC1. ‘he compound (II)
on liydrogeration in presence of Aaams' catalyst produced two
cumpounda, (iV), 016n2103m and (V), Clén?loh“’ Compound (1IV)
was prouuced by the hydrogenolysis of the chlorine siorxr and
Lyoroxyl group while compound (V) was Tormed by tie hydr0geé
nolyais of only Lhie chlorine stome, aAnnoiinlae ch.loronydrin,
010“2203“01’ produced by treatment of annotinine with concene
trated hydrochiloric acld, did not under;'o any reactidn upon
simdllar treatment witlh sodium bilearbonate, concentrated hydro-
chloric acid, phosrhorous cxychloride opr hydroyen in pre=-
sence of idams? catalyst as uld cowpound ([[)e 'ie only
structural dwlrierence vetweon a:notinine chlorohiydrin and
compound (II) 1s ilhe replacemeni of -an-ﬂ- group by the

SPOup =CU=li=e TiLo increased reactivity of compound (II)
mast be due 10 tle . proun =U(=-i=-, hence Lhe other ring must

e attached adjacoeant to the carbonyl carvon of tie amide
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group of (I)e. Ths ready removel of the chloro-and hydroxyl
group during the hydrogenolysls wid the ring closure with

sodium bicarvonate suggests thiat the chlorine atom must be

adjeceut to the hydroxyl group. 7Therefore, compound (II)
Wi (Sl
must contain the group = C = C = U = N =, the group

yaY
- CiH -\Ch - C0 = I - muat be present in compound (I) and

the anhydro compound (LII) may be represented by
(I:l
-0 =20 o CO = i =~
lienderson, Stonner, Valenta and wiesner (24)

converted thévcompound (II1) into an anino acid (VI), Clhﬁl9ohﬁ’
Oy oxldution with potassium permanganate. ine pKa (Le03 and
Ye3u) of (VI) (25) supgosted that it must be a B-omino acide
Tiue metliyl ester corresponding te the amlno acid (VI) was
Louna Lo be resistuust to Lydrolysis, which indicated that
thie carboxyllc proup was attached to a aquaternary carbon
atome Ule infrared sbsorption spectrum [1H62 cm o, 1616 cmf%}
of tie compound (ILI) suygested that tlhe conjuyrated amide
must De in a six membered ringe lence, the structure of (ILII)
may further be expauded to (IIla)

H

Cl

(I111a)
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The above dlscussions indicates that snnotinine must have

the following partial structure

The same concluslon was also reached by Anet and Murion (26)
from the results of t:e chromous chloride reduction on an:ioe
tinine cilorohydrin,

The compound (Iil) on alcouolic KJii hydrolysiz (25)

gave an acid (VII), Cléﬂ?OohNCI' [ Infrared spectrum, 1728 cmf%,

1645 cmf%, 1017 cm‘%]. vie aeld (ViI) may be converted to

a lactone (VILLIL), UlbﬂzoOaﬁcl, by treat:ment with p-toluene
sulpionlc aclue doe ultraviolet spectrum and infrared specirum
(1760 cm-}, 1660 cm’}} of' tie compound (VIII) ssowed the
disappearance of ti.e conjugsated amide sroup itnat was vresent

in tie compound (IIIl). ience, the lactone (VILI) must have
been formed by the adaition of tle carboxylic froup across

tne douvle bond ol the corpound (VIL). 7he infrared srectrun
of the lactone (VII:) su;zested 1t Lo be a y-lacione. Tie

alkaline hyarolrsls of the lactone (VILI) gave an aclid (IXx)

Gléh?oohncl, [infrared scectrum, 1700 cm"%, 1s6k1 cm'%, 1615 cm‘%].5
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The meic (1X) on treatment with p-toluene sulphionic acid

gave the lactone (VIID. The acid (IX) wss found to be
different [rom the acid (Vii)es Jue reason must lie in the
different confljurations of the carbtoxylic groups in the

two acidss L0 lsomerlisation must have taxen placo during the
process VIL ww»'VIII. Thls lndlosted that the lactohe care

boxylic group was ativached to a tertlary carbon atom.

(L1X} (vii) l

{Ix} {(VIiI)



Valenta ot al (25) converted thie acid (IX) to a keto lactone
{x), ulbulaub#cl. [ Infrared spectrum, 17%0 cmf%, 1725 cmf},
1665 cmf%] by oxidatlion with chromie acid in pyridine. In
alkaline solution tie ultraviolet spectrum of this compound
was found to be practically ldenlical with that of (IX) and
bolling with alkhli did not change tiie spectrum. This indi-
cated thie regenerstion of the conjugated amlde system in the
alkaline solutioune. The acld corresponding to the keto
lactone (X} may te reconverted to the lactone by treatment
with p=toluene. sulphonlc acide Therefore, the keto group

in (4) cannot be in @ or § position with respect to the

lactam earbonyl, bi.t must be at the site of tie orlginal

lactone hydroxyl, snd tre hydroxyl group must be secondary in

charactoer,.
0
IC—-- O
H :
CQQH ' H
) cl H
OH ’ 0
| o}
. N 0 o~ 5
/l\
(1X) (x)

By catalytic ayurogocnation, ilacboan and rrime (23), converted

the cumpound (LL11l) :into the compound (LV), 01632103“’




[ Infrared spectrum, 1775 cmf%, 1625 cm’%]. ‘“he alkaline
hydrolyals (25) of (IV) witk msthanolic KOl gave a hydroxy
ester (XI) Cl7ﬁ2505#’ [ Infrared spectrum, 1730 cm’%, 1660 cmf%]
but with ethanollec KOM, an seid (XII ) was producede The
acid (XII) may be converted to the corresponding methyl
ester (Mili) by ﬁreatment with diagomethane, 71re ester
(XI11) isomerised tu (XI) on refluxing with methanolic KO,
The molecular rotation difference (4 = 3.0°) between the
ester (XI) and its acetate was siown Lo be practically identi-
cul with that of (RILI) and the corresponding: acetate
(a = 3.50) boii: in sign and magnitude. Therefore, the
difference between the osters (XI) anc¢ (XIII) must be due to
thie difference in confisuration of the carvometi:oXy sroun.
It is most probable tiat daln,: the hydrolysis of (IV) with
methanolic iu., tle lsctune rin; was opened by methoxlde lon,
formlin, ti:e methyl ester which tion isomorised to tie oster
(XI)e In case of ethanolic KUk, the lactone rin; was 6pened
Dy hyéroxide ion and the carvoxylate ion was reslstant to
isomerisation. Phege [lndines of Valenta et al (29) indicate
that the uatural confl.uratlon ol the carvoxylic .roup
is less stable than the epimeric one,

“he ncid (1X) wien troated with diazomet:=zne gave
tie correspondin: hydroxy ester (XIV) (25, Uiesner, Valenta,
Ayer, rsowler wid srancis (11) dehydrateua the hydroxy ester

(XLV) to the anhydro ester (.V), (3171;,:0032-{{}1, it anhliydro
[28
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ester (XV) on palladium dehydrogenation procduced the cui-
nolone acid (xVI), whieh on decarboxylation gave the trie

methiylene quinolone (AVII).

(XVII)
“he gulnolone scid (XVI) muy be reduced with socium amalgam
Lo dinhydroguinolone acic {4iVvIII). Valenta, Wiesner,
sanikiowicz, «endexrson and Little (27) showsd by synthesis thet
tlhie dihydroquinolone aclia (XVIII) had tiwe followlnp structure

COOH

sence the guinolone acid (XVI) rust have tue rollowin: structures

COOH
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On the assumption that no rearrangement has taken place
during the palladium dehydrogenation of the anhydro ester
(XV), the carbon skeleton in the hydroxy ester (xIV)
should be the followings

CHQOOE

11

This accounts for three out of four rings present in anno=-
tinine. The fourth ring must be added by attaching a bridge
at two points in the above skeleton. Valenta et al (25) showed
that Ck 1s quaternary, so it must be one of the points at

which the bridge 1s attached. Hence, the structure of the

hydroxy ester (XIV) may further be evolved to (XIVa) !

~

coocH,

~

(XIVa)
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Since annotinine is known to have only one C-methyl zroup,
by Kuhn-Koth anelysis, this bridge must nave the following

structure:

- ?Ha' on >C::CH3
. = CHe CHB CH3

It is evident from the results of the palladium
dehydrogenation of the snhydro ester (XV) that the second
point of attachment of the bridge caruot ve on Clo' Cll
or 012. Annotinine is y=-lactone and the lactone hydroxyl
group 1is secondary in charascter (25), the hydroxyl group can
hardly be placed in any position otner than 07. This leaves
only Cb’ 08 or 09 as the possible positions for the second
point ol attachment of tue bridge.

The hydroxy ester (XI) may be oxidized to the

corrospondin; keto ester (xIX) [Infrared spectrum, 1735 cm'},

1720 émf}, 1540 cm’%] whlck on the basls of above discusslons

must be reproessnted by the structure:

COOCH,,

H

e e b 4 e



Ihe keto ester (XIX) formed a benzylidens derivative (11)
indicating the presence of a reactive methylene group., This
excludes the position 06 as the possible position of the
sacond point of attachment of the brldge.

ike rollowing results may be well explained, if
it is assumed tiat tiie second point oif attachrent of the
bridge is at 09 rather tian CG'

Tne selenium dioxide oxidation (11) of the keto
ester (XIX) gave four products. The infrared spectrum
{1725 cm'}, 1693 cmf%, 1640 cm’%] and ultraviolet spoctrum
[A max? U2 i, loz €, 3.9] of the rlrst oxidation nroduct
(<X}, 6173210hu, were 1ln ;00d agreemeat with a conjugated
keto ester cliromophore but did not exclude the nossibllity
of an a, PBeunsaturated ketone wiih an uneonjugated ester
groupe <The sodium porobydride reduction of (X:) gave the
corresponding alcolwl (XYI)e fThe slcohiol (3XI) may be
reconverted io thie keto ester (11X} by rofluxing with.sodium
mataoiide. Such a conversion may only be explained on the
assumpilion thint tie compound (¥.I) is a conjusated allylice
alcolole #cnce, the structure of (XY) must be the followings

COOCH
3
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The uliraviolot spectrum [Amaxi 251 myr, log €, 4e0)] end
inrrared spectrum [1731 umf%, 1672 cm'%, 162% em %] of the
sccond product of oxidatlion (X3ilj, Ul?“l?“h#’ were in zood
asreomant with thie structures

COOCH
3

Phe compouand (;%li) on vigorous hyarogonation over Llatinum
oxlde La jluclal scetic aclid gave o hydroxy ester {(FXIIi),
Tie Lydro.y veier (Aiiil) wes siown oo be identvical with the
Weroxy wster (¥ill) of Valenta eval (25), It is culte
reasonavle Lo aspume Lhot durding Lhe hydrogenation o (5.11),
all the oydrogen sLoms Lave beuh addod £rom one side ol tie
ring asc opposite iie GL"CQ bridges Valenta ot al (2%)

shiowes Loat Lhs carbometiox; group of (XIL1) kas the natural
conli uration o annotinine, so tiw lactone »rour sust be

YIil)

Clu Lo Loe O) =l bridpes iwnce Lhe hydroxvosters (&
“ Vd

anc (KIi5) should Luave tie followin: sty .cture:

C_Q_?CH3 H
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Thie third and fourth oxidation products were shown to be
lsomeric hydroxy esters. 4Ghey differ in the conllguration
of the hydroxy group at 08'

From the above discussion it is evident that the

amino acid (VI) should have the followln; structure:

110 ovldence 1'0r ihe nature of the group H came [from tle
deliydrogenation studies of tie smino acic (VI), The amino
acld (VI) was dei:yéro;enated by Anet and Harion (26). They
ivolated an acid (xx1V), CIMAISUBB., as the major product

of the dehydrogenation. Valenta et al (27) showed by synthe=
tic means thet the compound (X¥IV) nas the following structue

Io3




The compound (X¥IV) was optically active due to the carbon
atom marked by an asteriske S0 the acid (XXIV) rmst have
been formed by rearrangement ol the amino acia (VI)e The
formavlon of tihe compound {(XxIV) may be oxplalned only on

tre assumption that the amino acid (VI) has the following

structuwes 0
/7
C
/// ,—H COCH
/. cH

0 3
H- > H

H”

Therelore annotinine may be represented by the following

structure: 0
7
/
H
/ o
CH

K °
H-" N

H.”

vieier, deister and Jarion (Pu) convertea smactlialne into

annotlinine uyarate (XxV), 016“93”3“ [ i{af'rared speetrun,



3500 cm’%, 1762 cm’%]. On the basls of the above arguments

annotinine hydrate (XXV) should have one of tle followling

structures:
0
7
““  _.H oH
4 OH 0H
cq
H-" N
H/
(Xxva) (X7VD)

Amnotinine hydrate (xXV) was converted to a hydroxy ketone
1l

(XXV1), Cl6“21°u“’ [ Lnfrared spectrum, 3390 cm'%, 1768 em v,

1712 cmf%]. .0 ketone (iAVi) lacks the proverties of
a=ketol. uonce lie structure {XxVb) is the besl representa-
tion ol the aunotinine i.ydratee |

ihie fdrmation of e annotinine hLiydrate (XxV) iavolved the
opeadiny of iie lactone rin,, epimerigetion of iiwe carboxylic
group ana the opealny oi Lhe epoxide rin. Ly means of an
iatrumolecular attack by the carvoxylate ion. “he recent
work of' Hartin-umitiy, Ureeanalgl and sdsrion (29) 1s 1n good

asreement with tnis type oy transfornation during the fop-

mation of annotlnine hyarate from annotinine. lience, the epoxide
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ring must on the same side as tho lactone ring 80 annotinine

must be represented by the following structurse:

Finally, the Xeray study on the crystal struéture of annotie
nine bromolydrin by Przybylska and rarion {(1u) suprorted the
above structure and also siowed that the methyl group must
be on ilie saue side as the lactoue ring-e hence annotiaine

ust be represented by the rollowing structures

(b) Lycopodine is present in alrost all tiec Lycopodium

planitse It was first isolated Ly 8deker (3) rrom Liycopodium

complanatum L, Sut hie assigsned 8 wron. formula to it,

Acimatowlcz and vzieblio (15) isolated lvconodine from

wycopodiwn clavatam Ce and asgigaed tae Lformmula Ulbnzsq“’ to it,
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they showed that lycopodine did not contain any -06553,
-ﬂ-CiiB or active hydrogen,

Hanske and Marion (30) showed that lycopodine was
resistant to hydrogenation. itey denyurosenated lycopodine
witl selenium anu isolated five bases as plerates., Ywo of
these dehydx*ogé.rmtion products were identified as {=metl:yl-
quinoline (I} and 5,T7-dimetiLylcuinoline (I1) respectivoly.
4 troatmout of lycopodine with I"t’l-'af'&wo)+ at ::*SOO ¥lelded
T=mettiylquinoline (I). T-Hethylquinoline (I) was also pro-
duced when lycupodine was treated with nhthalic antiydride
in veouunm at 35&30. Jo lycopodine ?mbably contalned & {fully
hydrogenated quinoline structures

C

Hachoai, siansico and arico (31) studiod the nstiye
ol the uxyzen atom in lyconodine, ihe iafrarec greotrum o
lreorodine srowee w bio.a at 1695 cm"].“ lnuicaiin,, ti.e sresence
0L 8 carvonyl ;roune duCaoun, Monsko oud ciaplon (31} pre:ared
& hycrazone of lycopodiue, reduced lreopoaine wiin litidium

al.uminiwg hiyaride to dinydrolycopodine { TIi), clé,h?’i‘r’“ R
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mep. 168° (Infrared spactrum, 3625 cm'%) and converted
lycopodine to a tertiary alcohol (IV), 022n310m. by trecatment
with phenyl litiiume All these reactions confirmed the
Presence or a keto group in lycopodine., Lycopodine reacted
with cyanogen bromide to form two isomeric (a and B) cyano-
bromolycopodineé. a=Cyanobromolycopodine (V), Cl7ﬂ250H23r,
Bmepe 140°, was converted to a~cyanolycopodine (VI),
Cl7ﬂ260N2’ BleDe 130-1310, by catalytic hydrogenation.

barelay and HacLean (32) brominated a=-cyanolycopodine
(VL) to give a dlbromoderivative (Vil), W¥he compound (VII) on
alkaline hyarolysis gave a diketone (VIII), Cl7n2h0232. ihe
compound (VILI) showed the propertics of an enol and its
ultraviolet spectrum [ A max 200 mi, log € L.0) and infrared
spectrum [buands at 3340 om'}, 1660 cm ¢, 16&0 cm.%] were
consistent with the presence of the chromoyliore =C = COH = CU =,
ibls compound must have arisen from an ayu-dibromokeionse
containin, the group -Ch-Cbr2-CO-. Therefore, u—cyanblyco-
podine (VI) and hence lycopodine mist contain the group
>cn-cn2-co-. ihe presence of a reactive methylene SPOUD wWas
also supported by the fact that a=cyanolycopodine (VI) formed
a mono-benzylidene derivative, From the study of pKa of
lycopodline ana its dirfereal werivatives, sarclay and .acbean
(32} suggested tuat the nitrogen atom und tke curbonyl roup

must te relstively close to one anoiher 1ln the molecule. -
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daclean, Msnske and Marion (31) converted Q=G Yano=
bromolycopodine (V) into a=cyanocacetoxylycopodine (IX),
CqyglingO H,y Mepe 112-1130, by treestment with potassium acetate,
1972973%2
Compound (IX) on slkaline hydrolysis gave an alcolol (x)

.. . o : . ,
017“2602“2’ MeD e 97", which was converted to an meid (XI)
by chrumic acid oxldation. The acid (XI) on trestment with
. : . . U .

dlazometnane gave sn ester (XII), 018d2603ﬂ2’ Bepe 2«83,
Since there was no loss of carbon atom in the sbove reactions,
the bromo group in the compound (V) must be primary.

Hacbean and Harrison (33) converted the acid (XI)

o . —_— T o

into a hydroxy acid (xIiI), u17h2503N2, mepe 193-194", by
sodium borohydride reduction. The hydroxy scid (iIII) aid
not yield a:ny lactone on treatme:nt with a catalytic amount
of p=toluenesulphonic aclide 7This indicated that Lhere was
no close relatlonship between the carbonyl group and the
nltrogen in tie direction of a=cloavage. By hydrolysis with
methanolic Lydroechloric seld, compound (XI) was converted to
an limpure aminoacid hydrochloride, whleh on treatuent with

dlazometi:ane save a mixture or compounds from whicik: a lactam

(xIV}), Clén?303w, MeDe 159-1610, was igolated by chromatogravhy.

Ti:e infrared spectrum [bands at 1700 cm’% {carbonyl), 1635 cm‘%

(lactzm)] indieatod thnt the cumpound (Xi¥) was o six membered

or larger r.n lactame aclesn and Larrison (33) convorted the
€. . -

compounu (XiV) to dihydrolycopodine (I.I) by lithiium alunminlum
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hydride recuction. ‘inis led them to conclude thet no rearran-
pomeiit took place in the above sequence oI reactions,

dlacbean anu tiarrison (33) treated f=cyanobromo-
lycopodine (31) witi sllver scetats. From the product of
this reaction, they isolated two compounds by subsequent
hydrolysis ana éhromatography on alumins, one of which was
an alcohol (xV}), 617ﬁ2602“2‘ ine compound (XV) was oxidized
by chromic acld to yield an acid (XVI) widich on treatment
witn alazomethane gave a crystalline methyl ester {XVII),
018H2603N’ mepe 127-129°. s there was no loss of carbon
atom during the above sequence of reactions, so MaclLean and
Harrison (33) concluded that the alcolol (XV) was primary.
the acid (xV1) when reduced with sodl:zn borohydride ylelded
& lactone (XVLILI), Cl7h2u02ﬂ2, NeDe 201-?030. From the resulis
of the infrarsec spectra {In tujol, baad at 1743 cm’%; in CClh,

band at 1761 cm'%] nachesn and uwarrison (33) concluded vhat

tiie lactone must be five or six membered, ana that the carbonyl

group was separated from the nitrogen atom by tiree or four
carvon atoms in the direction of B=cleavage, aad thoy proposed
tie rollowling reluative positlion for the carvonyl group and the

nitrogen aton,




(e} acrifoline, Manske snd Harion (6) isolated acprifoe

line, C16323°23’ {rom the plant Lycopodium annotinum var,

gorifolium rern. bertho and Ltoll (7) showed that acrifoline

did not contain any Hemethyl group,

Acrifoline reacted

with phenyl lithium to form compound (1), Contlnglae  4cri-

foline was resistant to iiofmann degradation but the methiodide

of compound (I) underwent unofmann degradation to produce

o - y ’ o
compound {(11i), 623n3102u, Mepe 192-193", Acrifoline did

not form a benzylidene derivativee.

Porry snd iMacLeen (34) studied the nsture of the

functional groups in acrifoline. “he infrared spectrum of

acrifoline in Sujol pull showed bands at 3310 cm'% (=Gi1),

and 1670 em™ % (-C = Ce) and a very woak btmnd at 1700 cm ™t

1

(>C = 0)e In chloroform solution there was a stron;: band at

1700 cmf% and 1675 cm'%. acrifoline was converted to dihy=-

droassrirfoline (I1I), CI6H9502H, by catelytic reduction,. By

lithiunm alumindun hydride reduction, corpound (III) was

converted to a-dibydroacrifolinoel (iv), Clé”27oﬁﬁ’ Mmepe 145,2°%,

ihe infrared spectrum or compound (iV) showed the presence of

hydroxyl . roay (bund at 3300 cm"%)

unsaturatlion,

but no carbonyl iroup or

ferry and riachean (34) converteu acrlfoline to

acrifolinel (v), “16“2502”' IleDe 1920, by lithium sluminium

hydride reductiorn, Catalytic Liydro:-

yielded @-dibhycroaerifolinel (vi), ¢

enation of compound (V)

1611270231;’ m.'[;-. 165.5'107.500
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The infrared spectrum of this compound showed sbsorption
la vhe hydroxyl region (3290 cm'%). Compound (IV) was
isomeric with compound (VI)e Perry and MacLean (3L)
were ol the opinion that the isomerism could either be gbout
the newly—formed hiydroxyl group or about the centers of the
original double bond in acrifoline.

dcrifoline was acetylated to mono-U=acetyl acri-
foline (Vii), Cy gligy O3 Meps 119-120°, The infrared spectrum
of compound (Vil) sihowed bands 1750 em L (acetoxy group)
and 1715 cmf%‘(carbonyl) but no band in the hydroxyl reizlon,
ihe above studiea showed that acrifoline contained a double
bend, a carbouyl group, a hydroxyl group and that the nitrogen
atom was tertiary in charascter. v

from a study oi pKa of acrifoline {pka 8434) and
or dihydroscrifoline (pKa 9.13), Perry sznd Machean (34)

concluded that acrifoline had an allylamine structure.

(d). Lycodine was isolsted by .net and ives (22)

from Lycopodium am.vtinum L. It was concentrated by two

succossive countercurrent cistributions of the allkaloid

mother licuors from ihe erystallizations ol annotinine. 4Yhe
Firsi countercurrent cistribution was carried out 1n six

large separatory luunnels usin . tiio oxtraction patiern of
SuBloand Yenseu snc e solvout system ci:lorolorm wmid buifer

o ull beuse Ly this fractionation, they ovtalned six "chiloroform

soluble" fractions (cl to Gb) and six "buflor soluble" fractions




(B1 to B6). They partitioned the chloroform solubls fractions
(C1 to Ch) through 60 transfers in a Cralg machine between
chloroform and buffer of P 5¢2¢ The alkaloidal fraction
containing lycodine was then chromatographed on alumina and
finally, they isolated lycodine as a dipicrate, Lycodine,
C17Hp)Nos melted at 117-118°, had [aly - 10°, pKa 3.97 and
Ue08 and contalned a C-methyl group. The infrared spectrum
{(in Mujol) showed a band at 3270 cmf% indicating the presence
of -N~-ii group. They aceiylated lycodine to a N-acetyl deri-
vative which was isolated as a monoplcrates It had a pXa

of Lke95. They hydrolysed Ne~acetyl-lycodine back to lycodine,
Tials proved the presence of a secondary nitrogen atom in
lycodine. From the ultraviolet spectra of lycodine and its
salts, they concluded that lycodine contained an unconjugated
pyridine chromophore. 9o determine the substitution on the
pyridine ring, they examined the N.M.R. spectrum or lycodine,
From the analysis of the spectrum, thoy concluded that
lycodiné must be a 2,3 disubstituted pyridine., On the basis
of chemlcal and spectral analysis, Anet and lves (22)

assigned the followiny partial structure to lycodine

H

Sl not attached to C. orp CS

5

=Cii attached to a quater;
H N 3 nary carbon aton,




During: the course of theip preliminary investigation on the

erude alkaloid or Lycopodium annotinum L, Anet aug kves (35)

used paper chiromatographic method for the detection of the
various alkaloidal constituents present in the mixture,
Whatman no. 1 paper impregnated with buffer WBS used and the
chromatograms wére developed with lebutanol saturated with
water. 7Their results indicatea that satisfactory sSeparation
betweon the diflerent known alkaslolds may be obtained on
paper buffered to pu 6,0, e modified bragendorfl preagent

{36) and the w.v. absorption or fluoresccnce Wore used by them

to reveal ihe presence of tiw wlkaloids on the chromatogreams,




;
e XD BRIMBENTAL

(a) Deserivtion of General Methods

l) Paper chromatopraphy - The paper chromatographic

method used by Anet and kves (35) was used to determine the
composltion of the different fractlions obtalned by countepre
current distriﬁutivn and by alumina cliromato/rapiy. The
composition of a reactlon mixture was also determined with the
help of paper chromatography. buffer of different ph values
(as mentioned within the text) were used depending on tne
nature ol alkeloidal mixture; ire slkaloidal spots were
revealed by spraying with a modified Uragendor(’f reagent (36),
Tive absolute Rr values oi' the different alkaloids veried

appreclably but their relative values were constant,

2)  tpectra - The infrared spectra wore measured in :
curbon tetrachloride solution (1%) in o 1 mm. sodium chloride
cell on a Porkin-ilmer single-beam double=pass Instrurent
unless otherwise stoted, Infracord refers to a Forkine:lmer
double=-beam instrument,

Jltraviolet svectra were meagured usgins a Lseclonan
=2 spectrovhotometor in etliznol solution in 1 cm, cells,

Ll.e nuclear magnetic resonance (Medielia) spoctra
wors recorded on a Varlan Model V=4302 srectronoter operating
at OU Jee/sec and fitted wilk & suporstabilizer and o Varian

recorder, solutions of the sarples viere placed in precision
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thin walled 5 mm. external diameter tubes (Wilmad Corpora-
tion)e. When the volume of the sample was less than Ol.h: ml,
(minimum 0.2 ml.) Nylon plugs were used as deseribed in the
Varian Technical Eulletin, In ceses where tetramethylsilans
w83 used the resolution was checked by observing the band
width at half intenslity of the signal due to this compound.
Ihis width was 0.6 Cep.s. Or less. ~pectra were calibrated
by the side-band tecrniques, All the Spectra were taken by
Ure Fedolia aniots Tiw chemical shifts of particular groups
in ecycles per second (cepess) with reference to chiloroform
are showa in Table I and the 7 values (37) are shown in

Table ile [ 7 (10 Debele) = 1040 106(h. ) /4

. - }i k 3y
ile; L Hey, 8
19}4' i obs, 4914‘ 13

where 4 = magnetlic field at resonance]

3) Determination of squivalent weipht and pKa = The

eyuivalent welghts (i.We) and pka ol the alkaloids were deter-
mined vy microtitrations (5-8 mg. of the alkaloid) with

Ouliu hydrochloric acld in S5U£ acueous methsnol solution with
the helpAor Lieciman pH meter, model G. A mleroburette (1 ml,,
Manostat Corporation) and micro-electrodes were used (the
clameler of the electrodes were about 5 mme)e 4 typical titra-
tion curve for lycoroline is snown in #ie, 1,

L) slementary und group analysos = rdementury and group

analyses ~ud molecular weight (#eive) determinavivns were
carried out ut the unller microanalytical laboratories,

sapdonin, dew ropk,




e AT AU G A 4 0 ti

A A Y

004 012 020
QI29NHGL .

Fig. 1. Microtitration (electrometric) of lycofoline
: with hydrochloric acid in 50% aqueous methsanol.

028 A
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s) Preliminary Experiments - Preliminary experimentas

were carried out using 2-10 mg. of the alkaloid to find
suiteble conditions for carrying out a particular reaction
on a larger scale. A typical example has been described
on page no. Si in case of acetylation of annofoline.

6) Sublimation - Sublimations were carried out in
glass tubes (8 ~ 10 mm. diameter) having a small bulb at
the end. Heating was by means of an alr bath. In some
cases the process was actually evaporative distillation.

(b) Isolation of alkaloids

1) Preliminary Separation of Crude Alksloids - The

plant material had been extracted at the National Research

Council, Ottawa and most of the annotinine had been removed

by crystallization. The mother liquor from the crystalli-
zation of annotinine was kindly donated by Dr. L. Marion.
It was divided by Anet and Eves (22) into six "chloroform

soluble™ fractions (Cl to Cb) and six "buffer (pH 6.0) soluble"
fractions (Bl to Bb)’ The alkalold in the first four buffer
phases (31 to Bh) were comblined for the present work and will

be referred to as fraction B.

A second lot of alkaloid mother liquors from a

different extraction of plant materiasl was also investigated,

but was treated differently from the above in view of the

results of obtained with fraction B.
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2) Countercurrent Distribution with the System chloro-

form-Buffer of pH 7,0 - Fraction B (8.6 g+) was dissolved

in chloroform (120 ml.) and the solution was placed in the
Tirat three tubes of a 60-tube Cralg countercurrent distri-
bution apparatus (38) and partitioned bstween chloroform
and citrate-phosphate buffer of pH 7.0 with the buffer as
the moving phase. Fifty seven transfers were made., Every
third tube, starting from tube no. 1, was selected for
anslysis and an aliquots of 2 ml, of each phase from each
of these tubes were removed with the help of a hypodermioc
syringe, mixed, made alkaline and extracted with chloroform.
The alkaloid left after the removal of the solvent was
weighed, In this way the distribution pattern shown in
Fig. 2A was obtained.

The infrared spectra of these fractions were measu-
red in carbon tetrachloride solution. The following results

were obtalined,
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Tube ho, Infrared Spectra, kelutive absorbance

1740 om™% 1716 om™+ 1700 em"% i
10 0438 - - |
13 Ouli6 : - -
16 086 - - 5
19 0eBY - - g
22 0u80 0430 , - i
25 035 Ouks -
28 o - Vali3 - §
2 - 0,57 -
3 - 0.51 -
a7* - Detrd Je50
LO° - Qesl Jet0
43" 050 Ve33 0455
L6 Oeils - 0.23
L9 Je95 - Uel5
5o | 0451 - 0413
55 Cell - Vel9
5 019 - Ou1ly

vhe tube no, marked wlth astorlask {+) Lind 2 wealt absorption
at 1650 cm™i,
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alkaloid of melting point 117=113° weas isolated from the
tube nos 19 (see page 39)s a-Lofoline was erystallized from
the alkaloldal contents of tube no. 49 Paper chromato=

graphy (pil 640) on the various fractions gave the following

results:
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Tube no,.

Rf, Relative amount

Uel2 0620 Ve 27 Va30 Ve&0 Vb2

Oel7 0.25 0e30 Oel47 Oe2 0.63
Aerifoline - - (Rf 9.30) - - -
13 - - - 1 10 -
16 - - - 1 10 -
19" - - - - (Rp 0.52) -
22 - - 1 2 3 -
25 - - 8 1 2 -
2u - - 6 - 1 -
31 - - 5 - 1 -
3L - - 5 1 - -
37 - - 3 3 - -
Lo - - 3 1 - 2
43 - 1 - 3 - 2
L6 1 > 2 2 - -
a=Lololine - - - (Rr Ce36) = -
52 1 3 - - - -
55 1 3 - - - -
53 33 - - - -

* vrystalline ulkaloic whicl: Laa beon isolated Prom tiise
tube was used,



3) Isolstion of Alkalold ol melting point 117-118° - The

alkelold from tue tubes 10-22 of the avove distribution was
isolated In tue usual way and when erystallized from ether-
pentane gave an alkaloid, m.pe $7-112°, After four recrysge
tallizations it melted at 115-116%. The crystalline alkslold
was slightly yellow in colour end colourless crystala, me.De.
117-1180, were obtalned arter sublimetion under vacuuni,
(50-110% &t .05 mm, )
Calc. for 017“2503“‘ Cs 704073 i, Bab5; U, Lelp C-Gh3, Sellyiy
Lievie 291 alie
round: Ty TUell, TUe353 ily GeliT, 3469; Hy 3¢90, Liel3; C-CnB,
4e3Up3 Hewe (nasti, 31l, 30L§ Hewe, 255.73 pia, 3e2U,

ihe Ilnlrared spectrum in Hujol mull showed bands at
3473 cm'%. 3116 cm'%, 1740 cm’%; in carvon tetrachloride |

1l -1

solu.tiun bands at 3662 cm s, 1740 cm <

L) ireoutment of the ilkaloid of mep. 117=-118° with
alkalie = A mixture of 20 m.. of alksloid of mepe 117-114°
and 1 ml. of aqueous sodium Lyuroxide (5. ) was heateds The
alkalold at firsi nelted anu thon dissolveds %Tihe soluiion
was refluxed for one hour., ‘he ligkt yellow solution was
cooled wiu extracted with chloroform, Vo chkloroform extract
did not contein any base. {ne acueous solution was made
aclaic witi. cilute sulphuric acid aud warmede Yhe acldic

aquecus solutlon was made alkaline in the cold and extracted

Tt 3 A, Pt a0 e en



- 40 -

with chloroform. %he chloroform extract gave a compound
wkich after erystallization from ether-entane melted at
209-210°, ‘ihe infrared spectrum of this compound in carbon
totrachloride solution showed band et 1740 em % but no band
in the hyuroxyl region,

5) fsolation of Acrifoline - The alkaloid in the tubes

26 to 34 was isolated in ti.e usual waye It was discolved in
acetone and concentrated hydrobromic scid was added to this
golution until 1t was slizhiely acldles ‘the hydrobromide
erystallized Immedlately, it was filtered off .nd tiwe Liyuroe
bromide was recrystsllized from methonoleacetone. ‘ihe hydro=-
bromide was converted to tiie free bases The lree buse Lad a
cimilar Rf value, iafrered specirum aad melting point ueg
acrifoline. Furtiermore, it wuas known Ipom oprovious work (35)
tihiat acrifoline was »resent in the sample usoeds

6) Lountercurrent Distrlbution with the cystem Chloro-

Torm-pulfer of pii 5,0 = The alkalold was recovered from the

tubes L6 to 37 of tie Pfirst countercurrent uistrivution in

the usuul way and was submitted to rifvy eight transfers in
the avove systeme iwvery third tube, starting from tube no. 1,
was analysed as before but tlis tinme L ml, of each rhase was

ugeds Ine distributilon pattern shown in Pige 2iie wAS obtained.

Paper curomatoyrasiy (pit ToU) and infrared spectra (17 solution

in carbon tetrachloride) :ave the followin, results:
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lube no, Infrared spectra Rf. relative amount
om™t Ue35=45  0.52-0.57 Ueb60=0.68
a=Lofoline 1750 - (Rp 0a52) -
22 17L0, 1700 - 10 -
25 1740 - 4 -
28 1750 - 10 -
31 1740 - 12 -
3k 1740, 1700(vew) 2 8 -
37 1740 (W), 17006(w) 8 - -
) 1700 10 - -
43 1700 (w) 6 - 2
Lé 1700(v.w) 5 - B
L9 1700(vew) 2 - 6
52 17h0{vew), 1700(vew) 3 - 1o
55 17L0(vew) 10 - 1.

W = wWeakl, VeWw = Very woak.

40te:  Oe22-Ue2l mye Of tie alkalolcal material was used for
Papsr clronalo rapliye
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7) isolation of a-lofoline - The slkaloid in tubes

2L to 32 of the above distribution was isolated and was
crystallized Ir'rom methanol to give thilck colourless prisms,

MeDe 211-2120. Yo obtain a better yield, it was found desirge
tle to curomatograph the mother liquor on alumina (contuining
5% waterj)s The solvents used for elution were benzene=
chloroferm, chloroifopm ana chiloroform-methanoly L0 ml., fractions
were collecteds Paper chromatography (pi 7.0) gave the

followlin: results:

Fraction no. Eluant Paper chromatography
Rf, relative amount

0020 0035 0.59"0.67

1-2 Senzene~chlorororm - - -
(431)

3-12 benzene=-chloroforn - - -
(1:1)

13-131 senzene=chloroiorm - - 3-5
(1:1)

34-43 Chlorotorm - - 2-1%

Ll Chloroform-me thianol - - -
(19:1)

L5 Chiloroformemetl.unol - - 20
(19:1)

L6 Gi:loroforme-metl:anol 1 3 1
(19:1)

a-Lofoline - - - (Rp 0e62)
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The fractions 13 to U5 gave a=lofoline on crystallization
from methanol-ether. After two crystallizations 1t melted
at 195-200° and when recrystallized from benzene it melted
at 211-212°,
8) isolation of Annofoline - ‘“he alkazlold in the tube

36 to L1 of the above distribution (with bui'fer of pi %,0)
wes isolated in the usual waye To & viscous solution or the
alkalold in methanol, ether was added and annofoline crystale
lized on soratchingse. It melted at 115-1300. After tlhree
recrysiallizations, it melted at 158-130°, %he melting point
chianged to 156=157° on sublimation under vacuum (120-130° at
005 mme)e A better yleld of annofoline was obtained by
chromatography of the mixture of annofoline and lycofoline

as described on page L6

9) itgolation of Lycofoline - fThe salkaloid in the

tutes 42 to 51 of the above distribution (wits buffer of

phk 8e0) was lsolated and converted Lo the hydrotromide by
adain;, concentrated hydrobromic acid o thie methanolic solution
of the alkaloid. Addition of sother gave & crystalline salt,
wWildh after liwree crystallizations from meti:anoleather was
converted to the bases 7The base when sublimed (110-1300 at

Ve U5 mme) nolted st 136-13d° and when crystallirzed rom ether
it melted at 14h-145°%. rFor analysis it was sublimed under
vacuun; mepe unchanged. A beiter yield ol lycofoline was
obtaineu by cl.romatography of the mixturo of annoroline and

lycoroline ae deseribed on pragse L6
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10} imoroved Separation of Crude Alkaloid - 4 second

bateh of erude alkalold {after removal of the asnoiinine)

(60 ge) was partitioned between chloroform and cltratee-
phosphote vulfer of pii 7.0 using the modifled sush end Leasen
extraction pattern of Fige 3. This was carried out in eigsht
largze aeparanory.funnels marked 1 tov 8. in each funnel

1 litre of cltrateenicsphate buifor solution of pii 7.0 was
prleceds The chloruform solution (1 litre) of the alkaloidal
mixture was placed into the flrst separatory funnel and
equilibrated with the bui'fer solution. The separatory funnel
wae Lhen sdiowed to stand for some time so as to form two
separate layers, 7The chlorolorm layer was thon transferred
to the next separatory funnel, the whola procoedure was repeated
a8 in the case uf lhe lirst separatory [funnel and the chloroe-
form phase was then transi'erred 10 the next sepuratory funnel,
ireso proceduros were repeated unill tho cilorororn rhage
reachied the last separatory junnel (uoe. 8} and finally'emmer~
god oul as a slugle clloroforn phase, G'. The pa of the
bulfer phasce was checked with tise fielp of a boclkuen pii meter
(model 42) and readjustod to TeW by aduin: solid eliric acid.
Jne lltre oi cilorofurn was then introduced in the Plirst
separalory runnel, eisht transfors wers nude as described
avove .nd finelly ke chloroform phase (Cé) was obltuined

i separatory funnols merked 4,5,6,7 ind 0 were then set
Tt 1

asido and the burfer phuses in thenm were cnlled bb’ Lo g
; '

-
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t [ 4
57 and BS respectively. The pi of the buifer phases in the
separatory runnels l, 2 and 3 was adjusted to 7.0. PFresh
chloroform (1 litre) was introduced in the first separatory

funcel and three transfers were made when the chloroform

' '
pliase, CB,was obtalned. Similarly CL, C;, Cé, C7 and Cé
were obtained ana the buffer phases in the separatory funnels

| ]
l, 2 and 3 were marked ﬁi, Bz and B; roaspectively. The
] ¢
bu{fexr phases, Bl’ 52 and B; were mixed, made alkaline and

the alkaloid was extracted., Yiela 18.1 g. ‘%“inils fraction

1
4
were comvined and the solvent wus removeds field 2leU g.

. .. . '
was called the wvuller fraction, The fraciions Cl and C

lids was called the chloroform fraction. Phe [ractions

BL to ﬁé were combined, made alkaline end the alkaloid
oxiracteds ilLe alkalold obtained was mlxed with the alkaloid
obtained from fractions C; to Cé. Yield 1%43 e flils fraction
was called the mlddles fraction

11) Countercurrent uvistribution with the Lystem Chloro-

form and Bulffer of pil Ue2 = & borie acid-sodium hydroxide

buffer was useds To prepare the buffer, boric acld wss
augpended in watsr 5o as to sive & 1l#e solutlion and to this
soliu sodium hyuroxide was added witl srirrin just to »roduce
a clear solutions. whe wu of this solution was then adjusted
to Ue2 with the help of a veckiian pi reters

Jhie buller fraction octained vy the above modlfied

cusl: and wensen exiraction pattern was divided 1nto tiree
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equal lots and each was subjected to a 60=-tube countercurrent

distribution with thae solvent system chloroforn and boric
acld=-podium hydroxide wvufi~pr of pH 5.2 Lvery tuiru tube,
starting from tube no, 1 was analysed as described on page
noe 35 o The distribution pattern shown in Fige 2C, was
obtalined, |

12) imoroved Separation of Annofoline and Lycofoline -

The alkalold mixture (3.2 g.) from the tubes 28 to 43 of the
above distribution was curomatographed on alumina {65 ey
Flpher bclentlirlic Company; deactivated with water, 57),

vengzene, benzene~chloroform, chloroform and chlorofornme-

meli.anol were used as eluant; 50 ml, fractions were collected,

Faper curomatograp.Ly (pii 740) gave the followin: results:




fractlon noe kluant Paper chromatography
Rf, Relative Amount
0.36 De57 077
Velyb Oe61 0,82
Annofoline - : (Rf 0e36) = -
2=5 Bénzene 4o - 1=-2
Gl 7 Bengene 3=10 - -
50«63 sengene-chloroform 10-40 - -
(L1}
66=72 tenzgene=chloroform L0 - -
(3:2)
15=%0 benzene~chloroform 230 l1-15 =
(3:2)
3 sengene-chloroform 1 10 -
(3:7)
96«11l penzene-chloroform - 20 -
(3:7)
117-119 Bbenzone~chloroform 1l 2 -
(3:7)
121 Benzene=chloroforn - 3 -
(3:7)

12i=130 Culoroform 1-3 15 -




- L5 -

Annofoline was crystallized from the fractions 1 to 73,

whilst lycofoline was obtained from the fractions 94 to

1l5. Lycofoline was ILurther purified through the hydro=
bromlde as described on page no. 43.

13) isolation of Pelofoline = The alkaloldal material

of the tubes 16‘ﬁo 26 did not give a-lofoline in purs state
susily. in fact, paper chromatosrapLy (phl 7.0) showed two
spots of very similar Rp values (0e50 and 0.51)e 'Ihe mixture
was therelore chromatographed on activated alumina. The
solvents used for elution were benzene (100 mle.), benzene-
ctiloroform (L3lp 1200 ml.) banzene-chloroform (1:1, 1250 ml,),
benzene-chloroform (1343 LOU rl.) anc chlorororm (1050 ml.);
50 mle fractions were collocted, The fractions (16 to 74),
contvaining tie alkaloidal material, wore divided into five
disf'erent lotg. a=-Lofoline was crystallized from tie I'ourth
(fractions 52 to 66) snu rifth (fractions 67 to 78) lots
while the second lot (fractions 30 to 36) on crystalliéation
Irow methunol-ethber ;ave f=lofoline, mep. 160-166°, after
two recryestailizatlions from etler, the welting point changed

- . ; ~0
Lo 100=10T7 ,
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(¢) Chemistry of snnofoline

1) (Characterization of Annofoline - Annofoline, m.p.

156-1570, was readily soluble in methanol, chloroform or
benzere but sparingly soluble in ether or petroleum ether.
A sublimed sample was used for analysis,

Calc. for Cleﬁzsbzﬂ‘ Cs T2.963 H, 9.57; N, 5.32; C-CH
Se96E3 MaWa, 2634le

Found:s C, 72.85, 73.053 H, 9.51, 9.59; N, L.91 C-CHg, 6491%;
M.w. (Rast), 270, 283; L.W. 259, 267; pKa, 9.1, 9.2; [a]y =
131.4° (¢, 2.0 in ethanol). The infrarecc spectrum (Infracord),

#g. L, in kujol, showed bands at 3400 cm~%, 1700 cm™ and in

carbon tetrachloride s=olution it showed bands at 3600 cmf%,

38

3400 cmf% and 1700 cm.%. A coumparison of the spoctra of
lycopodine, annofoline and acrifoline of the carbonyl region
in carbon tetrackloride solution is shown in Fig. 5.

lieM4Re spectrum, Flig. 6, was neasured in chloro=-
forw solution (40 mg in C.35 ml.) with tetramethylsilahe as
internal reference. The 7 volues are shown in Table II.
then a solution of annofoline in carbon tetrachloride was
allowsed to evaporate in the presence of air an intense orange-
yellow residue was left,

2) innofoline Methiodide - The methiodide of annofoline

crystallized on addition of methyl iodide (0.8 ml.) to a
solution of the alkaloid (60 mg.) in acetone (2 ml.). The

mixturce wes refluxed for five minutes, cooled end tle methiodide
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collected. After recrystallization from water it melted at
308-309°%  Yield, LO mg. _

Calc, rop 016ﬁ2502N.CHBI: Gy 504373 H, 64943 I, 31,314,
Found: C, 504303 &, 6.703 I, 31.,50¢,

3)  Annofoline Perchlorate - A methanolic solution of

perchloric acid“was added to a solution of annofoline in
methanol until a slight execess of the acid was present, Kther
was added to the solution and the perchilorate crystallized

on scratehinge After recrystallization from methanole-ether

it melted at 234-236°,

Calce for cléngsogﬂ.ucloh.ﬁéo: Cy 500303 Hy, T465%,

Found: C, 504083 iy Te35n.

L) ircatment of Annofoline with Aecid

a) poiling: 1. sivdrochloric idcid - Annofoline

(21 mg.) -8 rofluxed wiii 2 ml, Liyarochloric acid (10%)
for five hours. iie solution was cooled, made alkaline and
the alialoical material was extracted with.chloroform.v ihe
infrared specirum in carbon tetrachloride solution showed
bands at 359 cm'}, 3L73 cmf% and 170V cmf}. faper chroma-
tograpLy (pil 7.0) gave the followiny rosults:
Sample Rf Relative amount
Annofoline Oe37
lieaction product

Oeli3 7

o35 1
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The compound that had the Rt’ Os4;3, was provably unchanged
annofoline., Yhe difference in Rf values was probably due
to the lerge differences in corncentration,

o) woiling concentrated livdrochloric Acid

1) ior rive hours - Annofoline (16 mg.) was

refluxed with 1 ﬁl.concentrated hydrocliloric acid for five
hourse. The solution was cooled, made alkaline and extracted
with chloroforme. Paper chronatograpiy (ph Te0) on the chlorow
form extract gave tiie following results:
wample o Hr Relative amount
Annofollne Ue37
Reaction product

0.43 10

0,35 1
The compouna that had Rf value of 0.43 was provably unchanged
annoioline znd the difference in Hf values was probably due
to tlre larger concentration dirference, |

2) For tweuty hours = A mixture of asnnoioline

(60 mge) and concentrated hydrochloric scid (6 mle) was
rerluxed under nitrogen for tweniy hours. Yhe solution was
cooled, diluited with water, made alkaline aond extracted with
chloroforme ?Paper chromatography (pti 6.,0) on the chloroform

extract ave the lollowin:: results:



Sample Fgp felative amount
Annofoline Oe3l

fiesction procuct

Ue23 40
Vel43 . 50
0e63 5
0.73 2
Ve 79 1
032 2

5} Attempted Dehydration of Annofoline

&) Ireatment with *hosvhiorous Oxvehiloride snd

Pyricine - o a solution of unnofoline (11 nge) in dry pyri-
dine (Ue? ml.) phosphorous oxychloride (U.l mle) was added,
ihe mixture was lieated on a water tath for one Lour. foet of
the pyrldine was rermoved by evaporation under a stream of
nitrogen. ‘the phosphorous oxyeliloride was decomposed with
water, i solution was made alkaline and the alkaloid was
extractea witl: chloroforme ihs chloroform extract was
sublimed under vacuum (110-120° at 0,05 mm.). %The infrared
spectrum of tic suolimate in carbon tetrachloride solution
slowed bands at 3594 cm‘} and 1700 cm’%.

b) ireatment wlib: p~Loluene oulpnonic sclid -

4 mlxture ol auusofolline (22 mze), iyleuno (1 mle) and p=-toluene-

sulpinonic acld was refluxed for one hour., The solvent was

removed, water was added Lo Lie residue, Yie mixture

i
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wag made alkaline end extracted with chloroform. Infrared
spectrum in carbon tetrachloride solution showed bands at
3594 cm‘% and 1700 cm’%. Paper chromatography (pii 6.,0) gave
the following resuluss

sample Hf . Helative amount

Annofoline | 0.1

hesctlon product
0.11
0.19
02
Ve33
Celi3
Oalib
Q06 1

Y T w

&) Attempled lol'mann begradatlion of Annofoline idethiodide -

annofoline methiodide (3 mg.) was treated with sodium hydroxide
solution (2 mle, 102)e The solution was extractad wiﬁh
chloroform. %The chloroform extract dld not ;ive any test

witl: Dragendorfi's roes:ent. The aqueous solution was boiled
for ten mlnules, cooled and extracted wiii chlopoform. he
cizloroform extract slhiowed absorption at 257 mp in the ultra-
violet spectrum (in etnanol), ‘fhLe agueous extrsct was refluxed
for a further porlod of two hours, cooled and extractec with
chloroiorme +iw chloroform exiract dld not show any celective

absorption in iuse ultravioletl re:;ion,



7) Attempred Freparation of benzylidene Lerivative

of Annofoline = Annofoline (5 mge) was dissolved in methenol

(0e5 mle)e To this solutlon wes addsd benzaldehyde (0,01 ml.)
(freskly distilled) and sodium methoxlde solution (0.1 m1.)
{preparec vy disgolving 0.2 ¢ metallic sodium in 2 ml.
meihanol). ihe ﬁdxture was refluxed for half an hour and
then allowed to st:nd at room temperatuwre for sixteen hLours,
rThie golvent was removed, water was added to the residue and
the alkaloid wes oxtracted with chloroforr, Faper chromatoe-

graphy (pi 7.0) on uie cidoroiorm extract save tne following:

results:
Saumple Rf
Annofoline Qe 31
Reactlion product

Ce3l

4) Acebylation ol annololine

a) First attempt -~ & mixiure of annoroline (5 mze),

acetic annydride (V.1 mle.) and aahydrous sodiwa acetute (2 Tlge )
was hicatec on & water ball for seven iouras. Ihs dark trown

sclutlon was couleu, excess of acetic anhydride was decomposed
with methanole ti.e solvent was removeds  Papoer chiromatography

(pii 740} cuve tie tollowing rosults:




sample Rf kelative amount
Annoi'oline 0.42

Heaction product

Oeli3 3
073 2
0.82 1
Oe it 1l
Ve93 : 1l

b)  Second atiempt - scotic anhycride (0.1 ml,)

W43 acaed Lo & solution of anaviollne (26 mre) in bLenzene

(1 ml.) aud the mixture was refluxed for ten hours. vhe

dark soluiion was cooled, benzene was removed under a streawm
of nitroren &nd excess ol acetlic anbydridc was decomposed
wilth metiianol. ihe residue left after the removal of methyl
acotate was sublimed under vacuum (110-120° at UeU5 mMrie)e

The ialfrared spectrum of the sublimate in carbton tetrachloride
solution showed bands at 1742 cm'% and 1712 cm-}. Paper

chromato, rapry (pii T.0) on tue sublinate save the following

results:
sample Hf Helative amount
Annofoline ve3T
lipuctlon vroduct
Ue 30 3

Jefl

r

P
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c) fhird attompt -« A mixture of annoroline

(100 mge), acetic anhydride (0.5 ml.) aud toluens (3 ml.)
was rolluxed for ten nouwrs., fihe solution was cooled and
excess ol acetic anbydride was decomposed with methenol.
ihe solvent was removed, Paper chromatography (pit 7.0) on

the residue gave the following results:

sample Rf ikelative amount
Annofoline 0e36

neaction product

0436 1
Ve 70 30
0.78 1
Ve 86 1

‘o above uurk brown residue £8Ve au 0ily material on
sublimacion under vacuun (110-120° at UeO5 mme)e Yield,

Ul mre  Yhe infrared spectrum of the sublimate il carbon
tetrachlorice solution showed bands at 1745 em + and 1712 em Y.
the sublimate was chromatographed on slumina (1% g£es deactie
vated with water, 5.). The solvents usod for elution were
boengene=ciiloroiorn, chloroform snda ci.lororormeneothancly 20 ml,
fractions were collected. Faper ciromatography (pii T.0)

gave tlie followin:: results:



fraction no, Eluant Paper chromatography
Hr. relative amount

0e35 0e65-0,69 0,82-0,83

Annofaline - (Rf. Ce33) - -

1-1 benzene= - - -
chloro form

(1)

5=9 Benzenew - 20 1-2
citloroform :

{4:1)

10=-13 denzenae - 1-10 -
oh:loroform

(4s1)

1L=16 Lengeno= - - -
citloro form
(421)

17=31 benzene- - - -
chloroform
(3:2)

32=-40 Benzene- - - -
c¢hlorofoprm

(1:4)
Ll=Li vlzloroform - - -

L9 chloroforme= - 1 1
metlhianol
(19:1)

50 Ci:lorv forme= 1 1l 1l
methanol
(19:1)

5l=52 Chloroforme - - -
nethanol
(1931)
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the fractions 5 to 1l were combined. The resldue left after
the removal of the solvent did not crystallize.frqm methanol,
benzene, etler, benzene-pentene or benzene=petroleum ether
(beps 30-650). it was dissolved in acetone and & solution
of hydrobromic acid in acetone was added to the alksloidal
solution until a'slight excess of the acld was present,
U=icotylannofoline hydrobromide crystallized immediately,
ilie erystals of tie hydrobromide were collected and washed
with cold acetone. Paper chromatograpny (pH 7.0) gave the
Tollowing results:

Sample %f

Annofoline Ue 37

Jencetylannotfoline
hydrobromide Ueb7

vie crystalline hydrobromice was recrystallized from nethanole
othiere field, 17 mge For aualysis the sample wos drled
under vacuum (100° at UaU5 ne )

calce for Cluﬁ2703ﬁ.ﬂwr: Co 55055 liy 7403

found:s C, 554723 iiy Te235.

Tlie infrared spectrum of the freoe base in carvon tetrachloride

solution showea bands at 1750 cm’% and 1712 cm’%.

9j sivdrolysis of U=icetyl aanofoline = he zolvent was

removec fror tie mother liquor of the second crystailization
of U-acetyl annorfoline (page 58 ) and the freo base was regenc=
ratod in ine usunl way. U=icetylannoroline did not crystallige

from eil:er-pentanc, bonzene=pentune or bengzene=-petrolcur ethor
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(bepe 30-65%), It was dissolved in metianol (1 ml.) and
refluxed with 5% aqueous sodium hydroxide solution (2 ml,)
for two hours, iost or the methanol was removed by evapora=-
tion and the alkaloldal material was extracted with chloro=-
forme Tiie chloroform extract. when s.blimed undep vacuum
(110-120° at 0,05 mm.) melted at 150-155°. The mixed melting
poeint of the sublimate with annofoline was 150—15&9. The
sublimate when crystalliized from ether, melted at 1h0-1h2°.
The melting point changed to 154-155° after sublimation in
vacuun,

10) Attenpted Chromic acid Oxidation of Annofoline

Annofoline (2 mge) was dissolved in dry pyridine (0.0l mls).

fo this solution chromium trioxlde (2 mr.) was added with
shakinge The mixture was allowed to stand at room temperatureo.
After twenty four hours tihe chromjium trioxide-pyridine complex
was decomposed with water. 7Tnre solution was made slkalline

with sodium Lydroxide and the alkaloidal material was éxtracted
with chioroform. ©¢ihe chloroform extract was suvlimed under
vacuun (11u-120° at 0.025 mme)e. The Infrared spectrum
(infracord) in carbon tetrachloride solution showed bands at
3600 cm’%, 3400 cm‘% and 1700 cm'%. Paver chromatograph

(pil 740) pave the followlng results:
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Sample Rf Relative amount
Annofoline 0.51

Reaction product

0029 1 i
0.5l . 90 |
0.87 1 |

i

11) Sodium borohydride Reduction of Annofoline = Annofoliné

(150 mg.) was dissolved in ethanol (10 ml.) and sodium borohy-
dride (0.3 g.) in ethanol (4O ml.) was added to the above
solution. The mixture was refluxed for two hours. The s
solutlon was cooled, excess of sodium borohydride was de-
composed with dilute acetic acid (1:1) and most of the ethanol
was distilled off, The residue was made alkaline and the
alkalold was extracted with chloroform. Paper chromatography
(pH 7.0) gave the following resuls: !
Sample Rf
Annofoline 0.37

Reaction product
0.27
0.55
The infrered spectrum in chloroform showed no absorption in
the carbonyl region.
The reduction product was chromatographed on alumina
(15 g., containing 5% water). The solvents used for elution

were benzene-chloroform, chloroform and chloroform-methanol ;
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20 mle fractions were collected, Peper chromatography
(pE 7.0) gave the following results:

fraction no, Eluant Paper chrousatography

Hf, relative amount

0021{."0-31 00'42"0057

Annofoline - (0e37 Rf)

1= senzene=chloroforn - -
(3:2) :

1o=1}4 senzene-chloroform - ' -
(1:1)

16«31 ‘benzene-cnloroform - 10-20
(1:1)

34 senzene-ghloroform - L
(2:7)

37 benzene=-chloroi’orm 1l e
(3s7)

40 Benzene=chloroform 20 1l
(139)

43 sengeno=cliloroform 20 -
(1:9)

LGet) Chdoroiorm 5«20 -

60-61 cliloroi'orm=methanol 15 -
(9:1)

52=67 Chloroformemotlianol - -
(21)

fhe fractions 18 Lo 35 were comoinede urie residue loft after
tiie removal o1 tic solvent fave a=diliydroannofoline on

cryetallization from netnanol=getones After sublimatlon in
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vacuum (140-150° at 0,025 mm.), it melted at 26l~265° (recrys-

tallized at 190%), Yield, 26 mg.

Calc. for €, H, 0Nt C, 72.41; H, 10.26%.

Found: €, 71.63, 72.66; Y, 10.1l, 10.177Z; pKa, 10,05;

[a],, 0.0 (c, 2.0 in ethanol),:

The infrered speétrum (Infracord) in chloroform did not show

any band in the carbonyl region. HN.H.R. spectrum was measured

in chloroform solution (Fige 7). 7 velues are shown in Table II.
The fractions ) to 62 were combined and the residue

left after the remevel of the solvent was dissolved in methanol-

benzene. This solution when subjected to slow spontaneous

eviporation gave crystalline B-dihydroannofoline, MeDe

198-200°. g=lihydroannofoline after sublimation in vacuum

(140-150° at 0,025 mm.) melted at 200-203°. Yield, 12 mg.

Cale, for 016E2702ﬂ: G, 72.41; H, 10,264

Found: €, 71.63, 72.77; i, 10.02, 9.82f; pKa, 10.,00;

[aly =843° (¢, 2.0 in ethanol).

The infrared spectrum in chloroform did not show any band

in the carboanyl region,

12) Chromic.acid Oxidation of a-Dihydroannoroline

a-Dihydroanncfoline (2 mg.) was dissolved in dry pyridine
(0ul mle) and chromium trioxide (2 mg.) was added to the
above solution with sheking. The mixture was allowed to
stand at room temperature Ifor 19 hours. After this period,

chromium tricxide-pyridine complox was docomposed with water.
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The solution was made alkalline and the alkalolidal material
was extracted with chloroform, The chloroform extract was
sublimed under vacuum (110-120° at 0.03 mm.). The infrared
spectrum (Infracord) of the sublimate in carbon tetrachloride
solution showed bands at 3600‘cm'}, 3350 cut (broad),

1700 cm'%. Papor chromatography (pH 7.0) gave the following

results:
Sample Rf ' Rolative amount
Annofoline 0.1
a-Dihydroannofqline 0,53
Oxidation product
0.30 1
0.53 3
0e443 30

13) Chromic acid Oxidation of B-Dihydroannofoline

f-Dihydroannofoline (2 mg.) was oxidized in exactly the

sarie way as described above ror a-dihydroannofoline. The
infrared spectivm (Infracord) of the oxidation product in
chloroforn solution showed a band at 1700 cr v, Paper chromato-

graphy (pH 7.0) gave the following results:

Sarple Rf Relative amount
fmnofoline Ol
3=Dihydroannofoline 0637

Oxidation product
0.6 20
0.82 1
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1) velenium dioxide Uxidation of Annofoline

Annofoline (200 my.) was dissolved in dloxane (30 ml,) and

to this solution was added a solution of selenium dloxide
(200 mze) 1n agueous dioxane (water Oe5 ml,, dioxane 30 ml.).
The mixture wae refluxed for twenty hours, cooled and
Iiltered through.a layer of Cellte., %he solvent was removed
by evaporstion and the residue was ulssolved in dilute
hydroehloric aoide. 7“he aqueous solution was extracted with
chloroform and the chloroform extract was in turn oxtracted
with dilute aclddes All tiie aqueous extracts wero combined,
made alikaline wnd the alkeloidal material was extracted with
cliloroformn. ‘ihe chloroform extract was sublimed under vacuum
(110-120° &t 0.03 mme)e ield 100 mge wenydroannoroline

was crystallized (rom ether., After tizee crystallizations
from etuer, it melted at lba—lého. Yield 16 mg. For analysis
the sample was sublimed,

Calce for 016H2302H: Cs 73e533 il, 3,878,

Found: C, 736233 up CeT3he

i lnfrared spectrum (Infracord) in carvon tetrachloride
svlution showed bands at 3550 cmf%, 3LuG cm'%, 3000 cmf%,
1670 em™ 1, “ltraviolet spectrum, Fijpe 8, ( A max bt

My 10y & 3e0) was measured in ethanole .ie-iele spoctrum,
¥l 9, was measured in sc013 solutions TPaper chromatogranhy

(pii Teu) jave the iollowln,” results:
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Sample Rp
Annofoline 0.38
Dehydroannofoline 0.69

The mother liquors from the crystellizationa of
dehydroannofoline were combined and paper chromatography
(PH 7.0) was carfied out on the combined mother liquors. The
sample was appllied on the paper as two spots side by side. After
developing the chromatogram, it was divided into two halves
each corresponding to one of the samples. The alkaloidal
spots on one of these papers when revealed by the modified
Dragendorff's reagent showed the presence of elight compounds,
The second part of the chromatogram was divided into eight
parts each corresponding to one of the compounds on the first
half of the chromatogram. Each part of paper was extracted
separately with methanol. The residue left after the removal
of methanol was extracted with dilute hydrochloric acid.
The acid extract was made alkaline and extracted with éhloro-
form. Ultraviolet spectra in ethanol solution on the different

fractions were measured. The following results were obtained.




Fraction no, Ry Helative amount Mnax ()

1 087 8

2 0e72 1

3 0,69 16 21

N 0456 4

g 0uls8 8

6 0439 I 252

7 0.29 2 254

3 0422 2 253
Annofoline 0.38

15) f2reatment or Dehydroannofoline with Acid

Dehydroannofoline (2 mg.) was dissolved in 10f hydrochloric
acid (1 ml.) and tue solution was refluxed for tem hours.
The solution was cocled, made alkeline with sodium hydi-oxide
solution and extracted with chloroform, '‘he chloroform
extract showsd baends in the infrared region (Iunfracord) at

1 1

3500 cm’}, 3400 em™%, 1700 em”t, 1650 om T, Paper chroma-

tography (pi 7.0) gave the followlng results:

. &
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Sample Hf Relative amount
Dehydroannofoline 0e76

Aeaction product
0.75 10
Q.36 . 1
16) Trestment of Uehydroannofoline wish alkali

Lehyaroannofoline (2 mg.) was dissolved in ethanol (G.1 ml,)
and it was refluxed with a 10% aqueous sodium hydroxide
solution for & period of nine hours. %“he solution was
cooled and the olkaloldal materiasl was extracted with cirlorce
forme. Uhe inilrared spectrum (intracord) in carbon tetraciiloe
ride solution on the chloroform extract showed bands at
1700 ex™%, 1650 om %, 3500 cmY, 34,00 em Y. Faper chromas
tography (pi T.0) gave the following results:
Sample ﬁf Relative amount
Dehycroannofolline Qo786
Reactlion product

Qe 77 10

Oe83 1

17} Attempted :iofmaun dexradaiion of Dehvarcsnnofoline

dethiodide = .o a soluilon of dehyuroanuofoline (2 ry.) in

acetone metiyl lodide was added. 3ie meti.iodide crysialllzed

~s

lmmeciatelye. The solvent was removed, ¢ the residue was
aissolved 1In weter. Lioe methiodide was converted to tie

correspondin - nycroxlde by passing tie squeous solution of
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the methiodide through an anion exchanye column (Uowex-1
in nydroxide form). The eluate showed a maximum at 245 mp in
the ultraviolet region. %he solution was concentrated to
Ue5 mle andg refluxed for two hours, cooled and diluted. Yhe
ultraviclet spectrum of it showed a maximum at 245 mp. The
volume of the solution was agaln reduced to 0.5 ml., added
2 drops of sodlum hydroxide solution (5:) and the mixture
was refluxed for ten hours. 1he solution was cooled,
extracted with chloroforue <The ultraviolet spectrum (in
ethanol) of tie chloroform extract did not show any scleciive
absorstione

13) Annofoline ethyltido-enol ether - To a solution of
annofoline (200 mg.) in glacial acetic (2 ml.}, ethanethiol
(3 nle) and anhyurous zine chloride (300 myse.) were added.
The mixture was allowed to stand at room temperature with
frequent shakin G, aAfter & period of thirty four hours, Lhe
mixturs was made ulkaline wltulr a solution of sodium hydroxide
anc Lne alkaloidal material was extracted with chloroform.
Yielu, 220 nye Paper chromatosraphy (pi S.0) gave the
followin: resultss
vample Iir
Annoioline Uedl7
Reactlon product

Ueb3



Annofoline ethylthio-enol ether was orystalliged
from methanolepentanc, m.p. 1u0—150°. After two recrystallie
zatlons from ether 1t melted at 152-1530. Yield, 50 mge
Cales for Gyph,q0is: €, 704323 H, 94513 5, 10,41%,

Found: C, 09895 iy, 9.65; 5y 9e20f .

Ihe lnfrarecd spectrum in chlorororm solution showed a faint
band at 1625 cmf%, in carbon tetrachloride solution it showed
a vanda at 3600 cmf%. lieMelie spectrum, #lg. 10, was measured
in carbon tetrachloride solutlon (25 mge in Ue35 mle)s The
7 valucs wore calculatec, Table II.

19) Desulvhurization of Annofoline ethylthio-onol ether

All the mother licuors from the crystallization of annofoline
ethylthio-encl ether (see above)were combined and the solvent
was roroveds Yhe residue (160 myue) was dissolved in ethenol
(25 mle) and refluxed with Haney nlekel (2 g.) for sixteen
nours. Tie [aney nickel was rlltered and washed with

ethanol uatil the washiln:s gave no alktaloid test. All the
ethanol extracts were corbined and the solvent was removed,
The rosidue was sublimed under vacuum (110-170° at UeC3 1My ) o
Yiela, 1luy ;e Tho sublimate did not crystellize [rom
motionol, meliicnolesther, netnunole-acetone or mothanol-
peantane. 1t was chromatographed on alumina (15 g, contalinling
5. water)e Unic solvents used Ffor elution were peiroleumn
othier (Depe 30—&50)-banzene, benzenc, tensene-chiloroforn and
ciloroformemotianoly 1U rml, fractions were colloctod and

papor cuaronato, rapiy (pa T.0) fave tre followin resultiss




“raction no, #£luant Paper curomatography
Rf, relative amount

0,62 0,71 082

067

Annofollines othiyl - } Rf, 0.71

tuio~-enol elher .

1=-20 Pet., other-Benzene - - -
(1:1)

21-41 Pet, etlier-sengene - - -
(3:7)

Lo=Th Lengzene - - -

7538 ' benzene-chloroform - - -
(4:1)

G2-101 Lonzene-ciiloroform 10=-20 = L=2
(Lis1)

187 Benzene~cl:loroformn 1 - -
(Ls1)

113-116 vengzene=ctiloroform - l-}; -
(1:1)

119-129 sengene=chlorofoym - - -
(2:1)

13u-141 Clhloroform - - -

1,2=1L6 vi.loroform-riethanol - - -

(9:1)

o b
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The fractions 96-105 were combined and the solvent was
removeds ihe residue was dissolved in methancl and converted
into the ny.robromide. The hydrobromide crystallized when
ether was added to the above solution. Yield, 5 nce g

Mepe 298-3000.

20) Wolf=Kilghner feduction of Annofoline - A mixture

of annofoline (102 mg.), disthylene glycol (1 ml,) and
kydrazine (953 1 ml.) was placed in & flask ritted with
a reflux condenser. <ihe solution was heated at 130° for
hall an hour. ‘lie condenser was tihen removed, potassium
hyurcxlde (0e2 go) was added to the solution, the temporaturs
0oi' tinie solution was raised to 200° und the condenser was
replaced. The mixture was heated at this temperature for
an hour. It was cooled, diluted with water and the alkaloidal
materiul was extracted, Yield, 93 mze “he infrared spectrum
(Infracord) in carbon tetrachiloride solution shtiowed a pand
at 3600 cm’% aid 1o band in the carbtonyl region. Papor
chromatorapuy (pid TeU) cuve tie r'ollouin;: results;
sample Hf
Annololine Je37
Henctlon product

066
ibe chloroform extracl was sublimed under vacuume 1he sublie
matoe was sligjhily yellow in colour. It was chromatographed

on alumina (15 ;re containing 5 water)e The solvenis used
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for elution were benzene (100 ml) and benzene-chloroform
(13113 500 ml.). Dihyarodeoxyannofoline was crystallized
from ether, After two recrystalligations from the asame
solvent it melted at 189-190°, For analysis the sample
was sublimed under vacuum (120-130° at 0.02 m).

Cale. for Gy H,,ON: G, 77.06; H, 10.91%.

Foundt C, 76.68, i, 10.87%; pKa, 10.40; [aly ~42.1°

(¢ 2,0 in etnanol),

The infrared spectrum (Infracord) in carbon tetrachloride

% but no band in the carbonyl

solution showed band at 3600 cm™
reglon, N.i.R, spectrum, fig. 11, was measured in chlorofornm

solution (20 mg, in 0.2 ml. CHCIB) with tetramethylsilane as

internal reference, The 7 values were calculated, Table II.

The above Wolf-Kishner reduction was also carried
out at a higher temperature and for a longer period. The
mixture of annofoline, diethiylene glycol and hydrazine was
heated at 130° for five houra, potassium hydroxlde was added
to tue above mixture and the temperature of the solution was
ralsed to 230°. The mlxture was heated at this tenperature
for a period of three and a half hours and the alkaloidal
material was eoxtracted as in the above case. raper chiromatoe
graphy (pti 7.0) on the chloroform extract iave the rollowing

results:




sample R . Helatlve amou..t
saanofoline Ue 39

Keaction proauct

Oe 70 u

ihe infrared spectrum in ciloroform solution shiowed a weak
band &t 170v em =+,

e chilorolorm axtracu was clhromato,raphed on
alunlua (15 ., containing S% water). {ie solveout used for
elutllon were beazene, beugene-ci:loroiorm, cilorolori: and
ciloroformemetrancly 20 ml. fractions were collected und
the followia;: results were obtalned by paper crromatopraphy

(P«“ 7) .




Fractlon no, iZluant aper cliromatography
Rf, relative smount
0,71 O ti9
Annofoline - . (Hf Ue3T)
1-2 Bengene - - - -
3=5 SOnZeno - - Li=20 -
S=15 senzene - 1-); 10=1% -
13 senzena=chdoroform = 20 3 -
(9:1)
21-24 ﬁuenzens-chlorororm - 30=50 - 10
{9:1)
27=39 senzene=cilorolorm - 50=70 - -
(v31)
L2 pengzenc=chloroiorm - 10 - -
: (7:3)
L5 vengene=chlorofors 5 - - -
{ "
\723)
50«16 benzenes-chloroform - - - -
(2:3)
57=00 c:alorolorn - - - -
6l=65 Cliloroforme=mothanol - - - -

(19:1)
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ihe fractions 3 to 12 were comblneds Tie residue left

after tie removal of tie solvent was sublimed under vacuum
(120-130% at 0,05 mme). The light yellow sublimate cld nob
crystallize from etier, benzene, metrhanol or pentanc. LIt
was converted Lo rydrobromide by addiny concentrated hy-
drobromlc acid¢ to a solution of the base in methanol. <he
hydrobromide crystallized wiwen ethor was added to tire sbove
solutlon, ‘''he crystalline hyurobromide was converted to

ti:o free base in the usual way bul tie base could noi be
laduced to crystallize, iYue infrared spectrum of the free
base in carbon teirachloride solution showed band at

1700 cm'% buv no band in the hydroxrl ve;ion. Papor chroma-
tography (p: TeV) showed that it had Hf valie (Q.0%) similar
to deoxyaanofoline (Hf, Oebliy page 77 Je Libydrodeoxyanno=- |

foline was isolatac from the fractions 27 1o L3

21) O=scetyldihydrodeoxyannofoline « Lihydrodeoxy-
annofoline (50 m o) was dlssolved i: beuzene (2 mle.) and the
solution was refluxed witi acetic annydride (V.1 ml.) for
Len hours. Yie solution was cooled and excess £ acetic
anhydride was documposed witn metianol. ‘i'he solveut was
removed and vhe dark brown resldue whon sublimed unider
vacuum (110-120° at JeU3 e ) ave a colo.irless olly sublirates.
ileld, 54 m o Yhe suuliicate &lé not crysiallize from methanol,
Qilier, wouZelUY, oliere-pentane, acetoas .uia aceltone-nenvane.

vaper ciromato ravny (gl LeU) on i suuvllmete gave tue




foliowin; resultis:
vample Rf
Lihydrodeoxysnnoroline .71
hcetylated product
0.7

the infrared spectrum (Infrscord) in carbon tetrachloride
golutlon showed band at 1730 cm™s but no band In the hydroxyl
reglon. ieiteRe spectrur, lg. 12,was measured in chloro-
Torm solution,

{ie 0lly U=acetyldihy.rodeoxyeannofoline was then
coaverted to nydrobromide by adding a solution of hyéro=
vromle acld in acetone to a solution of tre bass in acstone.
sue s8lt, whlces erystallized ilumediately, was fllitered off
and washed wits cold acevone, fieldy 3U Mies MeDe 302—3uh°
For analysls tle sam-le was dried under vacuum (1170, 0eU3 2iie ) o
Calce, for C ﬁ“gg Siedors Uy SUe0Ly iy H.124,
Foundt C, 5364203 iy 3427

22) Attempted Toaylation of Lihydrodeoxvanuofoline

40 a solutlon oL dihydrodeoxyannofoline (2 mge) in dry pypri-
wine (Oel mlet, p=toluene sulphonyl culoride (10 Mge ) WAS
added, ‘inhe mixture was allowed to stond at room temporaturae,.
Alter a perivd oi seventeen ours, the solvent was renoved

Oy evaporation under a streas: of nitro-en. fie res:iduc was
dissolved in metianol and tlhwo solvent was rernovaed,  Jie

FPOCeLLre was repealed Liree LiIncy Lioree Sodiun nyaroxide

‘
Y S
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solution was added to the residue and the alkaloidal
meterial was extracted with chloroform. 'I'he infrared spectrum
(Infracord) in carbon tetrachloride solution showed band at
3500 cmf%. Paper chromatogzraphy (pi 5.0) gave the rollowing
results:
Sample Rr Relative arount
Uibydrodeoxyannofoline 0.73
Reactlon product

0469 | 60

Ve 79 _ 1

23) charonic dcld Uxidation or Llh.ydrodeoxvannofol lne

Chromium irioxide (Y& mg,) was auded portionwlse to pyridine
(1 nd,) with shakin,: aftor eacn aadition. To tie slurry

thus produced, was added a solution of dihydrodeoxyennofoline
(95 rze) in pyridine (1 mle)e ‘Whe mixt.uro was aliowed to
stand at room temperature or thilrty five iours, The chromiuna
trioxide-pyricine cumnlex was dacomposea by addin: water to
trhe avove mlixture. fThe mixture was made alkaline and the
alicaloldnl materlal was extracted with chhloroform. ine
chlororform extract was sublimed under vacuum (30-90° at

QeU25 ruane)e Yiela, 73 my. Yaper chromatosraphy (p: L.0) .cave
tine rollowin. res.lts:
vanple h’r
Lilayarodeoxyaunoroline U.75
Yxldatioa proauct

Ue6U
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i{hie sublimate was chromatographed on alunina (10 z.) using
benzene as the eluant. Ueoxyannofoline travelled almost
alon;; wlih the solvent front. beoxyannololine, obtalined
arter the removal of the solvent, was sublimed under vacuum
(30-90° at Ue025 muiie)e Yleld, 61 mze, mep. 75-855%. It was
converied to the hydrobromide by adding concentrated
hydrobromic acid to a solution of deoxyannoroline in acetLone,.
The hydrobromlde crystallized immecdlately, and was recrystale
llzed from methunol-acstones Yleld, L mye, mepe 305°
(decompels Fhe hydrovromide was converted to Lhe free base
which was sublimed under vacuum (30-50° at UeU25 mme). Yield,
30 mi5es Mepe 53=52°, Crystalllizations of deoxyannofoline
from a=pentane dld not chanye the melting point,

Calce lorp Cléh?SUN: Gy TTeb33 ry 104192

founds Ly, TUeVUp iy 1lUeliOle pXa, He.:0.

ihe infrared spectrum (Lulracord), Fi-, 13, ia sjol rull
showed bund at 1690 cm-%. tltraviolet spectrum, #iL -, 1Y,

of tne free base | )‘rrxax 208 m:, €, 109] ana also of the

salt { Amax 2l mpy &, 33) were measured 1n et..unoOle sielfielie
spactrum, 1. 15, was measursd in chloroform solution

(20 mse in U285 ml.) with tetramethyl silane as inteprnal
reloreuce, i:e 7'va1ues woro calculated, table Il,

2L ) freatient ol Veoxyannofollne with aclid - Ueoxvanno-

foline was relfluxed with 105 Lol (Ue5 mil,.) for five nours.

vie solution was cooleuw, made lkallac w.ih sodlum hearoxide
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gsolution and tiie w2lkaloiual material wes extracted with
ciloroform. Lhe infrared spectrum (Infracord) in carbon
tetracidoride solution snowed band at 1690 cm‘%. Poper
chromatography {5.0) gave the followin,: results:
sample R
Veoxyanuofoline 0.£9
Reaction proauct
0,59
25) lreatment of Deoxyannofolins with alkell

veosyannofoline (2 riyg.) was clssolved in eti:anol (.l mls)
snu tiue solution wes rofluxed with Sﬁ sodium hydroxide
solution (0.5 mle) for {ive jours. 4The solution was covled
anu tue alkaloloal material was extracted wlth ch:loroform,
Yhe infrared spectrum {infracord) ln carvon tetrachloride
solutlon siowed pand at loYu cm‘%. apor chromuvographLy
(pu 540) gave tle Jollowing results:
Gamplo Ra Relativé amount
veoxyannofuline Ueb1l
ffeaciiosn product

Ue01 v9

0eSL 1

26) sodium oorouydiride Reduction of veoxyannotloline

reoxyaunofolline (5 m,) was alssolved i othannl (1 ml.).
Yi solution was refluxea for btwo hours w th 2 solution of

souiuwm boroLyurice (5 moe) in otirnol (1 mleje wre solution
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was cooled and worked up in the same way as described

on page noe 60+ Yhe alkaloidal extract showed a baand at
3500 co Y in the Llnfrarec spectrum (iniracord) in carbon
tetrachloride soluticn but no band in the carbonyl region.
Paper chromatouraphy (v L.U) gave tie following results:
ample | Rf

Ulhydrodsoxyannofoline 0O.Th

Ueoxyannofoliue 0.63

Reduction product Ve 77

27) attempted liofmann Lexradation of Leoxyanaofoline

sMothiodide = To a solution of deoxyennofoline (2 mz.) 1n

acetone, metuyl iodide was avded and deoxyannofeoline methlo-
dide crystallized immediately. ..o solvent was removed by
evaporaition and tie residue was dlssolved in watere. UhLe
metilouwldes was converted to the correspondln: hydroxide dy
passlng the aqueous golution of the metniodlide Lhrough an
anion exchan.e column (Vowex - 1 in hyaroxlde tors). ihe
eluate was concenirsted to appyroxlmately 3 mle he ulira=-

violet spectrum of tris solutlon dld not siow any selectlve

absorntion., ‘“he solution was further concentrated to Ues mle

and was refluxed with sodium hydroxide solution (55) for
ten fiours. vie colution was cocled snd extracted with chlo-
roform. Ythe ciloroform extract still dild not w«iow any

absorption in tie wliraviolet re iole




28) Attempted Wolf'=Kishner Heduction of Deoxyannofoline

Dlethylene ;lycol (Y.l mle.) was Leatod Lo 130° and

dsoxyannoroline (2 mye) and Lydrazine (J.1 nl.) were added.

Yo flask was fitted with a reflux condenser and the mlxture
was heated at 130° for half an hour., The condenser was
removed, potsassium hydroxide {apvroximately 2 meg.) was added
to the above mixture anu the tesperature of the solution was
reised to 200°, fThre condenser was replaced and the mixture
was necated at this temperature for one and half an nour. It
was cooled, diluted witi water anc the alkaloidal materisl
was extracted witi chlorotorm. Tihe infrared spectrum
(Infracord) of the chloroform oxtract in carbon tLetrachlorlde
solutlon showed bands at 3524 cm-%, 3300 cm-%, 1706 cm-%
(weak)s Faper clrosmatography (pii L.0) showed a lon; tall,

29} sbtemuted Preparation of Leoxsvannofoling ethylenc

aithioketal

a) PFirst attempt - & mlxture o deoxvysnnofoline

(2 mge)y tlnelul acetic acld (Ved mle), 1,P-sthansclthiol
(two drops) an: rnhydrous zine chloride (2 mre) wuas allowed
Vo0 sluaiid 4t y0oum Leoperasture wiil freqiont shakin « after

perlod sichteen nours, tie mizxture was made alkaline and

v

the alkalolid was exlracted with chloroform, Puper chromae

tograpiny {»u lLeV) cave the followln: rosiltss
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Sample He Relative amount
veoxyanriofoline 0627

Heaction product
Ue3l
0e1i8 1

N

UaeU3 6
e lurrered secirum (inlracord) in carbon tetraciiloride
solutiun showsd bands at 1725 cm t and 1650 cr™. ihe
atove experimeny was rejeated Lul thils time 1,2=-s5thane~
dithiol wasp nuitteds. Tne iafrared spectrun (Infracord) of
vie adkaloldal exlracuy iz carbon tetracnloride solulion

slowed bund at oSy em ¥, bul 4o Lanu al 1725 cm e

b} w=conu abtteunt - A minture ol daoxyanaci’oline

(2 e, anlydrous nine chlorlde (2 mig.), anbiydrous sodium
sulphmte (& e}, 1,0-~0thaneuiiniol (U.l mle.) and cioxane
{(Ve? mle) was dlowed to stand av room tomperaturo with
frocuent shaking for 20 lowrs. Lo mixture was toen made
acidle with allute Lydrocisdorlce scid and extractod with
ci:lorolorne Jue chiloroforn extract was in turn extractoed
with diliute acic, All ti.c aucidle extracis were comwined,
made alkaline witn sodium hydroxide solution ana the alicaw-
lolaal riwtsrial war cairacted wultn chlorofors. [!aper c.ro=-

mato.raury (b SeU; ave siic ollowin~ resulis:



sample Rf Relative amount
Leoxyannofoline U.00

Reaction prouuct

0e63 pe)
Qe8B2 1l
0609 1l

ihe inirared spectrum {(Infracord) in chlorofrorm solution

showed & weak band st 1720 cm'% and a shoulder at 1700 cm‘%.

¢j) Zhird attempt - ‘Yo a solution of deoxyannofo-

line (2 mge) in benzene (V.5 mle) were added 1,2-ethanedithiol

(Ve2 mle)} and p-toluene sulphonic acic (2 mr.)e The mixture
was relluxed ror {five Lours and tue solvent was removed by
evaporatlion under nitrogsen. ine rosidue was dlssolved in
water., +hLe solution was wa.e alkaline witn sodium hycroxide
and tne alkeloldsl materinl was extracted wit:. chloroform.

Paper chronatoyrephy {(ph $.0) ;ave t:.e rfollowlng results:

sammle Ha Relative amount
veoxyannoi'oline Ve 7

heaction progouct
0.9 3
Oe U1 1
‘he infrered spectrum (infracord) in c:loroform solution

. 3 -1
showed a weall banag at 1700 crm ee
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30} selenlum dioxide uxldation of Deoxyannofoline

i0 a solution of deoxyannofoline (10 myg.) in dioxane (U.5 ml.)

was addea a solutlon of selenium dioxlde (LO mie) in aqueous
dioxane (water o2 ml, dloxane 0.5 mle). The mixture was
refluxed on & hot plate for 4O nours. Y“he solution was
cooled and the tlack selenium was filtered off. The residue
was washed will mothanole. <1he wsahings were mired with the
maln Iilirate and the solvent was removed.. The dark brown
residue was sublimed under vacuum (100-1200, 0eU2% nitie ) e
Ilelu, Les Me Paper claomuiography {piie l;eU) on the subli-
mate gave the followin;: results:
sample Hf Relative amount
beoxyaunoioline Os bV
Keaction product

OebU 30

0403 1
ilie infrered spectrum in carben tetrnchloride showed bands

%, 171v cmf%, 166U cm‘%, 16h0 cm-%. ‘he ultra-

at 3L0U cm
vivlet spoctrum in eihsnol showed absorption at 2. mpe in
alikaline solution the position of the maxirum shifted to
335 mp. anc also tho lutensity of al. sorption was sreatly

decreasade skt crude oxidation product gave a preenishe

brown colouration wiil. lexrric chloride solution,
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(d) gCuewlstry of Lycofoline

1) Guoaracterization of Lycofoline - Lycofoline, m.p.
1&&-1&50, was soluble in methanol, chiloroform, benzens, ether !
ana acetone. 4 sublimed sample was used fop analysis.
calce. Lfop Cléﬁesaaﬁ: vy T2e563 ii, G575 il 54323 C-GLBD
56943 tetiey 2634l
Founds C, 72.77, T2.603 H, Y51, 9,593 iy Gell} U-uuB,
Le9bny Melie (1insL), 239 ueW. 20, 267; pha, 9,05, 9.103

[a]lp =Thet (cp 240 in ethanol), 5
The infrared spectrum (Infracord), Fig. 16, in sujol rmuill
showed banas at 3300 em™Y, cna o very falnt band at 1670 cm’%, :
and in cl, , bands at 36u0 cm‘%, 3355 em Y. Tre Hellelle

spectrum, *ige 17, was measured in chloroform solutlon (LO mp.

in O.45 ml.) wisth tetramethylsilane as intepnal refere..ce,

tie 7 values were culculsted and is showsn in Table ile Wihen
a solution of lycololine in carbon tetrachlorice was sllowed E
to evaporate in preseuce ol air, m: intensc crimson-prou
coloureu residus was lolt.

?)  Lycofoline uydrovromlide - ior unelvsls, the Lyaroe=

broside was recrystallized from nethanoleetlier a.a dried at

o . 1 O
1177 in vacuum, Mepe 274=275",

salce for Clé“?SOPH'HDr: Cy 564U53 iy Tebli-e f

Founds Uy SDQOL].’ 5"4060; li, 7.‘35, 7014.?'.
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3) Lycofoline Metblodide - Lycoioline (3 meel) was

dissolved 1n methianol (1.5 mle) and the solution was
refluxed for ten minutes with methyl locide (0.5 ml.),

ihe zolvent was removed and the metidodlde was crystallized
from methanol. Yield, 15 mge, Map. 263=26l°.

Calee. for Cléiiesozié.()ﬂ:;.{: Cy 50373 izy 64943 1, 31,31%,
Pound: €, 50.053 ii, 6499} I, 31.50%.

L) Ireatment of lycofoline with acid - Lycofoline
(5 mye) was refluxed with hydrochlorid ascid (1cv, 2 mi.)
'or six hoﬁrs. Tne solution waes c¢ooled, made alkaline with
socdiws hydroxide and extracted with chlorororm. Ihe infrared
spectrum (infreecord) in carbon tetrachloride selution showed
a baud at 35,0 cmf% and a very falnt baosd at 170 cm-%.
Paper chromatosraphy (pii 7.0) ave tie followin- resultss
wanple Hf nelative amount
Lycofolire Va5l
heactlon zroduct

07

=~

.95

4) ircatment of lyveofoline witli sodium borolivdrlide

a4 solutlon of lycofoline (PU mse) in ethianol (0.2 ml.) was
added to & wolution oi sodium borohyuride (50 m:,) in eihanol
(2 mla)e The mixture was refl iXed for two (ours mid conled,
“Le excepe sodlum borouvdriue was docompusad with dilute

acotle acid (121l anu poct of wne ethasiol was reroved by




evaporatlone Yine solutlon was diluted with water, made
alkaline and the alkaloidal materisl wes extracted with
chloroform. Faper chromatograpuy (phi 7.0) gave ihe

followin: results:

sample -Rf
Lycofoline Oy
Heaction product Oalits

6) Hono=U=-icetyl Lycofoline = Lycofoline (50 mo,)

was dlssolved in dry pyridine (U.3 ml), and to tiis solution
acetlic ankyciride (Ue3 mls.) was addede The mixture was
allowed to stuand at room tempoerature ior five hours. 4Line
excess o1 acetic snlLydride was decomposed with metrhanol and
tle so;Veut was removed by ovaporatloun under a stresm of
altrozens Ihc resicue was sublimed under vacuum (11u~120° at
UeU3 e )e Yleld, L5 1. Faper curomato,-paphy (pii 6e0)

save the followin: results:

camplo Rf
bycofoline Uel5
Kaactlon procuct 0e66

il subllimate was crystallized from acetone=nentanc. {leld,
- oy . Ks) . .

27 Myes Mepe 15%=lou + “ur analysis the sample was sublimeds

Lulees for CISN’TQBG: Cy TOTY3 liy tie%ling

;'OLi.'.“&d: C, 71.\)_’); --9 lr{); .ﬂf..:&, ‘e "U.

sice lufrarea soocoru (Lnrracord) Lo carson vetrachlorlde

[

y at 1730 cw'%, 300U cm-}. hevielie grucLIur

(453

aoiution uoowaed buag
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fige 1, wus measurec in chlorororm solution (15 mz. in 025 ml.)
witi: betramethiylsilane as internal reference. The7 vulues
were calculiated, see ivable Il.

7) Li-u-Acetyl Lycofoline - 4o a solution of lycofo-

line (103 mye) in dry pyridine (1 ml.) acetlc anhydride

(L mi.) was”added and the mixture was heated under nitrogen

at 30-90° for seven hourse ‘tihe solutlon was cooled, excess
acetic anhydride was decomposed wlth methanol and the solvent
was reroveds Yie residue, when sublimed under vacuum
(210-120° . at GeG3 pune), gave an olly sublimate. Yield, 117 mge
liie followlny rosults were obtalned by paper chromato;reapiy

(pis ©e0)s

vample hip Helative mmount
Mono=U=-acetyl lyco= Ue0ld
foline

Reaetlon provuct

0.61 3

Ued3
‘e sublimate was ciwomatographed on alumiane (25 ., contai-
nliug 5. water). ‘e volvents used oy elution were benzenew
petroledn ethier (beue 30-650), benzene,_bonzeno-chloroform,
crloroforr: ane culororvrmemetingoely 30 mle Cractlons were
collectad. vapor coronato,raphy (pu G.0) -ave the i'ollowing

1
P

resultss



Fraction no. wluant Papur clwuvmatograpiy
[ relative amount
r » !

0.68 0.‘:.)‘5“‘0.3.57

Hono=Gt-acetyl (Hf, Oebli)

lycotoline

1-10 . Benzene-Yet. ether - -
(L)

11-1L bonze:ne - -

15«23 sengzene - 1-10

25=25 denzene-chloroform - 3
(Ls1)

31-135 senzene-chlorufornm 1-10 1-10
(L)

37 soigene-clilorolors 1 -
(1:1)

=40 beuzeng-chloro form - -
(1:1)

Li-is Cliloroform - -

Lo=47 Chilorolornenati.anol - -

(19:1)
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ihe ractlons, 15 to 29, were combined and the solvent was
romoveds ihe residue on sublimation under vacuum
(110-120° at VeU25 mme) gave crystalline di-Ueacetyl lyco-
foline. Yield, 3 mge, m.p. 9h~98°. It was erystalliged
from ethere Yivla, 17 MZes MeDe 110-1150. Phe melting
point changéd to 113-118° on surlimation. fleld, 12 mg.
Calce for 020h29ﬁun: Cy 69133 &, 8414,

Pounds: Gy bd.d;; i, 0013’“; vKa, G.\;‘S.

Q

rie lufrared spectrum (infracord) in carvon tetrsaschlorld
solution showed & baad at 172 cmf%. but no bund in the hydroxyl
resion, Heliekis svectrum {(Mip. 19) was wmesswred 1n carbon
tetrachilorice solution (5 1. in e2 ml. Culh)with tetra-

nethiyl silane as internal reference. Tre Tvaliues, sable i1,
wore calculated.

3) Ullpsdrolycofoline - . mixture o lycoioline

(35 mites, etranol (6 ml,) and Adams' catalyst (13 m-e; was
shaken in an atmoani:ere of hyepoen for a pericd dr el ut
hours. ‘he catalyst was filtored off. k. solvent was
removed fron tie riltrate auc tie residuv was sublimed un: er
vacuun (130-1&u°'at UeU25 mMe)e fleld, 3uU mge raper chro-

mato; raphy (ph 7.0) rave the followin - resuliss

wanple Hf helative amount
Lycofoline Dot
aydrogeaation nro.uct

Vel 1l

Ue37 Yy




ihe sublimeve was chromatograshed on slumine (0 gey containing
S weter)s 1he solvents used for elution were bengene,
bengene~clidoreform, chloroform anc ch.loroformemetlanol
20 ml, fractions were collected, Paper curomatograply

(pii 740) ygove the followlng results:

Fraction noe. luant Papar chromantography
Hf, Relative amount

O.AZ-O.ML 0.36

Lycofoline - (Rf, J0.60)

1-1U : beuzene , - -

11=-17 LSengeno-chnloroforn _ - -
(723)

ld=2u bengene~cnloroform 3 -
(7:3)

Ple-2y soengeneschlorolorm 1-10 -
(Ps3)

PY=3l, bangzene=ciloroform - -
(223)

35=11 venzeno=crlorofor:s - -
(2:1)

La=43 Chloroforn - -

i Culoroform 1 1l

45=51 Shloro form - -

52=53 Culoroformemetiianoel - -

(9:1)




Fractions luo=29 were combined znd the solvent was removed.
the residue aftor threo sublimations under vecuum (13u—lh0°
at OU.U25 mitie ) melted at 1&6-1&70. Yield, 12 mge

Cale, for Cl6u?70?ﬂz Cs TRalily 1y 10426 o

Founds C, 72123 i1y 9499,

$)  Oxidatlon of iLycofoline

a) Cxidatlon with Chiromie acid - Liycofoline

(2 mge) was oxidizoc with chromic acld in oyridine in the
same way as described in the case of a-dihydroannofoline
(page 62 }o Puper chromstography (p. 7.0) on the oxldation
product gave ture lollowin; resultes
sample I Relative amount
Lycoroline V50
Uxidatlon product

Uebu 1l

Va7 G
Yo infrared spectrum in carbon tetracinlorlde solution siowed
vanas at 3500 cm’%, 3300 cm™L and 1700 o te

bj Uxicatlon with Actlve Manyanese dioxlde

1o u solution or lycofoline (2 mge) in venzene (Ul mill,
aclive nmaugunese dioxics (Lu mpe) (39) was adeed., ¥Yie mixlure
was otirreu 'or a veriod of sixteen hours. dan-anese dioxide
was fllteored orf anue washed wlth moti anol. <he vash:in s were
comblned with tiw main Cilirate na the solvent was removed,

b

. - - . N O . N .
Sl reslouc waE sublimed under vacuum (11u=12U0" at weUPS Mile ) e
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(8) Chemistry of Lofoline

1) Characterization of a-Lofoline -~ geLofolilne, Mm.p.

211-2120. was solublo 1ln methanol, chloroforn, acetone,
benzene. 4Yhe ssmple for analysis was sublimed under vacuum
(120-130° at 0.05 mm.). -

Cales for 018h2903h: Cy 70323 Uy YeHdly liy L5563 2 G-CHB,
Sel3 0-000113, 1heOng iewe 30Tele

Found: ©, 7056, TU56} Ly Gebly Geblip iy Lew3; C-UdB, 10.6;
ucucnS, :a215; deWe (niast), 291, 3123 co¥e 310, 310; pKa,
9eT0s 94705 [0],; =52.2° (e, 2.0 in ethanol).

ine infrared spectrum (Infracord), Fig. 20, in iujol mull
showed bands at 3200 cm'%, 1720 cm’%, 1240 cm'}, 1225 em™+

and in carton tetrachloride u~loroline showed bauds at IH50 em

anu 1725 en T,

2) u-Lofoline :ethlodlde = c=Lolfoli:e (20 mee.; was

dissolved 1u a mixture of methauiol (1 rl.) any methyl iodide

(Ve® mle) end ti.c mixture was refluxed ior ten mihutas. Yue

solvent wap removec by ovaporatlion und ilie methlodlde was
crystallizec from metinole-acotones. fleld, lo ey XMeie

266=267°,

Galce for C, i 2G 3J o il 1. Cp 50785 Ly Tellly L, PuePl¥,

foundy Gy 51leQlp 11y 7.0&; L, 2d40L%,

3) irvavnent ol u-=wsofoline witl acid, - a-Lofuline

(8 mge) was dlssolved in nydrochloric aclu (103 2 rie.) and

ti:e zolulion wag re:lux.d unaer niiro en 01 gix hours. iie

-1
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solutlion was cooled, made alkeline witi: sodiwm hydroxide
solution, and extractes with chloroform. ihe lofrared
spectrum (Lufracord) in carbon tetrachloride solution

nowed weuak bands at 1726 em’% aand 1700 cm’%. Paper cliromas

tography {(pit 7.0} gave tiie followin; resultss

Sample He Helative amount
a=bLof'oline VeS¢

Reactlon product
Uebl , 10
0.93 1

L) Ifreatment of a-Lofoline with alikeli. - a-Lofoline

was dissolved in ethanol (Ue2 mle), and to this solution,

1Us soaium hycroxide sclution (1 rml., was added. JIhe solution
was roflaxed for two nours, and most of tho etuanol was
removed by ovasoration. Yhe residue was diluted wlih water

(2 mle) and exiruciea wilkh chlororornm. Paver carom:to. rashy

(pi Teu) grve the rollowing resulis.

wample Eif
a-Lofoline Ves i
Lydrolyiic product Uel5

itie hiydrolytic prouv.ct was dlesolved in 1y hydrociloric acila
(2 ml) and ole sol.iion was refluxed I'or six nours. Yie
solution was tLien cooled, made alkaliae and extracted wlth

chilorolor:e




The infrared spectrum (iufracord) in carbon tetrae
chloride showed bands at 3600 cmf%, 3,00 cm‘%, 3150 cm-%,
and very weak baznds at 1730 em Y and 1700 e Paper chro-
matograpiy (pi 7.0) zave the followiny resulis:
vample ~Hf Helative amount

a=-i0foline Oeli6

Hesction product

Qeli6 . 1
0459 : 50
0496 5

5) Characterization of f-i.ofoline - B-Lofoline, mepe

166-1670, was soluble in methanol, chloroform, benzena,
acetone. or analysis tho samplo was subiimed under vacuum
(120=-130° at Ue05 mm. ).

valce lor 013“9903“’ Cyp TOe323 ily 9eBly iy, Le50} C—CuB,

Feip U=CUCi,y Lol e iewwe 3UTelie

3 .

rounds U, Tuelily TUellj le GeliB, OeLVy iy Leul J-Uu3, Geur33
\J"u'&)\llAB, 15.0; Meiie (h‘dst)’ 3?:"; Jo"dc., 311; pl’“&. 9055;
[al, =547 (¢y 240 in etvianol.
ine infrared specirum (infracord), Flz. 21, in AuJol mull

i " - -1 - -1 o -1 S -1
showed bands at 3400 em o, 3100 o oy 170U cm o, 1730 cm o,
1275 em™ % anc 1270 cm-%, and in carbon tetruchlorive solution,

. . . . -1 - - | “'l
p=lofoline orowew bends at 3525 cMm e ALG 1720 CHi e
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6) p-lofoline Methiodide - p-Lofoline (20 B:ie) Was

dlssolved in metuanol (2 ml.) and methyl lodide was added
Lo tiis sclution. Yhe mirture was refluxed lor ten minutos,
the solveni was removed and the methiodlde was crystallized
from metiiunole Yiela, 10 mu., MeDe PG6=247° (decomps) o

Calce for %8“99%“‘ CH,Is €, 504703 Hy Teli,

3

founas Cy 500(10; iiy U.:)Uﬁl.

7) irecatment ol B-Lofoline with Acld = g=l:0lclline

(5 mz.) was treated with acld in the sarie way as a=-lofoline,
descrived on page 94 « Ihe inrrared spectrum (Infracord) in

} and

carvon tetraciloriuve sviution siowed band at 3700 em™
a8 very weak band at 1700 cm“%. aper chromatozrant.y (pir 740)
pave tiie following results:

catple Hf Helutive amount
f=Licfoline Jeli3

Reuction product

Vel 5Jd

Je51 1
0) iroatieant of PeLoiolius wilh Alkali - Besololine

{Ly mie) was Lydrolysed in tie same way as was c-loroline

(pege 95 )e Fapur chLiromsto s rant. (it Teul ave tie followlng:
L} 3 o o £y

reaulis:
Sample hf
B=lofoline 0443

sdydrolytic vroduct Ve P2




- 9& -

inhe hydrolytlc product oi pe-lofoline was treated with ucid

in the same way a8 was the hydrolytic product. of a~lofoline
(page 95 )e ‘ine infrared spectrum {Infracord) in cerbon
tetrachloride solution showed bands at 3600 cm’%, 3L00=3300 em L
(broad) anc a very weszk band at 170U cm'}. Paper chiromato=-
graphy (ph 7.0) gave the followlry results:

Sample K Koluatlve amount

r
a~-Lofoline Qi

Kelative product

Qo li6 >
0.60 a‘o
Ue90 1l

G) Uxldation or Lololines

a) Oxivation of uelorollne - a-bofoline (2 mge )

was ulssolved in dry pyridine (VeU4 mle) anc crromium trioxide
(2 m:e) was suded to tie solutlon. %Toe miiture was sllowed

to st:nd at room temp:raeture for 1 hours and theﬁ Lhie
cliromium trioilde~pyridine conplex was decorposed by adding.
water to uie reactlon mixture. ihe golution was mude alikeline
ana extrected with chloroform. i+he chloroforr extract was
sublimed under vscuum (110-120° at UeV3 mmete 1o Infrered
spectrum (infracord) in carbon tetracklorice solutlon showed
banes al 174V cm'%, 1700 cm-% but n» absorption band in the
hydroxyl resions ?Paper cioram-vorrapsy (pi Tedi ~nve the

followl:: recults:
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Sample Hf
a-ilofoline 0«55
Uxication product O.71

b) Oxidation of BelLofoline - p-Lofoline (2 mz.)

was oxidizedlexuctly in the same way as u-lofollne, The
infrared specirun {(infracord) of the oxication product in
carvon tetracnloride soiution shiowed bunds at 1740 cm'%,

1700 cm'%, but no vand in thie hyaroxyl region. PYaper chroma-

tography (pt T.0) gave the followin; results:

sauiple " Hf Helatlve amount
B=Lofoline Uebl

fleaction product
Qa7 9
Jebl 1

c) vxloation of a mixture of «=--nd f=Loivline

Chromiunm trioxide (1UU myg.) was added portionwlse 1o dry
pyridiune (1 mlel, witii shaltin: alfter sack addition, whereby

a sl.irry was obtalnea., & solution of a2 ml.ture of u=-and
g=lolfoiine (1uU mge) in cry pyridine (1 mle) was aazed to

Liie ulove slurry, am! Lho misture was allowed to stand at

room temperature for a poriod of 2L hours. -he reaction
mlxture was woriked up in tie same way as in case ol a=lofoline,
Yiela, 73 ije iaper clrow.io;Papiy (si: TeU) gsave the Lollowing

r.s8.ltss
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sample Rr Helztive amount
(a and B) Lofoline Uea52 (eloayated spot)

Reaction product

0e32 1
0eliY 25
Ue 70 30
Va7 1

Tho oxldation product wag chromatograrted on alumina (10 PMaey
contelning 5. water). Liw solveats used fop slution were
benzenes, benzene-ciloroforn, ci.loroforn s ci:loroform-
metinanol; 3V rmle fractions were collectec, Paper chuomatoe

graply (pi 7.0) gave the followin: rosults:




Fraction no, Fluant ﬁf
(a and B) Lofoliue - 0e6:5 (elon-ated
snot)

1=-7 Zenzene -

3 penzene~chloroform -
{(9:1)

S=15 sengenc-chiloroform Oeildl
(9:1)

le-1d wenzene-chlorsform -
(9:1)

19=20 vengeneschloroform -
{(7:3)

29 vengzone=chloroforn -
{P:3)

23=30 e igene=chiloroform Ve bE
(2:3)

33 Lenzone=~chloroform -

3L-L1 Chloroform -

42 Ciderolorm-metianol VetiG
(9:1)

L3=-45 Cidoroform=metaniiol -

(921

The I'ractlons % Lo 16 werc coxblned unc the solvent WAS Peroved,

. . - . Yt et & e s o] .
‘ue reslauc af'ter iwo sublimations nad MeDe 125=1337, Yield,

Y

€% Hge  raper chromnstoirashy (i 7.0} cave Lie rollowing:




vample RI‘
(¢ and B) Lofoline 0.57
velhydrolofoline Q.74

Cale, for 018H2703m: Cy, TOa793 iiy 5,917,
Found: ¢, T70.77; Ity $406F
e infrared'spectrum (infracord; in carbon tetrachloride
solution suowed bands at 1745 cmf%, 17.0 cm’}, but no band
in the hydroxyl resion. Heieils spectrum, Fige. 22, was
measured in chlorororm solution (20 mg., in 0e25 mi.) wits
tetramethyl sllune as internal reference. +ie 7 velues are
saown 1n Yeble Iie

a-Loroline (3ul mye) was oxidized in the sume way
48 descrlbed under vle oxidatlon of au-lofoline (puge 98 ),
except that the reection tine was lweniy=-Iour lours. “he
sublimat¢ melted at 126-13u0. Yne mixed meltin, point of
Lize oxiuzsvion product with debrydrolofcline, obtained from
a mlixture of u-anc B-loioline, was founy to ue 1?&-1300.

f-bofoline (5 m:e) was oxzidized in e same way
asg described in case¢ of as~loiollne (page 98 ), but the reactlon
bime was 30 Loura. voe sublimaste melteu at 13&-1370. Tiwe
mlxed meltin: polint of the oxidatlon product with denydro=-
lofoline, oblainec from a rmixture oL u=~and (elofoline was
Lfound 1o ve 13?-1350. ‘Lo lnfrared specira of tiwe oxication

products ol «=lololine u.d B8-lofoline wepe superimposable,
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Se_ DISCUBSLI0H OF RESULIES

(a) 1solation of alkaloids

Ihie part of the thesis deals with the isolation

of alkalolds from Lycopodium asnnotinus L. Ywo ddfferent

batches of crude alkalolds were lavestigated, which resulted
in the isolation oi' r'ive new alkaloids. Dboth the batches of
crude alkaloids, from which most of the annotinine nad been
removed by erystallization, were kindly donated by ur. L,
darlone. ine first tateh of crude alkaloid had been partioned
by Anet andfhves (22) between chloroform snd buffer of pll 640
ine present work was cencernea wiilh the alkalolds of partition
coelficient greater tiian one (bufrer pa 6.u/chloroform)
obtained in the above uistrivutione. Yhis fraction wlill be
referred to as fraction b, It was known from the previous
work (35) that serifoline was present in fraction B but the
nature of thie other alkalolds was not known. The second
batols Ol crude alkasloiu, wiich had been extracted from a
different lot of plant material, was treated in a slipzitly
differe:nt way from the Sflrst bateh in view of the rosults
obtained witih fractlon o,

Lt was docided Lo carry out a countercirrent cistri-
bution on fraction ise acrilfoline, wnici: was known to be
present in tkils fraclion, had a sartition coefilciunt of
aboul cne in the system vuiler pi TeU = chloroform ( U4 ).

+uerelore, the nlkeloid fraction .o was partitioned in the
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above solvent system tihrough {,7-transfers in a 60-tube
Cralg's machine with the buffer as the moving phase.

welght analysis gave the distribution shown in F Ze 24,
Although in thls distribution the pii of the buffer changed
appreciably due to the cormparatively kilgsh concentration of
the alkaloid;‘the separation obtained was not ['ar from tisat
expected on iLne basls of constent partition coefficient,

The results of paper chromatography indicated the
presence o' at least two alkaloids in the tubes 1U-22, Of
the two compounds, one was obtalned crystalline. It melted
at 117-1160. Although the carbon zad hydroyen analysis of
tnis curmpound was in good agreement witl the ornuls
Cl7ﬂ2503ﬁ., the nitrogsen content wae low. It was not nossible
to settle this polnt necause of the lack of materiale it
contained at least one Ue~methyl -roup and had a pha of $3.20.
ihe lnfrared spectrum in Nujol mll showed tie rresence of at
least oae hydroxyl group {bands at 3473 Cm-%, 3116 ém’%] and
carbonyl »roup [band st 1740 cm-%]. “he alkalold was slowly
convertod to a codium sall by refluxin;: wiii an agueous
solution of socium .ydroxide. Tie relactonization, Lowever,
produced & secouc luctone, wh:iclh: on crystallization Prom
ethier-pentane melteu at 20v-21u°%. ihe second lsctone showed
& bana at 17LU cm’% {carbonyl] and 2o bz in the hycroxyl
resion of the infrared spectrum. UYhe absence of the Ly lroxyl

buid ludicatea that during. relactonization the alkaloic



probably underwent dehydration. On the basis of the present
study, 1t is not possible to say whether the original
lactone hydroxyl group or the second hydroxyl group 1is
involved in the relactonlization. However, it 1s evident
that this alkalold contained a hydroxyl group and a lactone
aroup. This.accounts for all the three oxygen atoms present
in the molecule. The infrared result [band at 1740 cm 1]
suggested that the lactone group was probably present in a six
membered ringe. Although from the general properties of this
alkaloid 1t appeared to be new, no trivial name was glven to
it because of the poor nitrogen analysis.

The infrared spectrum and paper chromatography
results of the slkeloidal contents of the tubes 25 to L0
suggested the presecnce of at least three compounds in these
tubes. Of the three alkaloids, only acrifoline (6, 34) was
isolated as the hydrobromide from the tubes 26-34 and no
attempt was made to isolate the other components.

The peak represented by the tubes L6 to 57 was too
wide to represent a single alkaloid., The infrared spectrum
of these fractions showed bands at 1T4LO cm'% and 1700 cm’%.
The results of paper chromatography indlicated the presence
of at least three components, The various components making
up the peak were not well resolved due to their high partition
coef'ficients., However, an alkaloid (a-lofoline, see page 108)
was readlly crystallized in small yleld rrom the alkaloidal
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contents of tube 9. The alkaloidal contents of the tubes
L6 to 57 were mixed and sub Jected to another countercurrent
distribution in order to improve the separation between the
agifferent components, ‘1iue solvent system used for this
distribution was chloroform and buffer of pil 8.0, Welght
analyasis gavé tie distribution pattern shown in Pig, 2i,.,
wiiich showed thiree peoaks &t tube no. 26, Lu uwad L6, The
last two peaks were not well resolved. 'he partition
coeificlents or the nlkalolds corresponding to the Mrst
Lwo peaks wore csalculated 0y uslng: the following exnrosaion
of Willlamson wnd Craigz (LU
= 2T (1)
Ke + 1
where I = position of maximwn

K

partition coerficient of tLie solute

n

n total number of trausier
r = ratlio of the volume of tne two phases,
ihe partition coefricient tius obtained was used Lo calculate

the amount ol the alkaloid in a wiven tubte relative te The

i~

amount  resgent in the Lute contalning the mexlmul aount of
the alkaloids “he following expression of Williarmson and
Cralg {LU) ;. lves tie absolute amount of ench cormonent in a

tube,




- 108 -

1 o-x/1 20K/ (K + 1)2)

(2)
2 nK/(K + 1i§

Y=

where Y = amount of solute in a given tube,

n = total number of transfers made.

X = distance of thé tube in question from the

position of maximum,

K = partition coefficlient of the solute,
The followlng expression was used to calculate the amount of
the alkaloid in a given tube relative to the amount present
in the tuﬂ; containing the maximum amount

= e”‘z/[ZnK/(K + 13 (3)

where !1 = amount of solute present in a given tube relative
to the amount present in the tube containing the maximum
smount. The other notations are the same as in expression (2).
The theoretical curves a and b (represented by dotted in lines),
Fig. 2B, were thus obtained. The theoreticsal curve ¢ was
then fitted by method of trial and error keeping in mind the
results of paper chromatography.

The results of infrared spectrum and paper chroma-
tography together with the curve analysis indicated that the
tubes 21 to 32 contained one main component. This component
was crystallized easily. The alkaloid melted at 211-212°
and its properties were unchanged after repeated recrystal-
lizations and chromatography on slumina. The general proper-
ties (see page 15l) of this alkaloid indicated it to be
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new, 80 it was called a=lofollne.

The results of paper chromatoysraply suggested
the presence of two alkaloids in the tubes 36 to 51 which
were not too well resolved in the distribution. These
alkaloids were best separated by chromatography on alumina,.
The alkalolic thai was eluted first melted at 156-157° after
recrystallization and sublimation. 7The propertics of ihis
alkaloid (see page 112) indicated it to be new and the
name ansololine was given to it. “he second alkeloid eluted
from e alumina chromatogrem when further purified through
the h,drobromide, melted at lhu-lbso. ‘“his alkaloid also
appeared to be new from iis properties (see page 1,2) so it
was named lycoroline., In the last few tubes of tiie distrie
bution (Fige 26e) a small amount of a compound WAS LIesent
that siiowed absorption at 1740 cmf% (in CUlh) in the infrared,
but no attempt was made to 1lsolante the compound responsible
I'or this absorption,.

1t was si:own by Anet and tves (22) thet the crude
alkalold mixture did not contsin to any great extent slialoide
tiavin,  partition coefficlonis near unity (burler of pit HeU/chlo=
roformj}e %ho cisirlibution pattern of Fic, 24 also chowed
a pronounced minimun at tube no. {2, With these facts in
Land it was seosszible to modify the oriyinal metihod of preli-
minary separation or tho snlkalold, ¥y the modified metiod

tlie secund vatehl of crude alkalold, reuil.ned eerlier, was
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divided into three groups instead of two which would have
been obtained by the original method. This was done by
devieing the extraction pattern shown in Filge 3. The solvent
system used was chloroform-buffer of pH 7.0. Although the
number of transfers were not greatly increased, the separa-
tion was such that no mejor alkaloid was present in more

than one group. The buffer soluble fractions Bl to B; were

submitted to a 60-tube countercurrent distribution using
the solvent system chloroforme-buffer of pH 8.2. The distri-

bution pattern obtained is shown in Fig, 2C, The middle
]

3
Mr, G.W. Dong in these laboratories to contain the same

fractions (BL to Bé and C, to Cé) have been found by
alkaloids as those present in the tubes 10 to L2 of the
countercurrent distribution gi#en in Pig. 1A, Also, the
chloroform soluble fractions (Ci to C;) have been found by
ir. M.V, Rao to contain all the annotinine, lycodine, and
lycopodine present in the original mixture., Thus approxi-
mately the same separation was obtalned as before but with one
60-transfer countercurrent distribution less,

A comparison of the distribution patterns of Fig. 2B
and Fig., 2C shows that the peak corresponding to a-lofoline
in the former is much more intense than in the latter,
Moreover, the peak occuring at tubes 16 to 26 did not give pure
a~-lofoline easily, In fact, paper chromatography showed the

presence of two alkalolds in these tubes. They were separated




by careful cihwromatography on activated alumina. <The pecond
alkaloid after repeated recrystallizations melted at
166~167°. The general properties of this alkaloid showed it
to be news It had a close resemblance to a=lofoline 50 the
name f-lofoline was given to it. Furthermore,it will be
shown (see on page 159) that a-lotfoline and B=lofoline are

epimeric slcohols,

() Chemistry of Annofoline

annufoline, m.p. 156-157°, (a]n Q131.h°, ned the
formula Cléhasoem and Kuhn-Rotl analysls showed the prosence
of at leasi one C-methyl group., Tltration of tie alkaloid in
S50% agueous meti.anol gave a pia of 9,15 and an vqulvalent
weliht wideh was in agreement with the above formula. Aunofoline
£ave & perchlorate, GlbﬁQSOZu.hulOu, MeDe 23&?2360 and a
31, MeDe 308-3090. Ihe infrared
spectrum of anxoroline in nujol mull (¥i:, k) showed bands

at 3L00 cmf% {hydroxyl) and 1700 cm-} (carbonyl, probably a

methlodide, C16H3539N°C“

ketone in a six-membered ring) and in carbon tetrachloride
1

solution bands at 3600 ecm™+ (free hydroxyl), 3400 cm o
(vonded hydroxyl) And 1700 cm'% {(carbonyl)e In carbon

tetrachloride solution lycopodine, acrifoline nnd annofoline
srhowed bands in the carbonyl reglon of the infrared spectrum

at 1697 cnf%, 1706 cm-% and 1700 cm-% respcctively. 7The positions‘

of' viese bands incicate that the carvonyl groups in these

alkaloids sy be 1ln siz-membered ringse, +ne moleculur
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extinction coefficients of the carbonyl bands of the alltaloids,
lycopodine, acrirvline and annofoline,.were found to be

361, 1B und 156 respoctively (Fige 5)e A value of 290 to
1335 for the moleculur extinction coefficient, had been
observed in the case of' alkalolds and steroids (41, L2).

In some of thése compounds the carbonyl groups were present
as six membered ketone., fWhus, the value of the moleculup
extinction coefficlent of lycopodine is normale Lt had been
shown by Perry and #acLean (34) thet ihe infrared specirum
of crystalline acrifoline in fNujol mull showed very wesk
carbonyl absorption while in chloroform solution s strong
band appeared In the carbonyl region. fThese results indlecate
that acrifoline crystsllizes as a hemiketnl snd in solution,
the lhemikeial is converted partially intc the ketonle fornm.
by meas.urin: the Infrared spectrum oi' acrifoline in carbon
tetraciiloride solution at different iime intervals it was
shown by snet und ..wes (4;2) that th:e nemiketal form.of
acrifoline slowly chunges Lo tiio ketonic iorme Phe 1low
molecular extinction coefficlont of Lho carvonyl baad orf
acrileline may thervfore, e duc Lo LLe prescace of a mixture
of a hemiketal and a ketonic Pform of acrifoline. Un tihe
other nand, the lnfrared spectrum of anuofoline in sujol mull
showed carbonyl absorption of apparently normal intonsity
inaicating thut ancolfolline crystallizes as a Ketone. Hence,

the low molecular extinction coerficient of the carbonyl vand
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Fig. S. Infrared absorption spectra of the carbonyl
region in carbon tetrachloride solution measured
on a Perkin-FElmer single beam double-pass
instrument: A, lycopodine; B, acrifoline;

C, annofoline. The Spectra were measured in a
1l mm. cell.
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of annofoline in solution may best be expleined as being due
to the presence of botn: the keto and hahiketal forms. Thls
indicates that the carbonyl group and the hydroxyl group in
annofoline are close enough to permit the formation of the
hemlketule <The infruped spectra in very dilute carbon tetrae
chloride solution of acrifoline and annofoline in the Liydroxyl
reglon were ldentical, Ioth tho alkalolds showed bands due
to a fre¢ hydroxyl group and due to a btonded hyuroxyl sroup.
It 1s most likely that the I'res hydroxyl banc is due to the
Lydroxyl group of the hemiketal form of acrifoline and
ansoioline. Iie bonded hydroxyl probably results from thre
keto florm, where inira molecilar oondin;: of the Lydroxy snd
keto group is very likely.

the ideMelte spectrum of annofoline (¥1:, &) showed
a voublel at 3497 7 « Tlds is a eharacteristic position for
a methyl group on a saturated carbon atom (Lbizs L5)e Yhe
area under the poaks indicated the prosence of only'one sucl
group, in agreement wiih the Kuhn-ficth determination. The
aplitting; or the ueak into g doublet 1ndicated tie presence

Off a peveon
- "e “Ju‘

Qe ALOm On Whe carbon bearim: the methiyl sroup.

4]

Y spacing belween ithe peaks save JCH’ CHB = O CeDeSe dhils
is in s reement w.th the value for L:ie counlin, constunt

(3 - 9 cepose) oLsOTVEd by Slomp ana dedarvey (L5) in case of
bemeiliyl storcius. The pesk at 6493 7 is vrobadly due to

thie hyurogen attuckea to ihe carvon bearin: the nycroxyl
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group. This assignment is 1in agresmnent with the results of
Lemieux, Kullnlg, vernstein and &chnelder (L6) obtained in
caso ol tebutyl-cyconexyl alecohol (6.857),

The behavior of annofoline towards ucildic reagents
was studied with the help of paper chromstographye. aftor
treatment with dilute or concentrated hydrochloric acid for
rive hours, annofoline was found to be mainly unchanged, On
prolonyged (24 hours) boiling with concentrated hydrochloric
acld, annofoline gave & mixture of six compounds as shown by
paper chromatography on the reaction product. OUne intense
gpot hiad an Rf value similar to that of mnnofolines FPaper
chromatograpLy on the produci, obtained after troeatment of
annofoline with p-toluene sulphonic acid, lncicated the oree-
sence of seven compounds in almost equal amounts. The infrared
spectrum oi' the reaction product in carbon tetrackloride
solutlun showed bands at 3594 cm-} and 170u cm-} Indicating
the presence of hydroxyl and carbonyl groupse 4Yte infrared
spectrum on the product obinined after trestment of annofoline
with phosphorocus oxychloride and pyrlidine showed bands at
355Gl cm'% (by:roxyl,, snd 1700 cm'% (carbonyl), ‘he above
results indicated thet snnofollne yielded a complicated
mixture wlth acidic reacents, und therefore these reactions
were not ruriner investl ated,.

Attemplec wofrann degradation on annofoline methlodide

cave a very small eamount of base which showed shsorption at
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257 my in the nltraviolet region, but most of the allaloidel
materiul coula not be extracteu from the aqueous solution.
Tiis Llndicatea that hofmann degradation did not produce an
uyfB-unsaturated ketone to any appreciable extent.

Yo find out a suitable method lor acetylation of
annofoline, various condlitions were studled with the help of
peper cliromutoyraphy. Annofoline was refluxed for seven hours
with anhyarous sodium acetate and acetic anhydride. Paper
chromatography on the reaction product showed the presence of
five compounds of wiich amiofoline was preseat in larigiest
amounte Under milder conditiuns (benzenc, acetic anhydride,
reflux for temn hours) asbout LU» of a new compound was formed
anc tie rest was unchsnged mnnoroline. ihe infrared spectrum
of ti:e reaction product in carbon tetrachloride solutlon
sLowed a new ovund ab 17L2 cm‘% in the carbonyl region indie
catin G the format.on of an L~acetyl derivative. ihersioure,
toluene, naving a cigher boilin: point ti.an benzene, was
used ag a8 solvenl aac & goluvion of annofoline in tol.e:e was
rerluxed wits acetic anhydride r'or ten iwurse. Fapor chronas
toyrapiny revealed towe prescnce of one majer comnound aand three
otlier minor componeuts in tuie reactlon prouuct. Uue of these
minor cuapounds was provably uncianged mnnoioline. Cirorutoe
sraphy ol' tiw crude acetylatlon product on slunina wave
U-acetyl annol'oline wilch was rurther purilied tihrough hydro-

vromide. aAnalysls ol tihe hydrobronmide gave the formuls




Cldﬁa703ﬂ.dﬁr. ihe infrared spectrum qf the {ree base in
carbon tetrachkloride solution shcowed bands at 1750 em™t

(acetyl carbonyl, aud 1712 cm'].‘ (original carbonyl group) but
no band in ilie inydroxyl and amide region. U=Acetyl annofo-
line was hydrolysed to annofoline witu agueous methanolic

sodiurmn hydrokide. This conlirmed the presence of a hydroxyl
sroup In ennofecline, Since no amide was formed during
aceiylation aund annoifoline gave a true methiodide, tie nitrogen
atom in annofoline must be itertiary in character.

Coutirmatory evidence Lor tie vresence ol a keto
gyoup in annoi'oline came I'rom a study ol' sodium borohydrlde
reduction of annoroline., Paper ch.romatopraphy of the reduction
product lndicated tiie presence of two compo.ncs and the
abgsence of annofolins. The two compounds were geparated by
chiromutosraphy on alumina, and since they woere round to be
isomeric alconols, they will be reflerred to as c-and
B=dihydroannoroline. in the reduction a-dihydruaahofoline,
Mee Qbh¢265°, was produced in laprpger asmount icae 705} tnan
pPp=dibydroannofoline, meve 2u0—203°, (cae 304j)e analysls of
Uedin, droacnofoline ave Lie iorumula Clb“2709“' it Lad &
pinea of lueub nnd {u}b 0eu®%e Uhe inrraved spectrum in
cliloroform =zolution dic not siow any band in the cartonyl reiion
landicating tlie reductica of' Lihc carbonyl . roune il Na:lefle
spectrum of a=dihydroannoroline (fige 7) showed a douvlet at

Gewl Tas 1n a:mololines Lie caks at 546 T, 6.27Tand 5.93 T
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had th: halfl width as 23 CepeBey 10 CepeBe. and 21 CePeTe,
respactivelys. bDue to the low solublility of tie compound,
it was not possivle to obtaln & better resolution in this
region of spectrum. in Jact, the scetates of dihydroannc-
foline would be better compounds for Neil.Re study., B-Dihy-
droannofoliné, C1§£§702N' had pKa, 10,00 and al, -643°,
The infrared spectrum in chloroform solution d¢id not show
any band in the carbonyl rsglon. The properties of a and
f=dihydroannofoline were different from the two lsomeric
alcohols obtalned from acrifoline (34).

Preliminap:y experiumnta.using paper chromato raply
suoveu that crromic uclid oxiastion product of a-dihyéroanno-
follne coutained one major compound anc two other minor
components, une of the minor compounds (ﬂf Ue53) was
probably uncianged c-dilidroannofoline. Yie rnajor product
of tiie oxication had an ﬁf value similar to tnat of annofo-
line. Yhe lufrared spectrum (ia carcon teLrachloride) of
tie oxicartlon product snowed bands at 3600 cm‘% (free 0Oii),
3350 cmf% (tonded «Ui) and 2700 cm‘% (cartonyl) indicating
ihat one of trhe hydroxyl groups was oxildized to a carbonyl
groupe Un thke ouiwer hund, B-dihydroannofeline under similar
conditions gave Lwo products as shown by aner=ciromatoorapiiye.
ine infrared spectrum in ehloroform solution showed band at

1

1700 cm - Indicutin the Jformation of a carbonyl sroup. Paper

crroralograptly sioweo that tio oxldation vrouucts obtained
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from p~dihydroannofoline were eantirely different from those
produced by oxidation of a-d&hydroanunfolina. ¥hilst these
expariments were not puraued, they are worthy of further
studye.

Sslenlum dloxide oxidation of annofoline gave a
complicated mixture. However, the major product of this
reactlion was eawslly ecrystallized. It was found to contatn
two hydrogen atoms less than annofoline and was therefore
called dehydrosnnofoline. Dehydroannofoline melted at 162-16L°
and had thg formula 016323023‘ The infyrared spectrum in

sarbon tetrachloride solution showed bands at 3550 omt

{(free nydroxyl group), 3400 cm'% {(bonded hydroxyl group),
3000 ca Y (olefinic C = H) 1670 om™3 {conjugated carbonyl
group)e. The ultraviolet spectrum of dehydrosnnofoline (FPig. 8)
showed abaorption at 241 s (log @ 3.8). Thus, the spectros-
coploal data indicates that dehydroannofoline is an a, f-=unsa-
turated ketone.

The H.Me.lie spectrum of dehydroannofoline (#ig. 9)
was most instruotive, In the first place, the doudblet at
about 9 7 , present in the spectrum of annofoline (Plg. &), was
abasent but there was a new intense peak at 8,047 . %Thia 1s
8 typical position for a methyl group attached to a carbon
bearing s double vond (L4)e The shift of the methyl peak
towards lower field and the fact that the peak is unsplit,

suggests thiat the carbon atom bearing the methyl group must be
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Fig. 8. Ultraviolet absorption spectrum of dehydro-
annofoline in ethanol solution measured on a
Beckman DK-2 spectrophotometer.
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involved in the formation of the double bond in dehydro-
annei'oline. silnce doliydroannofoline is an t,B=unsaturated
ketone, the metiyl sroup must be eitier at an a op f-position
to uize carbonyl group. Again, 1in the H,M.H. spectrum tiere
w88 a new peak at 2.85 7, a position abnormnally low for an
ocdinary olelinic hydrogene. %he hallewldth of this peak was
20 Copes. wiich indicated tiat there 1s perhaps no hydrosen
adjacent to tne olefinic hydrogen, It had recently been
shown by Shoolery and Rogers (L7) that in casc of an G, =unsga-
turatcea keto=steroid, the pProton at the Peposition to Lue
carbonyl Zroup gave a signal st P.30'ruhilst tixat oy the
u-proton apreared at L,137. in case of plioto=-gamma tropolone,
it hed been notsd thiat the proton at the fPe~position to the
carbonyl uroup gave signal at P62 T whilst tirat due to in
g=hyuro on occurred at LelS T (L), Recently, *raser {(L,9)
found that in the cuse oI’ ervton eldehyde, tie siznal cuc to
the J-nyurogen ulso occurred ut lower r'ield than the
glinul ol the cehyarogei. fonesy, in ull probablliivy thoe mnethiyl
oPeup wna olelinic Lywrugen in dei.ydroannsloline are in
U and Jepositions, respeciively, confirrmatory evideuce in
Support i’ thils coanclusion care [ron the sLuUdy of the lefefie
speclrum ol unnoelolline ethyl tnio-enul ethor (sce pagze 128).
Pepor crromatosraphy show:d that the mothvr 1iquors
from ube crysiallizstion or dGelyiroannofoline contsined ot

least eijnt corpouuds sce Lhree o' tiier chowed ultravislet




absorption at 252-254 mu (in ethanol) but theso were not
further investiated. Yhey may pernaps contain she lfollowing

chronmdphore: i

ike behavior of dehydroannofoline towards dilute scid and
alicall was studliod on amell scale with the help of pasor
chiromato.raphy. LeLydroannofoline was found to be rairly
stabio Luwards dilute acid and alkali,

Al'ter ostabllsidin,: tie anature o tue [unctional
croups in annoroline, attermpls were mnde to rréevare an
oxjseu=free compounc witir retentlon ol the carbon skeleton
of anunofolines #s a Llrst step in this direclion thc cuaversion
ol tie carvonyl vo.: iluto a metiiylese sroapr was considerod.
“hie followin:: Luréu retriods, namely, (2) nydro.enolvsis ¢f a
dialkyl thiolietal derivative with ianey nickel, (b} wolfe-
Alsiner reaucilon and (o) Clemoncern reductlion, are generally
ugod Lor this surpose. Lt 1s well known that o-umino keiones
under, 0 Clemrensen recuction with rearrangerent, Lo r@duction

by Cleomic:isen meoii:od was not consldered, U tie remalining:
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two methods, the irst method is milder than ths second.
Therefore, it was tried first. %The tirst step in this method
consists in ihe converslon of @ ketone into a dialkyl
thioketal derivative. Paper chiromatograpry on ihe product
obtained after treatment of annofoline with ethanethiol, zine
chlorids and'glacial acetic acid at room temperature, showed
the presencs of one compound and the absence of annofoline,
Ihis compound when crystallized melted an‘159-153°. Analysls
srowed that it was not the dlethiyl thiloketal derivative,

the normal product of such reaction, The reactlon product
had the formula 018H990N5 and it will be referred to as
annofoline ethyl thio-enol ether. Yhre infrared speoctrum of
annotfoline eti:yl thioe-enol ether in carbon tetrachloride
solution showed a band in the hy-roxyl rerlon (3600 om'%).and
in chlororform solution there was a very faint band at 1625 cm’%
whicii might indicate unsaturation. Plierc was no band in the
carvonyl re;ion of tihio Infrared spectirun, indicating the
removal of the keto group of annclfolline.

Jue bisitelis spectrum of annofollne ethyl trniio~snol
ether (fi;. 10) did not show any doublet at about 97 as in
tiie spectrum of snnofoline (F1.-, 6)e The trivlet at 4,797 is
most probatly due to th.. metiyl protons of etniyl tinlo proup.
e new unsplit noak at Y.16Tls vrotably due to tie originsl
metihyl ;roup present in annofoline, Shis position as -

mentioned berore is cuarnctoristic of & mothyl ,roup altached
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to a carbon bearing a double bond, The.fact.that the peak
due Lo tue metuyl group is shifted towards the lower field
ol tue spectrwum, viat tie peak is ungplit and that there is

00 peak corresponding to au olefinic hydrogen, swyrests

that toe newly lormed double bond in annofoline ethyl thio-enol
etlior must be between the carbonyl carbon and the carbon
bearing tiie methiyl sroup., The metnyl sroup in aanofoline
must tuerefore be in the u-position to the carbonyl group.
irds conclusion is in agreemenl witih Lhe fact tuat annoroline
uoes nol rorm any vensylldene derivative and also witl the
rosults of Lhe leidelie svecirum of dohydroannofoline,

Vesulfurization of annofoline etinnyl thio-encl ether

with ilaney nickel did noi proceosd very well., 4 compound was
fuolated in low yield from the desulfurization reaction bﬁt
was not characierizede Hince th yield of ihe desullurization
prouuct was very luw, it was decided to invastigatg the
Woll=-hlsidler roduction,

Wollesis:ner reductlon of amioiollne cave 2 siazle
corpound as iadicated by papor CLrOLALOSrapiye +iL wWas
purilied by chromato,rep!y on alwaing. The crysialline reduction
product melted at 1,9=190° ang analysis gave the formulsa
016h27du. Iuis compound will be referred to ss c¢lhydrodooxy=
annofollines Uliyurodeoxyamoioline nad a pita of 1064 and
[cx]D -up.ln. ‘he iafrared spoctrum of this cowpouns in

carvon tetrachloride solution showed n band in Lie Ly.roxyl

R -
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reglon (band st 3600 cm™Y) but no band in the carbonyl
region, indlcating the reduction of the carbonyl group into
a methylene group. The N.M.R. spectrum (Fig. 11) showed a
doublet at 9.13 T (methyl group attached to a saturated
carbon atom.), The spacing between the peaks gave the value
of the coupling constant as 4 copes. The peak at 6.2 7

is probably due to the hydrogen attached to carbon bsaring
the hydroxyl group.,

The above Wolf-Kishner reduction was alao carried
out at a higher temperature and for a longer period. Paper
chromatography revealed the presence of two compounds in the
reaction product both of which were different from annofoline.
The infraered spectrum in chlorofornm solution showed a weak'
band in the carbonyl region (band at 1700 cm™t). The two
compounds were separated by chromatography on alumina. One
of these compounds was identified as dihydrodeoxyannofoline,
The second compound was not fully characterized., It had
an R, value similar to that of deoxyannofoline (see page 1135)
and 1ts infrared spectrum was similar to that of deoxyanno-
foline. It is probhble that under the strongly alkaline
condltlion and at the high temperature of the reaction,
dihydrodeoxyannofoline has undergone dehydrogenation.

Dihydrodeoxyannofoline, when refluxed with acetic
anhydride in benzene solution, gave an O-acetyl derivative.

O-Acetyl dihydrodeoxyannofoline was 1solsted and characterized
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as ihe hydrobromide, 018H2902N.Hﬂr. The infrared spectrum
of the free base in carbon tetrachloride solution showed

a band at 1730 cm-% (acetoxy carbonyl) but no band in the hye
droxyl regions ‘ihe N.Meh. spoctrum of U=acelyldlhydrodeoxy-
annofqlinel(?ig. 12) showed a doublet at 9e43 7 which must be
due to tue m§£hy1 gPoupe 1o spacing between the pesaks

gave thie value of coupling constant as L cepes. The peak at
Ge31 T 1is due to the methyl group of tho acetoxy groupe 7The
peak that was presont at 6.24 7 1in the specirum of dihyuro=
deoxyannofoldine (flye 5) 1s aot present in this spectrun,
instead a new peak appears at S.Zj‘f which must be due to

a hyorogen attached to the carbon bearing the acetoxy group.
ihe hallf-width of thils peak was round Lo be .4 CePess this
mi Lt have arisen from the coupllay or tiaw hydrogen attachéd
to the carbon bearins the acetoxy group with more than two
neighbourln;: hyurosens.

A prellminary experivent was carried out io tosyvlste
dihydrodeoxyasunofoline. #aper chromato,raphy and infrared spec-
troscopy on the reaciion product indicated that dihydrodeoxy=
annofoline was mnostly unchLanged.

vlhydrodeoxyannofoline was oxidized with ci.romle
acid in pyridine., +he oxidation product was purilied by
alumloa cironato:raphy and subsesuently trrough Lhe hydroe

(o]

bromides e Lree base nelted over a roange, Mepde wii=%2, and

the melting polnt could net be improved &y rewcated recrystal-
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lizations, Paper chromatography of the compound gave only
one spot, The compound had the rromulé 016H250N' end it
will be referred to as deoxyannofoline. Titration of
deoxyannofoline in 50f aqueous methanol gave a pia of 8.4.
The infrared spectrum (Fig. 13) showed no band in the hydroxyl
region but 2 new band appearsd at 1690 cmf% (probably a six
memnbered ketone). Therefore, the hydroxyl group in dihye
drodeoxyesnnofoline and hence in annofoline must be secondary
in character.

Annofoline was found to be resistant to chromic
acld oxidation under the conditions that dihydrodeoxyanno-
foline was oxidlzed. It is most probable that in annofoline
the carbonyl and hydroxyl groups are sterically very close
to each other and due to the electrostatic effect of the
carbonyl group, the oxidation of annofoline 4is hindered.

In dihydrodeoxyannofoline, where the carbonyl group has been
reduced to a methylene group, no such effect exists and
therelore oxidation take place smootily.

The ultraviolet spectrum (Fig., l4A) of deoxyanno=
foline snowed an abgorption at 283 mp [ €, 109.]. he
ultraviolet apsctrum of deoxyannofoline hydrochloride
(Flge 14B3) wae much less intense than that of deoxyannofoline
and the position of the maximum [ M max 204 myp € s 33)
shifted towards lower wavelength, so the basic nitrogzen atom
in deoxyannofoline may be involved in some way in this abe

sorption, ©The ultraviolet spectrum of deoxyannofoline
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180
1407
00+
I
B
60t
20 F
40 60 86 100 " 20m
WAVELENGTH
Fig. 1lL4. Ultraviolet absorption spectrum in ethanol

measured on a Beckman DK-? spectrophotomer.
A, deoxyannofoline; B, deoxyannofoline
hydrochloride,




- 138 -

hydrochloride showed very weak end sbsorption { € , 86;

at 225 mp) indicating the absence of a tetrasubstituted
double bond (50) in deoxyannofoline and therefore also

i annofoline. The N.H.R,. spectrum of annofoline also
showed that the alkaloid does not contain sny olefinie
hydrogens Henca. annofoline must be a tetracyclic compound
like lycopodine (33), serifoline (3L) and annotinine

(apart from oxygen contelning ringe) (11), It seems that

C1¢ 8lkalolds of Lycopodium annctinum L. may have some
structural. relationship,

{he pKa of dihydrodeoxyannorcline and deoxyannoe
foline were 1b.uo and 8.40 respectlvely., This decresse
in pKa may be interpreted as an increase in the withdrawal
of electrons from the nitrogen atom, Thus there is a
posslibllity that the deoxyannofoline is an a-aminoe ketone.
& drop of 2,1 unit in pha of delpheline due to oxidatlion to
deliydrodelpheline had been observed by Cookson and Trovett (51),
although doliydrodelpheline was not an ¢~amino ketone. <Vherefore,
the second possibillity 1s that the nitrogen atom and the
carbonyl group in deoxyannofoline are very close to each other
in space even though the compound is nol an ae~amino ketone,
ihe N.M.R. spectrum of deoxyannofoline (Fig. 15) srowed a
doublet at 9,20 due to the methyl group attached to a saturated
carbon. The methyl peek wes split into a doublet (J, 6 Capoase)

by one adjscent hydrogen,
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Deoxyannofoline was found to be falrly stable
towards dilute acid and alkali, Its methiodide did not
undergo iofmann degradation to yield a,f-unsaturated ketone.
Sodium borohydride reduection of deoxyannofoline wes studied
on & small scale using paper chromatogrephy, The orude
redﬁction préduct had an Rf value similar to that of dihydro-
deoxyannofoline, The infrared spectrum of the reduction
product in carbon tetrachloride gsolution showed absorption in
the hydroxyl region (band at 3500 cm’%) but no band in the
carbonyl region, indicating the conversion of the carbonyl
group into a hydroxyl group. It ﬁight be of interest to
earry out the reduction on a larger scale and to characterize
the reduction product.

lthe possibilities for the removal of the oxygen'
atom of deoxyannofoline were studied on small scales using
paper chromatography, The Wolf-Kishner reduction was tried
first. The product of this reaction showed the preﬁence of a
‘hydroxyl group (bands at 3525 cm’%, 3300 cm'}) and a weak band
in the carbonyl region (band at 1700 cm-%) in the infrered
specirum. 7The reaction product gave a long tail on the paper,
It is most probable that the carbonyl sroup of deoxyannofoline
is reduced to a hydroxyl group amn the weak asbsorption in the
carbonyl region might be due to the small amount of deoxyanno=-

foline present,

Attempta were tnen made to convert deoxyannofoline

into the corresponding thioketal. The reaction of deoxyannofoline
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with 1,2-ethanadithiol under various condivions was studied,
Papur chromatography snowed that in ell the cases a mixiure
o' compounds were formed. Uwing to the amall amount of
deoxyaancfoline avallsble, this approach was discontinued,
Preliminary experiments were performed on the
selenium diokide oxldation of deoxyanunofoline. Paper chro-
metography lndicated the presence of two compounds 1ln the
crude oxidation product. The minor cumoound was probably
the starting material. 7The crude oxidation rroduct showed
Lt properties of an eanol. 7The infrared speclrum in carbon
tetracnloride solution aliowed bands at 3400 cm'% (hyuroxyl
group), 171U cm‘% (carbonyl), 1660 cm‘% {conjugated carbonyl)
and loly cm'% {double bond)e The ultraviolet spectrun in
etliziol siowod absorptlon at 362 mue in alksllne solutlon
vhie position oy maxlmum was shlfted o 335 my. and algo the
intenslty of avsorption was greatly decreasaed, wvhe spectral
resulis inclcates thuat tie sclenlum dioxlde oaidation product
of deoxysnnofoline should huve the CLrOMONLOTe

,n.}' -
23 AN . v
—C == ¢ C— o+ Tids must heve arisen from the

group T Ui Chgs— CU—pres nt in deoxyannofoline.
€

sence, tiw preseatl study shows tiiat annciolino is

tetrucyelic and has uhe Jollowin. partial structures
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c
/ .
CH3 l six or larger membered ring
C
0” ™
CH
~
CH, ~
, six or larger membered ring
CHOH
c _
CH - CH - -
C> 3 c 1;1 c
C

(¢; ghemisiry of Lycofoline

o
Lycofoline, mepe lili=145", had the formula
i e P o ] e . 0 -
CyatioeOoiiy [a],, =Thed”, and Zuhn-kotl analysis siowed the
1672572 o
presence of at least one C~-melhyl proupe. Yitration of the
alkalold in 507 aqeous metr.anol gave a pila of 9.1 wpnd an
equivalent wel, K ut of 205.5, bycoioline ;ave & hydrobromide,
Co di, O Heilsry rielie 2?@-2750 and & methilodlids,
172572 - ’
0 i3 "3 - P, <y K -
Mepe 203=20L" ¢ Yhe lafrared spociram in dnjol mull
| Y - -1  ” * 4.
glrowed a buad at 3300 em Vv ladicatlia; tho vrescnce of &b
. n rre -1
least one Lywoxyl sroupe o Vory faint band at 1670 cm
indieated unsaturaticn., Yoere was no avsorstion in tihe
cartonyl reg;lone. in carbon tetracvloride solution lycoroline

. o -1 ;. s e -1
snowed bands at 3600 cm o (free Lydroxyl) anc 3395 cm e
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(bonded hydroxyl). The results of the N M.R, spectra of -
lycofoline and its derivatives will be discussed together,
Treatment of lycofoline with boiling dilute hydrochlo-
ric acld gave a mixture of two products, revealed by paper
chromatography (pk 7.0), . which possivly are the dehydration
products, - The infrared apectrum in carbon tetrachloride

% and a very faint band

solution showed a band at 3580 em™
at 1700 om™Y, Reaction of lycofoline with sodium borohydride
gave back the starting materisl, This indleated the absence
of a masked carbonyl group such as a carbinolamine group

in lycofoline.

Catalytic hydrogenation of lycofoline over Adams'
catalyst in ethanol solution gave three compounds as indicated
by paper chromatogrephy, The major product was dihydroly¥
cofoline. It was purified by chromatography on alumina,
Dihydrolycofoline had the formula 016H2702’ and it melted at
16147 Tiis confirmed the presence of a double‘bond in
lycofoline,

The nature of the oxyzen atoms in lycofoline was
revealed by acetylation studies, Paper chromatography on
the product obtained after treatment of lycofoline with
acetlc anhydride and pyridine at room temperature indicated
the formation of a new compound, This compound was crystale

lized and anslysie showed Liat it was rono-O-scetyl lycofoline,

#ono-O=-acetyl lycofoline had tie formula 018H2703N, MeDe
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159=160° and pKa 8,70¢ The infrared spectrum of mono=-0-
acetyl lycofoline 1n carbon tetrachloride solution showed
bands at 3600 em™L (hydroxyl group) and 1730 em™d (acetoxy
carbonyl) but no band in the asmide region. 7o asetylate the
second hydroxyl group of ;ycorolino, & mixture of the alkaloid,
acetic anhydride and pyridine was heated at 80-90° for seven
hours, Faper chromatography indicated the presence of two
products in the reaction mixture. One of these compounds had
an Rp value similar to that of mono-o-aceﬁyl lycofoline and
the aacond{gowpound wes di-O-acetyl lycofoline. The two compounds
were aoparated by ¢chromatography on alumina, The compound |
that was eluted first from the column melted at 113-118° arter
subliration and crystsllization. Analysls showed it to be
di-O~acetyl lycofoline, Di-Owacetyl lycofoline had the
formula °20H29°q“ end & pka of 8,05, The infrared spectrum
of this compound showed a band at 1725 cm™ % (acetoxy carbonyl)
but no band in the hydroxyl or amide region, Hence both
the oxygen atoms 1n lycofoline must be present as hydroxyl
groupse The facts that no amide was formed during acetylation
of lycofollne and that 1t zave & true methiodide, establighes
the tertiary nature of the nitrogen atom present in lycofoline.
A drop of only one unit in pKa due to acetylatlion of lycofoline
(lycofoline pka, 9.1 and dl-U-acetyl lycofoline, pKa, 8,05)
indlcates that the hLydroxyl groups are not in a or 8 positions

to the nitrogen atom,
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The li,M.R. spectrum of lycofoline (Figs 17) showed
& doublet at 9.07, a position typical for the methyl group
attached to a saturated carbon atom (4, 45). The area under
the peaks indicated the presence of one such group already
found by the Kuhn-Hoth anelysis, The splitting of the peak
into a doublet indicated that a hydrogen atom is attached
to the carton bearing the methyl group. The spacing in the
doublet gave J.,, CHB = & Copsss This va}ue of the coupling
constant is comparablie with that of b-methyl ateroids
(3 - 9 cepess) (45)s The triplet at 4e71 7 may be asaigned
to olefinic hydrogen by analogy with the substituted ethylenes
(4h). It is evident from the area under the peaks that one
such hydrogen 1s present in lycofoline. ‘he intensities of
the peaks are in the ratio 1l:2:1 indicating the coupling of
the ethylenic hydrogen with two equivalent hydrogrens, The
only arrangement that is possible to give rise to two equi=-
valent protons adjacent to the olefinic kydirogen is the pre-
sence of & methylene group sttached to the carbon bearing the
olefinic hydrogen. ience, lycofoline must contain the Zroup

g>c = CH -~ CH2 =¢ The spacing in the triplet gave the value
of the coupling constant as L. c.p.s. The quartet at 6,527
and the peak at 6.1l 7 are probably due to the hydrogens on
the carbon bearing the hydroxyl groups. From the ilntensitles
of these bands both hydroxyl groups appear to be seconaary.

in the Iiollowing discussion certein stereochemical deductions
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may be made 1f it 1s assumed that the carbon atoms bearing

the bydroxyl groups are included in six membered rings.

This assumption does not exclude the possibility of the
presence of a smaller or larger than six membered ring.
Lowever, there 1s some evidence that at least one of the
hydroxyl groups is attached to a carbon whioch 1s present in

& slx membered ring (see page 153), Unfortunately, the

value of the coupling constants in the case of five op seven
membered ring compounds are not known. In any case, it will
be of great interest to prove thgt the carbon atome bearing
the hydroxy groups are included in six membered rings.
Lemleux, Kullnig, Bernastein and Schneider (46) found that
axial hydrogen attached to a carbon bearing an equetorial
hydroxyl group gave a signal at a higher field of the spectrum
than the equatorial hydrogen attached to a carbon bearing an
axial hydroxyl group., 7Thus it i1s possible that the quartet

at 6,82 7 is due to an axiel hydrogen and hence the hvdroxyl
group 1is equatorial. This conclusion is consistent with the
fact that lycofoline forms a mono=O~acetyl derivative under
very mild conditions, The N.M.H. spectrum of mono-O=-acetyl
lycofoline (#ige 18) did not show the quartet at 6.827 that
was present in the spectrum of lycofoline (Fig. 17) but instead
a new quartet appeared at lower field, namely at 5,66 7 ,

This quartet must be due to the hydrogen attached to the carbon

bearing the ecetoxy group. The area under the peaks indicated
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the presence of only one such hydrogen, confirming that the
hydroxyl group in lycofoline is secondary in character,

The pattern of the quartet i1s the same as the X-portion of
the spectrum of an ABX type of Bernstein, Pople and Schneider (52)
where X represent the hydrogen attached to the carbon bearing
the acetoxy gﬁoup. The spacing between the first and second
peaks (or third and fourth) and that betwsen the first and
third peaks (or second and fourth) of this quartet gave the
coupling constents 5.4 and 10.8 c.p.s. respectively., Lemisux,
Kullnig, Bernstein and Schneider (46) showed that in case of
sugar acetates a smaller coupling.constant (approximately

3 cePesSe) was due to the coupling between an axial and an
equatorial hydrogen and a larger coupling constant (8. cep.s.)
was observed due to the coupling between two axisal hydrogehs.
In fact, it is & general phenomenon that in case of six |
membered ring compounds trans conformation of protons have
larger coupling constants than the gauche arrangemeht.
Therefore, in the present case, it seems quite reasonable to
assurie that the larger coupling constant (10.8 ce.p.s.) is
probably due to the coupling between two axial hydrogens and
the smaller coupling constant (5.l c.p.s2.) 18 due to the
coupling between an axial hydrogen and an equatorial hydrogen,
This will glve the following two possible arrangements

(I and II) for the two hydrogens adjacent to the hydrogen

attached to the carbon bearing the acetoxy group.
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RO—f H
H
I, R = COCH

Ia, R = H ITay, R = H

3

Hence mono-O-scetyl lycofoliné wiil have the partial structure
(£) or (Ivaand lycofoline will have the partial struoture
(Ia) or (IIa)e The peak at 7.57 7 (Fige. 17) is due to the
methyl protons of the acetoxy groupe. %The N.M.R. spectrum of
di-O-acetyl lycofeline (Fige 19) did not contain any peak at
belly 7 , instead a new peak appeered at l.94 7 which must be
due to the hydrogen attached to the carbon bearing the aecond
acetoxy groupe. The area under the peak indlcated the presence
of only one such hydrogen, confirming tie secondary character
of the hydroxyl group. Lhe peak may perhaps arise from the
coupling of the hydrogen attached to the carbon bearing the
acetoxy group with more than two hydrogens attached to the
neighbouriny carbons, 1t has been shown by Lemleux, Kullnig,
Bernstein and Schneider (46) that in the spectrum of tebutyl
cyclohexyl acetates, the signal due to the equatorlial hydrogen
attached to a carbon bearing an acetoxy group was at the lower

field than the axliael hydrogen., ilence, by analogy, the peak
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at LS4 7 may be assigned to an equatorial hydrogen attached
to the carbon bearing the acetoxy group. Thus, the second
acetoxy group in di-iU~acetyl lycofoline and hence the original
hydroxyl group in lycofoline most probably has an axial
confizuration, It is most probable that due to its axial
nature, the h&droxyi group is difficult to acetylate,
Preliminary experiments were carried out on the
oxldation of lycofoline with chromic acid and with active
manganese dioxide (39). The oxidation with chromic acid in
pyridine was sarried out at room temperature. Paper chroma-
tography showed that the reaction product contained two
compounds. The minor component had the same Re value as
lycofoline and probably it is unchanged lycofoline., The major
component is probably the oxidation product. The crude
reaction mirture showed bands in the hyaroxyl repion (bands
at 3500 cm'%, 3300 cn~t) and carbonyl vezion (1700 em™1,
probably a six membered ketone)., <Lhis indicates that one
of tie hydroxyl zroups 1s easily oxldized. The oxication
product obtained with sctive manganese dioxide contained two
Compounas, shown by paper clhromatographye une of them is
perhaps the unchanged lycofoline and the second compound the
oxidation product. 7he crude reaction product showed ultra-
viclet absorption at 266 mp (in ethanol). The infrared
spectrum(carbon tetrachloride solution)shwowed bands at .

3500 cm’% and 1700 cm’i in thke hydroxyl and carbonyl regions

sav i ZET
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respectively. In neutral media, active manganese dioxide
generally oxidlzes an allylic alcohol to the corresponding
@, p-unsaturated ketone (39, $3)., The above spectroscopical
data are a little high for an ordinary a, Beunsaturated
ketone. Further investigation on this oxidation product
was not poaaible because of lack of material.

On the basis of the present study, the following

partial structure may be assigned to lycofoline

>CH - CH3,

' =3 - c -
D = CH - cu2 C)N o}

where more than two R's are hydrogen atoms

or

(d) Chemistry of i.oroline

a=Lofoline had mep. 211-2120, [a]D -52.2°. Analysis
gave the formula 018h2903ﬂ and indicated the presence of at
least two C-methyl groups and an U=-acetyl group. %Yitration
of the base in 50% aqueous methanol gave a pKa of 9.7 and

an equivalent weight of 310, a-lofoline gave a methiocdide,
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01882903H.0H315 Mepe 266-267°, The infrared spectrum of
a-lofoline (Fig. 20) in Nujol mull confirmed the presence
of an O-acetyl group (bands at 1720 em'%, 1225 em™t and
1240 om’%) and also Indicated the presence of a hydroxyl
group (band at 3200 em™1),. This acoounted for the three
oxygen atoms ﬁreaent in a=lofoline.

p-Lofoline, CygHag04Hs Mepe 166-167°, had [a], =5.7°
and analysis indicated the presence of at least two C-methyl
groups and an O-acetyl group. Titration of the alkaloid in
505 &queocus .methanol gave a pKa of 9,55 snd an equivalent
weight of 311, p@~Lofoline gave a methiodide, 01832903N.CHBI,
mepe 296-297. The infrared spectrum of f=lofoline (Pig, 21)
in “ujol mull indicated the presence of a hydroxyl group
[bands at 3400 cm™l (free hydroxyl) and 3100 em™Y (bonded

hydroxyl)] end an O~acetyl group (bends at 1730 om'%,

1700 om™, 1225 om™) and 1270 em~1). The splitting of the
carbonyl band of the O-acetyl group and the presence.or two
hydroxyl frequencies indicated that the carbonyl groups of
some molecules were hydrogen bonded while the carbonyl groups
of other molecules were not involved in this type of bonding.
The infrared spectra of a-lofoline and f-lofoline in dilute
carbon tetrachloride solution showed only one hydroxyl (free)
and one carbonyl btand. Hence, the hydrogen bonding observed

in case of B-lofoline was intermolecular and not intramolecue-

lar,
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The amount of pure a-lofoline and B=lofoline
avallable were very small and so praliminary experiments wore
performed using 2-10 mg. of the alkaloid. The behaviour of
a~lofoline and p-lofoline towards the acidic and alkaline
resgents was studied on a small socsle. The acidic hydrolysis
of a=lofoline gave oue major product and a minor product,
ihe infrared speotrum of the hydrolytic product sihowed very
falnt bands at 1725 om™s and 1700 om™+ but no bands in the
bydroxyl region. p-Lofoline, under the same conditionas,
gave one major product and one minor compound, The infrared
spectrum showed a band at 3600 cmf%. It 48 most probable
that under the condition of the reaction the acetyl group
of lofolines were removed by hydrolysis and the correaponding
hydroxy compounds underwent dehydration or formation of cyeclic
ether or chloro-derivatives,

<he alkaline hydrolysis of a~lofoline gave one
compound as indicated by paper chromatography. The hydrolytic
product when refluxed with dilute acid gave a mixture of
three compounds., The infrared spectrum of this mixture showed

bands at 3600 cmf%, 3400 cm+ {hyuroxyl), 3150 et {probably

% and

unsaturation) and very weak abaorption at 1730 cm”
1700 cm’%. Papor chromatography on the product or alkaline
hyarolysis of f-lofoline showed the presence of one product
which when treated with mcid gave a mixture of three compounds

as indicated by paper chromatograshy. %The Rr value of these
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components were similar to those obtained in case of
a-lofoline after similar treatment, The infrared spectrunm

of the mixture showed bands at 3600 cm'%. 3400 = 3300 om™1

(hydroxyl group) and a very weak band at 1700 cm Y. It is
most probeble that during alkaline hydrolysis the O-acetyl
roup of a-iofolins and p-lofoline are removed and the hydro-
lytic products on treatment with acid undergo dehydration or
other reactions,

Chromic acid oxidation of pure a-lofoline and
f=lofoline, on a small acale (2 mg.), showed that the oxidation
products had the same Rr value and the infrared spectra were
supérimpoaable and had bands at 1740 om'% (acetates),

1700 om™% (carbonyl) but haed no hydroxyl band., Therefore, a
mixture of a-lofoline and fi=lofoline, which was more readily
avalleble than the pure alkalolids, was oxidiged with chromic
acid in pyridine. FPaper chromatography on the oxidation
product showed the presence of four components, one of which
wasprobably due to unchanged lofoline. The four components
were separated on aluminae. The major product of oxidation
was crystallized. Analysis showed that it had two hydrogen
atoms less than a=lofoline or felofoline, therefore, 1t was
called dehydroloroline., Lehydrolofoline, C1852703ﬂ., had
MeDoe 129-1330. Paper chromatography showed only one spot. The
infrared spectrum in carbon tetrachloride solution showed

bands at 1745 cmf% (carbonyl of O-acetyl group) and 2700 cm'}
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(keto group) but no band in the hydroxyl region. The newly
formed carbonyl group is probably in a six-membered ring.
The chromic acld oxidation product obtained from pure a-lofo-
line melted at 126-13h9. The mixed melting point of the
oxidation product, obtalned from a-lofoline, with dehydrolo-
foline was found to be 129-136°, Again, the oxidation product
obtalned by chromic acld oxidation of pure f-lofoline melted
at 13h9137°. The mixed melting point of the oxidation product,
obtained from B-lofoline, with dehydrolofoline was found to
be 132~1359. The infrared spectra of a-dehydrolofoline and
5-dohydrolofoline were identicael. ience, a-lofoline and
B=lofoline are epimeric secondery alcohols., The N,M.KH,
spectrum (Pig. 22) of dehydrolofoline showed a doublet at
84627 « 'ihis is a typical position for a G-methyi group (L4li).
The area under the peaksindicated the presence of one such
groupe Tihe splitting of the peak into a doublet indicates
the presence of a hydrogen on the carbon atom bearing the
methyl group. 7The spacing between the peaks gave

J = 7.8 cepess ‘the single peak at 8.36 7 is due to the

CH, CH3 _
methyl group of the acetoxy group. The badly resolved quartet
at 4.94 7 1s probably due to the hydrogen attached to a carbon
bearing the acetoxy group. ‘Jhe area under the peaks indicated
that only one such hydrogen is present. 7The intensities of
the peaks are roughly in the proportion 1l:3:3:1l. <the quartet

might be due to the coupling of the hydrozen attached to the
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carbon bearing the acetoxy group probably with more than two
nelghbouring hydrogen atoms. The spacing between the first
and second (or third and fourth) peaks gave the coupling
eonstant as 3 C.pe.s. and that betwesen the rirst and third
(or second and fourth) gave the value of the second coupling
constant as 6. CePe8e OUn the basis of the present studies,

the following partial structure may be assigned to lofoline:

c e
GPCH = CHg, DCHOH e
1.2
g
<~ "cHococH
| L 3 where probably, more than two
R _
/C\3 R's are hydrogen atoms,.
R

(e) N.M.R. Spectra of Aerifoline and Annotinine

The iN.MesR. spectrum of acrifoline (Fig. 23) showed
a doublet at 8.95 T , characteristic of a methyl group
attached to a saturated carbon atom., The area under the peaks
indicates the presence of only one such group. The splitting
of the band into a doublet indicates the presence of a

hydroien on the carbon bearing the methyl group. The spacing
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between the peaks gave the value of the coupling constant
&8 © C.pe8s By analogy with substituted ethylenes, the
peak at 4.6 7 may be assigned to an olefinic hydrogen. The
araea under the peaks indicates the presencé of only one such
hydrogen atom in acrifoline. The peak might have arisen due
to the ooupling of the olefinic hydrogen with at least two
neighbouring hydrogens. The triplet at 6,1 7 is perhaps due
to hydrogen attached to the carbon bearing the hydroxyl group.
The area under the pesks indicates the pressence of only one
such hydrogen. d#ence, the hydroxyl group of acrifoline may
be secondary in character.

The N.M.R. spectrum of ennotinine (Fig. 2) showed
a doublet at 3,717 . This must be due to & methyl group
attached to the saturated carbon atom and the doublet is
due to the coupling of the methyl protons with one hydrogen
attached to the carbon bearing the methyl group. ‘lhe spacing
between the pesks gave a coupling constant of 8 CePe8e The
doublet at S.46 7 1s probably due to the hyurogen attached
to tihe carbon which carries the lactone bridge. The spacing
between the peaks gave a coupling constant of 6 c.pe.s. This
hydrogen is expected to couple with three adjacent hydrogens
and as such a quartet is expectea but instead, a doublet
appeared. The peaks are slightly wider than a doublet formed
by coupling of & hydrogen etom with an adjacent hydrogen, It

is possible that two of the hydrogens in the pregsent case has
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very small coupling constants and the third hydrogen has
a coupling constant much larger than the other two.
The chemical shifts and the coupling constunts
of all the compounds whose N.M.H., spectra have been measured
are tabulated in Table I (page 167) and Table II
(page 168 and 168a).
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10, CLAIMS T0 ORIGINAL RESEARCH

(a) Four new alkaloids have besn isolated from
Lycopodium annotinum L. by countercurrent distribution
followed by alumina chromatography. 4Yhey bave been fully
characterized and have been named annofoline, lycofoline,
a=lofoline ahd B=lofoline.

(b) Annofoline has the formula 016325°2N'

(¢) The following derivatives of annofoline have been
prepared: (1) annofoline perchlorate, Clbﬂesozm.ﬁcloh,

(2) annofoline methiodids, Cléﬁzsoeﬁ.CHBI.. (3) O-acetyl
annofoline, isolated as the hydrobromide 01532703N.Bﬁr.

(d) Annofoline has been reduced with sodium borohydride
to ;ive two epimeric alcohols, a=-dihydroannofoline, 016ﬁ2702ﬂ’
and (-dihydroennofoline, 016ﬁ2702N'

(e) Annofoline has been converted into annofoline ethyl
thio-encl etiier, Claﬂagoﬂs. by treatment with ethane thiol.

(f) oy wolf-Kishner reduction annofoline has been con-

verted to dihydrodeoxyannofoline, 016H O,

27
(g) OLihydrodeoxyannofoline has been converted into an
O-acetyl derivative., %Y he U-acetyl dlhydrodeoxyannofolline has
been isolated as the hydrobromide, clsﬁaqoeﬂ.ﬁﬁr.
(h) Deoxyannotfoline, Cl6B?50ﬂ, has been prepared by
tine clwomic acid oxidation of dihydrodeoxyannofoline.

(1) Annofoline has been converted to dehydroannofoline,

Cle2302N, by oxication with selenium dioxide.
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(J) On the basis of the chemical studies and the results
of infrared,ultraviolet and N.i k. spectra the following partial

structure has been given to annofoline:

H—2C
4 six or larger membered ring
SN
C ' 3
- ~N- -CH- ~CHOH=-
o CH CH, C-N-c (-CH-CH,)=C

*most probable

(k) Lycofoline has the formula, 016H2502N.

(1) The rollowing derivatives of lycofoline have been

prepared: (1) lycofoline hydrobromide 016H250?N.HBr.,

(2) lycofoline methiodide, 016H2502N.CH31., (3) mono-0-acetyl

lycorfoline, 018H2703N., (L) di-0-acetyl lycoroline, 020d290hﬂ'
(m) by catalytic hydrogenation, lycofoline has been
converted to dlhydrolycofoline, Ll6h2702N°
(n) On the basis of chemical studies and the results of
the infrared and N.M.R. spectra the following partial structure

has been given to lycofoline.
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CNAmCHCH = N
C)c..ui cua c>"” CH

CeN=C
3 !

where more than two R's are hydrogen

atoms,
H
H H
C C
or C
H
H ;
(0) c=-Lofoline has the formla 618h2903N.
(p) u=Lofoline metiiodide, Clsuagusﬁ.Chjl, has been
prepared.

(q) PB-Loioline has the rormula ClBH29U3N'
(r) p-Lofoline methiodide, Clﬂh2903ﬁ.cu31, ras been

rrepared,
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(s) a-Lofoline and Pe-lofoline have been oxlidiged to
give the same product, deliyarolofoline, 61852703N' proving
that «=lofoline and S-lofoline are epimeric alcohols,

(t) The rollowing partial structure has been assigned
to a-lofoline and p~lofoline on the basis of chemical studies

and the results of the WN.M,i. ana infrared spectras

DCHOH, g>cu-0113 Cmli=G
c
1
- R 5
\' AR
~ \CHOCOCH3
l where probably more than two
c———RLL

R's are hydrogene
///'\R3
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