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2, PREFACE

ThHis research problem was suggested by Professor F,A.L.
Anet, the candidate's supervisor, who recognized the need
for a more efficient, reliable and reproducible method of

separating and isolating the alkaloids of Lycopodium anno-

tinum L, from the ‘icrudealkaloid, Former methods of se-
paration were depeﬁdent upon the tendency of the component
alkaloids and their salts to crystallize in various solvents,
Aside from the problem of isolation, a study of any new

alkaloids of Lycopodium annotinum L, isolated was to be

undertaken by the candidate,

First and foremost the candidate is greatly indebted
to Professor F. 4. L, Anet, whose intelligent direction,
high standards, endless patience and personal friendship
left nothing to be desiged. Special thanks are also due
to Professor R.U.Lemieué, Chairman, Dept. of Chemistry,
who supervised the writer's initial research during the
summer of 1955, in the absence of Professor inet, Very
tangible assistance during the early part of my research
was also received from Professor Ludovic Ouellet and Dr,
P,H.G,Bavin, then a H,R.C, Post-doctorate Fellow, and is
gratefully acknowledged.

The author is indebted to Dr, Léo iHarion, of the
National Research Council, for providing the mother liquors

from the crystallization of annotinine, to Dr, H,J,Bernstein,
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of the National Research Council, for taking the MR,
spectra and for discussion of the results, to Dr, ©,l,
Godar and Dr, R.I, Mariella, of Loyola University, Chicago,
Illinois, for generously providing a sample of tetrahydro-
quinoline, to Dr, D.B.Maclean, of Fclaster University, for
a gift of obscurine, and to lir, R,Lauzon and Dr, R. M, Jones,
of the National Research Council, for the infrared specira
taken on the double~beam instrument, I wish to thank the
National Research Council for a grant in aid of this work,
To Commissioner L, H, Nicholson, iBE, LL.D., (Rtd.)
R,C,l{,P., Superintendent J. A, Churchman, IM, (Rid.) R,C.IL.P.,
and the Royal Carladian Mounted Police, whose kind permission

and support enabled me to take part in this work, I extend

my sincere thanks,




_31

TABLE OF CONTENTS

TITLE PAGE..OIO"».#&Q

uuuuuu 5 6 ¢ 05 00 06 ¢ QU E OO0

PREFACE...I.Olt"l.".'.‘v!..--‘t‘"l.

¢ 9 v 0 ¢ 0 e v

TABLE OF CONTENTS,..,..e00eceervnsoaocsoscoree
LIST OF TABLES, . veeerravenonconsne
LIST OF FIGURES,.....0evveerenn
ABSLRACT, . ivervvenresnosnevosasscorassoancnse
INTRODUCTION
(a) Description of the problem,.....ecoeeceee
(b) Consideration of the pertinent literature
1) General botanical background,.....eeee.
2) Non-alkaloidal constituents,.....c.ceeo
3) Alkaloidal constituents
(1) Methods of is0lation,..eeevecesss
(i1) Alkaloids of Lycopodium species.,
(iii) Physical properties of
Lycopodium alkaloids.....oeeeevee
(iv) Structures and reactions of
Lycopodium alkaloids
1 Annotinine,,..ccvevevscersocrscoses

Ig Lycopodine."I'.O".l‘..‘.‘.‘.'l..'

Acrifoline, eeeeesesencrvoresocsns

= o

Obscurinesolouoccvoc--n'tlcootnoia

5 Annotine (Alkaloid L-11l),.........

Page No,

O W

16

17

18
19

20
21

31

31
32
80
%
93
95




e ]

g8, EXPERIMENTAL
(a) Paper chromatography.ee.ecesveseososcoss
1) Preliminary TestSisieseereeossoooranss
(1) Buffered filter-paper,....seeeeeee
(ii) Application of alkaloids to
buffered paper.....cevecoecccccne
(iii)Solvent system and descending
development, ,..coeecvecsvocorcoee
(iv) Two-dimensional paper
ChromatogramsS, s veeesceosereoconss

2) Known Lycopodium alkaloids ~ Rf values

(b) Ion-exchange column chromatography......
1) Large scale run using Dowex 50-
X12 resin,uuivececrovosocsoossovoessoans
2) Small scale run using Dowex 50-
X12 resin,..eceeveevevereesonconssnnes
3) Qualitative comparison of Dowex 50-
X12 resin and Dowex 50-X4 resin.......
L) Small and moderate scale runs with
Dowex 50-X4 resin,.....ieecevoveensaoace

5) “Rubber-tubing column with

Dowex 50-}(1"’ reSinooaoocoolococova.onoo ’

Page No,

99

99

99

100

100

101
103

104

104

105

106

107

107




_.._........v_..__..w.___.",‘_.va4‘“ ‘

(c) Partition Column chromatography....eeese.
1) Preliminary runs with buffered
Celite columns,....vvvsnonncesscooncone
2) Series of runs with Celite columns
buffered at pH 5.65, . veevrvcconceceess
3) Partition chromatography of Group A
fraction using a Celite column buff-
ered at PH 3,28, 00cevveccececnessanoee
4) Ultraviolet absorption spectra of

fractions from Celite COlUMNS,ssevesoen

(d) Countercurrent distribution method.......
1) Preliminary tesbS.. .vececsoesve coooae
(1). Determination of apparent
distribution coefficients (k').....
1l Lycopodine between chloroform
and buffer pH 6., .vvvee vevevonons
2 Annotinine between chloroform
and buffer PH S.civivevececrosnones
2) Countercurrent distribution and
paftition chromatography sequence,.....
(i) Countercurrent distribution between

chloroform and buffer pH 5,2,......

Page No,
109
109

110

112

113

114
114

114
114
115
115

115




6=

(ii) Partition columns of Celite,
buffered at pH 3,3, with n-
butanol as the moving rhase
(large scale).ivveieeneaneeenns

(iii) Electrometric titration of
pyridine-like alkaloid picrate,..

(iv) Attempted formation of other
crystalline derivatives of the
pyridine-like alkaloid,..,.eecve0

(v) Characterization of the pyridine-

\ like alkaloid picrate...esececoss

3) Countercurrent distribution (Craig

machine) - chloroform-buffer pH 6......

(e) Isolation of lycodin€.....eeuveeseesvevoss
1) Countercurrent distribution (large gc.)
2) Countercurrent distribution (Craig)....

3) Adsorption chromatography on
activated alumina,....e. seeeoccenssses

(f) Characterization of 1lycodine,...eeeeoeese

(g) Reactions of lycodine and

related compoundsS,.sevssecsosoascccocnona
1) Acetylation of lycodine,,..eeeovsvovsos

2) Hydrolysis of N-acetyllycodine.........

Page No,

118

120

120

120

121

124
125
126

126
127

129
129
130




Pt e 4 2 e - b i i a

8)

7o

Attempted acetylation of B-obscurine,,.
Preparation of a-stilbazole
from a-picoline,...vevvvevivevnrevavona
Picrate of benzylidene derivative of
5,6,7,8-tetrahydroquinoline.,..........
Acttempted formation of benzylidene
derivative of lycodine gsing acetic
anhydride as catalyst.,..eivencenvevoens
Attempted formation of a benzylidene
derivative of lycodine using concen-
trated hydrochloric acid as catalyst,..
Attempted formation of a benzylidene
derivative of lycodine using zinc
chloride as catalyst..............f....
(1)  Preliminary rUll......eeeececooeces
CED I PO

1 Celite column buffered at |

PH 3 = 1St PaSSsveveceesenncoscens
2 Celite column buffered at
) PH 3 = 214 PASSsvevsreroe sovsssse

3 Ultraviolet irradiation of Celite

fraction (No, 19 - 2nd pass).eeee.

(iii) 2nd Rurll......l..O.........l..".

1l Celite column buffered at pH 3,...

Pagg No,.
130

130

131
132
133

134
134
135
135
136
137

137
137




-8

2 Attempted isolation of
bgnzylidene derivative. . veeeoescee
‘} (iv) 3rd Run (Sealed tUDE)su.s..ssesss
(h) Nuclear magnetic resonance spectrun

of 5,6,7,8-tetrahydroquinoline (base),...

9. DISCUSSION OF RESULTS

(a) Paper chromatography..veeevveveereivoroas
(b) Ion-exchange column chromatography,......
{c) Partition column chromatography....e.e.ee
(d) Countercurrént distribution methods.,.....
(e) Isolation of 1ycodine,.veeeeooeesesnssess

(f) Lycodine - Characterization and
Structural studies...........f
(£) ApPPEndiceS, sususeveresnconseronesocnones
1) Appendix AN, .. ieiererenrocreonneanans
2) Appendix B, .. ..iiieiieeiianiniiiieaenn
3) APPendixX M0, , . u.eee.vevsrarsnsoonsoaos

l") Appendix nD“OclOl.ooosloo.'lloutloo-0-0

5) Appendix :iEr’""....l.I..'l."'..'.'...

6) Appendix ViF”....'.l..I.C.'.C'OII"....’

E 10, CLAIMS TO ORIGINAL RESEARCH, i svseeecescooacss
ll. LIST OF REFERENCESQ.-.auntoouoo-oonou-ao.oca

Page No,
138
139

140

141
143
147
150
155

157
165
165
168
170
17%
173
175

188
190




NPT AL es aeisie o o aie e e et e = e

L,. LIGT OF TABLES

Table No. 1 - Physical properties of Lycopodium
alkaloids (including Tables No,
1(a) ©o 1(0), inclusive).seeeueroereecvnaareeess 199
Table No, 2 -~ Physical data of the reaction
products in the chemistry of
annotinine, ... iesreerrsnoracossniaososnassonss 224
Table No, 3 - Partition data of the alkaloids
lycopodine, annotinine, acrifoline,
annotine (alkaloid L-11) and lycodine in the
system chloroform — bBULfCr. .y .vsuevsroenoeoacense 243
Table No, 4 - Chemical shifts and coupling
constants in the NMR spectra of
lycodine and some pyridine derivativesS.....eee.s L4

Table No, 5 - Observed and calculateq NMR.spectra

fOI‘ lyCOdineittb.l‘..l.tl.!’l."l.. 21“'5




.-

~10~-

5. LIST OF FIGURES

Figure 1 - Flow chart to consolidate the
reactions of annotinine, as
described in the literature, with reference

To its known Structure,,..eeveseesccscosvserosos

Figure 2 - Suggested mechanism (46) of the
dehydration of the amide chloro-

hydrin (Table No,2 (IX)) in annotinine chemistry,

Figure 3 = Suggested mechanism (53) of the
conversion of annotinine lactam diol
(Table No, 2 (XCII)) to the neutral product .
(Table No, 2 (XCIII)) and the acidic product
(Table No. 2 (XCV))uuuueerrnsorosonnnonsiannonns

Figure 4 ; Probable mechanism of isomerization
bf the alcohol (Table No, 2 (CXI))

back to the lactam keto ester (Table No, 2

(LXXVITII) )t usuuennnnnsononnnnsoonnosssnssaconsss

Figure 5 - Drawings showing the conversion of
annotinine to annotinine bromohydrin
from the standpoint of their configurations (61)

(42) and possible conformationsS,...eeeeeeceeenes

Page No,

246

248

248

250




-1l

Page No,

Figure 6 - Probable mechanism (ireverse-

Michael® reaction) (62) of the ;

elimination of the diphenyl carbinol group from
the ketone (Table No, 2 (CKKI)).to the'gonjugated %

j
ketone (Table No, 2 (CUEII)) .y eeevovvovevononnnas 252

Figure 7 - Possible mechanism for the conversion

of the amino acid (Table No, 2 (KXXII))
to the lactam carboxylic acid (Table No, 2 (L)).... 2?52

Figure & - Flow chart to consolidate the reactions
of lycopodine, as described in the

literature, with reference to its partial structure.254

Figure 9 - Flow chart to consolidate the reactions
of acrifoline, as described in the

literature, with reference to its partial structure,256

Figure 10 - Partial structure of the.obscurines,_

as described in the literature..........256

Figure 11 - Flow chart to consolidate the reactions
of annotine (alkaloid L-11), as des-
cribed in the literature, with reference to its

partial Structul"e.ou...-.............-.....‘...-a... 256




T

Page No,
! Figure 12 - Photographs of developed paper

chromatograms of alkaloids of

i Lycopodium annotinum L, on buffered paper,
| the alkaloid spots having been made visible
with Dragendorff-Munier reagent, i
i man o descending chromatograms of anno-
tinine and lycopodine on Whatman No, 1 paper
buffered at pH values of 2,28, 5,70 and 8,05
using n-butanol / water as the developer,
"B" . descending two-dimensional chroma-
tograms of the M"crude® alkaloid mixture on
Whatman No. .3. paper (18 1/4% x 22 1/2W)
buffered at pH 5.85, using n-butanol / water
in one direction and methyl ethyl ketone /

water in the direction at right angles to the

firSt direCt’ion 'oc-noauccncctﬂ-lcclaccltlca.0~'O 258

Figure 13 - Plot sh~-ing Rf values versus ph

of buffered paper in the descending
paper chromatography of alkaloids of Lycopodium

annotinum L, using n-butanol / water.....ceocees 260

Figure 14 - Chart of Rf values (on paper
buffered at pH 5,65) of alkaloids of

Lycopodium annotinum L, plotted against volume (ml1,)




~13-

Page No,

of effluent from t he partition chromatography
of the ‘crude" alkaloid mixture on a Celite
column buffered at pH 5,65, using n-butanol /
water, The four major fractions (Groups A,

B, C and D) are indicated......eeeeeevreserrnons 262

Figure 15 - Diagram of countercurrent distri-
bution scheme carried out on crude
alkaloid mixture (68 g,) from Lycopodium

annotinun L, between chloroform and concentrated

buffer pH 5,2 (500 ml, in each phase), The
calculationé’of the theoretical distribution
of the alkaloids, annotinine, lycopodine,
acrifoline and lycodine are shown within the

circles representing the partitionS..seeeereecees 264

Figure 16 - Plots showing microtitrations

(electrometric) of lycodine (10,6
mg,), lycodine dipicrate (11,1 mg,), N-acetyl
lycodine picrate (12 mg,) and niqotine in 50%

aqueous methanol, ;cveseeerrereccsoroorrocososcee 266

Figure 17 - Chart illustrating, by paper chroma-
tography as well as by infrared and
ultraviolet absorption spectroscopy, the distri-

bution of the "crude™ alkaloid mixture (2,6 g,) of




1l

Page No,

Lycopodium annotinum L, by the Craig counter-

current machine (60 - tube) using chloroform/

buffer pH 6 (40 ml, in each Phase).eeveeeeeossos 268

Figure 18 - Diagram of the scheme used in the
isolation of lycodine from the fcrude®

alkaloid mixture (ca 40 g,) of Lycopodium anno-

tinum L, in the successive stagess

(a) countercurrent distribution between
chloroform - buffer pH 6,0 (600 ml, in cach
phase),

(b) distfibutions by Craig countercurrent
machine (60-tube) using chloroform -~ buffer
pH 5,2 (40 ml, in each phase), and,

(c) adsorption chromatography on activated

alminacco"..'o"'noco.a..cc.tcOOODUOOtooolatoi 270

Figure 19 - Comparison of the ultraviolet
absorption spectra of lycodine and

of 2,3-disubstituted pyridines (51}, "A® ~frce

bases. "B"-saltsooc-on-.o-oou-cooco-ooannto-o 272

Figure 20 - Infrared absorption spectra of lycodine,
47 « Nujol mull, ¥BW - CClh.sol'n.

(1 mm, path length, 31 Mg, £CT ML, )eeresoosoccaccssel?l
b




~15-

Fage No,
Figure 21 - Nuclear magnetic resonance spectrum
of lycodine, The upper curve re-
presents the peaks at left of lowcr'curve‘at
higher resolution, .. veivere . vvrernenenene: suoas 276

Figure 22 - Comparison of ultraviolct absorption
spectra of lycodine, benzylidene
derivative of 5,06,7,8-tetrahydroquinoline, quin-
oline and the reaction products in the attempted
formation of a benzylidene derivative of lycodine,
Solid lines indicate freglbgsesf Dotted lines

indicate Salts..!."l..‘..‘..'.’.l."'l..ﬂll.e..ll 278




SRR R G

-16-

6, ABSTRACT

A more efficient, rcliable and reproducible scheme
for the quantitative concentration and separation of the

alkaloids of Lycopodium annotinum L, has been developced,

This scheme involves successive countercurrent distributions
using the system chloroform-buffer, The pH valucs of the
buffers are selected, utilizing determined or calculated
partition data of the alkaloids, The use of chromatog-
raphy on buffered naper, as well as by ion-exchange and
buffered Celite partition columns, for the separation of

the alkaloids of Lvcopodium annotinum L, has also been

studied,
A new alkaloid, lycodine, CynH2.Np, m,p, 1189, has

been isolated from Lvcopodium annotinum L,, Lycodine is

a tetracyclic diacidic base containing a secondary nitrogen,
a 2,3-disubstituted pyridine ring and a C-methyl group,

The 2,3-disubstitution is in the form‘of a saturated six-
membered ring, It is believed that the carbon in the C8
position, adjacent to the pyridine ring, has two hydrogen

atoms attached,
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7, INTRODUCTION

(2) Description of the problem,

The term alkaloid® was originally applied to all
organic nitrogenous bases which were alkali-like, Now,
however, the use of the name has narrowed to the class of
rclatively complex, physiologically active bases occurring
naturally in plants, but excluding the amino acids and the
purines, Apart from thweir intrinsic value, such as their
use in medicine, alkaloids are of great importance because
so much of their chemical history is closely associated
with the history and study of organic chemistry as a whole,

In the‘introduction to "The Plant Alkaloids' by
Henry (1), a suggested division of the literature of alk-
aloids is provided as follows:

(i) the occurrence and distribution of these substances
in plants;

(ii) biogenesis, or, the methods by which alkaloids are
produced in the course of plant metab@lism;

(iii) analysis, ranging from the commercial and indus-
trial estimation of particular alkaloids to the separation,
purification and description of the individual components
of the natural mixture of alkaloids which normally occurs
in plants;

(iv) determination of structure; and,

(v) pharmacological action,
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The problem with which this thesis deals falls within
divisions (iii) and (iv), above, More particularly, the
problem was to investigate systematic methods of separation
and of isolation and the characterization of the minor alk-

aloids of the club-moss, Lycopodium annotinum L., In

addition, structural studies of some of these alkaloids were

to be made,

(b) Consideration of the pertinent literature.

1) General botanical background, Lycopodium anno-

tinum L, is one species of about one hundred species of the
genus Lycopodium (2)., Well represented in Nérth Anerica,
these plants-are small and live mainly in shady woods, They
are variously known as "Club Mosses™, "Ground Fines%, or,
Christmas Greens®”, Most of the plants have creeping under-
ground stems (rhizomes) from which emerge the aboveground
portions of the plants, The largest species, Lycopodium

cernuum L,, a tropical form, is only two or three feet high,

The Lycopodium species are interesting from the stand-
point of the evolutionary history of plants, The genus
Lycopodium is included in the group Pteridophyta, comprising
the ferns and their allies, The Pteridophyta, together with
the Bryophyta (mosses and liverworts), constitute the second
great division of plants (3). They share, therefore, a
middle position between the essentially aéuétic Thallophytes

(algae and fungi) and the essentially terrestrial Spermato-
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phytes, to which all the higher plants belong (4)., Their
geological history, as shown through their appearance as
fossils, also supports the conclusion that they occupy a
middle position in the evolutionary progression of plant-
life from life in water to life on land (4).

As pointed out by Marion (5) it is of intcrest that
nicotine is the only alkaloid which has bridged the gap
between the flowering plants (Spermatophytes) and the vas-
cular cryptogams (Pteridophytes), D'Alcontus (6), on the

other hand, reported the extraction of a white substance

from the spores of Lycopodium clavatum L, which bore many

of the properties of fish-sperm protamines,

2) Non-alkaloidal constituents, Compared with the

study of the alkaloids of the Lycopodium specics, the study
of the non-alkaloidal constituents has received little
attention, Manske and Marion (7) reported a preliminary
investigation of the water-insoluble polysaccharides of

Lycopodium complanatum L, An apprecciable amount of

galactose was obtained from the hydrolysis with boiling
dilute sulphuric acid, Fucose and mannose, sugars present
in the polysaccharides of marine algae, were not found,
however, Marked accumulation of aluminum, usually a rare
constituent of living matter (8), has been noted in Lyco-

podium species (9) (10), Towers and Gibbs-(ll) have made

reference to Lycopodium complanatum L, in their study of
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lignin chemistry and the taxonomy of higher plants,
The "lycopodium powder™ of commerce (12) (13), consis=

ting of spores of Lycopodium clavatum L, has yielded, on

small scale extractions by Riebsomer and Johnson (lh), L6-
47% of oil, They found that the fatty acids of lycopodium
oil consisted mainly of oleic acid (ca 55-60%) and 9,10-
palmitoleic acid (ca 30-35%), Palmitic, linoleic and

9,10-dihydroxystearic acids were also identified,

3) Alkaloidal constituents,

(i) Methods of isolation., The amounts of dried

plant material used by the various workers varied between
1,6 kg, and 108 kg, In most cases, after air-drying, the
plant material was ground to suitable size and extracted
with methanol in a Soxhlet apparatus, After removing the
methanol, the "crude alkaloid™ was separated from fats and
other materials by a series of acid-base extractions pro-
cedures, |

The separation of the Yecrude aikaloid" into the pure
component alkaloids was effected by fractional distillations
followed by procedures based on the different solubilities
of the bases and their salts in various solvents, This
method -of separation was dependent upon the tendency of
various alkaloids to crystallize, Aside from the length of
time sometimes required for crystallization, the conditions

for crystallization were often difficult to reproduce. It
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was- also suspected that the method used was not highly
efficient in separating minor alkaloids from the #crude
alkaloid®,

The purpose of the present investigation was, there-
fore, to find a faster, more efficient, rcliable and repro-
ducible method of separating and isolating the alkaloids

of Lycopodium annotinum L,

(ii) Alkaloids in Lycopodium species, The alka-

loidal contents of some twelve Lycopodium species, which
have becn determined by the various workers éhown, are
listed hereunder, To avoid cumbersome and perhaps in-
appropriate names, Marion and Manske (7) adopted the ex-
pedient of designating the individual alkaloids by a number,
following the lettcr “L%, In thosec cases where the purity
and homogeneity of the Lycopodium alkaloids did not seem to
bc in doubt, a trivial name was sometimes also given, The
relative concentrations of the alkaloids (as the free base),
where known, arc expressed hereunder as percentages, or,

parts per million (p.p.m,) of the dried plant material,

Alkaloids of Lycopodium annotinum L,

#5tiff Club-mossi, This lycopod is dominant in the
cold parts of ‘Quebec, Canada (15), This species is re-

garded as the most primitive of the genus Lycopodium (9),




-22a

Manske and Marion - 1943 (16) extracted 103 kg, of dricd

plant material,
Annotinine (L-7)
Lycopodine

Obscurine {L-6) a

Alkaloid L-8

Alkaloid L-9 EHdixture of

Alkaloid L-10
Alkaloid L-1L
Alkaloid L-12

C16H2103N

C1 6H2 50N
C17Ho60N, (17)
C1gHp 0N, (17)
C16H250,M
alkaloids:
Caot 310N and
C1 gH230H
C16H270,N
C16H2105N

01 gHp 5041

0, 0845
0,007

0.009%

0,010%

Manske and Marion - 1947 (18) cxtracted 67 kg, of dried

plant material,

Lycopodium annotinum var.

acrifolium Fern,

(Lycopodium acrifolium (Fern) N, Comb,)

Annotinine
Lycopodine
Acrifoline (L-27)
Alkaloid L-28
Alkaloid L-29
Alkaloid L-30-
Alkaloid L-31

C17H2702N
C16H,302N

0,089%
0.,004%
0.015%
0,001%

(Alkaloid L-8)(l7) 0,003%

CooH290,N
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Bertho and Stoll - 1952 (19) extracted 52 kg, of dricd

plant matecrial,
Annotinine
Lycopodine

Lcrifoline

Annctine - found later to be alkaloid L-11 (20).

Annotoxine - found later to be C32H,,05N, (20),

Alkaloid C16H250N (as methicdide and picrate),

Alkaloid C10H19(20)0N

Achmatowicz and Rodewald - 1955 (20) extracted 108 kg, of

dried plant material,

Annotinine

a-Obscurine

B-0Obscurine

Lycopodine

Alkaloid L-8

Annotine {(Alkaloid L-11)

Acrifoline

Annotoxine (annotine-acrifoline complex)

Isolycopodine (poss%bly C16H250N
L-13

Anet and Eves - 1958 (21)

Lycodine ' CyrHp N2

0,084%
0,002%
0.001%
0.001%
0. 006%
0,031%
0,038%

0,001%




-2l

Achmatowicz and Rodewald ~ 1958 (22)reported the continuation

of crystallizations from the final mother-liquors remaining
from the previous crystallizations (scc above (20)),
In addition to the amounts reported previously (20),

the following additional yields were obtained;

Obscurine ' 0.5 g.
Isolycopodine (as meothiodide) 1.5 g,
Acrifoline (as methiodide) 2 g,

The additional alkaloids, isolated as their meth-
iodides, were made up of the following: ‘

Nicotine CyoH1LN2 L p.p.m,
Alkaloid 01 6Ha 30N 5.3 p.p.m.
~beclieved to be the same as

C16H250N of Bertho and Stoll (19),
Alkaloid L-28 6,1 p.p.m,

Alk&lOid L-29 lL“o ll‘ popnml

Alkaloid L-31 9.9 p.p.m,
Alkaloid C16H21030 7.3 p.p.m,
Alkaloid CimHp502N L,9 p.p.m,
Alkaloid C17H25030 5.6 p.p.m,
Alkaloid C14H2505N 7.6 p.p.m,
Alkaloid C1gHas50 N 5.8 p,p.m,

These authors indicated that the alkaloids reported

in their papers (20)(22) account for 93,3% of the total

alkaloids in Lycopodium annotinum L,
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Alkaloids of Lycopodium cernuum L,

This species is native to the Vest Indian archipel-
ago (23), .
Marion and Manske - 1948 (23) cxtracted 9,1 kg, of dried

plant material,

Cernuine (L-32) C16H260N2 0,002%

(chicf constitucnt)
Nicotine C1oH14N2 ca 0,1 p.p.m,
Alkaloid L-33 uncharacterized,

Notes Lycopodine, if present, probably amounts to less
than 0,1 p.p.n, Total ‘crude alkaloid" was only

0,01% of driecd plant material,

Alkaloids of Lycopodium clavatum L,

Common Club-moss®, Of all the Canadian Lycopodium
specics, this is the largest and best known, It furnishes

the "lycopodium powderi of pharmacy (15),

Achmatowicz and Uzieblo - 1938 (24), -

Lycorodine C16H250N
Clavatine C16H250N
Clavatoxine C1mHornOoN

Marion and Manske - 1944 (25) extracted 1,515 kg, of dried

plant material,
Lycopodine 0,087%
Nicotine ClOHlANz
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Alkaloid L-13 C16Ho 50N
Alkaloid L-18 C11H19ON (as picrate only),
Alkaloid L-19 -insufficient for complete analysis,

Hote! Total content of alkaloids comprised 0,145)5 of dried
plant material, About 60% of the alkaloid content
was lycopodiney the other bases being present in only

very small quantities,

Alkaloids of Lycopodium comnlanatum L,

"Flattened Club-moss™, This is a species found in

Canada (15),

Bodeker - 1881 (26)

Lycopodine C1gH250N (24) - Original formula

by Bodcker was C32H5203N2,

Alkaloids of Lycopodium densum Labill,

The plants of this species which were studied were of

New Zealand origin (27),

Manske - 1953 (27) extracted 2,365 kg, of dricd plant

matarial,

Lycopodine C16H250N
Alkaloid L—§4 C16H2502N
Alkaloid L-35 C1,H210N

Notes Total alkaloid content was only 0,07% of dried plant

material,
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Alkaloids of Lycopodium flabelliforme Fern

Fan-shaped Club-moss®, It is a purcly Aumerican

specics (15),

Marion and Manske -~ 1942 (7) extracted 65 kg, of dried plant

material, (Submitted originally as Lycopodium complanatum L, )

(28),

Lycopodine C16H 50N

Complanatine (L-1) C1¢H270N - identical with ,
dihydrolycopodine (29),

Alkaloid L-2 C1gH2902N - shown to be

O-acetyldihydrolycopodine (30).

Alkaloid L-3 018H3102N - as perchlorate only,
Alkaloid L-4 C1l6Ho9N - as perchlorate only,
Alkaloid L-5 C1gHog02N5~ as perchlorate only,
Obscurine (L-6) a- CynpHpgO0Np (17)

Nicotine CloH14N2

Alkaloids of Lycopodium lucidulum Michx (Urostachys

lucidulus Heter)
“Shining Club-moss®, (15), With the exception of

Lycopodium annotinum L, this species is regarded as a more

primitive plant than the other species of this genus inves-

tigated by Manske and Harion (9),
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Manske and Marion - 1946 (9) extracted 91,6 kg, of dried

plant material,

Lycopodine C1¢H250N 0,032%
Nicotine CioH]4N2 trace,
Alkaloid L-13 C16H 50N 0,015%
Alkaloid L-20 Cq7Hpp0oN 0,001%
Alkaloid L-21 cléH210N -~ as perchlorate and
picrate only,

Alkaloid L-22 C1¢HoON g

Alkaloid L-23 CqgHp502N g o,ooé%
Alkaloid L-24 C1gHp 50N ;

Alkaloid L-25 CqgHos00N )

Note: While the total guantity of ether-soluble bases
amounted to 0,23% of the dried plant material, the

crystalline alkaloids isolated represent only about 0,05%,

Alkaloids of Lycopodium obscurum L,

"Ground Pine??, This species is rcemarkable for its
geographic distribution which embraces Eastcrn America and
Eastern Asia (15), The common variety of this species, viz,

Lycopodium obscurum var, dendroideum (Michx) D,C.Eaton, is

found in thc region from North Carolina to Newfoundland and

northward (31),

Manske and Marion - 1944 (31) extracted 38,2 kg, of dried

plant material,
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Lycopodine C1.6Hp50N 0,058%
Obscurine - CipHogON, (13) ) -second to lyco-
B~ Cyplp ONs (13) ) podine in amount,
Alkeloid L-13 016H250N - as perchlorate only,
Alkaloid L-16 016H25ON - as perchlorate only,
Alkaloid L-17 018H2703N -~ as perchlorate only,

Alkaloids of Lycopodium sabinaefoliun VWild

Cedar-like Club-moss®™, This is a specics found in

Canada (15)(32).

Marion and Manske - 1946 (32) extracted 1,6 kg, of dried

plant material,

Lycopodine C16H2 50N 0,108%
Nicotine Ci1oHj o -trace only as picrate,
Alkaloid L-13 C16Ho 50N 0,022%
Alkaloid L-26 C15H2 500 } 0,012%

Alkaloids of Lycopodium saururus

This species is native to Argentina and other South

Amcrican countries as well as Africa (33)(34),

Arata and Cangoneri - 1892 (33)(34),

Pillijanine C1 5H 0N
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Deulofeu and De¢ Langhe -~ 1942 (34) extracted 7.4 kg, of dried

plant matsrial,

Saururine C10Hy o 0,018%
Sauroxine C1yHog0N, 0,007%

(Marion and Manske have suggested

(31)(R3) the formula CjgHp)ON,),

Alkaloids of Lycovodium selago L.

The plants of this species which were studied were of

Polish origin (35).

Achmatowicz and Rodewald - 1956 (35).

Lycopodine C1 gHo 50N 0.053%
Acrifoline Gy gHa 502N 0,002%%
Alkaloid L-8 Cl6H2502N 0,001%
Pscudoselagine C1gHp505l 0,015%

(possibly L-23)

Alkaloids of Lyconodium tristachyum Pursh

"Threc-spiked Club-moss?, This is a specics found

in Canada in sunny, sandy locations (15),

Marion and Manske - 1944 (28) oxtracted 15,7 kg, of dried

plant material,
Lycopodine C16H250H ©0,174%
Nicotine ‘ ClOthNz
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Alkaloid L-13 C1gH250N - as perchlorate g
Alkaloid L-14 CigH,:M - as perchlorate ) less
=2 - ) than
-shown to be anhydrodihydrolycopodine (30) g 0,01%
)

Alkaloid L-15 CooH310,1 = as perchlorcte

(1iii) Physical properties of Lycopodium alkaloids,

The physical properties of the Lycopodium alkaloids have
been listed in Table No, 1 in the order in which they were
reported in the literature pertaining to the Lycopodium
species. Tables 1(a) to 1(o), inclusive, describe those
alkaloids of Table No, 1 which have been nore fully char-

acterized, For the scke of completencss and possible

. future reference, physical propertics determined during

the present work have been included in these tables,
Solvents of crystallization and othor miscellancous data,
as shown in the literature, haove been included in the
“"Remarks® column of Table No, 1,

(iv) Structures and Reactions of Lycopodium

alkaloids., With the exception of nicotine, which has been
found in only trace amounts, annotinine is the only alkaloid
of the Lycopodium spccies whose structure has been estab-
lished (42), 1In addition to annotinine, the structural
studies and rcactions of lycopodine, acrifoline, a-obscurine,

B-obscurine and annotine are reviewed hereunder,
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1 Annctinine (CléHleéN). As indicated above,

annotinine is the principal alkaloid of Lycopodium annotinum

L, It is also the only alkaloid of the Lycopodium alkaloids
(with the exception of Nicotine) whose structure has becn
established, Wiesner and co-workers (42) have now published
a detailed account of the experiments that permit the der-
ivation of the complete structure for annotinine and the
assignment of configuration to most of thc asymmetric centers,

In this thesis, the contributions of the many workers
in the field of annotinine chemistry have been revicwed from
the time of the isolation of this new alkaloid reported by
Marion and Manske in 1943, Such a rcview, it was felt,
might contribute to an understanding of the chemistry of
other Lvcopodium alkaloids,

This review is historical in its approach -- out-
lining the step-by-step elucidation of the structure of
annotinine in terms of the determination of the functional
groups present, of the position of the functional groups
and of the integration of the functional groups and ring
structure, To permit, however, a simultancous comparison
of the reactions which formed the basis of this historical
development and of these same reactions in the light of
present knowledge of the alkaloid's structure, a flow chart
(Fig.l) has becen prepared, This chart correlates the work

of the various workers and shows the probable structures of
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somé of the key reaction products, Physical data of the
various products and their srobable structures are contained
in Table No, 2,

In 1943, Manske and Marion (16) reported the isolation
of a ncw alkaloid, which they called annotinine (I) from

Lycopodium annotinum L, This alkaloid (I), best represented

by the formula CléHZlOéN, was found to be a lactonic base
since it yielded a water-soluble salt when heated with
ethanolic potassium hydroxide, Regeneration of the base by
heating the acidified solution of this salt followed by the
addition of ammonia yielded not annotinine (I) but annoti-
nine hydrate KII), CléHzéohN, containing an added molecule
of watzr,

The first detailed work on the structure of annotinine
was revnorted by Manske and Marion (18) in 1947, It was
found that annotinine hydrate (II) could not be reconverted
to the parent base, annotinine (I), Oxidation of (II) with
permanganate gave a small amount of (III), C16H210,N. It
was not possible to oxidize (II) with pcriodic acid,

Oxidation of annotinine (I) by the slow addition of
potassium p:zrmanganate to a suspension of this alkaloid in
watcr produced a new compound (IV), C16H190,N, with the
lactone ring intact and believed at that time to be a base,
As the Clemmensen reduction of (IV) yielded a saturatcd base

(V), CygH2302N, it was believed that compound (IV) probably
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contained two carbonyl groups,

Clemmensen reduction was appliced to annotinine (I) to
reduce a possible carbonyl group but instead the strong
hydrochloric acid present under the reaction conditions
added to (I) giving a compound (VI), ClészoéNCl, which was
not reduced by amalgamated zinc in acid solution, 4 similar
addition compound was obtained by boiling (I) with hydro-
bromic acid, The addition compound (VI) was considered to
be closely related to annotinine hydrate (II) as the former
was converted to the latter by treatment with alcoholic
alkali,

The chlorohydrin (VI) was dechlorinatcd on reduction
with chromous chloride to an unsaturated base (VII),
C16H210oN, which was casily reduced catalytically to the
saturated base (V), above, The chromous chloride reduction
was considered anomalous since, in addition to replaccment
of the chlorine with hydrogen, a molecule of water was lost,
As will be seen, this reaction was studied later in greater
detail (43)(4L4){(45), Oxidation of (VI) with permanganate
gave the compound (VIII), CjgHpgO,NC1,

With the evidence then available, Manske and Marion
made the following intcrprectations:

(a) annotinine (I) contained an cther bridge;
(b) the hydrate (II) was a dihydroxy compound but not a

1,2-diol because of its inertness to periodate oxidation)
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(c).the hydrogen chloride addition product (VI) was a chloro=-
hydrin which on reduction with chromous chloride yielded an
alcohol which dehydrated easily to the unsaturated compound
(VII);

(d) the oxidation product (IV) was a diketone corresponding
to the dihydroxy compound (II) which would therefore be
disecondary and as this diketone was colourless and quite
stable, it was probably not a 1,2~ nor a 1,3-diketone; and,
(e) the ether bridge was therefore thought to be part of a
5- or 6-membered ring; however, it was not clear why such a
large ring should be so easily opened with alkali,

Further support for the presence of a lactone ring in
annotinine (I) was reported by Marion, Ramsay and Jones (37)
in 1951 in the occurrence of a strong absorption peak at
1776 cm."l in the infrared spectrum; the position of this
peak being characteristic of a 5-membered lactone,

Bertho and Stoll (19) reported that treatment of
annotinine with selenium dioxide, Grignard reagent and 2,4~
dinitrophenylhydrazine left the alkaloid unchanged as did
a von Braun degradation, Likewise, annotinine (I) did not
react with benzaldehyde in the presence of sodium ethoxide,
While the base was presumed to be tertiary a methiodide
could not be obtained from it, From the foregoing and other
reactions it was concluded tinat the alkaloid did not contain

any unsaturation, N-methyl, O-methyl or hydroxyl groups,
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' In 1953 MacLean and Prime (46) reported a re-examin-
ation of the oxidation product (IV) of annotinine (I) and
found (IV) to be a neutral amide rather than a base as had
been previously reported, They reasoned that the formation
of the amide could be achieved: (a) by the oxidation of the
5- or 6-membered ether ring to a 1,4- or 1,5-diketone, there-
by fixing one end of the ether ring adjacent to the nitrogen,
or, (b) by the oxidation of a methylene group adjacent to
the nitrogen, leaving the original ether ring intact, The
results of their work, as reported hereunder, indicated to
them that the latter alternative applied,

i chlorohydrin (IX), CjgHpq0,NCl, was readily obtained
by the oxidation of the amide (IV), Treatment of (IX) with
phosphorus oxychloride, or, proloiged treatment with hydro-
chloric acid yielded the anhydrochloro-compound (X),
016H1803NCl. Treatment of (IX) and (X) with dilute per-
manganate disclosed that (IX) was unreactive whereas (X)
was reactive, This confirmed the unsaturation in (X)., The
unreactivity of (IX) was interpreted at that time as sugges-
ting that the hydroxyl group was tertiary, Refluxing (IX)
with sodium bicarbonate in acetone effected ring closure of
the ether ring and reformation of (IV)., Catalytic reduction
of (IX) using hydrogen with Adam's catalyst resulted in the
formation of two products (XI), CygHo104N, and (XII),
C16H2103N, The chloro-group was replaced.with hydrogen in
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the formation of (XI) whereas both the chloro and hydroxyl
groups were eliminated in the formation of (XII), Thec com=-
pound (XII) alone was formed by 2 similar catalytic reduc-
tion of (X) apparently by the saturation of thu double bond
and hydrogenolysis of the chloro group, Resistance of (XI)
and (XII) to dilute permanganate was interpreted as indica-
ting saturation in both these compounds and a tertiary
hydroxyl in (XI), Compound (XI) underwent dchydration on
refluxing with phosphorus oxychloride to yield (XIII),
C16H1905N; however, (XI) was virtually unaffected after
prolongecd boi;ing with concentrated hydrochloric acid, The
presence of a double bond in (XIII) was indicatcd with the
reaction with permanganate, Treatment of (XI) with hydrogen
over Adam's catalyst left (XI) unchanged which indicated
that the removal of the elements of water in the similar
treatment of (IX) was probably contingent upon the presence
of the chloro group,

MacLean and Prime compared the reactions of (IX), the
amide chlorohydrin, with those of (VI), the annotinine chlor-
ohydrin, While the former reacted rceadily on treatment with
sodium bicarbonate in acetone, concentratcd hydrochloric
acid, phosphorus oxychloride and hydrogen over Adam's cat-
alyst, as outlincdabove, in the case of the latter (vi),
the starting material was recovered quantitatively in all

four cases except with phosphorus oxychloride, In this
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latter reaction presumably some loss of starting matcerial
w2as caused through side-reactions of the lactone ring,

These workers reasoned that as the only structural
differences betwoen the two chlorohydrins (VI) and (IX)
was the replaccment of a -CHQ-N:‘by a -CO—N:'group, the in-
creased lability of the chloro and hydroxyl groups in (IX)
must be dependent upon this factor,

This suggested that the ether ring was atiached ad-
Jacent to the carbonyl of the amide group. Furthermorc, the
effect that the chloro and hydroxyl groups appeared to exert
on one another in the reactions described, suggested that
the chloro and hydroxyl groups were adjacent, The ether
ring would be, therefore, an epcxide ring, The relationship
of the nitrogen and ether ring was considered, therefore, to
be :N-CHZ-&¥76- in the case of annotinine (I) and :N-Co-é¥?é-
in the casec of the amide (IV),

The formation of the chlorohydrins (VI) and (IX), re-
spectively, from cach of these compouﬁds (I) and (IV) would
be expected to proceed by "transi addition with inversion
at the carbon carrying the chlorine atom, The hydrogen on
the carbon bearing the chloro group and the hydroxyl on the
adjacent: carbon would not therefore be in the proper orien-
tation for elimination and both compounds would dehydrate
with difficulty, In the case of the amide ehlorohydrin (IX),

however, the dehydration was accounted for by isomerization
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at thé carbon carrying the chloro group (sec a suggested
mechanism, Fig, 2). In the case of the chlorohydrin (VI),
however, such isomerization was not possible and elimination
did not occur on similar treatment, When hydrogen replaced
the chloro group easy dehydration occurred, as would be
cxpected, The conversion of the chlorohydrin (VI) to the
unsaturated base (VII) upon trcatment with chromous chloride
and hydrochloric acid, as previously reported by Manske and
Marion (18) was interpreted as proceeding through replace-
ment of the chloro group by hydrogen followed by dehydration
in the acid mediumj the hydrogen being in the proper steric
orientation to permit easy elimination,

In those reactions where dehydration did not occur =--
as in the treatment of (VI) with hydrochloric acid and
phosphorus oxychloride -- due to the lack of reactivity of
the hydroxyl group to displacement reactions, it was sugges-
ted that it might be of the type where the carbon atom was
attached to a rigid ring structure with the hydroxyl fixed
in space, Compounds of this type were known not to partic-
ipate in displacement reactions which proceed through inver-
sion, Reactions of this type (i.e, with concentrated hydro-
chloric écid and phosphorus oxychloride) would be expected
to proceed through a nucleophilic displacement mechanism

with inversion, The unreactivity of the hydroxyl group




40~

would thus be accounted for and these workers pointed out
that it was not unlikely that such a configuration (¢,g, a
bridge-head attached to the carbon bearing the hydroxyl)
could exist in the multimembered ring system of the alkaloid,
This explanation appwzarecd probable at that stage as it was
then believed that the hydroxyl was tertiary, which hydroxyl,
as will be s2en, was later shown to be secondary,

The postulation of an epoxide ring in annotinine lead
to the conclusion that the hydrate (II) would be a 1,2-diol
and hence should have been susceptible to periodate oxi-
dation which, as previously reported, it was not, These
workers offoréd as possible explanations, the non-recactivity
of a cyclic fitrans?-diol and possible stcric impediments,

As it is now known that annotinine hydrate (II) is not a
1,2-diol, despite the existence of an epoxide ring in anno-
tinine (I), this lack of reazctivity towards periodate is
understandable, Another possible objecﬁion raised agoinst
this arrangement by these worksrs was ﬁthe assuiption that
dehydration must procced in the direction of the nitrogen
atom',

The Clemmensen reduction of (IV) previously reported

by Manske and Marion (16) was re-cxamined by MacLean and

. Prime (46) and it was found that besides the saturated base

(V), the non-basic compounds (XI) and (XII) were also formed

and in much higher yield than (V), As attempts to isolate
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compoﬁnd (IX) were unsuccessful even aftor a short reaction
time, it was suggested that the oxide fission possibly pro-
cceded by hydrogenolysis as well as by the action of hydro-
chloric acid, Secparate examinztions of the Clemmensen re-
duction of (XI) and (XII) revealed the formation of only
small omounts of the saturated base (V), Similar treatment
of the amide chlorohydrin (IX) yielded a mixture of (XI)

and (XII) whereas the anhydrochloro compound (X) was rapidly
converted to (XII),

The results of these rcactions indicated that the
Clemmensen reduction of those compounds involved a direct
reduction of an amide to an amine, which circumstance was
not usually associated with this type of reaction, Analogics
were also referrcd to with regard to the above reactions
involving the chloro and hydroxyl groups and reductions of
double bonds by the Clemmensen reduction, These reactions
tended to confirm the supposition of an epoxidc situatcd
adjacent to the carbonyl of the amide group,

In 1954, Meier, Mcister and Marion (43) reported
further studies which they had undertaken to gain insight
into the nature of the functional groups of annotinine, In
the course of this work most of the degradation reactions
reported up to'that time were reinvestigated,

The neutral amide (IV) from the oxidation of annotinine
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(I) was confirmed as such by its infrared absorption spec-
trum which contained in addition to the usual lactone band
(1768 cm."l) a new strong peak at 1640 em,~% characteristic
of a —CO-N: group present in a 6-membered ring, As compound
(IV) was a lactam, it followe:. that annotinine must contain

a methylene group next to the nitrogen,

The compound (IX), identical with (VIITI), was 2lso
established as a lactam chlorohydrin from its infrared
spectrum, This compound was also obtained, although in
small yield, by the oxidation of annotinine chlorohydrin (VI),

The infrarcd absorption spcctrum of compound (V) ob-
tained previously via two routes (viz, from (I) to (IV) to
(V) and from (I) to (VI) to (VII) to (V)) disclosed the
lactone ring intact, This compound (V) had no epoxide or
lactam carbonyl remaining and was called #dihydrolactone A',
The reduction of the amide group was understandable only if
strong activation of the lactam carbonyl by the close prox-
imity of one of the other functional groups were assumed,

By contrast, annotinine subjected to the same conditions

was only affected by the hydrochloric acid and converted to

the chlorohydrin (VI), It was found, however, that if the

. Clemmensen reduction were continued for ten hours it did go

further and gave rise to the unsaturated lactone~A (VII) and

a hydroxylactone (XIV), 016H2303N. This comparison of the,
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reactions of (IV) and (I) illustrated that as well as the
lactam carbonyl having increased reactivity, as shown by
the results of the Clemmenscn reduction, this carbonyl also
enhanced the rcactivity of the cyclic ether,

It had been previously reported (18) that annotinine
chlorohydrin (VI) reacted with chromous chloride to produce
the unsaturated lactone-A (VII), Reinvestigation proved
that the rcaction was more complex, producing additional
compounds depending particularly upon the solvent used and
the concentration of hydrochloric acid, Treatment of (VI)
with an alcoholic solution of chromous chloride and hydro-
chloric acid yielded unsaturated lactone-A (VII) and the
hydroxylactone (XIV) in the ratio of 2:1, VWhen (VI) was
treated with an aqueous solution of chromous chloride and
hydrochloric acid the product included, in addition to (VII)
and (XIV), an unsaturated lactone-B (XV), with formula later
established (44) to be C16H2502N. It was considered that
the formation of the unsaturated lactone-B was a sccondary
reaction as treatment of (XIV) with a dilute aqueous acid
solution of chromous chloride remained unchangced, whereas
treatment with a more concentrated solution of the reagent
transformed (XIV) into (XV) in good yield, No unsaturated
lactone-A (VII) was obtained from (XIV) and it was concluded

that (VII) must have arisen from the chlorohydrin (VI)
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directly by o different mechanism of dehalogenation and de-
hydration,

The hydroxyl group in annotinine chlorohydrin (VI) and
in the hydroxylactone (XIV) were found resistant to oxidation
with chromic acid and to O-acetyl formation, Thionyl chlor-
ide, even under drastic conditions, did not react with (VI),
nor did phosphorus halides -~ although treatment with phos-
phorus pentachloride resinificd some of the starting mater-
ial, Treatment of (XIV) with thionyl chloride under mild
conditions yielded, after chromatography, an unstable,
colourless o0il containing chlorine, This oil on treatment
with a diluté’solution of chromous chloride (which dilute
solution would not have affected (XIV)) gave rise to unsat-
urated lactone-B (XVI), Catalytic hydrogsnation of the latter
yielded dihydrolactone-B (XVI), 016H2502N, with a sharp band
at 3325 crn.':L in the infrared absorption spectrum, indicating
the presence of an imino group which wés later (47)(44) con-
firmed chemically, |

On surveying the infrored spectra of annotinine and
its derivatives, Meier, Meister and Marion noted that in
some of them the absorption band of the lactone carbonyl was
slightly shifted towards lower frequencies such as in com-
pounds (XV) and (XVI), They felt that such shifts might be

due to either structural changes near the lactone carbonyl,
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or, relactonization with a hydroxyl other than the original,
As most of these compounds were vrepared under acidic con-
ditions, however, it was felt that such shifts were probably
not due to hydrolysis of the lactone with subsequent re-
lactonization, 1In this connection annotinine hydrate (II)
was again prepared and reinvestigated, As this compound was
prepared under alkaline conditions it was felt that the
chances of hydrolysis of the lactone ring and relactonization
with another hydroxyl resulting from the cleavage of the
cyclic ether were considerable, Annotinine hydrate (II) did,
however, contain the lactone curbonyl tand in the same posit-
ion as in annbﬁinine. If relactonization with another hydrox-
¥1 had cccurred with the formation of another 5-nembered
lactone, the carbonyl absorption band would probably be at
the same freaquency, It was not possible, therefore, to draw
any conclusions from thc infrared data,

Chromic acid oxidation of annotihine hydrate (II) pro-
duced a new compound (XVII), CléHzlohN; which from its infra-
red spectrum was found to be a hydroxy ketone, It was con-
cluded, theorefore, that of the two hydroxyls of annotinine
hydrate (II) one was ccrtainly a secondary and the other

probably -a tertiary, The preparation of an oxime (XVIII),

. C16H220,N2, from (XVII) confirmed the presence of a keto

group, Attempts to reconvert the carbonyl of (XVII) to a

secondary hydroxyl by the use of hydrogen over a platinum
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catalyst failed,

Treatment of annotinine hydrate (II) with thionyl
chloride at room temperature convertesd it into an unsatur-
ated chlorolactone (XIX), CygHp00oNC1l, which contained no
hydroxyl absorption in tho infrared spectrum, indicating
replacement of one hydroxvl with a chloro group and the
elimination of the other with the formation of a double bond,
Catalytic reduction of (XIX) produced the dihydrochlorolactone
(XX), C1¢Hp202NCl, This compound was in turn trcated with
chromous chloride to form a dihydrolactone-C (XXI), ‘
016H2;OQN, which contained an absorption band at 3355 cm,"l
in the infrared spectrum which, like the dihydrolactone-B
(XVI), was interpreted as a possible imino group,

It was pointed out by HMeier, Meister and Mcarion that
the prescncce of an epoxide ring next to e.‘:N—CHg- group in
annotinine, as proposad by MacLean and FPrime, still had not
been definitely established,

Again in 1954, Meier and Marion (48) reported work
which was designed to provide some information concerning
the way in which the 5-membercd lactone ring was attached to

the rest of the molecule and its position relative to the

Qnitrogen'or the cyclic ether,

A limited quantity of lithium aluminum hydride in
dioxane solution reduced the lactone function of annotinine

(I) to give a dihydroxy ether (XXII), C16H2503N, The infra-
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red spectrum of this compound showed the absence of carbonyl
absorption but the presence of two peaks at 3455 cm, "L and at
3375 cm,-1 in the hydroxyl region, The same rcagent in cxcess
in tetrahydrofuran produced a trihydroxy compound (XXI11),
CléHQVOéN, in which not only had the lactone been reduced but
the ether ring had bien openced, This same compound (XXIII)
was obtained from the rcaction of the chlorohydrin (VI) with
lithium 2luminum hydride in ether solution, Hence it was
apparent that the hydroxyl group in the trihydroxy compound
(XXIII) arising from the cther function must be in the same
position as the hydroxyl group of the chlorohydrin (VI)
arising from the same function, Lithium aluminum hydride
and hydrochloric acid, therefore, must have opened the cther
ring in the same w2y,

Bertho and Stoll (19) had previously reported that
annotinine was inert to lithium aluminum hydride in cther
solution, GSince the lactone ring in the chlorohydrin (V1)
was reduced in cther whereas annotinine was not affected under
those conditions it appeared that the lactonc was more stable
when the cyclic ether was intact, Thcse authors surniscd
from this obscrvation that the two functions might well be
near to-one another,

Conversion of the dihydroxy ether (XXII) to the
corresponding dichloro ether (XXIV), CléHgéONClg, was acconm-
plished, but in small yield, by phosphorus pentachloride,
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On the other hand, thionyl chloride did not effect chlor-
ination but gave rise to a cyclic sulfite ester (XIV),
CléHZ;OANS; the infrarcd spectrum showing a strong absorp-
tion band at 1206 cm,~l characteristic of the S-O frequency.
In the casc of the trihydroxy compound (XXIII) with thionyl
chloride, a similar recaction occurred except for the hydroxyl
group from the ether function which was presumably replaced
by a chloro group, This uncrystallizable product (XXVI),
when refluxed with chromous chloride and hydrochloric acid,
gave rise to an unsaturated dihydroxy compound_(XXVII),
C16H2502N, with two absorption bands in the hydroxyl region,
Catalytic reduction of (XXVII) with the absorption of one
mole of hydrogen gave a dihydro-dihydroxy compound (XXVIII)
which did not crystallize but was converted to an unstable
crystalline sulfite ester by thionyl chloride, On the other
hand, when (XXVI) was refluxced with amalgamatced zinc and
hydrochloric acid instead of chromous chloride, an unsatur-
ated dihydroxy compound (XXIX) was formed which was isomeric
with (XXVII),

It was thought unlikely that more than two hydroxyls
would have the required configuration for the casy formation

of 2 sulfite ester, By analogy with the formation of the un-

" saturated lactones (VII) and (XV) described previously (43)

it was assumed that it was the hydroxyl arising from the

cyclic ether that was chlorinated and eventually eliminated
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with the formation of a double bond, Attempts were made to
remove the elements of water from (XXVII) wrthout success
and treatment with thionyl chloride produced a sulfite ester,
Opening the lactone ring of annotinine was also effected

by treatment with phenyl lithium producing the diphenyl
derivative (XXX), CpgH350,N, rather than the expected
CogH3403N, The addition of the elements of water was accoun-

ted for by the fact that the reaction mixture had been poured

onto ice and it was probable that the lithium hydroxide had
cleaved the ether resulting in the formation of a glycol,
Compound (XXX) contained no absorption in the carbonyl region,
Oxidation of kXXK) with chromic acid in acetic acid caused
the loss of two hydrogens with no increase in the oxygen
present, The oxidation product (XXXI), C,gH330,N, was still
basic and contained several absorption bands in the hydroxyl

1 indicative of a keto

region and a strong peak at 1720 cm,
carbonyl in the infrared spectrum, Tﬁe above reaction in-
dicated the oxidation of a secondary.hydroxyl to a ketone
group, It was assumed that this hydroxyl occupied the same
position as the one in annotinine hydrate (II) which had
been oxidized to a ketone in compound (XVII), While this
latter assumption was in fact correct enough, the authors
assumed at the same time that the hydroxyl in question ori-

ginated from the ether function rather than from the hydrolysis

of the original lactone function, as was later shown to be the
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casc when the structure of annotinine hydrate (II) was
¢stablished, Consequently, as it was thought that the
hydroxyl in (XXXI) (from the breaking of the lactone ring)
had not been oxidized, it wos believed to be tertiary,

Henderson, Stonner, Valcnta ond Yiesner (49) also in
1954 oxidized the anhydrochloro compound (X) with potassium
permanganate in acetone at room temporaturce giving a good
yield of the amino acid (XXNII), CipH1g04N,  Acctylation of
(XXXII) gave 2 quantitative yield of an acid which was ester-
ified with diazomethane to give an oily N—acetyl mcthyl ester
(XXXIII), This amino acid was expected to provide an avenue
for further deep-seated degradation of annotinine (I),

In agreement with a vinyl chloride structure adjacent
to the lactam carbonyl within a 6-membered ring, the anhydro-
chloro compound (X), as proposed by thesec authors, they found
that mild reflux with alcoholic alkali did not liberate chlor-
ine but gave the corresponding hydroxy acid (XXXIV),
C16H200,NC1, The two absorption bands at 1645 and 1617 cm."l
in the carbonyl region of the infrared spectrum was ascribed
to the conjugated amide group in (XX{IV); a similar pair
(1657 and 1616 cm,~1) having been present in the spectrum of
.the anhydrochloro compound (X), The ultraviolet absorption
spectrum of (XXXIV) also showed a maximum at 230mp (log €,

4,02) in agreement with the above, Treatment of the acid
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(XXXiV) with a catalytic amount of p-tolucnesulphonic acid
gave a neutral lactonc (XXXV), CygHpo04NCl, isomeric with
(XXXIV), The infrared spectrum of this compound showed a
a prominent hydroxy band, a 5-membered lactone carbonyl at
1760 cm."l and a single amide carbonyl band at 1660 cm,~1s

the ultraviolet spectrum containing only end absorptiocn, The
lactone ring of the relactonized product (X¥XXV) was again
opencd by the action of alkali with the recintroduction of the
double bond giving a second isomeric acid (X4XVI),
C16Hoq04NCL, whose infrared and ultraviolet spectra were

very similar in principle to those of the acid (XXXV) although
the infrarod épectrum shows distinct non-identity,

Because of the foregoing reactions these authors, as
had the previous authors, suspected that annotinine hydrate
(II) had a lactone group which was not the same as the orig-
inal onc in annotinine (I) but rather a new one resulting
from the interaction of a hydroxy groﬁp‘from the oxide ring
with the carboxy group from the lacténe. This hypothesis
was tested by hydrolysis of annotinine (I) with mcthanolic
potassium hydroxide, neutralization with methanolic hydro-~
chloric acid followed by methylation with diazomethane, In
addition to the production of annotinine hydrate (II), a
methyl ester (XXXVIL), Cp7Hz50,N, was formed. This result
was intecrpreted as indicating that on mild treatment with

alkali, the lactone ring was opened in all molecules, where-




".fg_;'::i " S

rvcror A 2

-52-

as obening of the oxide ring occurred in only some of the
molecules., On subsequent treatment with diazomethane (known
to converty y-hydroxy acids to y-lactones) it was interpreted
that rclactonization occurrced only in those molecules where
the oxide ring had been opencd; whereas, those molecules still
containing the oxide ring intact, formed the methyl ester
(X¥XVII) instead of reforming annotinine, Hence this was
interpreted as evidence that the original lactone ring of
annotinine was difficult to reform and that annotinine hydrate
(II) contained a2 new lactone, Prolonged refluxing of anno-
tinine with alkali produced a quantitative yield of anno-
tinine hydrate (II) which was consistent with the above inter-
pretation,

Henderson, Stonner, Valenta and Wiesner (50) supple-
mented their carlier communication with tentative partial
structures showing the positions of the lactone functions
and functions from the hydrolysis of the lactone relative to
the oxide and lactone functions of compounds (X), (XXXIV)
and (¥XXV), These structures, consistent with the now es-
tablished structure of annotinine (I) were reported by these
authors as being the only plausible way to account for the
base-catalyzed opening of the lactone group in (XXXV) with
the reformation of the double bond, A tentative partial

structure for annotinine hydrate (1I) was proposed also
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showing'the carboxyl group lactonized with one of the
hydroxyls originating from the oxidce ring,

An isomer of annotinine hydrate (II) was obtained on
refluxing annotinine with 28% sulphuric acid for 26 hours,
This compound (XXXVIII), 016H2504N, was thought to contain
the original lactone group of annotinine, Acctylation gave
a diacetyl product (XXXIX), CooHonO6N, m,p, 168°, A re-
examination of these reactions was made later (see Martin-
Smith, Greenhalgh and Marion (51)), &acetylation of anno-
tinine hydrate (II) gave a diacetyl product (XL), CopHpnOgN,
m,p. 187°,

Bankiewicz, Henderson, Stonner, Valenta and Wiesner
(52) reported the results of selenium dehydrogenation of
annotinine, After chromatography on alumina, three main pro-
ducts were obtained, The basic compound (XLI), C12H13N,
which was formed was established as 8-n-propylquinoline,
The second basic compound (XLII), ClsﬁiéN, appeared fron
its ultraviolet spectrum to be a subsﬁituted a- or f-
naphthoquinoline, A third product (XLIII), 015H11_15N: was
neutral, These authors were thce first to publish very ten-
tative structures for annotinine as a working hypothesis
providing for the existence of a 5-membered ring in the
annotinine molecule,

Anet and Marion (44)(47) reported in 1954 and 1955

that they had obtained, via a different route, the same
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amino acid (XXXII) as Viesner et al had obtained via the
anhydrochloro lactam (X), Anet and Marion clarified the
relationship betwcen annotinine chlorohydrin (VI) and the

two unscturated lactones (VII) and (XV) which provided sup=-
port for MacLean and Prime's suggestion (46) of the existence
of the systemj:N—CHg-Cﬁ;é— and, also, thc modification by
Wiesner et al.to :N~CH§1QH;CH- in annotinine,

In the case of annotinine chlorohydrin (VI), the group-
:N—CHQ—CHCI-CHOH—, as originclly suggested by MacLean and
Prime (46) was found to permit a simple intcrpretation for
the chromous chloride reduction products (VII) and (XV) not
possible witﬁ’the alternate opening of the oxide ring which
would have given the product _N-CHo-CHOH-CHCl-,

Anet and Marion (44)(47) found that the hydroxylactone
(XIV)which, on more vigorous trecatment with chromous chloride
in strongly acidic solution gave the unsaturated lactone-B
(XV), was unsaturated and yielded on h?drogenation a dihydroxy-
lactone (XLIV), 016H2503N. Unlike (XiV), the compound (XLIV)
was unaffected by more vigorous treatment with chromous chlor-
ide in strongly acidic solution, Ozonolysis of the hydroxy-
lactone (XIV) yielded formaldehyde, Treatment of (XIV) with
with acetic anhydride produced 2 neutral O,N-diacetyl der-
ivative (XLV), CogHonO5N,

The unsaturated lactone-A (VII) bechaved as a cyclic

allylamine. The pKa of (VII) was 7,06, whereas its dihydro
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derivative (V) was 8,48, The methosulphate (XLVI),
C16H2102N-(CH5)2804, of (VII) rcacted smoothly with two
moles of hydrogen in the presenca of Adam's catalyst to form
a tertiary base (XLVII), C37Hp50oN., Permanganate oxidation
of (VII) yielded the amino acid (XXXII) previously obtained
by Wiesner et al,

The unsaturated lactone-B (XV) showed no ZNH bend in
its infrared spectrum although its dihydro derivative (XVI)
did; however, (XV) formed o neutral N-acetyl derivative
(XLVIII), CygHps504N, which produced formaldchyde on ozon-
olysis, The presence of a terminal methylene group was in-
dicated by the easy reduction of (XV) to (XVI) and the low
intensity of its ultraviolet absorption at short wavelengths,
An N-acetyl derivative (XLIX), 018H2703N, was obtained from
the acetylation of (XVI), The infrared spectra of (XV) and
(XVI) were very similar except for an indication of a vinyl
group in (XV), Partial structures of (XV) and (XVI) were
presented consistent with the above evidence and with the _
confirmation of the empirical formula of (XV) as 016H2302N-

The ‘mormali reduction product with chromous chloride
would bz simply the replecement of the halogen by hydrogen,
Anct and Marion suggested that (VII) and (XIV) were formed
by 1,2-elimination analogous to the reduction of vic-dibro-
mides to alkenes. In the hydroxylactone (XIV) a chlorine

and a f-nitrogen, whereas in thc unsaturated lactone-i (VII)
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a chlorine and a B-hydroxyl group were involved, Recently
Anet and Isabelle (45) rcported the study of some simple
f-halogenated alcohols and amines to obtain analogies for
the reduction of (VI)., While "normal® recduction was observed
as well, neverthecless the same type of reduction was found
in the simple model compounds os occurrcd in annotinine
chlorohydrin (VI),

Chromous chloride reduction of the lactam chlorohydrin
(IX) gave as the main two products (XI) and (XIII) previous-
ly prepared by MacLean and Ppime (46), These authors had
dehydrated (XI) with phosphorus oxychloride to give (XIII).
On this basis‘gnd consistent with the lactam chlorohydrin
structure, partial structures were proposed by Anet and
Marion for (XI) and (XIII), It was noted that (XI) had not
been dehydrated to (XIII) under the chromous chloride con-
ditions but nevertheless (XIII) had been formed directly
from (IX) under these conditions in agreement with the
mechanisms which they had proposed, As it had becn found
(46) that catalytic or Clemmenscn reduction of annotinine
lactam chlorohydrin (IX) gave (XI) and (XII), it was thought
probable that (XI) and (XIII) were the primary reduction
products and that (XIII) was further reduced to (XII), Ultra-
violet specectra of (X) and (XIII) confirmed the presence of
an a,f-unsaturated lactam system, This system was also in-

dicated in the infrared spectra with two bands in the carbonyl
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region whereas saturated lactaoms contain only one carbonyl

band,

Dehydrogenation of the amino acid (XXXII) with pal-
ladium on barium sulphate at 200-250° yielded an acid (L),
ClhﬁlBOéN. This new acid show no y-lactone band in the
infrarcd spectrum (Nujol mull) but did contain bands at

1715, 1620 and 1575 cm, ™t

consistent with the.presence of

a carboxyl, an amide group and a benzene ring, The acid (L)
was decarboxylated to a neutral compound (LI), CléHi5ON: by
heating with copper powder, The ultraviolet spectrum of
(LI), compared with that of (L), indicated that the carboxyl
group was directly attached to the chromophoric system in
(L), Althoughthure was no indication of an _N-H band in the
infrared spectrum of (LI), it was thought probable that an
:N-H was present, as the presence of a benzene ring in (L)
would require onc less ring than the acid (XXXII), Hence,
it was recasoned that, a carbon-nitrogen fission being more
probable than a carbon-carbon fission, an N-H group would be
present, The ultraviolet spectrum of (LI) was very similar
to that of strychnine and, like that alkaloid, (LI) gave an
intense violet colour with 80% sulphuric acid and a trace
of chromic acid (Otto reaction), Reduction of (LI) with
lithiuﬁ aluminum hydride in cther solution gave a weak base
(LII) which formed a crystalline picrate, m,p, 1729,

Anet and Marion (44)(47) dehydrogenated annotinine
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itself at 300° over palladium yiclding a small amount of
7-methylquinoline, isolated as the picrate. The fact that
8-n-propylquinoline had been isolated by Wiesner et al (52)
the formation of 7-methylquinoline under different conditions
at this stage in the development was puzzling, A tentative
structure for annotinine (I) suggested by these authors did
not, as they pointed out, explain the formation of &-methyl-
quinoline but did permit the representation of the dehydro-
genated acid (L) by a structure consistent with its ultra-
violet spectrum and colour reactions,

Some doubt was raised as to the theory. of Wiesner et
al (50) whereby certain annotinine derivatives were changed
into compouﬁas containing a new y-lactone, According to
this theory the acid (XXXII) should contain the grouping
-O-CO-%-%-COOH. It was felt, therefore, that dehydrogen-
ation of (XXXII) would have given an o-phthalic acid der-
ivative as one of the carboxyls had been shown to be at=
tached to the benzene ring in acid (L’. This, however, was
not the case as an amide was formed involving the other
carboxyl and the nitrogen attached to the benzene ring, It
was mentioned, however, that these difficulties concerning
the acceptance of the relactonization theory could only be
overcome by assuming either a change in the carbon skeleton
in the formation of (L), or, that the lactone ring in some

of the derivatives of annotinine is larger ‘than a 5-membered
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ring despite the infrared cvidence,

Valenta, Wiesner, Benkiewicz, Henderson and Little (53)
in 1956 repeated the dehydrogenation reaction of the amino
acid (XZXII) as carried out by Anet and Marion (44)(47) ob-
taining the loctam carboxylic acid (L), The neutral material
of the dehydrogenated product was carefully chromatographed
and the compound (LI), which had been obtained by Anet and
Marion by the decarboxylation of (L), was separated, In
addition, a compound (LIV), ClBHléON, was obtuined which
proved to be identical with a previously known compound ob-
tained by the condensation of ethyl acetoacetate and the
tetrahydroquinoline (LVIII) according to the mecthod of
Reissert (54), Treatment of the lactam (LI) with palladium
charcoal at 270° gave an almost quantitative yield of (LIV),
When the synthetic compound (LIV) was reduced with sodium
amalgam, the compound (LV), C15H15ON, was formed which was
a synthetic racemate, of which (LI) was one of the optical
antipodes,

Wiesner et al found that the lactam carboxylic acid
(L) had an ultraviolet absorption spoctrum very similar to
that of m-acetylaminobenzoic acid and nct that of the p-
isomer, With this information, (L) had to be represented
by onc of two structures (LVI) or (LVII), representing the
two meta positions of the carboxyl groups with reference to
the position of the nitrogen group attached'to the benzene

ring,
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» Synthesis of (LVII) commenced with 5-carboxytetrahydro-
quinoline (LIX) which was converted into the oily methjyl ester
(LX), This was reduccd with lithium aluminum hydride to the
corresponding alcohol (LXI)., The alcohol was condcnsed with
ethyl acetoacetate to give (LXII) in low yield, A two-stage
oxidation with chromic acid in pyridine followed by perman-
ganate in acetone yielded the crude acid (LXIII), This was
reduced with sodium amalgam to give (LVII), Cthl5OéN. The
infrared spectrum of the methyl ester of (LVII) in chloro-
form was similar but definitely non-identical with the spec-
trum of the "natural?® ester (i.e, ester of (L)).

The synthesis of (LVI) was analogous to that of (LVII)
commencing with 7-carboxytetrahydroquinoline (LXIV) through
the steps to (LXVIII) and thence to (LVI), The ultraviolet
and infrared spectra of the methyl ester of (LVI) were
found to be identical in all respects with the optically
active ‘matural® ester (i,e, cster of (L)), As a point of
interest it was noted by the authors that the ultraviolet
spectra of (LVI) and (LVII) were slightly but distinctly
different and this was considered probably due to the steric
interaction of the carboxyl and methyl in (LVI), Hence (L)
was shown to be an opticcl antipode of the racemate (LVI)
and the structure of (L) was therefore cstablishod as that
shown in Fig, 1, and not the tentative structure suggcsted

by the previous authors,
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" Valenta, Stonner, Bankiewicz and Wiesner (55) reported
that the treatment of the amino acid (X¥XII) with diazome-
thane produced the crystalline mcthid ester {LKIX),‘leHZlohN.
The amino acid itself had pKa valucs of 4,03 and 9.3 where-
as the methyl ester (LXIX) had the pKa value 6,8, These
values were, therefore, in agrecment with the expected values
for a B-amino acid derivative, The resistance of the cster
(LXIX) to saponification indicated that the carbomethoxy
group was tertiary,

The investigation concurning the existence of two
different lactone rings, as in compounds (IV) and (XXV) was
continued by'ﬁhese workers, Treatment of the hydroxy acid
(XXXVI) with acetic acid in pyridine for 48 hours gave the
acetoxy fy-lactone (LXX), 018H2205NCI. This was considered
to be the O-acetyl derivative of the hydroxy lactone (XXXV),
When (XXXVI) was acetylated for threc hours at 100°, the
corresponding acetoxy acid (LXXT), C18H2205NCl was formed;
thereby blocking the hydroxy group in the hydroxy acid.
Relactonization to the compound (LXX) was then effected
quantitatively by heating (LXXI) with a trace of p-toluene-
sulphonic acid, Due to the remote possibility of acetyl
migration it was acknowledged that the above did not con=-
stitute rigorous cvidence of the relactonization theory but
it did give strong support for same,

Compound (XII) previously reported by MacLean and
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Prime (46) also helped to clucidate some of the properties
of the lactone ring., When refluxed under mild conditions
with potassium hydroxide in methanol, (XII) was changed to

a hydroxymethyl ester (LXXII), CypHps50,N, Saponification
of this ester with an excess of ethanolic potassium hydrox-
ide produced the corresponding acid (LYXIII), Cpghps0,N,
which could be converted back to (LXXII) by teatment with
ethereal diazomethane,

When the lactone (XII) was treated with ethanolic
potassium hydroxide direct saponification took place with
the formation of the hydroxy acid (LXXIV) characterized
through its methyl ester (LXXV), CypHps0)N, When (LXXV)
was treated with methanolic potassium hydroxide, the ester
(LXXII), above, was formed quantitatively,

Wiesner et al presented a rationalization of the above
transformations, It was pointed out that methanolic potas-
sium hydroxide contained a considerably higher concentration
of methoxide than hydroxide ion, The lactone ring of (XII)
was opened by the methoxide ions giving the ester (LXXV)
which was immediately isomerized under the conditions used
to (LXXII), In the case of ethanolic potassium hydroxide,

the lactone of (XII) was opened by a hydroxyl ion rather

‘than an ethoxide ion, The corresponding hydroxy acid (LXXIV)

so produced was present as a carboxylate ion which was stable

to epimerization, Treatment with diazomethane gave the
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unstable ester (LXXV), This sequence established that the
lactone carboxyl was secondary and, further, that the orig-
inal configurction of the carboxyl group in annotinine is
less stable than the epimeric one,

Acetylation of the two hydroxy esters (LXXII) and
(LXXV) produced the corresponding acetoxy derivatives (LXXVI)
CigHppO5N, and its isomer (LXXVII), respectively, As the
difference in molecular rotations in (LXXII) and (LXXVI)
was identical in sign and magnitude with that of (LXXV) and
(LXXVII), it followed that the only difference between the
two esters (LXXII) and (LXXV) was the configuration of the
ester groups. ‘

Oxidation of these latter two esters with chromium
trioxide in pyridine gave the corresponding keto esters
(LXXVIII), CIVHZ;OAN: and the isomeric (LXXIX), respectively.
This, therefore, corroborated the secondary nature of the
hydroxyi group contained in the original lactone of annoti-
nine (I), |

A direct correclation between the unsaturated hydroxy
acid-B (XXIVI) and the two saturated hydroxy acids (LXXIII)
and (LXXIV) was obtained by the conversion of (XXXVI) to
(LXXIII) by hydrogenation; further substantiation of the

identification being the conversion of (LXXIII) into the

methyl ester (LXXII),

The relationship of the carboxyl to the conjugated
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amide group was further clarified by the following trans-
formations commencing with the conversion of the acid (XXXVI)
by oxidation with chromium trioxide in pyridine to an oily
product from which the ketolactone (LXXX), CqgHy1g0,NCl, was
obtained, This compound showed only end absorption in the
ultraviolet and a single amide peak at 1665 cm.":L in the
infrared as well as a ketonic carbonyl band at 1725 cm.'l,
indicative of a keto group in a 6-membered ring and a Y=
lactone band at 1790 cm.-l. In alkaline solution the keto-
lactone (LXXX) had an ultraviolet spectrum almost identical
with the acid (XXXVI) which indicated that the a,p-unsatur-
ated amide group had becn regenerated, On boiling several
hours in alkali the spectrum remained unchanged and the
corresponding keto acid (LXXXI) could be reconverted to_the
ketolactone (LXXX) by p-tolucnesulfonic acid in benzene,
This was evidence, therefore, that the keto group was not in
the a- or B~ position with respect to the lactam carboxyl
and its logical position was at the site of the original
lactone hydroxyl, Rigorous evidence supporting this con-
clusion was obtained by the direct conversion of (LXXX) into
the keto ester (LXXVIII), Considering the alternate route

of formation of (LXZVIII) there remainced no doubt that the

. keto group in (LXX ) occupied the site of the original lac-

tone hydroxyl,

With regard to the formation of the lactam carboxylic
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acid (L) from the amino acid (XXXII) thesc authors remarked
R on the difficulty in rationalizing this conversion in a
simple unexceptional manner bearing in mind all the limita-~
tions imposed by their particular work,

The partial structure of annotinine hydrate (II) by a
consideration of the various alternatives was determined with
the y-lactone and hydroxyl groups occupying the relative
positions indicated in the flow chart, Fig, 1, This partial
structure was adduced mainly from the absence of a-ketol
properties in thc oxidation product (XVII) of annotinine
hydrate (?I) described previously by Meler, Meiétor and
Marion (43).

Wiesner, Valenta, Ayer and Bankiewicz (56)(57) repor-
ted again in 1956 the dehydration of the hydroxy methyl
ester (LXXXII), CqnHpoNO,Cl, obtained from the hydroxy acid
(XX¥XVI), Treatment of (LXXXII) with phosphoric acid in
boiling xylenc produced an anhydroester (LXXXIII), Cl7HZOOéNCl,
and an isomeric a-pyridone ester (LYXXIV)., The anhydro
cster (LYXXIII) gave the corresponding acid (LXXXV),
CléngoéNCl on saponification, On treatnent of this acid

with p-toluenesulphonic acid in benzene a y~lactone (LXXXVI),

C,6H1804NCL, was formed --reportedly by the addition of the
- carboxyl across the double-bond conjugated with the amide
group,

Hydrolysis of the pyridine ester (LXXXIV) gave the

ey T 3 3 i o e A b9
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pyridine acid (LXXXVII), CygHyq03NC1, which in turn took up
'§ two moles of hydrogen in alcohol with platinum oxide to give
a pyridone acid (LXXXVIII), CléHgloéN, a tricyclic compound
formed by the opening of a ring and formation of a double-

% bond,

The anhydro cester (LXXXIII) was dehydrogenated with
palladium charcoal at 290° for two hours giving a good yield
of the quinolone acid (LXXXIX), CléHlloéN. The structure of
this compound was determined from its decarboxylation to the
quinolone (XC), Cj,Hq1;0N, identified by comparison with an
authentic sample and also from the reduction of (LXXXIX) to
the dihydroquinolonc acid (XCI), C13Hy303N, by sodium amal-
gam, The ultraviolet spectrum of (XCI) was identical and
the infrared spectrum very similer to the spectra of (LVI)
previously synthesized by the authors (53},

A tentative structure for annotinine (I) was proposed
by these authors on the basis of the forégoing and assuming
that the same hexahydrojulolidene skeléton was present'in

annotinine as appeared in the dehydrogenation products, This

structure lacked only the specific detail concerning the ring

size and attachment of one of the rings when compared with
1 the now established structure of annotinine,

In 1957, Betts and MacLean (58) drew attention to the
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fact that insofar as certain structural features of annoti-
nine were concerncd, such as the size of the oxide ring and
the lactone ring, uncquivocal evidence had not as yet becn
obtained, Thec matter of rearrangenents in the dehydrogena-
tion studies was also considercd, Evidence was adduced for
the prescnce of the cpoxide function and the size of the
nitrogen ring carrying the epoxide, Other reactions and con-
clusions were reported as reviewed hereunder,

Annotinine lactam (IV) when treated with boiling aque-
ous sulphuric acid was converted to the annotinine lactam
diol (XCII), 016H2%05N, which had two hydroxyl bands at 3530
cm, “L(sharp) and 3300 cm, L (broad) in the infrared spectrum,
It was expectcd that (XCII) contained the arrangement
~N-CO~CHOH-CHOH- and would be susceptible to glycol clecavage
reagentss; however, periodate did not react, Compound QXCII)
was, however, slowly oxidized with the. consumption of 3 moles
of lead tetraacetate, Pcrmanganate or chromic acid oxida-
tion in acetic acid gave two products in low yield, one neu-
tral (XCIII), CygzH170,N, and the other acidic (XCV),
Cl5H1905N.

The neutral product (XCIII) had three strong carbonyl
absorption bands in the infrared spectrum at 1708 cm, "L (y-
lactam), 1760 cm, %+ (5-membered cyclic ketone) and 1780 cm."l

(lactone), Treatment of (XCIII) with sodium borohydride in

ethanol gave compound (XCIV), C15H1 04N, This compound had
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two carbonyl bands and lackel the band at 1760 cm."l which
was replaced by a new band at 3335 cm"l in the hydroxyl
rcgion, The presence of a 6-membered nitrogen ring was
therefore supportcd by the formation of a y-lactam with the
loss of a single carbon atom,

The acidic product (XCV) had thrce carbonyl absorption

peaks in its infrared absorption spectrum at 1610 cm,"l

1 (v-lac-

(cmide), 1705 cm.'l(carboxylic acid) and 1775 cm,”
tone). Treatment of a methanolic solution of the acid (XCV)
with diazomethane gove the methyl ester (XCVI), C1gH2105N,
Treatment of (XCV) with dilute sulphuric acid produced for-
mic acid in eqﬁiholar amount and the amino acid (XUXII), It \
was concluded, therefore, that (¥cV) was the N-formyl der-
ivative of (XXXII),
Betts and MacLean explained ?he formation of the pro-
ducts (XCIII) znd (XCV) (see Fig, 3). In thc case of (XCIII)
initial fission was believed to occur beﬁween the lactam
carbonyl and the adjacent hydroxyl of tﬁe diol, This would
result in the formation of a carbamic acid which would lose
carbon dioxide to yield the secondary amine, Oxidation of
the other hydroxyl of the diol would form an a-keto acid
which cyclized with the secondary amine to yield (XCIII),
Tnitial fission between the two hydroxyls of the diol pro-

ducing an N-oxalyl carboxylic acid which under the reaction

conditions would decarboxylate to form (XCV)., The amino acid




69~
(XXXII) could be formed from cither (XCIII) or (XCV) by
hydrolysis or oxidation or 2 combination of tinec two,

An allylomine structure iad besen assigned by Anet and
Marion (44)(47) to the unsaturated lactone-A (VII), Due,
however, to its iack of recactivity with cyanogen bromicde,
Betts and MacLean (58) reinvestigated the barium permanganate
oxidation of (VII), The amino acid (XaXII) was the major
oxidation product as had been established by Anet and Marion,
Another product proved to be identical with the N-formyl
anino acid (¥CV). The third product (4CVII) was isolated
as its methyl ester (XCVIII), CynHpjOgN, This ester had
four bands in ihé carbonyl regionj a double peak at 1633 and
1645 cm,”t (amide), bands at 1710 em. ™t (keto), 1743 cm._l
(carbomethoxy) and 1780 cm,"l (y-lactone), On hydrolysis of
(XCVIII) a small amount of (XCIII) was recovcred together
with formic acid, thecreby indicating thc'structure of
(XCVIII),

Betts and liacLean pointcd out that the incrtness of
(VII) towards cyanogen bromide, together with thce formation
of the N-formyl derivatives on oxidation of (VII), suggestecd
that (VIIL) might contain a vinylamine rather than an allyl-
gmine structure, Ozonolysis of (VII) was therefore carried
out to clarify this point, If a vinylamine structure were

present, it would be expected that an N-formyl derivative
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would be formed and, if an allylamine structure, an amino
dicarboxylic acid, Instead, the conjugated lactam (XIII)
was formed, the formation of which was more readily ration-
alized from an allylamine structure than from the alternate
vinylamine structure.

The formation of (XIII) was considcred to proceed via
the formation of a hydropcroxide at the methylenc carbon and
its subsequent decomposition, On the assumption that (XIII)
was an intermediate in the permanganate oxidation, then (XCV)
could be formed by hydroxylation to the lactam diol followed
by cleavage, as outlined above.with (XCII). The amino acid
(XXXII) was the product of complete oxidation, A mechanism
for the oxidation of (VII) to (XCVII) was proposed,

Reduction of annotinine (I) with hydrogen ovcr Raney
nickcl yielded two products, the dihydrolactone-A (V) and a
hydroxylactone (XCIX), 016H2303N’ formed by the opening of
the oxide ring, The two derivativis of annotinine which had
been used in dehydrogenation studies were (a) the amino acid
(XXXII), obtained by the oxidation of (VII) and of (X), and,
(b) the methyl ester (LXXXIII) derived also from (X), Both
(VII) and (X) had bcen obtained by dehydration reactions in
acid media'where.rearrangemcnt of the carbon skeleton of
annotinine was possible, if not probable, 4&s (V) was the

dihydro derivative of (VII), the thrce compounds (V), (VII)
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and (X) were therefore related as to skeletal structure,
Compound (V), however, from the reaction described at the
beginning of this paragraph, was shown to be of the same
skeletal arrangemcent as annotinine itself, Hence, it was
established that the original skeletal arrangcement was
prescrved in (VII) and (X),

Betts and MacLean also found that reduction of the
lactam (IV) over platinum catalyst in neutral or bosic media
yielded the hydroxy lactam (XI)., 1In the presence of a small
amount of acid, however, annotinine (I) and the lactam chlor-
ohydrin (IX) were formed, While the formation of (IX) was
normal, the unusual reduction of (IV) back %o anvotinine (I)
was belicved to be a peculiarity of the a,B-epoxy lactam
system in (IV),

In 1957, Martin-Smith, Greenhalgh and Marion (51)
subjectod annotinine (I) to prolonged truatment with boiling
dilute sulphuric acid, These workers failed to obtain the
compound (ZXXVIII), m,p, 75°, obt.ined by Wiesner et al (49)
(50) under similar treatment but instead obtained three
products, Onc was present only in traces while the other
two were annotinine hydrate (II)(8%) and the isomeric anno-
tinine diol, (C), CygHpq0N, (67%). Aacetylation of (C) gave
the diacetyl derivative (XXXIX) which was the same as the

diacetyl derivative of (XXAVIII) which Wiesner et al (49)
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(50) had obtained, Tt was thought probable that the anno-
tinine diol (C) contained the samc y-lactone as annotinine
(I) itself,

Boiling annotinine (I) with aqueocus barium hydroxide
for several hours gave risc to a trihydroxy acid (CI),
C1gHz505N, isolated ax the sulphate, On treatment with con-
centrated hydrochloric acid, (CI) gave rise to the chloro-
hydrin (VI) and, on treatment with 25% sulphuric acid, it
was converted to annotinine diol (C). Oxidation of (C) with
barium permanganate gave rise to the amino acid (¥XXI1),

On the other hand, it had been shown (43) that the oxidation
of annotinine hydrate (II) gave rise to a hydroxyketo lac-
tone (XVII),

Boiling annotinine (I) with aqueous barium hydroxide
for LO minutes produced a good yield of a hydroxy acid (CII),
CléHQ;OhN, containing in the infrared spectrum a diffuse

peak at 1575 -1568 cm,-Ll, typical of an ionic carboxyl group,

and a strong hydroxyl pecak at 3330 cm."l. This acid, (CII),

with the cpoxy ring intact was designated as annotininic
acid, Treatment of (CII) with concentrated hydrochloric
acid yielded annotinine chlorohydrin (VI),

Annotininic acid (CII) was smoothly converted to its
methyl ester (CIII), CppHy50,N, on treatment with diazo-

methane, Boiling the ester (CIII) with barium hydroxide
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regenerated annotininic acid (CII). i#hen methyl annotinate
(CIII) was trcated with potassium methoxide in absolute
methanol, it was converted into the isomeric cster, methyl
epiannotininate (XXXVII), This latter ester was also formed
by the trzatment of annotinine (I) with an equivalent of
potassium methoxicde in methanol 2t room temperature. The
action of barium hydroxide on the epiester (XXXVII), however,
converted it to annotinine hydrate (II) rather than rcgencr-
ating the acid, as in the case of (CIII). It was pointed
out by Marion et al (51) that when methyl cpiannotininate
(XXXVII) had been prepared previously (L9)(50) by the action
of methanolic potassium hyéroxide on annotinine (I), follow-
ed by methyiation with diazomethene, the essential nature of
the reaction, vhich was a methanolysis of the lactone follow-
ed by an epimerization, had been masked, It also appeared
unlikely that epiannotininic acid could be isolated as such
as it changed rapidly into the hydrate (II), |

The above transesterification with cpimerization was
similar to that observed by Wiesner et al (55) with unsatur-
ated lactamic derivatives of annotinine, as dealt with pre-
viously in this review,

The same transesterification took place when annotinine
lactam (IV) was converted to the methyl epiannotininate lac-

tam (CIV), C17H3 05N, which compound was also obtained by the
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oxidation of methyl epiannotininate (XX3%VII), Similarly,
the iiethyl ester (LXIX) of the amino acid (X3XIT) was found
to undergo transesterification under the influence of potas-
sium methoxide and gave rise to a diester (CV), 016H2505N,

Martin-Smith, Greenhalgh and Marion (51) proposed a
tentative structure for annotinine, incorporating a L-mem-
bered ring and a 7-membered ring containing the nitrogen and
bearing the epoxide ring, On the basis of this structure
for annotinine it was felt that the derivation of such com-
pounds as the lactam carboxylic acid (L) from the amino acid
(X:XII) and the derivation of the quinolone acid (LXXZXIX)
from the hydroxy epiester (LXZXIII) could be more easily
explained than on the basis of the structure proposed by
Wiesner et al (56)., For example, the formation of (LXXIX)
was rationalized by a contraction of a 7-membered ring in
(LXXXII), a wandering of a carboxyl group and aromatization
followed by elimination of the side chain,

Also in 1957, Wiesner, Ayer, Fowler and Valenta (59)
published a short account of their work on the definition of
the periphery of annotinine (I)., This work was centered
mainly on reactions of the lactam keto ester (LXXVIII), the
partial formula of which had been previously formulated (55)
and the periphery of which was now elucidated (59),

This compound (LXXVIII) was refluxed with selenium




dioxide;-dioxane resulting in the oxidation to four products,
compound (CVI), CypHo10)N; compound (CVII), CpgHp105N; com-
pound (CVIII), CypHp31OsN, cpimeric with (CVII), and, compound
(CIX), Cy7H1 90N,

Treatment of compound (LXXVIII) with brominc in ocetic
acid produced the dibromide (cx), Cl7H2104NBr2. Hydrolysis
of (CX) with sodium hydroxide in dioxane, [ollowed by re-
esterification of the acid, produced (CVIII) in 60% yicld,

Vigorous hydrogenntion of (CIX) over platinum oxide in
acetic acid gave the hy.'roxy cster (LXXV) previously des-
cribed (55). Reduction of the keto group of (CVI)with sod-
ium borohydride gove the corresponding alcohol (CX1),
Cl7H2;04N. Isomerization of the alcohol (CXI) back to the
lactam keto cster (LXXVIII) was effected by the use of sod-
ium methoxide in boiling methanol (see Fig, 4 for probcble
mechanism), Oxidation of (CVIII) by pcriodate-permanganate
method (60) gave formic and succinic acids, isolated by
partition chromatography on silica gel,

Compound (LXXVIII) also gave a quantitotive yield of
the benzylidene derivative (CXII), 024H2704N. Similarly,
an amorphous furfurilidene derivative (CXIII) was prepared
and ozonized, On. deccomposition in acetic acid the czonide
was changed into an amorphous acid (CXIV) which, by hecating

to 110-160° lost one mole of carbon dioxide to give the
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dicarboxylic acid (CXV), CjpsHp10sN,

Tt was at this stage that Wiesner et al (59) proposed
the now established structure for annotinine, Confirmation
of this molecular structure followed shortly thereafter in a
publication by Przybylska and Marion (61) through an X-ray
diffraction study of annotinine bromohydrin, Cq gH2203NBr.
This study disclosed that in this molecule the carbon atom
of the methyl group was directed towards the carbonyl oxygen
of the lactone, To keep these atoms at a distance equal to
the sum of their van der Waals' radii, some of the bond angles
varied considerably from the value of 109, 8°, fhus decreas-
ing the stability of the molecule, In agreement with chem-
jcal evidence, the bromine atom was found to be trans® with
respect to the hydroxyl group.

From the photograph of the molecular model of annoti-
nine bromohydrin published by these authors (61), it appeared
that the conformation was such that the bromine and hydroxyl
groups were in the grans-diequatorial® positions (see Fig,5)
as would be anticipated, Initial opening of the epoxide
ring of annotinine (I), however, would have placed these two
groups in the #trans-diaxial¥ conformation, followed by a
change to the more stable tgrans-diequatorial® conformation,
From this knowledge the relative configuration of annotinine,

as indicated in the above figure, can be derived,
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. More recently, in 1958, Betts and MacLean (62) pub-
lished the results of their studies on reactions centering
about the dihydrolactone-a (V) which these authors called
desoxodihydroannotinine, Compound (V) reacted readily with
phenyl lithium to yield diphenyldesoxodihydroannotinine
(CXVI1), 028H3502N. On treatment with boiling acueous hydro-
chloric acid, (CXVI) dehydrated readily giving thae anhydro

derivative (CXVIL), CpgH330N, This latter compound had an

vltraviolet spectrum characteristic of a 1,1-diphenylethy-
lene although (CXVII) would not absorb hydrogen at low
pressures nor oxidize with ease,

When oxidized with aluminum isopropoxide in the pres-

ence of cyclohexanone, (CXVI) was converted to the hydroxy-

ketone (CXVIII), CpgH3302N; however, when oxidized with
chromic acid in acetic acid, (CXVI) was converted to the |

dihydroxyketone (CXIX), 028H3303N. As the new hydroxyl

function in (CXIX) was not oxidized under the conditions
used, it is probably tertiary in character, Introduction of
this hydroxyl group could be effected at one of the two acti-
vated positions, either adjacent to the carbonyl to form an
a-hydroxy ketone, or, adjacent to the nitrogen to form a
carbinolamine, Tests for the carbinolamine were negative,
Anhydronium salts of (CXIX) were not formed, the methiodide

of (XCIX) was normal in character and hydride reduction of
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(CXIX) or its hydrochloride produced a trihydroxy compound
(CXX), 028Hé5OéN, While (CXIX) or (CXX) did not react with
periodate, (CAIX) did react with three noles of lead tetra-
acetate, In the infrared spectra of (CXVIII) and (CXIX),
the carbonyl absorption frequencies shifted from 1700 cm.'l
to 1720 cm.'l, respectively, implying a closc structural
relationship between the hydroxyl and carbonyl groups, Sim-
ilarly in the case of diphenylannotinine (XXX), it was found
that the introduction of the new hydroxyl function was de-
pendent upon the presence of the carbonyl group, It was
indicated, therefore, that compound (CXIX) contained an
a-hydroxyketone structure,

The »roducts of the oxidation of (C¥VI) with potassium
tertiary butoxide were dependent upon the refluxing solvent
used, When carricd out in benzene, a ketone (CXXI),
CogH330oN, weas formed, whereas in toluenc, a conjugated ke-
tone (CXXII), CygH, 0N, was isolated, This conjugated ketone
was also obtained from both (CXXI) and (CXVIII) by treatment
with potassium tertiary butoxide in refluxing toluenec, Elim-
ination of the diphenyl carbinol group from (CXVI), (CXVIII)
or (CX¥I) to form (CXXII) was found to occur as the elim-
ination of ibenzhydrol which in the presence of air was con-
yerted, to soite extent, to benzophenone, The mechanism of

the elimination wns considered to be a 'ireverse-Michael®
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reaction (sce Fig., 6).

Partial conversion of (CXVIII) to (CXXI) by prolonged
refluxing with sodium ethoxide was consistent with these two
forms being epimers, Thesc two ketones bchave differently
towards chromic acid in glacizl acctic acid; the former being
convertcd to (CXIX), as previously noted, and (CXXIX) remain-
ing unchanged, The difference in this behaviour was consi-
dercd as probably dependent upon the conformation of the
tertiary hydrogen in these two compounds,

The presence of a mecthylene group at the C6 position
(ref, Fig., 1) in annotinine (I) was supportud by the ultra-
violet spectruﬁ’of (CXXII), charactcristic of an a,B-unsa-
turated ketone, The isomeric ketones (CXVIII) and (CXZI)
could be epimeric only at position C8, while (CXIX) carried
its hydroxyl function at thc same position, These findings
were in accord, therefore, with the established structure
of annotinine,

Wiesner et al (42) have given one “from scveral plaus-
ible" mechanisms for the conversion of the amino acid (XXXII)
to the lactam carboxylic acid (L), Another plausible mech-
anism, involving an acid anhydride intermediate, 1s proposed,

as shown in Fig, 7,
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2 Lycopodine (C1gHps50N). Lycopodine (I) is
the major alkaloid of a number of Lycopodium species, The
above formula was assigned in 1938 by Achmatowicz and Uzicblo
(24) and confirmed by Marion and Manske (63) in 1942,

This alkaloid, like all other allinloids of the Lycopo-
dium spccics, with the exception of annotinine and nicotinc,
is still of undetermined structure, A chronological review
of the structural investigations and reactions carried out
to date on lycopodine (I) is presentod, To supplonent:thiy’
review, a flow chart, Fig, 8, has been prepared qmbodying
the development of the partial structure, insofar as the
functional groups’and partial ring structure arc concerned,

The abscence of methoxyl and N-methyl groups, as well
as active hydrogen (Zerewetinoff), as determined by Achmato-
wicz and Uzicblo (24), indicated that the nitrogen was prob-
ably common to two rings and that the oxygen was present
either in a cyclic ether, or, in a ketoac group, Marion and
Manske (63), in 1942, found lycopodine (I) inert to phenyl-
magnesium bromide at 100° and to hydrogenation over Raney
nickel at 200° and 2000 p.s.i, It appeared, therceforc, that
the oxygen was probably present in a cyclic ether group,

Seclenium dehydrogenation of lycopodine (I) yielded a
complex mixture ffom which five bases were separated as their

picrates, These bascs included 7-methylquinoline (II),
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CigHgl, (picrate, m,p, 2k2°; styphnate, m.p, 242% 5,7-di-
methylquinoline (III), CyqH13¥, (picrate, m,p, 246°) (Iv),
Cy1HysN, (picrate, n.p, 167°); (V), C16H1¢ON, (picrate, m.p.
169°) and (VI), Cygio1l, (picrate, m,p, 151°), The 7-methyl-
quinoline (ILI) was obtained, also, by heating (I) with pal-
ladium - barium sulphote in an atmosphere of nitrogen and by
heating (I) with phthalic anhydride in an evacuated tube,
These reactions indicated the probability that lycopodine

(I) contained a ouinoline nucleus completely hydrogenated,

In 1950, MHacLean, Manske and Marion (36) pﬁblished
cvidence showing that the oxygen of lycopodine (I) was pres-
ent in a carbonyl group rather than in an ecther linkage. An
absorption band at 1693 cm.‘l in the infrarsd absorption

spectrum indicatnd the presence of a carbonyl which was con-

firmed by the formation of a hydrazone (VII), CygHopN3, (m.p.

208-210°: perchlorate, m,p, 257°(dec.)), Additionally, the
keto group was reduces by lithium aluminﬁm hycdride to the
alcohol dihydrolycopodine (VIII), CigHp7ON, (m,p, 168°;

I.R, absorption band at 3625 cm, ~1 (~OH)j3 perchlorate, m,p,
223-224°). Conversion of lycopodine (I) with phenyl lithium
to the tertiary carbinol (IX), CppH310N, (m.p. 154-155°) con-
stituted additional confirmation of the presence of a ketone

group,

bt R Bt i S Nty s Tk A Y




© e ———

_g82-

Lycopodine (I) was incrt to a number of degradation
reactions, such as the Emde and Hofmann degradations, Trcat-
ment with cyanogen bromide (von Braun degradation), however,
yieclded two isomeric, non-basic compounds; a~cyanobromolyco-
podine (X), CypHpsONgBr, (m,p, 140%; yield 50-60%) and B-
cyanobromolycopodine (XI), CypHz50N-Br, (m,p. 108-109°),
Treatment of (X) with silver acetate in benzene and by sil-
ver oxide in acetone failed to remcve the bromine; however,
complete removal was effected by the action of potassium
acetate in ethanol. The resulting products were .a-cyanoace-
toxylycopodine (XIT), CygHpgOslz, (m.p. 112-113°) and the
corresponding a-cyanohydroxylycopodine (X111), CqpHog0oN 2,
(m.p. 97°)., Acetylation of (XIII) with boiling acetyl chlor-
ide containing o trace c¢f pyridine, producec (XII), De-
acetylation of (XII) was effected by refluxing with potas-
sium hydroxide in methanol, The amorphous acid (XIVL pro-
duced by the oxidation of (XIII) with chromic acid, yielded
a crystallinc methyl ester (XV), 013H2605N2, (m,p. 82-83°),

Oxidation of (XIII) to the acid (XIV) apparently involved

the conversion of the alcoholic group, which must have been

primary, inte a carboxylic acid group,

When the same reagent, potassium acetate, was used in
E glacial acetic acid, a-cyanobromolycopodine () was recon-

verted to lycopodine (I) with small quantities of two isomeric
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bases being formed in side-recactions, Thew a-cyanobromolyco-
podine (X) was then boiled with uethanolic potassium hydrox-
ide rcmoving the elements of hydrogen bromide ani yielding
the non-basic compound (XVI), CygHp,ONo (m.p, 143-144°), An
isomeric, non-basic compound (XVID, (m.p, 102°%) was formed

by treztment of f-cyanobromolycopodine with potassium acetate
in ethanol, Resistance of (XVI) and (XVII) to oxidation with
potassium permanganate, chromic acid or ozone and to catal-
ytic hydrogenation, indicated an absence of unsaturation,

It was suggested that removal of the elements of hydrogen
bromide may haveAbeen accompanied by cyclizationy however,
cyclization did not occur when (X) and (XI) werce hydrogen-
ated catalytically, Hydrogenolysis occurred with the form-
ation of a-cyanolycopodine (XVIII), CipHpeONp, (m,p. 130~
131°) and @-cyanolycopodine (XIX), CynpHpgONp, (m,p. 73-93°),
respectively,

In order to attempt cnother type of degradation, the‘
a-cyanobromolycopodine (X) was treated with trimethylamine
resulting in the quaternary sclt, cyanotrimethylaminolyco-
podinc bromide (XX), CgoHshoNéBr, (m,p. 259-2060°), This salt

was converted to the corresponding quaternary base by treat-

mént with silver oxide and this base »nyrolyzed in vacuo, Two

products wcre obtained, the previously obtained neutral com-

.
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pound (XVI) ond a base (XXI), ClgHélONé, (perchlorate, m,p,
230-231°%(dec,)) formed from the quaternary base by the loss
of methanol,

In 1953, Douglas, Lewis and Marion (30) reported the
preparation of the oxime (XXII), CyiglipgONp, (m.p. 262-264°)
from lycopodine (I), Beckmann rearrangement of the oxime
(XXII) under the usual conditions did not occur,

These workers reported that lycopodine had a pKa 7,44,
obtained by titration of the perchlorate in 50% methanol,
Later, however, Barclay and MacLean (48) Cetermined the pKa
of lycopodine by titration of the perchlorate and the hydro-
bromide in 50% aqueous methanol, Values obtained were 9,06
and 9,07, respectively, Lycopodine (I) failcd to condensc
with benzaldehyde to form a benzylidene derivative, Oxi-
dation of dihydrolycopodine (VIII) with chromic acid back
to lycopodine (I) was reported by Douglas,'Lewis and Marion,

These samec authors determined the rélationship which
existed between the two minor a2lkaloids L-14 and L-2 of the
Lycopodium species and lycopodine (I), Treatment of dihydro-
lycopodine (VIII) with phosphorus pentachloride rewoved the
elements of water yielding anhydrodihydrolycopodine (XXIIT),
CléstN, (perchlorate, m.p. 238-239°; [a]§6 -107° (c, 1.10

in methanol)), The hydroxyl absorption band in the infrared
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spectrum of (VIII) was not present in (XXIII), It was then
definitely established that alkaloid L-14 was identical with
the anhydrodihydrolycopodine (XXIIT),

Acetylation of dihydrolycopodine (VIII) (pKa 9.2 in
50% aqueous methanol) took place readily with trifluoracetic
anhydride and acetic acid producing O-acetyldihydrolycopodine

(XXIV), C18HpgO2N, (m,p, 90-95°; pKa, 8,4 in 504 aqueous me-
thanolj I.R,absorption band at 1730 cm,"l (carbonyl); per-
chlorate, m,p, 246-247° - when immersecd at 205°), Alkaloid
L-2 was shown to be identical with O-acetyldihydrdlycopodine
(XXIV). Distillation of (XXIV) at atmospheric pressure re-
sulted in partial decomposition to an oily base which proved
to be 7-methylquinoline (II),

In an effort to obtain more information concerning the
ring structure of the alkaloid, Barclay and MacLean (39), in
1956, extended the study of the reactions of a-cyanobromo-
lycopodine (X), Treatment of a-cyanolycopbdine (XVIII) with
M hydrochloric acid hydrolyzed the cyanamide to the secon-
dary base a-des-dihydrolycopodine (XXV), C16H,70N, (m,p. 49°;
pKa 9,05 (50% aqueous methanol); I,R, spectrum, no nitrile
bands, 1694 cm."l (carbonyl) and 3350 cm.‘l (CNH); hydro-
chlbride, m,p, above 300°), This secondary base (XXV) was

acetylated with acetic anhydride to a neutral amorphous
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compound'(XXVI) (I;R, spcctrum - no absorpiton in ZNH rcgion,
1640 cm,~Y (carbonyl of N-acetyl), 1700 em. =L (keto corbonyl)),
Mcthylation of (XXV) was effected by treoatment with formalde-
hyde and formic acid to a tertiary bnse (XXVII) (ILR, spce-
trum - no bands in the 3300-3400 cm, ~+ rcgion, band at 1694
cm."l (carbonyl)), Treatment of (XXVII) with concentrated
hydrochloric acid convertad it to the salt (XXVIII), Ci7HpON,
HC1¢H20 (m,p, 256°); while treatment with methyl iodide con-
verted (XXVII) to the quaternary salt (XXIX), CqgHqo0NT,

(m.p. 192.5°) but in low yield, This quatcrnary salt (XXIX)
was inert to reductive fission, Comparced with the inability
of (XZVII) to form a methiodide readily, lycopodine (I) form-
ed a methiodide rapidly and quantitatively under similar con-
¢itions,

The secondary base, a-des-dihylrolycopodine (XXV) was
reduced by lithium aluminum hydride to the corrcsponding
carbinol (XXX), C16HpqON, (m.p, 168-169°; pKa 9.80 (50%
agueous methanol)y I,R, spectrum - 3150 cm, =1 and no carbonyl
absorption), Direct reduction of a-cyanobromolycopodine (X)
with lithium aluminum hydride also produced the @rbinol (XXX),
involving reduction of the carbonyl, hydrogenolysis of the
brémine and conversion of >N-CN to _N-H, In addition to the

carbinol, in this latter reaction, the corresponding neutral
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cyanamiae (XXXI), CqpgpHpgONp, (m,p, 191-192°) was produced,
Compound (XXI) was also producec slowly and inefficiently by
the Mecrwein-Ponndorf rcduction (aluminum isopropoxide) of
a-cyanélycopodine (XVIII) and readily and in geod yield by
the reduction of a-cyanobromolycopodine (X) with sodium boro-
hydride,

These authors studied the bromination of a-cyanolyco-
podine (XVIII) involving the rcady consumption of bromine
with the deposition of a solid amorphous precipitate, From
this reaction product, a monobromo derivative (XXXII),.
C17H250NoBr, (mip. 1299y I.R. spectrum - 2210 cm,~1 (-C=N),
1710 cm,-t (carbonyl)) was separated, The displacement of

the carbonyl absorption in the infrared spectrum was 10 cm.'l

1

in comparison with its position of 1700 cm,”™ in the starting

material (XVIII), This shift was considercd to be consistent
with an a-bromoketone, Compound (XXXII)_was very unstable
when in contact with watcr or aqueous alkali, losing its
bromine and forming a mixture of compounds probably alcoholic
or olefenic in nature, The main amorphous bromination pro-
duct was likewise unstable in agueous alkali, Treatment of
this amorphous residue with a2lkaline aquecous dioxane produced
a product from which o crystalline derivetive was obtained,

This compound ({(XXIIT), CyHp,0pN2, (m,p, 157-158°; I, R,
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1 1

spectrﬁm bands at 1640 cm,'l, 1660 cm, —, 2210 cm, ~ and

3340 cm.'l; U.V, spectrum - 280 mp (log &, 4); deep blue
colouration with ferric chloride in aquecous ethanol) had the
properties of an enol, The infrared spectrum indicated the
presence of a conjugated carbonyl group, an olefinic double-
bond and a hydroxyl group, The ultraviolet spectrum was con=-
sistent with a hydroxylated a,f-unsaturated carbonyl chromo-
phore, as indicatcd inthe flow chart, Fig, 8, Such a struc-
ture would have arisen from an a,a-dibrominatcd ketone,
CCH-CBr,-CO-, It appeared, therefore, that bromination of
(KVIII) procceded to give a mixturc of mono- and di-bromin-
ated ketones, While this was at variance with the failure

of lycopodine (I) to form a benzylidenc derivative, it was
found that a-cyanolycopodine (XVIII) formed a monobenzal
derivative (XXIV), CpuH300Nz, (m.p. 179.5 - 180.5%; I.R.
spectrum in CSp solution - 3050 cm,'l, 3017 cm,-l and 1617

1

cm."l(aromatic); 1690 cm.“l (carbonyl); 2205 cm,™™ (nitrile);

1 (carbonyl);

in Nujol - 1607 cm,"l (cromatic); 1681 cm,”
2205 cm,”% (nitrile)) and the presence of a methylene group
adjocent to the carbonyl was confirmed, This indicated that
this methylene group was in a hinderced position in lycopo-
dine and the hindrance was relieved onlring fission in the

formation of a-cyanolycopodine (XVIII),

Bromination of lycopodine (I) produced monobromo-
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lycopodine (XXXV), CypgH240NBr, (hydrobromide, m.p. 290-295°
(dec,)s pKa 7,30 (50% agueous mecthanol); I,R, spectrum -
1710 em, % (carbonyl), 2500-27C0 cm, ~L(amine salt)), Brom-
ination of the a-des-dihydrolycopodine (XXV) produccd the
monobromo derivative (XXXVI), CqgHogONBr, (hydrobromide, m,p.
275-280° (dec,): pKa 7,20 (50% aqueous methanol); I,R, spec-

1 (ionized salt of

trum - 1713 cm.-l (carbonyl), 1585 cm,”
secondary omine)), Attempted conversion of (XXXV) and (XXXVI)
resultcd in decomposition, As cach gave a Fehling's test,

it was concluded that they were a-bromoketones,

From the pKa's of the bromo compounds (XXXV) and

—
t
B]
A
]
1

XVI), compared with those of the parent bases and dihydro-
bases (I), (VIII), (XXV) and (XXX) (sce above and flow chart,
Fig., 8) the following inferences were drawn: (a) the simil-
arity of the pKa's of lycopodine (I) and of a-des-dihydro-
lycopodine (XXV) suggested that in the ring fission reaction
the relationship of the nitrogen and cafbonyl groups had not
been altered; and, (b) the greatly decreased basicity of the
brominated bases (XXXV) and (XMXVI) implied & rather close
proximity of the nitregen and carbonyl functions in the
molecule,

On the basis of the above revicw a tentative partial
structure for lycopodine (I) has baen incorporaﬁed in the

flow chart, Fig, 8,
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3 Acrifoline (L-27) (cléngogN) L flow chart,
Fig, 9, has been prepared showing sone of the reactions of
acrifeline and the proboble functional groups of this base
and its derivatives, In 1952, Bertho and Stoll (19) repor-
ted the obscence of N-methyl and -OH groups in acrifoline,
The lack of reaction with selcenium dioxide and the absence
of cpoxide formation with peraccetic acid indicated to them
that the base was saturatced. While acrifoline (I) failed to
rcact with CGrignard reagents and 2,k-dinitrophenylhydrazine,
it did ?enct with phenyl lithium to form (II), C22H2g02N,
(m.p. 230—2310j methiodide, 282°). While acrifoline (I)

did not undergo Hofmann cegradation, the mcthiodide of com=-

pound (II) did with the formation of (III), Cp3H310.N, (m.p.
192-193°), Acrifoline (I) failed to recact with benzalde-
hyde in the presence cf sodium ethylate,

In 1956, Perry and HacLean (41) nade a further study
of the nature of the functional groups iﬁ acrifoline (I),
CléHzéozN, (a,p. 99-104°; [a]%9 = -266,2° (¢, 1% chloroform);
pKa 8,34 (50% aqueous methanol)), The infrared specctrum of
acrifoline in Nujol showcd very strong absorption in the
hydroxyl region but very wecak absorption in the carbonyl

region, Another band at 1675 cm."l was assigned by these

workers as indicative of an unsaturated linkage,
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Catalytic reduction of acrifoline (I) over Adams! cat-
alyst at 50 p.s,i, yielded dihydroccrifoline (IV), CqgHp5020,
(m.p, 162,5 - 169,50; I.R. 2bsorption specirum - 3500 cm.“l
(-OH) and 1679 cm.~% (carbonyl); pKa 9.13 (50% aqueous me-
thanol)) snalyzed as its hydrochloride ond hydrobromide salts,
Reduction of dihydroacrifoline (IV) with lithium aluminum
hydride yielded a-dihydroccrifolinol (V), CjgHpv0oN, (m.p.
195.20; I.R, spectrum - strong band at 3300 em, ~1 (-OH),.no
bands attributable to carbonyl or an unsaturated linkage).

Treatment of zcrifoline (I) with lithium aluminum
hydride in boiling tetrahydrofuran convertad (I) to acri-

folinol (VI), C,Hps502M, (m.p. 192°; I,R., spectrum - strong
1

band at 3266 cm."l (-OH) and weak absorwvtion at 1425 cm,”
attributable to unsaturation), When (VI) was treated with
hydrogen over Adams' catalyst it yielded an isqmeric B~
dihydroacrifolinol (VII), GygHprOol, (m.p, 165.5 - 167,5°;
mixed m,p, with (V) depresscd 400; I.R, spcctrum - strong
band at 3290 cm."l (-OH), spectrum almost identical with (v)).
Perry and MacLean concluded that (V) and (VII) were sterco-
isomers with the isomerism being either about the newly-

formed hydroxyl group, or, about the centers of the original

‘double-bond in acrifolinc (I).

Acrifoline was inert to attempted dehydration with

boiling hydrochloric acid or phosphorus oxychloricde, Treat-




-92-

ment of (I) with acetic anhydride yielded a monoacctate (VIII)
018H2503N, (m,p, 119-120°; I,R, spectrum - no hydroxyl but
two new bands at 1740 cm, ™  and 1230 cm.-l, attributable to
acetoxy group, and a band at 1715 cm.‘l(carbonyl group) ).
in admixturc with a sample of alkaloid L-12, there was no
depression in mclting point, Alsc, the infrared spectra of
compound (VIII) and L-12 were superimposable, Therefore,
O-acetylacrifoline and alkaloid L-12 were the same alkaloid,
Alkaline hydrolysis of (VIII) gave back the original free
base (I).

These authors pointed out that the increase in basic
strength on reduction of acrifoline (I), with pKa 8,34, to

dihydroacrifoline (IV), with pKa 9,13, was consistent with

an allylamine structure for acrifoline,
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4 Obscurines

a-Obscurine (017H260N2) Moore and Marion (17), in 1953, re-

rorted the separation of a- and p- obscurines from fobscurine®
by chromatography on alumina, From a number of analyses of
the bases and their picrates the following formulae were pro-
posed as being the most probable:

a-obscurine - CqnHpgON5 (m,p, 283-224° (dec,))

B-obscurine - Cy,;Hp, 0N, (m.p, 322-323% (dec.))
The presence of a secondary amino group in a-obscurine was
indicated by an absorption peak at 3411 cm. "L and the pres-
ence of a carbonyl group by a broad band at 1667 cm."l in
the infrared spectrum, The ultraviolet absorption spectrum
of a-obscurine (I) (apzyx 255mn, loge, 3.75) secemed to in-
dicate the presence of a cyclic lactam containing unsatur-
ation,

Dehydrogenation of a-obscurine (I) with palladium char-

coal yvielded 7-methylouinoline (II) and b6-methyl-a-pyridone
(III), CgHOF, (m,p. 153,5%; I.R. spectrum - 3387 cm. ™ (NH),

1 arrd smaller bands

double carbonyl bands at 1662-1651 cm,”
at 1628 and 1613 e, ~t usually attributable to a pyridone
structure; U,V, spectrum - Jpgx, 229mm, log &, 3.87 and
Mpax, 304 mp, log &, 3.33).

It was found that a- and f-obscurines were very similer

not only in their empirical formulae but in their properties,
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Compound (III) and both a-obscurine (I) and B-obscurine pro-
duced an orange-red colcur with aqueous ferric chloride and
coupled with diazotized sulphanilic acid to produce a deep
orange product, An attempt to convert a-obscurine (I) to
B-obscurine by bromination of (I) followed by dehydrobrom-

ination altered (I) but did not form B-obscurine,

B-Obscurine (017H240N2) Moore and Marion (17) reported that

the infrared absorption spectrum of p-obscurine containecd an
absorption peak at 3385 cm.'l, indicative of a secondary
amino group and a strong double peak at 1659-1651 cm.-l with
smaller peaks at 1620 cm._l and 1613 cm,_l, suggestive of
an a-pyridoﬁe; The similarity between the absorption peaks
of B-obscurine &and those of 6-methyl-a-pyridone (see a-
obscurine, derivative (III), above) indicated that an a-
pyridone ring must be present in B-obscurine, This was sub-
stantiated by a comparison of the gltraviolet spectrum of
B-obscurine (Amax, 232 mu, log &, 3,78Iand MNnax, 315mu,
log &, 3.89) and that of 6—methyl—a-ﬁyridone.

The partial structures of the obscurines are illustra-

tec in Fig, 10,
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5 Annotine (L-11) (016H2105N) A flow chart,
Fig, 11, has been prepared showing some of the rcactions of
annotine and the possible functional groups of this base and
its derivatives,

Bertho and Stoll (19), in 1952, reported the absence of
N-methyl, O-methyl and -OH groups in aunotine, These authors
assigned the formula, CléHZ;Oth to annotine which was later
shown by Achmatowicz and Rodewald (20) to be identical with
alkaloid .L-11, Annotine (I) was found by Bertho and Stoll
(19) to react with phenyl lithium to form the phenyl lith-
ium derivative (II) (m,p. 215-2160), the formula for which
was complicated by the lack of knowledge of the correct for-
mula for annotine, Treatment of annotine (I) with lithium
aluminum hydride in an ether solution yiclded the compound
(I11), CléHzéOSN, (m,p. 162-163°), Here again the inter-
pretation of this recction was complicaﬁed by the lack of
knowledge of the correct formula, It Qas reported that
annotine (I) failed to react with benzaldehyde in the pres-
ence of sodium ethylate, with hydrogen, with selenium diox-

ide or with hydrazine, Attempted Hofmann degradation of the

.methiodidé of annotine produced no satisfactory results as

did the attempted von Braun bromocyanogen reaction,

In 1956, Perry and MacLean (41) made a further study
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of thé nature of the functional groups of annotine (I),
016H21O§N, (m.p. 174-176°3 pKa 7,50 (50% aqueous methanol);
[a]%9= -114,5° (c, 1% chloroform); I.R, spectrum - in Mujol
shows weak absorption at 3300 em,-1 (-OH) and strong band at
1712 cm, -1 in the carbonyl region, - in CSp solution shows
strong absorption at 3550 cm,‘l. - in chloroform solution
shows strong absorption at 1720-1730 cm.'l (carbonyl) and

at 1644 cm,~t (unsaturation)),

Attempts by Perry and MacLean to reduce annotine (1)
with lithium aluminum hydride did not result in the formation
of (III) reported by Bertho and Stoll (19)., However, treat-
ment of (I) with sodium borohydride in alcohol yielded anno-
tinol (IV), CléHzéO;N, Th%s base (IV) was crystallized as
C16H230N+ 202H50H, (m,p, 131.5 - 132,5°; I.R, spectrum -
broad band at 3550 cm,™ (-OH) and weak bands at 1650 em, -1
and 1403 cm."l (unsaturation); in carbon disulphide sol-
ution, two bands in the hydroxyl region at 3510 cm.‘l (str.)
and 3380 cm."l (broad) and a band at 3022 cm, -1 attributed
to unsaturation, (No carbonyl absorption was present., )),

Catalytic reduction of annotinol (IV) yielded dihydroanno-

tinol (V), CpgHps03N, (m.p. 185,893 I,R,spectrum in CSjp

- solution - strong band at 3500 cm."l (~-OH) and a broad band

at 3290 cm,~1),

Annotine (I) absorbed one mole of hydrogen at 50 p,s.i.
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over Adams! catalyst producing dihydroannotine (VI),
CléligéOéN, (m,p, 201,5 - 202,5°; pKa 8,61 (mcthanol);
I.R, spectrum - strong band at 3200 cm,~+ (-OH) and at 1728
cm.‘l (carbonyl) but no bands attributable to unsaturation),
Perry and MacLean confirmed the presence of a single
carbonyl group in annotine (I) by its reaction with a single
mole of phenyl lithium, producing phenylannotine (1I1),
ngngoéN, (m,p, 214°3 I.R, spectrum - no bands in the
carbonyl region, strong band at 3470 em, -1 (-OH), weak band
at 1640 cm,~l (non-benzenoid unsaturation) and‘strong bands
in the 600-1200 cm, =+ region (benzenc ring)). These workers
also demonstrated the prusence of a single hydroxyl function
in annotine (I) by its conversion with acetic anhydride to
the monoacetate, O-2cetylannotine (VII), ClgHzéohN, (m,p.

180,7 - 182,20; I,R, spcctrum - strong bands at 1732 em, =L

and at 1250 cm, > (acetoxy group), a band at 1715 cm, -1
(carbonyl group) but no bands attributable to a hydroxyl),
Alkaline hydrolysis of (VII) yielded annotine (I),

As two of the oxygens present in annotine (I) were
accounted for as being present in a single carbonyl and a

single hydroxyl group, the third oxygen was apparcntly pres-

" ent as an cther, This ether, unlike the ether in annotinine,

was found to be inert, Treatment of annotine (I) with boil-

ing hydrochloric acid did not form a chlorohydrin but instead
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formed an isomeric compound (VIII), Cl6HZlO;N, isolated as

its hydrochloride (m,p, greater than 300°; I,R, spectrum -

strong band at 3220 cm,‘l (-OH), a strong band at 1740 cm.'l

with a shoulder at 1695 cm,™% (carbonyl) and a weak absorp-
tion at 1420 cm."l (probably unsaturation)), While the na-
ture of this isomerization rcaction could not be determined,
these workers tentatively assumed that the ether ring present
in annotine was larger than 3-membered,

Additionally, the increase in basic strength on the
reduction of annotine (I), with pKa 7.5, to dihydroannotine
(VI), with pKa 8,61, was, as in the case of acrifoline,

consistent with an allylamine structure,

g el
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8, EXPERIMENTAL

The alkaloid mixture used in the experiments reported
hereunder was thc very viscous, reddish-brown mother-liquors
remaining from the crystallization of annotinine from the

erude alkaloid™ of Lycopodium annotinum L,

(a) Paper Chromatography

Paper chromatography was first examined as o means
of analyzing mixtures of alkaloids in order to establish a
method for following the extent of separation 5f alkaloids
effected by other means of separation,

1) Preliminary tests

(i) Buffering the filter paper- Preliminary tests

were run using Whatman No, 1 and No, 3 chromatographic paper
(18 1/4 in, x 22 1/2 in,) which had been buffered at seven
different pH values, ranging from pH2 to pH8, Papers buf-
fered at various pH values were used becausc of the influence
of pH on the Rf values of alkaloids, as reported by Brindle,
Carless and Woodhead {64) in the case of Solanaceous alkal-
oids,

Buffers at the various pH's were prepared from 0,2 M

‘NagHPO, and 0,1 M citric acid using a Beckman Model H2 pH

meter, Initially, the papers were dipped in the buffer,

blotted to remove the excess buffer and air-dried, Later,
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it was found more convenient to spray the paper wiformly
with buffer and air-dry,

(ii) Application of alkaloids to buffered paper -

After preliminary tests, a uniform arrangement for placement
of the alkaloids on the paper was adopted. Descending chro-
matograms were run along the iengthwise direction of the
paper with the alkaloid spots (eleven per sheect) being loca-
ted three inches from that end of the naper which was to be
“dipped in the solvent,

Tests to determine tiie amount of alkaloid to be applied
were made by applying various concentrations of individual
alkaloids and-mixtures of alkaloids, running the chromatograms
and, after air-drying, "developing® the spots to a red or

1.

rose-red colour with Dragendorff-liunier rcagent (65)., These
tests indicated that approximately 0,020 mg, per individual

alkaloid and 0,500 mg, per mixture of alkaloids gave satis-

factory results, These spots were arplied with a 0,005 ul,

pipette,

(iii) Solvent system and descending dovelopment -

The developing solvent system used in the descending chro-
matograms was n-butanol saturated with water, Initially,
the suspended papers in the #Chromatocab® were equilibrated

in an atmosphere oi watsr saturated with butanol for periods
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ranging from one to six hours prior to the addition of the
developing organic phase, As the duration of the Wequilibra-~
tion? period was found to have little or no effect, these
periods were discontinued, Chromatograms which were run on
No,1l Whatman paper for 17 1/2 hours had a solvent front lo-
cated approximately 42 cm, from the starting point of the
alkaloids, After air-drying, the chromatograms were sprayed
with Dragendorff-Munier reagent, as indicated above, The
geneal effect of pH on the Rf value of individual alkaloids
is illustrated in Fig, 1R2A,

(iv) Two-dimensional paper chromatograms - Two-

dimensional péper chromatograms of the alkaloid mixture were
run on both No.,l and lo,3 Uhatman papers (18 1/4% x 22 1/2i),
buffered at pH 5.85 using both the ascending and descending
techniques, The development was carried out in one direction
with n-butanol saturated with water, After air-drying, de-
velopment with methyl ethyl ketone, saturated with watecr,
was carried out at right angles to the initial direction of
development,

As illustrated in Fig., 12B, two-dimensional development
was successiul in tiis instancelin resolving the alkaloid
mixture -into fourteen or fifteen areas, The chromatogran

illustrated was run using the descending technique on No.3

B e sttt o]
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Whatman paper, buffercd at pH 5,85, Development in one direc-
tion with n-butanol was continued for seven hours, the sol-
vent front reaching a distance of 36 cm, from the starting
point, Development in the direction at right-angles to the
first with methyl ethyl ketone was continucd for a period of
two hours, the solvent front reaching a distance of 47 cm,
from the starting point,

(v) Tests for reproducibility of Rf values - After

running approximately cighty descending paper chromatograms,
it was found that the Rf values of the individual alkaloids
were subject to considerable variations, This sensitivity
of Rf values to many extraneous variables was well reported
in the literature (66)(67)(68), Variations werc noted even
when individuol alkaloids were run concurrently on different
sheets in the same 'Chromatocab% under similar conditions,
Thinking that perhaps variation in the paper itself

and in the troatment of same might be the cause of the var-
iability of Rf values, a rather detoiled study was made of
factors such as the effect of the;

1 direction of fibres in the paper;

2 smooth and rough sides of the paper;

3 vgriations in thickness of the paper within

the one grade;

4 methods of buffering (i,e., dipping and rolling
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as opposed to spraying);
5 distance of the solvent from the starting point;
6 time for equilibration before running; and,
7 placement of sheets in the Chromatocab™,

While no direct corrclation was obszrved between any
of the above factors and the variation in Rf values, the pre-
varation and running of subsequent chromatograms were stan-
dardized as much as possible bearing the above factors in
mind, As the time for fequilibration® had no obvious effect,
the subsequent chiromatograns were not tequilibrated® before
running, Where possible, reference standardsiwere run on

the same sheet.

2) Known Lycopodium alkaloids - Rf values - After the

above preliminary tests, descending paper chromatograms viere
run using a n-vutanol/wat:r solvent system on Whatuan No,l
chromatographic paper (18 1/47 x 22 1/2%) buffered at pH3.0,
4.0, 5.0, 6,0 and 7.0, The alkaloids used were annotinine,
lycopodine, P-obscurine, a-obscurine (pH3 and pHb, only),
annotine (alkaloid L-11), O-acetylacrifolinc (alkaloid L-12)
and acrifoline, Thesc ci romatograms were run for 17 1/2
hours and, aftcr air-drying, the alkaloids were made visible
by spraying with the Dragendorff-Munier reagent. The Rf

values obtained were recorded in the appropriate sections of
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Table No,l, above, The Rf values of these alkaloids were
plotted againgt the pH values »f the buffered papers (see
Fig.13) (Note: Rf valucs for lycodine, determined later, were
also plotted in Fig,13), It was observed from this plot that
the optimum pH for the separation of a mixturc of these al-
kaloids was approximately pH6, As might be anticipated,
annotoxine, the molecular complex of annotine and acrifoline,
gave two spots with Rf values corresponding to those of anno-

tine and acrifoline,

(b) Ion-exchange Column Chromatography

1) Large scale run using Dowex 50-X12 resin -~ A

complete run was made with Dowex 50-X12 (200-400 mesh), a

sulfonic acid cation exchange resin of low porosity. A

column of one-inch diameter, containing'l53 g, of resin,
was followeq in series by a smaller cdlumn (50 ml, burette)
containing 33 g. of resin, as recommended by Brimley and
Barrett (69),

The columns were regenerated by elution with 1,625 1,

of 10% HGl followed by washing with 1,445 1, of distilled

water until the eluant was neutral to litmus, The water was

then replaced with 50% aqueous methanol, Six grams of "crude

alkaloid", dissolved in 60 ml, of 50% aqueous methanol were
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added to the column, Elution was effected with 2 0,2 N
solution of sodium hydroxide, The flow through the column
was very slow (ca 13 ml, per hour, under pressure)., The
entire run occupied a period of more than two weeks, running
almost continuously, As the alkaloid material commenced to
appear in the eluant, 168 fractions were collected using an
interval fraction collector (Misco Interval Timer No,651 and
Fraction Collector No,650),

Descending paper chromatcgrams were run on a represen-
tative number of these fractions, using No.l Whatman chroma-
tographic paper buffered at pH 5,85, The chromatograms in-

dicated that no separation of the alkaloids had been effected

by the ion-exchange columns,

2) Small scale runs using Dowex 50-X12 resin - Prior

to packing the columns, the Dowex 50-X12 resin was cycled
with 2 N sodium hydroxide and 2 N hydrochloric acid, Dis-
tilled water used in washing and other operations was de=-
gassed under vacuum to avoid the evolution of gas during the
change from water to 50% aqueous methancl in the packed col-
unn,

The cycled resin (approx. 4 g,) was pgcked into a five
ml, graduated pipette and regenerated with 35 ml, of 10% HCL,

The columns were washed with distilled water until the zluant
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was neutral to litmus, A volume (25 ml,) of 50% aqueous
methanol was then passed through the column,

Two columns were prepared as above and, after the ad-
dition of the “crude alkaloid", elution was effected with 0.04
N sodium hydroxide in ome of t.e columns and 0.2 N NaOH in
the other., Paper chromatography of the eluted fractions in-

dicated that the alkaloid mixture had not becn separated,

3) Qualitative comrarison of Dowex 50-%12 and Dowes 50~

XL resins - The Dowex 50-X12, a sulfonic acid type resin with
12% cross-linkage vhich had besn used in the previous runs
was compared with the DoweX 50-X4 resin, the same type of
resin but with 4% cross-linkage, Both resins were rated with
a capacity of 5%0,3 meq, per dry gram, This simple quali-
tative experiment consisted of dividing equally between Two
L00-ml, beakers a solution of the Wcrude alkaloid™ mixture

in 50% aqueous methanol, Both cross-linkage types of the
jon-exchange resins had be:in cycled previously with 2 M NaOH
and 2 N HC1l and washed thoroughly with distilled water while
in the hydrogun form, Approximately equivalent amounts of
-Xl and -¥X12 resins were added to the respective beakers con-
taining the solution of alkaloids. Prior to the addition of
the resin and after each equivalent addition of resins to the
solutions, thé pH values of the solution of alkaloids was

read, using a Beckman pH meter,
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At the start, prior to the addition of the resins, both

P
PN A

solutions were recorded at pH9.,8. After five additi.ns of

-

the -X4 resin, the pH value of the solution was pH5.2; where-
as, after five similar additions of the -X12 resin, the pH
value of the solution was pH9,2, Even aftcr a final large
addition of -X12 resin, the pH value dropped to only pH9,1;
however, after the addition of a small amount of -X4 resin
to this latter solution, the pH value was lowered signif-

icantly,

4) Small and moderate scale runs with Dowex 50-X4 resin -

A series of runs using 5 ml, graduated pipettes and 50 ml,
burettes as columns packed with -X4 resin were carried out,

A variety of conditions were used -- varying the solvent
composition from 50% aqueous methanol to 95% aqueous methanol
and the eluting solutions from 0,3 N to 0,037 N NaOH, In all
cases marked contraction of the resin occurred during the
elution with NaOH resulting in serious channcling, Paper

chromatography of the fractions showed in some runs a slight

tendency to separate the alkaloids, 1In general, however,

i results were unsatisfactory,

5) "Rubber;tubing" column with Dowex 50-X4 resin -

i

2

;

" In an effort to counteract the effect of marked contraction
- ﬁ .

during the elution process, a column was prepared from a
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length-of firm but elastic rubber tubing with a 1 cm, inter-
nal diameter. A tube with a sintered glass basc was placed
in one end of the rubber tubing and wired into position,
The column was then packzd with Dowex 50-X4 resin in tiwe
Wcontracted® (i,e, sodium) phase, Anothcr sintered glass
exit tube was placed in the other end of the rubber tubing
with the sintered glass resting against the top of the resin
column, The sintered g.ass tubes at either end were then
fixed in position with the packed 9 cm, rubber column stret-
ched between, The resin column was then regenerated with 2N
HCl, During the regcneration to the hydrogen phase, the
rubber tubing expanded radially as the HCl passed down the
column, After regencration, the column was washed with 80%
aqueous methanol, all solutions uszd in the column having
been de-gassed under vacuum prior to use,

The ‘'crude alkaloid® mixture (0,55 g.) was dissolved
in 80% aqueous methanol, Elution was effected with 0,075 N
NaOH, The rate of flow was arproximately 38 ml, per hour,
After 283 ml, of eluant had passed through the column, the
alkaloid material com:enced coming from the column, Paper
chromatography of the fractions collected indicated that

no separation had taken place,
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(c) Partition Column Cihromatography

1) Preliminary runs with buffered Celite column - A

partition chromatographic technique, as reported by Neish
(70) and by Lemieux and Charanduk (71), was applied using
acid-washed Celite No, 535, dried at SOOO. The technique was
modified to meet the requirements of the present problem by
buffering the Celite column,

A phosphate-citrate buffer of pH5,65 was prepared, as
for the paper chromatography, above, This buffer (500 ml,)
was equilibrated with n-butanol (1500 ml,). A glass column,
55 cm, in length and with a 26 mm, intcrnal diameter, was
used with a cotfon plug at the bottom of the column, A 3 g,
portion of dry Ceclite was first placed in the column, occu-
pying 16 cm, in column height after it was packed dovm with
a cork plunger, This was followed by a filter-paper disc
slightly larger than the inner diameter of the tube, The
buffercd Celite portion was prepared by thoroughly mixing in
a beaker 25 g, of dry Celite with 25 mi. of the aqueous buf-
fer phase which had been couilibrated with n-butanol. The
puffered Celite was then nade into a slurry by the addition
of the n-butanol phase and added to the column, Using a

mercury-pressure flask, n-butanol was forced through the

column, packing the buffered Celite column, Final uniform

packing was accomplished by the use of the cork plunger
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providing 17,1 cm, of column height for the buffered Celite
portion, Another paper disc was added, followed by the
addition of 1 g, of dry Celite with which the crude alkaloid
mixture (155 mg?), dissclved in 1 cc, of n-butanol, had been
uniformly mixed, After packing, this alkaloid-impregnated
portion occupied 6 mm, of column height, A final filter-
paper disc was added to the top of the column, Care was
taken throughout the packing that no portion of the column
ran dry, The moving n-butqnol phase was added to the top
of the column, as required,

After allowing 80 ml, of liquid to pass through the
column, sixty-six 10-ml, fractions were collected, Paper
chromatography of these fractions, together with those from
a second preliminary run indicated that some separation of

the alkaloid mixture had taken place,

2) Series of runs with Celite columns buffered at

pH5.65. - The technique used in the preliminary Celitc col-
umns was repeated in a run using 177 mg, of crude alkaloid
mixture, The samc type of column was used as previously

described; however, a more firmly packed column was used

with the 3 g, dry Celite occupying 15 mm, of column height,

the 25 g, of buffered (pH5,65) Celite occupying 13,5 cm, and

the 1 g, alkaloid-bearing Celite occupying 2mm, in height,
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Thirty 10ml, fractions were collected, Fraction 31 consisted
of 64 ml, of n-butanol phase, followed by fraction 32, con-
sisting of 64 ml, of aqueous phase passed through the column,

Paper chromatograms buffered at pH5,65 and using n-
butanol, as in the column, were run on alternate fractions,
The extent of the separation is shown by plotting the Rf
values, as determined from the paper chromatograms, against
the volume of effluent which had passed through the column
(see Fig, 14), The fractions were divided into four groups,
A, B, C and D, as indicated on Fig, 14,

To obtaiﬁ a more quantitative separation, nine runs,
duplicating the above conditions and using 150-200 mg, of
crude alkaloid mixture for each run, were ecarried out, In
each case, the first 60 ml., of effluent, containing no alka-
loid, was discarded, Group A fraction consisted of the next
50 ml,, group B, the next 80 ml,, group C following with 110
ml, and group D the final 150 ml, of both the n-butanol and
aqueous phases passed through the column,

Paper chromatography of the four groups using buffers
of various pH values indicated that the alkaloid components
_of group'A were separated more completely on paper buffered

at pH3.3,
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3) Partition chromatography of group A fraction using

a Celite column buffered at pH3,28 - A Celite column prepared

in the manner described above was prepared using a glass col-
umn of 4 cm, internal diometer, The bottom portion consisted
of 9 g, of dry Celite occupying 2 cm, of column height, The
pbuffered partim consisted of 75 g, of Celite thoroughly
mixed with 75 ml, of buffer of pH3,28, previously equilibra-
ted with n-butanol, and occupied 22 cm, in column height,
The top portion consisted of 3 g. of Celite uniformly impreg-
nated with the’group A fraction from the previous series of
runs at pH5,65,

N-butanol (600 ml,) which had been previously equili-
brated with buffer of pH3,28 (200 ml,) was passed through
the column, Forty 10 ml, fractions were collected initially
and were numbered A-1 to A-40, inclusive. Fraction A;hl con-
sisted of the next 200 ml, of n-butanol combined with 200 ml,
of water passed through the column, The water phase of frac-
tion A-41 was extracted with chloroform, When the chloroform
extractions were taken to dryness under vacuum at low tem-
perature, the residue crystallized readily. This material
was identified as annotinine by melting point and paper
chromatographj.

The fractions A-19 to A-42, inclusivec, were taken down

to dryness and then dissolved in a small amount of methanol,




~113-

Paper chromatograms, with paper buffored at pH3.3, were run
on these fractions, he chromatograns disclosed that, within

the fractions A-19 to A4-38, each fraction consisted of two or

three alkaloid components,

4) Ultraviolet absorption snectra of fractions from

Celite columns - Using a Beckman DK-2 spectrophotometer, the

ultraviolet absorption spectra of the fractions of group A
were recorded with those of the gross fractions, groups B,

C and D, The spcctrum of fraction A-36, from the previous
Celite run, disclosed a very marked absorbance in the region
263 to 275 mu, characteristic of pyridine-like structures
and unlike any spectra of Lycopodium alkaloids previously

isolated,

A paper chromatogram, buffered at pH2,28, containing
two separate applications of fraction A-36, was run using n-
butanol/water developuent, After running and air-drying,
the two "runs% wore separated and the one portion was made
visible by spraying with Dragendorff-Munier reagent. Three
well separated areas appzarcd, Visual examination of the

unsprayed portion of the chromatogram with a portable ultra-

violet (Mineralight) source in a darkened room, disclosed
that the spot with the lowest Rf value absorbed ultraviolet
light and appeared as a dark area, This unsprayed spot was

cut out of tre paper and eluted with water, The ultraviolet
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abscrption spectrum of the eluted solution disclosed a marked
absorbance at 268,2 mn with o shoulder at 275.7mn, On addi-
tion of acid, the absorbance shifted to 272 mp without the
appearance of the shoulder,

Steam-distillation of a small portion of the original
crude alkaloid mixture, followed by ultraviolet absorption
spectroscopy of the distillate disclosed that the pyridine-
like alkaloid was steam-distillable, Many of the other al-
kaloids of the crude mixture, however, were alsc found to

be steam-distillable -- as was shown by paper chromatography

of the distillates,

(d) Countercurrent Distribution Method

1) Preliminary tests -

(i) Determination of apparent partition coefficients

1 Lycopodine - between chloroform/buffer pHb6 -

Lycopodine (12,8 mg,) was dissolved in chloroform (10 ml,)
and mixed in a separatory funnel with buffer pH6 (10 ml, ),
The chloroform and buffer pH6 had been previously equilibra-
ted, After mixing and equilibrating,the chloroform phase
was evéporated to dryness, taken up in methanol and diluted
to make 50% aqueous methanol, Microtitration of the lyco-
podine in the 50% aqueous methanol was carried out using

0.5018 N HCl, The apparatus used in the titration was a
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small, three-necked; pear-shaped flask, o Beckman pH mcter
using a calomel--glass electrode arrangement, a microbur-
ette and a stream of nitrogen bubbling through the solution
for uniform stirring, The lycopodine in the chloroform phase
required 0,066 ml, of 0,5018 N HCl, The amount in the buffer
phase, determined by difference, would be 0,049 ml, of the
HCl, The apparent distribution coefficient!

Lycopodine in chloroform phase 0,066

k! = 103

Lycopodine in buffer (pH6) phase 0,049

2 Annotinine - between chloroform/buffer pH5 -

Using 11.2 mg, of annctinine and following the same procedure
as above, the apparent distributicn coefficient (k?) of anno-

tinine was found to be 3,8 at pHS5,

2) Countercurrent distribution and partition chroma-

tography sequence

(1) Countercurrent distribution between chloroform

and buffer pH5,2 - The annotinine mother-liquors

received from N,R,C, were trecated with 1 N HC1l and shaken in
an agitator to put into solution, The solutions were filtered
through a Buchner funnel containing some Celite, made alka-
line to pH10 with ammonium hydroxide and extracted with ether
(4L 1. - total extract), On taking this ether extract down

to approximately one liter some annotinine crystallized out.

The alkaline aqueous solution from the ether extractions were
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then extracted with chloroform, The combined ether and chlor-
oform extrazcts were evaporated to 68 g, of heavy viscous al-
kaloid mixture,

The countercurrent scheme cf Bush and Densen (72), as
diagrammed in Fig, 15, was carried out using 2-liter separ-
atory funnels partitioning the 68 g, of alkaloid mixture be-
tween chloroform (500 ml,) and concentrated citrate-phosphate
buffer pH5,2 (500 ml,). At each transfer, the pH of the buf-

fer was checked and corrected to pH5.2, where necessary,

1 Chloroform fractions - The chloroform fractiocns
Cl, C2 and C3 (see Fig, 15) were combined and extracted with
four 500 ml, portions of 0,1 N citric acid, The citric acid
extracts were then made alkaline with ammonium hydroxide,
extracted with chloroform and the chloroform extracts taken
to dryness, The remaining recsidue was dissolved in methanol
from which approximately 4 g, »f annotinine was crystallized,

2 Buffer fractions - The buffer fractions, Bl,

B2, and B3 (see Fig, 15) were examined only in a cursory
fashion, These aqueous solutions were made alkaline with
ammonium hydroxide and extracted with three 500 ml, portions
of chloroform, The extracts were evaporated under vacuum
to a heavy viscous material, the apparent distribution coef-
ficient (k') of which was 1.1 between benzene and buffer pH
6,2, This material was dissolved in acetone and sct aside

for some time in the cold to crystallize out annotoxine,
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however, results were negative in this regard, Hydrobromic
acid was added to the acetone solution, .On standing, white
acrifoline hydrobromide crystallized out, Approximately 2,6
g. of the hydrobromide was obtained from six crystallizations,
The mother-liquors were made alkaline with ammonium

hydroxide and extracted six times with benzene, Examination
of the extracts by ultraviolet spectroscopy did not disclose
the presence of the obscurines which were being sought. Tan-
nins, which, it had been hoped, would be excludec¢ from the
benzene extracts, were present in the extracts, as indicated

by their characteristic ultraviolet absorption around 325 mi

to 330 mn,

3 Central fraction - The aqueous phase of the

central fraction of the countercurrent scheme was made alka-
line with ammonium hydroxide and equilibrated with the chlor-
oform phase, This latter phase was separated and taken down
under vacuum to give the concentrated chloroform solution,
L-38, (see Fig.l5). A few cc.'s of L-38 were taken to dry-
ness and dissolved in methanol for ultraviolet absorption
spectroscopy which disclosed the presence of the new pyridine-
like alkaloid referred to previously, Two-dimensional as-
cending paper chromatcgraphy of this fraction was carried

out using n-butanol/water as the solvent system in one dir-
ecction and methyl ethyl ketone/water in the other, This

chromatogram disclosed that, in addition to the main com-
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ponent, presumably the pyridine-like alkaloid, there wecre
at least five other minor components in the solution, L-38,

(ii) Partition columns of Celite, buffered at pH3,3

with n-butanol (large scale), - Small scale

attempt§ were made to separate out the pyridine-like alkaloid
from L-38 using a Cclite column buffered at pH 5.2 and
chloroform as the developing phase, This was followed by
chromatography of the fraction, rich in the pyridine-like
alkaloid, from the preceding run, through a Celite column
buffered at pH 3,3, with n-butanol as the developing phase,
Ls a result of the foregecing small-scale tests, a large
scale run was carried out using two éolumns, in series. The
first column, 108 em, in length and with a 26 cm, internal
diameter was prepared, as previously described in detail for
Celite columns, This Celite column consisted of 50 g, of
dry Celite at the bottom of the column (4 1/2 cm, in column
height), 825 g..of Celite buffered at pH 3.3 (85 cm, in col-
umn height) and 8 g, of Celite at the‘top of the_column in-
timately mixed with 1,96 g, of the evaporated L-38 solution,
The second Celite column, placed below the larger column was
96 cm, in length with a 6,4 cm, internal diameter., The dry
Celite at the bottom of the smaller column weighed 10 g,
(5 1/2_C@. in -¢>lumn height) and the Celite portion buffered
at pH 3.3 contained 125 g. of Celite (76 1/2 cm, in column

height), The n-butanol and buffer solutions were equili-
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brated before use in the ratio of n-butanol to buffer 3:1,
Some 6,175 liters of n-butanol were passed through the

column at the rate of about 1,7 ml, per hour under a press-

ure of approximately 13 cm, of mercury, Examination of the
fractions by ultraviolet spectroscopy and by paper chroma-
tography indicated that the pyridine-like alkaloid was con-
centrated with one or two other alkaloids in about 1 liter
of effluent, This fraction commenced coming off the column
after approximately 3,5 liters of n-butanol had passed
through the column, After extraction of the fraction with
0.1 N HC1, ﬁhé aqueous extracts were made alkaline to pH 10
with ammonium hydroxide and extracted with ether, After
washing with water and drying over anhydrous sodium sulfate,
the ether extracts were taken to dryness and the residue
dissolved in a small amount of methanol,

This methanol solution was treatéd with an excess of
picric acid in methanol, The mixture.was then concentrated

to some extent by evaporation under vacuum and allowed to

stand, The first two crystallizations yielded ca 300 mg, of
picrate, S-17, m,p, 230-235°(dec.) which was identified by
ultraviolet spectroscopy as that of the pyridine-like alka-~
loid, By successive concentrations of the picrate mother=-
liquors, a fourth crystallization vielded . shiny yellow

platelets of a picrate, $-20, m,p., 240-246°, quite unlike
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S-17 in appearance,

(iii) Electrometric titration of pyridine-like alka-

loid picrate (8-17) - Titration of 11,1 mg,

of the picrate (S-17) with 0,1184 N NaOH in 50% aqueous meth-
anol disclosed the probable presence of two slopes (see Fig.
16) which suggested that the picrate was probably a dipicrate.
The second end-point was not sharply defined, however, prob-
ably due to dilution during titration, Assuming a dipicrate,
this titration indicated the equivalent weight of the free

base (based on the strongly basic nitrogen) to be near 263 g.

(iv) Attempted formation of other crystalline der-

jivatives of pyridine-like alkaloid - Attempts

were made at this stage to crystallize'the pyridine-like alk-
aloid as the free base, without result, Similarly attempts
to form the monopicrate, diperchlorate, dihydrochloride, di-
hydroiodide, di-p-toluene sulfonate, or, the distyphnate in

a crystalline state were unsuccessful,

(v) Characterization of the pyridine-like alkaloid

dipicrate - The dipicrate, S-17, was recrys-

tallized from hot methanol into characteristic radiating

clusters of priéms, m,p. 229-233o (dec.). Heating the re-
crystallized dipicrate in a drying pistol at 100° (water)

under a vacuum of 0.3 to 0,4 mm, Hg and again at 118° (acetic
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acid) for 2 1/4 hours at the same vacuum, did not alter its
weight, There did not appear, therefore, to be any methanol-
of-crystallization present in the dipicrate, Analysis indi-
catéd the probable formula to be Cl7H2hN2-206HéO7N;, as shown
hereunder: Calculated - C,48,74; H,L4,23; N,15,68%

Found - C,48,203 H,4,02; N,15,9l%

- C,48,47; H,4,03; N,15,64%

The spectrophotometric method for the micro-determination of
the molecular weights of picrates, as reported by Qunningham,
Dawson and Spring (73), was applied using 1,648 mg, of piper-
idine picrate (molecular weight 314 g.) and a value of 310 g.
was obtained, representing an error of -1,3%, However, using
this ?echnique for the pyridine-like alkaloid dipicrate
(1.273 mg,), a value of 757 g. was obtained, as compared with
714,6 g, calculated for C17H24N2o206H507N;. Electrometric
titration of the dipicrate, ;eferred to in a previous section,
had given a value of 721,6 g, for the eéuivalent weight

(based on the strongly basic nitrogen),

3) Countercurrent distribution (Craig machine)

Chloroform - Buffér pH6

The distribution of the alkaloid mixture (anno-
tinine mother-liquors from the N,R,C,) between chloroform

and buffer pH6, using a 60-tube Craig countercurrent machine
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(7L) was studied. The original alkaloid mixture was dissolved
in 1 N HC1l, After making the solution alkaline to pH 10 with
ammonium hydroxide, it was extracted three times with chloro-
form, In an attempt to remove tannins from the mixture,
these chloroform solutions were extracted extensively with
1 N NaOH, back-washing the latter with chloroform in each in-
stance, The chloroform solutions were dried over anhydrous
sodium sulphate and then taken to dryness under vacuum at
27° providing 2,6 g, of alkaloid mixture for the counter-
current run, |

The buffer of pH6 was prepared using 1 M KpHPO, and 0,5
M citric acid, The alkaloid mixture, dissolved in 120 ml, of
chloroform, was placed in the initial three tubes (40 ml,
each) of the 60-tube countercurrent machine and partitioned
through 60 transfers between chloroform and buffer pH6 (40
ml, in each phase),

After the transfers had been completed, 20 ml, of 2.1
N NaOH was added to each of the 60 tubes of the Craig ma-
chine and the solutions were mixed, The chloroform solution
(40 ml,) was removed from each tube and placed in a separate
Erlenmeyer flask containing 2 g, of anhydrous sodium sulphate,
"After drying, ecach chloroform solution was evaporated to dry-
ness under reduced pressure and then dissolved in 5 ml, of

methanol,
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Paper chromatograms of the methanol solutions of alka-
loids from alternate tubes of the Craig machine were run us-
ing n-butanol and No,l Whatman paper buffered at pH6, Known
alkaloids wa2re run also on these chromatograms for reference
purposes, A chart, included in Fig, 17, indicating the Rf
values of the alkaloid components of the Craig countercurrent
tubes examined was prepared, This chart indicated the extent
of the distribution achieved by the Craig machine, Prior to
spraying with Dragendorif-Hunier reagent, the chromatograms,
after development with n-butanol and air-drying, were exam-
ined in a darkened room with ultraviolet radiation, Each
series of spots'Which were visible under these conditions
were indicated with the notation "UV? on the chart (sce Fig,
17),

Again using alternate tubes, onc drop of methanol sol-
ution of the alkaloid mixture was diluted to 3 ml, with me-~
thanol, The ultraviolet spectra of these.solutions disclosed
an absorption at 229 mu in tubes 1 to 7,.at 268 mi in tubes
8 to 15 and at 234 mp in tubes 37 to 51, The absorption at
268 mn was that of the pyridine-like alkaloid; however, the
absorptions in the region of 234 mu was not related to any
knovn alkaloid and is the region associated with a,p-unsatur-
ated ketones, TFigure 17, referred to above, also included

a chart showing the distribution of thesc absorptions rel-




12—

ative to the tube numbers of the Craig countercurrent machine,
Infrared spectra of tuBes numbered 17, 23, 34, 37, 40,
LI, L6, 52, 57 and 58 were measured on a Perkin-Elmer single-
beam double-pass instrument using a 1 mm, micro-cell, Carbon
tetrachloride solutions were prepared by evaporating 2 ml,
of the mcthanol solutions obtained from the above tubes to
dryness and dissolving the residue in 0,1 ml, of CCly., The
concentration in the case of tube 48, used as a preliminary
run, was 10,6 mg, per 0,1 ml,, or, ca 10% weight/volume,
The spectra were measured within the region 3606-16&0 cm.'l
and the relative intensities (S - strong; M - medium; W -
weak) of the absorption peaks and their wave-numbers were
plotted against the tube numbers of the Craig machine and
included in Fig., 17, Placing the charts of the infrared,
paper chromatography and ultraviolet data in juxtapostion,
as per Fig., 17, permitted a study of the‘distribution of .

the crude alkaloid mixture effected by ﬁhis method,

(e) Isolation of Lycodine
From the countercurrent distribution experiments with
buffer of pH6é and chloroform, it was observed that most of

the alkaloids have a high partition coefficient (concentra.’

tion in buffer / concentration in chloroform) with this sys-

tem, However; annotinine, lycopodine, O-acetylacrifoline




~125-

(alkalbid L-12) and the new pyridine-like alkaloid, lycodine,
hzve low partition coefficients, Alkaloids with a partition
coefficient close to unity were present to only a minor ex-
tent in the batches of alkaloids used, Annotine (alkaloid
L-11), which has such a partition coefficient (75)(see Table
No., 3) is not present to a significant extent (75) in the
crude mixture which was available to us, On the basis of
the above results, the lycodine was concentrated in several

stages (see Fig, 18).

1) Countercurrent distribution (large scale) - The

mother-liquors'f}bm the crystallization of annotinine (ca

L0 g, of crude alkaloid) were first partitioned by counter-
current distribution between chloroform and concentrated
citrate-phosphate buffer pH6 (600 ml, in each phase), using
six 2 1, separatory funnels, The extraction scheme (sece Fig,
18) used was that of Bush and Densen (72), At each transfer
the pH of the buffer was checked and corrected to pH6 where
necessary, Of the six chloroform phases (C-l1 and C-6) and
the six buffer phases (B-1l to B-6) obtained, the four con-
taining lycodine (C-1 to C-4) (i.e, 94% of lycodine) were
mixed and concentrated for the next step, The remaining
fractions were retained for the separation of other alka-

loids,
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2) Countercurrent distribution (Craig machine) - The

chloroform fractions, C-1 to C-4, (see Fig, 18) concentrated
to 120 ml,, were placed in the initial three tubes (40 ml,
each) of a 60-tube Craig countercurrent machine (74) and par-
titioned through 60 transfers between chloroform and citrate-
phosphate buffer pH5.2 (40 ml, in each phase), Examination
of the fractions by their ultraviolet absorption spectra
disclosed the presence of lycodine in tubes 30 to 40 with

the maximum around tubes 35 and 36, The alkaloids contained
in both phases of these 11 tubes were then isolated in the
usual manner, Paper chromatography of the material by the
descending technique with Whatman No,l paper buffered to

pH 2.5, with n-butanol saturated with water as solvent,
showed the presence of alkaloids in addition to lycodine,

after spraying with the Dragendorff-Municr reagent,

3) Adsorption chromatography on activated alumina -

Using a column of 25 mm, inner diameter, the alkaloid mix-
ture (2.6 g.) from tubes 30 to 40 of the Craig machine was
then chromatographed on activated alumina (37 cm, in column
height) using 6,7 1, of n-pentane/benzene (1:1), followed
by 7.3 1. of benzene, After passing 450 ml, of n-pentane/
.benzene through the column, the first alkaloid eluted was

the known alkaloid, lycopodine, The second alkaloid was
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the new alkaloid, lycodine, which commenced being eluted
after approximately 1,3 1, of n-pentane/benzene (1:1) had
passed through the column, A third alkaloid component, as
yet uncharacterized, followed lycodine from the column upon
elution with benzene, The fractions containing lycodine were
again detected by their ultraviolet absorption spectra and

paper chromatography,

(f) Characterization of Lycodine

As indicated in a previous section, lycodine was iso-
1:ted initially as the dipicrate, m,p, 229-233%(dec.) with
a possible formula, C17H24N2-206H507N3. Lycodine dipicrate
was converted to the base which was vacuum distilled at 100-
110° (air-bath)(0.18 mm, Hg) to give a colourless distillate
which crystallized spontaneocusly, The lycodine so obtained
had a m,p, 118°, [a]g = -1022° (¢, 1,01 in ethanol), Cal-
culated for CjgHp Nps C, 79,64; H, 9.43; N, 10,93; C-le,
5,85%s 1.,W, 256,4, Found; C, 79.50, 79.46; H, 9.44, 9.38;
N, 11.165 C-Me, 3.56%; #.W, (Rast), 246, Titration of ly-
codine (0,01059 g,) in 50% aqueous methanol gave an equilva-

lent weight of 255,8 (based on the strongly basic nitrogen)

- and pKa's 3,97 and 8,08 (see Fig, 16), Titration of fresh-

ly distilled nicotine under the same conditions disclosed

pKa's of 3,35 and 7.70 (see Fig, 16),
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Later, it was found that lycodine could be crystallized
from n-pentane, when seeded, This method was used to crys-
tallize the bace from the alumina fractions, above, purifi-
cation of the alkaloid in a number of instances being effec-
ted by uieans or recrystallizations of lycodine dipicrate,

In 211, about 400 mg, of lycodine was obtained. From the
position of lycodine in the countercurrent distribution men-
tioned above, the distribution coefficient of the alkaloid
in the system chloroform-buffer pH5,2 was calculgted to be
1.4 (concentration in buffer / concentration in chloroform),

The ultraviolet absorption spectra of lycodine (see
Fig, 19) was measured on a Beckman DK-2 spectrophotometer
using a solution of 3,603 mg. of lycodine in 90 ml, of me-
thanol! free base =~ iy, 268,2 mn, log &, 3,728 and Nnax
275.7 m, log &, 3,615; salt - Mo, 272 mp, log &, 3.920,
The infrared spectra of lycodine (see Fig; 20) were measured
on a Perkin-Elmer double-beam spectrometér, model 21B, with
sodium chloride optics, The nuclear magnetic resonance spec-
trum of lycodine (see Fig, 21), as concentrated carbon tetra-
chloride solutions, was recorded (76) with a Varian V-4300
NMR spectrometer, equipped with field stabilizer, at a fixed
frequency of 40 Mc/sec,, with spinning sample tubes, Signal

separations were measured by the side-band technique in the

usual manner,
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(g) Reactions of Lycodine and Related Compounds

1) Acetylation of lycodine - Lycodine (39,5 mg.) was

refluxed in an excess of acetic anhydride under nitrogen for
two hours, The solution was cooled and mgthanol added to
react with the remaining acetic anhydride, After removal of
the methyl acetate by distillation, the residue was acidified
with 5% HCl and washed with ether, The aqueous solution was
then made basic with sodium hydroxide solution and extracted
with ether to obtain the base, N-acetyl lycodine was iso-~
lated as the monopicrate, which crystallized from water as
yellow needles, m,p, 180-182,5° (dec.). Calculated for .
019H260N2-06H507Né: C, 56.92; H, 5,543 N, 13,28%, Found:

C, 56,58; H, 5,39; N, 13,69%, The free base was not obtained
crystalline, The infrared absorption spectrum}(in Nujol) of

l, charac-

N-acetyl lycodine contained a band at 1661 cm,”
teristic of an amide carbonyl, which band was not present

in the spectrum of lycodine, By means of descending paper
chromatography, using Whatman No,l paper buffered at pH3,
and n-butanol sgturated with water as the moving phase,
lycodine (Rf 0,35) was easily distinguished from N-acetyl
lycodine (Rf 0,65), Titration of N-acetyl lycodine mono-
picrate (12 mg,) with 0,1184 N NaOH (see Fig, 16) displayed
the presence of only one basic center (pKa 4,95) as would be

expected after acetylation of the secondary nitrogen,
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"2) Hydrolysis of N-acetyl lycodine - N-acetyl lycodine

obtained from the monopicrate was refluxed in conc, HC1l for

6 hours, After cooling, the solution was rendered basic with
NaOH solution and extracted with ether, The ether extract-
ions were each washed with water and dried over anhydrous
sodium sulphate before being evaporated to dryness, The res-
idue was distilled around 125° (air bath)(0.8 mm, Hg) and the
clear distillate crystallized on standing, These crystals

had a m,p. 118° either alone or mixed with lycodine,

3) Attempted acetylation of B-obscurine - B-obscurine

(ca 1 mg,) was. subjected to the same reaction conditions as
used for the acetylation of lycodine., After removal of the
remaining acetic anhydride, the product gave only one spot
which corresponded to that of B-obscurine when it was paper-
chromatographed, The same result was obtained when Bg-0b-
scurine was treated with acetic anhydride, using anhydrous
sodium acetate as catalyst, for double the length of time,
The neutral fraction of the product did not contain any sub-

stance having an a-pyridone chromophore,

L) Preparation of a-stilbazole from a-picoline (77) -

A mixture of ca 0,1 mole quantities of a-picoline, benzal-
dehyde and acetic anhydride was refluxed in a 100 ml, round=-

bottom flask in an atmosphere of nitrogen for 28 hours, The
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excess a-picoline and acetic anhydride were removed by dis-
tillation, Steam-distillation of the mixture after the ad-
dition of water was carried out to remove much of the ben-
zaldehyde, When poured into cold water, a heavy white pre-
cipitate formed, The prgcipitate was dissolved in 5% HCL
and extracted with ether, As a-stilbazole is a weak base,
a modified countercurrent procedure was carried out on each
ether extraction, using 5% HCl, The acid extracts were made
alkaline with conc., NaOH and again extracted with ether,
After drying over anhydrous sodium sulphate, the ether sol;
utions were takeh’to dryness, The product was twice Crys-
tallized from ethanol, The.ultraviolet absorption spectrum

was measured of the product,

5) Picrate of benzylidene derivative of 5,6,7,8-tetra=

hydroquinoline - After refluxing 5,6,7,8-tetrahydro-

quinoline (0,1078 g,) with excess acetic ‘anhydride and ben-
zaldehyde for 32 hours, the benzylidene derivative was re-
covered using the same procedure as for a;stilbazole, above,
The solution of the free base was converted to 0,058 g. of
crystalline picrate, m.p. lh8-1500, after rccrystallization
from ethanol, Calculated for CqgHysN.CgHzOnN3: N, 12.4k.

Found: N, 12.60, The ultraviolet absorption spectrum of the

free base displayed maxima at 2069,2 mn and 314,2 mp, while
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(see Fig, 22, UV-76),

6) Attempted formation of a benzylidene derivative of

lycodine using acetic anhydride as catalyst -

Lycodine (0,089 g,) was refluxed for 30 hours in an atmos-
phere of nitrogen with an excess of acetic anhydride and
freshly distilled benzaldehyde, Steam-distillation of the
product removed a portion of the remaining benzaldehyde,
Methanol was then added and the mixture distilled to remove
the excess acetic anhydride as low-boiling methyi acetate,
As it was expected that the lycodine would be in the weakly
basic N-acetyl form, modified countercurrent acid;base ex=-
tractions with ether were carried out, as for a;stilbazole,
to isolate the product,

As previous attempts to crystallize the product as
the free base or picrate had failed, the product mixture was
passed through a column of activated alumina (21 cm, in len-
gth, 2" internal diameter) using a mixture of petroleum ether
(30-65°)* benzene in the ratio 1:2, After passing through
5 1, of the mixture, sixty-six 50 ml, fractions were collec-
ted, These fractions were taken to dryness and dissolved
in a methanol-pentane mixture to permit the ﬁeasurement of

their ultraviolet absorption spectra, After a detailed ex-




E TR

-133=

amination of the spectra and paper chromatograms of these
fractions, it was determined that a non-volatile impurity
(0.0009%) in the reagent-grade anhydrous ether, used in the
extractions, had a characteristic absorption in the ultra-
violet which interfered with the measurement of the other
spectra, Only re-distilled anhydrous ether was used for
later extractiocns,

The spectra of the products were also compared with the
spectrum of the amide of cinnamic acid, m.p. 147°, This
amide was prepared by refluxing 1 g, of cinnamic acid with
thionyl chloride for one half hour and pouring the mixture
over cold concentrated NHAOH. After sceparation of the neutral
cinnamamide from the excess acid, the amide was recrystall-

ized from hot water,

7) Attempted formation of a benzylidene derivative of

lvcodine using conc, HCl as a catalyst - Lycodine

(0,0013 g,) was refluxed with 5 ml, conc, HCl and 0,05 ml,
of freshly distilled benzaldehyde in an’ atmosphere of nitro-
gen for 41 hours, After the usual extraction procedures,
examination of the ultraviolet absorption spectra of the pro-

duct indicated that no benzylidene derivative had been formed,
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8) Attcmpted formation of a benzvlidene derivative of

lycodine using zinc chloride as catalyst -

(i) Preliminary run - Lycodine (0,0028 g.) was re-

fluxed with 8 ml, of freshly distilled benzaldehyde and a
small amount of zinc chloride in an atmosphere of nitrogen
for 19 hours, the flask being heated by an oil bath (145°),
The product was recovered by acid-base extractions as out-
lined above. The ultraviolct absorption spectrum (sce Fig.
22, UV-111) of the crude product displayed maxima which cor-
responded roughly with those of the benzylidene derivative
of 5,6,7,8-tetrahydroquinoline (see Fig, 22, UV-76) inclu-
ding the corresponding shift to a longer wavelength maximum
in acid media, Descending paprer chromatograms, using n-
butanol and Whatman No,l paper buffered at pH3, were run on
the product, Several applications of the same product were
run concurrently on the same chromatogram (D-134), those
specimens on the outside edges of the paper being sprayed
with Dragendorff-Munier rezgent to locatc the areas having
the alkaloid, Each of the two developed marginal specimens
displayed three alkaloidal spots in addition to the spot
corresponding to the unreacted lycodine, The unsprayed cen-
tral part of the chromatogram was then cut into areas corre-
sponding to the above four areas (including lycodine), The

location of the areas was also determined by exposing the
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chromatograns to ultraviolet light in a darkened room, These
separated areas were individually extracted with 5% HCl, fil-
tered through Celite and converted to the free base, The
ether extractions of the frec bases were evaporated to dry-
ness and dissolved in methanol, Ultraviolet absorption spec-
tra identified the one spot (lowest Rf value) as lycodine,
The most intense spot, however, displayed maxima (see Fig,
22, UV-112) corresponding to those of the crude product,
above, and those of the benzylidene derivative of 5,6,7,8-
tetrahydroquinoline (see Fig, 22, UV-76), but the longer
wavelength maximum was less sharply defined, ‘ '

(ii) lst- Run - Lycodine dipicrate (0,057 g.) was
converted to the free base, Using an 8 ml, flask immersed
in an oil-bath (130°) and fitted with a reflux condenser,
the lycodine (ca 0,020 g,) was refluxed for 30 hours with
8 ml, of freshly distilled benzaldechyde and a small amount
of zinc chloride as catalyst. The product was recovered by
the usual acid-base extractions as the free base,

1l Celite column buffered at pH3 - lst pass - A

partition column (24 mm, inside diameter) was prepared using
3 g, of dry Celite, at the bottom (2,3 cm, in column height)
followed by 25 g, of Celite thoroughly mixed with 25 ml, of
buffer pH3 (equilibrated with n-butanol), The buffered por-

tion occupied 19,2 cm, in column height. The product (free
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bases) from the reaction was dissolved in 1 ml, of n-butanol,
mixed well with 1 g. Celite and added to the top of the col-
umn, Using n-butanol as the moving phase, forty 10 ml, frac-
tions were collected from the‘column which was eluted at the
rate of 1 ml, per 3,5 minutes, The ultraviolet absorption
spectrum of fraction 5 (see Tig. 22; UV-114(5)) resembled the
benzylidene-type spectrum described above (see Fig., 22, UV=-
76 and UV-111), The spectrum of fraction 7 (see Fig. 22, Uv-
114(7)) was quite different to that of fraction 5, Fractions
9 to 12, inclusive, displayed the characteristic absorption
spectrum of lycodine,

2 Celite column buifered at pH3 - 2nd pass - In

order to collect smaller fractions, the fractions 4 to 8,
inclusive, were combined and, after concentration, were
passed a second time through the above Celite column, On
this run, after collecting 30 ml, of effluent, some sixty-
nine 1 ml, fractions were collected, The benzylidene-type
ultraviolet absorption spectrum appeared. in fractions 17 to
24, inclusive, The spectrum of fraction 7 of the lst Celite
pass ( ref., Fig, 22, UV-114(7)) did not appear in any of the
of the fractions of this 2nd Celite pass, " In its place, fracq
tions 32 to 35 of the 2nd run (i.e, after 62 ml, had passed
through thé column) had ultraviolet absorption spectra as
shown in Fig, 22, UV-122 when run as the free base and in

acid media,
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3 Ultraviolet irradiation of Celite fraction 19 -

Fraction 19 of the Celite column (2nd pass), whose ultravio-
let spectrum as the free base and salt resembled the benzyl-
idene-type spectrum (see Fig, 22, UV-128), was diluted to
approximately 3 1/2 times its original volume and placed as

a shallow layer in a petri dish, Using a portable ultravio-
let source, the solution was irradiated for three hours. The
ultraviolet absorption spectrum of the irradiated solution
(see Fig, 22, UV-128) was comparable to that shown in Fig,
22, UV-112, of the solution extracted from one area of the

paper chromatogram (D-134),

(iii) 2na ﬁﬁn - Lycodine dipicrate (0,059 g.) was
converted to the free base, Using an 8 ml, flask, immersed
in an oil-bath (145°), the lycodine (ca 0,020 g,) was re-
fluxed for 4O hours with 5 ml, of freshly distilled bepzal-
dehyde and a small amount of zinc chloride as catalyst. The
product was recovered by the usual acid-base extractions as

the free base,

1l Celite column buffered at pH3 - A partition

column was prepared as in the first run, Using n-butanol

as the moving phase, thirty-seven ml, was passed through the
colgmn prior to the collection of fifty-nine 2 ml, fractions.
Elution was at the rate of 1 ml, per 3,5 minutes, Ultravio-

let absorption spectra of the fractions disclosed two main
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types of spectra in addition to the characteristic spectrum
of the starting material (lycodine)., Fractions 13 to 16,
inclusive, (i.e. 41 ml, to 49 ml, from the start of elution)
displayed the characteristic benzylidene-type spectrum (see
Fig, 22, UV-140), Fractions 22 to 26, inclusive, (i.e. 59
@wl, to 69 ml, from the start of elution) displayed the ultra-
violet absorption spectrum as shown in Fig, 22, (UV-142).
Fractions 32 to 50 displayed the spectrum of lycodine (see
Fig, 22, UV-143), As the "holdup™ of the Celite column was
determined to be ca 40 ml,, the benzylidene-type material

apparently travelled along with the solvent front,

2 Attempted isolation of benzylidene derivative -

Fractions 13 to 16 were combined and extracted several times
with 5% HC1l solutions each of which were in turn washed with
ether. The acid extractions were then made alkaline with
50% NaOH solution and extracted a number of times with ether,
Each ether extraction, after it was washed with water, was
dried over anhydrous sodium sulphate and then taken to dry-
ness,

The free base was taken up in a small amount of ether
and transferred to a small distilling bulb prepared from 5
mm, glass tubing, Aafter evaporating the echer, the residue
in the bulb was vacuum distilled at 140-150° (air-bath)(0,5
mm, Hg), The distillate was fractionated, in a rough way,

by recovering the distillate in different areas of the
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condensing portion of the tubing, The ultraviolet absorption
spectra.indicated the distillate to be relatively homogeneous,
The s»ectrum itself was that of a benzylidene-type spectrum,
is the distillate did not crystallize spontaneously,
attempts were wade to crystallize it from various solvents
and solvent combinations, such as n-pentane, pentane-ether,
pentane-benzene, hexane-benzene, benzene, toluene and toluene

-pentane, without success,

(iv) 3rd Run (sealed tube) - Lycodine (0,019 g,)

was placed in a length of glass tubing (5 mm, bore) sealed
at one end., After the addition of 0.1 ml, of freéhly dis-
tilled benzaldehyde and a small amount of zinc chloride, the
mixture was frozen in the closed end of the tubing by immer-
sing it in liouid nitrogen, While frozen, the tube was
evacuated to 0,6 mm, Hg and sealed off while under vacuum,
Tre tube was placed in an oven maintained at 140° for four

hours and at 162° for forty-four hours,

The product, which was dark and tar-like in appearanée,
was removed from the tube using hot 5% HCLl and ether, in
which solvents the material was only sparingly soluble, The
remaining residue in the tube was readily removed with chlor-
oform, After removal of the chloroform, the HCl solutions
wers washed several times with ether, each ether extraction

being washed in turn with 5% HCl, The material was converted
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to the free base and the ether extractions of the free base
were taken to dryness,

The free base was passed through a Celite column, pre-
pared as in the previous runs and buffered at pH3, Ultra-
violet absorption spectra of the fractions indicated the
presence of mainly one product (see Fig, 22, UV-147). This
product commenced being eluted after 42 ml, of n-butanol had

passed through the column,

(h) Nuclear Magnetic Resonance Spectrum of 5,6,7,8-tetra-

hydroouinoline (free base)

The 5,6,7,8-tetrahydroquinoline hydrochloride (0,2567
g.) was dissolvéd in water, made alkaline with 5% NaOH and
extracted five times with ether, The ether extractions,
after washing with water and drying over anhydrous sodium
sulphate, were taken to dryness, The free base (0,1785 g.)
was dissolved in ether and placed in a small distilling bulb,
After evaporation of the ether, the free base was vacuum dis-
tilled at 100° (air-bath)(2-3 mm, Hg) as a very clear liquid,
The NMR spectrum of the free base was recorded with a Varian
V-4300 KHMR spectrometer, equipped with field stabilizer, at
a fixed frequency of 40 Mc/sec., with spinning sample tubes,
Signal separations were measured by the side-band technique

in the usual manner,
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9, DISCUSSION OF RESULTS

(a) Paper Chromatography

The paper chromatography of mixtures of strongly basic
Solonaceous alkaloids and Ergot alkaloids using papers im-
pregnated with buffers of various pH values has been studied,
from an analytical viewpoint, by Brindle, Carless and Wood-
head (64), Of the solvents used, these authors found that
only ether and butanol gave reasonable spots (i.e. with lit-
tle or no "tailing?), Schmall, Wollish and Shafer (78) have
also reported the chromatography of organic bases on multi-

buffered paper, These workers utilized a filter paper strip

impregnated in individually marked zones with various buffers

in sequence of decreasing pH, The mixture of organic bases
was chromatographed on such a strip using a single solvent
in the presence of water vapour, the bases tending to form
salts at zones, depending upon their pK values,

Descending paper chromatograms, using papers buifered
at various pH values in the manner of Brindle, et al (64)

and the solvert system, n-butanol/water, were run of known

alkaloids of Lycopodium annotinum L, The results of these

runs (sce Fig, 13) indicated that satisfactory separations
of most of the known alkaloids of this plant could be effec~
ted by the use of paper buffered at pH6, This technique was

adopted to follow the extent of separation accomplished by

!
{
{




R S

~142-

more quantitative means of separation, Identifications of
known alkaloids separated were made by running reference stan-
dards of these alkaloids on the same chromatograms, or by
using instrumental methods in conjunction with paper chroma-
tography in the manner of Pozdera and co-workers (79).

Tt will be noted from Fig, 13 that the alkaloids B-
obscurine and O-acetylacrifoline (alkaloid L-12) were not
separated at any of the pH values used, It was of interest
that the alkaloid annotoxine, the molecular complex of anno-
tine (alkaloid L-11) and acrifoline, gave, as would be ex-
pected, two spots corresponding to these latter two alkaloids,

Two-dimensional paper chromatography of the alkaloid
mixture (see Fig. 12) did effect a greater separation than
the one-dimensional, The second solvent system (methyl
ethyl ketone / water), used in the two-dimensional rum, dis-
tributed the alkaloids in a sequence similar to the first
solvent system (n-butanol / water), It would have been pre-
ferable if a second solvent system could have been found
which distributed the alkaloids in a difZerent sequence to

the first solvent system,
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(b) Ion-exchange Column Chromatography

Appleweig (80), Appleweig and Ronzone (81) and Sussmann,

Mindler and Wood (82) have described methods of isolating al-
kaloids from plant material utilizing suitable cation-exchange
material. These methods, however, were used to isolate alka-
loids from pilant material rather than separating individual

alkaloids of a mixture one from another, Van Etten, Earle,

McCuire and Senti (83) and Jindra and Bdswart (84) have des-
cribed methods of separating morphine from non-phenolic opium
alkaloids by means of suitable anion-exchange resins.

Their work on the separation of adjacent rare-earths on
ion-exchange coluwnns lead Spedding and co-workers (85) to the
separation of nitrogen isotopes by ijon-exchange, The method
used by these workers involved the elution of an adsorbed
band down & column in an fequilibrium-type" band, Such a
displacement technique appeared to be one which might be ap-
plied to the separation of alkaloid mixtures,

It was felt that the following type of separation might
be carried out using a cation-exchange resin, such as Dowex-
50 (a sulfonic acid resin), Representing the alkaloids as
B and B!, the reaction inside the resin particle would be
expected to be:

'R-SO3~ HY + B —— R-S503” BH' (1)

As the bases would not diffuse dowm the column until all the
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acid groups above it we:re neutralized, a sharp lower boundary
would be formed, If now a 0,2 N solution of NaOH in 50%
aqueous methanol were slowly passed through the column, the
following reaction would be expected to take place inside the
resin particles

R-S05~ BE® + OH™ + Na*— R-S05” Na® + 10 + B (ID)
Since B is unprotonated and soluble in aqueous methanol, it
will diffuse out of the resin and down the column where the

following equilibrium would take place:

R-S03” BE® + B! === R-S037B'H’ + B (I11)
Since OH™ is a much stronger base than any of the alkaloids,
reaction (II) goés_to completion and should give a sharp rear
boundary to the alkaloid band, As a result of (III), the
alkaloids should be separated as they proceed head to tail
down the column,

It should perhaps be emphasized that although a simple
or gradient elution technique might separate the alkaloids on
an ion-exchange resin, the amount of substance which can be
separated on a given weight of resin is quite small (e,g. the
work of Moore and Stein (86) with amino acids), This is in
contrast to the displacement technique, as described above,
where (if separation occurs) the full exchange capacity of
the resin is used,

Large and small scale runs of the alkaloid mixture with

Dowex 50-X12 effected no separation of the individual alka-
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loids, A ‘qualitative comparison was made of the Dowex 50-X12
and the Dowex 50-XL resins with regard to their abilities to
adsorb the alikaloid mixture, It was apparent from this ex-
periment that while the -X4 resin, of lower cross-linkage and
hence of greater porosity, readily adsorbed the alkaloid mix-
ture, the -X12 resin did not,

Small and moderate scale runs were then carried out us-
ing the Dowex 50-X4 resins, On conversion of the -X4 resin
frou the hydrogen phase to the sodium phase, marked contrac-
tion of the resin bed occurred which resulted in sefious
channeling, While there was a slight indication of separa-
tion in this run, -the results were unsatisfactory,

While this work was being done, Byrne and Lapidus pub-
lished a note (87) concerning concentration profiles in pack-
ed-bed ion-exchange systems, Their results indicated two
distinct types of concentration profiles, & flat vrofile
was intimately connected with the swelling of the resin and
an inverted paraboloid profile connected with the shrinking
of the resin as the exchange processes take place. In the
latter type of nrofile, these workers found that it was pos-
sible for basic solutions to pass through the entire column
almost unreacted because of the accelerated flow near the
walls of the.column. The authors concluded, therefore, that
the assumption of a flat concentration profile in an ion-

exchange column would seem to be valid only if the exchange
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reaction is such that swelling of the resin takes place,

In an attempt to overcome the effect of shrinkage of
the resin bed, an expansible colwan of firm but clastic rub-
ber tubing was tried, The column was packed in the sodium
nhase (i,e, the contracted phase) and then regencrated with
hydrochloric acid, The progressive expansion of the column
during regeneration and contraction during elution was clear-
ly evident. The elution lasted overnight and the first twen-
ty fractions collected did not contain sodium (from the elu-
ting agent) suggesting possible absence of channeling., How-
ever, paper chromatograms of the fractions containihg the
alkaloids disclosed- that no separation of the individual al-
kaloids had occurred,

Theoretically, it should be possible to separate the
individual alkaloids of a mixture in accordance with the
principles outlined earlier in this section, However, in
practice, it is apparent that the pore-size of the ion-ex-
change resin must be sufficiently large to permit the entry
of the relatively large alkaloid molecule and, at the same
time, be of such a character that it does not contract on
elution, (See also (88)), These requirements cannot be met

by available ion-exchange resins,
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(c) Partition Column Chromatography

The discovery of the technigue of partition column
chromatography has been credited by subsequant authors (89)
(60) to Martin and Svnge (91), These latter workers con-
ceived the idea of absorhing water in silica gel and then us-
ing the water-saturated solid as onc phase of a chromatogram,
the other being some fluid immiscible with water, The silica
acted uierely as a mechanical support, Separations in a chro-
matogram of this type thus depended upon difierences in the
partition between two liquid phases of the substances to be
separated, and not on differences in adsorption between
liguid and solid phases as in previous chromatograms,

Celite, a brand of diatomaceous earth manufactured by
Johns-Manville Company, New York, has since been used widely
as the mechanical support for partition columns, Neish (70),
employing a slurry technique to pack his columns, used this
material in the resolution of glycerol and rélated compounds
present in fermentation solutions, Lemieux and Charanduk
(71), who modificd Neish's pfocedure for preparing the col-
umns, utilized the Celite technique for separating the hy-
drolysis products of ustilagic acid.

The use of partition columns, containing aqueous buffer
as the stationary phase, for the separation of alkaloids has

been reported by various authors (92)(93)(94). Small amounts




.

-148-

of alkaloid starting material (e.g. 4O mg., in (93)) were used
in these studies,

The inter-relationships which exist between the appar-
ent distribution coefficient (k') (i.e. the coefficient of
the fully or partially protonated base), the true distribu-
tion coefficient (k) (i.e. the coefficient of the unproton-
ated base) of an alkaloid in a particular solvent system, the
pKa of the alkaloid and the pH of the buffer phase can be
derived readily from first principles (see Appendix waT),

The relationship, as reported by Goulombic and Orchin (95),
is as follows: 1log k' = log k - pKa + pH, This relation-
ship is useful, of course, not only in partition column chro-
matography but also in simple partition procedures and coun-
tercurrent distribution procedures (see below).

Bottomley and liortimer (92) characterized the partition
behaviour of Tropane alkaloids by the pH at which log k* = O
(i.e. where the alkaloid was cqually distributed between the
two phases which were of equal volume)., The symbol "pHi" was
used for this value, Bottomley and Mortimer had hoped that
chromatography of the Tropane alkaloids on buffered paper
would provide information on the relative pHy values of the
alkaloids., It was apparent from thelr results, however,
that the order of movement of these bases on buffered paper
differed from the order of their pH% values..

As the most satisfactory separations of the mixture of
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alkaloids from Lycopodium annotinum L, had been obtained by

paper chromatography on paper buffecred in the range pH 5,65
to pH 6, the Celite columns used in the initial runs were
buffered at pH 5,65. Using small amounts of crude alkalceid,
ranging from 150-200 mg, for each run, these buffered Celite
columns were developed with n-butanol, saturated with water,
as the moving phase, Paper chromatography of the fractions
collected from the partition columns disclosed that some se-
paration of the alkaloid mixture had taken place but that the
fractions obtained were still rather complex mixtures of al-
kaloids,

It was apparent, also, as in the case of Bottomley and
Mortimer (92), that the sequence of elution of alkaloids from
a buffered Celite partition column could not be accurately
predicted by running a "pilot? run with micro amounts of al-
kaloids using the szme solvent system. This was well illus-
trated, in a qualitative way, in Fig, 14, In their work,
Bottomley and Mortimer (92) suggested that this might be
evidence that paper chromatography is not true partition
chromatography, On the other l.and, Lemieux, Bishop and
Pelletier (89), in a paper describing preparative partition
chromatography of carbohydrates on Celite columns, rceported
that their “"Rv" value, a measure of the relative mobilities
of materials on Celite Wo.535 columns, bore fla rough but use-

ful relationship to the Rf term of paper chromatography'.

v K 0. na
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A serics of ten duplicate runs on Celite columns buf-
fered at pH 5,65 yielded four major fractions, The compo-
nent alkaloids of the first of these four fractions were more
completely separated by chromatography on paper buffered at
pH 3,3. This first major fraction was thereforce passed
through a Celite column buffered at pH 3,28, The early frac-
tions from this column, when taken to dryness, yielded anno-
tinine, Later fractions, however, when examined by ultra-
violet absorption spectroscopy possessed ultraviolet absorp-
tion of a pyridine chromophore more or less submerred behind
general absorption, Much of the subscquent work was direc-
ted towards the -isolation, characterization and partial de-
termination of structure of a new alkaloid (lycodine) which

was responsible for this characteristic absorption,

(d) Countercurrent Distribution Method

Craig, Hogeboom, Carpenter and du Vigneaud (97) repor-
ted the separation and characterization of some penicillins
by the method of counturcurrent distribution, As these auth-
ors pointed out, the procedure of countercurrent distribution
represented an attempt to make the partition coefficient a
more useful physical constant in organic chemistry. It 1is
based on a certain systematization of multiple extractions

or transfers so that the mathematics of the binomial expansion
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may be applied directly in the interpretation of the results,
Bush and Densen (72) applicd systematic multiple frac-
tional extraction procedures to the separation of organic
mixtures., These workers demonstrated that for a mizture of
two substances having partition constants K and Ky, the
greatest fractional separation for a given number of extrac-
tions using their type of procedure was attained if the ratio
of the volumes of the two solvents, X and Y, was maintained

at: VK \/-l—
Vy K, K

a b

From this relationship it is apparent that where the

phase vVolumes arec-equal, the most efficient separation of any
two bases is obtained where the gcometric mean of the appar-
ent partition coefficients is unity., This latter condition
occurs where the buffer pH is the average of the pH% values
(92) of the two bases (see Appendix #Bit), provided that the
concentration of alkaloid is low enough not to raise the pH
of the buffer anpreciably,

Ths equation relating the partition coefficient and
ijonization constant of an organic base involving the distri-
bution of an organic base between an organic solvent and an
immiscible buffer phase was stated by Goulombic and Orchin
(95), as reforred to previously, to be:

log k' = log k - pKa + pH (see Appendix "AT)

where k' is the apparent partition coefficient, k is the true
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partition coefficient and pKa is the acidic ionization con-
stant, This ecouation is limited to the circumstances where
plE << pKa, where no association occurs in the organic phase,
and where the protonated base is insoluble in the organic
phase, Bottomley and ifortimer (92) applied the foregoing
equations to the partition separation of Tropane alkaloids,
In this present work thsgse cquations were used in the coun-
tercurrent distribution studies of the alkaloids of Lycopod-

ium annotinum L,

Partition data for the alkaloids, lycopodine, anno-
tinine, acrifoline, annotine (alkaloid L-11), and lycodine
have been calculated and recorded in Table lio,3, These data
were calculated utilizing constunts obtained both from the
present work and other sources, as shown in Appendices “CT
and D7,

The average of the pHy values of lycopodine (5.9) and
annotinine (4.4) is pH 5.2, Efficient separation of the
two alkaloids should be effected by a countercurrent scheme
using chloroform and buffer of pH5.2, Using the scheme
shown in Fig, 15 and the system chloroform-buffer pH5.2, the
theoretical nercentage distributions of the alkaloids anno-
tinine, lycopodine, lycodine and acrifolire were calculated,
These calculations (ref, Fig. 15), made some time after the
actual runs were 6omhleted, indicated that annotinine would

be concentrated (96%) in the chloroform fractions (C-1, C-2,
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and C-3), whereas lycopodine would be concentrated (93%) in
the buffer fractions (B-1, B-2 and B-3), as would acrifoline
(L00%). The central fraction would contain 26% of the ori-
ginal lycodine (see below) present,

When the crude alkaloid mixture (68 g.) from the anno-
tinine mother-liquors was subjected to the countercurrent
scheme illustrated in Fig, .15, annotinine (4 g,) was recov-
ered from the chloroform fractions (C-1, C-2 and C-3) and
acrifoline hydrobromide (2.6 g,) was obtained from the buffer
fractions (B-1, B-2 and B-3), This was consistent, therefore,
with the theoretical calculations referred to above,

Examination of the ultraviolet absorption spectrum of
the free base recovered fro: the central fraction disclosed
the characteristic pyridine-like absorption referred to pre-
viously, It was later calculated that this central fraction
(L-38) would contain, theoretically, 4% of the annotinine,
5% of the lycopodine, 0% of the acrifoline and 26% of the
lycodine (see below) present in the initial crude alkaloid
mixture (sze Fig, 15) -- as well as unknown amounts of other
minor alkaloids initially present,

The .fraction L-38 was then chromatographad through two
large Celite columns buffered at pH 3.3, using n-butanol as
the moving :hase, The fcsulting fractions were examined by
ul£raviolet absorption spectroscopy and paper chromatography

and those fractions containing lycodine were isolated,
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Fractionul crystzllization from methanol of the picrates from
these latter fractions yielded a picrate (prisms), m,p, 230-
235° (dec, ) (300 mg,) and a small amount of anothcr picrate,
$-20, m,», 240-246°, asz yet unidentified and uncharacterized,
Electronetric titration (sce Fig, 16) of the first bass pic-
rate (11,1 mg,) indicated tl.aot the base was diazcidic, This
picrate was identical with that isolated later by a differ-
ent method and which was shown to be the vicrate of a new
alkaloid, This new alkaloid was named "lycodine™, Attempts
to form other crystalline derivetives of lycodine, at this'
stage, were unsuccessful, Lycodine dipicrate, m,p. 229-233°
(dec,), as recrystallized froa hot methanol, analyzed as

C1 pHp, N 26 gH 307K 5,

From preliminary countercurrent distribution experi-
ments (Craig machine) with buffer pH6 and chloroform, it was
observed that most of the alkaloids have a high partition
coefficient (concentration in buffer / concentration in chlor-
oform) but that annotinine, lycopodine, O-acetylacrifoline
(alkaloid L-12) and lycodine have low partition coefficients,
Alkaloids with a partition coefficient close to unity are
present to only a minor extent in the batches of alkaloids
used, Annotinc (alkaloid L-11) which has such a partition
coefficient (see Table Mo, 3) is not present tg a significant
extznt (75) in thc crude alkaloid mixture which was available

to uvus, This distribution of the alkaloid mixture under the
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conditions described, as detectcd by paper chromatography

as well.as by ultraviolet and infrared absorption spectros-
copy, is illustrated in the composite chart, Fig, 17, The
ultraviolet absorption at 268 mpn, shown in Fig, 17, is that
of lycodine; that at 234 mn, which is the region associated
with a,p-unsaturated ketores, was not related to any knowm

Lycopodium alkaloids,

(e) Isolation of Lycodine

On the basis of the above results, lycodine was con-
centrated by countercurrent distribution of the dlkaloid
mother-liquors from the crystallization of annotinine, Two
successive countercurrent distributions wzare carried out,
first, in six large sc»uratory funnels with the system chlor-
oform-buffer pH6 and then, in a 60-tube Craig machine with
the svstem chloroform-buffor pH5,2, From those countercur-
rent distributions an alkaloid fraction was obtained which
had the correct ultraviolet absorption for lycodine, By
chromatography of this fraction on activated alumina, pure
crystelline lycodine was obtained,

A schematic chart showing the three-step procedure out-
lined above, is shown in Fig, 18, The theoretical distri-
bution of some of tie alkaloids in the first step, calculated

either by the method illustrated in rFig, 15, or, by the
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method of Bush and Densen(72), is shown in the insct table in
Fig, 18, This first step thcoretically eliminatec the acri-
foline and retained L41% lycopodine, 100% annotinine, 36% an-
notine (alkaloid L-11) and 945 lycodine originally present

in the crude mixture, The theoretical distributions of the
alkaloids in the second countercurrent step, using the 60-
tube Craig machine, has been calculated, as illustrated in
Appendix "E" and plotted in Fig, 18, This plot illustrates
the extent of theoretical separation of lycodine from anno-
tinine, lycopodine and annotine (alkaloid L-11) remaining
from the first step, Vhen this scheme was carried out, some
lycopodine still remained with the lycodine after the second
step and was separated from lycodine by the third step, ab-
sorption chromatography on activated alumina, A treace of
another alkaloid which was not characterized was indicated
in the final fractions from the alumina column by an infra-
red absorption in the carbonyl region associated with ketones,
In all, ebout 400 mg, of lycodine was obtained by this iso-

lation procedure and the preliminary isolation procedures,
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(f) Lycodine - Characterization and Structural Studies

Lycodine, m,p., 118°, laly = -10°, has the formula,
Clszth, and gave a characteristic dipicrate, m,.p. 229—2330
(dec,), which was sparingly soluble in methanol, Titration
of the base "n 50% aqueous methanol showed that the pKa's of
the base were 3,97 and 8,08, One C-methyl group was found
to be vnresent by the Kuhn-Roth method, The ultraviolet spec-
trz of the base in neutrzl and acid solutions are shown in
Fig, 1¢ and correspond to an unconjugated pyridine chromo-
phore in the base and salt forms, respectively, A fuller
discussion of thesc spectra will be left till after consid-
eration of other results (see below),

The infrzred specirum of the base (in Nujol) is shown
in Fig, 20:; the sharp buid at 3270 cm, =L must be due to a
N-H group (37), &s often hapvens (37) this band is of very
low intensity in the spectrum (7ig., 20) of the carbon tetra-
chloride solution of the compound, The présence of a pyri-
dine ring is confirmed by the band (99) af 1580 cm.'l(in
Nujol) and that of a C-methyl group by a band (100) at 1382
em.~L (in CClh). Acetvlatior. of lycodine with acetic anhy-
dride gave a N-acetyl derivative, isolated as the monopic-
rate, Titration of the picrate showed thgt the acetylated
vase had only one basic center (pKa 4,95)., Hydrolysis of

N-acetyl lycodine gave back lycodine, thus confirming the
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prescince. of a secondary nitrogen atom in the alkaloid,

In order to determine the substitution on the nyridine
ring, the nuclear magnetic resonance (MiR) spectrum (Fig, 21)
of lycodine was examined, Under wocsrately high resolution
there are threc peaks of equal area at low field, Thesc are
probably due to protons on the pyridine ring (76), The sharp
peak at highest field has threc times the area of any of the
peaks at lowest field and must correspond to the C-methyl
group already found, It may be observed that the low value
(61> of theoretical) found in the Kuhn-Roth estimation and
the fact that the C-methyl peak in the NuRt spectrﬁm is un-
split both suggest that the methyl group is attached to a
quatermary carbon atom, The other peaks in the spsctrum
correspond to the remaining protons in the molecule,

The spectrum of the low field part is shown at higher
resolution above the main spectrum, in Fig, 21, Each peak
is split into four peaks, not always very well resolved,
Bernstein, Pople and Schneider (76)(101)(102) have exam=
ined the spectra of pyridine and various substituted pyri-
dines and discussed the effects of chemical shifts and coup-
ling constants on the spectra, From their analysis it can
be seen that lycodine must be a 2,3~-disubstituted pyridine,
and in fact ihe spectrum of lycodine is very similar to that
of 2,3-lutidine except for a difference in the relative chem-

ical shift of the y-proton, The three peaks at low field
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(Fig, 21) may be assigned, from left to right, to the a-, v-,
and B-protons of the pyridine ring,

The relative chemical shifts and coupling constants of
the pvridine protons of lycodine have been calculated (see
Appendix F7) and are compared with those of 2,3-lutidine
(76) and pyridine (102) in Table No, 4, The observed inten-
sities and energies of the signals from the pyridine protons
of lvcodine are in satisfactory agreement (see Table No, 5)
with those calculated from the above parameters (see Appen~
dix "Fi) by the acthod of Bernstein, Schneider and Pople
(76), This confirms that the threc peaks at low field in-
deed originazte from the protons on the pyridine ring, and
not from any other protons, The reason for the abnormal
shift of the y-proton of lycodine may be due to the nearness
of the secondary nitrogen atom, Although, as will be shown
later (sce below), the secondary nitrogen atom is most
probably separated from the pyridine ring by more than one
carbon atom, it mey still be fairly close in space to the v=-
proton, The abnormal shift is not due to the fact that in
lycodine, as will be shown below, the 2,3-substitution is in
the form of a saturated six-membered ring, since 5,6,7,8-te-
trahydroquinoline gave a NMR spectrum closely similar to that
of 2,3-lutidine,

We may be certain, therefore, of the presence of a

2,3-disubstituted pyridine ring in lycodine, Godar and
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Mariella. (103) have recorded the ultraviolet absorption spec-
tra of 2,3-lutidine, 2,3-trimethylene-, 2,3-tetramethylecne-,
and 2,3-pcntamcthylene-pyridine both as free bases and as
salts, Their data have been replotted in Fig, 19 using a
linear & scale, instecad of the original log scale, which
facilitates the comparison of these curves with those of
lycodine, It is clear that lycodine pshows the greatest sim-
ilarity to 2,3-tetremethylenepyridine (5,6,7,8~tetrahydro-
quinoline) and therefore that lycodine has in fact a satur-
ated six-membered ring fused 2,3- to the pyridine ring,

The pKa's (3.97 and 8,08) of lycodiue are aﬁpreciably
different from those of nicotine (3.35 and 7.70) determined
under identical conditions, The difference in pKa's of the
non-pyridine nitrogen atoms may be due to the sccondary na-
ture of the nitrogen atom in one case and the tertiary nature
in the other, The difference in the pKa's of the pyridine
nitrogen atoms, however, cannot be due to such an effect, but
is readily understood if the saturated nitrogen atom is fur-
ther (i,e. at lcast B-~) from the pyridine ring in the case
of lycodine than ir the case of nicotine, Wepster (104) in
his study of phenylalkylamines of the general type,
CgHs (CHp )nNHp, noted experimental values of pKa 9.34, 9.83
and 10,20 where n was 1, 2 and 3, respectively, The incre-
ment in pKa value is therefore 0,49 where there were two,

rather than one, carbon atoms betwecn the nitrogen atom and
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the aromatic ring, Although, admittedly, it is very approx-
imate, this increment is consistent with the increments in
pKa values for lycodine and nicotine,

Lycodine does not seem to contain unsaturation apart
from the pyridine ring, as far as is shown by UV, IR and NHR
spectra, Therefore lycodine contains four rings and the
facts known about its constitution may be summarized by the
partial structure shown as an inset with the ultraviolet ab-
sorption spectrum of lycodine in Fig., 22,

In order to determine whether the carbon in the #87
position, adjacent to the pyridine ring of lycodine, had two
hydrogen atoms attached, attempts were made to prepare and
isolate the benzylidenc derivative of lycodine, The ultra-
violet absorption spectrum of the benzylidene derivative of
5,6,7,8-tetrahydrocuinoline (see Fig, 22, UV-76) was used to
assess whether or not a benzylidene derivative of lycodine
may have been formed in the various reactions which were
carried out, '

Acetic anhydride was used as the catalyst in the pre-
paration of the benzylidene derivative of 5,6,7,8-tetrahydro-
quinoline, This catalyst, after trial, was considered un-
suitable for use with lycodine due to the formation of the
N-acetyl derivative and the expected reaction of the N-acetyl

portion with benzaldehyde to form a cinnamamide derivative,




PEFENEPE. At

T e

e T s e e o

-162-

The ultraviolet absorption spectrum of the cinnamamide por-
tion of the lycodine derivative would be expected to inter-
fere with the benzylidene portion, if formed, Thc use of
concentrated hydrochloric acid as a catalyst was also found
to be unsatisfactory for the preparation of a benzylidene
derivative of lycodine,

Due to the small gquantity of lycodine available, the
reactions of lycodine with benzaldehyde and zinc chloride
(as catalyst) were confined to ca 20-30 mg. quantities of
lycodine as starting material, Assessuent of the reaction
products was therefore unade by examination of the‘ultraviolet
absorption spectra of the products separated either by paper
chromatography on buffered papew, or, by partition chroma-
tography using buffered Celite, Of the runs made, the second
run wherein lycodine (from 0,059 g, of lycodine dipicrate)
was refluxed with freshly distilled benzaldehyde (5 ml,) and
a small amount of zinc chloride catalyst for forty hours at
145° appeared to be most successful from the standpoint of
production of a benzylidene-like derivative (see Fig, 22,
Uv-140),

From the variety of products (see Fig, 22) separated
by both paper chromatography and partition chromatography of
the reaction products it would appear that these reactions

are quite complex, no doubt involving rearrangements as have
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been encountered in the chemistry of annotinine (42), Con=-
densations between the pyridine ring and the benzene ring of
a benzylidene derivative of lycodine are conceivable from a
theoretical standpoint to form highly conjugated systems,
The spectra of some reaction products (e.g, Fig, 22, UV-142,
and UV-114(7)) have been compared with those of quinoline
(Fig, 22, UV-117) and other related materials with only gen-
eral similarities being noted,

The possibility of cis-trans isomerism in a benzylidene
derivative of lycodine could also contribute to the formation
of a number of reaction products, In the case of.the benzyl-
idene derivative of 5,6,7,8-tetrahydroquinoline, it would be
expected that one isomer (e,g, trans isomer) would predomin-
ate, Under varying reaction conditions and due to the more
complex nature of the lycodine molecule, either isomer, or,

a mixture of both isomers night result, A very brief study
of the change which occurred in the benzylidene-like absorp-
tion spectrum of one of the reaction sroducts after irrad-

iation was made (ref, Fig, 22, UV-128), The partial elim-

ination of the maximum at the higher wavelength after irrad-
iation made the spectrum somewhat comparable to that of the
product whose ultraviolet spectrum appeared in Fig, 22, UV-
112, This latter n»roduct rad been extracted from an area on

a paper chromatogram which in turn had been subjected to
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ultraviolet radiation in order to locate the positions of the
products on the chromatogram without the use of a “colour®

developer,

While a benzylidene derivative of lycodine has not been
isolated and charact-rized, the similarity between spectra,
particularly Fig, 22, UV-140, and the benzylidene derivative
of 5,6,7,8-tetrahydroquinoline (Fig, 22, UV-76), indicates a
strong probability that a benzylidene derivative of lycodine
can be formed, It is probable, therefore, that the carbon
in the 8" position, adjacent to the pyridine ring of lyco-
dine (ref, TFig. 22) has two hydrogen atous attachéd.

Finally, it may be mentioned that there appears to be
a close similarity between lycodine and the Lycopodium alka-
loid, B-obscurine, CygpHp,0N5, which has been shown by Marion
and Moore (17) to have an a-pyridone chromophore, Although
the empirical formula of B-obscurine is correct for it to
be the a-pyridone analogue of lycodirne, the relationship be-
tween the two alkaloids cannot be so simpie, for the basic
nitrogen atom of B-obscurine appears to be tertiary, as the

alkaloid could not be acetylated,
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(g) Appendices

1) Appendix 7"A7 - The derivation of the relationship in

the partition of a monoacidic alkaloid
between the organic and buffer phases:
log k' = log k - pKa + ©pH
where, k' is the apparent partition coefficient,
k 1is the true partition coefficient,
pKa is that of the alkaloid, and,
pH is that of the buffer,
Notes; This relationship is given by Goulombic and Orchin (95),
These authors indicated that the derivation was analo-
gous to that for a previously derived equation relating the
partition coefficient and ionization constant of an organic
acid (96),
Derivation:

. e 9 . . A+
In the buffer, the equilibrium, BH' B + H7,

[rye—

)

exists where B represents the free, non-protonated base or

alkaloid,

Hence, [B]b [ where [BJy is the concentra-
Ky = —————
(BH™ ] tion of the non-protonated

alkaloid in the buffer phase,
K, [BH*] - P

‘or, Bl = —-Ei-:"_]_'
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The true distribution coefficient, k = ~t 3
' B
~db

where [B]O is the concentration of the non-protonated

alkaloid in the organic phase,

(Bl [H*] k x Kg x [BE']
Hence, kX = ————— or, [Bl, = :
Kq [BHT] (H*]
(Blo
But the apparent partition coefficient, k' = —————r
(BH* J+[B ]
k x Kg x [BH*] 1
Hence, k' = X
(H*] (BH*] + Ka [BH')
(H* ]
k
k' = :
1+ [H*]
Kq
Approximation:

Where [H*]
Ka

B (i.e. where [H'] >> K , or, pH is much

lower than the pKa of the alkaloid.)

k x Ka

then k' = S,
(5%]

log k + log Ka - log [H']

Hence, log k'

log k - pKa + pH

or, log k'

This latter relationship exists where the base occurs in the

organic phase as she non-protonated and unassociated base
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only and .the pH vialues of the buflers are much lower than the

pKa of the base,

——_.-.—-.....-.———-——.——_———-—_—.———-.._.._—_—-..-.--..-‘._......-......_—...-.._._.._‘_....._...-.-——-

It is also apparent that when the pH value of the buf-

fer is the s.me as the pKa of the base that k' = k., ilso,

when the phk value of the bulfer is much greater than the pKa,

_._......._..._....‘_......_.._..__.____.____..........‘...._....__...-__.._.._._._._.._.__.__..-...-—

k

Another useful ralationship may be derived from k' =

1+ [H*]
as follows:

Ka
Since k and Ka are constants of the alkaloid,
then %' varies as i i] Ox log k' varies as the pH.
H

At a particular pH value, say pHp, the apparent partition
coefficient will be k'g.

Doubling the apparent partition coefficient (k'g),

log kg + log 2,

k'y = 2k',. Hence, log k'yp

log k'y + 0,3010
But log k', variesvas pHazs hence, log k'y varies as pHg+0, 3010

and pHp = pHa + 0, 3010,

Therefore, for gach increase of 0.3 (approx,) in pH value,
the apparent partition coefficient (k') is doubled.

-—-.——....—————...-...........__—_.._...—_.——_.——-..—-—..—-.-...-_..._.....-_._._._—_—_—.-__————
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2) ‘Appendix "B¥ - When the pH of the buffer is the av-

érage of the pH% values of the two
bases, the geometric mean of the apparent partition coeffi-
cients (k' values) of the bases is unity,
Note: This relationship was stated by Bottomley and ldortimer
(92); however, these authors did not include the proof

in their paper.
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log k' = log k - pKa + ©pH (see Appendix . i)

Considering alkaloids ‘a' and b

pHy = log k'y + constant and  pHy = log k'y + constant.
pHg + pHyp log k's + log k'y
= + constant,

2 2
When pHy = (pHi), then k'y = 1  (by definition)
then pHp = (pHi)y,  then k'y =1 (by definition)

log k'; + log k'p _ 1
But the term, = log (k'5 x k'y)E (i.e.
2
log of G,ii, of k', and k'y)

Hence, when the pH of the buffer is , then

2

the geometric mean of k', and k'b is unity,
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Example: .

(€3
e

Lycopodine - pHi = 5, (see Table No, 3)
innotinine - pHL = 4,43 (see Table No, 3)

Average of pH% values is 5.15

Lycopodine - log k' = log k - pKa + pH (see Appen, #A¥)

1,57 - 7,44 + 5,15 (see Tables No,

k' = 0,19 1(a) and No.3)

Annotinine - log k! 2,074 - 6,5 + 5,15 (see Tables Mo,

kt

5,30 1(f) and No, 3)

Geometric Mean of kf(lycopodine) and k'(annotinine) at pH

5.15 is:
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3) aAppendix 7C# - Calculation of partition data (chlor-

oform - buffer) from the relationship
log k' = log k - pKa + DpH (see Appendix "AT)
Example : Annotinine,

Calculation of the true partition coefficient (k):

Apparent partition coefficient (k') (chloroform) _ 3.8 (see
(buffer pH5) Exptl)

pKa = 6.5 (see Table No. 1(f)),
log 3.8 + 6,5 - 5

]

dence, log k
or, k = 120

Hence, true parﬁifion coefficient (k) (chloroform)
(buffer)

= 120,

Calculation of apparent distribution coefficient (kt)

at pH 5.2:
log k' = log 120 - 6,5 + 5,2
k' = 6,0 (i.e. 86% in chloroform phase)
at pH 6,0:
log k' = log 120 - 6.5 + 6,0
k! = 38 (i.e, 97% in chloroform phase)

Calculation of pHi value:

pﬁ% value is where log k' 0 (by definition)

Hence, pHi = pKa - log k 6,50 - log 120 = 4.4,
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Similarly, the partition data (Table lo. 3) of the_following
alkaloids were calculated using the following data;

Lycopodine:

k' (chloroform)

= 1, see Experimental)
(buffer pHO) 3 ( P
pKa = 7,44 (see Table Fo, 1l(a))
Acrifoline:
k' (chloroform
( ) = 0,86 (75)
(buffer pH7)
pKa = 8,34 (see Table No, 1(k))

Annotine (alkaloid L-11):

] f T
k' (chloroform) _ 1.2 (75)
(buffer pH6)

pKa = 7,50 (see Table No, 1(h))

Lycodine:

k' (chloroform) . .
= 0,71 (see Lppendix %DV)
(buffer pH5.2)

pKa = 8,08 (see Table Fo. 1(o))

- W - G T e A G e W e e ST S e S M e Mt s S e Em e MG At GRS G Gwe G R Ses R e SR 4 SR SN S M G G P ML s G S G G e SO0 GRS s




-172~

L) Appendix D" - Calculation of apparent partition

coefficient (k') of lycodine from the
countercurrent distribution (Craig machine) in the system

chloroform - buffer pH5.2.

- e a8 G G s e A e S A GM G MR A D i A ot b W e M ST MA N G G G 4 NS e G MR R W e e W S S A R S A AR e T R S M S ew e e

From the examination of the ultraviolet curves, the
maximum of the absorption associated with lycodine occurred
around tubes 35 and 36 (see Experimental), As the starting
material was placed in tubes O, 1 and 2 of the Craig machine,
the maximum was taken, for purposes of calculation, at tube

35.

C nKr
From Craig and Craig (98) it is noted that: N =

Kr + 1

where: n - total number of transfers,

N - position of maximum,
r - ratio of volumes, upper and lower.
K - partition coefficient (upper phase)

(lower phase)

Hence, in the case of lycodines

60 K 35  (buffer pH5.2)
5= or, K = __
K+ 1 25 (chloroform)

Hence, the apparent distribution coefficient (k'):

k' (chloroform) _ 25

= 0,71,
(buffer pH5,2) 35
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5). Lopendix "B -~ Calculations to determine the theor-

etical distributions of alkaloids in
the Craig countercurrent machine (chloroform - buffer pH 5,2)
as plotted in Fig, 18,

s W Gt . . Bt Gt S S A B A S G S S e G e s SAS e Bu B Gt et s TS W0 s W GmS ee U G Gam S 0 W S See m G G G e R s A S e m

Example : innotinine,

At pH5,2, apparent nartition coefficient (k') = 6.0 (see Tab-

. 1 (buffer pH5,2) le No.3).
OI‘, K = e

6,0 (chloroform)

nKr

From Craig and Craig (98) it is noted that N = ——
r + 1

wheres - n total number of transfers,

N - postion of maximum,

H
1

ratio of volumes, upper and lower,

K - partition coefficient (upper phase)

(Lower phase)

|-

Substituting K = n=2~60zandr=1,

?

6.0
then, N = 8,6,

Hence, the maximum would occur around tube 9,

From Craig and Craig (98) it is also noted that:

5 2nK
. 1 O

y = 5% © (K + 1)
(2mrK/ (K+1)<)*

where: K and n -~ as described above,




e e L e R

~17h-

y - the fraction of substance in a given tube,

X - the distance from the maximum of the tube in

question,
The value of the term _ 2nK is calculated to be 14,75,
(K+1)?
Hence, yg = _—}—————r = 0,146 (or, 14,6% in tube 9).
(14,75m)%
~(1)2/14,75
vy = O0.li6 e
log y; = log 0.146 - L 10g 2,718
14,75
= log 0,146 -~ 0,0294
Hence, y; = 0.146 = 0,137 (or, 13,7% in tubes 8
antilog 0,0294
and 10),
0,146
Yo = 5 = 0,111 (or, 11.1% in tubes
antilog (2% x 0.0294)
7 and 11),

-—-—-———-—_.——_————————————_——-—_—_—-—————__——-———_——-—————_—_—

0.146
antilog (32 x 0,0294)

0,080 (or, 8.0% in tubes

o
\A-’ N
i
1

6 and 12).
¥l to yy, inclusive, were calculated in a similar fashion.
The y values ( as percentages) were plotted as the ordinates

against the tube numbers to provide the theoretical distri-
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bution curve for annotinine (see Fig, 18).
Similar theoretical values were determined and plotted
for lycopodine, annotine (alkaloid L-11) and lycodine (see

Fig., 18),
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6) Appendix "F" - An analysis of the nuclear magnetic

resonance (NMR) spectrum of lycodine,

(seec Tables No, 4 and No, 5).

The NMR spectrum of lycodine (see Fig. 21) appears to
be of the ABX typc as described by Bernstein, Poﬁle and
Schneider (76). "Assuming a 2,3-substitution of the pyridine
ring in lycodine, the signals from the a-proton (i,e, the
X-position of Bernstein et al) would be well separated from
those of the other two, the (- and y-protons (i.e. the B and
A positions, respectively, of Bernstein et al), There is,
however, a greater chemical shift between the B- and Y-pro-
tons of lycodine than of 2,3-lutidine,

All twelve non-combination lines (ref, Table VII (76))
are clearly visible and the values in cycles per second (c/
sec,) are indicated in Fig, 21, Since it is to be expected
that the coupling between protons attached to neighbouring
carbon atoms would be dominant, the B-prbton,is assigned to

the position in the spectrum, as indicated in Fig, 21, with
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the yv-proton occupying the central position, The splittings
in the Py-region are 5.1, 5.2, 1,6 and 1,9 c/sec, The cor-

responding separations in the a-region are 5,0, 5,0, 1,7 and
1,7 ¢/sec, in good agreement with theory (76).

Bernstein and co-workers pointed out that there are two

possible assignments which will be considered in turn,

Assignment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, -

Note: The numbers in this first assignment correspond to
the non-combination lines of Table VII of (76).
From the average values of the splitting we have, from the
B-pairs (i.c. 2 - 1, and, L4 - 3):
3dyq + dpag) + (Do = Di) = 5.2 (1)
and from the y-pairs (i.e. 6 - 5, and, 8 - 7):
#HJIyg + Jgg) - (Do = Dy) = 1.8 (ii)
Adding (i) and (ii),
Iyg + Jpgg = 7.0 (iii)
From Table VII (76) it is apparent that the coupling con-
stant, Jgy, is equal to the scparation between the lines 1
and 3 (8,8 c/sec.), or, bétween lines 5 and 7 (8.4 c/sec.);
the mean value of Jgy being 8.6 c/sec, The coupling constant
(HBoHY) is 8,6 c/sec. (sce Table No.4).
The value of D, is equal to half the separation between
lines 2 and 6 (16,85 c¢/sec.), or, betwcen lines 4 and 8

(16,75 ¢/sec,); the mean value of D, being 16,8 c/sec,
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The value of D_ is equal to half the separation between
lines 1 and 5 (18,6 c/sec,), or, between lines 4 and 8 (18.4
¢/scc,); the mean value of D_ being 18,5 c¢/scc,

By definition (76):

Dicos 2f, = dmHglog = oy) + £(Jya = Ipa) (iv)

Disin 20, = %JYB (v)

D_cos 2¢_ = %nHO(oB - aoy) =~ £(Jyq - Jﬁa) (vi)

D_sin 2¢_ = &Jyg (vii)
Adding (i) znd (ii):

nHy(0g - oy) = (D,cos 20.) + (D.cos 2@.) o (viii)
Taking (v): Dysin 20, = 3Jyp

sin 2+ = 8,6 = 0,25595
2 x 16,8

Hence, 2@, = 14°50! and @, = 7°25!
and cos 2@, = 0,96667,

Similarly, taking (vii):

Jvp 8.6 |
sin 2f_ = — = ————— = 0,23243
2D_ 2 x 18,5

Hence 2¢_ = 13°926¢ and @_ = 6°43¢
and cos 2F_ = 0,972064,

Taking (viii):

nHo(oB - oy) (16.3 x 0,96667 + 18.5 x 0,97264)

34,2 c¢/sec, (ix)
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Therefore, chemical shift (HY‘HB) = 34,2 c¢/sec, (scc Table 4)

Subtracting (vi) from (iv):

Jygq = Jpa = 2(Dycos 2@, - D_cos 20_)
= 2(16,8 x 0,96667 -~ 18,5 x 0,97264)
= -4,6 c¢/scc. (x)

The addition of lines 2, 3, 6, and 7 (Table VII (76)) gives

the term: )

20Hg(2 - oy - gg) = 98.3

nHg (2 - Oy = GB) = 49,2 (xi)
Adding (ix) and (xi):

nHo(2 - 20y) = 83.4

MHo(l - oy) = 41,7 (xii)

Subtracting (ix) from (xi):
nHy(2 - 20g) = 15,0
nHo(l - og) = 7,5 | (xiii)

The value of nH_(1 - og) is cqual to half the sum of
lines 9 and 12 (61,9 ¢/sec,), or, of lines 10 and 11 (61,9
¢/sec,): the value being 61.9 c/secc.
i.e, mHG(L - o4) = 61.9 (xiv)

Subtracting (xii) from (xiv):

nH (oy - 0y) = 20,2 c/sec.

i.c, Chemical shift (Hy - Ha) = 20,2 ¢/sec, (see Table No,4)
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Subtracting (xiii) from (xiv):
nH (o - 0g) = 5k.k c/scc,
i.e, Chemical shift (Hg - Hy) = 54.4 c/sec, (sce Table No. L)

7,0 (see (iii))

Since Jyq * Jpq
and Jye = Jpag = k.6 (see (x))
Adding (iii) and (x):
Jyq = 1.2 c/sec.
1.2 c/scc, (see Table L)

i.e, Coupling constant (Hy « Hy)
Subtracting (x) from (iii):

Jge = 5.8 c/sec,
i.e, Coupling constant (Hp ° Hq) = 5.8 c/sec, (see Table 4)

The chemical shifts and coupling constants for lycodine, as

calculated above, are included in Table No. 4,

Calculation of Energy and Relative Intensity Values for NMR

spectrum of lycodine,

1, Calculation of tcrms comaion to various lines (ref, Table
VII (76)):

(a) From (xi) #mHy(2 - oy - oﬁ) = 24,6 c/scc, (xv)

(b) 2(20yp + dyg + Jpa) = (2 x 8.6 + 1.2 + 5.8)

|

6.1 c/sec. (xvi)

(2 x 8.6 - 1,2

!
Ut
xR

() 2(2Jyg = Iya = Ipa)

2,6 c/sec, (xvii)
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(d) %(J'Yd' + JBQ) = %(102 + 508)

3,5 c/sce, (xviii)

2, Calculation of energy values of various lines (ref Table
VII (76):

Line 1 =~
MUy (2 ~ op = og) = #H2Iyg + dya * Jpa) = D
i.e, 24,6 - 6,1 - 18,5 = 0_c/sec,

Line 2 - ’
InHg (2 - oy - og) - Iy - Iya - Jgg) - D+
i.e, 24,6 - 2,6 - 16,8 = 5,2 c/sec,

Line 3 -
3H (2 - oy - og) + ¥2Jyg = Iya - Ipa) = Do
i.e., 24,6 + 2,6 - 18,5 = 8,7 c/sec,

Line L4 -
%nHO(Z -0y = OB) + %(2JYB + Jyg * Jﬁa) - D,
i,e, 24,6 + 6,1 - 16,8 = 13.9 c/sec,

Line 5 =~
anH (2 - oy - op) = 3(2yp *+ Jya ¥ Jaq) + Do
j.e, 24,6 - 6,1 + 18,5 = 37.0 c/sec.,

Line 6 =~
$nHo(2 = oy - 05) - 3 (2Jyg = Iya - JBa) + Dy
i.e, 24,6 - 2,6 + 16,8 = 38.8 c/sec,

"Line 7 -

i1nHo(2 - oy - o) + 2(2yg = Jya - JIpa) Do
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i,c, 2k,6 + 2,6 + 18,5 = k5.7 c/scc.

Line 8 -
%nHO(Z - Oy - OB) + 2(20yp + Jyq * JBa) + D,
i.e, 2k.6 + 5,1 + 16,8 = 47,5 c/sec,

Line 9 -
MHo(l - oq) - #Jya + Jpa)
Substituting (xiv):

i.e. 61-9 - 305 = 58014‘ C/SeCo

Line 10 -~
nHo(l - og) + Dy - D
60,2 c/sec,

1
&
N

i

i.e. 61.9 + 16,8

i.e, 61.9 - 16,8 + 18,5 = 63.6 c/sec.

T]Ho(l - Ga) + %‘(J'Ya + Jﬁa)
i.¢. 61,9 + 3.5 = 65,4 c/sec,

3, Calculxtion of relative intensity values (ref, Table

VII (76):
Linec 1 -
(cos @_ - sin @_)

i.c, (cos 6°43" - sin 60431)2 = 0,77

———

2

‘Line 2 -

(cos @y - sin K




o]

]
(@)
o~

|

i,e, (cos 7025’ - sin 7925¢

Line 3 -

(cos @_ + sin ¢_)2

it
NI

-

i.e, (cos 6°43' + sin 6°43"

Line 4 -

(cos @, + sin g.)?

o

i.e. (cos 7921t + sin 7°21!

Line 5 -
(Same as line 3) 1.2
Line 6 -

(Same as line 4) 1.26

Line 7 -

(Same as line 1) 0,77
Line 8 -

(Same as line 2) Q.74
Line 9 -

Relative intensity = 1
Line 10 =~
cos2(¢+ - @)

i.e, cos?(70251 - 6°431) = 1.0

Line 11 -
(Same as line 10) 1,0
Line 12 =~

Relative intensity = 1
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Assigmnent 1, 2, 3, 4, 6, 5, 8, 7, 10, 9, 12, 11,

Notes The numbers in this seco.d assignment correspond to the
non-combination lines of Table VII (76),
From the average values of the splittings we have, from
the B-pairs (i.e, 2 - 1, and, & - 3):
$(Jyq * Jpg) + (Do = Dy) = 5.2 2(1)
and from the y-pairs (i.e., 6 - 5, and, 8 - 7)¢
Jyq + Ipg) = (Do - D,) = -1,8 2(ii)
Adding 2(i) and 2(ii):
Jya + Jpg = 3.4 c/sec, - 2(id1)
From Table VII (76) it is apperent that the coupling
constant, Jﬁy,—is‘equal to the separction between lines 1 and
3 (8.8 c/sec.), or, between lines 5 and 7 (8,7 ¢c/sec,); the

mean value of Jg. being 8,75 c/sec.

The coupling constant (HB'HY) is 8,7 c/sec, (see Table No. L4)

The value of Dy is equal to half the separation between
lines 2 and 6 (16,05 c¢/sec,), or, between lines 4 and 8
(15,8 ¢/scc,); the mean value of D, being 15.9 c/scc.

The value of D_ is equal to hali the separation between
lines 1 and 5 (19.4 c¢/sec.), or, between lines 3 and 7

H

(19,4 c/secc.); the mean value of D_ being 19.L4 c/sec,

As in the caleculaotion of the first assignment?

nHo (og = op) = (D,cos 20+) + (D_cos 20.) Z(Viii)

¢
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also, Dysin 2@, =%Jyg
. _ 8,7 _ -
sin 2@, = %155 - 0,27358
Hence, 2@+ = 15°53' and @y = 7956!
2lso, cos 2@, = 0,96182,
JYB 8,7 B
Similarly, sin 2f_ = — = ———— = 0,22423
2D _ 2 x 19,4
Hence, 2@ = 12057' and @ = 6°29°

also, cos 2@_ = 0,97457,

Taking 2(viii):

(15,9 x 0,96182 + 19,4 x 0,97457)

Al

nHo (ag - ay)

e

3L,2 c/sec,

Therefore, chemicil shift (Hy - HB) = 34,2 c/sec, 2(ix)

As in the calculation of the first assignment:
Jyg = Jpgg = 2(Dscos 204 =~ D_cos 2¢.)

2(15.3 - 18.9)
= 7,2 c/secf : 2(x)

i

The addition of lines 2, 3, 6, and 7 (Table VII (76)) gives
the terms

2T]HO(2 - UY - OB) = 98o6

MHo(2 = oy - OB) 49,3 c/sec, 2(xi)

Adding 2(ix) and 2(xi):
MHg(2 - 2oy) = 83,5
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nHO(l - GY) = 41,7 2(xii)

Subtracting 2(ix) from 2(xi):

15,1

Ny (2 - 2og)
Mol - og) = 7.5 2(xiii)

The valuc of nHO(l - 0g) is ccual to half the sum of
lines 9 and 12 (61,85 ¢/sec.), or, of lines 10 and 1l
(61.85 c/sec,); the vilue taken as 61,9 c/scc,

i.e. mHg(l = og) = 61.9 c¢/scc 2(xiv)

Subtracting 2(xii) from 2(xiv):
nHy(op = oy)-= 20,2 c/sec.,

Therefore, chemical shift (Hy - Hy) = 20,2 c¢/sec,

Subtracting 2(xiii) from 2(xiv):
ﬂHO(OB - GCt.) = 54.14' C/SGC.

i.e. Chemical shift (Hg - Hy) = 5k.k c/scc.

Adding 2(iii) and 2(x):

2J -3.8

Yo ©

Jyg = ~1.9

i.e. Coupling conmstant (HyHy) = -1.9 c/sec.

Subtracting 2(x) frou 2(iii):

2gq = 10,6 and, Jgg = 5.3

i.e. Coupling constant (Hg-Hg) = 5.3 c/sec,
B
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Calculétion of Energy and Relative Intensity Values for NMR

spectrum of lycodine

Line 8, 24,6 + 5,2 + 15,9

1, Calculation of terms common to various lines (ref, Table

VII (76)):

(a) From 2(xi) #nHy(2 - oy - OB) 24,6 ;/sec. 2{xv)

(b) H2Iyp + Jyq * Jpa) =3(2 x 8,7 - 1,9 + 5,3)

5.2 c/sec . 2(xvi)
%(2 X 8'7 + 119 - 503)

(c) %(2Jyg = Jyg = Jpa)

= 3.5 c/sec, - 2(xvii)
(d) %(J'Y'q, + Jﬁd.) = %(’1.9 + 5-3)
= 1,7 c/sec, 2(xviii)

2, Calculation of energy values of various lines (ref, Table

VII (76)):

Line 1, 24.6 - 5,2 - 19,4 = 0 c/sec,

Line 2, 24,6 - 3.5 - 15,9 = 5.2 c/sec,
Line 3, 24,6 + 3,5 - 19.4 = 8,7 c(sec.i
Line 4, 24,6 + 5,2 = 15,9 = 11,9 c/sec,

1

38.8 c/sec.
37.0 c/sec,

Line 5, 24,6 - 5,2 + 19,4
Line 6, 24,6 - 3.5+ 15.9

L7,5 c/sec,
45,7 c/sec,

60,2 c/sec,

Line 7, 24,6 + 3,5+ 19,4

Line 9, 61.9 - 1,7
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58,4 c/sec,
65,4 c/sec,

Line 10, 61.9 + 15,9 - 19,4

Line 11, 61,9 - 15,9 + 19.4

Line 12, 61,9+ 1,7 = 63.6 c/sec,

3, Calculation of relative intensity values (ref, Table

VII (76)):

Line 1, (cos 6°29' - sin 6°291)? = 0,78
Line 2, (cos 7056' - sin 70561)2 = 9;22
Line 3, {cos 6°29' + sin 6°291)2 = 1,22
Line 4, (cos 7956' + sin 70561)2 = 1,27

Line 5, (same as Line 3) = 1,22
Line 6, (same as Line 4) = 1,27
Line 7, (same as Line 1) = 0,78

Line 8, (same as Line 2) = 0,73

Line 9, Relative intensity = 1
Line 10, cos?(7°56! = 6°929t) = 1,0
Line 11, (same as Line 10) = 1.0

Line 12, Relative intensity = 1
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10, CLAIMS TO ORIGINaL RESEARCH

(2) The application of paper chromatogruphy of the alka-

loids of Lycopodium annotinum L, on pbuffered papers to effect

the separation of and identification of the alkaloidal com-
ponents,
(b) The determination and recording of Rf values of some

of the known alkaloids of Lycopodium annotinum L, by chroma-

tography of these individual alkaloids on papers buffered at
various pH values,

(¢c) Research was conducted into the possiblé anplication
of ion-exchange column chromatography, utilizing an equili-
brium-type band, for the quantitative separation of the alka-

loids of Lycopodium annotinum L,

(d) The extent of separation of the alkaloids of Lycopo-

dium annotinum L, which was accomplished by means of parti-
tion chromatography using buffered Celite was studied, This
tochnigue was later utilized in the s eparation of products
obtained in reactions with lycodine,

(e) A more efficient, reliable and reproducible scheme was

developed for concentrating, quantitatively, selected alka-

. loids of Lycopodium annotinum L, in countercurrent distri-

bution steps utilizing partition data of the alkaloids in

the system chloroform-buffer (as illustrated in the isolation
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of thé new alkaloid, lycodine),
(f) The isolation, characterization and partial structure
determination of a new alkaloid "lycodine®, CypHppNo, 1m.p.

118° from Lycovodium annotinum L,

(g) Tre utilization of the nuclear magnetic resonance
spectrum of lycodine in the determination of the 2,3-disub-
stitution of the pyridine ring contained in the lycodine
molecule,

(h) A thorough review of the alkaloids of the Lycopodium

spccies has been carried out,




~190-~

11, LIST OF REFERENCES

1,

10,

11,

12,

Henry, T.A, fThe Plant Alkaloids” 4th Edition, Chur-
chill, London, 1949, p.ix,

Gibbs, R,D, "Botany -- A Phylogenetic Approach®
Blakiston, Toronto, 1950, p.168,

Encyclopaedia Britannica 18, 1 (1946).

Encyclopaedia Britannica 18, 723 (1946),

Marion, L., In “The Alkaloids -- Chemistry and Phys-
jology® Vol, I, Edited by R.H.F. Manske and H.L,
Holmes, Academic Press, New York, 1950, P.228,
D'ilcontres, G.S, Giorn, biochim, L, 128 (1955).
Abstracted in C.A, 49, 14923 (1955),

Manske, R,H,F, and Marion, L, Can., J. Research, B,
20, 87 (1942),

Hutchinson, G.E. Soil Sci. 60, 29 (1945),

Manske, R,H,F. and Marion, L, Caﬁ. J., Rescarch,

B, 24, 57 (1946),

Hutchinson, G.E, and Wollack, 4, Trans, Conn, hAcad,
Arts Sci, 35, 73 (1943). Cited in Reference (9).
Towers, G.H,N, and Gibbs, R,D, Nature (London) 172,
25 (1953).

Osal, A, (Editor in Chief) "The Dispehsatory of the
United States of America® 24th Edition, Lippiﬁcott,

Montreal, 1947, p. 648.




A GAR)

13.

1L,

15,

16,

17,

18,

19.
20,

21,

22,

23.

24,

-191 -~

‘"The British Pharmaceutical Codex, 1949% Pharmaceutic-

al Press, London, 1949, p.4%,
Riebsomer, J.L, and Johnson, J,R, J. Am, Chem, Soc,

55, 3352 (1933).

Frére Marie-Victorin #Flore Laurentienne™ Les Fréres
Des feole Chrétienne, Montreal, 1949, p.108.

Manske, R.H,F, and Marion, L, Can, J. Rescarch, B, 21,
92 (1943).

Moore, B,F, and Marion, L, Can, J, Chem, 31, 952
(1953).

Manske, R.H,F, and Marion, L, J, am, Chem, Soc, 69,
2126 (1947).

Bertho, A, and Stoll, A, Chem, Ber, 85, 663 (1952).
Achmatowicz, O, and Rodewald, ¥, =oczniki Chem, 29,
509 (1955).

inet, F,i,., and Eves, C,R, Can, J, Chem, 36, 902
(1958).

~chmatowicz, O, and Rodewald, W, Roczniki Chem, 32,
485 (1958). (English summary).

Marion, L, and Manske, R,H,F, Can, J, Hesecarch, B,
26, 1 (1948).

Achmatowicz, O, and Uzieblo, W, Roczniki Chem, 18,

g8 (1938).

R,




TGO

25,

26,
27,
28,
29,
30,
31,
32,
3.
3L,
35.

36,

37I

-192-

Marion, L, and Manske, R,H,F, Can, J. Research, B,
22, 137 (19L4),

Bodeker, K, Ann. 208, 363 (1881), Cited in Ref. (7).
Manske, R,H.F. Can, J. Chem. 31, 894 (1953).
Marion, L, and Manske, R,H,F, Can, J. Research, B,
22, 1 (1944),

Private communications from Dr, L, Marion and Dr,
D.B, MacLean to Dr, F,A.L.,Anet,

Douglas, B,, Lewis, D.G,, and Marion, L, Can, J, Chem.
31, 272 (1953).

Manske, R.H.F, and Marion, L., Can, J. Research, B,
22, 53’(19h4).

Marion, L., and Manske, R,H,F., Can., J. Research, B,
2L, 63 (1946).

Arata, P,N¥, and Canzoneri, F., Gazz, chim, ital, 22
146 (1892), Cited in Reference (34).

Deulofeu, V, and DelLanghe, J. J, Am, Chem, Soc, Ok,
968 (1942), .

Achmatowicz, O, and Rodewald, W, Roczniki Chem, 30,
233 (1956).

MacLean, D.B., HManske, R,H,F,, and Marion, L, Can,
J. Research, B, 28, 460 (1950),

Marion, L,, Ramsay, D,A,, and Jones, RN, J. Am,

Chem, Soc, 73, 305 (1951),

T




T T n S e g e e § et e s e am

39.

40,

L1,

L"2a

l{'3¢

L,

L5,

L6,

L7,

48,

49.

-193-

Knhop, O. and ilacLean, D,B, Can, J. Chsm, 30, 598 (1952),
Barclay, L.2,C, and MacLean, D.B, Can, J, Chem, 34,
1519 (1956),

"The Merck Index of Chemicals and Drugs® 6th Edition,
Merck and Co., Rehway, N.J., 1952, p,074,

Perry, G.S. and ilacuean, D B, Can, J. Chem, 34, 1189
(1956).

Wiesner, K., Valenta, Z.,, Ayer, W.A,, Fowler, L.R.,
and Francis, J.E, Tetrahedron 4, 87 (1958),

Meier, H,L,, Meister, P,D,, and Marion, L,  Can, J.
Chem, 32, 268 (1954).

inet, F.A.L, and Marion, L. Can, J, Chem, 33, 849
(1955). |

Anet, F,A,L, and Isabelle, E., Can, J, Chem, 36, 589
(1958). )
MacLean, D.B, and Prime, H.C, Can, J, Chem, 31, 543
(1953).

inet, F,A,L, and liarion, L. Chem, and Ind, (London)
195k, 1232,

¥eier, H,L, and Marion, L, Can, J, Chem, 32, 280
(1954).

Hendérson,.D,R., Stonner, F.W,, Valenta, Z,, and

Wiesner, K, Chem, and Ind, (London) 1954, 54L.




U ————

50,

510

52,

53

Ske

55.

56,

57.

58,

59.

~1G/-

Henderson, D,k,, Stonner, F,W,, Valenta, Z., and
Wicsner, K. Chem, and Ind, (London) 1954, 852,
Martin-Smith, If,, Greenhalgh, R,, and larion, L.

Can, J, Chem, 35, 409 (1957).

Bankiewicz, C., Henderson, D,R,, Stonner, FW,,
Valenta, Z,, anc Wiesncr, K, Chem, and Ind, (London)
1954, 1068,

V.lenta, Z,, Wiesner, K,, Bankiewicz, C., Hendersor,

D,R,, and Little, J.S, Chem, and Ind. (London): Brit,

Inds, Fair Rev, 1956 (ipr,) RLO,

Reissert, A. Ber, deut. chem, Ces. 24, 841 (1891).
Reissert, A, Ber, deut, chem, Ges. 25, 114 (1892).
Cited in Reference (53),

Valenta, Z,, Stonner, F,¥W,, Benkiewicz, C., and Wiesner,
K. J. Am, Chem, Soc, 78, 2667 (1956).

Wiesner, X,, Valenta, Z., Ayer, W,A,, and Bankiewicz,

C. Chem, and Ind, (London) 1956, 1019,

Wiesner, K,, Valenta, Z., and Bankiewicz, C. Chem,

end Ind, (London): Brit. Inds, Fair Rev, 1956 (Apr.)
R41,

Betts, E.E, and MacLean, D,B, Can, J. Chem, 35, 211
(1957)

Wiesner, K,, Ayer, W,A,, Fowler, L.R,, and Valenta, Za,

Chem, and Ind, (London) 1957, 564,




60,

61,

62,

67.

63,

69.

70,
71,

~-195-

Lemieux, R.U, and von Rudloff, E, Can, J., Chem. 33,
1701 (1955).

Przybylska, !, and Mabion, L, Can, J, Chem, 35, 1075
(1957).

Betts, E.E, and MacLean, D.B, Can, J, Chem, 36, 473
(1958).

Marion, L, and Manske, R.H.F, Can, J, Research, B,
20, 153 (1942).

Brindle, h,, Carless, J,E,, and Woodhcad, H.B.

J. Pharm, and Pharmacol, 3, 793 (1951).

funier, R, Bull. soc. chim, biol, 35, 1225 (1953),
Cassidy, k.G, In "Technique of Organic Chemistry" Vol,
5, Edited by Weissberger, A, Interscience Fublishcers,
Mew York, 1951, p,308,

Lederer, E, and Lederer, Ii, "Chromatography -- A
Review of Principles and Applications™ 2nd Edition,
Elsevier, New York, 1957, p. 137.

Block, R.J,, Durrum, E.L., and Zweig, G, ™A Manual
of Paper Chromatography and Paper Electrophoresis”
Academic Press Inc,, ew York, 1955, p.ll,

3rimley, R,C, and Barrett, F,C, '"Practical Chroma-
tography", Chapman and Hall Ltd,, London, .1954, p,85,
Neish, A,C, Can, J, Rescarch, B, 28, 535 (1950).
Lemieux, R,U, and Charanduk, R, Can, J, Chem. 29,

759 (1951),




72,

73.
,714-1
755
76,
77,
78,

79.

80.
81,

82,
83.
84,

85,

-196~

Bush, [, T, and Densen, P,II,  Anal. Chem, 20, 121 (1948),

Cunningham, K,G,, Dawson, W,, and Spring, F.5, J. Chemn,
Soc. 1951, 2305,

Craig, L,C, and Fost, O, 5nal, Chem, 21, 500 (1949),
Anet, F.4,L, and Khan, N,H, Unpublished results,
Bernstein, H.,J., Pople, J.A.,, and Schneider, W.G, Can,
J. Chem, 35, 65 (1957),

Chiang, !, and Hartung, W,H, J. Org, Chem, 10, 21
(1945).

Schmall, &,, Woolish, E,G,, and Shafer, E.G,E, Anal,
Chem, 28, 1373 (1956),

Pazdera, H.J,, Mclullen, W,H,, Ciaccio, L.L,, Missan,
S.R,, and Grenfell, T,C, Anal, Chem, 29, 1649 (1957).
Appleweig, N, J. Am, Chem, Soc, 66, 1990 (l94h).4
hppleweig, ¥, and Ronzone, S.E, Ind, Eng. Chem, 38,
576 (1946),

Sussmenn, S., lindler, A.B, and Wood, ¥, Chem, Ind,

57, 455 (1945),

Ven Etten, C,H,, Zarle, F.R,, McGuire, T.,A,, and Senti,
F,R, anal, Chem., 28, 857 (1956),

Jindra, A, and Boswart, J, Ceskoslov, farm, 6, 77
(1957),

Spedding, F.H,, Powell, J,E., and Svec, H,J, J, Am,

Chem, Soc, 77, 1393 (1955).




NI T s e 1 et e T A A T e

86,

87,

88,

89.

90,

1.

92,

93.

%.

95.

-96.

~197-

Moore, S. and Stein, W,H, J, Biol, Chem, 192, 663
(1951).

BEyrne, E.B,, and Lapidus, L, J, Am, Chem, Soc, 77,
6506 (1955).

Cassidy, H.G., In "Tcchnique of Organic Chemistry™ Vol,
10, Edited by Weissberger, A, Interscience Publishers,
New York, 1957, p.291,

Lemieux, R,U,, Bishop, C.T., and Pelleticr, G.,E, Can,
J. Chem, 34, 1365 (1956),

Carventer, F,H, and Hess, G,P, J. im, Chem, Soc. 78,
3351 (195§). _
Hartin, 4.,J.P. and Synge, R.L.M, Biochem, J. 35, 1358

(1941).

Bottomley, W, and Mortimer, P,I, Australian J, Chem,
7, 189 (1954).

Culvenor, C.C,J., Drummond, L.J., and Price, J.R,
tustralian J, Chem, 7, 277 (1954).

idams, R, and Gianturco, M, J, Am, Chem, Soc, 78, 398
(1956).

Goulombic, C, and Orchin, M, J, am, Chem, Soc., 72,
4145 (1950),

Gouiombic? C., Orchin, !,, and Weller, S. J. Am., Chem,

Soc. 71, 2624 (1949),

[



R e S Y

=

970

98,

100,
101,
102,
103.

104,

-198-

Craig, L.C., Hogeboom, G,H,, Carpenter, F.H,, and du
Vigneaud, V., J. Biol. Chem, 168, 6565 (1947).

Craig, L.C, and Craig, D. In #Techniquc of Organic
Chcmistry® Vol, 3, Edited by Weissberger, 4, Inter-
science Publishcrs, New York, 1956, p. 137,

Bellamy, w..Jd, #The Infrawred Spectra of Complex liole-
cules® HMethuen and Co. Ltd., London, 1954, p.234,
Bellamy, L.J, #The Infra-red Spectra of Comples liole-
cules? IMethuen and Co, Ltd., London, 1954, p.l13.
Pople, J.4A,, Schneider, W.CG,, and Bernstein, H.J.

Can, J. Chem, 35, 1060 (1957),

Schneider, .G,, Bernstein, H,J,, and Pople, J.4i,

Can, J, Chem, 35, 1487 (1957),

Godar, E, and liariella, R,P, J, Am. Chem, Soc. 79,
1402 (1957),

Wepster, B,l, Rcc, trav, chim, 71, 1159 (1952) Cited
by Brown, H.C,, MMcDanicl, D.H,, and Hafliger, O, 1In
Determination of Organic Structures by Physical
lMethods™ Edited by Braude, E,A, and Nachod, F.C.,

Academic Press Inc,, New York, 1955, p.610,




-199-

(7€)

(12)

(12)

(e) (€€)

SOoUDJI0JTOY

JOQCM WOLT
9U0700T UWOXJ

dnafs snoosTA

(oPuocqoo®) a

ON.. oW@M! ONM .Uu

(v)T ®Tqvy X

SyIeWEY

o'rie

(o)

(4614

0981
o81E
of T2

059

o9TT

NOTHOTY

neober4To

M2092H9To
2yo%%Hs Ty
105219 Ty

BTNUWIO T

OPIPOTYIOU-
0qRJIOTdA-
DUTININEG 26T
D ITX0QPARTD
OPTPOTUIOU-
OUTALARTY) 8E6T
268T

oaTIe(TTTTd

DUTpododAT T88T

PIOTENTY oae(

soToodg unTpodoosAT UT PsUIEqUC) SPIOTEMNTY

J0 sotaaadoad TrotsAud

T oM WTdvYl




M (°)T ATA®L X o182 Co%citt Ty (9-7T) outanosqQ-»
,m
M J998M q0U WOJJF 0e82 2qTrJIOTYOJOd~
(4) 22 oBH8Ty =1 PTOTEATY
JoqUM 10y Wwoay Ommm 2qeJI0TY2aad~-
(4) 4291y 4-1 PTOTENTY
J0qQUvM 20U woJaF o912 0qtJI0TiOIod~
(4) 1eotey8Ty €-T PTOTONTY
S
S (q)T oTael X 056 o628y (2-T) ourpodooAT
-0JPAYTPTARLOT-0
oYY wodajy oMr6T 9q8I0TUOIOd~
(2UTPOLODATOIPAYTP)
A (62)(4) ©110300T70T wWOLF mooﬁ zobmmoﬁo (T-7) autqeunTdmon
dU04q90e LT wWodz ome oﬁH©OH£poqr
(TouooTE) 0719y a0
(7€) (TE) o8 " T4 ommdu_ o86T 2yl Ty outxoanTg




-201-

2U0q00¥ q0y woeag
(g2) *autpod
(82) (42)

~00£T0ST 2q AeUW

(T)T oTqel

(W)T °TqQel X

*ov0ld
- 2u0j302tv woaj

(971)
Ahoamg 008)

(9T) ©ouanaxtw v °qoad

(2)T oTquy ¥

(3J)T °19el X

(2)T @19uy] X

(P)T @1q8L %

o4t

of2e

Q08T

octe

eee

NOSZHITD

w08 Ty

wEoTer9Ty

o491y

Ne0929 Ty
itotendly
NTTHOT o

noTeut Ty

oquaoTyoasd -

€T~1 PTOTBATY

(2T-1)

autTTOJTIOoRTAQ00E~(

(TT-11) 2utqouuy
9gqeaoTyoxod-

OT~T PTOTYHTY

6=T PTOTEATY

(0€E-T) 8~T PTOTBITV.

(4=T) L@utuTlouUUY

DUTA00TIN

(9-T) ouTMOSHQ~F

6T

EN6T




-202-

(6)

(6¢)

(62)

(T€)

(T€)

(82)

HO®Ll woJaj

HO9L 30y WOXJF
“GZHH f2et09°0
puno, :sISATeuy

0O 20Y woay

HOOH uoay

OVOAT~HOO! T UoIF

IY03H
~-9U0100R WOLJ

001 d-HOOI woxg

(€)1 oTqel ¥

otd?
5652

T2

g6T

0582

oTee

2obeut Ty

*pozZTJIO)

~2TJIBYOUN

16Ty Ty

i oteyPly

NO2HITo

W7ot HOZo

NeH9To

99 eI0Tyoaod-

0C—T PTOT=ATY

6T-T1 PTOTRITY
29010 Td~-
81— T PTOT®ATY
9qBJI0TYOJIOd~
4T-T PTOTUHTY
9qLJI0TY2I0d~
91-T PTOTBATY
9qTI0TYOIDG~

GT-T PTOTRYTY

(71-71) OUTPOdOodAT

-oapAyrpoapAyuy

o6t




()T °TQCL X olb zNOmNZOHo (42-T) QUTTOFTJIOY
(z€)  aoyao Aap woay oT4T 1052H5 T 9z~T1 PTOTCATY
HOOH 30y wouxj olb2 o942 10Tydx0d
(6) (£2-T 30H) 20591 GZ-1 PTOTITY
HooW wouag o842 D9UIOTYIIOU~
(6) (outpododoLT 30H) 109291 g=7 PTIOTEATY
A *outrderos
(@)
[qY]
1 -opnesd aq pInod
*OV02A~HOOM woaF 000¢€ 2qrIoTyoIod~
(6) aeyzs ‘qed woxy 0291 oSty €z~ pPTOTENTY
HOON 40y woay o162 2qeaoTydaod-
(6) (PTO9) J0U2d WOIF mmoa Ho4e9 Ty 22~ PTOTUATY
{09 woaJ ob0T oqeJgotTd-
JSUA0-HOO wouJ ooz aqeJO0TUOIDd~
20Tert Ty TZ~T PTOTEATV

PRE e R CRU

(6)




Jnqeia Q0 wWoJJ omm.m A@opmhvhsvmpmno.msopogn
. (22) (8T) 170625029 TE-T PTOTTATY
(ot) (81 ©99) OE£-T PTOTEATY
ot 9T aqexotdoygou-
05 Lge © ogeaoryoaadoygoul-
o£92 OpTJOT o0y OU-
2 o0 €T omﬁﬁ o162 spTpOTyIOU-
& *OY01Y
! -0U09290TC WOIJ e oqeJoTyoId-
(22) (8T) 0t ¢H9To 62-T PTOTEATY
A1to oqraotTdoyqou-
mamm : oqeaoTyoxadoyzow-
o.mmm apTJaoTyoo[3om-
0099~ omTﬁ Joe opTpOTYIOU-
OVOIH
~2U0390¥ WOIJ olT2 o9veJ0TYOJ2d~
(22)(8T) okt ly g2-T PTOTEATY




TOUOOTC WOIJ

(T)T o2TqLy X

(€2) J0Uq0 Q04 WoJaJ

JOQCH ULICM WOLT

~205=

(€z) ouexoy 30y woxJy

Ead — Q
ot 1t ON_” d“_
*poaeapiy

uihap aeqje

(P)oTh2

6T

0812

JOTT

0901

ATTO
0562
oT9%
0262

ol T

9quaoTd-

2o g oUTX0R0UUY
2961
poZTIOY
-oraryoun €€~ PTOTEHTY
0%H §°T-
oqrIoTyoI0d~
Znodendty (2€~-T) eutnuxoy  gH6T
29eJ0 Tioylou-
oquvaotyoxodoygou-

AP TJIOTOOYAOU-
OpTPOTYOU-
Amsopﬁhsgmv‘
oquaoTyoIod-

("P13U0d) TE-T PTOTBATY




(u)T °Tqer ¥ o£9T MCOCHITO outrgurosopnosd 9961

(W)T oTA8L ¥ . 9€T 10219y outpododhTosT  $$6T
(42) JI01[3® woLJ of €T zoammdﬂu GE-T PTOTECATY
(42) 0U0300T WOLT 92 H0SeHITo  HE~T PTOTENTY €667
. 0062 OPTPOTYAOU-
No)
w_ ToyoOTE JO oum
~TOA TTBWS UOIF oTeT 590a01d-
(6T) 1ol T2)6TKOT, osvg
02f2-0£e 21TJ0TAO[A0U
odmm nqexoTyoaodoyqou-
o0T<e OPTJIOT (oo ou~
a0qTih wody  (P),MEZ oqeaoTyogad-
° a
(¢e) 0T 04T~ L 7] 0592

(6T) ToyodTe wodl  (P),T9% opPTPOTYROU-




~207-

3

61
oSE€
0092
6706~ g[P]  oSTE

91t
ol
0861~ (gL ™] N

o9eT-MET
o9feT—Nee
0552

OBHNIOHN

(C)T oTqTy ¥ o8TT

aqexotdoygou-
oqerIoTydaadoyaou-
9pTJOT [o0Y2OU~
SpTPOTYIOW-

€0ty ostg

aqeaotdoyrou-
oqeaotyssadoyaoui-
opTJIOT Jooysau-
aPTIPOTYATW-

o eHtTo osug

oquaotdoyqou-
2quJIoToIHdoYoul-

opTJIOTIOOY]dUI~

opPTPOTYHIRU~
Zey Ty OUTPOIAT




*gqup 9q0Tdwod

oJ0W JOJ UMOUS OTQR3 04 9peU 9( PINOYS 20UeLagad eyl SI3eITPUt - X ‘290N

"

oOTe oqraotdoyyou-
i
mm 0092-642 ‘ @qeIoTyododoyqou-
u o042 opTJIOTYOO o~
. _ a e
08 89T~ 45l 7™] of£ 82 apTPOTY3OU
(22) 709281y oseg
%wﬂo aqegoTdoygow=
0892492 aqeJoTyodadoyiou~
5052 OpPTIOTYD0YQIU-
0866 omﬁau ol OpPTPOTYIOU-

(22) ¥092u8Tyo osty




-209-

Table No. 1l(a)

280mn  log €, 1.8

NAME FORMULA
LYCOTODINE C16H25ON
CRYSTALS
m.p. 116° (1. dry ether 2, hexans)

OERIVATIVES

perchlorate prisms 283°(d) from hot water

methiodide plates 2960(d) from EtOH

nitrate pyramids 270°(d)

picrate rosettes 207° from little EtOH

hydrobromide 360°
pKo STRUCTURE

7,44 (50% aqueous MeOH)
See Fig, 8.
ROTATION
(0126 = -24.5° (c, 1.1 EtOH)

PAPER CHROMATOGRAPHY n—butanol —— water
Buffer pH 3 4 5 6 7
Rf O.44 0.45 0.46 0.50 0.71
INFRARED (em, 1) SOLUBILITIES

1693 carbonyl
ULTRAVIOLET

REFERENCES

(7) (16) (19) (20) (24) (26) (30) (36) (37) (38) (39)
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Table No, 1l(b)

NAME FORMULA
0-ACETYLDIHYDROLYCOPODINE (L-2) C1gH2g02N
CRYSTALS’
flat prisms m,p, 95° from pentane
DERIVATIVES

perchlorate 247° (when immersed at 205°)

sk 8.4 (50% aqueous MeOH)

STRUCTURE

See lycopodine

ROTATION

Fig. 8.

PAPER CHROMATOGRAPHY

Bufter pH J . 4

Rf

n—butanol —— water

5 6 7

iNFRARED (cm, -1 )
1730 carbonyl

1241
1228 probably acetoxy

SOLUBILITIES

ULTRAVIOLET

_ REFERENCES

(7) (30)

PSP
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Table No, l{c)

(7) (17) (20) (38)

NAME FORMULA
a=~0BSCURINE 017H260N2
CRYSTALS
colourless prisms m,p, 284° from MeOH
OERIVATIVES
monopicrate needles 135° from MeOH-ether
perchlorate prisms 255°(d)
hydriodide - 307°
oKy STRUCTURE
See Fig, 10,
ROTATION
PAPER CHROMATOGRAPHY n—butanol —— waler
Buffer pH J . 4 5 6 7
Rr 0.23 0.44
INFRARED cm.-l SOLUBILITIES at 1'70
3411 secondary amino CHC1, 1:22
1667 carbonyl MeOH 1:148
Benzene 1:263
| Acetone 1:1000
ULTRAVIOLET Ligroin  1-:2500
255an, log &, 3.75 (abs, EtOH)
 REFERENCES .
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Table No, 1(d)

NAME FORMULA g
g-OBSCURINE CypH2,ON> |

!

CRYSTALS f

-,3; colourless prismatic rods m,p, 323° from MeOH 1
; |
i DERIVATIVES 1
; monopicrate plates 254°(d)  from MeOH 1
: }
perchlorate needles 3229(d) ;

f
i;

pKo STRUCTURE

See Fig, 10 2

ROTATION |

:

PAPER CHROMATOGRAPHY n—~butanol —— water |

j

Buffer pH 3 - 4 5 6 7 i

% 0.29 0.33 0.39 0.61 0.86 |

| INFRARED (em,=1) SOLUBILITIES {

| i

3385 secondary amino

1659) ) 5

1651) g i
a-pyridone :

1620) ) 3

1613) ) z

ULTRAVIOLET ‘

232mp, log &, 3.98 abs, EtOH g

315mn, log &, 3.89 abs, EtOH

. REFERENCES ’
(7) (17) (38)
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Table No, l(e)

FNAME’ NI COTINE FORMULA
|
CioHyyN2

CRYSTALS !
colourless oily liquid b.p. 247°(d)

|

| DERIVATIVES
E dipicrate yellow prisms 266°  from hot MeOH |
' dipicrolonate needles 228° from aq, acetone f
rac, dimethiodide 220-222°
'e |
PKa 1) STRUCTURE |

7.7
2) 3.35 (50% aq. MeOH)
See Fig, 16, ;

ROTATION
[a]go = -169° %
:
PAPER CHROMATOGRAPHY n—butanol — water .
i
Buffer pH 3 - 4 5 6 7 '
y
|
INFRARED SOLUBILITIES ;
Very soluble in ;
EtOH, CHCl,,
ether and pet. §
. |
i
ether, |
ULTRAVIOLET
|
i
i
E
 REFERENCES

(7) (22) (40)
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Table No, 1(f)
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NAME

ANNOTININE (L-7)

FORMULA
C 16H 210 3N

CRYSTALS '

brilliant colourless prisms m.p, 232° (MeOH-CHC1,)

(16) (19) (=20) (37) (38)

DERIVATIVES
perchlorate 267° from hot water
nitrate needles 223 (d) from water
methiodide 185
chloroplatinate 238
hydriodide 242
oKa STRUCTURE
6.5 (50% aqueous MeOH)
See Fig, 1.
ROTATION
[a)ft = -27.5° (c, 1% CHCls)
PAPER CHROMATOGRAPHY n—butanol —— water
Buffer pH 3 . 4 5 6 7
Rf 0.20 0.24 0.40 0,68 0,87
INFRARED ( cm., _l ) SOLYUBILITIES o
at 19
1776 vy=lactone CHCl3 1:2
Benzene 1:6
-Acetone 1:17
MeOH 1:34
ULTRAVIOLET
Ligroin 1:1867
325mn, 1log &, 1.25
REFERENCES

e




Table No, 1l(g)
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NAME
Alkaloid L-8

(same as L=30)

FORMULA
C 1l 6H 2 50 2N

CRYSTALS

brilliant pearly plates

m.p. 180° from MeOH-ether

DERIVATIVES
perchlorate 318°(d)
hydriodide 305
methiodide 317

methochloride 313

from MeOH-EtOAc

#Ke

ROTATION

[a]ﬁ6 = =121,3° (c, 1% acetone)

STRUCTURE
from IR only,

-0H and C=0

PAPER CHROMATOGRAPHY n=butanol —— warer
Buffer pH J. . <4 5 6 7
Rf
INFRARED (cm -1) SOLUBILITIES 4 7O
3220 (strong) ~0OH acetone 1:51
1710 (strong) C=0 ether 1:143
ligroin 1:250
(60-80°)
ULTRAVIOLET
. REFERENCES
(16) (18) (20) (30)

s € e At e
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Table No, 1l(h)
NAME FORMULA
ANNOTINE (Alkaloid L-11) C16H2103N
CRYSTALS - :
brilliant colourless rhoms, m,p. 174° from methanol, %
DERIVATIVES E
perchlorate 239° from hot water ?
hydriodide 297 :
methiodide prisms 317 from water 1
methochloride 245 |
nitrate rod or 173 :
needle |
!
oKy STRUCTURE
7,50 (50% aqueous MeOH) |
See Fig, 11 ;
ROTATION ;
(@137 = -114.5° (c, 1% CHC1,)
PAPER CHROMATOGRAPHY n—butanol —— water
Buffer pH 3 4 5 6 7
R’ 0.13 0.13 0,13 0,20 0.56
INFRARED (cm.“l) SOLUBILITIES ¢ 19O !
Nujol 3300 (w) ~OH
1712 ) CHC14 1:3
1725 ) (s) C=0 :
CSo 3550 (s) -CH benzene 1:7 §
CHC13 1720-1730 C=0 MeOH 1:10 ]
1644 unsaturation : j
acetone 1:16
ULTRAVIOLET ligro in l: 1338
290mn, weak
325mp, weak
REFERENCES
(16) (19) (=20)
§
i
{

i




Table No., 1(i)
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NAME

O=-ACETYLACRIFOLINE

FORMULA

CRYSTALS.

colourless stout prisms m,p, 120° from hexane

No hydroxyl absorption

DERIVATIVES
perchlorate m.p. 244°  from acetone-EtOAc,
oKg STRUCTURE
See Acrifoline
ROTATION Fig. 9.
PAPER CHROMATOGRAPHY n=-butanol —— water
Buffer pH 3 ) 4 5 6 7
Rf 0,28 0.33 0.38 0.60 0,86
INFRARED -1 SOLUBILITIES
(cm, =)

(16) - (41)

1740 )
1230 ) attributable to acetoxy
1715 C=0 group

ULTRAVIOLET

REFERENCES




Table No, 1(j)
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NAME FORMULA
ANHYDRODIHYDROLYCOPODINE  (L-14) C16Ha5N

CRYSTALS-

OERIVATIVES

perchlorate m,p, 238%  from MeOH-EtOAc

(28) (30)

pKqg STRUCTURE
See lycopodine
ROTATION
26 o Fig. 8
perchlorate, [a]D = =107 (c,1,1% g. ©u
MeOH )

PAPER CHROMATOGRAPHY n—butanol —— water -
Buffer pH 3 4 5 6 7
Rf
INFRARED SOLUBILITIES
ULTRAVIOLET
_ REFERENCES
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Table No, 1l(k)
NANE FORMULA
ACRIFOLINE  (L-27) C16H30N
CRYSTALS" é other
fine colourless needles m,p, 97° from ether (m,p, o
(99-104
DERIVATIVES
perchlorate stout prisms 266° from acetone-EtOAc
nitrate small prisms 236 (d)
hydriodide clusters 259
hydrochloride 275
methiodide 267-268°
pKa STRUCTURE
8.34 (50% aqueous MeOH)
See Fig, 9.
RoTATION . 19 = -266,2° (¢, 1% CHCl,)
D = -250° (c, 1% EtOAc)

See reference (19)

PAPER CHROMATOGRAPHY n—butanol —— water
Buffer pH J 4 5 6 7
Rf 0.23 0.23 0,23 0,30 0,60
INFRARED (cm,'l) SOLUBILITIES at 19°
Nujol 3310  <=OH CHC13 very sol,
1700 (w) C=0
1670 unsaturation MeOH 1:3
CHCl3 1700 C=0 acetone 1:5
1675 unsaturation
‘benzene 1:7
ether 1:54
ULTRAVIOLET
ligroin 1:116

. REFERENCES

(18) (19) (20) (22) (&41)

[



Table No, 1(1)
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(19) (20)

NAME FORMULA
ANNOTOXINE CBZHLAOSNZ
CRYSTALS
rhombs, m,p., 197° from acetone
DERIVATIVES
dinitrate 217°
diperchlorate 228
methiodide 261
PKg STRUCTURE
Molecular complex
ROTATION of acrifoline and
annotine,
PAPER CHROMATOGRAPHY n—butanol —— water
Buffer pH 3 4 5 6 7
2 0.13 0.13 0.13 0,20 0.56
Rf 0,23 0,23 0,23 0.30 0.60
INFRARED SOLUBILITIES
ULTRAVIOLET
REFERENCES

a1 e et s




Table No, 1l(m)
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NAME FORMULA
ISOLYCOPODINE (may be L-13) C1gH250N
CRYSTALS o
m,p. 136
DERIVATIVES
hydriodide 284,°
hydrochloride 273
methiodide 321
perchlorate 274
picrate 201
methochloride 270
pKa STRUCTURE
ROTATION
[a]%l+ = -158° (¢, 1% in acetone
PAPER CHROMATOGRAPHY a—butonol —— water
Buffer pH 3 5 6 7
Rf
INFRARED SoLuBILITIES gt 16°
acetone 1:8
ether 1:9
iigroin 1:33
. (60-80°)
ULTRAVIOLET
_REFERENCES

(20) (22)
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Table No, 1l(n)

NAME FORMULA
PSEUDOSELAGINE (may be L-23) C16H250,N
CRYSTALS'

rectangular platelets m,p, 163° from acetone

DERIVATIVES

hydrochloride 307°
hydriodide 314
perchlorate 295
methiodide 279

methochloride 268

pKa STRUCTURE

ROTATION
[a]%9= -42,7° (¢, 1% in acetone)

PAPER CHROMATOGRAPHY n—butono/ —— woter

Buffer pHN J . . 4 5 6 7
Rf

INFRARED . SOLUBILITIES at 15°

benzene very sol,
CHCl4 very sol,

MeOH 1:15
acetone 1:34
ether 1:41

ligroin 1:190

ULTRAVIOLET

_ REFERENCES

(35)




Table No, 1l{o)

-223-

NAME FORMULA
LYCODINE CypHouN5
CRYSTALS" m,p. 118° from n-pentane
(distills at 100-110° (air-bath) (0,18 mm Hg) )
OERIVATIVES
dipicrate radiating clusters 229-233%(d) MeOH
of prisms
N-acetyllycodine monopicrate 180-182,5°(d) from H0.
X, STRUCTURE
Pe 1) 8,08 (50% aqueous MeOH)
2) 3,97
See Fig, 22
ROTATION
faly = -10:2° (c, 1.01% in EtOH)
PAPER CHROMATOGRAPHY n—butanol —— water’
Buffer pH J . 4 5 6 7
Rt 0.41 0.53 0,60 0,73 0.87
INFRARED  (See Fig, 20) SOLUBILITIES
(em,=1)
3270 N-H
1580 pyridine
1382 C-Me
ULTRAVIOLET (See Fig, 19) NMR
Free base Aqax 268,2mn, log ¢, 3.728
275,7mp, log &, 3,615 See Fig, 21
Salt Amax 272 mp, log &, 3.926
. REFERENCES |
(21)

e s
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TA3LE NO, 2

Physical Data

0f The Reaction Products

In The Chemistry of Annotinine
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TABLE NO, 5

Observed and Calculated NMr Specira for Lycodine

Origin of Energy (c/sec.) Rel, Iantensity

Transition Calc'd Qbs'd Calc'd Obs'd
8 0 0 0,77 0,65
8 5.2 5.1 0,74 0.76
8 8.7 8.8 1.23 1,17
e 15.9 14,0 1,26 1,41
Y 37.0 37.2 1.25. 1.24
Yo 58,8 38.8 1,26 1.54
- L5,7 15,6 0,77 0,69
Y L7,5 47,5 0. 74 0.89
a 58, L 58.5 1 )
a 60, 2 60, 2 1 % L83
a 63,6 63.5 1 0.83
a 65,4 65,2 1 0,96

See Appendix "F? for calculation of the above values
(lst assignment), Calculated values of energy are
the same for both assignments, Calculated values of
relative intensities are within 10,01 for the lst and

2nd assignhents (see Appendix #F7),

N
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Figure 1 - Flow chart to consoclidate the

reactions of annotinine, as
described in the literature, with reference

to its known structure,
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Figure 2 - Suggested mcchanism (46) of the
dehydration of the amide chloro-
hydrin (see Tuble Mo, 2 (IX)) in annotinine

chemistry,

Figure 3 - Suggestcd mechanism (58) of the

conversion of annotinine lactam diol
(Table To, 2 (XCII)) to the neutral product
(Table Mo, 2 (XCIII)) and the acidic producﬁ
(Table Fo., 2 (XCV)),

Figure L - Probable mechanism of isomerization
of the alcohol (Table No., 2 (CII))
vack to the lactam keto estor (Table No, 2

(L¥XVIII)).
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Figure 5 - Drawings showing the conversion of
annotinine to annotinine bromohydrin
from the standpoint of their configurations (61)

(42) and possible conformations,
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Figure 6 - Probable mechanism (?rcverse-

iZichael® rcaction) (62) of the
elimination of the diphenyl carbinol group from
the ketone (Table Mo, 2 (CXXI)) to the conjugated

ketone (Table Mo, 2 (CX¥II)).

Figure 7 - Possible mechanism for the conversion
Rt

of the amino acid (Table o, 2 (gﬂall))

to the lactam carboxylic acid (Table Ho. 2 (L)).
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Figure 8 - Flow chart to consolidate the reactions
of lycopodine, as described in the

literature, with reference to its partial structure.
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Figure 9 - Flow chart to consolidate the rcactions
of acrifolire, as described in the

literature, with reference to its partial structure,

Figure 10 - Partial structure of the obscurines,

as described in the literature,

Figure 11 - Flow chirt to consolidate the reactions
of annotine (azlkaloid L-11), as des-
cribed in the literature, with reference to its

partial structure,
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Figure 12 - Photographs of developesd paper
chromatograms of alkaloids of

Lycopodium annotinum L, on buffered paper,

the alkaloid spots having been made visible,
L% - descending cbromatograms of anno-
tiniine and lycopodine on Whatman No, 1 paper
buffered at pH values of 2,28, 5,70 and 8,05
using n-butanol / water as the developer,
ngu . descending two-dimensional chroma=-
tograms of the ‘crude' alkaloid mixture on
Whatman Yo, 3 paper (18 1/4% x 22 1/27)
buffered at pH 5.85, using n-butanol / water
in one directiorn and methyl ethyl ketone /
water in the direction at right angles to the

first direction,
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Figure 13 - Plot showing if values versus pH
of buffered paper in the descending
paper chromatography of alkaloids of Lycopodium

annotinum L, using n-butanol / water,
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Figure 14 - Chart of Rf values (on paper
buffered at pH 5,65) of alkaloids of

Lycovodium annotinum L, plotted against volune

(ml,) of effluent from the partition chromatog-

raphy of the "crude® alkaloid mixture on a Celite

column buffered at pH 5,65, using n-butanol /

water, The four ..ajor fractioas (Groups A, B,

C and D)} are indicated.
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Figure 15 - Diagram of countercurrent distri-

bution scheme carried out on fcrude'

alkaloid mixture (68 g,) frow Lycopodium aano-

tinum L. between chloroform and concentrated
buffer pH 5,2 (500 ml, in each phase). The
calculations of the theoretical distribution
of the alkzloids, annotinine, lycopodine,
acrifolire znd lycodine are shown within the

circles representing the partitions.
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Fipure 16 - Plots showing microtitrations
(electrometric) of lycodine (10,6

mg. ), lycodine dipicrate (11,1 ng.), N-acetyl

lycodine picrate (12 mg,) «nd nicotine in 50%

aqueous nethanol,
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Figure 17 - Chart illustrating, by raper chroma-
tography as well as by infrared and

ultraviolet absorption spectroscopy, the distri-

bution of the fcrude’ alkaloid mixture (2,6 g,) of

Lycopodium apnotinum L, by the Cralg counter-

current machine (60-tube) using chloroform / buffer

pi 6 (L0 ml, in each phase).
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Figure 18 - Diagram of the scheme used in the
isolation of lycodine from the ‘“crude®

alkaloid mixture (ca 4O g,) of Lycopodium auno-

tinum L, in the successive stages:

(a) countercurrent distribution between
chloroform-buffer pH 6,0 (600 ml, in each
phase);

(b) distributions by Craig countercurrent
machine (60-tube) using chloroform-buffer pH
5.2 (40 ml, in cach phase); and,

(c) adsorption chromatography on activated

alumina,
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Tigure 19 - Comparison of the ultraviolet

Puuiieandinih Bt bns S o)

absorption spectra of lycodine and

of 2,3-disubstituted pyridines (51).

bases, 7B7 - salts,

iiAi‘i

- free




s e - - e LI AV et

LYCODINE

~273=
230 260 270
WAVELENGTH

240

230

3000
40001~
3000
2000
1000~
400
9000
8000~
7000
6200
1800+
1000
o~

BT TRt I DRSS SR P . B N PRS- s SN

[ SN . . O [ SR e e . . . - U 0 U P S U O - L]




e b i BN

g !
i
[ ,
| 27y

Figure 20 - Infrared absorption spectra of lycodine,

} syt - Wujol mull, ¥B" - CCl, solution,

(1 mm. path length, 31 mg, per ml,)
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Figure 21 - Nuclesr magnetic resonance spectrum

of lycodine, The upper curve re-
presents the peaks at left of lower curve at

higher resolution,
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i
} Figure 22 - Comparison of ultraviolet absorptioan

P T VNN

spectra of lycodine, benzylidene
derivative of 5,6,7,8-tetrahydroquinoline, quin-
oline and the reaction products in the attempted
formation of a benzylidene derivative of lycodine,
Solid lines indicate free bases, Dotted lines

indicate salts,
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